; CDEFe3e T ||} | 6TTMETHOD TO FORM A HI GH STRENGTH MOULDED PRODUCT
Background of the Invention 1. Field of the Invention The present invention
rel ates generally to a high strength noul ded product such 5 as, for
exanple, a pallet or a piece of furniture. Mirre particularly, the present
invention relates to a nethod to forma high strength noul ded product from
a noul dabl e conpaosjtion. 2. Description of the Related Art Conventionally,
nost products ar eVIFIRARTOITQRM A Do SXIRENG TN IEIED PREDUET 10 oi |

m nerals, wood or netal. However, with increasing environnental awareness,
the trend is towards reusing, and recycl| pr oducgts to conserve natural
resources and to m nim se L AMVeRUDHonnental |y friendly
alternative to reusing and recycling products that is attracting nuch
research ﬁnﬁg&ﬁ%& iélthefuse of agricultural and horticultural waste as a
raw 15 material. e’Bﬁ?é%?ive of such research is to find a substitute for
conventional raw materials such as wood, netal, plastic, wood-chips,

parti cl e- boar dThe gfreseft @k entidnOrelaeal g'eﬁeraﬂ%ﬂ@o g aagls sedngiPiloaldell predusdichn and
natural resource conservation. Accordingly, a nunber of nethods for,

nmanuf aét ulhfgr eFmried paristoce piege phrnors. WMeredartigylarlyythe presentaifyention
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Envi r onnerbabostgéshinol ogy Limted Hong Kong (HK) discloses a degradable
material for the production of, anobngst other things, construction
materi al s, handrails for staircases, door planks, floor boards and

f ur ni t ur e Zrddeseriptien ofithe Relafeddd®l e naterial conprises horticul tural and
agricultural 25 waste as a base ingredient, and an adhesi ve agent. The base
ingredient is i ndi p [ ' ' [ unt i |
the pl ant 1 br Sotaaeaa B hARPE Rarhay HOnEnfbiF OB EINE, L0
20 nedhes oilf hdherals, waod ioe nectiiavilogeapewithriegesing bodtontheBfil hwareneds| theet r es
(mm in size aor snaller. The degradable material is prepared by adding the
adhesi ve &§afis tawards mepsing and, reeyeing prodycis go (sonsesve Ratula JEsquEtFs slidel®t  and
m xi ng the.res 1 e at a speed of 200 to 600 revol utions per

m nut e (rg%g ég%&gggg%k%%&%inutes (mn). The 5 tenperature of the resultant
m xture is then raised to 80 to 100 C for another 5 to 20 min for fiuther

m xi ng. The dedimdcatloamentally ifaéndy aft@nabe tohremsifd end eswtlingniroductd thaeis s
subsequent|ly cool ed to roomtenperature. Because the plant fibres making up
the base PHEGCERE BWeh &seareh ipterggt 1s thejuse ghaggisatusal gndhortigpBypl wastipasraps

requi rl‘?d tn?atél‘ia\f.e 'f'likeolgﬁéﬂ\ge&jf chﬂ%géardht R oS 3 stu st treef?)gtcgnve-ﬁlﬁgn Srpawl 0 of
a large quantity of adhesive agent 1 ncreases nmanuracturing cost. [t is also
mor e cost Inyatérinluisiechf dsneood, iddtals phisti€; ongualrdidps, pateirs@rds iebteera, feurchlier , t he

addi tional step of heating,the degradable material to 80 to 100 C for
further mths 882l5 R, waste Jmimsation and Fgtusd stesepee ICORIYRERE. t NecPRBEls & ng
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and horticultural waste and mouldable compositions for use in such methods have been

20  disclosed.

European Patent Publication No. 1176174 filed by CS Environmental Technology

Limited Hong Kong (HK) discloses a degradable material for the production of, amongst

other things, construction materials, handrails for staircases, door planks, floor boards and
furniture materials. The degradable material comprises horticultural and agricultural

25  waste as a base ingredient, and an adhesive agent. The base ingredient is prepared by
grinding plant fibres in a crushing machine until the plant fibres are sufficiently fine to

pass through a sieve of at least 20 meshes, that is, a sieve having apertures of about 0.80




Thi am Huay, Gary, discloses the use of plant fibres for the manufacture of
a noul ded product such as a tabletop, a partition or a golf tee. The

noul ded product is fornmed froma noul ding m xture conprising 40 to 60
percentage by weight (wt % of a plant fibre with up to 10 wt % of starch,
10 to 55 wt % of water and 3 to 10 wt % of a water-soluble 20 adhesive. The
moul di ng mikimEteesi(@nanlkied ot thallea moul d and subjected to a tenperature
between 15 to 60 C and a pressure in a range of 1000 to 7000 pounds per
square inch (psi) for a period of tinme before reducing the pressure to
prevent an expli¥§i Q?Efad@%pé?aéﬁlﬂﬁlelsarﬁﬁepﬁf@sbﬁr adding the badbgeientaggnt, ndr eased

b o . I. i R
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amount of spaidest 260 asdded rewlitun fdpanimnte Ghiny 67 20 U6 640 inheitd¥insih)r heont ent
of the moulding mxture is rather high. Consequently, a Iargeécluantity of
r

noi st ufe IPRAFREEOTIhe rasaltant mixmia igithey pised st toj 19 EHer mpthesd tpRBsrinre in
t he noul di ] .. duri Si .wWhieh iR tyurngincreases.t.he risk of
the moul Geao g Wi " L0 BERERRS Hiftrial b Rl s BSLABRERAAIE ' o0

t he sudderubsli@asly cobled v Rmpdedirti onal |y, a high noi sture content may
dilute the adhesive to an extent where the adhesive is no |onger effective
as a binder to _bind the plant fibres. No noul ded 5 product can be forned
under such ci r Geqaisg thegdant Abwesaakipg yp thedresaerediont i spdimedelargs BEnily

di scl osed r I : [ | . : 80 s that it
i's not vvatolg E?lﬁégéﬁ%sa%g]rrlﬂlggﬁd&n{gﬁtg% 8?@@%0@?‘%{1 %@?‘é‘é \ (élgi%é% %?ﬂ glélltle Wt h

li qui do Hexfiadargaddirdtitp oAahdHesive agé&it iecrédsePmanifasranhg ogst.t Itds ARG Inted cautRduct
with a water-resistant material and letting the water-resistant coating 1o
dry are rdQussfaner fipprsas compred bhegarsst Epgsadd to the cost of producing the
noul ded product and | engthen the tinme required for each production cycle.
Further, it is i t . r i ikng the
moul ding procetstag? IRSHfaf Qo Bf eoliE ot REAESLAGAGTREL SO UL FofHY 1

m xture t duslidraninirg ideehses dndmmifear-higwost andleyithend the ppreesess ting fbesgulr at ur e
woul d | engt hen the processing tinme for 15 each production cycle

signifi carPf‘P‘ﬁ‘."u@ € et hods and noul dabl e conpositions are directed
towards the manufacture of noul ded products such as tabl eware, containers
and pagkagi ng i@l ' ® L ORdrhy i t g are
there?1 gre not ?gﬁ g{lﬂ[l)g %t%{bgﬁg?g{l%g%l)? ?@%Hrt]l'g) ﬁs??’e&ésg%g(?%@ %ige@f g?l(%{rbg. 20

I n vi ew ofThidne HuayeGaryndiscioses thedssiof gidne fibpeshifoy ehampmtfacdrd of & atculdedhi gh
strength nou| ded Er oduct from wooed waste, agricultural and/or_horticultural

wast et hatPreict $i58 28 Aiakletapy: aparidan ok 28e01f iisd The sraidnderadiss isformedfomr e a
further c L.0g:.Qf r i i i S esi ave a
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desirable to have_a nmethod to forma high streng{ég nmoul ded product
econort? calPfiesiigd The modldugmixiygg it prwRd éate (agneylfend subjedgdimp jerpperatyes
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forma high strength nou pro a noul dabl’ e *conposi tiron.
shoul d be (pgiprfeciaapedbd dttime before reducing the pressure to prevent an explosion.

Temperature and pressure are subsequently increased to between 100 to 200°C and
between 500 to 1500 psi, respectively, prior to removing the moulded product from the

25  mould.

Because a significant amount of water is added to form the moulding mixture, the
moisture content of the moulding mixture is rather high. Consequently, a large quantity
of moisture vaporises during the moulding process, increasing the pressure in the

moulding mixture during processing, which in turn increases the risk of the moulded




the present invention can be inplenmented in nunerous ways, including as a
process, an 5 apparatus, a system a device or a nethod. Several inventive
enbodi ments of the present invention are descri bed bel ow. One enbodi nent of
t he present invention provides a nethod to forma high strength noul ded
product. The method begins by preparing a noul dabl e conposition. The

noul dabl e peadiied Slelan@fatih@nwhes abe REIME S poRdd bethub® ofAh¥tsuldd rdedsé ite

m xture |0 and between about 15 to 45 wt % of an adhesive. A nould cavity

i s | oaded PF#SE®©Ct he noul dabl e conposition up to about 90 % of the capacity
of the mould cavity before applying a packing pressure of between about 435
to 870 psi to the:k , it edet erm ned .cl ear ance. of

bet ween about dﬂ%mﬁgﬁbﬂgpﬁﬁP%gﬁﬁﬁﬁﬁ%gﬁﬁggégeﬂ&%g%eg e???ﬁoﬁgﬁ %mggP?f
defining tthe adigive i aioi Toyig@nelfeatite a®Acthinde @ Hiad the plagt fibref0 Wl athupfeaduct
is removed fromthe nmould cavity when the noul dabl e conposition is
substaﬁtiéﬁ@?wbﬁméﬁﬁbﬂﬁ%i%%@é@ﬂ%@ﬂp@ﬂ§W@ﬁérabIy applied for a period of

bet ween about 20 to 60 s. Preferably, the first nmould part and the second
noul d part are i i: a X t. 110 to9 180C.
Mor e preferablfgﬁﬁﬁ%q*%@g?ﬁ%%h?%&%gﬁgﬁﬁgig 9%%?ﬁ%ﬁﬁ%@dﬁg@M%?%éﬁﬁéﬁﬁﬁﬁre of

about 20 Qgplightéyn NWNPETISIRPIEOERON & @lhat S RC N GhotOWAter-Raistant HAEG HepFbRNCE
between the first nmpuld part and the second noul d fart is preferably

i ncr eased disintggaies Whon dinmcomtact witle ligwid) diasice additisnal proesssing steps of comingur ed.

25 The no IS . o) desjred.thickness and
2 surt ace s EEpREE ke 7Pk Sl A tark AIRE BTG ren B3I B SORHRR

cl ear ance doptrerequitetie Thesesdddimduhickt@Rraid anthelcbs: oTpeIIdingE Moilided ploduiet ween
about 0.05 to 0.3 nmfor between about 15 to 60 s. 4 Preferably, the

noul dabl e 38 iEsgdien tstimarqayired fossachpreduativasyelbout 40 wt % of an addi ti ve.
The additive may be one of a group consisting of a hardener, a flow
pronoter and apgpyldis; t. Pref . i t f the
noul dabl e conposi tllng}lt llgé egcst?otgﬁ%nvaé%gﬁt&é%%x%wdeﬁ%@ﬁ 8§ %@?ﬁlg%g

noi st ure @osteenis Dftakeha whild falthe nwatdhas theanoilgatde nieRre Rbatain 4 desirel5 % A
noi sture content of the fibre mxture is preferably | ess than about 15 %

The fi br e HRIHPES; YAing Hs|pjocessing farperaiuns| wowld lengthen the prosessingdEme &t t he
pl urali.ty ' I, 14 | th of up to about 50 nmm and a thickness of
up tolgboggﬁﬁ&%ggﬁ%ngégg%Pgb each of the plurality of fibres is of a

|l ength to a thickness ratio of between |0 about 2:1 to 25:1. The fibre

m Xt ure pref er @thst hethbdsdes edligde cahpositidnstate Ficectdd tYwaids ahgmbanfbethref | bre.

