WO 02/ 20666 PCT/ SG01/00179 1 Process for Manufacture of Mul dabl e Product
and Mould for use with this Process Field of the invention The invention
rel at es woa/precess for manufacture of noul dabl e product BCERdomonpul d f or
use with this process. Mre particularly, this invention relates to a
process and to a nould for manufacturing products fromplant fibers.
Background of the invention In this specification, where a docunent, act or
item of know edge is refgrred to.or di scuss i s,reference or

di scussion is not an adnfg%?%w%rﬁg?“ﬁhgnﬂ%g HP#E@§Y"’ cFtemof know edge
or any combination thereof wagdMoilloiideorith YhisiRk-GoesuUbl i cly avail abl e,
known to the public, part of common general know edge, or known to be

rel evant to an attenpt to solve any problemw th which this specification
is concerned. Wiilst the follow ng discussion concerns products such as
cont ai ner sgiel Of e ihvestipackagi ng and shock absorbing packaging it is to be
understood that the sane principles apply to any products manufactured
accordi ng i i inel udi t abl t ops,
cups, 1 aker o 2y EyRRTEREL i FHRRLLE: bR LAY o Ble arifichf it B for o8
and al | presueitisthisgnpeess iMgregiattivalarly, filisihv@itioaeclotes & £eMdtessARd to Amphildduct
made using_.the process or., muld of the invention may be of any conveni ent
shape and {PEPBBRCYREE PIPduAs pgePlaptiibers.i ons or protrusions. Many currently
used products are made from plastics and petrol eum based derivatives or

nat ural woBackgopurd pithedmyantionl s do not degrade and cannot be di sposed of
effectively. Such materials may be collected and often recycl ed. However,
recycl i ng lgdhbis spestification) vehese g dogwhend, acher ke of krovdedgslis prfedrddto®r jisswsdedyy

many plastjes because.the .breakdown .of th C ounds rel.eas harnfu
Gasus’ | nt ot ETEEe e Spfir B OpFaki A B Rssipt IRt FEREP ot IR e BIrORE
lead to | asithngrREmbaiaon Metdoliiniad bt hapHibAG datd, BRFCAPIRIIFAERER w0 thtSpublic,
envi ronnment. Wyod- based products, such as paper boxes and paper pulp

packagi ng, Pareefcpomsnongeensieb krqleder, onlnqvat todiegplekaitt todn pimpent tpsdduatys may
not have a?l%bfeﬁl iﬂ}g%fgdq is ﬂéc‘?ﬁ%tﬁﬁ.i&&%ferﬁgd“ ronnment, deforestation
€ nee chips tor

resulting Tromt or- Woo paper products causes ozone

| ayer depl-gti i 1s.equal ly harnful .tqg the environnment, Reforestation
axes at' TS B LogdhBon LonBit Hhoakis hfE B RER: PotmshT Lo
recovery paidi shdck@gomiig paekaging it is to be understood that the same principles apply to any

products manufactured according to the present invention from plant matter including table

tops, cups, take-away food containers, partitions, packing materials, golf tees and all
products comprising either a flat piece or a container. A product made using the process or
mould of the invention may be of any convenient shape and may optionally include

partitions or protrusions.

Many currently used products are made from piastics and petroleum based derivatives or
natural wood. Plastics materials do not degrade and cannot be disposed of effectively. Such
materials may be collected and often recycled. However, recycling does not completely
solve the environmental problems posed by many plastics because the breakdown of these
compounds releases harmful gases into the atmosphere. Plastics products which are not
recycled may lead to land and water pollution causing irreparable damage to the
environment. Wood-based products, such as paper boxes and paper pulp packaging, lead to
deforestation. Whilst disposal of paper products may not have a direct harmful effect on the
environment, deforestation resulting from the need for wood chips for paper products causes
ozone layer depletion which is equally harmful to the environment. Reforestation takes at

least 15 years and the harmful ecological impact during the recovery period may not be
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SUBSTI TUTE SHEET (RULE 26) WD 02/ 20666 PCT/ S&1/00179 2 renedi ed, even
over an extended period of tine. Further, sone paper products, such as
paper cupeQ ohzses a coating that is non-bi odegradabl e whi cRCT/&aG0 C@UDE
further ecol ogical harm These adverse environnental and ecol ogical
effects caused by the disposal of vol uni Alous wast e give rise to a need for
a substitute material to produce these products, preferably a material

that is depmedigdieversersnsatcgdedipiod efiame Furbensome parrenesinets;wsbas ce.
Wi le bi 03»%95&%2%‘lﬁvgﬁtcgétln%'gﬁ%ﬁ% ﬁ?ﬁﬁga'dlag@}la%’le \&/Fl%h QALY ekOREkipt eri al s
stitute tor pl a

may not be “useable as a s sone stics products. ere are
known prodesses which form products by binding together |oose materi als.
For exanple, chipboard or particle board uses a conpression nmethod and

adhesi ves .THdeyaWeFsel dnvirbiEndiRil 260 BYEIBERAtefets RRdd 6§ tiEhHgRealaTvbRihgsodsr om
chi pboard. There is a process that uses a bi odegradable material such as

pl ant fi bevaste give Gpeiogt regd derer wipstituteanpistialdepiadgoe thasampduchy predably 8t eam i s
used to ¢ . Il . TR t rch can
oxpand. andg e i acRlo8 o 2 bicMBEAII LAY G teadt rediEbISIRBEET 00 PED,

in the pr ce. af iLsture.. it expan nd creates a nultitude of .snal

5T pocket it oiofgstaielitiefiriatsiar A RRANE B s IR R Bn Qb B ot

t her ef or e ushbIPaPdsdistifiegfoasase plasticipzodicagr at es very qui ckly when it
contacts a liquid such as water. As a result, the product cannot be coated

W th a wat@ElerdieRhbRf phirbeks #hichi B8R phddushs 8% bindin 1988had6oRMkAedidls, Cldit act s
the liquid. This prior art therno-foam ng process relies on foamformation

of the natesaingle, chipborager particlepaandrusas 2 compressianepethod ard adhgsivess Higpeeyer it
products are soft and."cushion-like". and so.w.l | not be durable and strong
enough to1&PWH§P¥ﬂHmﬂ§?Bnﬁﬁg%ﬂgpﬁﬁgtﬁﬁ?ggﬁ1??w¥ﬁ%ﬂproducts whi ch can be
made via this process are limted. ther issue wiih IS ocess, i s.the
Cost of _prOtS ST Bt eieh 8 sy e A ey S o e oces o oRE Py
uses does HGndfRMise B pYtestBedh iPLRAYS EdKhE AvBkRihREMBIOINUSEEh D | 1 ne
cost effective. W are aware of a series of prior US Patents in the nanes

of Ander séhatdheistpisbizen cxprad and bingrveith the next melagHegbtarchddstid ssaych isiheated

