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(57) Abstract: Methods and apparatus are disclosed for binding of particulate materials to manufacture articles including continu-
ous panels or sheets (22). Particulate feed materials arc mixed with a heat curable binder and the mixture (21) is fed to and com-
pressed in a die (25). A radio frequency (RF) field is applied across electrodes (28, 29) between which the mixture is held com-
pressed to inductively or dielcctrically heat and cure the binder. Prior to entering the die (25) the mixture is first fed to an intake
zone (32) where the mixture is shaped into substantially the same shape as the shape of the mixture in the die so that any curing of
the binder due to heating of the mixture in the intake zone (32) occurs while the mixture is in the desired final shape. Operating
parameters including shape and dimensions of the intake zone, mixture advancement lengths, are disclosed.
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BINDING PARTICULATE MATERIALS TO MANUFACT URE ARTICLES

CROSS REFERENCE TO RELATED APPLICATION

This is 2 Convention patent application claiming priority from Australian Patent

Application No. 2008902622 filed 26 May 2008, and the contents of that specification are

incorporated herein by this cross refererice.
FIELD OF THE INVENTION .

This invention relates to the manufacture of bound bodies or artic]esvcomposed
partially of particulate materials, such as bodics in the form of panels, sheets, and other
formed shapes and particularly to the manufacturing methods and the products of such
methods.

BACKGROUND OF THE INVENTION '

In Australian patent specification No. AU-48947/93 (Patent Serial No. 651285) -

there is described a process for manufacturing bodies composed of a binder mixed with a
feed material including rice hulls and/or particles obtained by comminuting rice hulls.
The binder compriscs a beat curable compos_ition.j The mixture of the feed matcrial and
binder is formed into the generally desired shape of the body c.g. in a mould or in a press,
and the binder is cured to form an adherent body having substantially the required shape,
vc.g. by applying to the formed shape ah RF field of a suitable frequency and intensity and

~ fora suitable period of time to cause dielectric heating within the mixture so as to cure

the binder to form the final adberent body. The body is then removed from the mould or
press. Reference may be made to this patent specification for further background
information particularly in relation to rice bulls and their properties and preparation.

A further patent specification AU-2001100327 by the present applicant further
describes processesv for forming bodies by extrusion using rice hulls. | This patent
specification is also incorporated berein in full by cross-reference for the purpose of
praviding further background information about particﬁ]ates, ﬁ]ICl"S, bindcrs, additives,
reinforcing, etc that can be used in such bound bodies.

The above references to and descriptions of pribr proposals or products and
processes are not intended to be, and are not to be construed as, statements or admissions
of common general knowledge in the art.

Problems with RF heating and curing, particularly if continuous production of
bound bodies is attempted, are outlined later in relation to Figs. 1 and 2 of the drawings.

These figures however do not depict known or published apparatus to the applicant’s
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knowledge. but rather they are used to illustrate difficulties the inventor faced and
overcame with the present invention.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a manu{'actunm_, method for
producing bound bodies composed at ]east partially of particulate materials whlch can
provide a useful alternative to known or previously proposed methods.

It is a further and preferred object to overcomc the problems with the batch type
systems, and to be able to produce a continuous board or panel, or other continuous bound
body, using Radio Frequency heating.

According to a first aspect of the present invention there is prowded a
manufacumng method for producing a bound body composed at least partially of
particulate material, the method including the steps of: :

providing a feed material whi ch includes a substantial proportion of paxﬁc:ulate'
matcnal | _ -

mtroducmg to the feed material a binder which includes a heat curable or acnvated
adhcsive substance so that the binder contacts significant proportions of the surfacgs of
the particulate matenal,

feeding the mixture of feed material havmg the binder thercin mto adie so that it
adopts substantielly the shape of the body to be produced, and

heating the mixture in the die until the binder has cured sufficiently to enable
further handling as an integral bound body comprising the bound pmﬁculate materials,

wherein the method includes the further step of feeding the mixture through an
intake zone prior to entering the dic where the mixture is shaped into substantially the
same shape it adopts when subsequently fed into the dic so that any progress of cuﬁng of

the binder due to heating the mixture resident in the intake zone is effective in curing

* binder while the mixture is in the desired final shape.

