An Apparatus and a Met hod of Produci ng Pul p- Moul ded Products This invention
relates to an apparatus and a nethod of producing pul p-noul ded products,
and, in particular, such an apparatus and a nmethod for carrying out an

i nproved 5 formng/formation stage in the pul p-noul ding process. Pulp is
nowadays used for the production of many products, for exanple food

containers, liquid vessels, or packaging materials, nmainly for its
deconposabl e characteristic. There are t maIL et hods_of produci ng such
Apparatys and.a ilethad of breducing PuloMoulded, Rrodugct

products, namely tHk 2 SSUIRALY : Sdry method,
the containers are manufactured by folding and joining various adjacent
flaps froma piece of flat dry board paper. Such a nethod is both

cunber some and Thipaventian refites tocanudnparatuspandoa otettiod ofl producing pelpkmeulded . As

to the wet thod,  wet_ pulp is.shaped to the caoptour of the final product,
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conventional wet nmethod rmay typically be divided into six nain steps,
nanely shredding, fine carving, dosing, form ng, cold pressing and hot
pressing. Int | , e | regyl I I ch
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cold 30 pressing stage, be pressed between the | ower nmould and an upper

nmould to further press

A conventional wet method may typically be divided into six main steps, namely
shredding, fine carving, dosing, forming, cold pressing and hot pressing. In the shredding
stage, water and pieces of virgin paper, which may be made from such plant fibre as

20  wood fibre, bamboo, or cane, are fed into a mixer, which breaks up the paper. In the fine
carving stage, the fibre broken up in the shredding stage is fed into a processor for further
mixing the fibre with the water, and allowing the plant fibre to orient freely in a dilute
slurry. The content is then fed, in the dosing stage, to a second mixer in which additives,
e.g. water sealants, oil sealants, etc., are added, so as to modify the characteristics of the

25 plant fibre, and thus the product so manufactured. In the forming stage, also called
formation stage, the plant fibre and additive slurry is introduced into a chamber, and
supported by a lower mould with a formed mesh on top of it. Water is drawn out from the
wet plant fibre by vacuum applied from below the mesh. The material, which at this stage
will be similar to the structure of wet tissue papers, will then, in the subsequent cold

30  pressing stage, be pressed between the lower mould and an upper mould to further press

out some of the remaining water. After this stage, the material will be formed into the




out sone of the remaining water. After this stage, the material will be
formed into the 2 shape and configuration of the final product. The

col d-pressed product will then be positioned between a pair of hot noul ds
for hot pressing. The product will be heated by the hot noulds to around
150C to 180C for about 45 to 60 seconds? to conpletely dry up the product.
51t is found in practice that irrespective of the type of nmachine used for
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the formation stage in a batch process machine 10 nay take from 20 td 80
seconds, Ithe hotaoerlidnteoareund, b&)°Catot 1866(g ot ahouf 65 60 serondsade complefedyster t han
in a batch _process type, the formation stage is still the step which takes
the |ongdBt"¢PE8%"han any of the rest of the stages in the machine, For a
typicak 600 mM food container produced in a batch system the formation

stage will wusually take around 45 seconds. 15 Duri ngly_t he formati on stage,
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container produced in a batch system, the formation stage will usually take around 45
seconds.
15
During the formation stage, and as shown in Fig. 1, diluted fibre slurry in the form
of a suspension is poured into a container with a mesh or porous material at its bottom.
Air is then introduced into the container for stirring up the slurry. The slurry is then
allowed to be settled, Upon the application of a vacuum suction force from below the
20 mesh, water will be drawn out of the slurry via the mesh, and initial layers of fibre will
settle and deposit on the mesh, creating a wet layer of fibre mat, This fibre mat, after the

formation process, will be subsequently cold-pressed to form the initial pulp shape before

final hot press.

25 The use of vacuum suffers from the following shortcomings:
() The maximum difference in pressure that can be created for sucking water out of
the slurry via the mesh is limited to negative 1 bar (i.e. 1 kg/cm?).
(ii) A suction pump and a vacuum tank are mostly required.
(iii) The vacuum tank has to be replenished within the vacuum tank at a regular
30 interval because of the intake of water in order to maintain the suction

performance. Such requires either a down time period within which (a) the



the slurry via the nesh is [imted to negative 1 bar (i.e. 1 kg/cme). (ii)
A suction punp and a vacuumtank are nostly required. (iii) The vacuum tank
has to be replenished within the vacuumtank at a regular 30 interval
because of the intake of water in order to nmaintain the suction

per formance. Such requires either a dowh tinme period within which (a) the 3
vacuumis stopped, (b) the water is drained out of the tank, and (c) the
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V) In view of the problem discussed in (iv) above, the mesh will require regular
preventive maintenance and servicing to keep up the quality of the products and

15 productivity of the machine.

It is thus an object of the present invention to provide an apparatus arid a method
of producing pulp-moulded products in which the aforesaid shortcomings are mitigated,
or at least to provide a useful alternative to the public.

20

According to a first aspect of the present invention, there is provided a method of
forming a pulp-moulded article, including the steps of (a) providing a container with at
least one liquid permeable end; (b) introducing a slurry containing a fibre and a liquid
into said container; and (c¢) applying a positive gauge pressure on said slurry to force at

25  least part of said liquid in said slurry out of said chamber via said liquid permeable end,

and thereby to form layers of said fibre on said liquid permeable end.

