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Process for manufacturing a plastic hollow body, said process comprising the following steps: a) a molten plastic parison Is
extruded, in an extruder, through a die; b) at least one longitudinal cut is made In the parison; c) the parison Is introduced into a
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equipped with a passage for the molten plastic which gradually modifies the shape of the parison so that It is substantially flattened

on exiting. Die suitable for implementing this process.
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(54) Title: PROCESS FOR MANUFACTURING A PLASTIC HOLLOW BODY FROM A PARISON AND DIE FOR EXTRUD-

& (57) Abstract: Process for manufacturing a plastic hollow body, said process comprising the following steps: a) a molten plastic
e\ parison is extruded, in an extruder, through a die; b) at least one longitudinal cut is made in the parison; ¢) the parison is introduced

into a mould comprising two cavities; and d) the hollow body is moulded by conforming the parison to the mould cavities, said die
being equipped with a passage for the molten plastic which gradually modifies the shape of the parison so that it is substantially
flattened on exiting. Die suitable for implementing this process.
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Process for manufacturing a plastic hollow body from a parison and die for
extruding a parison

The present mvention relates to a process for manufacturing a plastic
hollow body, and 1n particular, a fuel tank, and this from a parison that 1s split or
1S 1n two parts. It also relates to a die for extruding a parison suitable for said
process.

Fuel systems on board vehicles of various types generally comprise
devices for the ventilation of hydrocarbons contained 1n the tank. They may also
include devices for supplying the engine with fuel. Such devices form the link
between elements contained 1n the tank (valves, fuel pump, etc.) and elements
positioned outside the tank (canister, filling pipe, etc.). The penetration through
the wall of the tank must take mto account the sealing requirements laid down by
current environmental standards (LEV II and PZEV for example). For this
purpose, the reduction 1in the number and size of the openings 1n the wall of the
tank constitutes a favourable factor in reducing evaporative losses. However,
this makes 1t more difficult to insert components into the tank and position them
therein.

Application EP 1110697 1in the name of the Applicant discloses a process
for moulding a fuel tank using a parison in several parts so as to be able to mnsert
the accessories mto the tank at the same time as 1t 1s moulded. For this purpose,
a tubular parison 1s extruded, then, on exiting the die, two longitudinal cuts are
made 1n 1t, along two opposing generatrices. This document recommends the use
of a device for guiding and separating the two parison parts thus obtained, and
this with a view to being able to introduce the accessories into the tank at the
same time as 1t 1s moulded.

Ideally, this device should also make 1t possible to substantially flatten the
two parison parts and keep them free of bends so as to be able to apply them
correctly between the mould cavities. This may be carried out using straight
cylindrical rollers or rolls, the separation of which 1s set at will. This stmple (and
theoretically adequate) technique has, however, the disadvantage that the sheets
obtained on exiting the rolls remain, after all, curved and that their separation
cannot be well controlled. This 1s because the plastic begins to set as soon as 1t

exits the die and tends to remain 1 the shape that the die gives it.
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The object of the invention 1s therefore to provide a process which enables
this problem to be solved, and this thanks to the use of a die which enables said
parison to be substantially flattened before its exit, so that the sheets that result
from cutting it have a lesser tendency to curve and form bends. In particular, in
one variant, the die of the process according to the invention also makes it
possible to cut the parison inside it, and this so as to prevent an often difficult
initiation of the cutting and guiding of the sheets at the start of production runs
and also the formation of bends due to the effect of cutting the sheets
downstream.

For this purpose, the invention relates to a process for manufacturing a
plastic hollow body, said process comprising the following steps:

a) a molten plastic parison is extruded, in an extruder, through a die;

b) at least one longitudinal cut 1s made in the parison;

¢) the parison is introduced into a mould comprising two cavities; and

d) the hollow body is moulded by conforming the parison to the mould cavities,
said die being equipped with a passage for the molten plastic which gradually
modifies the shape of the parison so that it is substantially flattened on exiting.

