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the inventor as employee and Icma San Giorgio S.p.A. as employer, as 
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(5?,- Claim '

1. A method of producing remoldable self-supporting thin panels 
consisting essentially of a polymer/filler composition in which said 
polymer consists, at least in part, of a thermoplastic polymer having a 
softening temperature of above 150°C and wherein said filler consists, at 
least in part, of a thermosensitive particulate organic material; said 
method comprising the steps of: (a) forming a mixture of said polymer and 
said filler, (b) extruding said mixture to form a web and (c) calendering 
said web prior to its solidification; characterized in that said mixture 
is formed and extruded in a single step by feeding said thermoplastic 
polymer and said thermosensitive filler into an integral mixing and 
extruding space having a feeding end and an extrusion end and comprising 
a air of co-rotating and mutually co-acting elongated elements arranged 
essentially in parallel and each having:

a length extending essentially between said feeding end 
and said extrusion end of said space;

at least three feedingly effective helical extrusion sections 
mutually distanced along said length;

at least two essentially non-feeding kneading sections each of 
which is positioned between adjacent extrusion sections; 
said kneading sections and said extrusion sections of each of said
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elongated elements being provided substantially at radially adjacent 
positions along said length to form in said space at least two kneading 
zones and at least three extrusion zones so as to provide one kneading 
zone between adjacent extrusion zones; and wherein a part, at least, of 
said polymer is introduced into said space at a portion thereof in the 
area of a first extrusion zone looted near said feeding end while a 
portion, at least, of said thermosensitive filler is introduced into said 
space at a portion thereof in the area of a second extrusion zone 
situated closer to said extrusion end than said first extrusion zone.
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ABSTRACT

• · · • · ·

• ·• · · ·
β · · ·

·· · ·

• · · ·» c
· 9 0 ft

••«•ftft • ·

• · · • · · ·

• · · ·

Remoldable panels consisting essentially of a high melting 
high tenacity thermoplastic polymer and a thermosensitive 
organic filler are produced by forming a mixture of polymer 
and filler, extruding the mixture to form a web and calend
ering the web prior to its solidification; the mixture is 

formed and extruded in a single step by feeding the polymer 
and the thermosensitive filler into an integral mixing and 
extruding space that has a feeding end and an extrusion end 
and comprises:a pair of co-rotating parallel elongated ele

ments each having a length extending between the feeding
end and the extrusion end of the integral space; at least 
three feedingly effective helical extrusion sections mutu

ally distanced along the length of the elements; at least two 
essentially non-feeding kneading sections each of which is 

positioned between adjacent extrusion sections; the kneading 

sections and the extrusion sections of the elements are prov
ided at adjacent positions along their length to form at least 

two kneading zones and at least three extrusion zones so as to 
provide one kneading zone between adjacent extrusion zones in 
the integral space; the polymer is introduced into the inte

gral space in the area of a first extrusion zone located near 
the feeding end while the thermosensitive filler is introduc

ed in the area of a second extrusion zone situated closer to 
the extrusion end than the first extrusion zone. A venting 
means is connected to the extrusion zone nearest the extrusi

on end.
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BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to the art of processing polymer 
compositions and specifically to a method of producing remold
able self-supporting thin panels consisting essentially of a 
polymer/filler composition in which the polymer consists, at 

least in part, of a thermoplastic polymer having a softening 
temperature of above about 150°C and wherein the filler con

.. sists, at least in part, of an essentially thermosensitive
• * ·* particulate organic material.
• · · '• · ····

2. Prior Art• · · · ■■ —. ..
Thin panels of this type are known per se and, typically, have

; .··, a thickness between 1 and 5 mm, preferably between 1.5 and• « · ·
3 mm. They are "self-supporting" in the sense of maintaining 

their shape under loads typical of their intended end use, such 
as when used as furniture components or as shaped panels in aut-

·***’· omobiles, e.g. as inner door casings; furthermore, they are "re-

,··;·. moldable" in the sense that they can be shaped into most any♦ · ·
required three-dimensional shape when heated or reheated to a

thermoplastic state and processed in a -conventional molding
press, e.g. as disclosed in U.S. Patents Nos. 4,243,456 and 