020 3B s S B a0 R

articl es. prbdwy.eThistphclukhaaindo@nsiat dfRtaschathérefoe@thle prddncadisbiridesor of at
disintegrates very quickly when it contacts a liquid such as water. As a result, the product
cannot be coated with a water-proofing material since it starts 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 example,
Khashoggi US patent number 5,783,126 teaches a preferred starch content of 30 to 70%
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| east 10 wt % of starch and quote a typical range as being 10-80 w % For
exanpl e, Khashoggi US patent nunber 5,783,126 teaches a preferred starch
content o¥08D2a666 70% SUBSTI TUTE SHEET ( RULE 26) WO 02/ 206B6T/RGIY/®B@»L/ 00179
3 which gives rise to a problemdue to the relatively high cost of
starch-based binder and the excess time’and energy necessary to renove the
sol vent. Khashoggi .therefore teaches the addition of inorganic fillers or

aggr egat ethidhgivesrasso ggrolameise do tregelatiey hishisestaf siarshdirset binderngdbs
fillers ig el ati Va?\h%ng?gg Qe&g&gf{btfeﬁlto'v?ﬁgens% n@w Lﬂﬁ%‘?h%% YRIGBLe thSKEL mef

i norgani ¢ - aggr eg?a e as°bern eat er present applicants
have foundddifiah of ergnghfilley et speodgatdddile Bhashohgigatbntswdsgeadcicthe additiegaf e as
taught by . the Khashoggi .patents |ead to. high costs and tendency to forma
Tl £ t ude RHERHRRTCTR albtyeriah poneoRHi s n%ﬂl&f&%@fpwﬁﬁ@e‘f%? HBPIEEHC of t he

voi ds al sgg%{tgggg ashéln%%%fehlﬁnb@%%?”" i ke" structure which has | ow

structural ngt applicants have now found that contrary to

t eachi ngs 991@91? t r Log: - si.api fi cant
structur alﬂ%ﬁ%%glrl@gﬁcan aevggél I stﬁ%tctg%ﬁgﬂg&ggoogﬁggé S\}\n tlxlﬂgkglvr\}os ag?}ch
concent r abggregate as tagkirbyt the Khbswepgiepatdntaldatb th laglacasts awdch tenddnoyito fohe a

addi tion of _i.ngrgani c_aggregates. S ry.of the.invention Acgordi to
one aspeceme?lwﬁg?ﬁrﬁe%ﬁ?ﬁéw?ﬁ{rh%? alq“ﬁ?ér%#}%dﬁ& fﬁPB%‘E“é’s"fftﬂ‘? V?fﬁwf%@gdf i ng
moul ded pLoOFHEHE, SQRRIOhHKRY strit@ub HHi Y hRDow s8BSral MlenBHEPERE Ash1RaAR UL NY
m xture by: (1) taking 40 to 60 W% plant fibre pieces and optionally

combi ni ng nowtfound thatwantaddedeashings bf thetihasheggppatents, fdyddedprodests havimg (i)

addi ng thereto 10 to, 55 . % wat er an to 10 wt. %.one or re .

et er Jsol LR hiredtRh B iRy el prpuli AR B erelitbfiriationso
nmoul d, t her ePai Hle BBieRde af added SERAMA Withotf thahddifas bf inbRenic(aggrepates.ect i ng
the mxture in the nould to a tenperature in the range of 15 to 60 C and a

pressure isinitifry 6418€ ihveéntiop000 to 7000 PSI for a period of time such that
a portion of the water I1n the mxture is converted to steam which causes

the m xt ur/}']%cbﬂl'n{ ! onterlg%égfﬁfatﬂe Wehod, FHERE ﬁhﬁ‘@vih&i %ﬂ&@é&%ﬂh&%@%f g)

reduci ng the préessure s t steam éontinues to rmw thin
moulded products comprising the following steps:

(a) preparing a moulding mixture by:

@) taking 40 to 60 wt% plant fibre pieces and optionally combining 0 to
10 wt% 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 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;
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wi t hout causing an expl osion whilst maintaining the mxture in a noul dabl e
state; SUBSTI TUTE SHEET (RULE 26) WD 02/ 20666 PCT/ S&1/00179 4 (e)

i ncreasi mgOOIBO6b@enper at ure and pressure to a tenperature pParsGel/earge from
100 to 200C and a pressure in the range of 500 to 1500 PSI; (f) renoving
the steamor allowing the steamto escapé until the noul ded product is
substantially dry; (g) removing the substantially dried and noul ded product
fromthe roul d§) Acérprelising thetemperaturn epd arpwuee tood tepmperatineanthegmsetiimane i s

provi ded a process fl% tO%WE%h%rﬂrQ&Wﬁgﬁgﬂe%g%éaé@W{’slf.&?ﬁ%i sing the

followi ng steps: (a) preparing a‘nou king 40 to 60

wt % pl ant fibre pieces and_.optionally conpining 0 to 2 % add starch
W Ehthe. pl antr | br &S BBe g o U iR B glerap st Grd bR BRRERYS ot o1
and 3 to 10 wt % pn@r(g&ucmrs@bstmtag{,dggl ubl e binding agents or adhesives;
(b) pouring the mxture into a nould, the nould being at a tenperature of

at least 00C((C) subbaAL iRGubAEmIHY el shdo iR BHdhol fof thempRmat ur e In
the range of 15 to 60 C and a pressidre in the range from 1000 to 7000 PSI

for a peri oy . | : i 1 S
convert ed 48Rl lo FrmBSlpictl o iR Aine i MO Sopihed BF pilh i fink

r emai ni ng rhouldedpotutabt@enmisaigthe faljowingstepnng t he pressure so that steam
continues to formwithin the mould wthout causing an expl osi on whil st
mai nt ai ni ng tr(? m Xtpedparihg a anoilldihgalbikiare 8t ate; (e) increasing the
tenperature and pressure to a tenperature in the range from 100 to 200C

and a pressure in thy rapdenio KU W phAPfiBRelpieces nd SFHVGRNY cHBinHg B0
d

allow ng the steamto escape until the noul de roduct is substantially
dry; (g) renoving the su%@@ﬂ@ﬁ%ﬂa{ﬁh@ﬂe@e@i@tﬁb@lR!@‘GS;mndduct fromthe

moul d. According to a further aspect of the invention, there is provided a
process for manuf actiiy i ngdding 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;

(@ 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.

According to a further aspect of the invention, there is provided a process for manufacturing

moulded products comprising the following steps:

(@ preparing a moulding mixture by:
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nmoul ded products conprising the follow ng steps: (a) preparing a noul di ng
m xture by: SUBSTI TUTE SHEET (RULE 26) WD 02/ 20666 PCT/ S@&1/00179 5 (i)

t aki ng 40v0 02/8B6eM % pl ant fibre pieces and optionally conbCrmsagy/®11% 10

wt % added starch with the plant fibre pieces; and (ii) adding thereto 10 to
55 wt % water and 3 to 10 w %one or nmote water-soluble binding agents or
adhesi ves; (b) pouring the mxture into a nould, the nould being at a
tenperature of at | @xast taBBiE 4 to)60swulp pleni ke phesendnd aptionally ¢dmebimpgldot o a
tenperature in the range

f .15 t0.60 .C.and a sure in the range from
1000 to 7000 PSI for a pé&iwé aélfie‘”tﬁ@h‘@ﬁ’cﬂeﬂ?ﬁﬁ FCRFEP Mot the water in
the m xture is converted tg steam which causes the m xtu to fill the
moul d whi |l e remaini B8 | na%fl%me&%%wt%é%%% Vaipr a9 i"(pgw{ %bonﬁroéggﬁ?e S0
that steam continues to {QrMs¥iubivindile SR & adhégRUt causing an expl osi on
I I

whi |l st maintaining the mxture 1n a nouldable state]; (e) increasing the

tenperature a pre i QpC
and & prossur &) b+ Aot 8 nihEERE kiR s g pERGEL L erdtlS LR
al l owi ng the steam 60°@&scape until the noul ded product is substantially
dry; (g) renoving the substantially dried and noul ded product fromthe

moul d.  Accor géng t sutjedtingtihemiaseds thexholli o b tengitrator, inttieraggd & I3rto\60ded a
process for manuf ac%uri ng noul ded products cor‘rpri Si gj%ét he faoll owi.ng steps:
(a) preparing a noul@i2Rga pressure an g range)fram LOHoAH0P 5SE dor g perig SAHME; br e

pi eces and opti onal i 0 1 O . ] .l ant
fibre pieces; and (%%hctg%g{lﬁryé’ﬁfg?léfr%l?(v)va%egI%{\%lé)g@{}gf%%?g%%%%a{nmgﬁm%
one or nore wat er - saisebthe nhixtiate tgfilh genheuld whildhen dinerg; in @bjoybdabid stget he
m xture into a nmould, the nould at a tenperature in the range of from 70
to 100G @ 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;
(2) removing the substantially dried and moulded product from the mould.