Preferably the mixture of feed material and binder formed into the desired shape is
compressed in the die and is resident in a compressed conditibn in the die for 2 peﬁod of
time for the binder to be cured sufficiently to enable removal of the compression and
bandling of the bound body. The intake zone may be defined by intake guides composed
of insulating material. Preferably the intakc guides have substantially the same profile
and separation as the dic so that the die is effectively a continuation of the intake guides

whereby mixture within the intake zone feeds smoothly into the die. The die is preferably
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a continuous extension of the intake zone so that the mixture passes from the intake zone
into the dic without any intervening transition zone. . |

“ In the Iireferred embodiment the heating may comprise heating by RF energy
applied through opposed conductive die plates (electrodes) between which the mixture is
located and the intake guides are composéd of electrically insulating material. Preferably
the length of thé intake zone along which the mixturc is fed before entering the dic is at
Teast cqual to the separation of the die plates, and is most prefevably in the range of about .

2 to 3 times the scparation of the dje plates, whereby the length of mixture shaped and

‘resident ip the intake zope is substantially equal to or greater than the distance between

the die plates. Apparatus according to this embodiment has been successfully triafled
with an intake zone length of about three times the distance separating the die plates.
Preferably the mixture is fed into the intake zane through a mouth which has a
pmgressi.vely narrowing shape in the direction of advance of the mixture into the intake
zone so that the mixture is progressively compressed as it is fed through thce mouth into
the intake zone. _ _
The step of feeding preferably cbmpn'scs feeding the mixture in batches or in an
indexed manner from the intake zone into the die 5o that each indexed batch of mixture in
the intake zone is a continuous extension of the preceding batch now m the die and so
that the successive formed cured batches that are moved out of the die form a continuous

body emerging in a stcpped manner. In this method, a leading portion of the batch 1 in the

- intake zone immediately upstream of the batch in the die and which is subject to at least

some heating during heating of the mixture in the die is, upon being advanced into the
die, located in the die before the exit of the die 0 that it is substantially entirely resident
in the die for the heating cycle of its batch. ,

In the preferred method, the longitudinal distance by which the mixture is fed in
each batch or indexing movement along the path from the intake zone into the die is less
than the longitudinal length of the die in which heating of the mixture occurs, whereby all
of the mixture will experience a residence time completely within the longxtudmal
boundanes of the dic. ~

Preferably the die has side walls which confine the mixturcllaterally within the die
during the heatmg of the mixture in the die. The side walls of the die may slightly

diverge in the direction of advance of the mixture through the die so as to promote the

" rolease of the bound body from the dic at the end of sach operation to cure the binder

- within the mixture in the die. Alternatively or additionally, the side walls of the dic may
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_ be moQable towards each other to laterally confine the mixturc in the die before

commencement of the steps of compréssing and heating the mixture in the die and may be

‘movable aﬁart to relcase the bound body formed by curing of the binder in the die.

The preferred method may further including a step of locating a face member on
at lcast one of the upper and lower surfaces of the mixture being fed into the intake zane
and into the die whetcby the fuce member is advanced through the intake zone and
through the die. In one possible method, the face member remains attached to its
associated surface of ihe bound body that emerges from the die after curing of the binder
in the mixture within the die so that the face member forms a surface part of the bound -
body. In an alternative possible method, the face member is rcmoved from the associated
surface of the bound body after the bound body emerges from the d1e whereby the
mixture within the dje can be prevented by the removable facc member from contacting
and fouling the surfaces of the die. ,

Preferably the facc member mmpﬁsés a flexible sheet material pmgressively fed
from a roll so as to enter the intake zone and progress to the die with the face sheet -
separating the mixture of particulate material and binder from direct contact with the ‘
surfaces of the intake zone and die. The flexible shicct may be wider than the final width
of the boimd body _that cmerges from the die, and the flexible sheet may be shaped at its
side edges to form side merﬁbers.for assisting to enclose the mixture in the die against
Tateral expansion.