According to a second aspect of the present invention, there is provided an
apparatus for forming pulp-moulded products, including a container for containing a
30  slurry containing a fibre and a liquid, said container having at least one liquid permeable

end, and means for applying a positive gauge pressure on said slurry in said container to



| east one liquid perneable end; (b) introducing a slurry containing a fibre
and a liquid into said container; and (c) applying a positive gauge
pressure on said slurry to force at 25 least part of said liquid in said
slurry out of said chanber via said |iquid perneable end, and thereby to
formlayers of said fibre on said |liquif#l permeable end. According to a
second aspect of the present invention, there is provided an apparatus for
form ng pul p- noul ded products, includjng a contajner for containing a 30
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said slurry out of said chanber via said liquid perneable end, and thereby
to formlayers _of said fibre an said |iqui.d per bl e end. Enbodi ments of
the present | mFHRaBHewF PFiie cirE aUetion Sl By HRgesoRbeL S BPE ST SSFS . by
refere@Peo'th,b??et@féﬁ@@%ﬁé’hé&nﬁi’aﬂyﬁl?ﬁﬁawihéb,Wﬁi*&h: Fig. 1 shows steps in a
conventional” formati on process for the production of pulp- .noul ded
products; Fig. 2 shows the variation (decay) of the vacuumforce of a
vacuum tagk, AUEiag Sesve! £ codflnbod GARMER bRl f0"HBIOMABERSRipF 9 3
shows a scheénati ¢ sectional "'view of an apparatus accordi'ng to atiFs

enbodi mentmovlfled podpetesent i nvention; Fig. 4A shows the drainage of fibre

via a nesh,i ase of an jnitial high water flow. rate; Fig., 4B sho t he
settling Bie. 7 Fhowe he Aaation (oroukbIGAGHTE Fres B & FoSh Rk, JUrge TR 15
Fig. 36 1913 c6hrtfiorAGbineiRdh progage of a pul p-moul ded product produced
according to the conventional formation process, taken by a scanning

el ectron g Bodhovse: schematiGRctignad viavoebansapparaisedccondingetoct first pmbedimsot ded

pr oduct p%?ﬂuceqwa ﬁPquﬁg to a formation process according to the present
i nventi on, 2By ST ni ng electron mcroscope of the sane

magni f i catFignAashows the draifelie oZ@ibkd gia abmedhanzase eRogsinkiag highokatbeflew rate;
variation F(lpgf 4tBhseho£1)vrsetl?essuertt(fing1 %P lﬁi)reedonbaymgs%ein%gsrgp orfeaflsu?igiaﬁlo{v water flow rate;
15  Fig. 5A is a cross-sectional image of a pulp-moulded product produced according to the
conventional formation process, taken by a scanning electron microscope;
Fig. 5B is a cross-sectional image of a pulp-moulded product produced according to a
formation process according to the present invention, taken by a scanning electron
microscope of the same magnification as in Fig. 5A;
20 Fig. 6 shows a possible profile of variation of the pressure applied by the compressed air
in the apparatus shown in Fig, 3 onto the slurry over time, set against the variation
(decay) of suction force over time in a conventional vacuum forming process;
Fig. 7 shows a schematic sectional view of an apparatus according to a second
embodiment of the present invention;
25  Fig. 8 shows a schematic sectional view of an apparatus according to a third embodiment
of the present invention;
Fig. 9 shows a schematic sectional view of an apparatus according to a fourth
embodiment the present invention;
Fig.10 shows a schematic sectional view of an apparatus according to a fifth embodiment

30  of the present invention; and

Fig. 11 shows a hot press apparatus used in a pulp-moulding process.




in the apparatus shown in Fig, 3 onto the slurry over tine, set against the
variation (decay) of suction force over tine in a conventional vacuum
form ng process; Fig. 7 shows a schematic sectional view of an apparatus
according to a second enbodiment of the present invention; 25 Fig. 8 shows
a schematic sectional view of an apparafus according to a third enbodi nent
of the present invention; Fig. 9 shows a schematic sectional view of an
apparatus according to a fourth enbodinment the present invention; Fig. 10
shows a schenatic sectional view of an apparatus according to a fifth
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appar at us used lgrgerlz‘alng Lﬂ% E)‘Pfrong |3r‘1\g§lﬁ pnaltp g%gguss %g @I%etror %r%gn%@vb@dlggﬁt o §§§
appar at us imeationiis ghown aasf ganstallgndesignatedt asof1 00}y which muakesi wsa ofsa SHame- as

eneral | y_desi ted as (100 i ch of a "Tine- Pr re'

fore o Y P TaRind B, The wopocHu i atiades % pBeuts Souher L3R PiBS w1
a 5 corduichndulOdb4Pén ité ﬁppéli?l@ﬁd mﬁ{wwﬁ@qn@,hwr psroﬁgﬁﬁt&fal Pl%%ﬁ ltmweérle%h (106)
on its |lower end. "~ Bel ow't he nesh formati on nould (108) (which

(106) is
may be rra@@lqw theemegh) (10Qhis @formatiqpopeuld (i%)iwbmbtm@)e%mads 0§mtal)de‘dnw th
channel s, .th al | ow ui t f e 0 pass
t hr ough. Ilzsl(?:r(()“rl]é 8)t % gl ggcbsn ec}m%@t gﬁtg chgl{ﬁet(l:% 0 hir%)ﬁ pr% %1 h p.