According to a further aspect of the invention, there is provided a process for manufacturing

moulded products comprising the following steps:
(a)  preparing a moulding mixture by:

@ 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 wi% water and 2 to 10 wi% one or more

water-soluble binding agents or adhesives;

(b)  pouring the mixture into a mould, the mould at a temperature in the range 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
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(c) subjecting the mxture in the nmould 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
time SUBBYDIMBES SHEET (RULE 26) WO 02/ 20666 PCT/ SG01/ 001FOT/S608MeT? t hat a
portion of the water in the mxture is converted to steam which causes the
mxture to fill the nould while remaining in a noul dable state; (d)

reduci ng the pressure so that steamcontinues to formw thin the nould

wi t hout causi ng an explh el @ poxtionlof therdtertinitind mixturieas ednvededstoisteam woigh dabl e

tate; ‘ ing the t t d t t inth

ange from 100 to J0Btemer e SlRa R AR R sl ms e bbby (1)
ing the st L1 owi ng the st t til .th | ded

or oauct i s Subsihnt FERSPEIS PrRSSHEE Sa B, F ARG AHR 1 LR an

moul ded product for Rl Mﬁr%;an%x%o%ig?rvﬂfiﬁf ot SRR thed Bikure IS mRLRIGERS

further conprises the steps o | east partially coating the noul ded

product with one or stade;e bi nding agents or adhesives; and (i) heating the
coat ed noul ded product to substantially dry and cure the coating. The
i nvention involfekes aemaeasmgihetidrepaatiiecmd piestire i b tamperaufean de rhdygee firomt ur e

to be distributed throu t he noul d. Any exc sql_i terial wll

t hus be forced out Ol;bottﬂg%%mcﬂaws%né@? aﬁﬁeﬁf&fonté'ciébggﬁgamce t he
action of the steam has spread the m xture throughout the nould, the steam
i s renoved or ddcapdsmekingihnsteara opalpvipg the sigaieto oppaps il the mogldsdeam

action, the solids i Wb Ll .d not spread throughout the nould and
woul d end up bei ng o?r%%ésgg at the Pottomof the nould in which case the

mxure vould 59 BBl Rl R T AR LA LY, 1

process conpri urt I 'mm ng roduct prior
to coati t he. product ..in st h). ~Typicall uch tri.nmng i s conducted
using a d?@-%Ffe%ﬁQEWﬁﬂ@meaﬁﬁ@Prﬁ%‘%sﬁéﬂﬁ‘%f qu?rﬁeﬁﬁ}erféeprsn?& al so be used
within the scope of the invention, includi pol i shi, and/ or sandi ng down
t he edges of t(ﬁ% pr &&Ef@ﬁtpasﬁlﬁi%%%gmnw @%W&B%Pﬁerm& PEIEs pl ant
fibers which are bongdeglpa@idifes;tmaan adhesive which hardens as it cures,
the cured product wil'l not disintegrate inmediately upon

@A) heating the coated moulded product to substantially dry and cure the coating.

The invention involves employing the action of the steam to force the mixture to be
distributed throughout the mould. Any excess solids material will thus be forced out of the
mould by the action of the steam. Once the action of the steam has spread the mixture
throughout the mould, the steam is removed or escapes through the gap or a valve. Without
this steam action, the solids in the mixture would not spread throughout the mould and
would end up being compressed at the bottom of the mould in which case the mixture would

no longer be in a readily mouldable state.

Preferably the process comprises a further step of trimming the edges of the product prior to
coating the product in step (h). Typically, such trimming is conducted using a die-cut
machine. Other methods for trimming may also be used within the scope of the invention

including polishing and/or sanding down the edges of the product.

Since the main component of the mixture is plant fibers which are bonded together by an
adhesive which hardens as it cures, the cured product will not disintegrate immediately upon
contact with liquid. Depending on the density of the product (and thus the porosity of the
product), the product will take a minimum of ten minutes before it starts disintegrating and

could last as long as one hour. The density of the product is dependent on the pressure
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contact with liquid. Depending on the density of the product (and thus the
porosity of the product), the product will take a m ninum of ten m nutes
bef ore i tw@vzedsss6 di si ntegrating and could |ast as | ong aBCDReOH@uUTY. The
density of the product is dependent on the pressure SUBSTI TUTE SHEET ( RULE
26) WD 02/ 20666 PCT/ SR01/00179 7 applied during fornmation of the product.
Therefore, the product is |iquid-resistant enough to wthstand treatnent
with wat erappleisd émram@nagtéqn of the prodecsr Thereborehepriodnst is Hqud-cesistant pnaghdd can
be further

wat.er i stance material or decorative
material s. % anrﬁl ea lgfm[bl‘ﬁ%terﬁ??lséﬁ H° trsé’ggﬁ“roéatvﬁwl‘}li%jaﬁange of from 1000
to 7000 P I|ed|n rabl |nthe aneo from3 to
10 <econdsihestes aﬂr@c&rhegrﬁiﬁ ded itk Pl reistmse ksl PP @t ) oot ed
to a tenpeggakyse of about 29 C. Preferably, the pressure in step (d) is
reduced to a pressure in the range of from500 to 1500 PSI before pressure
S gunct @SRl ebiof of Anfctbr wHRALALEL S A0 dL/? FORERRNS 1000 PEERapediR

reduced to atnospheric an n I ncrease n step ( to a pressure In
range of fatemichBGrefermblbdGhéBhgerof feomp 346 éOabdopdabhtafereﬂwﬁﬁn RS (c)l%hemﬂ(tatml y,

t he terrperature [ ncr eas t 140C. Step (f) typically
occurs forl® g’%@??@dsﬁ‘ﬁp‘f‘i(t?%toaﬁmpﬂ%ra%‘h é@‘b8’f1t 10 seconds to 30 m nutes
or longer till the product. is dry at_a tenperature jn the range of from

100C to 25Ryeferabiy, dhaprepgurg insispd dig seduspibtors psssirs indbg saage O%Qmé%rﬁ)i%oo

sui tabl e stal ks,
wheat st al ko Dok g B Bindascl FESGE (O B MR TP e TR T AED (D5 51 o
grass, fl aedusdto em:ryrsph@ﬁqm}deherﬁncremeﬂﬁmaep 6a) g0 & peesawé in thheange pEfrofm $00e
fibers affef}§§ h@f textu f thg é@ product. The requirenents of the
final prdddef? WOB?EIF ! “the fibers required. For exanple, a
table top will need to be strong nd is flat so thls wll allowlarger

| onger pi e%rggerq}ﬁy,ﬁhq)’@mpp@uygubgtga kaRcrersd do gy 14C. 2 sml ler or curved
item such as cup. Preferably, the plant fiber pieces used in the

conposi t i o eraﬁar W@@y%cw @ruameﬂh@f tamg & theapngs of fiem ) Scppds taBp ainutes

preferably

t possi bl e
L2 TR RS RSB TfE ABROT e
powder ed. .The .bi.ndin ent or adhesi ves |c bind the fibres
are water S8 R}%lftg%gﬁ%an% °§bf“§¥ Sgpgeeﬁv &l ntsglﬁabltf taf?%;es TR PS
preferred dhasdn M6tk dap cadiphdis Htagilks SviRht stalks, sugar cane, corn leaves, banana

leaves, corn crops, roots, grass, flowers, recycled 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 length
should between 1 mm to 2 mm. However it is possible to use plant fibers which have been

ground smaller than 1 mm, eg. powdered.