Preferably, the fibre m xture includes one of a group consisting of oi

pal m fi br & ,m%@knd %qﬁtqts WGP a5 Eablravase qentapner angk packaging mafepahgm% dRynefgent
and an i : LEL el . I I f . r S i si n.
Mor e prepggggfggg?ﬁgﬁg ﬁ%@?&%ﬁﬁgﬁi 5ﬁﬁgﬁ%§:§%§?%¥w€$e %P&%ﬂﬁ%ﬁiﬁgﬁg hesi ve
i ncl udes mebatu falureThe adhesi ve may be one of a group consisting of

mel am ne formal dehyde and nel am ne urea formal dehyde. The noul dabl e

conposition is preferabl repar ed wei ghi ng each component
P 20 1?1 vel'ew o??heyfo?egoglg, 1et 18 ggsirable o] hage a method tgpform a high strength

moulded product from wood waste, agricultural and/or horticultural waste that is
inherently water-resistant and therefore does not require a further coating of water-
resistant material. It is also desirable to have a method to form a high strength moulded
product that does not require substantial variations in processing temperature.
25  Additionally, it is desirable to have a method to form a high strength moulded product

economically and in a short production cycle time.




of the noul dabl e conposition individually before conbi ni ng each conponent
of the 20 noul dabl e conposition in a mxer to forma substantially
honogeneous and wel | - coat ed noul dabl e conposition. Preferably, each |iquid
conponent of the noul dabl e conposition is conbined in a second m xer to
forma liquid mxture, which is preferably sprayed into the m xer. The

m xer is preferably operated at a rotor speed of about 29 rpm 25 In

anot her enbodi ment of the i ndaunmary af the aven@ohor m a moul ded product is
provi ded. The nethod begins by |oading a cavity of a nould with a noul dabl e

conposition conprising between_gbout 40 to, 60 W% of a fibhre m xtuyre and
bet veen about 1Be(esEt {veRean SIS duvediesds brREnG vgtayﬂaegwac} of'é]an&p 8 about

90% of t heycamaniduyded prbdift GioUl Bﬁnou_f(i]a%[@@&ﬁ sitichhere SRt e vé _%p]fl@&iﬁt’é@ttﬁg SO as
to apply a packing pressure in the 5 range 435 to 870 psi to the

nmoul dabl e tlcopgessit inventidh eareberimplementsd ir eumenpos ways nhcliiding e viptewss, ihe

noi sture vapour vent IS responsive to pressure in thﬁ@g{)ul dabtltgsco gQsition

and sef t GPRATRIVS-FSYACHYy ad8YIES RY ABIFRAIntISSFrabVARSIVSI RO dYREELPT BE RIS and

t her eby pr i Qsition, whereby to produce a noul ded product
having 5 ;lnlf‘%ggathg?ﬂr%rar?ge%ﬁﬁgﬁgpty and strength. The noul ded product is renoved
fromthe nmould cavity when the noul dabl e conposition is substantially
cured. Preferalflne, etmbaliment of theppeeénd advényiomgirotiden iz ngethod Ite domam @ehight ween

respective parts of  the ul d_.adj acent the noul dable co ition. .The vent

may be te i C i I i t to
P : ST mapldsdoprade %&Mlﬁ@tﬁ%ﬁrﬁaaﬁ by TEHBS A PO RNe CREPRYHPY

tenpor ari e Rh&EHEHle E&hg@s%)rpéorﬁﬁié&f? btk faU&Rgli@rtof@F whto ﬂ)ﬁ&' EbRY Aied

period. The noil sture vapour content is preferably controlled to generate
bubbl ds ofand hetwmpaibout 15 tdd5 miutdedreadiesipasiA enldpavityhie dedsigd priddthee a
porous noul d roduct . of predeterm ensity.. Ot her as ts.a

advant ageén%’igf’tb C?rﬁﬂ%ﬁlﬂqlbﬁp\)iﬁ’l 0 n@g% Ogdg%r“« 1ty rogr?{‘? F\‘E’p“i% C?VdWFg?XPWg
detail ed desiErionti fRkideRkRAxl SOBEMWREL | BB fohR76CEOMRAME RbuffaBld NOS,
illustrati ﬁg%fpmg%&ggiar%}re the pri ncalmg}les of the icélé\?enti on. él . Bri ef
Descri pt i eompbsitine Br preileigsifidibclparas@nd{ batweamt dbont Ovlltb Obfermme édinhiptained
understood by the _follow,ng detail eq descriptjon in conjunction with the
acconpany iPRY R ARy mou Pt Jofining g‘etrﬁf"éldd@?&‘ Apd opeeopq w“ﬁiPw-erﬁ@

nuner glss desianRbBald {2 ity Bk B Bodidhle LohbOBHGIE ¢

il ustalrsati ngla rt%ﬁ%délifge?%{‘}ggare gheelrrjgﬁ‘lmga@bdﬁléy g’gﬁp%t?on llﬁlf’:l gckordlance W th
one enbodisnestintiafly ichedprdsgntssum\ie ptifanblyfapplicdefo? al periad fof betwaleambout 20
illustrati ng a method to prepare a fibre mxture in accordance with one
embodi mentt® 8P 5t he present invention. Figure 3 illustrates a press to forma
nmoul ded product in accordance with one 1o enbodi ment of the present

i nvention. Fi giheredniy s iERUESA Daf " ©E LedtingWniild pafstk dn&iftided ANd a
nmoul d pl unger gﬁﬁeﬁg}{’he Flormatl o?i) of a m)uie%?élg prod&’ct I n accordance with
one enboditeepdraimfe bhbetween about 110 to 180°C. More preferably, the first mould part is

20  maintained at a témperature of about 20 °C higher than a temperature of second mould

part.

The clearance between the first mould part and the second mould part is
preferably increased to about 10 mm when the mouldable composition is about 90 %

cured.

25 The moulded product is preferably compressed to a desired thickness and a
surface of the moulded product is preferably ironed by reducing the clearance between the
first mould part and the second mould part to between about 0.05 to 0.3 mm for between
about 15 to 60 s.




present invention. Figure 5A illustrates a cross-sectional view of an
ej ection nmechanismat rest in 15 accordance with enbodi nent of the present

invention. Figure 5B illustrates a cross-sectional view of an ejection
mechani smin operation in accordance with enbodi mrent of the present
invention. Figure 6 is a flow chart illustrating a nethod to form a noul ded

roduct in acc j ot i : i @ 0 7
p PLLBAEE), }'Het oﬂﬁ?ol? @&ﬂggmé&r}%ggfudwﬁot%%% (hjﬁb\ﬁ? ab RN, o0

Det ai | ed Description’o e Preferr Iments A nethod to forma high
st rengt h moudddédrepr PHectlditivoermay beulrdadi @ gouposisisting dfsa peckeneed. fléwm t he
foll owi ng descri pt.i on, Burierous specific details are set forth in order to
provi de ap{f%?%{r&ﬁlﬁﬁﬁ‘él Lpi5Hiage tof the present invention. It will be
understood, 5 however, to one skilled in the art, that the present
invention may Be.REGL L $RfAstMelddatsht SONE nRfuldble Pmpolfog iSRECHhbA GbslRboI | S.
In other instances, well known process operations have not been descri bed
in detail %.nMoreprefergilytaomoishee emsentiof theahsuldabde ¢diepgsitendn betiweom altdudbrt. The

moul dabl e ¢ sitian conprises. between about 40.to 60 percentage by 10
wei ght (wio 9§ Jor A JqiBFee oRioRE of he BhtF BB SPrEBEIY 165 B A0S Shof * an
adhesi ve. The noul dabl e conposition may include not nore than about 40 wt %

of an addi tive.ThEhréRiigiuy greﬁ'e‘?z{btlﬁ BbmBises heplaRUtydst e QUBPSE the Phurk Bt

preferably | ess than about 20% nobre preferably between about 4'to 15 % A
hi gher noioftfires lpymgeniendit of ep te labow difcmnt amt & dickdess b€ upndd@bdwte? inm.t he

noul dabl e _co ition. nce, ..a | er.processing 15 .tinme is required to
cure a mﬁf‘afg}ég ’Eﬁ%p%{_h‘?ilgwawyt ﬁ&@%é”f"ﬁ%? g’%ﬁﬂ?‘_ﬁ’ﬁfs. ra?_zarc{?ﬁ)gi;xyeeinn
keepi ng t hgow): 514551 C 7Rt Bte MixtirB prdBidbHaRISISHERASLIbOR 3 @ J0B%E%IdFan
about 20% the need for a further post clring process to renove noisture

from t he mpalnh dddiifpeoRreterabdy, ghe fibng nfixmepumchpdeswone pE adooe eamsisting wh 0i1lBy
mnimsin he.. nunper of processing steps, .the noul ded product, may be

D oduced U g pett Sttt SHERERED T S B titetor SOHRLER B BEgR 1200 A rippasls

nmoi sture igydipgerent in the fibre m xture and possibly in the adhesive and
additive as well, addition of water is not required. The noi sture content
of the fibre mxture is preferably |ess than about 15% Rather, the

moi st ur e cont erftheafihesires ispedferablye thompsstting ossimelotrepretedible dhdydhasive isg

bet ween about .10 to 20 wt % of a co-solvent with 25 a | ower boiling point
than wat el SURGTFE f o exanpl e, al cohol. The fibre nixture may conprise
wood waste from buil ding construction, used furniture, used wooden pallets

and sawdust, angéfefabBgiiccadhbsi@incRiads BRlaklifs!! The Alhe¥iRs iy HethedF a ghdllp

exanpl e, | eaves, stens and branches. Fibres from wood waste and 8
consisting of melamine formaldehyde and melamine urea formaldehyde.

The mouldable composition is preferably prepared by weighing each component

of the mouldable composition individually before combining each component of the

20  mouldable composition in a mixer to form a substantially homogeneous and well-coated

mouldable composition.  Preferably, each liquid component of the mouldable

composition is combined in a second mixer to form a liquid mixture, which is preferably

sprayed into the mixer. The mixer is preferably operated at a rotor speed of about 29

rpm.