• * : .4,328,067 with or without concurrent coating by lamination.
• · · ■

• · 9• » ·
.... ; Such panels, in addition to their remoldability, must have a
• ft .

substantial mechanical strength combined with low weight while 

consisting essentially but of low-cost components. These some
what contradictory requirements can be met by using polymer/ 

filler compositions in which the polymer constituent imparts 
the required thermoplasticity combined with high mechanical 

strength (tenacity) while the filler should be capable of be
ing used in substantial proportions, say 30 to 70 % by weight 

of the total composition, in combination with the polymer with-
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out impairing its essential characteristics and without add
ing much in terms of weight and costs.

ft ft Oft ft ft ft ft
ft ft ft 

ft V ·• o'»

• ··
• · «« · ft ·

• ft ·

ft ·· ft r «• · ft ·

• ft *

• · · · β• o · ·

Particulate, i.e. comminuted, wood of the type known as "wood 

flour" or "saw-dust" and other organic substances preferably 

of the cellulosic type are known to meet these requirements, 
notably when used with high tenacity polymers, such as typic

ally polypropylene of the homo- or heteropolymeric and fre
quently isotactic kind. However, molecular structures that 
yield high tenacity polymers tend to have relatively high 

"softening temperatures", i.e. the temperature at which they 
can be processed in their thermoplastic state, and typical 

processing temperatures of such polymers are in the order of 
180 to 220°C. Organic fillers of the cellulosic type, on the 

other hand, are not stable when exposed to such temperatures 
in that they tend to decompose at these temperatures and are 
termed "thermosensitive" herein for short to generally refer 
to organic fillers that would otherwise be suitable or desir

able for use in production of panels because they meet the 
above aims but are degraded or decomposed at the processing 

temperatures dictated by the high tenacity polymers.

• ·

• «

As is known, e.g. from U.S. Patent No. 4,228,116, thermosens

itive cellulosic fillers, such as saw dust, can be used for 

production of panels by the above described method if, prior 
to^xtrusion, an aggregated or agglomerated mixture ("premix") 

of particulate polymer and particulate filler is formed and 
if stfeh mixture is introduced into the extruder. If the step 
of preparing the premix is omitted, the resulting extrudate 

tends t& have insufficient coherence and/or has an uncontroll

ed cellular structure caused by voids that are formed due to 
inclusionV>f vapor bubbles of gaseous decomposition products 
including water that is strongly absorbed or chemically bound 
to the molecular structure of the organic filler within the 
polymer matrj^ around the filler particles.

Λ
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OBJECTS AND BRIEF SUMMARY OF THE INVENTION

Accordingly, it is a main object of the present invention to 
provide for production of panels by a method as indicated ab
ove but without requiring a preliminary step of producing a 
premix of the polymer and the thermosensitive filler.

It has been found according to the invention that this aim 
can be achieved by a novel method which also provides further 
advantages, notably the option to add a second filler which

* .* may, but need not, be thermosensitive and/or a significantly
’·.· reduced energy consumption while maintaining the advantage of

. directly processing the starting materials in a single step,• · · .

..·· i.e. without the need to produce a premix in a first process
**# step and then extruding it in a subsequent stage of the pro-
β ·

·*· cess.

• · · ·
» · ·• · ·

• β
• e«

» · I
• · »

According to a first general emobidment the method according 
to the invention is characterized in that the mixture of high 
tenacity, high melting (softening temperature above 150°C) 
thermoplastic polymer, such as a polypropylene composition, 
and the thermosensitive filler, such as finely comminuted 
wood (e.g. having a particle size of below 1 mm) and any 
further optional constituent (e.g. a pigment and/or a second 
filler that may be thermosensitive or not and be of noy „ 
or of the reinforcing type, such as mineral dust and £ ·- i
materials including carbon fibers, glass fibers, etc.) . )
formed and extruded in a single step by feeding the theru.·>- 
plastic polymer and the thermosensitive filler into an inte
gral mixing and extruding space having a feeding end and an 
extrusion end and comprising a pair of co-rotating and mutu
ally co-acting elongated elements arranged essentially in 
parallel and each having:
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- a length extending essentially between the feeding end and 

the extrusion end of the integral mixing and extruding space;
- at least three feedingly effective helical extrusion sect
ions mutually distanced along said length;