In accordance with another aspect of the invention, there is provided a process for
manufacturing a plastic hollow body, the process comprising the following steps:

- extruding a molten plastic parison, in an extruder, through a die;

- cutting at least one longitudinal cut in the parison;

- introducing the parison into a mold that includes two cavities; and

- molding the hollow body by conforming the parison to the mold cavities, the die
including a passage for the molten plastic parison which gradually modifies a shape of the

parison so that the parison is substantially flattened on exiting,

wherein a sheet-like free end of the longitudinally cut parison hangs by gravity between the
mold cavities and is gripped and flattened by a gripping and flattening device so as to
prevent formation of bends in the parison or warping of the parison, the parison being

longitudinally cut prior to the sheet-like free end of the parison being gripped and flattened,

wherein the longitudinal cutting of the parison is carried out in the die,
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wherein the parison is longitudinally cut using flow dividers which extend to the die outlet and
which have a shape and location to contribute, with a shape of the passage through the die,

to converting the parison into two substantially flat sheets,

wherein the mold cavities are positioned underneath the die,

wherein the parison is extruded continuously between the cavities of the mold,

wherein the mold is closed just before transversely cutting and molding the parison, and

wherein the sheet-like free end of the longitudinally cut parison includes a pair of sheet-like

free ends that are gripped and flattened by the gripping and flattening device.

The process according to the invention 1s suitable for any hollow body and,
in particular, for any hollow body on the inside of which it is desired to introduce
at least one accessory. It advantageously applies to the manufacture of fuel
tanks. The expression "fuel tank" 1s understood to mean a leakproof tank, able to
store fuel under diverse and varied usage and environmental conditions. An
example of this tank is that with which motor vehicles are fitted.

The hollow body obtained by the process according to the invention 1s
made with a plastic wall, generally comprising an internal face on its concave
part and an external face on its convex part.

The term “plastic” 1s understood to mean any material comprising at least
on¢ synthetic polymer resin.

Any type of plastic may be suitable. Particularly suitable plastics belong to
the category of thermoplastics.

The term "thermoplastic" 1s understood to mean any thermoplastic
polymer, including thermoplastic elastomers, and also blends thereof. The term
"polymer” 1s understood to mean both homopolymers and copolymers
(especially binary or ternary copolymers). Examples of such copolymers are,
non-limitingly: random copolymers, linear block copolymers, other block

copolymers and graft copolymers.
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Any type of thermoplastic polymer or copolymer, the melting point of
which 1s below the decomposition temperature, 18 suitable. Synthetic
thermoplastics having a melting range spread over at Ieast 10 degrees Celsius are
particularly suitable. Examples of such materials include those that exhibit
polydispersion 1n their molecular weight.

In particular, 1t 1s possible to use polyolefins, thermoplastic polyesters,
polyketones, polyamides and copolymers thercof. A blend of polymers or
copolymers may also be used, similarly 1t 1s also possible to use a blend of
polymeric materials with 1mnorganic, organic and/or natural fillers such as, for
example but non-limitingly: carbon, salts and other inorganic derivatives, natural
or polymeric fibres. It 1s also possible to use multilayer structures composed of
stacked and joined layers comprising at least one of the polymers or copolymers
described above.

One polymer often used for fuel tanks 1s polyethylene. Excellent results
have been obtained with high-density polyethylene (HDPE).

Pretferably, the hollow body for which the process according to the
invention 1s mtended has a multilayer structure comprising at least one layer of a
thermoplastic and at least one additional layer which, advantageously, may
consist of a material that 1s a barrier to liquids and/or gases.

Preferably, the nature and the thickness of the barrier layer are chosen so as
to minimize the permeability of the liquids and gases 1n contact with the wall of
the hollow body. Preferably, in the case of a fuel tank, this layer 1s based on a
barrier material, 1.¢. a fuel-impermeable resin such as, for example, EVOH (a
partially hydrolysed ethylene/vinyl acetate copolymer). Alternatively, the tank
may be subjected to a surface treatment (fluorination or sulphonation) for the
purpose of making it impermeable to the fuel.

The term "parison” 1s understood to mean an extruded preform of any
shape, generally substantially cylindrical or tubular (which, according to the
invention, 18 flattened 1n a dic mounted on the head of the extruder), which 1s
intended to form the wall of the tank after moulding, 1.¢. after an operation which
consists 1n forming the parison, which 1s 1n the melt state, nto the required
shapes and dimensions using a mould, 1n order to obtain a tank from a single
part.