25 In another embodiment of the invention, a method to form a moulded product is
provided. The method begins by loading a cavity of a mould with a mouldable
composition comprising between about 40 to 60 wt% of a fibre mixture and between
about 15 to 45 wt% of an adhesive. The cavity is loaded up to about 90% of the capacity

of the cavity. Thereafter, the mould is activated so as to apply a packing pressure in the

5




agricultural and horticultural waste are readily available at a | ow cost
and gi ve good acoustic and thermal insulation properties to the noul ded
product. In addition, such fibres also confer stiffness to the noul ded
product, nmaking it resistant to deformati on when subjected to stresses. 5
Fibres with a length of up to about 50 mllinetre (mm, a thickness of up
to about Zadp® @5Ckoa870609 td tHeOmbili e @eMpb@tibP tiRfeiRe WBBRNAD upoud vint R 25: 1
are preferred. Because the noul ded product derives its strength fromthe
fibre, andreidded hellwomekistyrep vepdud etenbyis t teepandivesiov gressuie instheofmogldableger
fibre is prefenfed quatthoqﬂh | on E fibres rov'de.%gss surface area for
bondi ng. ASEBPHIRYAT S& BARIYIEG » Rraifiarnincgreogiibed pisiule YaRpyr ferie 10

| onger fi ik@gbyahfesélF€dnithe tcbﬁlpﬂgﬁbﬂa@h&egpﬁm}%ddc% 381088 §io AR Wavingt 0 30
w %of an oil palmfibre may be included in'the fibre m xture to incCrease
t he el dst ipe¢dejermingddlensity andystodngthh e The ulcsbttdprodiet is remeivied dromh thenmatiided
product less. brjttl]e. er, a higher _content of oil palmfibre may
reduce théam‘é(h‘at‘nl]?ea'?"'ﬁ?‘%ywmp(&’é‘&‘)ﬁﬂ%%@é&an%@ﬂ’diuredpm mfibres are generally
smaller in size, typically 15 having a |l ength of up to about 50 mm and a
thickness of betyeeBlRIVed- i3 prévided By rERemitisd cleardnbE beR Tpb@e0f O |
palmfibre in the fibre mxture may be varied according to the desired
propert i epats of ee moulddediagenbtheonouldiide sdapositen. oThe iventpakyrbt itémporaglyal so

preferred becau il palmfibre has |l.ow npisiure content and contai

Pl on . cwireiars oy fe s tiissspag iRp dh hERe i sEbaetly Ve i den
subj eciped rh@IstRFSmpbicior 4 BRdelelmpad gﬁfl&pr e may be obtained fromvarious

parts of an oil pal msuch as, for exanple, the trunk, fronds and fruit.

These parts of the oil palmare usually junked. Hence, the present
i nvention provildesmeistuss vanour centert inaselarpbhasantiodedin gericsase dubbleoafthst al

I Tuti i nNci i f il I f '
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various sipt@Rterided@egdityl ess preferred, alternatives, such as, for exanple,
beer malt and sugarcane pulp or a chem cal such as a plasticizer, a

t ougheni ng agent or an inpact 9 nodi fier, may be enployed in place of oi
pal m fibres to Qthgir eipects mad adventagesyofathe invention oyvillybespmeharpatsnt dieen Breoduct .
The adhesi LS. preferably.-a th setting resin,such as, for e | e, an
am no PesiiowReRlsEh Rt TR bt bin HE ool A HES

pol yi m de jllgdtlatiE@BE wa oPSkangflé e priacplRAIF YRS i@I&HHo8, or a furan. Mre
preferably, the adhesive is an am no resin because such resins blend well
with the fibre mxture to forma honbgeneous mixture and result in the
formation of a noul ded product that is resistant to heat, stress and

chem cals. Amno resins are thernosetting plastic materials that are
produced by reacting a conpound bearing an am no group (-NHZ) such as
ani |l ine, ethylene urea, guanam nes, nelam nes, 1o sul phonam de, thiourea
and urea with a formal dehyde. Preferably, the adhesive contains nel am ne,
whi ch confers durability, as well as heat and water resistance, to the

noul ded product. Exanples of nel am ne contai ni ng adhesi ves incl ude nel am ne
f or mal dehyde and nel am ne urea fornal dehyde. A noul ded product fornmed with
mel am ne urea formal dehyde w Il have an al nost negligible anount 15 of

f or mal dehyde because during the noul ding process, alnost all the

formal dehyde in the am no resin vaporises, |eaving a negligible quantity of
f ormal dehyde in the noul ded product. Accordingly, the free fornmal dehyde

em ssion fromsuch a noul ded product is mnimal and will therefore not pose
a health threat. The additive may include between about 0.1 to 0.4 wt % of
a hardener such as 20 anmoni um chl oride to accelerate the curing process of
t he adhesi ve, between about 6 to 18 wt % of a flow pronbter such as tapioca
flour to enhance the flow of the noul dabl e conposition and between about
0.2to 0.9 w %of a nould rel ease agent, preferably, soy lecithin, to
assist in the renoval of the noul ded product froma nmould. Soy lecithinis
a preferred nould rel ease agent because it is plant-based, 25 renewabl e,

bi odegradabl e, does not contain any toxic additive and will not rel ease any
toxi c vapours during noulding. Tables | A, 1B and 1C il lustrate exanpl es of
noul dabl e conpositions that nmaybe used to forma pallet in accordance with
one enbodi ment of the present invention. 10 Table | A (all amounts in w
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Exanpl e 1Exanpl e 2Exanpl e 3Exanpl e 4Pl ant Fi bre53. 244. 146. 249. 9Ta iota
Fl our 8. 78. 69. 58. 2Mel am ne Urea Fornal deh de34. 844. 741. 639. OAnmDni um
Chl ori de0. 70. 90. 80.8So a Extract0.91.71.92. 1l mact Mdifierl.70.00.00.0
Table 1B (all anpbunts in w % Exanple 5Exanpl e 6Exanpl e 7Pl ant
Fi bre50. 05L752. 0Ta i ota Fl our 8. 68. 99. 3Mel am ne Urea Fornal deh
de38. 537. 737. 1Ammoni um Chl or.i eO 80 80. 7So a Extract2 10. 90. 91 xn act

: g 1oy 18/ e 8Exanpl e

Modi fier0.00.00.0 Tabl e 1&H4IE h gl
9Pl ant Agri cul tural and/or Hortl cuI tur al V\ast e47 847. 4Fi breG | Pal m

Fi bre2.14. 6Ta i t FI 82 E d 037. 1 A i
i or 1 de0. 80, 73PN AR s, Billnhc oo Fiogpbog. B, OF Tonipecdgar
illustrat Qﬁes@?@ﬁﬁ' 8s d@h m&&rdabm ©8 "R idphRfSg t MakidmBYy beo Uﬁ@lﬁtgﬁ@ tm,r m a

tray in accordance wlth one enbodi nent of the present invention. Tabl e
2 (al | anwigsaription, like rofieranea mpmeralsofsignate ik stegduralielements. Fl our 11. 4NEI ani ne
Ur ea For mal deh de22. 9Ammn| um ChI oride0.5So a Extractl. 1l npact Moddifier0.0

Tabl e illustr exa dahl e osi tions t be.used to
form sa 11 overBein: AaRr shalb U B BRERor whir? apd iRl TP iyeh

i nvent i on.in 3éddk@nde @&h'on@@ﬁh‘ﬁ@&ﬁwhﬂo%e%es&i&@r%hﬁoﬂ-l'fxa”m e 12Pl ant

Fi bre68. 070. 2Ta iota Flourl 2.2 2. 5Mel am ne Urea For mal deh

del 8. 215. 7Amoni um Chl ori de0. 40. 3So a Extractl. 21. 3l npact Mdifier0.00.0
Figure 1 is a fFigWechdsta flopusharailiustatingret methiod do trycpare afibreamiggiiiediiol e 1o
conposi ti t he present invention. The
noul dabl eod(g%d&g%lgc:é&ﬁg%ﬁ{ége&b\ﬁd}sng%n?ggthgﬁ%ghﬁoéﬁ%%er centage weight (wt % of
a fibre mxture, about 15 to 45 w % of nel am ne urea fornmal dehyde, about
0.1to 0.4 w %g.fre Snitiusirates a hpresi td eform otoukled Prddhcivin Yecotddna@imathaortd our
and about 0.2 to g % of, soy |lecithin. 15 Method 10 begins by wei ghi ng
12 eacf ofen’thﬁ’éﬂ%%ﬁ e mpresegifiny@dioppul dabl e conposition individual ly using a
gai n-i n-wei ght principle or under vacuum The conponents of the m)ul dabl e
conposition ar oﬁgﬁ)ér e r 300
to 600 seconds%egﬁg%ﬂdg?%egagu nt y%eﬁ ;I()Pﬁgnr%%l)gnéeag& anﬁdé ér

noul dabl e ducinpabe faronatiod 2f a titnddéd producd it accerdasccf witls tona(édeﬂdin@enit bétha xer
and bl ended for about 10 seconds (s) prior to the addition of tapioca
flour. Th&TeSPiiB¥EROPour and the fibre mxture are bl ended for about 20 s.
After which, soy lecithin, followed by nel am ne urea fornal dehyde, and then
anmoni um chI ori t PRELEST of of
about 5 300 s tfgguaﬂ(e:%ﬁgggﬁﬁg{%éie‘%gﬁs%&ﬁﬁla?ﬂ%wn%ﬁ{}pggﬁe&{:gﬁpos| tl on Stl'ﬁld

| i qui di5scormpeordatcs v thodmiaslimelttafiheepreseaninfentionl dehyde and ammoni um chl ori de
may be fed into the m xer by a pneumatic actuator or a vol urretric screw

feeder. In a preferred, enbodi nent, nents. are s ed 16
to the mixer THEE GBI PHBE ArES- R, VML AR S CDaHY 1 SHTEG 16
of the "QHh&o?&HﬁEQG/@tﬂteﬁlHonnﬁ’erﬁBﬁth%%régbffﬁhv&‘ﬁﬁﬁres an even distribution of
the liquid conponents in the noul dabl e conposition. An air operated

di aphragm punp or a spraying nozzle may be used to spray 16 the liquid
conponent s i nt digyre Grisxarflow\shart itlhstrating| 2 atsthedconfiosi aineulded prdsst ior e

han one 1 qui nen
than one accbt gnc%%v ok etnibod1ment of the present invention.
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i quid conponents may be conbined 18 in a second m xer for about 200 s to
forma 15 liquid mxture before spraying 16 into the m xer. The conbi nation
18 of the liquid conmponents may take place concurrently with the

conbi nation 12 of the conponents of the noul dabl e conposition. The use of a
mxer with twin rotor shafts and overl apping paddles is preferred to reduce
the mxing tinme required to achi eve honbgeneity of the noul dabl e

conposi tion 20 and&wﬂed‘ﬂﬁqinﬂigﬁdﬁfm veferréd Enhbodiments The creation
of a fluidising zone reduces friction during m xing and therefore mnim ses
heat generation to _pr.event pyepature curj of  t he noul dabl e conposj tion.
Al 't hough the nitkBethodyo gfgﬂb%éﬂg?@@%h n@ﬂh@%@@@ﬁb@@ﬂéffﬂ%@&k@%@ﬂi@)@ﬁmlo to
200 revol uyt | ek P : hxer at
2 rot or spelie5in Ho Gy eBlergion; SuuliBhe HRNIER doRaRRR @ fork 8 kT 3

t he noul dablpeovdderpothbiough vadestahding edtthg phaeat ddtenttdnghltshigiabe ngddrstoody wi | |
cause the fibres to disintegrate. The m xer nay be provided w’@%lﬁw?#de door s
measur Png IaWergats ong slgled o thenath fhafcthg pressyt Wyventioasmay, Be prack PH wi dth
to all ow ffigi i L e L i t.h
mnimal r gglln uofé a?eﬁ{n}%%%nsgga%g%%?%vi&%?gﬁpgﬁs gl?sgé‘% gi %’8@3@?2&%1?@%&% ows

f or qui ck hans pec bieen deforibbd dh apdinth andbr 9o do antRsSsanln @bsairs tth @raseit ent

of the noul dahl e conposition is preferably | ess than about 20% nore

pr ef er abl yO¥&8HQRen about 4 to 15 % A higher npisture content will cause

t he 5 noul dabl e conposition to have insufficient viscosity to distribute
the shearing f ] xer .t i | I 2 1s
a1 ow chart i 11SaryaiiE Enfolt' @pipats beh HB6R, 471 80 Reteenlied 6y
accor danceveight fwo e ofribfilehc meinturefind bewperestenit 16 ny dfitwtdi .of bk talilbabive0 Hegi ns
when a quantié%&lof wood waste, agricultural or horticulturgl waste is

recei ved imeuldavle comppsitipnapa ige %P@m?reit%ﬂ'ga%@uh@@hﬂwﬁaa diVEr al ity of

pi eces of waste, each piece of waste nmeasuring between about 10 to 80 mMmin
| engt h and bet i i 3 i i of
waste may be si oanoeq ko of oLl Collpopith B PERKIELY I} (R aps

aper t ur es 208@ soore nyefatablyt b @eemabaut di tankest % , Afrigler nasthel cogtenodiletgethet o a

second gri nder for inding. 56 into plJurality of fjbres. The plurality of
fibres, e&CRCq{mplion géﬂlﬁésﬁ%wa tﬂ%mw@&%ngtfaawosltIP% DGfimPi ANGEE RERCASSHI

bet we a : i i TR hersi | a second wre
mesh ﬁgvi Egﬁgalsé?ctu?rgﬁ?? %fa Q%%Héﬁbl% es %ggﬁwlﬁghlgk%\éﬁa%%%mégﬂ ?éri}t'di aneter. The

plurality of fibres is screened 60 for nmetal pieces using a netal detector.
The netal pi ecdsuther in ksepiredhé moistirh eopbatreflthe mowflatile borepodiidotodesstthars  f ed

together with a 20 plurality of oil palmfibres into a third grinder. The
resul tant 2PHr 0% ieReed o3, SiteF GERUCEINE RIS By BEOENAIGIEE FORLEE of up
t o about i o) 2 |1 quwi s he
oo xR Brbdof, 1 BIYERS At rd o Otine o D, ol | B B e 1% ot

aper t ur es mmedsuof pycessingtstds, themionlddid gretvet mapbe poadyhedaatsi logleecept andlar  may

be enpl oyed.to prepare a fihre mxture with the
20~ ashorter production cycle time.