conpr essed.gliwatdr 1 fron, the @harapgr! (102)topagathosughr @hs uasx&iuotr(la4)1m connected to a
fibre-containin ter in the form of, s urgﬁ cﬂpﬁ contal ned in the chanber
C

(102). ToSeWrs ;99&& PSS et SoBwressest ag {1 ly'n% 2 (23ues, Presifte on a
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inlet (not shown) on a side wall of the anber (102 The source o
conpressed air (110) |s then activated, releasing 15 corrpressed air, e.g.

at a gauge pre u :
conduit (104), SI?’hus E)ﬂ-&fhﬁnaimg@? é%e%%cca%rg%topr e %%‘%Hg?%vﬁﬁﬁg sufrrt}'aﬁ'l IEJ(‘|112)
The posi td ierogastdeinfyr s shambar (102), @rgC @ianat @ieti(ottshewsa) uh aysidel dall oflie of
t he apparatus, (10 8
chamber (102). The source of compressed air (110) is then activated, releasing
15 compressed air, e.g. at a gauge pressure of up to 10 kg/cm?, into the chamber (102 )via
the conduit (104), thus applying a positive gauge pressure on the slurry (112). The
positive gauge pressure will force water in the slurry (112) out of the apparatus (100),
through the mesh (106) and subsequently through the mould (108). During the course of
out-flowing of the water from the chamber (102), the fibre in the slurry (112) will settle

20  and deposit on the mesh (106) to form layers of fibre for subsequent cold-pressing

There are three parameters which can be adjusted for controlling the forming
process, namely (a) the pressure or the compressed air, (b) the time period for which the
pressure is applied, and (c) the rate of flow of the compressed air into the chamber (102).

25  The rate of flow of the compressed air is a function of the magnitude of the pressure
applied and the overall system resistance. The overall system resistance depends at least
partly on the geometry of the mesh, e.g. pore size and the number of pores of the mesh,
The rate of outflow of water, and thus the overall formation time, can be controlled by
adjustment of one or more of these three parameters. In this connection, while it is

30 relatively easy to control and adjust parameters (a) and (b) above, parameter (¢) can also

be adjusted and controlled, though to a lesser degree. This is in clear contrast to the




t hrough the mesh (106) and subsequently through the nould (108). During the
course of out-flowing of the water fromthe chanber (102), the fibre in
the slurry (112) will settle 20 and deposit on the nesh (106) to form

| ayers of fibre for subsequent col d-pressing There are three paraneters

whi ch can be adjusted for controlling the formng process, nanely (a) the
pressure or the conpressed air, (b) the tinme period for which the pressure
is applied, and (c) the rate of flow of the conpressed air into the chanber
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15  horizontally, and thus many of the tiny fibre (150) will be lost to drainage through pores
(153) of the mesh (154), as shown in Fig. 4A. In the use of additive, the loss of fibre and
additive will be significant in case of a high initial flow rate of water. With a view to
mitigating such a problem, chemical retention aids are used for avoiding the increase of
fibre and fines in the drained water in case of a high initial flow rate. On the other hand,

20 in a method according to the present invention, the positive pressure applied on the slurry
may be set to be relatively small initially, so as to induce a relatively low Initial flow rate
of water out from the slurry, as shown in Fig. 4B. A low Initial flow rate will reduce the

chance of non-horizontally oriented fibre being lost through drainage.

25 In the conventional vacuum formation process, when initial layers of fibre are
formed on the mesh or porous material, they act as a resistance which water in the slurry
has to pass through subsequently before drainage. As the number, and thus thickness, of
the layers of fibre increases, the effective suction force (i.e. the so called vacuum) will
drop, and thus the compression force on the top layers of fibre will decrease gradually.

30




15 horizontally, and thus many of the tiny fibre (150) will be lost to

drai nage through pores (153) of the mesh (154), as shown in Fig. 4A. In
the use of additive, the loss of fibre and additive will be significant in
case of a highinitial flowrate of water. Wth a viewto mtigating such
a problem chemcal retention aids are dsed for avoiding the increase of
fibre and fines in the drained water in case of a high initial flowrate.
On the other hand, 20 in a method according to the present invention, the
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pul p- noul d product produced according to the conventional vacuum fornmation
process, taken by a scanning electron mcroscope ( I\? %é can be seen
ftion 9‘§rs.
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noted. The amount of fibre used in the production of these two products, and their final
weight, are very much the same, However, it can be clearly seen that with the same
magnitude of magnification, the product formed under the conventional vacuum suction
forming process is almost 10-15% thicker than that produced under the forming process
20 according to the present invention. Such concludes that the use of a positive gauge
pressure makes a more uniform and compact finished product. A product with a generally
uniform degree of compression, which may be used as water-proof purpose, can thus be

formed by a method and an apparatus according to the present invention.