The binding agents or adhesives which are used to bind the fibres are water soluble and
preferably are environmental friendly. It is preferred that non-biodegradable plastics or
synthetic polymers are not used so that the process provides a biodegradable product
although it is to be appreciated that biodegradability of the binding agents or adhesives is not
essential where the end product does not need to be biodegradable. Preferably, water based
biodegradable adhesives are used so that the end product is biodegradable. Preferably,

latex-based adhesives, such as Neoprene, are used in accordance with the invention.
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synthetic polyners are not used so that the process provides a

bi odegradabl e product although it is to be appreciated that

bi odegr adedt/2deye of t he bi ndi ng agents or adhesives i s nopPCT/866eMWT9l where
the end product does not need to be biodegradable. Preferably, water based
bi odegr adabl e adhesives are used so that8the end product is biodegradabl e.
Preferably, |atex-based adhesives, such as Neoprene, are used in

accor danc ePrefetdbly, ey addedrstardruseSuBSToTalEe BHERE préRehiEn @it ion @Mcaaichan

PCT/ SG01/ 00179 8 Pref.ergaéo{i ,q%n aq*%ﬁd sttar Q used in.accordance with the
present | rHHGRTBFORBHSBE GRIGA TOM AouH & Vg AR s A AL PR TOREPBREts St
ground swegdrclp Glodt 8RB cdhibiAstions HReof YaHileR@¥HIGArch 6Ad RourSr@Eifablel foP e AN
conbi nations thereof. Wile corn starch and flour are suitable for use as
added st arasted starbdn perordracewvith themsesspeiswentiontberesulisrare net asgeod aswhee not
as good as e of her ar ce re.u . er.e i to nodify
t he added Osﬂ\[{\%rsg%c%éﬂugcrest%}c? uﬁ%@'ci@%‘% ?‘iq’gn.% n%‘?ﬁ(tao ?ﬁglef}’%anaggﬂ %ﬁ?ﬁgﬁgﬁ her added
starch ar grbtessilgt ogether initially in step (a)(i) to produce an even

m xture. Further, if the liquid ingredients contact the flour before it is
evenly m xpit fihed and ABudf drier Wilddd stREMMrk WiTREd RBethefinfial i st @3EtoliRbERel N
the product as the starch is renoved during the process. Once all the

i ngr edi entan eyew s faathen ikthe Bayid jggredients pentagiithe flous beHreit é esgnlyrmiged
seal ed Co%,arhfn‘%fou{"&gﬂ Form3ihe %ﬂith%r iﬁtc?%té Qéc}eéﬁ the r‘é&?& S 0e g fire from
dryi ng out". &M Xture i s pr e eraB’Yy stored at room tenperature prior to
use to prea¢midved daimiethe piHcesskh©not %1l tedngrellichrs asd @nsiineltin dtcp&a)fig), dicur e in

the range fromthe freezin of .the m xture about 25C.  Preferably,

. ol n{ t
the mi xt urigixtyreds #pied e S%??ft Bingr gt reguiredeor %tﬁg@? tq prsent she Higuse from
Furt her, L r pRhRt I TR : t grgyl% 11 form
because of g%@gn%llaér?g] I ontlo r@%éétbgfétgrﬁ %gﬁoo(ﬂ)}?%gi ig{:alt%é glfl%{rlg.usPr e Ig‘r’atl Y,
step (a) dordeningatThe mixénpergbeserat at artetbpératmrifChe dhge franahe frsemingpointoe of

the or oductt Bl 25t patdie Ramur SEiE Ao e M P e R e
as wel |  agoqs8hsd.i Firdher, WethBher tERPEYRITes tRER L hSssibitd Behe tholiRl wilPREm

contact nust be made from drinking quality water. The water is converted
to st eam checiusg of the qorbiration of Weater andijan ¢rganig prisiaeh. ryelierpdlyistep (@eocewisat § i n
the noul d.__Th ] Xt.u Jrot foam because the pressure prevents the
m xture frtgn-I; g?g}éfﬁ t|(;r’¥§),eijoan%5 ?ﬁe action of the steamis directed towards

spreadi ng the, m xtun . & B QMG P IRS qu5 Snd I8 iR HEATH Y dhinfQR) ot &

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 because the pressure
prevents the mixture from expanding, and the action of the steam is directed towards
spreading the mixture throughout the mould. Once the spreading is complete, the steam is

removed to allow the product to dry.

The amount of pressure applied to the mould will affect the density of the final product. The
denser the product, the harder it is. Therefore, if a more flexible product is desired then a
lower pressure should be used. When the pressure is applied to the mould, any excess

material will be squeezed out of the mould. Preferably, the pressure is at about 4000 PSL

The strength of the product produced by the process of the present invention will depend on

four factors:

(1)  the fibre pieces.
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removed to allow the product to dry. The anmpunt of pressure applied to the
mould wll affect the density of the final product. The denser the
product, woeztmseler it is. Therefore, if a nmore flexible peodaeron® desired
then a |ower pressure should be used. Wen the pressure is applied to the
moul d, any excess material wll be squedzed out of the nmould. Preferably,
the pressure is at about 4000 PSI. The strength of the product produced by
t he pr ocesThofindrliee peesche highwetheidensityiant heageahelgrsater thestrefigie vbths prgduyt. t he
fibre pieces. SUBSTI TUTE SHEET (RULE 26) WD 02/ 20666 PCT/ SQ)1/00179 9 The
finer the piece®) thmeEgip@roéradhdsiazedﬁclaﬂihgrlmrmlydmnmiohhﬂegmﬁhﬁmostjnef&er engt h

of the product, e type of adhesive incl ng.t he cry | 1i zat
rates and W@%‘B@lé ?@W BReS “nd \Pré1 SPVESPRIF yig@%re%ﬁ% gtf‘%gé%“gé’f fj the
adhesi ve cBlipdibubireid fcféfsf%ﬁwaﬁoﬁ %té&‘ﬁld%srceﬂﬁés*bﬂflfféﬂaﬁt adﬂ%%é?@'éé%ﬁﬂt i fferent

crystallization rates and viscosities of fferent adhesives result in
di fferent ¢iffethmtpoduds.yCStyatallization dﬂteumestﬂren‘@s of inétial strengthh dévelapinzent. stheengt h

devel opnen fast er e.ra crystallizatjo t he f fhe rate
of st r ongt g UErp ALl REiE s Bef SR LA B ProPBee SHRRRN R of < he
adhesi ve finhﬂbnaebﬁlesﬂhéﬂéﬂt@ﬁeﬁ%ﬁ 6P fietahesddkilfig kﬂe%lutféﬁﬂf‘ié%ﬂélty, anesdragher the
pol ynmer viscosit or the higher the nol ecular weight, the higher the film

strength, eqmber ghehﬂleammgrr\ﬁ@sw@c &% theyhighsr thersolealiy weigki, dishigher the a
dh |
gi ven adhegj ye .\ hs a fer 4 QGdhE{lr@% gfs %ﬁg fti% RG34l pﬁd g ﬁ?&; @hesrrree

product design e overal
exanpl e, awb@;)suywth ribs will be stronger t han one vmthout. (4) the type
of fibre. For exanple, sugar cane fibre provides a noul ded product that is

i nherently resi {j)entmélgﬁ-ua@[talbégigﬂ&ﬁhe%mder sely, rice husks tend to
provide a product that is hard, but conparatively brittle. Products

produced bThéf%d\%t%ﬁ% ?eﬁ%cb Desleh O o@ﬁﬁs dir%ra'll%ﬁb(&ic@dli‘&&%ﬁxﬁ/;ﬁé Y yokni el
Ioss of riginal materia d with no harnf -products. |In other words,

a product W ribe Wik by stranger then pnodibeutan al m)st |dent|cal product. The
plant fibers used in the process of the present invention may be obtained
fromthe unwanied pthetypeaff fibredSorsuampkssugacens tfiblkspvislagamovhied ppadupts or
any other Ihla’P 1esr1 ererxla tyrglsﬂnen’c 8ut 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.