The method mayincludé the step of providing and locating a selectively

‘replaceable wear sheet 50 as to extend completely through the intake zone and

continuously through the die op a Jower face thereof thereby prox}iding a sacrificial wear

member protecting the faces of the intake zone and the dic from abrasjon and adhesibﬁ.
The invention also provides a bound body composed at least partially of

particulate material when menufactured by a method accarding to the invention.

The invention also provides apparatus for manufacturing a bound body composed

at least partially of particulate material, the apparatus comprising means operative to

perform the steps of a method according to the invention,

According to a sccond particular aspect of the invention, there is provided an
apparatus for manufacturing a bound body cornposed af least partially of particulate
material, the apparatus comprising:

means for mtroducmg to a feed material which includes a substantial proportion of

partmulate material a binder which includes a heat curable or activated adhesive
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substance so that thé binder contacts significant proportions of the surfaces of the
particulate material, ' v

a dic having sub‘%tantmlly the %hapc of a body to be produced and means for
feeding the mixture of feed material having the binder therein into a die so that it adopts
substantially the shape of the body to be produced,

_means for heating the mixture in the dic unti] the binder has cured sufficiently to
enablc further handling of the integral bound body comprising the bound paniculgte ‘
materials, and

an intake zone into and thrbﬁgh \ihich the mixture is fed prior to entering the die
and wherein the mixture is shaped into substantially the same shape it adopts when
sﬁbsequently fed into the die so that any progress of curing of the binder due to heating
the mixture resident in the intake zone is effective in curing binder while the mixture is in
the desired final shapc
BRIEF DESCRIPTION OF THE DRAWINGS

‘Possiblc and preferred features of the present invention will now be described

~with particular refcrence to the accompanying drawings. However it is to be understood

~ that the features illustrated in and described with reference to the drawmgs are not to be

construed as limiting on the scope of the invention. In the drawmgs

Fig. lisa schematic side sectional view of a die using RF energy to induce
heating within a mixture of partiéulaté material and binder in the die; |

Fig. 2 is a simplified view of a problem that ariscs using the die of Fig. 1 to try to
produce a continuous panel |

Fig. 3 is a schematic cross-section through an apparatus for producing a
continuous panel embodying aspects of the present invention; and

Fig. 4 is a schematic perspective view of aspeets of the dié used in the apparatus
of Fig. 3, |
DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The bound body in Fig. 3 is a panel or board but the invention is not hrmted to this

single product. For examwple continuous rods, beams, comlgated or other cross scctional

~ shaped bodies, arcuate pipe lagging, etc could be produced. The continuous bound body,

panel, or formed shape can be made using any suitable particulate or fibrous materials, for
er&amp]e, wheat straw where the straw js preferably cut to a desired Jength and split or
shaved or shredded (e.g. see US Patent 5932038 Bach et al. for wheat straw splitting or

stranding system), or any other straw or fibre, such as oat straw, rice straw, whole or
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comminuted rice hulls, or any cellulose or cetlulosic.or lignacellulosic materials agri-

fibres, cotton, synthetic organic fibres (e.g. rayon), inorganic ﬁbreé (e.g. glass or mincral
fibres), including any products that can be mixed with a heat curing resif, or any
combination or percentage thersof, including infills and re-inforcing materials. Other
ingredients could include protective substances such as fire retardants, vermin deterrents,
insccticides. Laycrs of different matcrials can be laid for different physical, acoustic,
therﬁml pl'oﬁmics, and/or decorative aesthetic effects. A ‘

Radio Frequency (RF) heating is preferred as the heating source to set or cure said
tesins or binders. However the invention is not limited to RF heating and could be
applicable to conductive heating using heated die plates, or heéting by forcing heated
fluid (e.g. air) through the mixture held in the die. '

Any suitable resin that the setting or curing of resin is accelerated by or needs heat
to set ot cure, can be used. For example, MDI, pMDI type resing, a suitable resin is
available from Huntsman Po]yurethanes is Suprasec 1041 binder. Some ttyﬁes 'of MD1I

are water dispersable, set at about 80°C, and are usefia) for example with wheat straw

* which has a waxy surface.