- at least two essentially non-feeding kneading sections each 
of which is positioned .between adjacent extrusion sections; 

the kneading sections and the extrusion sections of each of 

the elongated elements are located at radially adjacent pos
itions along the length of each element so as to form, in the
integral mixing and extruding sp.^e>jg, at least two kneading

\ .zones and at least three extrusibii zones and to provide one 
kneading zon6 between adjacent extrusion zones; and wherein 

a part, at least (and preferably all or at least a predominant 

portion, i.e. more than 50 % by weight thereof) of the high 

melting polymer is introduced into the integral mixing and 
extruding space in an area of a first extrusion zone located 
near the feeding end while a portion, at least, and preferab

ly all or the major part of the thermosensitive filler is in
" : 1 II '' :

troduced into the integral mixing and extruding space at a 
portion thereof in the area of a second extrusion zone situat

ed closer to the extrusion end than the first extrusion zone. 

Generally, the extrusion zone nearest the extrusion end is 
connected with a conventional venting meqns for removing gase
ous constituents from the extruded mass.

ft ftft • ft ft

ft ft

//

BRIEF DESCRIPTION OF PREFERRED EMBODIMENTS

The terms "co-rotating" or "co-rotatiog" as used herein are 

intended to refer to rotation of both elongated ele-ments in 
the same direction of rotation, preferably, but not necessar
ily, at substantially the same speed, typically in the range 

of from 50 to 500 rpm and preferably in the range of from ab
out 100 to about 400 rpm depending to some extent upon the

5
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length/diameter ratio of the elongated elements. The meaning

of "co-rotation" as used herein is the opposite of the rot
ation in conventional twin-screw extruders that are operated
with counter rotating screws.

• · ft ·• · ·

• · ft• · ft
• ·

ft · ft
• ft ftft

·· · ·
• ft · ft ft ·ft ft · ft

ft ft ft ft ftft ft ftft
ft ft · · ft ftft ft ft

• ftft ft

ft
ft ft

ft ft ft • ft ft

Each elongated element used according to the invention defines, 

when in rotation, an essentially cylindrical space having a 

length/diac<eter ratio (L/D) in the range of from 15:1 to 45:1, 

preferably 20:1 to 32:1 with typical diameters in the range of 

from about 40 mm to about 150 mm.

According to a generally preferred embodiment of the inventive 

method, the two elongated elements each define, when in rot
ation, cylindrical spaces of equal diameter; generally, the 
two rotation-defined cylindrical spaces will have at least so
me overlap, typically between 10 and 20 % of each diameter, 
and the integral mixing and extruding space used in the method 

according to the invention will preferably have a shape in gen
eral correspondence therewith, i.e. one defined by two parallel 

cylinders of equal diameter that overlap each other in a sign

ificant portion, e.g. with an overlap of 5 to 30 % and prefer
ably 10 to 20 % of the diameter for each cylinder. Generally, 

the distance t_tween the rotation-defined cylindrical spaces 
of the elongated elements and the integral mixing and extrud

ing space will be small, e.g. in the range of from 0.2 to 2 mm.

The terms "feedingly effective" and ’’essentially non-feeding" 
as used herein in connection with the extrusion sections and 
the kneading sections are intended to indicate that the sect
ions of the elongated elements so identified should cause 
(feeding), or not cause (non-feeding) significant motion of 

the mass within the extrusion space towards the extrusion end 
thereof. Kneader-generated local movement of the mass within 

the extrusion space in the opposite direction, i.e. toward the

6
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feeding end of the extrusion chamber, is not excluded but not 
preferred while significant and essentially circular turbul

ent motion caused by the kneade; sections of the elongated 

elements in the kneader zones of the integral mixing and ex

truding space is believed to be most desirable. It is to be 

noted immediately that the mass within the integral mixing 
and extruding space will, of course, be in continuous motion 
both in the extrusion zones as well as in the kneading zones 
with a net motion of the mass from the feeding end to the ex
trusion end thereof.