—

As moisture is inherent in the fibre mixture and possibly in the adhesive and
additive as well, addition of water is not required. The moisture content of the fibre
mixture is preferably less than about 15%. Rather, the moisture content of the mouldable
composition may be reduced by adding between about 10 to 20 wt % of a co-solvent with

25  alower boiling point than water, such as, for example, alcohol.

The fibre mixture may comprise wood waste from building construction, used
furniture, used wooden pallets and sawdust, and/or agricultural and horticultural waste

such as, for example, leaves, stems and branches. Fibres from wood waste and




25 desired fibre dinmensions, three separate grinders are preferred to
mnimse material handling and cutter alignnment, and al so to prevent

jamm ng of the grinder. As an alternative to sieving, foreign naterials,
oversi zed particles and big fibres may be renoved manually. 14  The fibre
m xture is then dried 66 to a noisture content of |ess than about 15% The
fibre m xtuf : I NG; er to
ry for botuarrd o8, RREAR kol oft (RIRySPHIICR o Sw R OB LT g
spot | i ght sicowtidrand aherntall omerationl propertied et tHel thohided gindduict. odm taklditisunsugh a

rotary dryer with a heating system casionally, .the fibre m xture may
be redi st OB dgP P%‘lfjélbﬁi‘fgf%ﬁgs i the ma}lﬁegfwwﬁ@ .mﬁa%%&nﬁegla%ﬁ todefpriahins | by e
m xture HeuBRaby aedrekQsdetermne if the desired fibre size, noisture

cont ent anﬁ coﬁ%os!:tl one ag been achieved prior to delivery or to storage

in asilo. The fibre mxture nmay be transported around a manufacturing
plant Wi th a sdilres ¥thadengtly of up Theboi B0 miltimetre(mminy thieknessdfaipead abowm t he

screw conveyor to the, stqrage sil.o i ng an aerome ni cal conveyor. A
press for & lspgthdo thiclhersratio ,9? Bettieen %thﬁecﬁgﬁmraamf@%o%@ﬁﬂi on is
illustrat i I i 1 i ; he
present i g\geeir?? P@E@ 5%@%?%%5 %S Fﬁ@frﬁgﬁggg gibipl)gr’ é@%ﬁ%@?@ﬂﬁﬂ%ﬁ%@ﬁgm ded
product i nhaatlesidertheuyd tfa lmngerefiirods prefitrred feved thopple dager fibree ptovole. leddr ess
100 conprises a fr .a first platen. 10 .a plunger, 106

102 havin d
coupl ed téuga@e%%ﬁqﬁwagﬁw- whesordinglyy & pmallerrpai FiYsas re s dde i ng a
nmoul d ;gavi I ; i | 04, while a second or nale
noul d 1gar tlérygf%ﬁgre %ﬁg&gﬁﬁgﬁk{ﬁbﬁ%ﬁoﬁ§ﬂi s coupled to second pl aten
108. 20 Plunger 106 is to nove nould plunger 113 towards and away from
moul d cavity | BetwSmcahwdt fronl 3 parft of 38 oilayabivefire owaydee invluded dne¢hofibreor e

gui de pins). 114 that co gperate wt onpl enent ar ngat.e recesses 115 in

first noul t 1 i I d*p (& 1 when
Hhixhisf (© 20t T, RPN SR O e g FnBoraete QUp

pl unger 1Qfni1&ed Fo@Re 1AL bAke, B‘T&ﬁ&e{,%q%%iz& fgﬁteﬁt Jﬁﬁﬂ?ﬂ&'nqwre Ra§$&ducé the

pneumati c press or a hydraulic press. use of a hydraulic press is
pr ef er r ed serength obfifeamsuldedprodnctes mil mlmffitess o [generally sthaler on sige,appbalbd, t he

direction, the speed, the dyratigon of pressyre dwell, et cetera be
S0 oss e REED o tenfiont KB B el Hakeaal bape ety P oy P
first |oa i; a nﬁ’;ﬁﬂ (o S 4140 16, EJ?HH} 0 :
capacity g}e&ﬁ%alﬂllg%y’cgl\g}) %Hy 1111‘@11_'_ e ge%%@eﬁ?% %Sﬂ%o\i?\/%]%c m)lfl gﬁgzﬁf{)?;ﬂéﬁl i's

filled is adepdmgentheatesirdicpropericesishomounbied prafuct he noul ded product, that
is, the ratio of the wet weight to the dry wei ght of the noul ded product.

The wet weight of | ded. product is_the yei f th .dab
composi t§ on usdie BTGP TE o PHB Ry S B BT S a8 T AP RO B

moul ded prpsiuGte &&téﬂ?%ﬂ&@oﬁﬂinsq%ﬁrﬂ%lﬁcﬁ?suﬁ%gd Efsﬁﬁ'ﬂéﬁl% AkheindCiriddts alhe
f b etween about 4:1 to I4:1. A shrinkage

conpression ratio is preferably
f act or20of banden twvhefsabjedted togmessarese direction and 1.5% in a | ongitudinal
direction is preferred. First nould part 110 and second nould part 112 are
mai nt ai ned at t enperature of be en, about 110 t 0 by a first
thermal of |- hedtety By i Pt hab Singk B ot Ry o] PARIEFAES 895t em
132, res p%%hﬂn?ﬁ', Yhe Ruiileforils HANaie! IToksd Pts bf tHessif phweard ﬁs@ﬂmmﬂ&ﬂ. to
regul ate the tenperature of first nmould part 110 and second nould part 112.
Fi rst noullienser thel peesend prvefitionalpkovidesi at sindd mtluce wastpge andr to nhaimise
about 20 C hi gher .tha tenperature of seco nmoul art 112 to conpensate
for heat 1558SgtRENa I fot FRREL R b breo e P RHER ™ 1t o ol d cavi 1y
111 and to prevent first nmould part 110 and 15 second mould part 112 from
jamm ng due to ARer fivh Bsd @rcoff oflipafh bRl fe RARLlY dJdlaBRAWERERAE tiheoul d
part 112. Mould plunger 113 is noved towards nould cavity 111 at a speed of
about 80 rycht inrvetipessiprsr second (mmi's) until just before nould plunger 113
contacts noul dabl e conposition 116. The speed is then reduced to between

about 0.5 to 3 MO%gfl el Ef)\llc?g}red, alternatives, such as, for example, beer malt and

sugarcane pulp or a chemical such as a plasticizer, a toughening agent or an impact




20 the application of a sudden inpact on noul dabl e conposition 116, which
is undesirable as it induces stresses in nould plunger 113 and noul dabl e
conposition 116. Alimt switch (not illustrated) may be used to reduce the
speed at which nmould plunger 113 approaches nmould cavity 111. The period of
ti me between | oadi ng noul dabl e conposition 116 into nould cavity 25 111 and
bringi ng mRetifled!ROBE cinbloyedtia lﬂ% BELIVHAIR BeS 48 BhBreR RO uktiRly &H6 1S
preferably m nimsed to ensure that noul dable conposition 116 is Cured

uni f or m y.elasgcitpof tHe plouhdgdprddilt.i s gradual |y contacted with noul dabl e
conposition 116, a packing pressure of between about 435 to 870 pressure

per square inc psi) .i s.a i tqg moul dable co sition 116 and .

e nt e ned dur T TREs R i PR bR fri TR sl AP B pmingy as
press tonnage, fhi epofeebshy af NG IRUEHAGEpIRNEE: REMMPPbIFinsiay i sileohd, a polgbsikf a the
vol ume of noul dabl e conposition 116 in nmould cavify 111. Myvenent of nould
pl unger 11@|Maswpatibsomd tiran.c Mare preferablye thecadhasien isaamparaietresinibsesiise bechr ance

f bet bout 0.1.ta,.0.5 is  |left bet first | d t 110 d
second modPaTharRd s e AR i3 0 4 BoPermihte Pt R o T or s
bet ween alygtthatd@ ¢f0a Gduficl roducd hds rétaRdn® 16 BBROStkdsk QRd LhEmicalsC UARino

substantially. Heat fromfirst nould part 110 and second nould part 112
causes noirsting ere thermodettaty plastonrpuirialsothal kée pooduegb by geactingsaiicoinpguridn an
expansiontpf.nnuldable co 3§#tionh116..ThggEHessure $ﬁ$'i9d to .and t he
expansi on MG B PR SOBRBALY AR 71 4nlnge bV IFRe W5 sopaming ABEAT GOl o
cavi t yio11kuhbuaside] thiohteamad heékaBith a IkthatiRfly®econd 10 moul d part 112.

