a

; ef ghe3e$$l ZT6TWDO 02/ 20367 PCT/ SGOL/ 00180 Field of the invention The
invention relates to noul dabl e products. Mre particularly, this invention
rel at es twoepbsted products manufactured from plant fiber spcigesd@omend of
the invention In this specification, where a docunent, act or item of

know edge is r or d| scussed this reference or discussion is not
an adm ssion tﬁ%@ @ﬂ“m act or itemof know edge or any conbi nation
t her eof was at date @?A% a%iai i}abl e, known to the public
part of common gerfé¥ee* know edge, relevant to an attenpt to
sol ve any problem w.th which this specr fication is concerned. Wilst the
fol | owi ng dfieldeftheinventieBr ns products such as containers, protective

packagi ng and shock absorbing packaging it is to be under st ood t hat the
same pri nciPledavensisnyelates émympi%é‘@le oredugtsn ilersmarticylaskyc hisdnvention relptes i esent

_cont ai ner's MRPRY 3%°§H§%t?§§%‘° fra A BIaF BbSig, =1 c6s"and a1t products

conpri si ng or a container. A product according to the
i nvention r%ftkg d%@ﬁd@ Fent shape and may optionally include

partitions or protrusions. Mny currently uysed roducts are nmade from
pl astics af@t ﬁp@ﬂlﬁtﬁtaosa%ee adpsuragnt,act opiter of kpowleggrig refprredio ars

materials d
mat eri al s "d?sc%%ed B 2060 AR0MHon e nh APARANAI El HESbLNEA. cctiihm of
conpl etely lsmiwrm:lgelw asywombinationt thérepf whd atrthe pnmagt date, pvﬂﬂgcl)pd\aﬂnble,slqioamause

t he breakda hese, c ounds re se har ases nto

at nosphere. W&F ‘ttitl’(‘?spiﬂ %ﬁ%’&%"%ﬁﬁnﬁ? ﬁ?ﬂ WIS% qvé%fdo f"b aftempt 9n g
wat er pol | Lébhﬁ&%@%@ﬂl&ﬂ wifll WRRA afs §pé3?ﬁ@ﬁ€n isfbohl%fné‘dw' ronment. Wod- based
products, such asS paper boxes and paper pul p packagi ng, Iead to

def orest at iyghig\e Fﬂfg@@&?&ﬁéxo&@oﬂ%@%o?@gtﬁggSﬁcil d¥%6n fecivel I ect

harnful effect on I ronnent Ion resu romthe need

for wood crpapkaging arpbgheck pbso:hmgpaokagmgﬂimmm&;smoddhﬂlm same pririciples s
equal 'y harnf to the enviro n Ref orest ati on takes, .at | east 15 ears
ohdthy hadeplit toany pERfiugigm ”Ere%mcpﬁf;n& focfe RS GYEBLPR SEMRISRt FEAHEE o

remedi ed, - xeRaRK b1 bR BEIRL. £PL B84 BbnikintR, pdrHfibR pack MY BatBRE golf

products, such as paper cups, have a coating th I's non-biodegr ad.
whi ch can daeswdfeﬂdrnrh@rctemmymgaﬂlthnaa flat piece orEodRIRD64 produeCavcadiing 60180

of val um notETRLe Ry B pf af Povatel ShaR SR r I B ot 4

produce t hggetnmieniicts, preferably a material that is derived froma
bi odegradabl e and/or readily renewabl e resource. Wile biodegradable

mat eri al s ayi@npdiatdn@hused ﬁrta&ld@r e&In%aIﬂbnkﬁembsrma%ﬁ&b&nrﬁyedr&hvmveé%eabI e
as a substitut'e for Some plastics products. There are own processes which

form pr Od:JdtaﬁlrbB/Wmd1 d?lﬁqws owptariabirdd rdslegtade and eansgthlﬁﬂlsm effectivélpboar d
ot " conven R et Rad bE SRS Wl BARR LS Fof UG ke frimg dBENG,  1 ©

process t habnipicslydolvetbegivadambitalproblehi| poseChy manpplastics betisstheo forth
products b){ therno-foamng. In thrs process, steamis used to cook the raw

materials, Py éheéﬁ corgboqqdate ¢3ses %%rmfelrgaéeéﬂn@%bam%%. Plastigst h t he

next nol ec :t,e,gle I
nmoi st ur e, :ﬂrg%l%frt)saﬁ S d'Cre ed ﬁ{a?l ti teﬁ@e %tﬁqtlﬂg?ngzﬁﬁg{ggﬁﬁ %blf he
product. Thiamage nﬂﬂretenmmﬁqnt chdéiasedxﬁroducas chch qurapénobw:es el pnpedpn]p

degr ades or S|, nt s ver u when it contagts a I|
Naber . ns. PIFEEHG TR SEfoustatetc IS S5BobS i ks ey Pt SRy
mat eri al S'Haﬁﬁfdlfefﬁ&t%nttﬁe E&Meﬁd%e&?&%ﬁohr&ﬁ éeH%F\ﬁ'oodTélh prior

art therno-foam ng process relies on foamforrratron of e material to
shape the rfex papenpradncts causesprame layer depletiorswhigk ds qquaﬂjabarmfalrte thoft and

nara knockenagRiens Rafiress i kS ab K68 1y AR ol iRm0 Rfipa oS ose

are |im t edurifp @idWREovery périod iy Adtibe rahedies eviid ovdtan eRfehd& pio@ @ €ihicon. The
met hodol ogé used is very costly and the limted uses does not provide the

vol une of & SPHA PERET m@ceh‘éwb 3% BERST CBPS, hpveea eqséing Hiat isqonghiodegradable
aware of a in the nanes of .Andersen and Hodson
| gnaEh 6 s bl 405y deaP bt

and assign stries, LLC including US Patents
5,662, 731, 5 783, 126; 5, 868, 824 and 6,03_0 673 (the Khashoggi patents),

These US efer to manufacturing noul ded articles. However, the
Khashoggl mm !”teaoh jded st 10 wt % of starch and
guote a typica as bei %ggfgﬁgjoﬁvé gﬁf@? exanpl e, Khashoggi US patent
nunber 5 783, i’ZB”'t eaches a pr ef erred starch content of 30 to 70% vvhr ch
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(ii) 10 to 55 wt % water and 3 to 10 Wt % one or nore water-sol ubl e bindi ng
agents or adhesives According to a further aspect of the invention, there

i's provi ded oav24getl ded product forned from a noul di ng m xt yeaddgalovdong: (i)
40 to 60 mt % plant fibre pieces optionally conbined with 2 to 10 wt % added

starch; and {ii) 10 to 55 Wt % water and g to 10 Wt % one or nore
wat er - sol ubl e bi ndi ng agents or adhesives SUBSTI TUTE SHEET ( RULE 26) WO

02/ 20667 4 RCT/ SCOL/ 00180 Accor din 0. a, | he e f ' Welg!
there is prﬁ}ﬁs%l% eésﬂrfﬁﬁ’fra%‘e‘bt?%%lﬁ‘c Oiog}c%%ﬁ ?Socrﬁhg&ég'utﬁ% F%Bo‘%ﬁlilgf t@éﬁﬂ}oug

i ncl udi ng: yaste %‘i@e tige 6Pa Wk Bt aBibstitute MakiaCepreduts it prédubts Jpreferably wt %
starch; and (ii) 25 to 55 mM%water and 2 to 10 wt% one or nore

wat er - sol ubshateraldhaiis deriyesfiorm e bindearadable gadpr regdilyremewable sesopegor ding to a
fiuther aspect of the invention, there is provided a noul ded product forned
by a procesWhilehjodegiadaple matdripld avevavaglablecthe prévagusty kqavn mgtedalsmdydioh be

m xture by: (i) taki 4 o 60 %.pl ant, fibre pieces and optionally
conbi ni ng dl%;l%s w%gggggorgpgp\éﬁpsws[moéws.m ant fibre pieces; and (ii)
adding thereto 10 .to 55 wt % water_and 3 to . 10 w, % one or nore. .

et er 5ol aEASTATR dPRY R AGRreeSes b ioas e ) biiGig e e ooke Rtsrials Fop

nmoul d, the e{kﬁg‘lp%ﬁgﬁ%ﬂgarﬁtor?aﬁﬁma?é t’sre§a%rgﬁ%es&i%ﬁ‘ﬁed?ﬂ%d(aﬁﬁesﬁé?j Eoliener t he

m xture in to a tenperature in the range o to 60 C and a
pressure i nt ishet compaidnt trprodd@ shapedtoicleSirommhipboprk i od of time such that
a portion of the water in the mxture is converted to steam which causes

t he m xt ur eTHege fsid protése thamubed a¥iodepradabieimdtargalisoclpasplantdibelsioomi prodicts
reduci ng the 'gr essure so that steamcontinues to 1fﬁor mwi thin the npul d

wi t hout cadsi HepmarioamsngsIndiispipeess, siramyis 456q togopk therawmpterials, mainlyy| dabl e

tate; ' ' t Ln th
ange. 11 om THEES e dirch SR ekAb R BRI iFRRMeRt BBl SFRERD dalny " ()
renovi ng t hetarsh isdmeated ialthopresepce bfmeistmenit expesdspe aredted a mhkitwdedfded!l air
duct i tantially dry:. Vi t h tapntially dried and
et L g B e i s R S o SRRl
i nvention, ddagides bﬁdﬁhﬂég@r&i@éjvé%y qRickBAhdr P HEACt QIi&%lﬂg isﬁéh &k WAtEKS €& Pa result,

conprising the follow ng steps: (a) "preparing a noul m xture by:
SUBSTI TUTE tBeiporu¢ RunBois) coatedivigipa wokepraoding dedaria) cinge 1tstarts to degrade once

it contacts the liquid.

This prior art thermo-foaming process relies on foam formation of the material to shape the
material into receptacles. Such shaped products are soft and “cushion-like” and so will not
be durable and strong enough to withstand hard knocks. As a result, the products which
can be made via this process are limited. Another issue with this process is the cost of
production. The methodology used is very costly and the limited uses does not provide the

volume of production to make the production line cost effective.