According to the mvention, this parison 1s extruded, 1.¢. derives from the
melting and/or plasticization of the plastic in an extruder, then from 1ts expulsion

of this plastic through an extrusion head, which generally gives it a cylindrical
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shape. The expression "extrusion head" 1s understood to mean an assembly of
metal blocks and a core comprising a passage for at least one stream of molten
plastic exiting an extruder. Such an assembly generally comprises at least one
block (or distributor) for distributing the material in the form of an annular
stream, and 1n the case of a coextrusion head, 1t generally comprises at least one
distributor per layer of material.

The distributor or distributors, where appropriate, have passing right
through them an orifice of which the outlet end 1s generally substantially annular
and which determines, with the core, an annular outlet flow area for the molten
plastic. The stream of molten plastic which 1s fed by the extruder to the extrusion
head 18 generally a solid cylindrical stream of pressurized plastic. In the case of
a coextrusion head (intended for extruding multilayer structures), there are
generally as many feed orifices as cylindrical streams of material.

According to the invention, the parison exiting the extrusion head 1s
extruded through a die which gradually converts 1ts (generally cylindrical) shape
into a flattened, oblong shape. Subsequent cutting of this parison will then make
it possible to obtain two "sheets" which will have a decreased tendency to curve
and will therefore be easier to handle than the cylindrical half-parisons obtained
in the processes of the prior art.

Preferably, the parison has a controllable thickness (1.¢. one that can be
varied, in a controlled manner, longitudinally (along a generatrix) and/or
transversely (over a same section)) and this using at least one known device such
as WDS (vertically displaceable core), PWDS (deformable ring), SFDR
(machined core of variable profile or pin of variable shape) or "die shide" (part
inserted locally into the die: see Patent US 5,057,267 1n the name of the
Applicant), integrated into the die. With respect to moulding a parison whose
thickness 1s constant, this way of proceeding makes 1t possible to take into
account the reduction 1n thickness which occurs during moulding (and 1n
particular, blow moulding) at certain places in the parison, as a result of the non-
constant deformation rates of the material in the mould.

According to one preferred variant, the longitudinal cutting of the parison
is carried out in the extrusion die, and this in order to automate the process as
much as possible and facilitate the stops/starts of production runs. In this
variant, preferably, the parison 1s first cut using flow dividers mtegrated into the

dic and then the two cut parts of the parison are gradually flattened due to a
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gradual modification of the inner passage of the die through which the stream or

streams of plastic of the parison tlow.

die outlet and have a suitable shape for keeping the cut parison parts separated,

or even increasingly separated (for example: to separate them at the same

particularly advantageous variant, in the process according to the invention, the

flow dividers have a suitable shape and location to contribute, with the shape of

substantially flat sheets. In the remainder of the document the term "sheets" will

generally be used for the substantially flattened parison pieces.

invention (and particularly: according to the aforementioned variant) s also
equipped with a device enabling the transverse cutting of the parison (or of the
sheets) to obtain pieces of parison (or discontinuous sheets) which may then be
moulded. This cutting operation may take place by relative movement of the

core and the mantle of the die, so as to momentarily interrupt the flow of material

(or optionally integrate into its lower surface), hooks or blades to carry out this

cutting operation.
in the processes of the prior art. It is therefore possible to reduce the height
required between the die outlet and the mould cavities. This will reduce the

temperature of the sheets, which will facilitate the subsequent moulding process,

in particular when this comprises a step of attaching component(s) (accessory or

moulding the hollow body. Such an attachment of components, which 1s

advantageous within the scope of the present invention, is for example described
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iIn Applications WO 2006/008308, WO 2006/032672 and WO 2007/000454 in the name of
the Applicant.