25 In particular, and as mentioned above, in the apparatus (100), the pressure of the
compressed air, the time period for which the pressure is applied and the rate of flow of
the compressed air into the chamber (102) may all be adjusted independently. A possible
processing pressure profile as shown in Fig. 6 may be pre-set. The profile indicates that a
relatively small gauge pressure, e.g. significantly less than 1 bar, is applied initially for

30  one second, thus bringing about a low initial flow rate of water out of the slurry (122) via

the mesh (106). This would reduce the loss of fibre and clogging up during the initial




maxi mum gauge pressure of 4 bars. It can be seen that all the fibre |ayers
are formed with essentially the sane degree of conpression from upper

| ayers down to | ower |ayers. The 15 thickness of the two pul p-noul ded
products as shown in Figs. 5A and 5B should al so be noted. The anount of
fibre used in the production of these téo products, and their final

wei ght, are very much the sane, However, it can be clearly seen that with
the sane nmagnitude of magnification, the product formed under the

convent i ofetmipgstagen Fhis alse allows puffipignitime ferthe &ibegl tewsient iorizpogallite kerm t han

nvent i on Soa (IR GAycrt Qre e SRRl REERS RAGE X LDR ehllr JEICRE bevp

I nventi on. use o pres makes
a nor e unitd Grarsmayberppplied fibnosdhssdond adexqiedité\ther adfiow ofiwdieravig eieemabh vy

uni form degr ee_of caqppr.ession, which may be ysed as t er.-proof purpose,
can thus K206 Eﬁmciw?ﬂ% gBer eanee BWS%/\‘ﬁ)g'i‘ ﬁﬁ:@%@%% alsg POICE iR ent
| nvent lson.jayeps &mmmmapmrmo@a@ln@&sgea%g, @cpfbyl?rodlhd?s ABufAPRAIAIdHR:

(100), the ‘pressure of the conpressed air, l?he time period for which the
pressur e ithe epyktichahnacuueforming prbcdss.ciubséquently lowemgangs pressire, ¢.gtaf 2 he

chanmber (102 al | be adjust.ed dn endent |y, A possi bl pr;pcessi ng
o essur e ot Pl Ebarsmay B e AHRlES e HEeREa bt BT Hopfirr P PPN e
that a r&eabénvihithe fibdd reqatdefopEaplsting the fermifg proicédsattrtinglte de prosent 1
bar, is applied initially for 30 one second, thus bringing about a | ow
initial fliBygnfignecensidgsbly losy than ¢ that Stegirsd (upden the 5Convigational hmethog) |
This wgul d reduce the loss of fibre and clogging up during the initial 8
form ng stage. This also allows sufficient tine for the fibre to orient
hori zontal | y t dt slwuld bgeogphasizad thht theypresent iDvemtiopumhy baiusediin tambingtien e

formed, a hi r ressure, e.qg. ,0 o 3 .bars, may be applied for

one second“ilgqﬁ%( ﬁggﬁ‘%gloﬁ h‘gfsgu‘fafcm% g? Qﬁl‘f gg VF‘%?V? Hggli’f'ésﬁom‘{afg@fs.’ Ler

appl i cat i ggmedtioni e and) HéFE uBif@ESIAyErs Of thdRseltant ppodud2 Bdr ¥kdnhplélis @ tpfapduce

top 5 layers of fibre which are rmred\(:,fong)reessed, as conpared to products
ae

manuf act urtgdguprgesure phe bawsriy énbe applic rfPrmeAtion Rioqsss sbets mag hsspglieht | v,
12 sdRandOichyB3 P BpliEathn & presqpLeoripretselalr, WG Bl Vo BfgiR o | T
required frathe st chamgbdrhwith ogavdngpaling de switlastandr slichga thigh peespures &st an
alternative it is also possible to apply a gauge pressure of 3 bars by the compressed air
and simultaneously apply a suction vacuum of 1 bar. In this case, instead of having to
withstand a gauge pressure of 4 bars, the chamber needs now only have to withstand a

20  gauge pressure of 3 bars.

Referring now to Fig. 7, an apparatus according to a second embodiment of this
invention is shown as generally designated as (200), which makes use of a “Displacement
Volumetric” forming process, also called a “Positive Displacement” forming method. In

25  this apparatus (200), a piston (202) is provided in a slurry-containing chamber (204). The
piston (202) is operatively associated with a motor and screw assembly (206), which may
be activated to push the piston (202) to press onto the slurry (208) to force the water in
the slurry (208) out via a mesh or porous material (210) supported by a lower metallic
mould (212) of a porous structure The movement of the piston (202) can be preset, e.g.

30 by a microprocessor, to which the motor and screw assembly (206) is connected, so as to

produce a pre-defined pressure variation or pressure profile during the formation stage. It



I nvention considerably | ess than that required under the conventi onal

met hod. 10 It shoul d be enphasi zed that the present invention may be used

in combination wth the application of a vacuum to help to achi eve higher

conpactness, shorter formation tine and nore uniformlayers of the

resul tant product. For exanple, if a tofal gauge pressure of 4 bars is to

be applied for the formation process, such nay be applied 15 solely by the

application of pressure by conpressed air. However, such would require a

rat her st iothys phssiftie to piesét thomagrisudei aof dhe gauge pressursdo Sa@ppliedwytheshussur e.

As an - al Lo Rt cdrtwiidh BIRS DRSS hRLELS & BRBLYIRIRYISE MLESSHELAinf, Dar s
y the conpressed air and si aneousTy apply a suctron vacuu Of bar .