We are aware of a series of prior US Patents in the names of Andersen and Hodson and

assigned to E. Khashoggi Industries, LLC including US Patents 5,662,731; 5,783,126;

5,868,824 and 6,030,673 (the Khashoggi patents), These US Patents all refer to

manufacturing moulded articles. However, the Khashoggi patents all teach the addition of

at least 10 wt % of starch and quote a typical range as being 10-80 wt %. For exampie, .
Khashoggi US patent number 5,783,126 teaches a preferred starch content of 30 to 70%
which gives rise to a problem due to the relatively high cost of starch-based binder and the .
excess time and energy necessary to remove the solvent. Khashoggi therefore teaches the

addition of inorganic fillers or aggregates. The Khashoggi patents also teach the addition

SUBSTITUTE SHEET (RULE 26)



(i) taking 40 to 60 wt % plant fibre pieces and optionally conbining O to 2
wt % added starch with the plant fibre pieces; and (ii) adding thereto 10 to
55 wt % wapaeredsd 3 to 10 Wt % one or nore water-sol ubl e gmwsaugoagent s or
adhesives; (b) pouring the mxture into a nmould, the nould being at a
tenperature of at |east 60C, (c) subjectimg the m xture in the nould to a
tenperature in the range of 15 to 60 C and a pressure in the range from

1000 to 700Q: . I | . j : in
the.m xt ur cobitotgys BIRRirk Bty dy bl dBuobE bt A AuBRld Bl aPteydt A T tlc
moul d whi | eaggesgaieris bging preatembbi2bwe%st ate; (d) reducing the pressure so
that steamcontinues to formw thin the nould w thout causing an expl osion

whi | st mai ntigd presedt hpificahisthdvefouid thabthel igble®els b héded(starch Ak iBafdanig t he
tenperature and pressure to a tenperature in the range from 100 to 200C and

a pressure 3gsragaie asssnght by tledShashoges pgemisiead te highgestsiang attendeneyetafoiam a

~al |l ow t he s: [ i 13l |

ry (g r onBOrHE Sasha Ryt e T Mo, B ahalod FHNIR IR
moul d.  Accoaealdstg inpaf afGustied-liks vhattues which hasloanitngtural dteshgthi STy ovi ded a
noul ded product formed by a process conprising the foll ow ng steps:. (

preparing APRHeAMS hayenow fauad that contiary tadesshings of shesKhaghogs patents; FBP@egi) eces

and option j: 0 : (ifﬁg%ﬂﬂ - a1 e f § _r e

pi eces; an ‘%’ix?‘??g%’éﬁ%g[‘%é’?@tsﬁg %Pgh?/o c@o %a%glrs mgtnogﬂ%pfogmi%%tuo%e or
nor e wat er -sach bbrecehirativnsgpragemthe abseneslbfxided starchiandpithicun thetaldditionof ur e
into a nould the nould being at a tenperature of from 70 to 100C, (c) subj
ecting the BPSEARICASERERSE nould to a tenperature in the range of 15 to 60C
and a pressure in the range from 1000 to 7000 PSI for a period of tine
SUBSTI TUTE Sypmepry pitle imvention \\0 02/ 20667 PCT/ SGO1/ 00180 such that a
portion of the water in the mxture is converted to steam whi ch causes the
m xture to A¢dordingéo emeipspecitnfithe invention; thereiis providadl aimbulded product foamed from
reduci ng t . Steam continues to formw thin the nould

he pressure sg.tha
wi t hout cau%fnﬁ}jﬁsg}gw&f‘ HRRT | st mai nt ai ni ng the mxture in a noul dabl e
state; (e) incrgasing e tenpera e and pressure to.a.te ure in the
range from 100 200@ M‘é{{%i’gggﬁérg PI§Fe} E@‘?Q‘ﬂé@oﬁg@éyl%&é@gb‘”ﬂﬁl (f)
removing the steam oryqdelQukdiatdie steamto escape until the noul ded
product is substantially dry; (g) renoving the substantially dried and

moul ded producthrom {dig %%%ﬁﬁg? tg?ggﬁtc‘%& an‘éro& r%%&?-%luﬂfe Hiflfing

invention, there’is provi or e y a process

conpri sing the foll ovagegtssireghesives) preparing a noul ding m xture by: (i)
taking 40 to 60 W% plant fibre pieces and optionally conmbining 2 to 10 wt%
added st ar cAcatirding tde funtleen asgechsfah@in@emtion, diete {siprovideltla ngulded pedductifonhed 55
w %water and 3 tqQ.10 Wt % one Qr nore water-sol ubl e binding agents or
adhesi ves; %W%QHMW@WH%@EWH nto a noul d, the noul'd being at a

tenperature of at |east 60C jécl subjecting the mxture in the nmould to a
temperature in @he raty® & wils plapt Bore pieersioptionally sombined withe) tohytlodded
1000 to 7000 PSI for é{i‘axgﬁqn%d of time such that a portion of the water in
the m xture is converted 10 steam which causes the mixture to fill the

hat st oam contues 108 & W v AR A v b REorE dale Roh Witife o7 on

whi | st mai nt ai ni ng t hegefiisdriaikesivesa noul dabl e st ate;

According to a further aspect of the invention, there is provided a moulded product formed

from a moulding mixture including:

@A) 40 to 60 wt% plant fibre pieces optionally combined with 2 to 10 wt%
added starch; and

(ii) 10 to 55 wt % water and 3 to 10 wt % one or more water-soluble binding

agents or adhesives

SUBSTITUTE SHEET (RULE 26)



(e) increasing the tenperature and pressure to a tenperature in the range
from 100 to 200C and a pressure in the range of 500 to 1500 PSI; SUBSTI TUTE
SHEET ( RWk:g 0280667 WO 02/ 20667 PCT/ S@1100180 (fj renpvi ng gdigsci@aisoor
allowing the steamto escape until the noul ded product is substantially

dry; (g) renoving the substantially driedgand noul ded product fromthe
nmould. In a preferred enbodi nent, the product is fornmed by a process which

further conprises the_.steps of at | eas artial coat.,ng t he ul ded
broduct i CRESHERB1o fERIHh fanapt i Ty Bvens i heit bicfided ARG prpdlictTREned
coat ed noul EiRf aRhRldRm hiknesiRhidig:al |y dry and cure the coating. The

i nvention involves enploying the action of the steamto force the mxture

to be distributeg thrgy W%?ﬁggﬁyﬁgyied%%ox%g?&%viﬁpiiodﬁ)\ﬁP SfabH; alll | |

t hus be forced out of the noul action t he steam ce the action
of the steam has..spr t ) t t feamis
renmoved or escagle1 t%BQW§%§%%éEgg\vlg%‘g‘for%ﬁ?rﬁgk‘gﬁrésgsbgeaa%%acti on,
the solids in the m x$iodepratiabledbindihg sgeneast ddhegivghout the noul d and woul d
end up being conpressed at the bottom of the nould in which case the

m xt ure Woulgtofding €318 Rirttee adpecifoftB@ivkintidih tefedl Roviled £motllidel prctvcy fdrfiRd
process conprises a further step of trinmmng the edges of the product prior
t o coati ng Wreprpeesd gompriging thepfollayingmjgnscal |y, such triming i s conduct ed
using a die-cut nmachine. Qther nethods for trimmng may al so be used within
t he .scope of tHe) i nvepreparingiambuldinggnigbiré bjxi ng and/ or sandi ng down t he
edges of the product. Since the main conponent of the m xture is plant
fibers which are bondgd t agkihpd0 td§0 an%alinesibrepisbéscindlvptidally combiingQrtes,
the cured product will not_di soi ntegrate i nmedi at el y upon contact with
liquid. Depending on the d&h¥i% gddad stareh pithdhe plaptibreprress:ad porosity of
the product), the product will take a m ninmumof ten m nutes before it
starts disintegratingidnd asdingdhergtor 1050 S50y eaaterandioigrl 0 wh ase 9s mage of

t he product is dependent o‘p%}%lté]?ol?@gﬁ&é&}egd%gisisoggﬁ@é{‘jegg formati on of the

product. Therefore, the pro encugh to withstand
treatnent with ter-resistance agents or .decorati Jmaterjals., The.cured
product can be rt hepouppgil?ee@lmngﬁntg %!B?‘éla’ &’8&%#%&%3 Atd {;F'pg atyp of at
decorative material s.lehdt 60®T:0r ati ons such as colorings are added then the
coloring paintlink should be oil-based and not water-based since it
provides a bettgy findubhecangmdmixne iEhe nidhld bfa RiPelind/ Ik ik 4 606)

WO 02/ 20667 PCT/'SGOL/ 00180 surface. Preferably, water-based colorings are
not used because the €laekh pressurein therange froaf 1@00 to 70O §Shfea apetipd abtimebsor b

the paint. The water-resi,stant coatd may. be any, appropriat.e material. such
as wax, paint or a vva%ugﬁ ﬂg&ﬁgﬁ{t@qoéit@%wgtggg} %%%?ﬁﬁgﬁﬁe@ﬁgggﬁe% W@Ch
non-toxi c. For envir ogiEdithe miRaceadSill the efcd@while tduaigifgin Aehoutdable state;

bi odegradabl e material such as a water soluble wax. Alternatively, the
coating is a nqgybi odRah@ARNeSrésRhR sb That Sieath contiAuddRS foMH Fhithinghéfloukd € i n
non-aqueous solvent, a polynmeric material such as a_vinyl - or polyurethane
- based pol yner or a withelicausing auéaplosiancwhidsl ngtinteiningthy mixreina monldablee
coating i s NeopreneTM V{/n_i ch has FDA approval in addition to being
environnmental ly fri en%"l”f/’. The coating process can be by way of brushing,
spraying or dippjng or any other convenient nethod. Preferabl t he coating
is applied by s(gi ayi rﬂ@‘?re‘f%ég ﬁW&ﬁBE?raWE arﬁgprﬁgﬁu{q 93 tﬁmB?ra%’ﬁ?F’r%Pmﬁ%
dependi ng on the intengag %@%QﬁdSbﬁsﬁfré’ﬁt‘ﬁk-raﬂgé%f%o&&ﬂsw}’s&m3 for which
pressure in the range of from 1000 to 7000 PSI 7s applied in step (c) is
preferably in t ra f | (c)
the mxture in (?ﬁe non%ﬁlggin t@%ﬁ%%g?géﬂ%agq%%%%?g‘% g%cgﬁﬁﬂtg%éu@@lggg
Preferably, the presspmdudtis stbstantial)y drg; r educed to a pressure in the range
of from500 to 1500 PSI before pressure is increased in step (e). Most
preferably the (g) essufetovingth€ubsthntially dritell xridnbdulded prodpdtatont thendodlden
increased in step (e) to a pressure in the range of from500 to 1500 PSI
nore pref er abdoydinp edih AHERP adpett of the ivemidny thdr& B prévined aivukled préduepfdrfedi S
increased to about 140C  Ste i(yfljg typically occurs for a period of tinme in
the range Y §piopess@onprisingdhe tollowing Herses or | onger till the product is
dry at a tenperature in the range of from 100C to 250C. The plant fibers
can come from day souwreparingarmeuidingimixtwwebyabl e pl ant fibres may be chosen
fromthe group conprising rice stal ks, wheat stal ks, sugar cane, corn

| eaves, banana | eaves, corn crops, roots, grass, flowers, recycled paper or
conbi nati ons thereof. The si ' f ts the texture of the
final product. The requi rem%@ﬁ#fﬁeéﬁlgﬁg&%% ct will dictate the size
of the fibers required. For exanple, a table top will need to be strong and
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Preferably, any added starch used in accordance with the present invention
is selected fromthe group conprising tapioca flour, ground sweet potatoes
or any otwero2regsty powder, corn starch, flour and conbi natimmssddhanesef .
Whil e corn starch and flour are suitable for use as added starch in
accordance wth the present invention thesresults are not as good as when
ot her starch sources are used. There is no need to nodify the added starch
prior to processing. e fi r ane i
together initially i nd_st eptb]?gé 6??9?%%33&%@?% ggﬁ%s%%grﬁn%yﬁ hﬁgelwbleﬁbtqﬁg%mgf
the liquid ingredients corgwi% atidel dtdrohwithethe plant fiblepietestind m xed in, the
flour will formlunps and this will create holes in the product as the
starch is renoved duriyg tladindtR&BHSI0 t5owEdsl witéand Bt ad wiWon8 bf niédi ned
in step (a)(ii), the mxture i's stored in a sealed container until required
for step (b) to prevent t heatat-sodublebinding agepisoyadhgsiveShe mixture is

-preferably stored at roomtenperature prior to use to prevent hardeni ng.