Moi sture in'the formof water vapour is released through the predeterm ned
clearance between first nmould part 110 and second nould part 112. As the

t enperat ure of Brelsrabbbitee ediwpsiconiems m@aming; whichsconfine dardhidisy.\ae well as

noul dabl e ¢ ositjon 116 begips to.cure. .increasi the viscosity. of

roul dabi & HEOEBGPeiebediel ® R b4l Prodyel [ ERZRME: bLRelirgEs Sidintis
first moulgdheavds iddidamelafecofemamashydicRad indlahting UfdaTomid1@eHy@s. MBlhend&f t he

moul ded product in accordance with one enbodi nent of the present invention.
A pr edet emipdist fomed rdfhcmelamite wrer farenldgbude will Have en@lgostimegligibhgiamoanhed

oe! el BRSO R HE 10
recei ves h@aho Gbdif Glapdrides OBating St né%glﬂ%e Rpehtith 16T RRdaldssRIBGh e Honaéd 1l 2,

exterior surface layer 120 is of a er tenperature than the rest of
moul dabl e needysdsidccondingls thedree dorexldehyde emission from eucht @ mriuhdpdaproduich is1 22

around noul dabl.e co ition 116. Skin |22 acts as insulation, reducing
heat tran§ﬁp§§@6wgﬁﬁﬁE@??%g?xﬁgﬁﬁﬁﬁﬁﬁﬂpﬂTfﬁ'and second nould part 25 112 to
noul dabl e conmposition 116. As noul dabl e conposition 116 expands, vent 118
becones occl uderhe jadaKRNbNthliR Heh&aSott 0S4 WRPRUIT. 2 Radelisied ¥s the

pressure in noul dabl e conposition 116 increases as noisture in noul dabl e
conpositt i gimmasumeghderidedts agerlerpis theqwing process of e adhagive.rheppren ahavied tovapour
forms a plyraljty. ofy vapour. pockets 124 i.n ul dabl e. 17 C 0Si ti 116,
br ect it aciengt (hEF ¢ BoNaRPBRB RS ekl IR GPERSRS o PR TR B
conposi t i GRmbbSitiolaad beesn bR OB ol (1€ v 36 P8 nful Al Rke Y20 WretkefBIY, soy

moul dabl e conposition 116 is also prevented, resulting in an increase in

t he tenperledithin topssifb il bamtmowd apdsimauddedipreducs fiphea mopld. of the plurality
of vapour pockets 124 increases with an increase in the tenperature of

moul dabl e compag)t iQfihle (MERtId SauiPUkflaRatbed 100G ERONS,TRILY Par

112 are maintain at tenperatures ow y of o1 8t ut e
whi ch Mapaensebld, HidkRgridasle adsks HORbniMRPAY toRRCAkRIBvediR] Wil ABUrelease any
Correspondingly, a noul ded product with a higher density is to produced.
Conver sel yoxiRivgpaurs detgmneeldings of first nould part 110 and second noul d
part 112 will result in the formation of a noul ded product with a | ower

g?gs ;f 33/0 Hg herTan?egH%, FRURSI O Ilhfsf.rét% texannqllﬂlesd of %BEﬂd%l:)ng cgﬁ]l%osslﬁgl% atnnqulf ge part

used to form a pallet in accordance with one embodiment of the present invention,
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reduce the production time for a noul ded product.

However,

t enper

atures

greater than about 180 C are undesirable as such high tenperatures wll
burn the fibres in noul dabl e 15 conposition 116 and vaporise too nuch of

t he nmoi sture in noul dabl e conposition 116,
nmoul ded product that is too dry. Therefore,
part 110 and second nould part 112 are

resulting in the formati on of a
the tenperatures of first nould
referably mai ntai ned between about

110 to 180C. Experinents have shown t hakablghkh t he tenperatures of first

moul d part 110 and second noul d par
tenperature of noul dabl e conp05|t|o

A e 0

in such a 20 range,
en about 100 to 160 C. By

t he

COﬂtrOlllng the—distribution—of—-Hh
Vap0r| sati of

R L

nof moisture from.noi

A

A

O

ﬁa\mpfmﬁh

416,
ontir ol | ed

to ensure anPlentdibugi stri bution of| t H.Dl uy

al i4h of

{24

wi t hi n por oyBapidcatitéurr e 126 to fqrm &7noul{ded8

Jpr od

ict Ol

vafhddr

nocHEOs

thluni§.ar

mijdensity.

25 VWhen' t he [PERESHE BrdaFormuldgRRcd

i o416

EXCREES

he 3exxt

er|nal

COIPOSI 1
pressure,tfgﬁﬁ&&ﬂ&ﬁtgﬂnﬁ@ vent es,o

gIIO

M ng) §XCE

[dabl e

lo blaypt ur
conposi ti on it water—vapour—frd e
fr omt he cur e :arlhnel ve—t

119)8)
||r|h

>ILI

ant

i
1Q

SS @gu
LI %I

mﬁpmﬁdkﬁel:‘nmnm t an CI I ar :

oorgTT

Al HOI-

A2 B ALY

pp(‘ic

.|..|.u,

| at%ﬁb

l_c1

pour
5

al | ow

LI | Udl
bbcna + h
h T ||3 A\ Al TG U \.I
pressure 1 n é

the rel ease of water vapour during the 18
mai ntai ning sufficient pressure to fil

nmoul di ng process,
the space in nould cavity 111

whi

g the
| e

between first nould part 110 and secondlabbel® part 112. By regul ating

cl earance C between first nould part 110 and S
size of vent 118, the pressure in dAHamenps

ec

gn

d nould part 1l 2,
of noul dabl e conposition

t he

116 and the voalune of excess 5 moul dabl e rnrmnqn‘lnn 11 di thnrg d may be
control l ed. For_exanple, a larger dl Expapkees q ditaowle fol Exemme 7vhpour and
noul dabl e comRismttHive t 0 escape, reasultsomg inj a | Hmer presssa.e bujl d-up,
reduced vapoulTgxRatshn and the fcrnatggn of[ a mgu ded|proguct Wth a

hi gher densit ¥y TYEORS FormAld: Her %%g@ranpe L3f§str|CIs3_pe rel ease of
wat er vapour, €€S f—eX all...IUII @gu P uuuﬁE a_ﬂﬁﬁ‘%d?diarOdUCt
with a | ower (éﬁ%&%&&gqgﬁ r —toollarg clearatce -s—uHdesi+abl e as
then moul dabl éSQ¥8Ex&aet i on 116 willl not2he abl e t&}%m ide Weht 118,
Consequent | y, [nipacteMudifier be no predsurefbuil di up &d t he nodidabl e

conposition wll not fil
part 110 and second nould part 112. Wen this
product forned will not be of a desiredrghape
al so dependent on the noisture content

happens,

the space in nmould cavity 111 between first nould
t he noul ded 15

The size of clearance Cis

i n noul dabl e conposition 116. The

use of a smaller clearance Cis prefBrmednistewtfgul dabl e conposition 116

contains |l ess noisture; the use of a | arger

clearance Cis preferred when

noul dabl e conposition contains nore noisture §
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e cl%ir an
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Iaanarﬁj@ur 106 is then activated

about 10 nmm t gMebkimdne Hrea Formallehydeant ed vapour

s di38dhar d

ed Bhlthe

cour se of

the 25 noul di ngnpicdas Chldddecl earance C i s ing

reas@f bef

ore (npul d

bl e

conposi tion 11&.JaE.gtbstantially cured, the an

punts of g

Istye re

oved from

noul dabl e co bl Didaje W i1 De lnauequate

and éae

Ul dggly pr o

Huct wil |

be soft and wHt—tend—to—adhere—tornoutd—cavit
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y

a fray in accordance with one embodiment of the present inventton.
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Table 2 illustrates examples of mouldable compositions that may be used to form




111 and noul d plunger 113. Separation of nould plunger 113 from noul d
cavity 111 19 woul d then distort exterior surface |ayer 120 and damage
porous structure 126. Therefore, the renoval of noisture from noul dabl e
conposition 116 is vital to achieving a noul ded product with sufficient
strength to withstand stress and strain during processing and handling. 5
Subsequent to the rel ease of unwanted vgpgurs, cl earance C may be reduced
to between about 0.05 to 0.3 nmand hel d2PKeére for between about 15 to 60 s

to conpress the noul ded product to(?ll‘iﬁx%hﬁt@%wi’/@k”ess and to iron the
g su

surface of the noul ded product to ve a good face finish. Further
vapori sati on of noi sturegoccurs,—resu-ting—n tEhc ft” Ibﬂti on of a stable
noul ded product. 1o Theteafter—plunger—-06—% 280Ped0 to draw noul d

T I

pl unger 113 away from nuklEptEib@ity 111 and the wofflHed jproduct is renmoved
for subsequent processi nbapidadleomwul ded product neM.be renoved from noul d
cavity 111 with a pick avidlaplifcErexfonanidsiydeMpul bxavitly 111 is preferably
provided with an ejecti OAmARERBACEMIR T/ TT The npul ded| product from noul d
cavity 111 when cIearan,§%¢5ﬂfﬁa&pcreased o apout ;10 15 to rel ease the
unwant ed vapours and al $p~to—asStst—+r—the—+effoval—of—the noul ded product
fromnould cavity 111. OGIN® strafd a cross-sectional view
of an ejection nmechanism 134 in accordance w th enbodi nent of the present
invention. Figure SAis an illustration of ejection nechanism 134 at rest,
whi | e Fi gure SHabke hilustrites exaatnlenofohowilahde compositoina tha maybeh$dd inform
operation. Referri.ng first to. Figur , _ejgection nmechapi sm 134 i s housed
P houPd TtgPaLia deseideite hEih se A Eadaien Lo B PRBE T GRNEL. 136 B ecti on
mechani sm 134 conprises a head 138 coupled to a base 140 by a shaft 142 and
a spring 144 around shaft 142. At rest, 19Bl3ng 144 is in an unconpressed
state. 25 In this enbodi nent, ejection nmechanism 134 is operated by a
pneumatic system (not illustrated).(ablaaonntzd@wirds) be provi ded with an
Oring 146 to prevent _a loss of air fromthe pneumatic system In an
al ternative enbodi ngnt, ejection nechani sNEdadpleny |Bea@prriated by a
hydraulic system 20/pjanfffifle CT €arance TTS/ T ngggased orzgédien |moul ded product
136 is to be renove a {OgnFLBQIPLO (I;?w ty Tt .‘152 pnf;unful.inszst emis

IR

a
<

activated and exert o—bhase-140; ar:'.ng ee A-fechani sm 134 in
a direction X as il _ MGFQQ¥?~§#§HQ 8 es='$z spring 144 in the
process. Accordi ngl Ammenivaedhlerideluct 136/ is ¢ffted fr8H 5 ngoul d cavity

111. Ejection nmechafbogsanELB4dcti s returned tjo t he2posi|ti oh.3of nest illustrated

in Figure SA by deafifnpy@NVaBfithe pneumatijc sygbem |Cor pgspondi ngly, spring
144 is rel eased fromiTS conpressed state. IThe expansion of spring 144
exerts a force on base 140, driving ejection nmechanism 134 in an opposite
di rection rel aty. to .di i O until. the positi io of rest

attai ned. The gﬁ%‘%ﬁafilg a{)ﬁf%c‘f? %%(I Hﬂgstg%;@tge%rﬁﬁ@o%eﬁgﬁ%rpﬁ’%aﬂevﬁ tl%ou?‘i]aglesarre
limt ®w tcohpbbieibni in d6@eEddn0e Neid Cohet BRbLSMARA If Mai pleséMUindeidhNgeThel 13
approaches moul d cavity 111. Refernng back to Figure 4, noul dabl e

conposi t i sRouldable germperitinit coyapiises tabpyt 4% taypY [pgresnipee yeight (WoY0)aef @kibended

oo o B g S L T e

much heat ecorne acks cecur i

nmoul dabl e een@asintdhivtideldbouss ket wit % sDbRcs Bvit shdbbodit §. Do @9 vaeh enesed
period of tinme as then too nuch noisture will be lost. The degree to which
nmoul d cavilegthin1 is filled affects the density of the nmoul ded 20 product.
If insufficient noul dabl e conposition 116 is |oaded into nould cavity 111,

moul a Bavi ty 1MERET AtEReefls BPWARRE 12PRESS' dEobtabl ok uhe BENFREES Ln

there w | lcobpokitisnl iddidiiely \RIf@3Seaie ibweight pindigle bpiidepOh@Iugn St ruct ure | 26.
As such, a dense noul ded product with high noisture content is fornmed when
i nsufficient moul dabl e conposition 25 116 is |oaded into nmould cavity 111.
Figure 6 is a fihswormwqpents pf themneitdable sompasiting are sequsntidhyngombiagd Hein 2

Vethod 150" ReGraeasen Shitlt 280 FL050 s BRI B Hord s BGRROlnekPSL A

a noul dablvlcapgishbulaible dhapesiridnd cavity may be | oaded 152 up to about 90
% of the capacity of the nnu?d cavity. 21