Amongst the many problems cncountered using a batch system for the Hi gh
Frequency heating and curing of substrates, is the’ cumbersome and. messy handling that
arises by using this method. The moulds or dies need to be made with non-ferrous
materials that have short workmg lives, and they are high maintenance items. Any

product build up on the vertical side walls or between surfaces of the mould of dic w111

increase the risk of what is termed "Flash Over” from live electrodes, and serious high

frequency generator damage can result, especially with capacitors, transmitter valve (or
tube), including high voltage transformers. This Flash Over has been known to render
expensive High Frequency Generators totally inoperable, and at times unserviceable.
MDI and pMDI type resins, will bond to the metal electrodes or die sutfaces more
so than other typcs of resins or binders, and providing separating layer or sheet or
membrane between the die plates and the resin-particulates substrate mixture tends to
eliminate this problem, such as various types of paper, or coated papers, plastics sheet
including plasmcs type films, or laminating sheet. Waterproof membranes are preferred
so the dic i is not wetted whlch cap promote arcing (Flash Over).. Release compounds are

also available and useable, e.g. waxes sprayed onto the conveyor upstecam of the die, but
are more difficult to apply.
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It ié preferved 10 fold the sides of a bottom separating sheet upwards (c.g. using a
ouide like a “mould board” of a plough, and/or sides of a top separa‘tiﬁg sheet downwards,
so as to eniclose or encapsulate the substrate mixture and hold it more maﬁageably
through the dies or press. If the separating sheet is in the form of a release film, it can be
reclaimed or discarded once through thc brcss. Alternatively, if desired, as well as
separating ihe mixture from contacting the dic surfaces the release film can become an
integral part of the formed and bound body.

_ There aré several problems with batch type moulding systems including:
(a) Loading and unloading dies and moulds, especially when High Frequency heating is

used, because all moulds and dies must be made from nov-metallic materials, and

-cleaning and ,maintaining them is very costly and frequently required. Also required

when using batch systems is (i) the elaborate shuttle or traversing system to transport the
dics or moulds into and t}{rcmgh a press, (ii) the inefficient filling and cmptying of the
press woulds or dies, and (iii) the cleaning between usages.

(b) Difficulties in controlling uniform heat over and throughout large arcas.

(c) The greater the area of a product becomeq, the more difficult it is to tune the Hi gh
Frequency generator to the product, or match or tune the load to the generator.

A problem or difficulty the inventor has discovered in producing a cohtinuous_ board or
panel, or other continuous shape using Radio Frequency as the heat source, is that the
uncompressed upstream resin binder and particulates mixture (or substrate) 11, i.e. the
mixture 11 beyond or outside of the live electrodes 18; 19 of the d.ie 15, is also heated up
to at least approximdtcly the same distance as the distance bétween the live electrodes.
This is illustrated in Figs. 1 and 2 where the RF field 10 is shown at 10a extending
beyond the edges 16a, 17a at the entrance of the die 15 formed by top and bottom dic
members 16, 17. Hence the RF field 10a in use affects the mixture 11 outside of the -
entrance 15a of the die 15, thus initiating curing of the binder in the mixture before it
enters the die. This poses a serious problem, since the binder in the uncompressed
substrate 11 will be at Ieast partially set or cured in that uncompressed condition. When
that substrate is then indexed into, and placed under the compression in the die 15 and is
Beld compressed therein to the desived thickness and densi{y, and RF heating occurs
between the live clectrodes 18, 19; the binder that has been at Jeast partially cured before
entering the die 15 will have no effect on holding that part of the substrate in a bound

. compressed condition, because the binder had already been set, or cured, in the

uncompressed condition prior to entering the compression zone of die or press 15.
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The panels or boards made in this manner, tended to expand as again shown ‘
schematically (and in an cxaggerated manner) at 13 in Fig. 2 and tend to be weakened and
snap off in sections equal in Jength to the feed indexing length of the substratc 11 into the
press 15. ‘ _

According to the embodiment of the invention as shown in Fig. 3, particulate and
rcsih mixture 21 is formed and dcposited on a conveyor 23, which may be a continuous
belt, made of RF permcable material (e.g. canvas or othet fabric, synthctic or natural
rubber, polymer material, cte.). The conveyor 23 conveys the mixture 21 into a press or
die 25 tﬂat, contains the 1iyé electrodes (plates) 28, 29. These constitute upper and lower
die surfaces between which the mixture 21 is compressed e.g. by raising the upper dic

part 16 to increase the separation during introduction of mixture in the longitudinal

