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BLOW MOLDING OF POLYETHYLENE TEREPHTHALATE

TECHNICAL FIELD

This invention relates to a method for blow
molding polyethylene terephthalate and also relates to
5 a blow molded polyethylene terephthalate container.

BACKGROUND ART

Blow molding of polyethylene has previously
been performed on rotary machines to manufacture blow
molded containers. See, for example, United States

10 Patents: 3,310,834 Simpson et al which utilizes a
vertical wheel having a rotary frame on which molds are
mounted to receive a downwardly extruded parison to
perform the blow molding; 3,764,250 Waterloo which
discloses a vertical wheel having a rotary frame on

15 which molds are mounted to receive an upwardly extruded
parison to perform the blow molding; and 3,986,807
Takegami et al which discloses a horizontal wheel on
which upper and lower molds are mounted to receive a
horizontally extruded parison that is longitudinally

20 stretched prior to being clamped within each mold so as
to provide biaxial orientation which is stretching of
the parison in perpendicular directions so as to
increase the strength of the resultant blow molded

container.

25 Polyethylene terephthalate containers have
previously been blow molded with reciprocating molds
either by extrusion of a supported hot parison adjacent
the reciprocally openable mold portions as disclosed by
United States Patent 3,733,309 Wyeth et al or by

30 reheating and positioning of an injection molded parison
between the reciprocally openable mold portions such as
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disclosed by United States Patent 4,802,295 Darr. Both
the supported extrusion parison and the reheated
injection molded parison are longitudinally stretched to
provide biaxial orientation that increases the strength
of the resultant blow molded product. The polyethylene
terephthalate plastic wutilized to manufacture such
bottles conventionally has an intrinsic viscosity of
0.72 and a relatively low melt strength with a
relatively narrow temperature range as compared to
polyethylene, which results in difficulties in
manufacturing polyethylene terephthalate containers by
any process other than with a reciprocal mold and the

supported extrusion parison and the reheated injection
molded parison.

DISCIOSURE OF INVENTION

An object of the present invention is to
provide an improved method for making a plastic blow
molded product from polyethylene terephthalate. In
carrying out this improved method, a hollow parison of
polyethylene terephthalate is extruded from an extruder
head at a predetermined speed in a vertical direction
adjacent a closing station of a rotary blow molding
wheel having molds with mold portions that close at the
closing station to enclose the parison within. an
enclosed cavity of the closed mold. The wheel is
rotated to move the molds at a faster speed than the
speed at which the parison is extruded to longitudinally
stretch the parison in the vertical direction of
extrusion prior to being enclosed within each mold in a
sequential manner. Pressurized gas is blown into the
enclosed parison within each closed mold to provide a
biaxially oriented polyethylene terephthalate blow
molded product that conforms to the shape of the mold.

Thereafter, each mold is opened for removal of the

PCT/US91/04793
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biaxially oriented polyethylene terephthalate blow
molded product.

The rotary method for making a polyethylene

terephthalate blow molded product as described above

5 permits more economical manufacturing thereof than can
be achieved with reciprocal molds as have been utilized

in the past. The polyethylene terephthalate parison
utilized has an intrinsic viscosity greater than about

0.9 which increases the melt strength of the parison as

10 compared to conventional polyethylene terephthalate blow
molding in order to permit the parison to be extruded
with a sufficient strength to maintain its shape prior

to being enclosed by the molds of the rotary wheel for

the blow molding. Also, the parison can be extruded

15 with a wall thickness that is varied to accommodate for
the effect of gravity on the vertically extruded hollow
parison of polyethylene terephthalate and to otherwise
control the wall thickness of the resultant blow molded

product.

20 In one practice of the method, the
polyethylene terephthalate parison is extruded upwardly
from the extruder head. This upward extrusion is
preferably performed such that the polyethylene
terephthalate parison has a wall thickness that

25 decreases from the initially extruded parison portion to
the finally extruded parison portion associated with
each mold to accommodate for the effect of gravity.