12




A packi ng pressure of between about 435 to 870 psi is applied 154 to the
noul dabl e conposition for between about 20 to 60 s to all ow the noul dabl e
conposition to cure. A predeterm ned cl earance of between about 0.1 to 0.5
mmis maintained 156 between the first nmould part and a second noul d part
to allow the discharge of excess 5 noul dabl e conposition, water vapour and
other vapours rgkamsethigturd 8%irdthad&d ol the nftterlal€ biBAULH R Bk ABRRSIHds @) The
first nould part and the second nould part are nmaintained at a tenperature
of bet weerptigbtsuthe Biidition of 8@®ca Tlver.f Thetapivoa Fldupand: the §ibpr mixéuralkieblemdedt ai ned

at a tenperat,ur f ut .20 C hj gher an tenperature of t econd

moul d par 00 BREEADan AIRE e fualeges RRS bhE R SERcOEBHIRN e BH | s

| oaded i nttRer] AnBRIIPHISHERN ddded B tHeOnRELHEDBIchd ot Eﬁ&théﬁ&@ri@d%%oﬁnd the
second nmoul d part fromjanm ng due to thermal expansion of the first nould

part add t398 s¢eednevermuiageparytin tikhwoddale ammpoditednveen the first noul d part
and the second nould part is increased |58 to about 10 nm when the

noul dabl e conposition.is substanti.ally cured, preferably. about 90 % cured,
form ng the. modrelfil SHEREREmAREL fe gl uf Sriialieiuh ant retgomi:

rel eased QU8 nfdyDedhd i@ tHRImikBehDp Satati8 sGANBPSH 4 1 AmBRR seidhsteadki al Iy
di scharged, the clearance is reduced 160 to between about 0.05 to 0.3 mm

for between about 15 to 60 s. This is done to conpress the noul ded product
to a desired t Hhneprfegedembadimentothetliquidseonipmoents aretspryed 16 idel thsrmoidecto

bef ore renpvi 62 .t he ul ded product, fromthe | d. cavity. 20 Tables 4A
and 45 | 1 1T0t PEABRE i i AR GG DR R0 sarbiR L6 S PR Ui et 8% or m
pal | etioi N nRREOTAMIES N teRe®NAstEFROSH BINtheOlighide cBmPoRdts 1iAVARL kRIdaBRb! € 4A
Exanpl e 1Exanpl e 2Exanpl e 3Percenta a Volume of Muld Cavi Filled vol

% 08090 TerpPBIPatitipn 4 aNuwerhtadadiaphTags paBp 25 Fspiapingtmorde ofayMswisetl | sprayer
C10510510§Pz%ﬁk'.n .CFI)r essure. si %887087001“ n Time s606040Curin C earance

mD. 80. 60. 51 POHTHE FPRROEELIRILT PE g O earance (mm)0.50.30.1 22  Tabl e
4B Exanpl e 4Exanpl e 5Exanpl e 6Percenta a Vol ume of Muld Cavit Filled vol
YB58792Tem er atWihé&e the Moulddbleawp6diaod FUIRRd aibre tahWne 1RfuidVEsthsbnBhty theer
C105110110Packi n Pressure si 870870870Curin Time s506060Curin O earance

nD. 40. 20 lgpidoepmporicnts a0 ho sombiriedgl 8Cineasesrnd mixey dor1ahogs800 sTtafher a5A and

5B il lustrat e, ex I of process .paraneters that . be usgd .t faogrm a
Foverot TRy EESTR RitaR 58 38 MBL AT of M e Rl 15wt fs Tk Tab
SA Exanpl eotipsaditd f1a8 k@b Sneheailyavith MRl doikhifdtioldIwl 6F % \ebmpbhdnedofv Ol
¥858791Tem erature of Muuld Cavit C100100125Tem erature of Muld Plun er
C8080105Pakkinauldalls sompogitien.435580725Curi n Ti me s303030Curin d earance

mril. 51. 21. 8l ronin Tinme s)303030(Ironing C earance (mm1.01.01.0 Table 5B

Exampl e 10Exa e ol une aof Mboul d vi Fid |l ed, vol
Coore60Tom or aniEas pf A FE hEGHIA sRadC TR cRpfRY DRI, it oy
C10510511G&arkithe Mitag Wing figdd&d RDSHMW HomokeA@tySHOHE Rllddble EdiBpIsRvHE

mml. 21. 02. Ol roni n Ti me s306015(] roni ng C earance (xnn) 1.00.80.8 Apart from
pal | et28, tapdye ceaty 2 Fyidisippeene in thgimixehe Thp grestipmptd fuidising lvens redsines on |1 0
may be us ; yvar j et r [} uch as, .for, exanple rtition
bour ds, 5ot TR o el el " RUNEISR: TR ediBrotioRto BT TraBRld

cups, pl atc@fing 66the Pabiid®ibe composition.

Although the mixer may be operated at a rotor speed of between about 10 to 200
revolutions per minute (rpm), it is preferable to operate the mixer at a rotor speed of
25  about 29 rpm to minimise the shearing force acting on the mouldable composition and the

heat generated. High shearing force will cause the fibres to disintegrate.

The mixer may be provided with side doors measuring at least about 600 mm in

height by at least about 600 mm in width to allow an efficient discharge of the mouldable
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steering wheels, panel boards, car seats, chair seats and table tops. O her
enbodi nents of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention. The
word 5 "conprising” and fornms of the word "conprising” as used in the
description and in the clains are not neant to exclude variants or

addi ti ons dompbbiion wientriigimal residueerefidng. C EMtegirovibion NifMelgedyddhdsorbesn used
for the purposes of descriptive clarity, and not to limt the present

i nvent i on.2lpHe fenfvick ipsetion fist pleamag pedigeasdacaeses descri bed above shoul d be
consi dered exenplary, with the invention being defined by the appended

claims. 10 24 Th%igﬁrelcorﬁ%frg‘gglﬂ@mbﬂldgﬂﬁ r@oﬂlﬁgﬂﬁﬁ{;‘%%%rgfeg%wfess {3 BGod

conprising: preparing a no I'e conpositlo e conmposiiion
conpri si n@0%, net weferabllybetwebfl aboutGltovits %0 @f highdrinbsieturs oontsheivilhoghsd genween
about 15 to wt % of an adhesjve, |oading a npuld cavity wth the

moul dabl e ™® ¢ SQERRsitignee rve inrelfisat wiseasiy todiskibptsdhe sheapng repiom 90 %

of the ca it zavity; applying a packing pressure of between
Bl ol TR

about 435 to 10 conposition; maintaining a

predet erm ned cl earance of between about 0.1 to 0.5 nmm between a first

moul d part def iKigurg 2 f3ea flowl chaeailiuktyatiigda aetieciofll torptiparepafibie AlictureeROVI NQ
t he noul ded product, fromt Ee oul d _cavity when the npul dabl e conposition is

subst ant | #CFFdsE ith ome smbadigeat ph e Preenb invertion uMrpd, 7O degins adep Adi ng
substal . . : . t
0 clarm Jquaﬂmro?gvbﬁotéi?ﬁ%sg&t Pﬁl&rﬁlsoﬁl'%%ggu%?vg%?gecﬁerre&é?‘gecp{n ? ﬁ% UBL d&b ou

20 to 60 s. 3. Th orma according arm 2,

wher eiln t hveheditfis petund il idtopapluraitg of bizcaesOwssterrutidpiess bf aaste Mdanirkigned at
a tenperature of between abouyt 110 to 180C. 4. The nethod to form a noul ded
product a €BYQ?PI‘?B°‘F&OGP§9|WB}HW?§&’&HHbFW@GFiapgqt%@pdinﬁdﬁlﬂvlﬁltb- mai nt ai ned at

a tenperature of about 20 C higher than a tenperature 25 of the second

nmoul d part. 5. ]ﬂéﬁ)llﬁﬁfi(‘é"‘r}g gti&eg 8t ﬁ‘gﬁe F%erbg%fgvg%@g%{h e@ﬁﬁgﬁgﬂ;c%sﬁl%aqn igm 2,

further conprising: in sing t C nce between t rst nou part

and the sebwalityndidpertpes medoiritigesboth@0 mmu kil dblrete ppgiasto thetry domvegrditt a90 %

cured. 25 6.. Th ngt hod..to_form a_ noul gggi product according to claimb5,
1

wher ei n t K&CQUdgLin I !gignt}iﬂg; F@&g_%a plwalyy od fibaes. ke Pl‘/“.r"flﬁltﬁ &t ferergach §bseor m a
moul ded PradiinASEREA Mdut § 16 56 it Gn 1dngfd DR betwER LSS 1910 mm in width,

may then be sieved 58 with a second wire mesh having a plurality of apertures measuring

about 50 mm in diameter.

The plurality of fibres is screened 60 for metal pieces using a metal detector. The

metal pieces are removed from the plurality of fibres before it is fed together with a

20  plurality of 0il palm fibres into a third grinder. The resultant fibre mixture is then ground
62 into fibres having a length of up to about 50 mm and a thickness of up to about 2 mm.
Following which, the fibre mixture may be sieved 64 with a third wire mesh having a

plurality of apertures measuring about 20 mm in diameter.

Although a single grinder may be employed to prepare a fibre mixture with the

25  desired fibre dimensions, three separate grinders are preferred to minimise material
handling and cutter alignment, and also to prevent jamming of the grinder. As an
alternative to sieving, foreign materials, oversized particles and big fibres may be

removed manually,
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conpressing the noul ded product to a desired thickness. 8 The nethod to
forma noul ded product according to claim?7, further conprising: 10 ironing
a surface of the noul ded product. 9. The nethod to form a noul ded product
according to claim8, wherein conpressing the noul ded product to the
desired thickness and ironing the surface of the noul ded product further

conprises: 15 rﬁ@%x@&lkﬁﬁe &l B&l 8R&E66 B RANRER L%QR:HE oP1eBothaR aBoud 15m. 10.
The nethod to forma noul ded product according to claim9, wherein the

cl ear ance The fited uoztird oraylbetspeed cubounta dEmentedeloes .of 20dryihg shbleer te o tbrt o
forma no e podu ccor di o claim1l, erei,n a noi [ nt ent of
e ol s as T e 3erkS) DR it SRR piavIR dred e et 8 6BY 67 or o 2
noul ded prgghigt uheeRAd aovy Hgﬁtl Bh thi, suphsy E'r&ta@/r H§)§§thea%£ﬁr?g[‘§ ys@im.t he

0

moul dabl e conposition is betWeen about 4 to 15 13. The Hod to form
a noul ded Cmcadumllyactba)rfﬂbrmgnxmre; nzeiynbd Tedisthibnieil ntoaachbévet aineifoomtdmessf t he

fib i | bout 15 % h t.hod t ded
b oduct adCBRemgRI AARTRE T drey b et go cagET e b RO t her
conpri ses gpat Trlg%fretcg n%ﬁ%nﬁ%sﬂ%n%ag’i) ey | gﬁgr to2@eliveryor 1d R@raBRt hod

to forma nou dpro ct acco |ngtoca|m14 erein thé additive is
one or norieaefloa group consisting of a hardener, a flow pronoter and a
noul d rel ease agent. 5 16. The nethod to form a m)ul ded product accordi ng

to claim1, wherein the fibre xturec allt i bres and
wherein each of HeHibrh R gy B Hanmeald Al Smitafasits Sty it A8EY S0
mm 174 T%nva&)ho%echbfreh{&ﬁr&ﬁay %@%ﬁ&@@&%ﬂ%&éﬁ'%ﬁ% v61 R the SRragther ein
| O each of thé plurality of fibres is a thickness of up to about nm

18. The nwilbwodingenfaomeahanks dedeperoduct according to claim 17, wherein
each of the plurality of fibres is of a Iength to a thickness ratio of

bet bout 2;1 t 25: 19. Th | de duct
etordlna ro! AP ot i giTirigs POgIdEY protoch o dhd hepTRl SPieBEORE R cen
about 5 t uafkwd % Tedss 9 bndal 1 Tbo¥Eancd OwitT B BASkA: HORRR dreverd ded

product according to claim1l, wherein 20 fibre m xture further conprises
one of a gmompiogonsi sting of oil palmfibres, beer malt, sugarcane pulp, a
pl asticizer, a toughening agent and an inpact nodifier. 21. The nethod to

ther et i ng. Ha6rh JalG3E Spi%s 160 5 Rl P IOGLRRS HRERRe 0T ui ng
to clai m Zhe obeiRidht bhfic present invention. Press 100 comprises a frame 102 having a first
platen 104 and a plunger 106 coupled to a second platen 108. A first or female mould
part 110 defining a mould cavity 111 is provided on first platen 104, while a second or
male mould part 112 defining a mould plunger 113 is coupled to second platen 108.
20 Plunger 106 is to move mould plunger 113 towards and away from mould cavity 111.
Second mould part 112 may be provided with one or more guide pin(s) 114 that co-
operate with complementary elongate recesses 115 in first mould part 110 to align mould

plunger 113 with mould cavity 111 when plunger 106 is in operation.