"direction X, followcd by rcturn movement of the die part 16 to compress the mixture to a

desired density. The d_ié parts 16, 17 are shown as planar, but could bave other shapes of

‘profiles e.g. corrugated in the dircction X. Cornﬁrcssion ratios between about 2:1 and 4:1

produce relatively open structured panels uscful for acoustic or thermal insulation while
cbmpfcésion ratios greater than about 4:1 producc higher density boards, like
“craftwood”, having morc reflective proﬁerﬁes and physical strength.

Between plates 28, 29 is the main curing zone 31 which is extended by an intake

- zone 32 upstream of the main curing zone 31 by intake guide portions 36, 37 composed of

an insulating waterial. The intake zone 32 has apposing faces 33, 34 which are level
with, and in the same plane as, the live clectrodes 28, 29 and extends for a similar or
preferably greater Jength B thén the separation distance between the live electrades 28A,
29. Guide portions 36, 37 can be fixed to die parts 26, 27 so as to move therewith to open
and close the djie. The mixturc or substrate 21 thefefore will be held in the intake zone 32

 in a compressed state the same as'in the main curing zone 31 between the live clectrodes

28, 29. _ .

The mixture 21 is fed into the intake zdne 32 through a mouth 30 which has
progressively a natrowing shape in the direction of advance X of the mixture into the
mtake zone 32 so that the mixture is progressively compressed as it is fod through the
mouth into the intake zone. Downstream of the mouth 30, the intake zone may have very
slightly diverging faces in the direction of advance to promote release and advance of the
mixture out of the intake zone into the main curing zone 31.

An RF field is selectively applied through the electrodes 28, 29 to dielectrically
heat the water content of the hinder in the mixture 21b held in compressed in the main
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curing zone 31. 1n addition, because of some inductive or dielectric heating e#ect
upstrcam of the.cntrance 31a and/or heat traﬁsfer through the mixture (e. g. by heated air
or steam migrating through the mixturc) some of the substrate 21a can be at least partially
set or cured beyond and upstrcam of the live electrode area 31 but under the same »
compression conditions as the substrate 21 in the main cuﬁ'ng zone 31 directly between -
the live c]cctroaes 28, 29, although such curing will not occur in the total length B of the
compressed substrate 21a held within the insulative extended press die section (the intake
zone 32). This upstrcam éompression to the same shape as the dic shape provides an

inventive and novel method of overcoming the problems of producing a continuous

" formed bound shé.pe, using Radio Frequency as the heat source.

As panels of up to a thickness of 150mm and beyond can be niade using Radio
Frequency, the extended insulative die length B upstrcam of the live electrodes, can be
anything up to 300mm long, or even longer.

When the top dic member 26 of the die or press (and attached intake zone member

36)is raiséd, the portion 21a of substrate that was compressed and the binder thercin was

partially set or cured upstream of the main curing zone 31 under the same compression

and thickness as was the portion 21b of substrate that was betwecn the live electrodes 28,
29, is then moved forward into the main curing zone 31. This at least partially 56t or cured -
portion 21a of the substratc 21 that was in the intake zone 32 and ﬁpstréam of the entrance

31a of main curing zone 31 will now be positioned between the live electrodes 28,29 for

~ ensuring complete curing. Preferably the portion 21a is moved to a position under, and A

most preferably a little before the exit 31b of the press die electrode area 31, (although
effective binding may still be achieved if moved forward until a little after the exit 31 b).

Thus jt will be possible to produce a continuous composite panel or board 22 using Radio

~ Frequency field as heating source.