Yet, while the extrusion sections of the elongated elements 

and the extrusion zones formed by them upon co-rotation should 

generate a strong momentum of motion of the mass towards the 
extrusion end and through the nozzle generally provided there, 

the kneading sections of the elongated elements and the knead
ing zones formed by them upon co-rotation should not signific
antly contribute to the forward momentum of the extruded mass,

"Non-feeding movement", in other words, may have any effect 
upon the mass processed within the extruder except that of 

forcing it into the direction towards the extrusion end. Ab

sence or existence of a contribution to the momentum of move
ment of the extruded mass by a given type of machine element 

can be easily determined by operating an isolated section 
(i.e. without adjacent screw-feeding elements) in a test in
stallation and observing the resulting motion of a mass pro

cessed therein.

"Feedingly effective", on the other hand, is intended to ind

icate the result of co-rotating helical elements of the type 

used for extrusion of plastic, typically the screw-type rot
ating beams of conventional extruders. It should be noted that 

co-rotational extruders are known per se so that a detailed

7
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discussion of the extrusion section and zones is not required 

herein.

According to a preferred embodiment the inventive method com
prises providing four feedingly effective helical extrusion 
sections and three interposed non-feeding kneading sections 
on each elongated element so as to produce a total of four 
extrusion zones with three kneading zones provided between 
them. If an additional constituent, e.g. a second filler, of 
the composition of the extruded panel is to be introduced in-

• ’ ·* to the integral mixing and extrusion space, this is done so
·· 9

’.i in the area of an additional (fourth) extrusion zone separat-
·*· ed by one (additional) kneading zone from the extrusion zone

·;·· connected with the venting means.
19 · ·

* According to a second general aspect, the invention provides

an apparatus for carrying out the novel method; the apparatus 
comprises an integral mixing and extrusion chamber having a

•••\ feeding end and an extrusion end and including a pair of elong-
***^ ated elements arranged essentially in parallel and each hav-

9 · · '
·· * ing:

«·<·* a length extending essentially between said feeding end and
·· 4 « t

, said extrusion end of said chamber;
* ’ at least three feedingly effective helical extrusion sect-
.·,··, ions mutually distanced along said length;
• · · .

. at least two essentially non-feeding kneading sections each
* ’ of which is positioned between adjacent extrusion sections;

each of said elongated elements defining, upon rotation, an 

essentially cylindrical space and both elements, upon rotation, 

defining two parallel and mutua1ly overlapping cylindrical 

spaces; said kneading sections a,. Ί. said extrusion sections of 

each of said elongated elements taing provided at radially 
adjacent positions along said length to form in said chamber 
at least two kneading zones and at least three extrusion zones

- 8 -
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so as to provide one kneading zone between adjacent extrusion 
zones; the chamber has a first opening in a first extrusion 
zone located near said feeding end for introducing said poly
mer into said chamber, a second opening in the area of a sec
ond extrusion zone situated closer to said extrusion end than 
said first extrusion zone for introducing the thermosensitive 
filler and a third opening for venting the integral mixing and 
extruding chamber in the third extrusion zone, i.e. that loc
ated nearest the extrusion end of the integral chamber.

If the apparatus is to be suitable for introducing a second 
filler, a fourth opening will be provided in the ir;· egral mix
ing and extruding chamber in an extrusion zone situated be
tween the third and the second extrusion zone.

Generally, the apparatus according to the invention includes 
means for heating the integral mixing and extrusion chamber as 
well as drive mean? ;or co-rotation of the elongated elements 
as explained above. Such heating means and drives are convent
ional, however.