The plant fibers used in the process of the present invention may be obtained from the
unwanted parts of crops such as rice-stalks, sugar cane pulps or any other fibers that are not
directly consumed. This helps to dispose of such waste from harvesting sites, factories etc.
which would otherwise be disposed of by burning and thus causing air pollution. The use of

such raw material helps to reduce this air pollution.
Further, during the process of the invention, bacteria are killed due to the high temperatures
being applied.

The present invention relates to biodegradable as well as non-biodegradable materials.
Since the manufacture of products from biodegradable materials requires that steam be able
to escape from the mould, the use of biodegradable materials to produce large objects, such

as table tops, has not been viable due to the extended drying time required for such large
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directly consuned. This helps to di spose of such waste from harvesting
sites, factories etc. which would otherw se be disposed of by burning and
t hus causveg@2/ziene pol | uti on. The use of such raw nateri al POBS@61/G007Y educe
this air pollution. Further, during the pyocess of the invention, bacteria
are killed due to the high tenperatures bei ng applied. The present
invention relates to bi odegradable as wel| as non-bi odegradable material s.
Si nce the 9RipdS-a08 aFeubsingestigaidens Wremage biie devalnping2 merkraparopriviedor sueb

t hat stea to escape fromthe nmould, the use of biodegradable
mat eri al srqagg%ﬁj?g%ﬁé(tzsé | arge objects, such as table tops, has not been

vi abl e due,to t.he ext.ended dryi tine.required for .such l.arge SUBSTI TUTE
SHEET ( RUL‘_%C‘?@?ID%\B S Ik e eRet e Py Bereis P%f%&aﬁoﬂé?ﬁa%ﬁ%e

i nvest i gat probess WEHe piedat intérRicdCshiidinttord oFbrélvapey iaRkd BhAnd/eF bt

| ar ge products. Accordi n%qto a further aspect of the invention, there is

provi ded acTs@f thertop andler htiom pais ofthemenld te pnabigstpne tebe remevedwhensin the
conpri si ng i - . d f op
andl or *bot PSR o UENHR iR R TR AR B 0 O, e
openabl e valenasheartke stbos adedshie be tdmovedxt ure is placed into the nould and
then the val ves open when the steam needs to be renoved. There is

addi ti onal TherptsaddiiReally proolRas prédess ion ufaatfabfuting nivatdcdesb Rizpdage prhabte
products wusing the nould of the present invention, the process conprising
the fol | ovisieg e apald phihe prespntanyratian. HBePIOrery CATRESIRS ﬂwgllewangtsé@miszng 40 to
60 wmt % plant fibre pieces and optionally conbining O to 10 w % added
starch with th@ pl amregarivge moddwg miztge by:i ) adding thereto 10 to 55 wt %
water and 3 to 10 wt % one or nore water-soluble binding agents or

adhesi ves; (b) pouri(pg t hiakimgxOue 60iwitoplantiiibud pietdsendoptichdiyicombating0 to

tenperature of at least A 60C.. (c), subj.ect.i the. m xture in the nould to a
tenperature in the r n‘ﬁ@’&‘g&f?(t?%hgggﬂ@@ﬁ%%ﬁ’nb?‘&?u in the range from

1000 to 7000 PSI for ? perj.od tgf time such that a portion of the water in
the mixture i s conveéi{ ed 3991 BgisiaH] for> Watssederiand 3 X0 (¥t eBe o5 Ipreg he

moul d whil e remai ni Rtk AuYTDBIHARRY et 8F Sdhesives;
(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;

(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;
(2 removing the substantially dried and moulded product from the mould.

There is additionally provided a process for manufacturing moulded biodegradable products

using the mould of the present invention, the process comprising the following steps:
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(d) reducing the pressure so that steamcontinues to formwthin the nould
W t hout causing an explosion whilst nmaintaining the mxture in a noul dabl e
state; (ayoomeweasi ng the tenperature and pressure to a terapsceren® in the
range from 100 to 200C and a pressure in the range of 500 to 1500 PSI ;
(f) renoving the steamor allowi ng the steamto escape until the noul ded
product is substantially dry; (g) renoving the substantially dried and
moul ded pr oduct) f r orprefeeingmuhonldingmeiktire by:addi ti onal |y provi ded a process
for manufacturing noul ded bi odegradabl e products using the nould of the
present invention, t(e priekeagslOcoBpmtsd planttithee piotdsand opticiadlysomBiike 0 IdITE
SHEET (RULE 26) WO 02/ 206 CT/ S&)1/00179 11 (a) preparing a noul di ng

m xture by: (i) taki%@i%g.@ggﬁf%@c &%ﬂ@?ﬁ%?éleﬁ?séé‘é‘g and optionally
conmbining O to 2 wt% added starch with the plant fibre pieces; and (ii)
adding thereto 10 tdi¥5 viddingihersto Hhe 53 wigeroieand3dndO gyt Swpeor more

wat er - sol ubl e bi ndi ] ; ouring the mxture into a
nmoul d the moul d bei %atg?&g&@%%g%g@?ada}{e%ggst 60C; (c) subjecting the

m xture in the uld to ate rature in era 0of 15 to 6 C.and
pressure in th%’sr?andoé)glf]?g%efgg%m? §"74d9 %é&e%?qugggg%%te&peﬁ% Ofgﬂlg???t hat
a portion of the wate@Cjn the m xture is converted to steam which causes
the mxture to fill the nmould while remaining in a noul dable state; (d)
reducing the pegss Ursﬁbﬁ‘é@tiﬁé@% Sk RAE GRS oA B atté‘rtng&ﬁt'@i_}é"!nttﬂb Pankb6r 1P 6b

wi thout causing an expl osion whilst maintaining the mxture in a noul dable
state; (e) increasin§ ande presspeeriatthg wngniioprl®8e to W0H0PH formpeiadtafitiend n t he

range from 100 to C.and ressure in the range of 500.10,1500, PSI ';
(1) OFemoving che. o aaey SR8 pPfh R el bRl fe Bl Bt YA B e
product is substanticabdes iy mixtl@)to HETBY mdgldtvigleseaingi} inal hyuldabiestarnd
nmoul ded product fromthe noul d;

(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;
(2 removing the substantially dried and moulded product from the mould;

In a further aspect there is provided a process for manufacturing moulded biodegradable
products using the mould of the present invention, the process comprising the following

steps:
(@ preparing the moulding mixture of any one of the preceding claims:

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;
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In a further aspect there is provided a process for manufacturing noul ded
bi odegradabl e products using the nould of the present invention, the
process ovopr2®shig the foll owi ng steps: (a) preparing theCcvsgbdiony m xture
of any one of the preceding clains: (i) taking 40 to 60 w% plant fibre

pi eces and optionally conbining 2 to 102wt % added starch with the plant
fibre pieces; and (ii) adding thereto 10 to 55 wt % water and 3 to 10 Wt %
one or nore e} er - sobjudting the adktoce iaglmﬂneuldno addmesératass in(thg rapgelof Higtotdoe
mxturelntoarmuIthh moul d bei,n f. at . 60C;
SUBSTI TUTE SHEET (RUE gB)PTWWGZ? Yoaamestom PEoothes fo 3(1?5)‘10319%]{1@(‘?“ ng
the mxture in the ppyl @af Lpéiiibk CPRILHren tHR thitburt Hveiked® st@nBPhick and a
pressure in the range froml_)LOOO to 7000 PSI for a period of time such that

a portion of the watceuses thetthixture to fill ¢he mowd wheleremainingsin@anowifdbddstateauses
the mxture to fill the nmould while remaining in a noul dable state; (d)
reduci ng the p(d)assurraiuemgtthapress;wam fhatdtéamuesntinoes orformivtifiimthe heouidul d

wi t hout causing an expl osion. whi | st. nai ntai ni ng the xture in a u] dabl e
Stater (6) increasi MmoRbC SRR MO NS BEiEe e Naits ot a foRERbE he
range from 100 to 2p@C and a pressure in the range of 500 to 1500 PSI ;
(f) renmpving the steamor allow ng the steamto escape until the noul ded

product is sutC{t ant il aguﬂﬁ{)t}afténq)en{t&@% gesédf tosé:'g?ﬁﬁﬁ;ﬂu%llh e%%ch d ihe

nmoul ded produ fromt Typi ca es are ose
m xture i s poured inote B@Oﬂﬁ)aﬂdohpmsssteapﬂ(d))mgaﬁsaﬂumlﬁgOPﬁé, appl i cation of
pressure to the nould in step (c). In use the nould of the present

i nvention may (e use&nbﬁngmlme‘taﬁﬁ o dllosvingihe deamd @seapt untibthagnoaldedul di ng
m xture conpri sing; %1940 to 60 wt%pl ant fibre, optionally conbined with
0 to 10 wt % added stEedust is sybgiantially dgfidi ng thereto 10 to 55 wt % water and 3

to 10 wt % one or nore water -
(2) removing the substantially dried and moulded product from the mould;