Heating in the main curing zone 31 majr be to about 80°C for MDI and pMDI
binders. Preferably the temperature is less than 100°C so steam'is not formed which can
migrate upstream .of the die and dilute resin producing uncontrolled and non-uniform
binding conditions. '

If was also discovered that the sides of the substrate 21. desirably needed support
to achieve a uniform substrate density at least within the main curing zone 31. This can
be achieved by the apparatus in Fig. 4 having .side walls parallel to the direction X

along at least the length A of the curing zone 31 and preferably along substantially the
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total length (A+B+C) of the die assemblies 36, 26, 46 and 37. 27, 47. These side
walls 41, 42 can be moved out by suitable means 43 o allow substrate 21 to enter die

area 31, then, when substrate forward indexinq, is complete, the side walls 41, 42 can

 be moved inward to the 51dcs of the press electrodes 28, 29, holding substrate 21b level

wuh side edaes of the electrodes 28, 29, prior to compression, and therefore not
allowing, substrate to be squeezed laterally out of die area 31, and be of a lower density
than the centre of substrate 21. As shown schematically in Fig. 4 the lower die part 27
is wider than upper dic part 26 and the side walls 41, 42 remain abbve the upper surface
of the lower die part to a]Way_s confine mixture 21 within the walls 41, 42, but the
uppef die part 26 moves down to fir closely between the walls 41, 42.

. The side walls 41, 42 can be moved laterafly outward away ﬁona press die

. electrodes 28, 29 to allow the substrate 21b that has set to form board 22 to be indcxed

out through exit end 31b, e.g. into an exit zone 33 between insulating exit zone extension

portions 46, 47 in which some residence time can allow curing, if not complete in zone

31, to progress further. The cycle then starts again. 'Iné,tead 6f or in addition to, lateral

movement of the side wa]l-z 41, 42, the side walls may dlvcrge in the direction X of
‘advance of the product, e. g by a few degrecs such as 1°-5° or say S5mm over a die length .
A of 1200mm, to promote release and advance of the formed and bound product 22 out of
the main curing zone 31. ,

The subctmte moisture level may determine if the side walls 41, 42 arc held in’

against the edges of the electrodes 28, 29, or slightly outwardly thereof, during the

irradiation time. A sh’ght outward positioning of the walls 41, 42 can reduce the risk of

Flash Over at the mdes of the die particularly if moist binder is used.
Instead of side walls 41, 42 shown as side papels, endless belts with upright planes
can form side walls and can be indexed together with the movement of the substrate.
‘Face members 50, 55 are applied ¢.g. from rolls 51, 56, on the upper and lower
surfaces of the mixture 21 being fed into the intakc zone 31 and into the die 25 so that the
face member 50, 55 are advanced thfough the intake 2one and through the die. The face

members 50, 55 remain attached to their associated upper and lower surfaces of the bound

body 22 that emerges from the die after curing of the binder in the mixture within the die

so that the face members 50, 55 formn surface parts of the bound body. Alternatively
howe\fer, one or both face members 50, 55 can be removed from the associated sui'faces

of the bound body aller the bound body 22 emerges from the exit zone 33, as shown in .
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Fig. 4 with trailing portion 53 of the upper face member 50 being peeled off the top
éurface around roller 54. By removing one or both the face members. the mixture within
the die can be prevented by the removable facc members from contacting and fouling the
facing surfaces of the die.

- As shown, cach face member.50, 55 compriscs a flexible sheet material

. progressively fed from a roll 52, 56 so as to enter the intake zone 32 and progress to the

die with the face sheet separating the mixture 21 of particulatc material and binder from
direct contact with the surfaces of the intake zone 32 and die 25. As shown in Fig. 3 for
the uppér face sheet 50, the flexible sheet can be wider than the final width of the bound
body 22 that emerges from the die, and the flexible sheet 50 is shaped by its side edges

contacting shaping members 58, e.g. resembling a mould board of a plough, to be folded

. down and form side members 59 for assisting to enclose the mixture 21b in the die

~ against lateral expansion.