The mi xture naybpe stpueidgdhe mixtwepmtoatmowd) the rivald beiggatf  empehtire ofetzi ng

point of the mxture to %Bp(g_t 2SC. Preferably, the mxture is stored at a

tenperature in the ralﬁﬁsé rom 1S to 2SC. Further, at higher tenperatures

there is a possibility, {hat goul,d wi || form(gecause of the .conbination of
gthe mayl

wat er and an or§hni c s¥biectingtheppixivge inthe I & empseatwredn the rangetidertatlr e
at or below 2SC. The "@zﬁﬁra ﬁﬁ&%ﬂ%@ﬁnﬁé ﬁ%ﬁgl(ﬂﬂ% gbUO ngg)rr‘ﬁ?:ﬁlid pgﬁfnbt y

chosen will depend on the 1nten use ror e product. xanp

non- pot abl e wat er sucduchshat e portimnef thewaterinthe thigtares cbnvesteddo sehmwhith t y
wat er. However, products intended f ood nt act must be mad om

Gl ang_quat | 1y et druserihe gatere tp diabe gt EhiS tectadang fop megidehls e ess.
This aids in spreading the mxture evenly in the nmould. The m xture_ does

not foam SUBSTIMUTE Segucing thepressery so thgbsteamoaeganuesdo fryy within/thomwyldecause
o t . . ot
Stoam (o il rect ot t owsitife Skl SOREGT SEM B O BiRGHd A byl

the spreading is conpdtsee, the steamis renoved to allow the product to
dry. The anpunt of pressure applied to the nould will affect the density of

the final prodyej. Thackasisgthetdiapaanetiaid pretardisademperaturéin thefingbdom | f
a nore flexible product is desired then a | ower pressure shoul d be used.
Wien the pressure is H9Iri200°G and npresgise in thg sangeof a0 ta kiR wi 11 be
squeezed out of the nould. Preferably, the pressure is at about 4000 PST.
The strength of(ft he peowuing thé stear opakeving thesteans tecessaps until the meuldedr e

pi eces. The finer the_pieces he,. hi r the density and hence the greater
the strength of the &gg%gt‘?suf’%?%wg’pe of adhesive including the
crystallization rates and. viscosi . he, adhesi.ye, Di.fferent t and
grades of adhes®e cditPVBigt eﬁ%%?@h@q%ﬁtlﬂ%m\éﬂ@ﬂg?%%mhﬁéx‘g‘ﬁg'ducts.
Different cyystallizatign rates d. viscosities of differe adhesj yes
Cesult 1 dheoefianio brutioe peCtatiis nvpRiat fe Baverited b Gotkied piRdehlornned
initial strngngbRceaes Hgﬁﬁtthe Hlewinpsdt&s: the rate of crystallization, the

faster the rate of stréength devel opment. Viscosity influences the inherent
strength of the hesi @nﬂ.' LQp. viscosity, and solids content.
The hi gher the p@?yné%rg |S§§§’?@@§ﬁ%ﬂg&§?’gher t he nol ecul ar wei ght, the
hi gher the filmstrength, the hi e..a S| Ve Vi sGosi.t or the | r
the solids at a given adhetgﬁgg%?@%%g{t‘?@h@@r#Blgcesst@gcophpéélly é)ﬁbdﬁngg Phe
nmoul d. The product design 1ayt% addsictarth ithitheplahi it pidees;avér al | product.

For exanple, a box with ribs will be stronger than one without) (4) the

type of fibre. For exgypl exddfigdBéreford®rolI50N0% Waftybi®3 16 10RHRR Rt Ct
that is inherently resilient but not brittle. Conversely, rice husks tend

- to provide a product that waielspleble bindingngeats o adhssivesiri tt | e.  Products

produced by the process of the invention can be recycled with very mininal
| oss of ori gi nal(byat epausing drecminityre inio ahmouif dhe inguidibethgat 8 terhperatuteof frmmds,

- a product can be recy@tgg)obpcproduce an al nost identical product.

SUBSTI TUTE SHEET ( RUL WO 02/ 20667 11 PCT/ SG1/00180 Wen di sposed

of , products produced by the process.of the invention w || breakdown and
disintegrate to ©rm &F%@S%WEW'&P@ tofetempaEaiire in the range of 15 to

environment. This is fi i = ' P'Hﬁe are
nostly natural and edéllgﬁga.ﬂa?ip?%s%%&&g%ﬁéﬁ%%é%ﬁgg?ﬁ?@c}%g%ﬁ |s(|Poc(’)sa and
|l eft to deconpose, the resultant manure can be used as a fertilizer because
of the fact that the main conponent of the product is plant fibers.

Further, the plant fibers magygg ™ SSEet EQ@ unwant ed parts of crops
such as ricestal ks, sugar cane pul ps or any other fibers that are not
directly consuned. This helps to di spose of such waste from harvesting

e s . = _ N o o Y




The val ves enable the steamto be renoved fromthe nmould so that the
product will dry out faster. Further, the steamis renoved nore quickly and
t he prodwed o2/%06bess |ikely to be burnt. The val ves are nme@gamavalobiso
operated. Once the tenperature in the nould has risen above the boiling
point of the water, this indicates that ngxture will be spread evenly

t hroughout the nmould and the val ves can be opened to rel ease the steam By
the time that the m xtur as spread evenly 1hroughaout the uld, it .will
have hardened j ust eﬁBﬁbﬁlaE%p?‘ﬁﬁpoﬁhed‘ggt r% © Bt v“]Fﬁ?%ng?%ﬁtF%w t he
steam The val ves ar Qaﬁée@ﬂ%iniﬁdﬁﬂ@témtﬁémrﬁnﬁ&i&rﬁﬁﬁﬂ%iﬂl&m&hﬁbm&@l and
when the pressure is applied to the nould, thus the nmould is totally closed
except the gap kgf weeBdidie; the Bradfifte 36t MeR chitiffes t4 forioWtHin thSmblify Wat er
or noisture in the nuxture is converted into steam this steamw /|| rush
upward forcing the niwithoutcausingmnexiphasionathilst maindpinimgdhandstutdins thowldable up
the whole nould. Extrag,or excess mxture will be squeezed out of the noul d.
Normal Iy the nould vvisfqte’be opened in process step {d) when the tenperature
reaches between 100 gnd 200 and %r eferably at about 110C. ,L The val ves

shorten the timd®k or RHESHIEE ESMRTAYE W RIESSUHTAO AHFEPLAYFE imihe Fge from
processing tinme. Furtipgho vbb élgﬂe%éﬁtﬁ%yﬁgyﬁﬁ?]m So8P{ Il take
e ‘an rotgh t

| onger to escape through the si out t e gap betWween the top

db f ' ,
The heat would afok drRBLAR 4y ueiel wbiRa AR B @R AR R0ke T 0°

sides are only just gryducPissubstaitially drxere is one valve every 4 square
i nches. The val ves cannot be placed in the sides of the nould as this would

i npede the pr 0p§rg) sprremeiing tef subbantial dHed dn@ nisuldedro@stt fidm tHeenoadve was

fixed to the side of the nmould, steam woul d escape through it, thus

reduci ng t ek GRS £eurfhet SPect Uithe ﬁﬁ%&tﬁ‘&f;’ﬂﬁ}@i@g}&ﬁmsum& g e

m xture not to flow to the Space above the valve and create ag I nconpl ete
product . SUBSTPIoCEsE cOMpHTing Hidi fisllowing st 02/ 20G67 13 PCT/ SGOL/ 00180 Thi s

i nvention enables the processing of a certain prescribed mxture to form
products of var(@pus gregaeingamiowddingsnixtureé bjal e for protective packagi ng such
as boxes and receptacles and coverings for el ectronic goods, cushioning
packagi ng for delicat® andalfin@g0 6@ wekiplan fibrepidcdsAnn spBondlsdonibiniap d to
conponents, food and beverage containers such as cups, . plates, |unchboxes
etc, building material andOpves addadcsiarelywith dhemlant fire piccesiendt i ons, ceiling
boards and ot her shaped products eg garnent hangers, horticultural and
agricul tural planterdiiand agding therpte ) topdsuiSavaiesiand3ded 0 v % aqpeopoIore ons

in this specification are\#ﬂeﬁﬁﬁﬁngﬁﬁ&g‘é@éﬁg&a&%ﬁ%%pti on of the draw ngs

The invention will now be Tturther explail nd 1TTustrated by reference to

t he acconpanyi drawi ngs i,n which:. Fi qur is a flow di agram of a.process
sui table Tor t dPh ng BetfRgHbaLEE niatt iy the bofid s & irhiarigard 5 s
a schematic of an ovggast 69e@f the process of figure 1; Figure 3 is a
perspective view of a nould suitable for producing the product of the

present inventiep, thghapiheihbeliRtiré h hb NRRpbaARe i i Yafkebr13 186

per spective vie f tﬁe rmu%jtc}i} ?ﬂn] _%Igure gjo?lﬂﬁaedfgﬁptft? tﬁle trlnﬂxti{f‘ﬁee; éi gu?e 5
is a perspective vi eCofndtapressore id thewrafge from 1000 to 600 BSidfonageriopoftmar e
with the valve closed; JFiqure 6.is erspective view of t moul d i.n
Flgure & wiih the vaisveh fahs Bpsion deavaeb he bl By et f Bipa i

moul d in Figure 6 opeagss\hd Mixtie t@@ﬁﬁ@h@ﬁlﬁ%enﬁnﬁn{hgwﬁmﬁlab& state;
cross-sectional view of another type of nould suitable for producing the
product of the g ese%dﬁc‘iﬁ?ﬂﬂ%bﬁ&%surl%ﬂ&h?@te%cﬁ?ﬁﬁﬂ&% FSWAKE thémblif
drawings wi |l now be described in relation to follow ng exanple of a
preferred enbodi nent withouheaysingdweixphosion whitht npirthisingrthemixture infrmedddatdel
Conposi ti ons SUBSTI Tugaﬁ SHEET (RULE 26) W O 02/ 20667 14 PCT/ SGOL1/ 00180
Moul di ng ni xtures hav % conpositions according to the present invention
wer e prepared. The prqportion f conponents presentin the njxture are set
out as exanpl es(_gj t o4BCTPIFIREN S g?WRﬁXP anéimr%‘%sﬁ?é?rﬁﬁ@ﬁwam%@em@@m nder
(gm Water (gm Fi ber (190ko 886 silPprksrOfBE PR LE§6MSITHOPHIIM Tapi oca

Fl our Lat ex wat er Tap wat er Sugar cane

pul pbase(degradabl e) 16. 010. 030. 040. 00. 086. 07. 0%26. 08. 030. 040. 00. 084. 07. 134.
08. 028. 040. 00. 080. 05. 0%#1. 58. 028. 040. 00. 077. 51. 9%1. 28. 028. 040. 00. 077. 21. 6%
61. 08. 028. 040. 00. 077. 01. 3% 0. 08. 028. 040. 00. 076. 00. 0¥80. 08. 028. 040. Oi