The transfer of the sheets to the mould may take place in any known

positioned underneath the die and the parison (sheets) is/are extruded

continuously between the cavities of the mould, that is then closed over said

guided by jaws or hooks (preferably made of metal that 1s cooled or coated with
PTFE for example) that make it possible to flatten them and to prevent the

formation of bends.
In the process according to the invention, the tank 1s preferably moulded as

recourse to an additional step of assembling separate shells) from a split parison
or a parison in at least two parts, and this generally by welding the slit or the two
parts of the parison when the mould 1s closed. In particular, the tank 1s

advantageously moulded by:

mould cavities using a pressurized fluid (as described in Application EP

1110697
. thermoforming the parison, 1.e. by pressing the latter against the mould

cavities, for example by providing suction (creating a vacuum) behind said
Preferably, the tank 1s moulded by blow-moulding. This 1s because

thermoforming generally involves heating the mould to 60°C so as to be able to

achieve deep deformations (corners of the tank for example, where the parison 1s

moulding, in which this constraint does not cxist.
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during a first closure of the mould (when the parison is pressed against the

cavities in order to attach the accessories to the parison). This device 18

being able to be partly (generally, over at least one part of its periphery) inserted
between the parts of the parison to be welded (lips of the slit or edges of the two

components thereto), where appropriate.

This insert may also integrate such a (thermal control) device in its zone(s)
of contact with the parison, and this being, in particular, in the aforementioned
weld zone. This variant could further improve the quality of the welding of the
tank (by reducing the inner bead and therefore by improving the impact

resistance of the tank). Such a device is for example described in Application

FR 2 879 494 in the name of the Applicant.
The present invention also relates to equipment for implementing the

process as described above. It relates more particularly to a die intended to be

mounted on the head of an extruder delivering a stream of cylindrical material,

the extrusion head enters into the die) and is flattened at the outlet (i.e. on the
side where the stream of molten plastic exits the die). This passage 1s preferably
delimited by two separate parts: on the one hand, by a central part or core

(generally attached to the extrusion head by means of a core guide), which 1s In

parison.
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Such a dic¢ has the advantage of being casily mountable on (and
demountable from) a conventional extrusion head.

According to one preferred variant, this dic comprises at least one flow
divider which interrupts the passage for the molten material at a given moment

and this preferably up to the outlet of the die. This flow divider 1s theretore

passage, and this so as to separate the parison into two parts along two opposing
generatrices. Therefore, for ease in the remainder of the description, mention
will be made of two flow dividers, but it 1s understood that the invention 1s not
limited to this particular case.

It 1s particularly advantagcous that the flow dividers be positioned just
before the place where the annular passage changes shape 1in order to flatten out.

And as already mentioned above, it 1s moreover particularly advantageous that

these flow dividers be extended to the outlet of the die and have a suitable shape

for keeping the cut parison parts separated, or even increasingly separated.

invention, the flow dividers have a suitable shape and location to contribute, with
the shape of the passage through the die, to converting the two semi-cylinders
into substantially flat shects. Most particularly preferably, it also makes 1t
possible to separate said sheets by the distance required for their direct insertion
into the mould cavities.

The flow dividers of the dic according to the invention may have any
shape. Generally, they have a sharp edge pointing towards the die inlet and

opening out towards the dic outlet and this so as to keep the cut parison parts

they are firmly attached to a fixed part in the die (generally, the mantle), and the

moveable part(s) with which this fixed part determines a passage of variable
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slit into which the "inactive" part of the flow divider (that which does not
participate in cutting the parison) may be inserted in a leaktight manner. The
sealing of this insertion is assured in any known manner, preferably by adapting

the respective mechanical tolerances of the various parts to within a 10" of a um.

according to the invention preferably comprises a device for controlling the

thickness of the parison and/or a device for transversely cutting the parison.

preferably a "die slide" (part inserted locally into the die) as described in Patent
US 5,057,267 in the name of the Applicant and of which the content 1s, for this

specific to modifying the thickness of a cylindrical parison, in the variant of the
invention according to which this parison is separated into two flat sheets within
the die itself, it is advantageous that this modification take place on the flat outlet

sub-dies. Therefore, preferably incorporated at the level of the outlet slits of the
die according to this variant of the invention, are moveable blocks that make it possible to
locally modify the thickness.