In another practice of the method, the

polyethylene terephthalate parison is extruded

30 downwardly from the extruder head. This downward
extrusion 1is preferably performed such that the
polyethylene terephthalate pafison has a wall thickness
that increases from the initially extruded parison
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portion to the finally extruded parison portion
associated with each mold to accommodate for the effect
of gravity.

Pressurized gas is preferably supplied to the
5 interior of the vertically extruded hollow parison of
polyethylene terephthalate and the pressure thereof is
varied between the initially and finally extruded
parison portions associated with each mold. As
disclosed, the pressure is increased prior to mold
10 closing to provide lateral stretching of the parison
prior to the mold closing. This lateral stretching of
the parison facilitates filling of the mold and the
capability of manufacturing polyethylene terephthalate
containers of constructions that have not been

15 heretofore possible.

The polyethylene terephthalate parison is
extruded with a flared configuration that depends upon
the relative size of the blow molded products to be
made. More specifically, the polyethylene terephthalate

20 parison is extruded with an inwardly flared
configuration to make relatively small size blow molded
products and is extruded with an outwardly flared

configuration to make relatively large size blow molded
products.

25 Another object of the present invention is to
provide an improved plastic blow molded product of
polyethylene terephthalate.

The improved plastic blow molded product

constructed in accordance with the immediately preceding

30 object is embodied by a polyethylene terephthalate blow
molded container including an exterior wall and a hollow
handle having opposite ends connected to the exterior
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wall as well as an intermediate portion extending
between the ends in a spaced relationship to the
exterior wall. This handled polyethylene terephthalate
blow molded container can be manufactured by virtue of
5 the extruded rotary method described above and the
pressurized gas supplied to the interior of the parison
prior to mold closing to provide the lateral stretching
that fills the mold and permits subsequent mold closing
with a portion for forming the handle. In its preferred
10 construction, the handled polyethylene terephthalate

container is biaxially oriented to provide enhanced

strength.

BRIEF DESCRIPTION OF DRAWINGS

FIGURE 1 is a side elevational view of one

15 embodiment of a rotary plastic blow molding machine for
performing the method of the invention by vertical
extrusion of a hot parison of polyethylene terephthalate

in an upward direction;

FIGURE 2 is an elevational view taken
20 partially in section along the direction of line 2-2 in
Figure 1 to further illustrate the manner in which the

blow molding is performed;

FIGURE 3 is a partial sectional view that

illustrates the parison being extruded upwardly with a
25 converging configuration to make relatively small size

blow molded containers;

FIGURE 4 is a partial view that illustrates
the parison being extruded upwardly with a diverging
configuration to make relatively large size blow molded

30 containers;
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FIGURE 5 is a view of a graph that illustrates
how pressurized gas is supplied to the interior of the
extruded parison with an increase in pressure near the
end of each cycle to provide lateral stretching prior to
the mold closing with the parison in the mold cavity;

FIGURE 6 is an elevational view of another
rotary plastic blow molding machine for performing the
method of the invention by vertical extrusion of a hot

parison of polyethelyne terephthalate in a downward
direction;

FIGURE 7 1is an elevational view taken
partially in section along the direction along line 7-7
in Figure 6 to further illustrate the manner in which
the blow molding is performed;

FIGURE 8 is a partial view that illustrates
the parison being extruded downwardly with a converging

configuration to make relatively small size blow molded
containers;

FIGURE 9 is a partial view that illustrates
the parison being extruded downwardly with a diverging
configuration to make relatively large size blow molded
containers;

FIGURE 10 is a view of the parting face of one
mold portion to illustrate a handled blow molded
polyethylene terephthalate container constructed in
accordance with the present invention;

FIGURE 11 is a view taken through the closed
mold along the direction of line 11-11 in Figure 10; and

PCT/US91/04793
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FIGURE 12 is an end view of the blow molded
container taken along the direction of line 12-12 in

Figure 11.