I n this ca&spre-sebticoadiatibn bfthe Ataghitudedfiths paupd pesgaede bp apsiiadl andthe4inixar s,

t he chanber needs now only have to withstand a 20 gauge pressure of 3
bars. Ref &9t Whigh fegh sugh magnityde %ﬁgﬁwﬂﬁémae%eﬁa? iedg 0 theetgpyduring
ebodi Fenindloutdd ot thd RGP Hade TRRPALSAS pSHIE Rl Yool R3higIEd EnEDr{cRlO)

whi ch nekes use of a "Displacenment “Volumetric” formng process, "al so

cal | ed a 't&mdietments obiastplabaneleror basior mi ng nethod. In 25 this apparatus
(200), a piston (202) is provided in a slurry-containing chanber (204). The
pi ston (202) is operatively associated with a notor and screw assenbly

(206), which mah apjaraed aceoidnsh fooa fdlenihidlinetialihd BReInttinvapiion $s Sivwn t he
slurry (208) to force the water in the slurry (208) oqut via_.a_nesh or
porous natlAigl 8, snd geagialbn designaied as (B0 Thist apnaratus (0) dis (milar ¢ the
porousg,str f 1St ). . : 30 by
B onSpr GHELALE (0T ANSIF Mo, ololft (BAS! Rac ek BRE rRpBER S prfidhd. et
so as to Ippadigolar,a firsepobetssnativep(363x1speovided ddwistream gomests(804). ihef firse
during the formatio age. It 9 .is thu ssi bl e reset th ni.t ude
of the gaRf¥FeRH Xal¥g &éaé)og%‘edgﬁﬁl ﬁhgda{?nofﬁ'gt%é ﬁﬂw ﬁn& QWE‘S?‘HeCOt“IErHE fegPackhi ch
such a gaupRaRteadeténd Srob&s RaIVRABYE)edbwristredns tIRf sdufid! STeomipress@Papi(hdg. to
pre-set the variation of the nmagnitude of the gauge pressure to be appli ed,

and the tiThes, towawpf suchcncrrangementatfithe tae obMaten dloyatherighrthe Sitst @recssy be
appl | %L vk Q?Of}l Nthy lcgw,rt'hggecond process valve (306) will be activated to allow more

compressed air from the source (308) to pass through, so as to apply a higher gauge
pressure on the slurry (310) in the chamber (312), thus increasing the rate of outflow of
water through the mesh (304). This may also have the effect of force cleaning some of
the blockage in the mesh (304). Conversely, in case the water flow rate through the first

20  process valve (302) is too high, the second process valve (306) will be controlled to allow
less compressed air from the source (308) to pass through, so as to apply a lower gauge
pressure on the slurry (310) in the chamber (312), thus decreasing the rate of outflow of
water through the mesh (304).

25 An apparatus according to a fourth embodiment of the present invention is shown
in Fig. 9, arid generally designated as (400). This apparatus (400) is similar to the
apparatus (200) discussed above, except that, as in the case of the apparatus (300)
discussed above, a feedback-response mechanism is provided. In particular, a process
valve (402) is provided downstream a mesh (404). The process valve (402) can detect the

30 rate of water flow and transmit control feedback signals to control the operation of the

motor and screw assembly (408). Thus, by way of such an arrangement, if the rate of




5 the course of the formation stage. This pressure profile may al so he
tailored to the process requirenents on a trial and error basis. An
apparatus according to a third enbodi nent of the present invention is shown
in Fig. 8, and generally designated as (300). This apparatus (300) is
simlar to the to apparatus (100) discud¥sed above, except that a

f eedback-response nechanismis provided. |In particular, a first process
val ve (302) is provided downstream a nesh (304). The first process valve
(302) can flgwt efcwatehthreughethe fravgsseyalve R2hisdoe lewisthe matemandaicreve assiombky
signals t S nd pro val ve ) reamth e of conpressed
air (308) ?4(?6??@?%%??“\%@%%?0 SR "‘aﬁfg‘%&(ﬁﬁ@% a?ﬁllefélf 954@3{ i"‘%ﬁf’ %?sgfo flow
t hrough t lpplyiatdghdpigatgssredsare/éil the s(uBBAR 1 2)sintthochafrer (4109, thas hotkaPing GRS S

val ve (306€pwi |l be activated to allow nmore conpressed air fromthe source
(308) to pasef oniflovyet watsr thaough the mesh £344) Jhenverslipan casedhs water dlow rge
slurrys<(3 | t ' | of
nater T hr ooRe e TRaSREREE (1023 too B A Bl e S s ah By SO P S

cl eani ng someoltzd totrhevebthe pistiore(408) oee showty (I3t )chaBberv@i Ok sy asito applyea t he

t fl te th h the first I 02) is t high, .th
second pr SREaayR HENTaR Y TR o RS FREw LY ot Bt oo Bn AE 0 o o
fromth @ & , t ly al
o ossure on Ene Sl ity (oo T L e bhamber (312). 1 hus decreasing the rate

of outflow of water through the nmesh (304). 25 An apparatus according to a
f ourt h,enbodi r F R 1 1 0. Fj . :

gener QPI y des ingﬁtgtcg V%El%?gofgéﬁ%fﬁlfs a;l)péaﬁlg{) d@ou?ﬁhgj&}o?%&%id%g ¥ g% ftoglﬂgtllnoen
appar at us s(agggs) caﬂ:jc&uicdsﬁldd\wbgmsh amrl:];&[ﬁ t;hg‘ndakyersaﬁ)nmd toneit aresrarsfertddeto a

appar at us i scussed above, a fee -response nismis .