0. 086. 00. 0%_at ex

sol vent base96. 010. 030. 040. 00 . Wé@% 40. 00. 084. 07. 19414. 08. 028
. 040. 00. 080. 05. 094.21. 58. 028. 89§§6ﬁ{6&7 g%@'?i@ 028. 040. 00. 077. 21. 694.41.
08. 028. 040. 00. 077. 01. 3% S0. 08. 028. 040. 00. 076, 00. 0/ 160. 08. 028. 040. 010. 086. 00
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WO 02/ 20667 16 PCT/ SGOL/ 00180 conpositions of exanples 1 to 40, except that
the sugar cane pul p added as a source of fibre was replaced with fibre
chosen f rnoothesegr oup conpri si ng wheat stal ks, tea | eaves,poristdisdtmbks,
rice husks mxed with rice stalks, corn cobs including the | eaves and the
car bonaceous residue of burnt coconut shekls. The nol di ng nuxtures
conprising each of the |listed sources of fibre were used to nake golf tees
according to thg, noul di ng. . D, i i.Q0; t ees
ompr i si ng. eachli 11 Py BE B an R iR e bl UL il oSk

af orementi oned gol f tmedudtdsgubstintighysdigar cane pul p. Wile there were
differences in quality of the golf tees depending on the type of fibre

-used, these di f{gzr enc@modirg tAO bubitinBalydri&d 4l howladd prelh@Fron? thetrhduld.
per formance of e golf tees. O the aforenentioned sources of fibre, only

rice husks fay @e@%ﬂ'eﬂﬂ%ﬂﬁ%t,ﬁhé‘gfdﬁu&qg?&ﬁkd b%lﬂ rb&at whichififhdricohprisds the ©
- sources have no 1 nherent starc ontent and therefore nmake no contribution
to the starsthpoafnt ent of the noul ding m xture. Accordingly, when rice husks
were used to make the noul ding m xtures of exanples 1 to 40, the proportion
of starch prese() wasatd¢dsppdrtizilgcening thdhauldédproductiwitli oreesor hert dihding t he
table. It is noted that for exanples conprising a given type of fibre,
varying the nature of28cAE BPRAMSIVESAE not affect the quality of the product
produced according to the present invention. However, based on

envi ronment al cGhsi deleating the coptedanouldad pypduds inenbstentially dryend cuiedhe ox use
in the noul ding m xt u&o%ﬁggcause t hey are bi odegradabl e, whereas binders

sol ubl e i n non-aqueou$S soPvents are generally not bi odegradabl e.
Preparationpf.the. Mxture |ndividyal mxtures were prepared using fibers
of “wheat ot TkivgRiqn eblyfs peloye it asfiof s A 6 BRI FLubB OB,

conbi nat i ongistrithitedrrduphitu? thelfABuldl Any' kSessB6RdsAhREAAl Will tRudibd RededDulBEhE ne
to a size in the range of fromO Immto 5.0 mm The ground fi ber was

conbi ned wi meuldy the action offthe sipamc Pnpe Bgractiemetthe gleamthss sprsed themaixisen | our

t horoughly |n m alLner. W ' (Al a speed
of 500 to 786()?%19’)'%5%)"{0@}%?% o ﬁl%ﬁr%toﬂ’?‘i(%ersép% &tﬁé&%g %g{’:g}ny %leéénsur e
that the st WitHouthhih shédin 4aion) thetselids iinbe v tretwsuld hoikpeeadrtiroaghdam tiee meuld
added. Any |l unps which do, form shoul d be broken up because when the, water

forms steanfndyerdendyr bemgsompressed attheeottosyrithe mapldin which saseths Bwxivge) |

cause an ai I uct. A water sol ubl e adhesive
with a |at e&ogg@é lpfslgét?%%%l gge(ftg(q?{é%ﬁaﬁlee%%gt h water and the m xture further

stirred untp] .t ol i e | ] venl.v. .Thi i ed
Lo pr oduce. RrethfSly fieaedty ShibAsds Al hdpihatmilg e ofbd of g SR8, G prtde ]
The Moul d Pfaléoafki (He@i&duct hrestep ) d Tepicalhg stich thininiag ds cordngied hsiag a diesgutnoul d
part 21 and a bottom nmoul d part 22., The top m)ul(g p‘g{!{ 21 has i\ﬁv,al ve, 23
| ocated i n Mashingp@thes methads ferArimming mayalse begised within the seops of thy inyenfion;

receive mx : ) 2@ S’a;%ﬂ] HEorbducd 9ap 27 of about 1
nm bet ween %rﬁtialﬁt 0rlrlt)u g par% zgnog)ﬁgéggﬁstg% rfcet;%rl d part 22. Once cl osed,

ranual 1y or SERE S SpiB0G O eTegnaf s iR e P sl EA pBler Y P
val vg 2? iligdmeﬂc i O?dvmmt ; dfér?!asft@zesv\ﬂemugeﬁg)rgmgwﬂhhwcﬁzinfegtdm 'nmediatgl’g’lo ids
at abou . ce e _ar clLe . nas dri ed, nou IS opened .an
the articl eUp® ¢oufast¥ifh lm}iaflaﬁaeaﬁsnsgnéhe %}%PE&W&A"%&MMS ePIRsibhe
{1 ow d aor agt 8l pRddiiné prdddt RIIPGRS S nbATNERN6FRn Minflelbifrdt Sfigal | NG the

mould 20 to eating I's only required the first tine that the
moul d 20 i sdisatepritngandeoilld last@s iunigras one houro Fheslensity ofdl prodoctis dépgndent at

about 140C frogmform ng {.he,l ast.art.icl 8 and .i s.,act.ual copl ed.to.,70C
Ca2°B Once P e dplind uoRbag chiBerrish THESTHIE W sl afidy
trimred, seplspethnRBtbubkd Wethstah® BbtheAEwWHE WalcpJesisthtice a%éiﬁ_s BP&dcdratiVe | S
brought to about 70C~ the nmould 20 is opened (see D of Figure 2) and
. overfill ed watdrialsi xt ure 26 (see E). Ildeally the mixture is kept at anbient

tenperature (about 25 C) or at least within the range of 15 to 40 C. The
moul d 20 i sThetwead prodatt candedndthdr|tedtet withwswater tesistancéimateriab orsdecbiative nt

m xture to even| conpletely fill. the | d.20.. The noul d I,S t
Tert ool o bBwERals: Thisroan P s solEneR Sre g LR the S utbepeinydnk aroultle
solids in tpa-prieatant SoVRilet bBRd stHce Sihravides PHRIE HnRY aha willadkat iPmeof the
moul d and water woul d separate fromthe m xture and be squeezed out through
the gap or air vent. |If the tenperature goes above 100C, the noisture wll
turn into steamtoo quickly o4 i on. However when the
mould 20 is hot (70C to 1000)%0%n t he rrgtegﬂkal?gf?g@z conpressed, the

noi sture will imrediately transforminto vapor and start to | ook for a

v o o - o " o o




Figure 8 shows a top part of a nould (100) conprising nmould part (101) and
val ve (102). Valve (102) sits in a conplenentarily shaped cavity (103) in
nmoul d parwo(0tRdge7and is free to nove relative to nould pargcfd€ioorgeavi ty
(103) end in rel ease hole (104) and valve end (105) is adapted to seal

rel ease hole (104} when the valve (102) i its closed position (not shown).
Val ve (102) is closed by pressure being applied to top end (106). Wen

val ve (102) is InNngits 0si ti.on | N ki 8 g ape
from t he. oot B Rev s8R Resca Fhiber N L b peRibe o qir R, fil

" conpri si ngafi@sutiagand Wwill hbtubdedaheé paint MTenhterrebidRanCEcAtiAB nbg®s anpt | i mit
the invention clainmed to exclude any variants or additions. Nbdjfications
and i npr ovefRPTeRFIaloMAleEa) $APh RS W, PRIPY onfevatelseiuble tatexchase Typicallydhe caating ed .

inthe art..; digf 1 i ' [ E:] Ty
t he scope Op%#ﬁ?gﬁ?.ﬂ \? é#\%?ﬁofno %H%B%E%WEB%E% ?ﬁﬁf&t%ﬁsq}ﬂ%g&z@ P %é@é} ba
PCT { gcg 1/ 00%1&#11 aB?vOEtEdsﬁlu%f llévﬁaﬂEﬁlhlhgiaﬁlGel'yﬁl-ﬁEe todvinp1d ifhtaﬁ%dé@a&ﬁlé.) fdferial . A
noul ded product formed froma ulding m xture inc ing: (i), 40 to 60 wt%
plant fibreS @gvaasn\mhls%ﬁ %@qgw BT BAueRY )ﬁeQH@dIPTlgP?}?%‘P?,gteﬁﬁcP“(’]i‘ﬁalo to
55 wt % wat N 0 r, = iR ents or
adhesi v(:as. gi.rnyﬁ %‘ggﬁﬁg?%ﬁg%&@%ﬁrﬁ%@ﬁﬁ?gﬁg‘@"%ﬁﬁé’ﬂ%ﬁ%r ding to
cl ai m 1 whePmiferatlii¢hd emtjhg isoledprengdM aviticlf hasF® Hapmrevaliis additioht bedmgye of

fromlto5 m3. A Ld“?.fﬂ%p duct. forned fr a noul di ng. m xt ur.e
accor di ng cFEyPPReRtaly fperslly,oTR eaatiog prasies g2 OF Yoty SRFGREST (o 5
ut % 4. A SRIRH oy OlidFLorVRATREmAR PreTtiibig] 8 cBhutlgS SpRra®ydbRgided

claim 3 wheréeinthe adhesi ves content is about 4.7 wt . A fou

product for r ]ﬂﬂnpélé i ] i 1 r&id. t he
fibre cont e*ril?lgplfsodﬁé?t er %{d% &r;goér%&§§9f @%@&%{eﬂ%& @?ﬁi@ﬁr}%gdﬁa‘é@@&p@o uct
formed fronpmdoetul di ng m xture according to claim5 wherein the fibre
content is about 52 wt % 7. A noul ded product forned from a noul di ng

m xt ure accThélpérbd of titheforwhivhipresiuie int@e ydnke bf fOMmt K00 to F000PSIE appiitganSom
40 to 45 w % 8. A noul ded product forned froma noul ding.m xture

d
accor di ng t 8ee (Qiiswreieiply & theyrprgapfiftom 3 én 1@ preconds. Hrsierably ipstepdc)dhe A
| ded : . i ] i [ . (i) 40 60 %
moul ded proged,  f;gk 0{‘qu%€'§?‘?§& gi %‘%n@'efvﬁ\xﬁh&é gg%ﬁebgllt g? b@g: (i) to Wt

pl ant fibre preces and option arch; and (ii) 10 to

adhesi ves. Byt Breisbin b B0 P heeiPidig T EsuRh i il S SBHFE) 3 1
to claim9 1660 BSIbeldre prabgiels Bicrdabel inlstopt(e). iNbst ppéfebly the pressurdiin sten@) of

from1l to 5 mm11. A noul ded product fornmed from a noul ding m xture
accor di ng cisdrdycsd fRatmasphditeand iben mgreagsdiin step (§) tp Rressugan the rapgsRifiqry 5

wt % SUBSTLGAILE SBHIT nfdRUbFe @bly okl fiRh3f67 PCT/ SGOL/ 00180 21 12. A

noul ded product forne a moulding mxture according to claim11

wher ei n thepagdhesi Vi t&ﬂ}%{ﬁﬂ}e fnsste}(?@fifiihﬁ]’crz o8 ¢ (yﬁbo{\?‘btﬁr ul ded product

formed firoma nhodl ding Xrure a g to Clarm érein the fibre

tent is p.t . & 45 t 5wt %..14 A | d duct .nmed
From a. moul BFRGDTHFIRCSBEaPER Ry eboLiay it herae PEFRIT TR SePBRo a0 BRes o
about 52 wt offongér ti the prétREt R RY Uk térpérRidrd if TheraiBeibl ifdth 100°CUH @508%T;0r di ng

to claim9 wheréin the water content i's in the range from40 to 45 w % 16

A moul ded pTHQP%t fidriBsh GO RAm R 836, g&ﬁ@#ﬁﬁléﬁgﬁ%&ﬂ%ﬂﬁh@ Rhybd 5

wherein the wa i

er content iIs about "43 wt product forned
from a noul diosgn front the graupalontirising ride)stalks, whegGtalksy/sydan nand cdmdegyes banarmnd

: 0 .
optionally Fea%gs, %gm%ogs?ldo%?s? g?a}sg,rifor\]n’rers% rll'gcycled paper or combinations thereof.