BEST MODES FOR CARRYING OUT THE INVENTION

5 With reference to Figure 1 of the drawings, a
rotary plastic blow molding machine for carrying out the
invention is indicated generally by 20 and includes a
rotary wheel 22 rotatably mounted by supports 24 on the
factory floor 26 with a shaft 28 extending between the

10 supports along the rotary axis A. A plurality of molds
30 are circumferentially spaced about the wheel 22.
Each mold 30 includes a pair of mold portions 32 which
have associated cavity sections 34. Wheel 22 includes
spaced frame portions 36 between which the molds 30 are

15 mounted on mold supports 38 shown in Figure 2. The
machine includes conventional actuators for moving the
mold portions 32 between open and closed positions
during rotation of the wheel. A drive mechanism 40 of
the machine includes a bull or drive gear 42 mounted on

20 one of the frame portions 36 of the wheel 22 and also
includes a drive 44 whose output 46 is connected to a
gear 48 that is meshed with the drive gear 42 to provide
rotary driving of the wheel 22 in a clockwise direction
as illustrated by arrow 50 in Figure 1. -

25 An extruder 52 of the machine 20 has a head 54
that extrudes an unsupported hollow parison 56 of hot
polyethylene terephthalate at a temperature in the range
of about 250 to 290 adjacent a closing station 58
where the mold portions 32 of the molds 30 move from the

30 open position to the closed position to enclose the
parison within an enclosed cavity of the closed mold.
The drive mechanism 40 rotates the wheel 22 to move the
molds 30 at a faster speed than the speed at which the
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parison 56 is extruded. Each mold 30 upon closing, such
as illustrated by the one mold 30 just above the shaft
28 in Figure 2, longitudinally stretches the parison 56
in the vertical direction of extrusion prior to the

5 parison being enclosed within the next mold in a
sequential manner. Conventional blowing of pressurized
gas into the enclosed parison 56 within each closed mold
30 provides a biaxially oriented polyethylene
terephthalate blow molded product that conforms to the

10 shape of the mold cavity. Continued clockwise rotation
of the wheel 22 permits cooling of the blow molded
product prior to sequential opening of the molds 30 at
an opening station 60 for removal of the biaxially
oriented polyethylene terephthalate blow molded product

15 62 and delivery therefrom on a delivery conveyor 64 in
any conventional manner.

It should be noted that it is important for
the unsupported polyethylene terephthalate parison 56 to
be extruded vertically as illustrated so that gravity

20 does not introduce any adverse bending force that tends
to distort the parison prior to the closing of the mold
30 on the rotary wheel 22 and the subsequent blowing
that forms the parison to the shape of the mold cavity.
Also, the polyethylene terephthalate parison 56 has an

25 intrinsic viscosity greater than about 0.9 as compared
to conventional polyethylene terephthalate parisons
which have an intrinsic viscosity of about 0.72. This
increased intrinsic viscosity of the parison provides
greater melt strength so as to permit the unsupported

30 parison to maintain its shape during the extrusion and
during the longitudinal stretching that is provided by
the rotary wheel machine as previously described as well
as during lateral stretching prior to the mold closing
as is hereinafter more fully described.
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Tt is hereinafter more fully described in

greater detail, the vertically extruded hollow parison

56 of polyethylene terephthalate is extruded with a wall
thickness that is varied to thereby control the wall

5 thickness of the resultant blow molded product 62. More
specifically, the wall thickness can be varied to
accommodate for the effect of gravity and can also be
varied to provide a different wall thickness at
different portions of the container as desired to have

10 the requisite strength.

As specifically illustrated in Figures 1 and

2, the polyethylene terephthalate parison 56 is extruded

vertically in an upward direction from the extruder head

54 of extruder 52. Also, as illustrated by the two

15 embodiments of the extruder head 54a and 54b as

respectively shown by Figures 3 and 4, the polyethylene

terephthalate parison 56 is extruded upwardly with a

wall thickness that decreases from the initially

extruded parison portion 56i to the finally extruded

20 parison portion 56f associated with each mold. This

decrease in the wall thickness accommodates for the

downward force of gravity so as to provide a uniform

wall thickness of the resultant blow molded product.

Thus, the initially extruded parison portion 56i

25 associated with each mold has a greater wall thickness

than the finally extruded parison portion 56f; however,

the force of gravity acting on the parison in a downward

direction causes the hot plastic of the parison to flow

downwardly to produce a parison upon mold closing with

30 a generally uniform wall thickness between the initially
and finally extruded parison portions 56i and 56f.