¥ bvi ded. o HHkes PEGHED, Comp ot SoReE FORts 4607 1P8oR MOURh AP AU BLFS it a
nmesh (404)henTpiessed @afSthe by GayeA03)futiét ré@liceahe Watr 36nteat @ thé bRl &?erfs! ow
and transmt control feedback signals to control the operation of fhe

mot or  and Afc ARRGTYS dabyryingayut i (Bositiye Risplaementhiaaming methpsheay, be £ t he
[Tg: gr qgn é%@egw%géig‘gﬁn{) ;bé VaBAIE dfNRsP'QEGRE S@! 48 Lol@Dhess SstdgdO Sudl: af D€
apparatus, as shown in Fig. 10 and generally designated as (500), is similar to the
apparatus (200) and (400) discussed above, A lower end (501) of a piston (502) is formed
of a contour matching or corresponding to the upper contour of the product to be
ultimately formed. As in the case of the apparatus (100), (200), (300) and (400) discussed
20 above, the mesh or porous material (504) and a lower mould (510) (which may be made
of metal) are also formed of a contour matching or corresponding to the lower contour of
the product to be ultimately formed, This piston (502) may thus move downward to press
on slurry (507) in a formation chamber (508) to carry out the formation stage. After the
formation stage, the motor and screw assembly (506) may continue to move the piston
25 (502) further downwardly to carry out the cold-press process. Thus, one stage in the
conventional pulp moulding process is eliminated, and with it a set of mould is also
saved. After the combined formation and cold-press stage, and as shown in Fig. 11, the
cold-pressed fibers as supported by the mesh (504) and the mould (510) will be hot-
pressed by an upper mould (520) for completing the pulp moulding process.
30




(406) wll be controlled to nove a piston (408) toward the nmesh (404)
faster, so as to apply a higher gauge pressure on the slurry (412) in the
chanter (410), thus increasing the rate of outflow of water through the
mesh (404). Conversely, in case the water flow rate 5 through the process
val ve (402) is too high, the notor and ldcrew assenbly (408) w il be
controlled to nove the piston (408) nore slowy in t he chanber (410), so as
to apply a |ower gauge pressure on the slurry (412) in the chanber (410),

t hus decreasi n# shvelldr ¢ ainggrstogdt thitotheogboxatanty iltustratgh ep(h@plves\hhe(mlm)he 10 In
a conventional, .nmetho r.m I rod n [ mation
Stage to RETAM ERRTOf By, b Gyl Bt oAt PiFfn BBl oS Bfot Ao BOAT
transf err athyt (bea madd dthereds s witholi Ndepagimgp rfkaih Ngheanspiip eof mhul dnwention. | ower
moul d. The cold press is then pressed onto the fibre layers to further
reduce the water content in the fibre layers. An apparatus for carrying
out the "Positive Displacenment” form ng nethod may be 15 further nodified
to be capable of also carrying out the col d-press stage. Such an

appar at us, as $thsiwnld alsdbg md@stamrﬂtlgem featwtessofgtha timntntien, (\ﬂii@f} ard, $or

simlar to t. tus 00 (40 di s sed above, end

(501) of 81aBPst S?f%tp‘gﬁg 8? fsegax)@g %?n(ﬁ’ll Ry ope c@P?@SBoH’di ng

to the uppemb@ané®ina gﬁgltefembpaMthrﬂeﬂely, wﬂduma@ws bPheeskenfién whidhhe

case of the apparatus (100é ghékpq? 300) .and (400) discussed 20 above, the
4%

mesh or paveolly Brayisy. dgscribs @ﬁérsnra%mb?@myt Y dse Beprayadsdade

of netal) !ngr-i% ghing or corresponding to the

I ovvertl(?:lon ta?%?ﬁﬁ{ ﬁnaﬁ%@?gﬁi&ﬁ%ﬁ%tel y formed, This piston (502)
may t hus ane downward to press on slurry (507) in a formati on chanber
(508) to Eiéﬁégﬁgt the formation stage. After the formation stage, the

not or and ssenbly (506) may continue to nove the piston 25 (502)
further downwardly to carry out the col d-press process. Thus, one stage in
the conventi onametol pf forish Hpulp rrﬂ&ﬂ&éiarﬁcle|1h81uﬂﬁg€tﬁissté¢'s€bmth it a set of
nmould is also saved. After the conblned formati on and col d- press stage,
and as shown in Fig. 11, the cold- pressed fibers as supported by the nesh

(504) and the uld (510) will m)uld (520) for
conpl eting the?%mlgoﬁigm GPat abl}eéa’gﬁasa ledSf one 1qu1cP]¥ermeab

15 (b) introducing a slurry of a fibre and a liquid into said container; and

(c) applying a positive gauge pressure on said slurry to force at least part of said
liquid in said slurry out of said chamber via said liquid permeable end, and

thereby to form layers of said fibre on said liquid permeable end.

2. A method according to Claim 1 wherein said gauge pressure is applied by a
20 compressed gas.

3. A method according to Claim 2 wherein said gas is air.

4. A method according to Claim 1 wherein said positive gauge pressure is above the

atmospheric pressure.