BRIEF EXPLANATION OF THE DRAWINGS

The invention will be explained in more detail with reference 
to the annexed drawings illustrating but not limiting the in
vention and wherein

Figures 1A, IB and 1C illustrate various views of a typical 
segment for forming the helical extrusion sections of the el
ongated elements according to the invention;

9
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Figures 2A, 2B and 2C illustrate various views of a typical
segment for forming the' non-feeding kneading sections of the
elongated elements according to the invention;

; : •'" Z j\ ■Figure 3 is a cross-sectional view of a non-feeding kneading 
section in an integral mixing and extruding space or chamber 
according to the invention;

Figures 4A and 4B are diagrammatic illustrations of a preferr
ed embodiment of the integral mixing and extruding space or 
chamber according to the invention;

Figure 5 is a side-view of an extrusion plant having an int

egral mixing and extruding space O3*i chamber according to the 
invention; and
Figure 6 is a length diagram.

' / c
DETAILED DISCUSSION OF THE PREFERREDEMBODIMENTS

■ // :

Fig. IA is ϊ side-view of a typical monolithic segment 10 for 
forming helical extrusion sections. Each segment 10 has a 
bore 11 provided with an elongated recess or groove 12 so |

that a sufficient number of segments 10 can be arranged on 
a shaft (not shown). The angle of the helical threads 13 as 
well as the shape depth of the helical groove 14 are typ
ical but are not considered to be critical, and proper select
ion is well within the knowledge of. one skilled in the plast
ics extrusion .art. Also, while segments 10 are shown with a 
double-helical thread, this is a matter of convenience. Gen
erally, it is desirable that adjacently arranged segments 10
will form feddingly effective and, hence, sufficiently cont- 

■ / ■ I j ,inuous extrusion sections of the elongated elements. As is 
apparent, Fig. 1C is\a secjr^or^tl view along line A-A of Fig.
IA. while Fig. IB is a front view.,

- 10 -
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Fig. 2A is a side-view of a non-feeding kneading segment 20

that has a bore 21 and groove 22 of the same type as the

helical segment 10. Again, a desired number of segments 20
' . '■ -7can be arranged on the shaft (not shown) of the elongated

■ ·
element according to the invention. The shape as well as

■ Ji :the dimension and displaramen the excenter portions 23
ant? the shape of the sics faces 24 as shown are typical and 
preferred for many purposes but net Relieved to be critical.

Again, the view of the kneader segment 20 shown in Fig. 2C 

is a sectional view along A-A. of the side-view of Fig. 2A 
while Fig. 2B is a front view.

Fig. 3 is a cross-sectional view of an integral mixing and 
extruding space or chamber 3 0 consisting of two joined and 
mutually overlapping cylindrical portions 201, 302 arranged 

within a housing 39 that will include conventional heating 

means (not shown).

Two shafts 37, 38 with an elongated securing ridge 371, 381 

each rotate in the same direction u,s indicated by arrows X,

Y and cause the excenters 23 to rotate and effect the ess
entially non-feeding kneading effect that will be generated 
by the elongated elements having 'kneading sections each com

posed of a predetermined number of segments 20 between adjac
ent helical extrusion sections each composed of a predeterm

ined number of segments 10.

Figures 4A and 'B are schematic views of an integral mixing 

and extruding space 40 according toίthe invention. Fig. 4A 
is the side-view illustrating a preferred embodiment having 

four extrusion zones 41, 42, 43, 44-and three intermediate 

non-feeding kneading zones 45, 46, 47.

11
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The extrusion zones and the kneading zones are formed by the 

pair of elongated elements 48, 49 extending from the feeding 
end FE to the extrusion end EE of integral space 40. The el

ements 48, 49 will co-rotate because of the action of shafts 

401, 403 which, in turn, are actuated by a suitable drive 

means 402.

• ft ft · ft · ft ft ftft ft βft ft ft ft ftft
ft ft ft ftft ft ft ft

ft ft·· ft .ftftftft
ftft ft

ft ft ft ftft ftft ft ft ft
ft ft ft ft ft ftftft ft ft

ft ftft ft ft ft• ftftft
ft

ft ft

ft ftft ft ft ft
ftftftftft ft ft ft ft

According to the invention, high tenacity, high melting poly

mer such as polypropylene will be introduced into the first 

feedingly effective helical extrusion section 41 via a first 
opening 410 near feeding end FE while thermosensitive filler 
will be introduced into the second feedingly effective sect
ion 42 via second opening 420 after the polymer has passed 
through the first non-feeding kneading section 45.