Both the extruder head embodiment 54a
illustrated in Figure 3 and the extruder head embodiment
54b illustrated in Figure 4 supply pressurized gas from
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a source 66 to the interior of the hollow parison 56 of
polyethylene terephthalate. This pressurized gas
prevents the parison 56 from collapsing as it is
extruded upwardly. The pressure of the gas supplied to

5 the interior of the hollow parison 56 is varied between
the initially and finally extruded parison portions
associated with each mold. More specifically as
illustrated in Figure 5, the pressurized gas during each
cycle is supplied with a generally uniform pressure

10 during the initial portion of the cycle but is supplied
with a greater pressure near the end of the cycle to
provide lateral stretching of the parison prior to the
mold closing. This lateral stretching as is hereinafter
more fully described in connection with Figures 10

15 through 12 permits manufacturing of containers with
constructions that have not been heretofore possible

such as the handled polyethylene container hereinafter
disclosed.

As illustrated in Figure 3, the extruder head

20 54a provides extrusion of the polyethylene terephéhalate
parison 56 with an inwardly flared configuration which

is useful in making relatively small size blow molded
products. This extruder head 54a includes a body 68a
having an interior bore 70a whose outer end 72a tapers

25 inwardly with a frustoconical shape. An extrusion valve
element 74a of the extruder head 54a is movable axially
within the bore 70a and has an end 76a that tapers
inwardly with a frustoconical shape adjacent the bore

end 72a. A suitable unshown actuator moves the

30 extrusion valve element 74a axially within bore 70a in
a downward direction from the phantom line position to
the solid line position during the extrusion cycle to
decrease the spacing between the bore end 72a and valve
element end 76a and thereby decrease the wall thickness

35 of the parison 56 as it is extruded vertically in an
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upward direction. This decrease in the wall thickness
accommodates for the effect of gravity to maintain a
uniform wall thickness of the parison 56 upon being
enclosed within the mold for blow molding. Also,
extrusion valve element 74a has a central passage 78a
through which the pressurized gas is supplied from the
source 66 through a conduit 80.

With reference to Figure 4, the embodiment of
the extruder head 54b is similar to the Figure 3
embodiment described above except for the fact that its
bore end 72b and its valve element end 76b are flared
outwardly with frustoconical shapes instead of inwardly
to thereby extrude the polyethylene terephthalate
parison 56 with an outwardly flared configuration to
make relatively 1large size blow molded products.
Otherwise the construction of the two extruder head
embodiments is the same such that 1like reference
numerals with the letter "b" subscript identifier are
utilized and the operation is otherwise the same.
However, because of the outwardly tapering
configurations of the bore and valve element ends 72b
and 76b as opposed to inwardly tapering shapes as with
the previously described embodiment, the valve element
74b is moved by its unshown actuator downwardly instead
of upwardly in order to provide the decreasing wall
thickness during the vertical parison extrusion in an

upward direction.

As illustrated in Figures 6 and 7, another
embodiment of the plastic blow molding machine is
identified by 20' and has the same construction as the
previously described embodiment except as will be noted
such that like reference numerals are applied to like
components thereof and most of the previous description
is applicable, except as will be noted, and thus need

PCT/US91/04793
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not be repeated. The plastic blow molding machine 20!
differs from the previously described embodiment in that
its extruder 52' has an extruder head 54' that extrudes
the unsupported hollow parison 56 of hot polyethylene
terephthalate in a vertical direction that is downward
as opposed to the vertical upward extrusion of the
previously described embodiment. This vertical downward
extrusion is adjacent the mold closing station 58' and
the molds 30 are moved at a faster speed than the speed
of the downward parison extrusion so as to provide the
longitudinal stretching prior to the parison being
closed within the mold for the blow molding that
provides the biaxially oriented polyethylene
terephthalate container. After rotation for cooling,
the molds 30 are opened at an opening station 60' such
that the blow molded porduct 62 can be removed for
delivery on a suitable delivery conveyor.