The size of the fibers affects the texture of the final product. The requirements of the final
product will dictate the size of the fibers required. For example, a table top will need to be
strong and is flat so this will allow larger longer pieces of fiber to be used than those used
in a smaller or curved item such as a cup. Preferably, the plant fiber pieces used in the

composition and process are in the range from 0.1mm to 5 mm. More preferably, the

SUBSTITUTE SHEET (RULE 26)



(ii) 10 to 55 wt % water and 3 to 10 Wt % one or nore water-sol ubl e bindi ng
agents or adhesives. 18. A noul ded product fornmed froma noul ding m xture

i ncl udi ngyO 220640 to 60 Wt % pl ant fibre pieces conbi ned WPCH/SGo1/00180 W %
starch; and (ii) 25 to 55 % water and 2 to 10 m % one or nore

wat er - sol ubl e and bi odegr adabl e bi ndi ng agents or adhesives. 19. A noul ded
product formed froma noul ding m xture according to claim 17 or 18 wherein
the |l ength ) br | oo : 20.
A ol ded it AfouR eivckh PR 2565, Howelelil JoRER 18 hed SR thekyBiBT o
havi ng adhéavebeengmodrehémaller ithant ey, agpewderellr om 2 to 5 Wt % 21. A noul ded
product fornmed froma noul ding m xture according to claim20 wherein the
-adhesi ves ceibaiting sgenboor adhesivastwiich &2 usél fotbihd!the fibreoare iwatep sotablefandm a
nmoul ding m xture according to cl.aim17 or Z 8 wherein the fibre content is

in the randgeefeably aeenyromneptaldgiendly. At isprafered thatennchiodegradablerplasticsor

*nmoul ding m el ' hesel ent is
"t he P andeies BGRES 48nbEhsph 8 Hatdhe HorhS JIRHE; Rplodeieté pipdRl ) o2
PCT/ SGO1/ 0QitRéughdit ’4o Aderspplediatbduhatdicdegfadabitity éfrtherbmdinguigehis gr adhetivesis
according to claim 23 wherein the ter content js  abo 43 % 25 A

moul ded pr d@tesseRt! »@&reo@eanﬁ PERABEidags potige Frabe biodegadRyle 2 Tably, yater
preparing Jal ' DY ark hdedls8 Al hedhdt y i bre pieces
and opti ongjla%gg%égdr%ﬁlgéght@ solb%soar\é)vth(%dasg&dé star cﬁﬁo‘?\nﬁtt Eﬁ{{%@gﬁ%ﬁe fibre

pi eces; andréferaplyatidiexrhatel adbesivesOsuch aSNeoprens, et wsed ématcdrdancelWiththeYo one or
nore wat er - sol ﬁbl e binding agents or adhesives; (b) pouring the m xture
into a nou™H8™npul d being at a tenperature of at |east 60C, (c)

subjecting the mxture in the nmould to tenperature ip the range of Z 5 to
60 C and a Ppeleebl any addedestarethieddn agrordsdee wefh Horpresest mvshtion i elegied fom j ne

such t hat ' o | ] ' whi ch
causes t he oy geup SopBliphE anfiaTlouk gbulRl Skt BoBoL ol Bidr ot pe A BB
(d) reduci stareh lopr sk enmbinatidrisdheredfe Whitsorvrn starch and ffoor anewnitdtile fartuse aoul d
Wi t hout causi,ng .an, expl osion whil st maintain.,ng the mxture in noyl dabl e
State: (o) MM waieh ity eqoBangs Bt AR prcsemhinVERURIE e sosulfs aremol 3teoad v ien  t he
range fromod stapch’Qfced Aft whel! ThE€nd Reedhs ntcdgIh&idded Stakéh phdo PSI © ()
removing the steamor allowng the steamto escape until the noul ded
product ispsedsssiegtially dry; (g) renoving the substantially dried and

nmoul ded product fromthe nmould; 26. A product according to claim25 wherein
t he procesdhedivehend fload arddkertaddedsstaph arwfmikhd togethHepmitiallyadnistepl(d){i) emat i ng

t he noul ded oduct with one or note bi.nding agents aor adhesivyes; and (i)
heat i ng t h@™SABE 81 YIS, Lok Hihe Land menant sonta ot belre fds
coating) 2éyénlpnagettin, AfeCliudiwifl fhieh Rindisind thi¥/aell BiedtelHofesith AfegrSdiicy hd her
conprises the step of trinmng the product fromstep (e) prior to coating

t he productstargh isrerpoydd durmigehy procsss. Sineell (irungredgnts are combined in step (a)(ii),

the mixture is stored in a sealed container until required for step (b) to prevent the mixture

from drying out. The mixture is preferably stored at room temperature prior to use to
prevent hardening. The mixture may be stored at a temperature in the range from the
freezing point of the mixture to about 25°C. Preferably, the mixture is stored at a
temperature in the range from 15 to 25°C. Further, at higher temperatures there is a
possibility that mould will form because of the combination of water and an organic

mixture. Preferably, step (a) occurs at a temperature at or below 25°C.

The water used can be of any quality. The water quality chosen will depend on the
intended use for the product. For example, non-potable water such as sea water may be
used as well as normal utility water. However, products intended for food contact must be
made from drinking quality water. The water is converted to steam during the process.

This aids in spreading the mixture evenly in the mould. The mixture does not foam

SUBSTITUTE SHEET (RULE 26)



WO 02/ 20667 23 PCT/ SG01/00180 28 A product according to claim 26 wherein
the process further conprises step (j) of treating the product fromstep
(1) wthwowateds7r esi stance material or decorative nateri aGI/S@A/0M180r oduct
according to claim25 wherein the length of the plant fibre pieces in the
moul ding m xture is in the range of from{pto 5 mm 30 A product according
to claim 25 wherein the adhesives content of the noulding mxture is in the

range of fr 9 r ] t ' i n.the
adhesi ves cbo g%‘éﬁ:tﬁ%‘?re%ée/&rrgﬁ#&ﬁ% @ng%%?‘éﬁfgp gir])&(}%g’ a%d%%%/oﬁ %ﬁ{b}& %?%lcfuct
accordi ng tdireeteditowaids speading thehfixhird tieoaghuiue te mduld hOnoothedpregdimgxs ure i s
in the range from45 to 35 wt % 33 A product according to claim32 wherein
the fibre GomIIste, the siepm ipdrmayed i alloy thegrpduckfpdiy. 52 w % 34 A product
according to claim25 wherein the water content of the noul ding m xture is

i n the rangehe gmquniofipressira spplicd dg thegnonld will aéfectdbe dengity gf the finabpieded.

broduct acoBiaeRer il bRghey e ificl Bty “aefg S folsndit el it 1
nmoul di ng M thénli Bwel préésireatioglt baasal. divhen the prés3in®is BppMed e the héwd] atyex
based adhesi ve used_ in the nmoulding m xture is Neoprene. 38 A product

accordi ng texcessanaterial wildesaneezedoutof theymeulds Preferablys Higdiressureds peahoit about
25C. 39 A pzfd@@‘i%tl according to claim25 wherein the pressure applied within
the mould in 'step (c) is about 4000 PSI. 40 A product according to claim?25

wherein th eriod.of. tine.in. s 1S I he range of from3 to 10

seconds. 4% S&ﬁ%@cqft %@8%‘%13‘8}1?%%1%)&?@%?%&@ n the reduced pressure in

step (d) isint ra %@fro.m 500 to 1500 PSI. SUBSTI TUTE SHEET ( RULE 26)
/'S

WD 02/ 20667 24 [ARGCS2 A product according to clai m25 wherein
the increased tenperature in ste I s about 140C. 43 A product according

d
to clai m 26T heHinesithe pineespthg highgr (df}%l%'b’ qud)heaeethe graatar the steengBeidhe tinme in

t he range % m 10 seconds to 10 minutes at a tenperature in the range of

from 100C t 00%&8'0 44. A product according to claim25 wherein the product
cont ai ner's,  bui 147 ng. frurs bR Pt e BT kROt and
pots, gar Nedtthedivd) JHfferen tpdé sRbgaddsfgdhdsivea@tribute differently to the strength of
the products. Different crystallization rates and viscosities of different adhesives result in
different products. Crystallization determines the rate of initial strength development. The
faster the rate of crystallization, the faster the rate of strength development. Viscosity
influences the inherent strength of the adhesive film, the solution viscosity, and solids
content. The higher the polymer viscosity, or the higher the molecular weight, the higher
the film strength, the higher the adhesive viscosity, or the lower the solids at a given

adhesive viscosity.
(3) the structural design of the mould.

The product design may enhance the strength of the overall product. For example, a box

with ribs will be stronger than one without.

4 the type of fibre. For example, sugar cane fibre provides a moulded product
that is inherently resilient but not brittle. Conversely, rice husks tend to provide a product

that is hard, but comparatively brittle.