The objective of Figures 1 to 5 is to illustrate certain concrete aspects of

the invention, without wishing to restrict the scope thereof in any way. Figures 1
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modify the shape of the parison but on the other hand allows 1t to be cut. Figures
4 and 5 1llustrate dies which make 1t possible to form a respectively cylindrical or
oblong parison, and to cut 1t and convert 1t into two separate flat sheets.
In these figures, 1dentical numbers represent identical components, namely:
5 1. the mantle of the die;
1ts core;

the core guide; and

=~ » N

a flow divider.
Figure 1 illustrates the left half of a longitudinal cross section (1n a plane
10 including its axis, which 1s shown 1 the figure as a dotted line) 1n a die
according to the invention. This die 1s symmetrical. Figure 2 illustrates an axial
cross section (through a plane perpendicular to the plane of the preceding cross
section) through the flow divider (4) alone and Figure 3 1llustrates a bottom view
of the die from Figure 1. In Figures 4 and 5 (which illustrate two dies according
15  to two different variants of the invention), these various cross sections have been
combined. The devices which are illustrated therein are equipped with a device
that makes 1t possible to vary the thickness of the parison and to cut it. The right-
hand side views are obtained by the device having turned 90° with respect to the
left-hand side views. Moreover, the left-hand side views illustrate the system 1n
20  the process of bemg cut transversely (specifically, there 1s no longer a passage
for the material at the bottom), and the right-hand views illustrate the device in
the midst of extruding and flattening the parison according to the invention.
From Figure 1 1t can be seen that the core (2) comprises a triangular
protuberance indicated by a dotted line at the bottom of the die and provided
25  with a slit into which the flow divider (4) may slide. Figure 2 shows the edge of
the flow divider and 1ts widening profile. And 1 Figure 3, 1t can be seen how
the flow divider, integrated into the mantle (1), may also slide into a slit made in
the core (2). In these figures, a cylindrical parison is cut into two parts which
must then be flattened before being introduced mto a mould (not shown) 1n order
30  to be shaped. Due to 1ts widening geometry (see Figure 2 and successions of
cuts 1n Figure 4), the flow divider separates the streams (parison parts)
cttectively.
This widening geometry 1s also present 1n the flow dividers of the dies
illustrated in Figures 4 and 5 (where 3 transverse cuts, made at the different
35  levels indicated 1n these figures, are illustrated). It 1s possible to see therein the

change 1n the shape of the passage for the molten material, which in the die from
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Figure 4, has a cross section which gradually becomes oblong and 1n the die
from Figure 5, a cross section which 1s gradually reduced at two parallel slits, the
cross section of the flow divider having a shape which also changes

longitudinally to "push back" the edge of the sheets and to straighten them.
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The invention claimed Is:

1. A process for manufacturing a plastic hollow body, the process comprising the

following steps:
- extruding a molten plastic parison, in an extruder, through a die;
- cutting at least one longitudinal cut in the parison;
- introducing the parison into a mold that includes two cavities; and

- molding the hollow body by conforming the parison to the mold cavities, the
die including a passage for the molten plastic parison which gradually modifies a

shape of the parison so that the parison is substantially flattened on exiting,

wherein a sheet-like free end of the longitudinally cut parison hangs by gravity
between the mold cavities and is gripped and flattened by a gripping and flattening
device so as to prevent formation of bends in the parison or warping of the parison,

the parison being longitudinally cut prior to the sheet-like free end of the parison

being gripped and flattened,
wherein the longitudinal cutting of the parison is carried out in the die,

wherein the parison is longitudinally cut using flow dividers which extend to the die
outlet and which have a shape and location to contribute, with a shape of the

passage through the die, to converting the parison into two substantially flat sheets,
wherein the mold cavities are positioned underneath the die,

wherein the parison is extruded continuously between the cavities of the mold,

wherein the mold is closed just before transversely cutting and molding the parison,

and

wherein the sheet-like free end of the longitudinally cut parison includes a pair of
sheet-like free ends that are gripped and flattened by the gripping and flattening

device.

2. The process according to claim 1, wherein a thickness of the parison is controlled

using a thickness controlling device integrated into the die.
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3. The process according to claim 1, wherein, before molding the hollow body, at
least one accessory is attached to an inside of the parison and onto an inner face of

the parison.

4. The process according to claim 1, wherein the die includes a cutting device

enabling the transverse cutting of the parison.

5. The process according to claim 4, wherein the die includes a core and a mantle,

and wherein the transverse cutting occurs via relative movement of the core and the

mantle.
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