As previously mentined in connection with the
embodiment of Figures 1 and 2, the polyethylene
terephthalate parison 56 of the embodiment of Figures 6
and 7 is extruded at a temperature in the range of 250
to 290C and has an intrinsic viscosity greater than
about 0.9 as compared to conventional polyethylene
terephthalate parisons which have an intrinsic viscosity
of about 0.72. This increased intrinsic viscosity of
the parison provides greater melt strength so as to
permit the unsupported parison to maintain its shape
during the hot extrusion and during the longitudinal
stretching that is provided by the rotary wheel machine
as previously described as well as during lateral
stretching prior to the mold closing. As is also
hereinafter more fully described, the vertical extrusion
of the hollow parison 56 of polyethylene terephthalate
in a downward direction is provided with a wall
thickness that increases from the initial to the finally

PCT/US91/04793
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extruded parison portions associated with each mold in

order to accommodate for the effect of gravity.

As illustrated in Figure 8, one embodiment of

the extruder head 54a' utilized with the plastic blow

5 molding machine 20' of Figures 6 and 7 has its extrusion

bore end 72a' and its valve element end 76a' provided

with frustoconical shapes that are inwardly tapered such

that the polyethylene terephthalate parison 56 flares

inwardly during the extrusion. The extrusion valve

10 element 74a' is moved upwardly from the phantom line

position to the solid line position during the extrusion

to provide the parison with a wall thickness that

increases from the initial to the finally extruded

parison portions 56i and 56f in order to accommodate for

15 the downward force of gravity acting on the parison and

thereby permit forming of a blow molded container

product with a uniform wall thickness. Pressurized gas

is supplied through the interior passage 78a' of the

extrusion valve element to prevent parison collapse and

20 to also provide lateral stretching near the end of the
cycle as previously described.

As illustrated in Figure 9, another embodiment
of the extruder head 54b' utilized with the plastic blow
molding machine 20' shown in Figures 6 and 7 has the

25 same construction as the Figure 8 embodiment except that
its extrusion bore end 72b' and its valve element end
76b! have outwardly tapering constructions of
frustoconical shapes that provide an outwardly flared
polyethylene terephthalate parison 56 extruded

30 vertically in the downwardly direction to manufacture
relatively large size blow molded container products as
opposed to relatively small size ones. With this
embodiment, the extruder valve element 74b' is moved

downwardly to increase the parison wall thickness from
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the initially extruded parison portion 56i to the
finally extruded parison portion 56f associated with
each mold in order to accommodate for the downward force
of gravity. Pressurized gas is supplied through the
passage 78b' of the extrusion valve element to the
interior of the parison 56 to prevent parison collapse
and to also provide lateral stretching just prior to the
mold closing as previously described.

As illustrated in Figures 10 through 12, the
polyethylene terephthalate product 62 manufactured by
the blow molding described above produces a container 82
after removal of the blow head 84 and plastic flash
produced during the blow molding. This container 82
includes a body portion 86 having an exterior wall 88 as
well as having a dispensing spout 90 illustrated at an
upper location with respect to the container which is
shown in a sideways orientation. A hollow handle 92 of
the container is illustrated in Figure 10 and has
opposite upper and lower ends 94 and 96 that are
respectively connected to the exterior wall 88 as well
as having an intermediate portion 98 that extends
between these handle ends in a spaced relationship to
the exterior wall at its adjacent portion 88a. The
handle 92 defines an opening 99 through which a hand can
be inserted to 1lift the container. This handle
construction is formed by an interior mold projection
100 of the associated mold portion 32 which cooperates
with a 1like interior mold projection of the other
associated mold portion to clamp the parison with
portions of the parison extending on each side of the
clamped mold projections to form the container body
portion and the handle after the blow molding. This
forming is possible by virtue of the blowing just prior
to the mold closing to laterally stretch the parison

PCT/US91/04793
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from the initial diameter Di to the final diameter Df of

a larger size.