Typically, the valves are closed while the mixture is poured into the mould in step (b) and

during the application of pressure to the mould in step (c).
In use the mould of the present invention may be used to manufacture a moulded product
using a moulding mixture comprising;

@) 40 to 60 wt% plant fibre, optionally combined with 0 to 10 wt% added starch;

and

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

soluble binding agents or adhesives.

In a further aspect, in use, the mould of the present invention may be used to manufacture a

moulded product using a moulding mixture comprising;

@) 40 to 60 wt% plant fibre, optionally combined with 0 to 2 wt% added starch;

and

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

soluble binding agents or adhesives.

In yet a further aspect, in use, the mould of the present invention may be used to

manufacture a moulded product using a moulding mixture comprising;
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sol ubl e bi ndi ng agents or adhesives. In a further aspect, in use, the nould
of the present invention nay be used to manufacture a noul ded product

usi ng a maby2ewees m xture conprising; (i) 40 to 60 wm % pl arCTAGOV@®]179
optionally conmbined with O to 2 wt % added starch; and (ii) adding thereto
10 to 55 wt % water and 3 to 10 mt % one of nore water- sol ubl e binding
agents or adhesives. In yet a further aspect, in use, the nould of the
present inventi@n nedbie asedo plant feudpiionaiteccanbined wil 20 d8wdto addedisfareh;
nmoul di ng m xture .conprising; SUBSTITUTE SHEET (RULE 26) WD 02/ 20666

PCT/ S&01/ 00179 a“fS (i) 40 to 60 wt% plant fibre, optionally conbined with 2

to 10 wt % added..starch. nd (ji dding t her 55 W % water and 3
to 10 wt % one df! noraéﬁ\]/%tg?r-etosm %3@35‘3‘”[0)?1 g(aiieﬁ@mg%&i@w&% OXQREEITEYAtC T he npul d
consists of at doﬁﬂébf&xﬂﬁxg&?&ﬁ@oracﬁw&i%&. and a bottompart and is typically
made of netal. However, 11U is possible to use noulds which cone in three

or nore pa’f’ﬁfxgl%lﬁ‘ébﬁ'ﬁ%s of E%asﬁé @ﬁ% ﬁaérgsgeai% bhd waﬁr’}f@?ﬂ{lﬁ% t?s“&&i?ﬂ}y%.ﬁ&e of N

use, the nou I's prefera vertica n a downward
and upwar dmathnidowswertihstpostibletto psquaotlds whirbrpmess dttee agmbregtarts peovisiztlt om

part. Typigal .1 eis ap of 1 between the t nd botto noul d
parts thro'.g‘g}ffhéi‘?il%ﬁﬁ{ ﬁg’psat“gé%ogtﬂﬁ‘ I@itcgggs &hﬁrﬂ?‘élddﬁﬂr.egeg@gﬁ@mﬂrﬁése?urface of
the moul d yetioW§f @aEB] i aSdRaiwid AlPdpwadd hAEn& 4o fiBaAehd Sppatt if DigheRbd f eel s
i ke sand paper. If desired a pattern may be engraved into the nould. Any

pr ot r usi onagainst thabottpmupart- Mygical tthéretser gaprod lunmpbetwieenrthertopaand bbttome
product fr h yl d. e, shape _an ' . he mould will depend on the
I%Eéhelh Fg)%rtgﬁlr&ggh \%Zﬂlch e ﬁ[t)e@m an;dgi %(géségxg?{éﬁé gan es

product to roduced® € nou na y at tachi ng heaters to the

moul d or passing the. moul d.thr an qven..The pressure may b rovi ded
by any  knoMiF SHEAR Of HEPIRIHs PactH R Roeth FHs ithe stitgiinpecopug dody fi
nechani cal sapd pagor. Midesked 4 Pattdriap b6 esthved ifitoRhOHIRRE Ry protydsduhitke Press
as these presses provide a consistent pressure. The val ves enabl e the steam

to be renoweddmusinettiatentsta Witk Setrprmoval Réthemserinst fipim the groplds (The slaps and .
Furt her, ;{lﬁe St ifiéMobf HRMBYES BPhR pHuEtdotbHadcBg. Product Ts Tess likely

to be bur
The mould may be heated by attaching heaters to the mould or passing the mould through an
oven. The pressure may be provided by any known means including a hydraulic press,
pneumatic press or mechanical press. Typically, the pressure is provided by a hydraulic

press as these presses provide a consistent pressure.

The valves enable the steam to be removed from the mould so that the product will dry out

faster. Further, the steam is removed more quickly and the product is less likely to be burnt.

The valves are mechanically operated. Once the temperature in the mould has risen above
the boiling point of the water, this indicates that mixture will be spread evenly throughout
the mould and the valves can be opened to release the steam. By the time that the mixture
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
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The val ves are nechanically operated. Once the tenperature in the nould has
ri sen above the boiling point of the water, this indicates that m xture
will be spoexezhéewvenly throughout the nould and the val veBCTaGOt@1Tpened to
rel ease the steam By the tinme that the m xture has spread evenly

t hroughout the nould, it will have hardeffed just enough so that it does not
enter into the valve with the steam The valves are cl osed when the m xture
i s pl aced shbiten thetenaoutid paodhchiodie dried apd dasshertinsthe prcessihgttime. Hirthoul d,

s o Pk B i i P ko B e e P ™
into stea ' aSwen! ABYRSHE phi@s 6f 16 ndolRI, B IfHEstéan fRYELoo0I Nt O
all the opr&e]rnotug%g}éezésa%t hus e1l‘niﬂllfirfié§tganup thepvvhol e nmould. Extra or excesg

mi xt ure wilbhg werenoyeadbe beat wouldgdook e bwpdhelcenteypeeianofithepragent while the sides
opened in process . step (d) when the tenperature reaches between 100 and
200 C and %?B?Ié{ﬂ‘é%l%@"at about 110C. The val ves SUBSTI TUTE SHEET ( RULE 26)