Products produced by the process of the invention can be recycled with very minimal loss
of original material and with no harmful by-products. In other words, a product can be

recycled to produce an almost identical product.
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45 A noul ded product fornmed by a process having the follow ng steps: (a)
preparing a nmoulding m xture by: (i) taking 40 to 60 w % plant fibre pieces
and opti omalokgossdnbi ning 0 to 2 wt % added starch with the pgdrasdoifooisne

pi eces; and (ii) adding thereto 10 to 55 vt % water and 3 to 10 wt % one or
nore wat er-sol ubl e bi ndi ng agents or adhqgi ves; (b) pouring the m xture
into a nould the nmould being at a tenperature of at |east 60C (c)

subj ecti ng e &k r@ ,%

60 C and a press relz!(lii(ﬁajf &u%ﬁg&lchdk??%d%%&g%ﬁ% H?%p‘ﬁ%%géearﬂgovgﬁ#dstl me
such that disintegratertodrmt bl&)stmtssrwmm arenotdztiiniental $o ﬂxerenannbmﬂeﬁdl‘lﬁs &am whi ch
causes the_ m xtur the noul d whil. e remai n| n st at e;

- (d) reduci pﬁcqqq%algpéggedpgeg t“%P%Fﬁxé‘bmq HE Bwost 8“?@%?41]9 em)ul d
wi thout Caypddiitsaie CaIRLCAD £Mr Wihdsal adlPleR ' UBloihdsD ndte it nlahu dIH‘Bledab' e
state; (e) Increasing t errpe ature an pre Uure€ to a tenperature in the
*range fr omui@las ofeptiliyer hcmlusae gittbe fact that thetnivén campenent o5HO pradut6isPlaAb

renovi ng tl@ steamor allowi ng the steamto escape until the noul ded
product is™®fstantially dry; (g) rempving the substantially dried and

moul ded pr t fromthe noul d, SUBSTI TUTE SHEET (RULE 26) WO 02/,20667 25
PCT/ SGOL/ o%ggﬁermepﬂf ffb&t?d?%‘afc g, from the anyrantsd pares of gropsfach pprees s

further co s esﬂuqe%so ded
product wt ngégor ﬁlre |n3}%gmglégﬁ?ﬂg%%ﬁﬂ%?ﬁé&ym%%ﬁlﬂlgr%ggfﬁ?the
coat ed nouldispdseoftuiok waste fembhirsesting|sitys, dacjoriasdte whicl Weuld oticrwise b7 A
product accordi o.claim46 wherein the r.oce further conprises the
step of tr:él FFSPQ%WH%@P fhug fusing pir py “ﬁ’PPO gs¢ hgaw t‘iﬂaihﬂﬁ in
step (h). ﬂgreaugg@ﬁgjﬁ} ShiRMdi Ng to claim46 wherein the process further
conprises step ( Preating the product fromstep (i) with a water

resi stanceﬂ}[sﬁ1 &'l"ﬂg 4 ding to
clainms 45 ern ﬁe@ﬁ%@ﬁ@%ﬁ}dﬂ?ﬁ@ﬁtﬁ@h? r%e%ﬂiécdg@%% tl?eﬁt gﬁ moul di ng

m xture i s témpdrataresdee appliéc.om 1 to 5 nm 50 A product according to claim
45 wherein the adhesives content of the noulding mxture is in the range of

from2 to Fhetprdéentihvéntivhaelurs toam@dé%admé& welhasndnbivlepr&dabld matedalfesi ves
content of the rmoulding mxture is out w % 52 A product according

to claims $9Cxks BrpufagRre ofpreductirembietestadablematerialyreanires that steam be ¢ he
range fro SGuL e
fibre con?gﬁité t%% scr%ﬁg‘ffr?omu/ %&ifd r‘hlﬁ;i(turg;flbz&fz;e ?ﬁgﬁﬁ avﬁrﬁ\hf(’o ?ﬁéﬁ‘%ﬁ% @e&tg,
accor di ng suclcisathbis tefis, hisarot beert tisbladueto the rkenteddryingainmotdqadired forisughur e i s
in the range from40 to 45 w %,.55 A produc aci:ﬂordl ng to cIa|m54 wherein

the water (5A?EPIFCiST ASRCHI NPFigaHPAs WPt Made iRt devalgpig agpould appropriats

for such large products.

It will be readily apparent to those skilled in the relevant technology that many of the
moulds of the prior art can be used to produce the product of the present invention. The
product of the present invention may also be produced by a novel mould comprising one or
more valves in the top and/or bottom ends of the top and/or bottom parts of the mould to
enable steam to be removed wherein the openable valves are closed when the mixture is

placed into the mould and then the valves open when the steam needs to be removed.

The mould consists of at least two parts - a top and a bottom part and is typically made of
metal. However, it is possible to use moulds which come in three or more parts provided
that there is still a top and a bottom part. In use, the mould is preferably compressed
vertically, that is, in a downward and upward manner so that the top part is compressed
against the bottom part. Typically, there is a gap of 1 mm between the top and bottom

mould parts through which the steam and excess mixture can escape.

SUBSTITUTE SHEET (RULE 26)



56 A product according to claim45 wherein | atex based adhesives are used
in the moul ding mxture. 57 A product according to claim56 wherein the

| at ex- baswo cadbessi ve used in the noul ding m xture i s NeoprEIESGEUBEN TUTE
SHEET ( RULE 26) WO 02/ 2D667 26 PCT/ SG01/ 00180 58 A product according to
claim45 wherein step (a} occurs at a tenperature bel ow about 25C. 59 A
product according to clains 45 wherein the pressure applied wthin the
mould in st | [ |

wher ei n't et et 87 ARt i ¥erbibpy o bty e AEGHY 5 uBPrdfin o Bt i
seconds. 6lsaAd papstltf desiteda gatredn htyyHeangra¥bd ihie tieimoilie Anguetadiqusdes ther e i n
step (d) is in the range fromSQ0 to 1500£SI. 62&& pr.oduct__accor.din (go

cl ai m 45 wHeewdmyshaot ipterfereswith therrgmoyal pidhe produet framy shejmmoyld The shapeind3 A
product ac ' ' ' ' lfn step (h) occurs for a
peri od of tcs?irfégéf?ﬁe%ﬁgﬁrgirl\fg%e%g?a\??%@8&@(%&;%1&}0?%&% m nutes at a

t enper at ur epl N _t ra fro J t ' o]
cl ai m 45 V\helgkeelinﬂ‘?l[%h aj&%?’(fggefl q&sa@?g%}gggﬁéﬁﬁ?%%gﬁ?gq cé%léﬁgﬁ%g#fl%rﬂllgﬁﬁgf% gi ng,
food and bexeswage The pabure hfay beproddedbyaicknowbmettnribéloding dibytraatic press,
agricultural planters and pots,_ garnent hangers and di sposabl e ees.

| f

65 A moul dehesmatic press of machapicabprgss chopicallyy ths graspure isproyided §y 8¢ Oégaiﬁie a)
' ' ' ' 0O to 60 wt% plant fib '

G, opt | andFay e hetdl pRsdsyrbY a coratatbndutd | 0 00 T Pe i ant fibre

pi eces; an 11 ) addi t hereto ;10 to 55 .wt 9% wat apd 3 to 10 W, % one or
or e wat or - D8 VS BRI e 6 € sy 8 e MRS s ot Wi, dy
into a nmoul fdsteh eFuiiet, dhdstban islenDdvEe HveE ghidkly a0l tiad proéas is B ikel¥do tseibj
ecting the mxture in the nould to a tenperature in the range of 15 to 60 C
and a presstHat.in the range from 1000 to 7000 PSI for a period of time such
that a portion of the water in the mxture is converted to steam which
causes t he Thevalyes argmechanicaHy operated. Whick éhe iemperaturg in the anondd haiitiden abowe e;

reduci ng. e PbERou of el S i i n® A P Rt

vw't t Pout Cauht AtbuddarRkBk 9alvedicabid senb®id eftlabe the stchm. By<thy tignd thatttheRitkad! e
St at e,

has spread evenly throughout the mould, it will have hardened just enough so that it does
not enter into the valve with the steam. The valves are closed when the mixture is placed
into the mould and when the pressure is applied to the mould, thus the mould is totally
closed except the gap between the top and bottom parts of the mould. As the water or
moisture in the mixture is converted into steam, this steam will rush upward forcing the
mixture to move into all the open spaces thus filling up the whole mould. Extra or excess
mixture will be squeezed out of the mould. Normally the mould will be opened in process
step (d) when the temperature reaches between 100 and 200 °C and preferably at about
110°C. The valves shorten the time for the product to be dried and thus shorten the
processing time. Further without using this valve, the steam will take longer to escape
through the side and out through the gap between the top and bottom parts of the mould,
and if the steam takes too long to remove, the heat would cook or buin the center portion

of the product while the sides are only just dry.

Preferably, there is one valve every 4 square inches. The valves cannot be placed in the
sides of the mould as this would impede the proper spreading of the mixture to be
moulded. If the valve was fixed to the side of the mould, steam would escape through it,
thus reducing the pressure inside. This reduced steam pressure may cause the mixture not

to flow to the space above the valve and create an incomplete product.
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increasing tl'~e tenperature and pressure to a tenperature in the range
from 100 to 200C and a pressure in the range of 500 to 1500 PSI ; renoving
t he st eamwvon2/266dwWi ng the steamto escape until the noul dedTmcedvelsoi S
substantially dry; renoving the substantially dried and noul ded product
fromthe nould; 66 A noul ded product forngd by a process conprising the
follow ng steps: (a) preparing a noulding mxture by: (i) taking 40 to 60

W th'the. prlet Ty PlRE EeBRt ol G30ns be S SHRAE btfufbetiniyult I8 LhARGMRAl 0
2 to 10 W Yafoes shapésnind siweb Siiitabld f2lpPotbitiveipackagligiush 8¢ batiaad veesptadley
pouring the mxture into a nould the nould being at a_tenperature of from

70 to 100candepverings &rtelesionicontsioysiioning packagng far dedicaterandiiagie eleetronic ¢ he

range of 1 L.t 5&9@% I t r a
peri od of t%'ln Ir‘rg°‘g‘§‘(%‘?9§5§§?“93{“§§°§ﬁp§ﬁb’§? ’ f?ﬁ% Water Ialgg %%tgﬁrgnrsxs?lﬁlrzggg?g [ olﬁtf\‘/e%r ted
“to ls:j eglm Whhinedh bmg&&s btﬂgdzinglm@t' ¢rﬁf} ahd pfefabrichted bomdb duskids| partitéons) cwilitg | nf a
nmoul dabl e st ate; reduci ng the pressure so that, sfeam contjnues to form
wi thin the%%iﬁiﬁ&“é\}’zh%ﬁhape%%ﬁdﬂ@ts&_ﬂ sem%_gmﬁ%ﬂ?lrtwfw{n FGgIcREEhe

m xture in ygg@.pn ét’tﬁ’eﬁh%. ésétg%ﬁ#l%éeg_am ng the tenperature and pressure

to a tenperature | ran O to 200C and a pressure in the range

nt 1 tho ARLERspt Il R PRI e B PRl Bt 10, P, 01 PR O escape

substanti alﬂ%@dréed g@%d}oul.ded product fromthe nould. SUBSTI TUTE SHEET
( RULE 26) 189928 SWIRES SGO1/ 00180 67 A product according to claim

65 or 66 wherein the process further conprises the step of (h) at |east
partially @St‘!‘\‘ﬁ?t‘%é"lﬁrﬂ%’d@ erxplaing “I‘?ddﬁ‘éstr&cdrhyrf eﬁ%&ﬁ%é‘eagent s or

adhesi ves; afdnéd dg@%m fat ed noul ded product to substantially dry
Y oéadtn}"n . 68 g\sirm?gi&

and cure the ¢ product according to claim®67 wherein the

brior to cdiad PREOR SRR uRRec ol P Rriie PRBMGacko RN B0 1 2)

67 wher ei n thventiph;adss further conprises step (j) of treating the product
fromstep (i) with a water resistance nmaterial or decorative materials. 70

A product Iggee diigsdienatiaofEn 6Per0iewdst thb proRed offfiguteenigt h of the plant
fibre pieces in the noulding mxture is in the range of froml to 5 mMm 71 A

product ac & 9Gs § Perspedtive GRwosf ShoithRthble FitSradigsy the Prédiit Sthe lesérte
moul ding mxture is in the range of from2 to w % 72" A product

accordi ng tiovenkiansthéoold Bdnginghe open pesitiaihr e cont ent of t he noul di ng

m xture is in the range from45 to 55 wt % 73 A product according to claim
72 wher ei n Rignee #iiba perspattiea viesf of the momild b Figurai3xfilledewitlstheboixtur&2 Wt % 74 A
product according to claim65 or 66 wherein the water content of the

moul di ng miBigute 6 is 5 perSpdckiee viengef the enowddin Kigyre 4wlloskd and uAd¢rpoetsmre witlcthe di ng

to claim74 wherein the water content of the noul ding m xture
valve closed;

=t

Figure 6 is a perspective view of the mould in Figure 5 with the valve now open;

Figure 7 is a perspective view of the mould in Figure 6 opened with the product removed;

and

Figure 8 is a cross-sectional view of another type of mould suitable for producing the

product of the present invention.