The mixture of polymer and filler is formed and homogenized 

in the second helical extrusion section 42 and the subsequent 
second non-feeding kneading section 46.

A preferred but optional further helical extrusion section 43 
follows for optional introduction of a second filler, e.g. 

short fibers of mineral glass or the like via opening 430. On 

the other hand, the venting means 440 connected with the last 
or "third essential" helical extrusion section 44 nearest the 

extrusion end EE of space or chamber 40 is believed to be 
essential for most embodiments of the invention.

Fig. 5 is a semi-diagrammatic side-view of the mixing and ex

truding portion of a plant 50 for continuous production of 
panels according to the invention showing the integral mixing 

and extruding unit 51 that produces a continuous web of the 
hot and thermoplastic mixture of polymer and filler via a 

conventional slot nozzle 52. The extruded web is fed into a

12
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conventional calender and then passed through a cooling 
zone (not shown) to a cutter (not shown).

Typical panels produced by a plant of the type shown in Fig.

5 have a typical thickness in the range of from about 1.5 to 
4.5 mm, a width of from 500 to 2000 mm and any desired length 

depending upon the setting of the web cutter.

• ft ftft• ft ftft ft
• ft ftft ftftft ftft

ft ft
0 «ft ft··

ft ft ft ft ftftftftft
ft ft ft ft ftft ft

ft ft ft ftft ft• •ft ft
ftftftft ft ftftft· ft

The integral mixing and extruding unit 51 according to the 

invention is actuated by a motor 59 that drives the pair of 

elongated elements (not shown in Fig. 5) previously explain

ed.

Granular polypropylene and/or granulated scrap of a polyprop- 
ylene/filler mixture is fed into unit 51 via hopper 54 (in

cluding a dosage control means not shown) while the thermo
sensitive filler (wood flour, particle size below 1 mm) is 
supplied via hopper 55 (again with a dosage control means 

not shown). An optional further constituent, e.g. short 
glass fibers, can be introduced via hopper 56.

,***·, A conventional venting means 57 is connected with unit 51
• ft ft ft

. near its extrusion end, i.e. that near nozzle 52.
ft ft

At a distance of typically about 10 diameters D, the thermo- 
sensitive filler will be introduced into the second extrusi

on zone 602 and pass, with the plastified polymer, through

13

„·,·*. Fig. 6 is a diagrammatical view of an elongated element 60
ft ft *

. extending from the feeding end FE of a space or chamber 61
••ftftftft

to the extrusion end EE thereof. Polymer is introduced at

62 in the area of a first extrusion zone 601 near the feed

ing end FE and passes through the first non-feeding knead
ing zone 605.
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the next kneading zone 606. If an additional filler is in-
-- troduced, this should be done at some distance from the op

ening where the thermosensitive filler is introduced, typ

ically at a distance that is almost as great as that be
tween the entry of the polymer and the entry of the thermo- 
sensitive filler, e.g. 9.5 diameters.

Another non-feeding kneading zone 607 follows before the 

extruder mass reaches the last extrusion zone 603 nearest 

the extrusion end EE. Preferably, this last or "third"
• ft• (i.e. third essential) extrusion zone should have a length
··
*.l that is about equal to the length of the first extrusion

« zone 601, i.e. about 6 diameters.
• ft · r

9949
9

9 9

.. Preferably, the length of the second kneading zone 606 is
ft ft

greater than that of any other kneading sections, e.g. 4 to 

5 diameter s .

• ftft···
ft ft · ft

* 9 9
9.9 9

9 999 ft ft
99 99

Many modifications of the above examples will be apparent to 
one experienced in the art and the scope of the invention is 

not to be understood as limited to any specific example giv
en herein for illustration.