As is evident from the above description, the

longitudinal stretching of the polyethylene

5 terephthalate container 82 by the rotary wheel whose

molds move faster than the speed of extrusion and the

lateral stretching by both the increased interior

parison pressure just prior to the mold closing and the

subsequent blowing pressure in a conventional manner

10 results in a biaxially oriented polyethylene

terephthalate container. After the blow molding and the

removal of the container 82 from the associated mold,

the blow head 84 is trimmed as is exterior flash to

complete the blow molding operation. At the container

15 bottom 102 illustrated in Figure 12, the parting line

104 has an elongated parison portion 106 that

corresponds to the diameter Df of the parison upon mold

closing and also has blown end portions 108 that

correspond to the extent to which the container is blown

20 outward in a lateral direction from its ceﬁterline
during the blow molding within the enclosed mold.

It should be appreciated that the polyethylene

terephthalate utilized tc vertically extrude the parison

56 may have any necessary chemical additives to provide

25 the requisite hot strength as well as providing clarity
of the resultant blow molded product. The specific
polyethylene terephthalate resin utilized is sold by
Eastman Chemical Products, Inc. of Kingsport, Tennessee,
United Scates of America under the designation X20291.
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While the best modes for carrying out the
invention have been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments

5 for practicing the invention as defined by the following
claims.
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WHAT IS CLAIMED IS:

1. A method for making a plastic blow molded

product, comprising:
extruding a ‘hollow parison of polyethylene
5 terephthalate from an extruder head at a predetermined
speed in a vertical direction adjacent a closing station
of a rotary blow molding wheel having molds with mold
portions that close at the closing station to enclose
the parison within an enclosed cavity of the closed

10 mold;
rotating the wheel to move the molds at a

faster speed than the speed at which the parison is
extruded to longitudinally stretch the parison in the
vertical direction of extrusion prior to being enclosed
15 within each mold in a sequential manner;
blowing pressurized gas into the enclosed
parison within each closed mold to provide a biaxially
oriented polyethylene terephthalate blow molded product
that conforms to the shape of the mold; and
20 thereafter opening each mold for removal of
the biaxially oriented polyethylene terephthalate blow
molded product.

2. A method for making a plastic blow molded

product as in <claim 1 wherein the polyethylene

25 terephthalate parison has an intrinsic viscosity greater
than about 0.9.

3. A method for making a plastic blow molded
product as in claim 1 wherein the vertically extruded
hollowJparison of polyethylene terephthalate is extruded

30 with a wall thickness that is varied to thereby control
the wall thickness of the resultant blow molded product.
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4. A method for making a plastic blow molded
product as in «claim 1 wherein the polyethylene
terephthalate parison is extruded upwardly from the
extruder head.

5 5. A method for making a plastic blow molded
product as in claim 4 wherein the polyethylene
terephthalate parison is extruded upwardly with a wall
thickness that decreases from the initially extruded
parison portion to the finally extruded parison portion

10 associated with each mold.

6. A method for making a plastic blow molded
product as in «claim 1 wherein the polyethylene
terephthalate parison is extruded downwardly from the
extruder head.

15 7. A method for making a plastic blow molded
product as in <claim 6 wherein the polyethylene
terephthalate parison is extruded downwardly with a wall
thickness that increases from the initially extruded
parison portion to the finally extruded parison portion

20 associated with each mold.

8. A method for making a plastic blow

molded product as in any one of claims 1 through 7

wherein pressurized gas is supplied to the interior of

the vertically extruded hollow parison of polyethylene

25 terephthalate and the pressure thereof is varied between

the initially and finally extruded parison portions
associated with each mold.

9. A method for making a plastic blow molded

product as in claim 8 wherein the pressure of the

30 pressurized gas supplied to the interior of the hollow
parison of polyethylene is increased prior to mold
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closing to provide lateral stretching of the parison

prior to the mold closing.

10. A method for making a plastic blow molded

product as in claim 1 wherein the polyethylene

5 terephthalate parison is extruded with an inwardly
flared configuration to make relatively small size blow

molded products.

11. A method for making a plastic blow molded

product as in claim 1 wherein the polyethylene

10 terephthalate parison is extruded with an outwardly
flared configuration to make relatively large size blow

molded products.
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