Fig. 4 shows'schemat:ica]]y 4 wear sheet 48 located 8o as to extend completely
through the intake zone 32 and continuously through the die 25 on a Jower face thereof _
thereby providing a sacrificial wear member protecting the faces of the intake zone and
1t will be seen that in the preferred method andav.pparatus described herein the -

feeding of the mixture 21 in batches in an indexcd manner from the intake zone 32 into

the die 25 so that each batch of mixture 21a in the intake zone is a continuous extension

of the preceding batch 21b now in the curing zone 31 of the die and so that the successive
formed cured batches that are moved out of the dic 25 form a continuous body 22
emerging in a stepped manner. In particular, the leading portion of the batch 21a in the

intake zone 32 immediately upstream of the batch 21b in the die and which is subjéct to at

least some heating during heating of thc mixture in the die is, upon being advanced into
the die, located in the die before the cxit 31b of the die so that it is substantially cntirely |
resident in the die for the heating cycle of its batch. That is, the longitudinal distance by
which the mixture is fed in each batch or indexing movement along the path from the
intake zone 32 into the die 25 is less than the longitudinal length A of the die in which
heating of the mixture 21b occurs, whereby all of the mixture 21 will experience a
residence time completely within the longitudinal boundaries of the die 25.

 The output of the apparatus is a continuous sheet or panel 22 without weakness or
deformation or other flaw at any zone where the mixture expericnced some heating and

curing outside of the die. Because of minor variations in composition or conditions in the
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forming and curing processes, particularly for low density panels, the top surface of the
final board can have some ninor height variations, in the order of about Imm, so the top
may desirably be planed or sanded to produce a high quality flat surface finish.

The final products have been manufactured to satisfy safety standards e.g by

- having no free formaldehyde, and qUah'ty standards c.g. showing no swelling in both hot

and cold water exposure tests, and no loss of intcrnal bonding after water immersion tests.
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CLAIMS _ ‘
1. A manufacturing method for producing a bc)und body composed at least partially
of particulate material, the method including the steps of: ‘ _

providing a feed material which includes a substantial proportion of particulate
matenal, |

introducing to the feed material a binder which mcludeq a heat (,urable or activated
adhesive substance so that the binder contacts significant proportions of the suﬁ"accs of
the particulate material, ' ‘

_ feedmg, the mixture of feed material having the binder therein into a dlc so that it

adopts substantxal]y the shape of the body to be produced, and

heating the mixturc in the die until the binder has cured sufficiently to enable
further handling as an integral bound body comprising the bound paﬁiculate materials,

wherein the method includes the further step of feeding the mixture through an
intake zone prior to entering the die where the mixture is shaped into substantially the
same shape it adopts when subsequently fed into the die so that any progress of curing of
the binder due to heating the mixture resident in the intake zone is effective in curing
binder while the mixture is in the desired final shape. |
2. A method as claimed in claim 1 whercin the mixturce of feed material and binder
formed into the desired shape is compressed in the die and is resident in a compressed
condition in the die for a period of time for the binder to be cured sufficiently to enable
removal of the compression and handling of the bouﬁd body.
3. Amethod as claimed in c]aifn 1 or 2. wherein the intake zone is defined by intake
guides composed of insulating material. |

4. A method as claimed in claim 3 wherein the intake guides have substantially the

same profile and separation as the die so that the die is effectively a continuation of the

intake guides whercby mixture within the intake zonc feeds smoothly into the die.

5. A method as claimed in claim 4 wherein the die is a continuous extension of the
intake zone so that the mixture passes from the intake zone into the d1c without any
mtervemng tran31t10n 20ne,

6. A method as claimed in daun 3, 4 or 5 wherein the heating comprises heating by
RF energy applied through opposed conductive die plates between which the mixture is
located and whetein the intake guides are composed of electrically insulating material.

7 A method as claimed in'claim 6 wherein the length of the intake zonc along which

the mixture is fed before entering the dic is at least equal to the separation of the die
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plates, and is preferably in the range of about 2 to 3 times the separation of the die plates,
whereby the length of mixture shaped and resident in the intake zone is'_substamially
equal to or greater than the distance between the die plates,

8. A method as claimed in any preceding claim wherein the mixture is fed into the.
intake zone through a mouth which has progressively a narrowing shape in the direction

of advance of the mixture into the intake zone so that the mixture is progressively

-compressed as it is fed through the mouth into the intake zone.

9. A method as claimed in any preceding claim wherein the step of feeding
comprises feeding the mixture in batches in an indexed manner from the intake zone into |
the die so that each batch of mixture in the intake zone is a continuous extension of the
preceding batéh now in the die and so that the successive formed cured batches that are
moved out of the die form a continuous body emerging in a stepped manner.