999994 
9 ·

• ft* ftft ftft ftft
ft•«•••ft ft ft
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The claims defining the invention are as follows;
1. A method of producing remoldable self-supporting thin panels 

consisting essentially of a polymer/fi Her composition in which said 
polymer consists, at least in part, of a thermoplastic polymer having a

5 softening temperature of above 150°C and wherein said filler consists, at 
least in part, of a thermosensitive particulate organic material; said 
method comprising the steps of: (a) forming a mixture of said polymer and 
said filler, (b) extruding said mixture to form a web and (c) calendering 
said web prior to its solidification; characterized in that said mixture

10 is formed and extruded in a single step by feeding said thermoplastic 
polymer and said thermosensitive filler into an integral mixing and 
extruding space having a feeding end and an extrusion end and comprising 
a pair of co-rotating and mutually co-acting elongated elements arranged 
essentially in parallel and each having:

15 a length extending essentially between said feeding end
and said extrusion end of said space;

at least three feedingly effective helical extrusion sections 
mutually distanced along said length;

at least two essentially non-feeding kneading sections each of
20 which is positioned between adjacent extrusion sections;

said kneading sections and said extrusion sections of each of said 
elongated elements being provided substantially at radially adjacent 
positions along said length to form in said space at least two kneading 
zones and at least three extrusion zones so as to provide one kneading

25 zone between adjacent extrusion zones; and wherein a part, at least, of 
said polymer is introduced into said space at a portion thereof in the 
area of a first extrusion zone located near said feeding end while a 
portion, at least, of said thermosensitive filler is introduced into said 
space at a portion thereof in the area of a second extrusion zone

30 situated closer to said extrusion end than said first extrusion zone.
2. The method according to claim i wherein the extrusion zone 

nearest the extrusion end of said space is connected with
a venting means for removing vapors formed within said space.

3. The method according to claim 1 or 2 wherein each of said
35 elongated extrusion elements comprises four of said extrusion sections 

and three of said non-feeding kneading sections.

• ·
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4. The method according to claim 3 wherein at least one additional 
constituent is introduced into said integral mixing and extrusion step in 
an area of an extrusion section situated next to said extrusion zone that 
is connected with said venting means.

5 5. The method according to any of the preceding claims 1 to 4
wherein said thermoplastic polymer is selected from polymers and 
copolymers of propylene and wherein said thermosensitive filler consists 
essentially of finely comminuted wood.

6. Apparatus when used to carry out the method of any one of
10 claims 1 to 5 said apparatus comprising:

an integrarmixing and extrusion chamber having a feeding end and an 
extrusion end and including a pair of elongated rotatable elements 
arranged essentially in parallel and each having:

a length extending essentially between said feeding end and said
15 extrusion end of said chamber;

at least three feedingly effective helical extrusion sections 
mutually distanced along said length;
at least two essentially non-feeding kneading sections each of 
which is positioned between adjacent extrusion sections;

20 each of said elongated elements defining, upon rotation, an essentially 
cylindrical space and both elongated elements defining, upon rotation, 
two parallel and mutually overlapping cylindrical spaces; said kneading 
sections and said extrusion sections of each of said elongated elements 
being provided at radially adjacent positions along said length to form

25 at least two kneading zones and at least three extrusion zones so as, to 
provide one kneading zone between adjacent extrusion zones; said chamber 
having a first opening in a first extrusion zone located near said 
feeding end for introducing said polymer into said chamber; a second 
opening in the area of a second extrusion zone situated closer to said

30 extrusion end than said first extrusion zone for introducing said
thermosensitive filler; and a third opening in the extrusion zone nearest 
said extrusion end of said integral chamber for venting the same,

7, The apparatus of claim 6 wherein each of said elongated 
extrusion elements comprises four of said extrusion sections and three of

35 said intermediate non-feeding kneading sections.

^A/fed
x a "
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8. The apparatus of claims 6 or 7 comprising at least one 
additional opening for introducing a further, constituent into said 
extrusion chamber in an area of an extrusion Section next to said 
extrusion zone nearest said extrusion end.

5 9. A method of producing remoldable self-fypporting thin panels
substantially as hereinbefore described with reference to the figures.

10. A remoldable self-supporting thin panel produced by the method 
of any one of claims 1 to 5 or 9.

\
DATED this NINETEENTH day of MARCH 1993

’h,
Icma San Giorgio S.p.A.

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON
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