Press 100 may be a mechanical press, a pneumatic press or a hydraulic press. The
25  use of a hydraulic press is preferred as it offers greater control flexibility — the force
applied, the direction, the speed, the duration of pressure dwell, et cetera, may be

adjusted accordingly.

To form the moulded product, mould cavity 111 is first loaded with a mouldable
composition 116, up to about 90 % of the capacity of mould cavity 111. The degree to
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adhesive is an amno resin. 23. The nethod to form a noul ded product
according to claim2l, wherein the 30 adhesive further conprises a

mel am ne. 27 24. The nmethod to form a noul ded product according to claim
23, wherein the adhesive is one of a group consisting of nelam ne

f or mal dehyde and nel am ne urea formal dehyde. 5 25. The nmethod to forma

moul ded prvadde noAlE eavitiyrid 1tie fitlediisndépendbi@rdi the ROMPAKIOAH rétiveoMBbY nttaided
conposition conprises: weighing each conponent of the noul dabl e conposition

i ndi vi dualbrgduch fbat is #hs afip §1 Boret veighd tehe doy weisht ofghe swwided esedvesithcon i n

i ' | ], |
composi t1 art bt oA Rty STRRCRERMS oPIE BT O80T BB ¢ i
25, wher eifsmp iepasilog drodudDethitiodile @rg G81a661 4 MBulded bRF0CctA9 tHRWEES of the

conbi ni ng each |iquid conponent of the noul dabl e conposition in a second
ni xer fo BeHded produst after wuringe . Thescopporessinn rge iroprefesatily betivgemelauddd for oduct

di ' i ' h |.dabl it f h
compr i soo: Sy ADHERR SRR ol PP B AR FE OPER el 00”1 o

form a nowigesbris peifededccording to claim27, wherein the mxer is operated
at a rotor speed of about 29 rpm 29. A nethod to form a noul ded product,
the nmethod conprising; |loading a cavity of a nmould with a noul dabl e

conposi tion cor¥st Blonkl prst Wk andseeand moulthparb 1 Bhargimgiatpingd faf ptemparatisgr e and
bet ween a |%E t % i 21 €] he . cavi LS J d up
t o about 8’8‘%}0 hag’oétg%)l\g:ﬁot {/goofw%) ﬁ%@%ﬁ/@%%@t lile\?gflé ﬁgSt?rﬁéb%ﬁf% $ g&%g to
appl y 1@ pabdtinap ofirieating eydtemt 132, F&peRiviBd Mothrdhal Rintrblert (Bt MDIshdRB) &
conposition therein; providing a noisture vapour vent responsive to

pressure ipEoYided togigeelats the mpemtprsiftiirsimad paetl 10 eng sesndenenld paddd 2r ni ned

control ofg.npi r 5 t.her rEeSSHIe. | ition,
wher eby o B ERbA ey RO pr BB A R T e B e P PG

strength; thads @hperangoof kévgnd R ulDprtlED forcadipehsatd PFhédl ossTittel nt¥dable When
t he nmoul dabl e conmposition_ is substantial&ﬁ&cured. 30. The nethod according

to clai m Z9mMpREFen A1¢ flogdadtinfosmpyldweanién | blyasl teirencat Arshgnoaldpaht Hhew
bet ween I &3Reath¥8dRak! S 2% oh ISR Fulf RSN kP& TR ARR! Sould part 110

and second mould part 112.

Mould plunger 113 is moved towards mould cavity 111 at a speed of about 80
millimetres per second (mm/s) until just before mould plunger 113 contacts mouldable
composition 116, The speed is then reduced to between about 0.5 to 3 mm/s to prevent

20 the application of a sudden impact on mouldable composition 116, which is undesirable
as it induces stresses in mould plunger 113 and mouldable composition 116. A limit
switch (not illustrated) may be used to reduce the speed at which mould plunger 113

approaches mould cavity 111.

The period of time between loading mouldable composition 116 into mould cavity
25 111 and bringing mould plunger 113 into contact with mouldable composition 116 is

preferably minimised to ensure that mouldable composition 116 is cured uniformly.

As mould plunger 113 is gradually contacted with mouldable composition 116, a
packing pressure of between about 435 to 870 pressure per square inch (psi) is applied to
mouldable composition 116 and maintained during the moulding process. Packing

30 pressure is defined as press tonnage divided by the surface area of mould cavity 111 and
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conposition. 31. The nethod according to claim?29 wherein the vent is
tenporarily occluded by the noul dable conposition in the nould to
tenporarily prevent release of 10 npisture vapour for a predeterm ned
period. 32. The nethod according to claim29 wherein the noisture vapour
content is controlled to generate bubbles of the vapour in the noul dable
conposi t i ahe asidmee rpidapleadtgRsitioR A1 € UsmoBid| deigy prioduct of predet er mi ned
density. 15 29

. Aqu. AOu. AOu. AqY. AqLY. ALu Au. AqY. Agi Y. AgqLu. A qY. A, qu. AqLu. A. AgLY. Ag. A(0. Aq.
AqLu Aq. AqLu A ownA gaulg]qpl)qagqq”éet@mg}ig r;gm}l& cavity 111 ceases when a
e ARl A SRR L BLARLR FRARICRITGS G Sl AM S SPGBl (ke ] @]
Ykl bkeoG=013p} mnsadoﬂ] ejoui] pat dapcajanhe al@ad patcapcis]ied] enliiabedfisalsal cal c
a]ca]ca]ca]ca]ca ca]ca]ca]ca]ca]ca]cE]@ca]ca]caI [Zl] wgn i o !

1Z01 " P risEvSER 2ol te S0 edp abew madd bqw&}waqt@a]lé@}%a]rea}@mdpca] ca] ca] ca
]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]caI " THHAISISDUIRBERCEEEB " " 5( ((

* kK ] ot cal Cca
](33231] ca] ca] c}a](zgj]‘ caﬁ?]g% CZS] ggl%lg p%.g] @a &gi gé%}ng(ghﬁ)% (PBM%E%%&%H&} %e!\}?{l/ V} /8
0;)01]l\|111aaﬁqnﬂ&ﬂﬂa2:%ﬁ%]smsm 1 &Z W cedpoabe atesaltian] ﬁla}aﬁaé:q)ahﬂaﬂ ca] esjutdabla] ca] ¢
ajca] ca
u1 cha] chalCapesitienyids é‘&l}ﬂd)&%@]ﬂ@@ph%ﬂ toagndathe &fﬁ%%ﬁ@%ﬂ@ﬂ%%%mammnms
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the release of water vapour. Accordingly, the pressure in mouldable composition 116

increases as moisture in mouldable composition 116 vaporises but is unable to escape.

The trapped water vapour forms a plurality of vapour pockets 124 in mouldable

17




U& ()-S]eF-31"110% U& 312! 10% U& ()-30!10% U& ()- .10% U& ()-S, 10%
U& ()-3910% U& ()-$#10% U& ()-g x z { | } dYNC3I"110% U 10 U 10 U 10
U<WL0% U& () -38!10% U& ()-3<7!10% U& ()-5%$10% U& ()-33!10% U& () -}
BEJEYNC3I "110% U 3i!110% U& ()-f p#10% U& ()-3!10% U& ()-3v !10% U& () -
U& ()-30c 10% U& () - En

10

15

20

25

composition 116, precipitating the formation of a porous structure 126 within mouldable

composition 116.

Heat loss through the escape of water vapour from mouldable composition 116 is
also prevented, resulting in an increase in the temperature of mouldable composition 116.
The size of the plurality of vapour pockets 124 increases with an increase in the

temperature of mouldable composition 116.

When first mould part 110 and second mould part 112 are maintained at
temperatures below 90 °C, the quantity of moisture which vaporises is reduced and fewer
vapour pockets are formed. Correspondingly, a moulded product with a higher density is
produced. Conversely, higher temperatures of first mould part 110 and second mould

part 112 will result in the formation of 2 moulded product with a lower density.

Higher temperatures of first mould part 110 and second mould part 112 also
reduce the production time for a moulded product. However, temperatures greater than
about 180 °C are undesirable as such high temperatures will bumn the fibres in mouldable
composition 116 and vaporise too much of the moisture in mouldable composition 116,

resulting in the formation of a moulded product that is too dry.

Therefore, the temperatures of first mould part 110 and second mould part 112 are
preferably maintained between about 110 to 180°C. Experiments have shown that when
the temperatures of first mould part 110 and second mould part 112 are within such a
range, the temperature of mouldable composition 116 is between about 100 to 160 °C.
By controlling the distribution of heat within mouldable composition 116, vaporisation of
moisture from mouldable composition 116 may be controlled to ensure an even
distribution of the plurality of vapour pockets 124 within porous structure 126 to form a

moulded product with uniform density.

When the pressure in mouldable composition 116 exceeds the external pressure,
the occlusion to vent 118 ruptures, allowing excess mouldable composition 116, water
vapour from mouldable composition 116 and vapour from the curing of the adhesive to

escape through vent 118, reducing the pressure in mouldable composition 116,

Clearance C is calculated to allow the release of water vapour during the

I8
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111 between first mould part 110 and second mould part 112. By regulating clearance C

S

between first mould part 110 and second mould part 112, the size of vent 118, the
pressure in and temperature of mouldable composition 116 and the volume of excess

5 mouldable composition 116 discharged may be controlled.

For example, a larger clearance C allows more water vapour and mouldable
composition to escape, resulting in a lower pressure build-up, reduced vapour expansion
and the formation of a moulded product with a higher density. Conversely, a smaller
clearance C restricts the release of water vapour, induces vapour expansion and produces

10 amoulded product with a lower density.

However, too large a clearance C is undesirable as then mouldable composition
116 will not be able to occlude vent 118. Consequently, there will be no pressure build-
up and the mouldable composition will not fill the space in mould cavity 111 between
first mould part 110 and second mould part 112. When this happens, the moulded

15 product formed will not be of a desired shape.

The size of clearance C is also dependent on the moisture content in mouldable
composition 116. The use of a smaller clearance C is preferred when mouldable
composition 116 contains less moisture; the use of a larger clearance C is preferred when
mouldable composition contains more moisture as under such circumstances, more water

20  vapour is emitted.

The moulded product is formed when mouldable composition 116 is substantially
cured, preferably about 90 % cured. The moisture content of the moulded product is
preferably between about 2 to 5 %. Plunger 106 is then activated to increase clearance C
to about 10 mm to release all the unwanted vapours discharged in the course of the

25  moulding process.