The use of a mould as shown in the drawings will now be described in relation to

following example of a preferred embodiment of the product provided by the invention.

Preferred Compositions
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is about 43 wt % 76 A product according to claim@®65 or 66 wherein

| at ex- based adhesives are used in the noulding mxture. 77 A product

accor di ngwo2ebédrm 76 wherein the | at ex- based adhesi ve usegct/gGémigoul di ng
m xture i s Neoprene. 78 A product according to claim®65 or 66 wherein step
(a) occurs at a tenperature bel ow about 2pC. SUBSTI TUTE SHEET (RULE 26)

WO 02/ 20667 PCT/ SGOL/ 00180 29 79 A product accor ding to claim65 or 66

wherein th sure.a ied within.the mJ ste S about 4000
har %50 YRR b dRR hiits BhPftiniolRting th hiriint ehdo R mritrL |
step (C) i sThepropstibAsaoponeREtpieset ﬂ@hesmﬁ@wé%reé’eloﬁt W Sdiplesace A0dh e t O
claim65 or 66 erein the reduced pressure in step (d) is in the range

from 500 t ofollgwingghle: 82 A product according to claim65 or 66 wherein the
i ncreased tenperature in ste éd is about 140C. 83 A product according to
clai m 65 oFxagglewhdteitich (e h&uta )i n YWofeefm) o Fiberdemir s Crlghma pdpttlod o ti ne
in the range of from 10 seconds to 10 mnutes at a terpamstur ¢gmn staeh r ange
of from 100C to 180C. 84. A product according to claig.$5 or 66 wherein the
product is chosen fromthe group conprising packagi ng,, food and beverage
cont ai ners, bui | diapigeaFismer | alaex watert | Gy vateral Segadeawmegmlpcul t ural pl anters and
pots, garnment hangers and di spesable golf tees. 85 A product nmanufactured
according to the process of ﬂﬂ%‘aﬂﬂ of clainms 25, 45, 65 or 66 wherein the
moul d conprises one or nore valves in the top andlor bottom ends of the top
and/ or bottom parts of the6ooul d tooenabl e s3sbeam t clobe renoved fssom t.bw
interior of the nould during a noulding process. 86 A product manufactured
according to any? of the pr égedl ng clB8i ns wi€h proddet is bP8dedtldabl’e
SUBSTI TUTE SHEET, (RULE 26)
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23 0.0 8.0 28.0 40.0 00 760 0.0%
24 0.0 8.0 28.0 40.0 10.0 86.0 0.0%

Solvent base

wax binder
25 6.0 10.0 300 40.0 0.0 860 7.0%
26 6.0 8.0 30.0 40.0 0.0 8.0 71%
27 4.0 8.0 28.0 40.0 0.0 80.0 5.0%
28 1.5 8.0 28.0 40.0 00 775 19%
29 12 8.0 28.0 40.0 0.0 772  1.6%
30 1.0 8.0 28.0 40.0 0.0 77.0 1.3%
31 0.0 8.0 28.0 40.0 0.0 760  0.0%
32 0.0 8.0 28.0 40.0 10.0 86.0 0.0%

Solvent base

vinyl binder
33 6.0 10.0 30.0 40.0 0.0 860 7.0%
34 6.0 8.0 30.0 40.0 0.0 84.0 71%
35 4.0 8.0 28.0 40.0 0.0 80.0 5.0%
36 1.5 8.0 28.0 40.0 0.0 715 1.9%
37 1.2 8.0 28.0 40.0 0.0 77.2 1.6%
38 1.0 8.0 28.0 40.0 0.0 71.0 1.3%
39 0.0 8.0 28.0 40.0 0.0 76.0  0.0%
40 0.0 8.0 28.0 40.0 10.0 86.0  0.0%

The moulding mixtures of examples 1 to 40 were used to make golf tees according to the
moulding process of the present invention., The golf tees were of good quality and suitable

for their intended use. Further moulding mixtures were prepared, analogous with the
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carbonaceous residue of bumt coconut shells.

The molding mixtures comprising each of the listed sources of fibre were used to make
golf tees according to the moulding process of the present invention. The golf tees
comprising each different type of fibre were compared with the aforementioned goif tees
comprising sugar cane pulp. While there were differences in quality of the golf tees
depending on the type of fibre used, these differences did not have any significant effect on

the performance of the golf tees.

Of the aforementioned sources of fibre, only rice husks have any inherent starch content.
The rest of the listed fibre sources have no inherent starch content and therefore make no
contribution to the starch content of the moulding mixture. Accordingly, when rice husks
were used to make the moulding mixtures of examples 1 to 40, the proportion of starch

present was slightly greater than the quantities listed in the table.

It is noted that for examples comprising a given type of fibre, varying the nature of the
binder does not affect the quality of the product produced according to the present
invention. However, based on environmental considerations, water soluble binders are
preferred for use in the moulding mixture because they are biodegradable, whereas binders

soluble in non-aqueous solvents are generally not biodegradable.
Preparation of the Mixture

Individual mixtures were prepared using fibers of wheat stalks or rice stalks or sugar cane
pulp or corn leaves in combination with corn pulp. The mixtures were ground by a
grinding machine to a size in the range of from 0.1mm to 5.0 mm. The ground fiber was
combined with the starch of tapioca flour, sweet potato flour and corn flour thoroughly in a
mixer (a container with fan like blade spinning at a speed of 500 to 700 rpm) to form a
moulding mixture, Care was taken to ensure that the starch did not form into lumps when
the liquid ingredients were added. Any lumps which do form should be broken up because
when the water forms steam, such lumps of starch will be cooked and will foam which will
cause an air trap or hole in the mould product. A water soluble adhesive with a latex base
is then added together with water and the mixture further stirred until the whole mixture is

mixed evenly. This mixture can be used to produce a cup, box or tray.
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3"L10%& () bothvegen the top mould part 21 and the bottom mould part 22. Once closed,
pressure is applied to upper surface 24. The valve 23 is operated either manually or
automatically via a controller (not shown). Typically, the valve 23 is opened (see Figure
6) when the temperature of the mould 20 is at about 110°C. Once the article 28 has dried,

the mould 20 is opened and the article 28 removed.
Manufacturing an Article from the Mixture

In the flow diagram of Figure 1, the process commences at A with pre-heating the mould
20 to 70°C. This heating is only required the first time that the mould 20 is used because
in a continuous process the mould 20 would be at about 140°C from forming the last
article 28 and is actually cooled to 70°C at B. Once formed the article 28 is removed from
the mould 20 at C to be trimmed, sealed and further treated as desired.

Once the mould 20 is brought to about 70°C, the mould 20 is opened (see D of Figure 2)
and overfilled with mixture 26 (see E). Ideally the mixture is kept at ambient temperature
(about 25 °C) or at least within the range of 15 to 40 °C. The mould 20 is intentionally
overfilled to ensure that there is sufficient mixture to evenly and completely fill the mould
20. The mould 20 is not left cold because when the mixture 26 is compressed under
pressure, the solids in the mixture would be forced and compressed to the bottom of the
mould and water would separate from the mixture and be squeezed out through the gap or
air vent. If the temperature goes above 100°C, the moisture will turn into steam too
quickly and can cause an explosion. However when the mould 20 is hot (70°C to 100°C)
and the materials are compressed, the moisture will immediately transform into vapor and
start to look for a space or gap to escape. This action will move the solids in the mixture
into all the open spaces in the mould 20 with excess mixture seeping out of the mould 20.

This action typically takes 5 to 10 seconds.

The mould 20 is then closed (see F of Figure 2). When closed, there is typically a gap 27
of about 1 mm between the top 21 and bottom 22 parts of the mould through which steam
and excess mixture can escape. Once the mould 20 is closed, a pressure of about 4000 PSI

is applied to the top of the mould 20 (see G) for about 3 to 10 seconds until excess mixture
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the examples we used a pressure of about 1000 PSI. Then the temperature was increased

to about 140°C. The pressure is reduced to prevent an explosion due to the water turning

into steam too quickly.

At this point, the steam will be rushing out through all openings and the faster the steam
can escape, the faster the product will cure and this reflects the importance of having a
valve 23 being operated to let the steam escape. Once the temperature has reached about

110°C, the valve 23 is opened to increase the rate of steam escaping (see H).

‘When it has been observed that the escape of steam has effectively ceased, approximately
after one to five minutes at a temperature of 140°C (depending the number of valves), the
mould 20 is opened and the substantially dried article 28 removed (see I). As there is
overflow, the edge of the article has to be trimmed using a die cutting machine or manually
(see ).

The article is then optionally coated with further adhesive by spraying or dipping (see K)
and heated at 100°C to 140°C for about 10 seconds to 10 minutes to cure the adhesive. In

the example we used temperature of about 130°C for about 8 minutes.

The article may be further coated with Neoprene to further enhance its water resistance
(see L). Typically about 3 grams of Neoprene is used per square foot of the product. The
coating is applied by spraying or dipping.. In addition, a decorative painting or print can
be added to the surface of the product. '

The following mixtures were prepared by the above method and the suitability for
moulding assessed by applying the above process to them.

Mixture A B C
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Y10% #: & ()--Y (@) 40 to 60 wt% plant fibre pieces and optionally 0 to 10 wt% added starch;

and

(i1) 10 to 55 wt % water and 3 to 10 wt % one or more water-soluble binding

agents or adhesives.

2. A moulded product formed from a moulding mixture according to claim 1 wherein

the length of the plant fibre pieces is in the range of from 1 to 5 mm

3. A moulded product formed from a moulding mixture according claim 1 having

adhesives content is in the range of from 2 to 5 wt %.

4. A moulded product formed from a moulding mixture according to claim 3 wherein
the adhesives content is about 4.7 wt %.

5. A moulded product formed from a moulding mixture according to claim 1 wherein

the fibre content is in the range from 45 to 55 wt %.

6. A moulded product formed from a moulding mixture according to claim 5 wherein
the fibre content is about 52 wt %.

7. A moulded product formed from a moulding mixture according to claim 1 wherein

the water content is in the range from 40 to 45 wt %.

8. A moulded product formed from a moulding mixture according to claim 7 wherein

the water content is about 43 wt %.
0. A moulded product formed from a moulding mixture including:
@ 40 to 60 wi% plant fibre pieces and optionally 0 to 2 wt% added starch; and

(ii) 10 to 55 wt % water and 3 to 10 wt % one or more water-soluble binding

agents or adhesives.

10. A moulded product formed from a moulding mixture according to claim 9 wherein

the length of the plant fibre pieces is in the range of from 1 to 5 mm

11. A moulded product formed from a moulding mixture according claim 9 having

adhesives content is in the range of from 2 to 5 wt %.
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- Y10% #: & (13- A moulded product formed from a moulding mixture according to claim 9 wherein

the fibre content is in the range from 45 to 55 wt %.