30 11 It should be understood that the above only illustrates exanples
whereby the present invention may be carried out, and that various

nodi fications and/or alterations may be made thereto w thout departing
fromthe spirit of the invention. 5 It should al so be understood that
certain features of the invention, whidR are, for clarity, described in
the context of separate enbodi nents, may be provided in conbination in a
si ngl e enbodi nent. Conversely, various features of the invention which

are, for Brevi ymeghwdcadcpuling tp Claamchmhesein s9id digiidh geaneapisoendrineludesy al so
be provided 18 ﬁﬁ?ﬁﬁ%ﬁ%*y or in any appropriate sub-conbinations. CLAIMS: -
1. A nethod of ?ornlng a pul p-noul ded article, including the steps of: (a)
providing a container with at |east one |iquid perneable end; 15 (b)
introducing a slurry of a fibre and a liquid into said container; and (c)
appl yi ng & posiAmethodacpedipg éx€laim Somheseindaidiporous mambep inpdudes alneesbt part of
said liquidin said slurry out of said chanber via said |iquid perneable
end, and thereby to formlayers of said fibre on said |iquid perneabl e
end. 2. Aqneth r.qi iLm. i i ¢ gauge pressure is

appl i ed b)z' a g@%?‘%ﬁ"@%&%‘é@%% c%@?‘%gﬁd@%‘%%c?gdi ng to daim2 wherein
said gas is air. 4. A nethod according to Claiml wherein said positive
gauge pressure is above the atnospheric pressure. 12 5. A nmethod according
to Clatm| whef®in spplgingiggugeipnessuneeilsl irsemdgnitvde odesidslumoandis menber. 6.
A nmet hod according to Claim5 wherein said porous nenber includes a nesh,

(b) subsequently applying gauge pressure of a second magnitude, which is

different from said gauge pressure of said first magnitude, on said slurry.

8. A method according to Claim 1 wherein said gauge pressure of said first
magnitude is applied on said slurry for a first period of time, and said gauge
10 pressure of said second magnitude is applied on said slurry for a second period of

time which is different from said first period of time.

9. A method according to Claim 7 further including a step (f) of subsequently
applying gauge pressure of a third magnitude, which is different from said gauge

pressure of said second magnitude, on said slurry.

15 10. A method according to Claim I further including a step (g) of detecting the rate of

flow of said liquid out of said chamber via said liquid permeable end.

11. A method according to Claim 9 further including a step (h) of varying the
magnitude of gauge pressure applied on said slurry in response to the rate of flow

of said liquid out of said chamber via said liquid permeable end.

20 12. A method according to Claim 1 wherein said gauge pressure is applied by a piston



7. A nethod according to daim1l including the steps of: 5 (a) applying
gauge pressure of a first magnitude on said slurry; and (b) subsequently
appl yi ng gauge pressure of a second nagnitude, which is different from
sai d gauge pressure of said first magnitude, on said slurry. 8. A nethod
according to Claim1 wherein said gaugd3pressure of said first magnitude
is applied on said slurry for a first period of tinme, and said gauge 10
pressure of said second magnitude is applied on said slurry for a second
period of tinmemdesh is different fromsaid first period of time. 9. A
met hod according to Aaim7 further including a step (f) of subsequently
appl yi ng gauge pressure of a third magnitude, which is different fromsaid
gauge pressur i t iRt hod
accordi ng??o aﬁir%mf %crct%ﬁfeﬁr%l?%gj}%g} Agd%ngﬁgbémg%%?b%%qélcﬁn%%h@ rate of
fl ow of said | ceptoar afia lowfer ed of sakdhpibion menabes & cortaspendiggneraliydblan uppet. 11.
A net hod accordi Gaim9 further including a step (h) of varying the
magni t ude of gﬁ?fag pogégléiﬁté I%I’ppl ied on said slurry in response to the rate
of flow of said liquid out of said chanber via said |iquid perneabl e end.
20 12. A nethod according to Claim1l wherein said gauge pressure is applied
by a psstof 13Arertiex. actardidg e Ciiaich a&muwrngcludmg:l abep 7)) dliptebsing isaidl udi ng
a step (i) of formng otourg (g{)ower e sai d pi ston menber to
correspond genB‘rSEﬂni‘S} n ereﬂ‘i‘sﬁ ayers ahsadfi red’F’Sé‘éll Eﬂ PirRieablesnd., - A et hod
according to Caim13 further including a step (j) of pressing said piston
menber on said |ayers of said fibre on said liquid perneable end. 15. A
met hod ac¢®r di Agmiethod @icotding tor Chih 1 ardthediingluding taestef k) of pry-eettigt theng t he
magni t ude of the gaudgequressure to be ap Ileg on sald slurry, 16. A nethod
accordi ng to CITRghtude; }t‘%%ﬁugFﬁEqsﬂHFngb"aa@thé op $3id §hurkys o- set ting the tine

16. A method according to Claim 1 further including a step (1) of pre-setting the time
10 for which the gauge pressure is to be applied on said slurry.

17. A method according, to Claim 1 further including a step (m) of applying a suction
force from below said liquid permeable end to draw at least part of said liquid in

said slurry out of said chamber via said liquid permeable end.

18.  An apparatus for forming pulp-moulded products, including a container for

15 containing a slurry of a fibre and a liquid, said container having at least one liquid
permeable end, and means for applying a positive gauge pressure on said slurry in

said container to force at least part of said liquid in said slurry out of said chamber

via said liquid permeable end, and thereby to form layers of said fibre on said

liquid permeable end.

20 19 An apparatus according to Claim 18 further including a conduit adapted to be

connected to a source of compressed gas.