WD 02/ 20666 [ SQ01/ 00179 .14 sharten the ti for the oduct . e dried
A thus. SioEa ChEe fr Gtecelie 5o thadtte ip e ey SF sensl PRgLErd 28 e,
the steam widsl o @K gduRDaahishROEEBRRAe Y RS shitadias detamilxaud to Helhaughl. t he
gap between the top and bottomparts of the nould, and if the steamtakes

too | ong ¥theeinmeas fited théhe sidenfitee wonld, shears wvauidescenarthough 8r s redgeing he
product while the sides..are,.an | [ r I } val ve
every 4 sqliSPESFYIE Rslde. Hhi ¢ %C\e/c(laés%e%’ﬁ%eggm%%n 8 Icgésgéﬂ?b Jﬁl&tﬁ%%{sﬁﬁe@ g;][‘tﬁ? he
nmoul d as tdHase NSOk @hd vaRRSadidieatdaripnesmpletegaddury of the mixture to be

noul ded. I'f the valve was fixed to the side of the nmould, steam would
escape t hrppighhvehtion BikblidselisibOdsing BLa Bérs® Pregeribea indleturelidi forni pridaetd ost eam
pressure may cause the mixture not to flowto the space above the valve
and cr eat evaious slapep hrd sizgsrsoiaide for Pratectivapeckagng suptutn hoxes and rgpeptaclesiang of

a certain prescribed mxture to for r [ ] i zes
sui tabl e f‘gorveBP%st @5%6\9 Ond%g‘%oéféi Cﬁléﬁgﬁ?g% pgg&%r%efg %er%%g{eggggrtaglc eg&ang
coverings ¢ahptéasbientiatd gaagehen bl and beyopaelcagiaingrsfsach awdups,gil@egnd
fragile electronic and_ conputer s%st iggi?ang conponent s, f.ood a]lild lgev rage
cont ai ner slugghhoxgsetepyalding matgral apdg &errds prah agiPATIUNRY SPYLE PGS
prefabrica ggg'éﬁi' [ b d : L8k agaped
products e%lﬁg(ggérﬁsﬁtgﬁ %dg‘#g‘g‘%%,se orfl%lgc&lﬁit? rséﬁl%g%dgﬁg%??‘gjﬁﬁ?wg}ant ers and
pots, and potspmdaldpesapdd folfwes. Al |l proportions in this specification are
i n percentage weight.

All proportions in this specification are in percentage weight.

Description of the drawings

The invention will now be further explained and illustrated by reference to the

accompanying drawings in which:
Figure 1 is a flow diagram of the process according to the invention; and
Figure 2 is a schematic of an overview of the process.

Figure 3 is a perspective view of one embodiment of the mould of the present invention in

the open position;
Figure 4 is a perspective view of the mould in Figure 3 filled with the mixture;

Figure 5 is a perspective view of the mould in Figure 4 closed and under pressure with the

valve closed;

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

SUBSTITUTE SHEET (RULE 26)



Description of the drawings The invention will now be further explained and
illustrated by reference to the acconpanying drawings in which: Figure 1
is a flowdbagywesn of the process according to the inventipal/sSando1™ gure 2
is a schematic of an overview of the process. Figure 3 is a perspective

vi ew of one enbodi ment of the nould of the present invention in the open
position; Figure 4 is a perspective view of the nould in Figure 3 filled
with the Higangr7ds aBerypecive view of themopliciniRigurg p epenst wihethepradgct renpvedir e 4
cl osed and Hnder pressure with the valve closed; Figure 6 is a perspective
view of tH&%nould in Fi gure 5 with the valve now open; SUBSTI TUTE SHEET
(RULE 26) 0?8/.20666 PC'e[/S 1/00179 éf Fi ure 7 ig a eriﬁe%ti e view of
the noul d &M A SRS SEAaY T AT ¢ Meulstasqerding e ApQtBer s0Ginet 96 HE 8 i's a
Cr 0ss- sectih@dmionvi ew of a nmoul d according to another enbodi ment of the
invention. The use of a nmould as shown in the drawings will now be

descr i bed Jif sgloph infiid & Hlh GG HBTRAPAG) b8 JENCRLE! fuHlaRBPRAONE Rne "

t he process provide y the invention. Preferred Conpositions Mulding

m xt ures rexample donpofsited embodiment ofi thejprovessipeovpdesiduribe invertim. on wer e
prepared. The proportions of conponents present in the m xture are set out
as exanpl éxeferired €Onipositioas f ol | owi ng tabl e: Exanple Flour/starch Binder
(gm Water (gm Fiber (gm CalciumTotal % of (gn) carbonate (gn) starch
(gm Tapi agsuldiuhixtabekawst @mpbsitions h&ordhg R the presemd iventihawere(plggiadabl e)

1 6.0 10.0 30.0 40.0 0,0 86.0 7.0% 2 6.0 8.0 30.0 40.0 0.0.84.0 7..1%
The proportions of components present in the mixture are set out as examples 1 to 40 in the

following table:

Example Flour/starch  Binder (gm) Water (gm) Fiber (gm)  Calcium Total % of

(gm) carbonate (gm) starch
(gm)

Tapioca Flour Latex water  Tap water  Sugar cane pulp

base

(degradable)
1 6.0 10.0 30.0 40.0 0.0 86.0 7.0%
2 6.0 8.0 30.0 40.0 0.0 840 7.1%
3 4.0 8.0 28.0 40.0 0.0 80.0 5.0%
4 1.5 8.0 28.0 40.0 0.0 77.5 1.9%
5 1.2 8.0 28.0 40.0 0.0 772 1.6%
6 1.0 8.0 28.0 40.0 0.0 770  1.3%
7 0.0 8.0 28.0 40.0 0.0 76.0  0.0%
8 0.0 8.0 28.0 40.0 10.0 86.0 0.0%

Latex solvent

base
9 6.0 10.0 30.0 40.0 0.0 86.0 7.0%
10 6.0 8.0 30.0 40.0 0.0 84.0 7.1%
11 4.0 8.0 28.0 40.0 0.0 80.0 5.0%
12 1.5 8.0 28.0 40.0 0.0 77.5 1.9%
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34.08.028.040.00.080.05.0% 41.58.028.040.00.077.51.9% 5 1.2
8.0 28.0 40.0 0.0 77.2 1.6% 6 1.0 8.0 28.0 40.0 0.0 77.0 1.3% 7 0.0 8.0
28.0 40. VOOD20%66 0 0.0% 8 0.0 8.0 28.0 40.0 10.0 86.0 0. Pea/sGav@7sol vent
base 9 6.0 10.0 30.0 40.0 0.0 86.0 7.0% 10 6.0 8.0 30.0 40.0 0.0 84.0
7.1% 11 4.0 8.0 28.0 40.0 0.0 80.0 5.09%° 12 1.5 8.0 28.0 40.0 0.0 77.5

1. 9% SUBSTI TUTE SHEET ( RULE 26) WD 02/ 20666 PCT/ SG01/00179 16 13 1.2 8.0
28.0 40.0 0.01377.2 1.68% 14 1.808.0 2880 40.04@® 0 77. 0001 3%2 1366.0 8.0
28.0 40.0 0.0 76.0 0.0% 16 0.0 8.0 28 0 40.0 10.0 86.0 0.0% V4ter base
wax binder 17"%.0 10.3°30.0 4038 0.0 &8%0 7. 0980 18 6. ?%. 0"40. d°%40.0 0.0