14 A moulded product formed from a moulding mixture according to claim 13

wherein the fibre content is about 52 wt %.

15 A moulded product formed from a moulding mixture according to claim 9 wherein

the water content is in the range from 40 to 45 wt %.

16 A moulded product formed from a moulding mixture according to claim 15

wherein the water content is about 43 wt %.
17 A moulded product formed from a moulding mixture including:

1) 40 to 60 wt% plant fibre pieces and optionally 2 to 10 wi% added starch;

and

(i1) 10 to 55 wt % water and 3 to 10 wt % one or more water-soluble binding

agents or adhesives.
18. A moulded product formed from a moulding mixture including:
O 40 to 60 wi% plant fibre pieces combined with 2 to 10 wi% starch; and

(i) 25 to 55 wt% water and 2 to 10 wt% one or more water-soluble and

biodegradable binding agents or adhesives.

19. A moulded product formed from a moulding mixture according to claim 17 or 18

wherein the length of the plant fibre pieces is in the range of from 1 to 5 mm

20. A moulded product formed from a moulding mixture according claim 17 or 18

having adhesives content is in the range of from 2 to 5 wt %.

21. A moulded product formed from a moulding mixture according to claim 20

wherein the adhesives content is about 4.7 wt %.

22. A moulded product formed from a moulding mixture according to claim 17 or 18

wherein the fibre content is in the range from 45 to 55 wt %.

23 A moulded product formed from a moulding mixture according to claim 17 or 18

wherein the water content is in the range from 40 to 45 wt %.
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(a8)  preparing a moulding mixture by:

@ taking 40 to 60 wi% plant fibre pieces and optionally combining 0 to
10 wt% added starch with the plant fibre pieces; and

(i1) adding thereto 10 to 55 wt % water and 3 to 10 wt % one or more

water-soluble binding agents or adhesives;

b) pouring the mixture into a mould the mould being at a temperature of at
least 60°C;

(c) subjecting the mixture in the mould to a temperature in the range of 15 to 60
°C and a pressure in the range from 1000 to 7000 PSI for a period of time
such that a portion of the water in the mixture is converted to steam which

causes the mixture to fill the mould while remaining in a mouldable state;

()] reducing the pressure so that steam continues to form within the mould
without causing an explosion whilst maintaining the mixture in a mouldable

state;

(e increasing the temperature and pressure to a temperature in the range from
100 to 200°C and a pressure in the range of 500 to 1500 PSI ;

® removing the steam or allowing the steam to escape until the moulded

product is substantially dry;
® removing the substantially dried and moulded product from the mould;
26. A product according to claim 25 wherein the process further includes the steps of:

(h) at least partially coating the moulded product with one or more binding

agents or adhesives; and

@ heating the coated moulded product to substantially dry and cure the

coating.

27 A product according to claim 26 wherein the process further comprises the step of

trimming the product from step (e) prior to coating the product in step ().
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29 A product according to claim 25 wherein the length of the plant fibre pieces in the

moulding mixture is in the range of from 1 to 5 mm

30 A product according to claim 25 wherein the adhesives content of the moulding

mixture is in the range of from 2 to 5 wt %.

31 A product according to claim 30 wherein the adhesives content of the moulding
mixture is about 4.7 wt %.

32 A product according to claim 26 wherein the fibre content of the moulding mixture
is in the range from 45 to 55 wt %.

33 A product according to claim 32 wherein the fibre content of the moulding mixture
is about 52 wt %.

34 A product according to claim 25 wherein the water content of the moulding mixture
is in the range from 40 to 45 wt %.

35 A product according to claim 34 wherein the water content of the moulding mixture
is about 43 wt %.

36 A product according to claim 25 wherein latex-based adhesives are used in the

moulding mixture.

37 A product according to claim 36 wherein the latex-based adhesive used in the

moulding mixture is Neoprene.

38 A product according to claim 25 wherein step (a) occurs at a temperature below
about 25°C.

39 A product according to claim 25 wherein the pressure applied within the mould in
step (c) is about 4000 PSI.

40 A product according to claim 25 wherein the period of time in step (c) is in the

range of from 3 to 10 seconds.

41 A product according to claim 25 wherein the reduced pressure in step (d) is in the
range from 500 to 1500 PSIL.
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of time in the range of from 10 seconds to 10 minutes at a temperature in the range
of from 100°C to 180°C.

44. A product according to claim 25 wherein the product is chosen from the group
comprising packaging, food and beverage containers, building materials,
horticultural and agricultural planters and pots, garment hangers and disposable
golf tees.

45 A moulded product formed by a process having the following steps:
(a) preparing a moulding mixture by:

@@ taking 40 to 60 wt% plant fibre pieces and optionally combining 0 to
2 wi% added starch with the plant fibre pieces; and

(i)  adding thereto 10 to 55 wt % water and 3 to 10 wt % one or more

water-soluble binding agents or adhesives;

(b) pouring the mixture into a mould the mould being at a temperature of at
least 60°C;

© subjecting the mixture in the mould to a temperature in the range of 15 to 60
°C and a pressure in the range from 1000 to 7000 PSI for a period of time
such that a portion of the water in the mixture is converted to steam which

causes the mixture to fill the mould while remaining in 2 mouldable state;

(d) reducing the pressure so that steam continues to form within the mould
without causing an explosion whilst maintaining the mixture in a mouldable

state;

(e) increasing the temperature and pressure to a temperature in the range from
100 to 200°C and a pressure in the range of 500 to 1500 PSI ;

® removing the steam or allowing the steam to escape until the moulded

product is substantially dry;

(g removing the substantially dried and moulded product from the mould;
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moulding mixture is in the range of from 1 to 5 mm

50 A product according to claim 45 wherein the adhesives content of the moulding

mixture is in the range of from 2 to 5 wt %.

51 A product according to claim 50 wherein the adhesives content of the moulding

mixture is about 4.7 wt %.

52 A product according to claims 45 wherein the fibre content of the moulding mixture
is in the range from 45 to 55 wt %.

53 A product according to claim 52 wherein the fibre content of the moulding mixture
is about 52 wt %.

54 A product according to claims 45 wherein the water content of the moulding
mixture is in the range from 40 to 45 wt %.

55 A product according to claim 54 wherein the water content of the moulding mixture
is about 43 wt %.

56 A product according to claim 45 wherein latex-based adhesives are used in the

moulding mixture.

57 A product according to claim 56 wherein the latex-based adhesive used in the

moulding mixture is Neoprene.
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step (c) is about 4000 PSI

60 A product according to claim 45 wherein the period of time in step (c) is in the

range of from 3 to 10 seconds.

61 A product according to claim 45 wherein the reduced pressure in step (d) is in the
range from 500 to 1500 PSI.

62 A product according to claim 45 wherein the increased temperature in step (d) is
about 140°C.

63 A product according to claim 46 wherein the heating in step (h) occurs for a period
of time in the range of from 10 seconds to 10 minutes at a temperature in the range
of from 100°C to 180°C.

64 A product according to claim 45 wherein the product is chosen from the group
comprising packaging, food and beverage containers, building materials,
horticultural and agricultural planters and pots, garment hangers and disposable
golf tees.

65 A moulded product formed by a process having the following steps:
(a) preparing a moulding mixture by:

(i) taking 40 to 60 wt% plant fibre pieces and optionally combining 2 to
10 wt% added starch with the plant fibre pieces; and

(ii) adding thereto 10 to 55 wt % water and 3 to 10 wt % one or more

water-soluble binding agents or adhesives;

(b) pouring the mixture into a mould the mould being at a temperature of at
least 60°C;

©) subjecting the mixture in the mould to a temperature in the range of 15 to 60
°C and a pressure in the range from 1000 to 7000 PSI for a period of time
such that a portion of the water in the mixture is converted to steam which

causes the mixture to fill the mould while remaining in a mouldable state;
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® removing the steam or allowing the steam to escape until the mounlded

product is substantially dry;
() removing the substantially dried and moulded product from the mould;
66 A moulded product formed by a process comprising the following steps:
(a)  preparing a moulding mixture by:

(i) taking 40 to 60 wt% plant fibre pieces and optionally combining 2 to
10 wt% added starch with the plant fibre pieces; and

(i)  adding thereto 25 to 55 wt% water and 2 to 10 wt% one or more

water-soluble binding agents or adhesives;

(b)  pouring the mixture into a mould the mould being at a temperature of from
70 to 100°C;

(c) subjecting the mixture in the mould to a temperature in the range of 15 to
60°C and a pressure in the range from 1000 to 7000 PSI for a period of time
such that a portion of the water in the mixture is converted to steam which

causes the mixture to fill the mould while remaining in a mouldable state;

(d)  reducing the pressure so that steam continues to form within the mould
without causing an explosion whilst maintaining the mixture in a mouldable

state;

(e)  increasing the temperature and pressure to a temperature in the range from
100 to 200°C and a pressure in the range of 500 to 1500 PSI;

® removing the steam or allowing the steam to escape until the moulded

product is substantially dry;

(g) removing the substantially dried and moulded product from the mould.
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@ heating the coated moulded product to substantially dry and cure the

coating.

68 A product according to claim 67 wherein the process further comprises the step of

trimming the product from step (g) prior to coating the product in step (h).

69 A product according to claim 67 wherein the process further comprises step (j) of
treating the product from step (i) with a water resistance material or decorative

materials.

70 A product according to claims 65 or 66 wherein the length of the plant fibre pieces

in the moulding mixture is in the range of from 1 to 5 mm

71 A product according to claim 65 or 66 wherein the adhesives content of the

moulding mixture is in the range of from 2 to 5 wt %.

72 A product according to claim 65 or 66 wherein the fibre content of the moulding
mixture is in the range from 45 to 55 wt %.

73 A product according to claim 72 wherein the fibre content of the moulding mixture
is about 52 wt %.

74 A product according to claim 65 or 66 wherein the water content of the moulding
mixture is in the range from 40 to 45 wt %.

75 A product according to claim 74 wherein the water content of the moulding mixture

is about 43 wt %.

76 A product according to claim 65 or 66 wherein latex-based adhesives are used in

the moulding mixture.

77 A product according to claim 76 wherein the latex-based adhesive used in the

moulding mixture is Neoprene.

78 A product according to claim 65 or 66 wherein step (a) occurs at a temperature
below about 25°C.
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A product accordmg to claim 65 or 66 wherein the reduced pressure in step (d) is in

the range from 500 to 1500 PSI.

82 A product according to claim 65 or 66 wherein the increased temperature in step (d)
is about 140°C.

83 A product according to claim 65 or 66 wherein the heating in step (e) occurs for a
period of time in the range of from 10 seconds to 10 minutes at a temperature in the
range of from 100°C to 180°C.

84. A product according to claim 65 or 66 wherein the product is chosen from the
group comprising packaging, food and beverage containers, building materials,
horticultural and agricultural planters and pots, garment hangers and disposable
golf tees.

85 A product manufactured according to the process of any one of claims 25, 45, 65 or
66 wherein the mould comprises one or more valves in the top and/or bottom ends
of the top and/or bottom parts of the mould to enable steam to be removed from the

interior of the mould during a moulding process.

86 A product manufactured according to any of the preceding claims which product is
biodegradable
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