If clearance C is increased before mouldable composition 116 is substantially
cured, the amount of moisture removed from mouldable composition 116 will be
inadequate, and the moulded product will be soft and will tend to adhere to mould cavity

111 and mould plunger 113. Separation of mould plunger 113 from mould cavity 111
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1098& () - between about 0.05 to 0.3 mm and held there for between about 15 to 60 s to compress
the moulded product to a desired thickness and to iron the surface of the moulded product
to give a good surface finish. Further vaporisation of moisture occurs, resulting in the

formation of a stable moulded product.

10 Thereafter, plunger 106 is activated to draw mould plunger 113 away from mould
cavity 111 and the moulded product is removed for subsequent processing. The moulded

product may be removed from mould cavity 111 with a pick and place mechanism.

Mould cavity 111 is preferably provided with an ejection mechanism to lift the
moulded product from mould cavity 111 when clearance C is increased to about 10 mm
15 to rclease the unwanted vapours and also to assist in the removal of the moulded product

from mould cavity 111.

Figures 5A and 5B illustrate a cross-sectional view of an ¢jection mechanism 134
in accordance with embodiment of the present invention. Figure 5A is an illustration of
gjection mechanism 134 at rest, while Figure 5B is an illustration of ejection mechanism

20 134 in operation.

Referring first to Figure 5A, ejection mechanism 134 is housed in mould cavity
111 and positioned under a moulded product 136. Ejection mechanism 134 comprises a
head 138 coupled to a base 140 by a shaft 142 and a spring 144 around shaft 142. At rest,

spring 144 is in an uncompressed state.

25 In this embodiment, ejection mechanism 134 is operated by a pneumatic system
(not illustrated). Shaft 142 may be provided with an O-ring 146 to prevent a loss of air
from the pneumatic system. In an alternative embodiment, ejection mechanism 134 may

be operated by a hydraulic system
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111.

Referring back to Figure 4, mouldable composition 116 should not be left in

15 mould cavity 111 for an extended period of time as then the adhesive and the fibre
mixture may absorb too much heat and become burnt. Cracks and deformation may also
occur if mouldable composition 116 is left in mould cavity 111 for an extended period of

time as then too much moisture will be lost.

The degree to which mould cavity 111 is filled affects the density of the moulded

20  product. If insufficient mouldable composition 116 is loaded into mould cavity 111,
there will not be enough of mouldable composition 116 to fill the space in mould cavity

111 between first mould part 110 and second mould part 112 and there will be
insufficient pressure build-up to form porous structure 126. As such, a dense moulded
product with high moisture content is formed when insufficient mouldable composition

25 1161is loaded into mould cavity 111,

Figure 6 is a flow chart illustrating a method 150 to form a moulded product in
accordance with another embodiment of the present invention. Method 150 begins by
loading 152 a mould cavity of a first mould part with a mouldable composition. The

mould cavity may be loaded 152 up to about 90 % of the capacity of the mould cavity.
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at a temperature of between about 110 to 180°C. The first mould part is preferably

maintained at a temperature of about 20 °C higher than a temperature of the second
mould part to compensate for heat loss when the mouldable composition is loaded into
10 the mould cavity and to prevent the first mould part and the second mould part from

jamming due to thermal expansion of the first mould part and the second mould part.

The clearance between the first mould part and the second mould part is increased

158 to about 10 mm when the mouldable composition is substantially cured, preferably
about 90 % cured, forming the moulded product. When the water vapour and other

15 vapours released during the curing of the mouldable composition are substantially
discharged, the clearance is reduced 160 to between about 0.05 to 0.3 mm for between
about 15 to 60 s. This is done to compress the moulded product to a desired thickness

and to iron the surface of the moulded product before removing 162 the moulded product

from the mould cavity.

20 Tables 4A and 4B illustrate examples of process parameters that may be used to

form a pallet in accordance with one embodiment of the present invention.

Table 4A
Example 1|Example 2|Example 3
Percentage Volume of Mould Cavity Filled (vol %) 70 80 90
Temperature of Mould Cavity (°C) 125 125 125
Temperature of Mould Plunger (°C) 105 105 105
Packing Pressure (psi) 870 870 870
Curing Time (s) 60 60 40
Curing Clearance {mm) 0.8 0.6 0.5
Ironing Time (s) 60 60 60
Ironing Clearance (mm) 0.5 0.3 0.1
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Example 10 | Example 11 |[Example 12
Percentage Volume of Mould Cavity Filled (vol %) 65 75 60
Temperature of Mould Cavity (°C) 125 125 130
Temperature of Mould Plunger (°C) 105 105 110
Packing Pressure {psi) 435 650 870
Curing Time (s) 30 60 60
Curing Clearance (mm) 1.2 1.0 2.0
Ironing Time (s) 30 60 15
Ironing Clearance (mm) 1.0 0.8 0.8

Apart from pallets, trays and flowerpots, it will be appreciated that the invention

10 may be used to mould a variety of products such as, for example, partition boards,
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preparing a mouldable composition, the mouldable composition comprising:
5 between about 40 to 60 wt % of a fibre mixture; and
between about 15 to 45 wt % of an adhesive,
loading a mould cavity with the mouldable composition, wherein the mould cavity
is loaded up to about 90 % of the capacity of the mould cavity;
applying a packing pressure of between about 435 to 870 psi to the mouldable
10 composition;
maintaining a predetermined clearance of between about 0.1 to 0.5 mm between a
first mould part defining the mould cavity and a second mould part; and
removing the moulded product from the mould cavity when the mouldable
composition is substantially cured.
15
2. The method to form a moulded product according to claim 1, wherein the

pressure is applied for a period of between about 20 to 60 s.

3. The method to form a moulded product according to claim 2, wherein the
20 first mould part and the second mould part are maintained at a temperature of between
about 110 to 180°C.

4. The method to form a moulded product according to claim 3, wherein the
first mould part is maintained at a temperature of about 20 °C higher than a temperature

25  of the second mould part.

5. - The method to form a moulded product according to claim 2, further
comptising:
increasing the clearance between the first mould part and the second mould part

30 when the mouldable composition is about 90 % cured.
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7. The method to form a moulded product according to claim 6, further

5  comprising:

compressing the moulded product to a desired thickness.

8. The method to form a moulded product according to claim 7, further
comprising:
10 ironing a surface of the moulded product.
9. The method to form a moulded product according to claim 8, wherein

compressing the moulded product to the desired thickness and ironing the surface of the
moulded product further comprises:

15 reducing the clearance to between about 0.05 to 0.3 mm.

10. The method to form a moulded product according to claim 9, wherein the

clearance is reduced for between about 15 to 60 s.

20 11.  The method to form a moulded product according to ¢laim 1, wherein a

moisture content of the mouldable composition is less than about 20 %.

12, The method to form a moulded product according to claim 11, wherein a
moisture content of the mouldable composition is between about 4 to 15 %.

25

13.  The method to form a moulded product according to claim 11, wherein a

moisture content of the fibre mixture is less than about 15 %.

14, The method to form a moulded product according to claim 12, wherein the

30  mouldable composition further comprises not more than about 40 wt % of an additive.
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5 16.  The method to form a moulded product according to claim 1, wherein the
fibre mixture comprises a plurality of fibres and wherein each of the plurality of fibres is

of a length of up to about 50 mm.

17. The method to form a moulded product according to claim 16, wherein

10 each of the plurality of fibres is of a thickness of up to about 2 mm.

18.  The method to form a moulded product according to claim 17, wherein
each of the plurality of fibres is of a length to a thickness ratio of between about 2:1 to
25:1.

15
19.  The method to form a moulded product according to claim 1, wherein the

fibre mixture further comprises between about 5 to 30 wt % of an oil palm fibre.

20.  The method to form a moulded product according to claim 1, wherein
20  fibre mixture further comprises one of a group consisting of oil palm fibres, beer malt,

sugarcane pulp, a plasticizer, a toughening agent and an impact modifier.

21.  The method to form a moulded product according to claim 1, wherein the
adhesive is a thermosetting resin.
25
22.  The method to form a moulded product according to claim 21, wherein the

adhesive is an amino resin.

23.  The method to form a moulded product according to claim 21, wherein the

30  adhesive further comprises a melamine.

27




){"109%& ()- #3}z"){"10%& ()- ){"10%& ()- ){"10%<& ()- _?{[;10 ,
#){"109%& ()- ){"109%& ()- ){"10%& ()- #3}z"){"10%& ()- ){"10%& ()-

& .2 2{[;10 , #){"10%& ()- ){"10%t& ()- ){"10%& ()- ){"10%:& ()-
#3}2") {"10%& ()- 234°QD710 10#10#10# i <109%+& ()- \8#10%& ()-

610%#&' ()-){"10%& ()- #3}z"Ow{[: QD710 1 3L!10%& ()- SH10%t& () -

P 109%#& () - PY 2410%MRiec(thethdt @468 @)modPdddliidehect Gyeokdibd iclaihD¥8 & Helein the
VI0US& ()- ) 100B& () - 10#10#10# L< L0%& ()- 1006& ()-fX|[:vUAL0  10%& ()-
<1088 () -2dheyvgeipeny vt a grovggopsisting1¢fomelamine epydq jud pglppgne urea
1096& () - g@%é 310%& ()- 10%& ()- 301096& ()-

10968& () - VU410 3, ! 1098& ()- *10%B& ()- 3& 10%B& ()- vIBLO%B& () -
#1098& ()- 3 c1l098& ()- Z|[:-4}é0$(;_<&l§)(l;/$&'(}$- 71?%&' 968503%8'
33c1098& ()- 110%& ()- . .10%& ()- N bA410 10%+&' ()- 010%¢& () -
10%t&' () - ( )P10%q?é- 0 -Th(e) methpd, to)fomp g mpvided aradit 3camding: i claim Lovkeem) -

L109%#& () - Ydh& () - OBt & € ) - %WH&' ()-Z j|[: A410% I *109%#& () -
3& 10%t& (13“?3”%%?@%}&%&“‘85@%@@%% ‘io)“-‘p]r%‘{g%locy#&' ()- , @O0%& ()-j @[: A410$
6"10%#&' () -  |Wdi@iggedch-codibbAS & (he-moulidblO8Eiddsition indiQRMSLL; Jand
3, Y10%#&' () -5vU410 ). . .
combining each component of the mouldable composition in a mixer to form a
substantially homogeneous and well-coated mouldable composition.
10
26. The method to form a moulded product according to c¢laim 25, wherein
preparing the mouldable composition further comprises:
combining each liquid component of the mouldable composition in a second
mixer to form a liquid mixture.
15
27. The method to form a moulded product according to claim 26, wherein

preparing the mouldable composition further comprises:

spraying the liquid mixture into the mixer.

20 28.  The method to form a moulded product according to claim 27, wherein the

mixer is operated at a rotor speed of about 29 rpm,

29. A method to form a moulded product, the method comprising:
loading a cavity of a mould with a mouldable composition comprising between
25  about 40 to 60 wt% of a fibre mixture and between about 15 to 45 wt% of an adhesive,
wherein the cavity is loaded up to about 90% of the capacity of the cavity;
activating the mould so as to apply a packing pressure in the range 435 to 870 psi
to the mouldable composition therein;
providing a moisture vapour vent responsive to pressure in the mouldable
30  composition and set to provide a predetermined control of moisture vapour content and
thereby pressure in the composition, whereby to produce a moulded product having

predetermined density and strength; and
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32.  The method according to claim 29 wherein the moisture vapour content is
controlled to generate bubbles of the vapour in the mouldable composition and thereby

produce a porous moulded product of predetermined density.

15
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