10. A method as claimed in claim 9 wherein a leading portion of the batch in the
intake zone immediately upstream of the hatch in the die and whiéh is subject to at Jeast
some heating during heating of the mixture in the die js, upon bcing advanced into the |
die, locatcd in the die before the exit of the die so that it is substan‘aa}ly entlrcly resident
in the die for the heating cycle of its batch.

11. A method as claimed in claim 9 wherein the Jongitudinal distance by which the
mixture is fed in cach batch-or indexing movement along the path from the intake zone
into the die is less than the Iongitudinai Iength of the dic in which heating of the mixture
occurs, whereby all of the mixture will experience a rcsmence time compl ete]y within the
longltudmal boundaries of the die. _

12. A method as claimed in any preceding claim whereiﬁ the dic has side walls which

confine the mixture laterally within the die during the heating of the mixture in the die.

©13. A method as claimed in claim 12 wherein the side walls of the die siightly diverge

in the direction of advance of thc mixture throdgh the die so as to promote the release of
the bound body from the die at thc end of each operation to cure the binder within the

mixture in the die.

14. A method as claimed in claim 12 or 13 wherein the side walls of the die are

~ movable towards each other to laterally confine the mixture in the die before

commencement of the step of heating the mixture in the di é and are m()w}able apart to
relcase the bound body formed by curing of the binder in the die.
15. A method as claimed in any preceding claim and further including locating a face

member on at least one of the upper and lower surfaces of the mixture being fed into the



WO 2009/143562 PCT/AU2009/000650

10

15

20

23

30

15

intake zone and into the die whercby the face member is advanced through the intake
zone and through the die.
16. A mcthod as claimed in claim 15 wherein the face member remains attached to its

associated surface of the bound body that emerges from the die after curing of the hinder

© in the mixturc within the die so that the face member forms a surface part of the bound

body.

117, A method as claimed in claim 15 wherein the face member is removed from the

associated surface of the bound body after the bound body emerges from the die whereby
the'mix‘t.ure within the die can be prevented by the removable face mea‘nbe_r frcn_n ’
contacting énd fouling the surfaces of the die. ’

18. A method as claimed in any one of claims 15to 17 wherein the face member
comprises a flexible sheet material pmgressivcly fed from a roll so as to enter the intake
zone and progress to the die with thé face sheet separating the mixﬁxre of particulate
material and binder from direct contact with the surfaces of the intake zove and die.

18. A method as claimed in clairm 18 wherein the flexible sheet is wider than the final

width of the bound body that emerges from the die, and wherein the flcxible sheet is

shaped at its side edges to form side members for asgisting to enclose the mixture inthe

die against lateral expansion. _

20. A mcthod as claimed in any precedmg claim wherem a selectively replaceable
wear sheet i provided and Jocated so as to extend completely through the intake zone and
continuously through the die on a lower face thereof thereby providing a sactificial wear
member protecting the faces of the intake zone aﬁ.d the die from abrasion and adhesion.
21 A bound body composed at Jeast partially of barticulate material when

- manufactured by a method as claimed in any one of the preceding claims.

22, -Apparatus for manufacturina a bound body composed at Icast partially of

particulate material, the apparatus comprising mecans operative to perform the steps of a
method as claimed in any one of claims 1 to 20.
23.  Apparatus for manufacturing a bound body composed at least pamally of
particulate material, the apparatus comprising:

means for introducing to a fced material which includes a substantial proportion of
particulate material a binder which includes a heat curable or activated adhesive
substance so that the binder contacts significant proportions of the surfaces ‘of the
particulate matcrial, | |
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a dic having substantially the shape of a body to be produced and means for
feeding the mixture of feed material having the binder therein into a die so that it adopts
substantially the shape of the body to be produced, '

means for heating the mixture in the die until the binder has cured sufficiently to
cnable further handling of the integral bound body comprising the bound particulate
materials, and _ '

-an intake 2one into and through which the mixture is fod prior to cntering the die
and wherein the mixture is shaped into sqbstaﬁtiaily the same shape it adopts when
subsequently fed into the die so that any progress of curing of the binder due to heating

the mixture resident in the intake zone is effective in curmg binder while the mixture is in
the desired final shapc. '
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