20.  An apparatus according to Claim 19 wherein said gas is air.



10 for which the gauge pressure is to be applied on said slurry. 17. A

nmet hod according, to Claiml further including a step (m of applying a
suction force frombelow said liquid perneable end to draw at | east part
of said liquid in said slurry out of said chanber via said liquid
perneabl e end. 18. An apparatus for forldi ng pul p- noul ded products,
including a container for 15 containing a slurry of a fibre and a |iquid,
sai d container having at |east one |liquid Eerneable end, and neans for

appl yi ng al.posiAni appargtug ecqordisg e Clgim S\ whetetnr £31d j gauge iressegnisadhose I o
force at Ieastk§§ t, of said liquid in said slurry out of said chanber via
said liquid pernmeable end, and thereby to formlayers of said fibre on said
| i quid pernmeable end. 20 19. An apparatus according to Claim 18 further
including a conduit adapted to be connected to a source of conpressed gas.
20. An app2r at da appemtusiaccording@p &llaim1 B whereini saidslaquid germeablezind inddde3®.  An
appar atus according to,Claim 18 wherein said gauge pressure is above |

kg/ cnR. 22. Anpgﬁﬁgpg?ﬁ§raccording to Claim18 wherein said liquid
perneabl e end includes a porous nmenber 5 23. An apparatus according to
Claim 22 wherein said porous nenber includes a nesh. 24. An apparatus
accor ds ng28.0 CAai apphfatud ecairding ao dClpine 22uwberaimpbaid pgromamember inetiglps ed t 0
apply gauge pressure of a first magnitude on said slurry and to

subsequent |y aBEF? gauge pressure of a second nagnitude, which is different
from 10 said gauge pressure of said first magnitude onto said slurry. 25.
An apparatus according to Claim24 wherein said pressure applying neans is
adapt ed to4applan gipagtuPacdeding toiClsiai d§fwihicséinrsaghpieysiee faplyingf meadis fyer i od
of time, and to aePIy gauge pressure of s%id secqond magnitude for a second

period of ti meadapted to apply gauge pressure of a first magnitude on” said slurry and to
subsequently apply gauge pressure of a second magnitude, which is different from

10 said gauge pressure of said first magnitude onto said slurry.

25.  An apparatus according to Claim 24 wherein said pressure applying means is
adapted to apply gauge pressure of said first magnitude for a first period of time,
and to apply gauge pressure of said second magnitude for a second period of time

which is different from said first period of time.

15 26.  An apparatus according to Claim 24 wherein said pressure applying means is
adapted to subsequently apply gauge pressure of a third magnitude, which is

different from said pressure of said second magnitude.

27 An apparatus according to Claim 18 further including means for detecting the rate

of flow of said liquid out of said chamber via said liquid permeable end.

20 28.  An apparatus according to Claim 27 further including means for varying the
magnitude of gauge pressure applied on said slurry in response to the rate of flow
of said liquid out of said chamber via said liquid permeable end detected by said

detecting means.



which is different fromsaid first period of tinme. 15 26. An appar at us
according to Claim24 wherein said pressure applying neans is adapted to
subsequent|ly apply gauge pressure of a third nagnitude, which is different
fromsaid pressure of said second nagnitude. 27 An apparatus according to
Claim18 further including neans for ddbecting the rate of flow of said

|l iquid out of said chanber via said |iquid perneable end. 20 28. An
apparatus according to Caim27 further including means for varying the
magni t ude28f gawgeppratisseeardimgo Claimol8 fther intluding aipisterssose to the rate
of flow of said liquid out of said chanber via said |iquid perneable end
detected by said detecting neans. 15 29. An apparatus according to Claim
18 furthegqincl [ aim
29 wherel?l theAglgé our oé&gﬁ%ﬁ@g‘% %&%ﬁgaqu?@%ﬁs%enwgce@rgréeﬁsgnds
general |y to apistppeembartoogspanfls geriethlhrtbianlupper3bntoAnobgapdarticles accor di ng
to daim30 wherein said piston nenber is novable to 5 press on said

| ayers of said fibre on said |iquid perneable end. 32. An apparatus
accordi ng o d o S nf rom
bel ow sal I i qtﬁ‘?1 diBﬁéfatﬁsn%{cg%%mngﬁ av(\)/ %’P&Feasw 5 e rﬂgﬁlbgr g Wqﬁg‘gag’uled

said slurry optesobn s#id thyetsofizeid ﬁbraoﬁamdhkluﬂlpedna&ﬂemabl e end. 33. A

met hod of form ng a pul p-nmoul ded article substantially as herein described
and 10 with reference to Figs, 3, 4B, and 6 to 10 of the acconpanying

draw ngs. ,34. An apparatus for f noul de ucts s bst ntially
as herein> eschlnt?é’%gr gﬁcfc\cf\ﬁ’rfi}?grtg?:g?lghg%ﬁ‘tchﬁﬂ%@emﬁ%g@p?%ﬂ% aéuf MG t he
acconpanyi ng dfiaw B&6w said liquid permeable end to draw at least part of said liquid in said

slurry out of said chamber via said liquid permeable end.

33. A method of forming a pulp-moulded article substantially as herein described and
10 with reference to Figs, 3, 4B, and 6 to 10 of the accompanying drawings.

34.  An apparatus for forming pulp-moulded products substantially as herein described

and with reference to Figs. 3, 4B, and 6 to 10 of the accompanying drawings.