84.0 7.1% 19;4.0 8.0,38.0 40.Q,0.0 8Ggh 5.0%20 1.5 & 0 28 044Q.0 0.0
77.5 1.9% 21 1.2 8.0 28.0 40.0 0.0 77.2 1.6% 22 1.0 8.0 28.0 40.0 0.0
77.0 1.3% 23140.0 8.0028.0 40.000.0 7680 0.0%0.24 0.01®. 0 &3.0048. 0 10.0
86.0 0.0% Sol vent base wax binder 25 6.0 10.0 30.0 40.0 0.0 86.0 7.0%
Water base
wax binder
17 6.0 10.0 30.0 40.0 0.0 86.0 7.0%
18 6.0 8.0 30.0 \ 40.0 0.0 84.0 7.1%
19 4.0 8.0 28.0 40.0 0.0 80.0 5.0%
20 1.5 8.0 28.0 40.0 0.0 71.5 1.9%
21 1.2 8.0 28.0 40.0 0.0 71.2 1.6%
22 1.0 8.0 28.0 40.0 0.0 77.0 1.3%
23 0.0 8.0 28.0 40.0 0.0 76.0  0.0%
24 0.0 8.0 28.0 40.0 100 860 0.0%
Solvent base
wax binder
25 6.0 10.0 30.0 40.0 0.0 86.0 7.0%
26 6.0 8.0 30.0 40.0 0.0 840 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 0.0 7.5 1.9%
29 1.2 8.0 28.0 40.0 0.0 772 1.6%
30 1.0 8.0 28.0 40.0 0.0 770  13%
31 0.0 8.0 28.0 40.0 0.0 76.0  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 86.0 7.0%
34 6.0 8.0 30.0 40.0 0.0 840 7.1%
35 4.0 8.0 ° 28.0 40.0 0.0 80.0 5.0%
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26 6.0 8.0 30.0 40.0 0.0 84.0 7.1% 27 4.0 8.0 28.0 40.0 0.0 80.0 5.0% 2
1.5 8.0 28.0 40.0 0.0 77.5 1.9% 29 1.2 8.0 28.0 40.0 0.0 77.2 1.6% 30 1
8.0 28. 0WOM2@6® 77.0 1.3% 31 0.0 8.0 28.0 40.0 0.0 76.PCOSGMW003D 0.0 8
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 86.0 7.0% 34 6.0 8.0 30.0 40.0 0.0 B4.0 7.1% 35 4.0 8.0 28.0 40.0 0
80.0 5.0% SUBSTI TUTE SHEET (RULE 26) WO 02/ 20666 PCT/ SG1/00179 17 36 1
8.0 28.0 40.030.0 77.551.9% 3%01.2 8.8028.0 4000 0.0 0¢. 2745 6%9%38 1.0 8
28.0 40.0 0.0 77.0 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.% 86.0 0.1% The nd@l di ng #¥Pxt ur ed0df exanP? es 742 t 040 were

used to make ggolf tees jaccording to thg, noul ¢jng procgis 9f, t hgopr esent
invention. The golf tees were of good ‘quality and suitable Yor their

i nt ended use. sdurt her owoul di ng swi xt ur eg.ower e po.epar ed, o.analegouswam t h t he
conpositions of exanples 1 to 40, except that the sugar cane pul p added as
a source of fibre wad%eplacedwith f388re chdden frof® he 3¢t ollP%onpri si ng
wheat stal ks, tea | eaves, rice stalks, rice husks mxed with rice stalks,
corn cobs including the | eaves and the carbonaceous residue of burnt
coconut shells. The qnldin% m xtures conprising each of the listed sources
of fibre wEhempwdingmyxmagseolggpmplos dde 49@@&%6%80 ke glf trss perordingiodbess of

the pr ese%oﬁlg%lgg&of%% ?fﬁﬂ«.‘?ﬂ%@?%r;t iR H o OTRY %pﬁgtggsfwa%@ g8bd G&IRP ind Rsnief

fibre were co or enenti one tees-conprising sugar
cane pul p. fofielrdntehdedersediuethdi fbelddprmstimas gaelpréparaf, abdlegguivithtithes
depending on the type of fibre used, these differences, did not have. an
Si g nifi anqongﬂqs@@ps %ﬁ?’ﬁaﬁ@leﬁértﬂﬁon@f?@@ t&latt € sugar cane pufp added as & Source of fibre

was replaced with fibre chosen from the group comprising wheat stalks, tea leaves, rice
stalks, rice husks mixed with rice stalks, corn cobs including the leaves and the

carbonaceous residue of burnt 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 golftees comprising
each different type of fibre were compared with the aforementioned golf 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
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of the golf tees. O the aforenentioned sources of fibre, only rice husks
have any i nherent starch content. The rest of the |isted fibre sources
have no iwder/awse st arch content and therefore make no coPRCT/RGUYG00T t O t he
starch content of the noul ding m xture. Accordingly, when rice husks were
used to make the noul ding nixtures of exdnples 1 to 40, the proportion of
starch present was slightly greater than the quantities listed in the
tabl e. |t Individorluixtvrss weor preparepherg dibapsrofsihegt dallys gairesjalles gfsugartgpee
varying the.nature.of the i.nder e af . | i t .
oronuct priol GetBgtebih ety iif URESaR B BRSNS bty slfoine
envi r onnmenhadhinead sisdRiathenige ¥ofr@h 0SI@h i 8.0hhmdeTise goand fibefves cesibined use
in the noul ding m xture because they are_bi odegradabl e, whereas bjnders
sol ubl e i nvitbieshidoRidariors Bots sk Pefatodioanr pyd fesn fhoup thogpuehbn @ mixer (a

Preparatio . : :

PCT/ SG01/ o‘%i‘%“et‘ %}‘:\Ah}glhg‘% ﬁﬁ??%}% rgaﬁfgﬂf é%?r@?ﬁ!@n%%%gg%d%? wheat
st al ks or mixteesCatekgasdrkauiganswra et thestachodid mot forindatodsmpsn whemthie ignidon
wth corn pulp. The m res re gr.ound_.b i.ndi chine to a size
2 Uher anG@efent isHF oHoeinins [ 5his YHED h T SR 4 e BRDeCOiE PSR e ¢
the starchygf: £AR 868n] JulHNumSVERkarBPHAL B EdoRbd aRiIC Rt Whiekitvill Bakeghl y
in a mxer (a container with fan |like blade spinning at a speed of 500 to

700 rpm) tar fragrentwlaimuihelinoyld prodedis & water slubde adhekian wilh adatoubaset isdhert he

starch did not. forminio |u when .t he Ld . 1ngredients .were added. Any
s whi cifdbiaeBeR it Sraiet A R Bt ottt e G R BAIe Bt i R
steam sucdvehlynThischixbiralcabiutdd tb prodaokecuBbox vt trhy.f oam which will cause
an air trap or hole in the nmould product. A water sol uble adhesive with a
| at ex baserpsmMiodad added together with water and the m xture further
stirred until the whole mxture is mxed evenly. This m xture can be used
to produc : ] I ' B, 1 aw ngs
has ot o M 2 e A B A e 29
has a val VEh28p hwukt pait 2 hhag svalpp2d losated &ciés Wper Siréachd4t dhe hojtdndmpald parhas

ity 25 to recei i.xture 2 1.d 20 j d, th '
5701 aodies R SeH Pelietiive R G oot e DA 297 sleied HEE G SR A St AT
22. Once chaSReweddItBS fp Botld parin dng thd BbtidRPRbuIAWaFta0e (ke clUi&, padsyife 23 1S

operated either manual I%( or automatically via a i )
applied to upper surface 24. The valve 23 is operated either manually or antomatically 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
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controller (not shown). Typically, the valve 23 is opened (see Figure 6)
when the tenperature of the nmould 20 is at about 110C. Once the article 28
has dri edyoohaénoul d 20 is opened and the article 28 renP@BEG01/00179
Manufacturing an Article fromthe Mxture In the flow diagram of Figure 1,
the process commences at A with pre-heat¥®ng the mould 20 to 70C. This
heating is only required the first time that the nmould 20 i s used because
in a conmaudasl waterwovld depamisftan 2 mzbird abkbeasquatrsdtout ho@ghtbegdpormi ng

the last artic 8. and is actuall Qal ed to .70C at, B.. e forned,the
artiche. 2dmvent dhftdaRPrishite BsnBord 086 BF nidsufrt i inCHi el Bo R
further trgat@fcase theskpledon OH6RetdrvHIR WmdMdi2® iDROUIDNC 1001080V ANdABE, t he
mould 20 is opened (see D of Figure 2) and _overfilled with mxture 26 (see

E). |deal materids srewpmpeessed, egnoisiurayi] impedigiplydransigrma intp yppjtand stagtogr — at
| east withj . ] . IS i i J

overfill eg&p(ofoggss{)ﬁr%g%? gl{) tqtl%gr}%' ?lgusg?ﬁl ?g\flg%wv%tﬁ{)ﬂdr@s yﬁé\%ﬁaﬁ@%}%ﬂl the
conpl et el ywpé bpactdia thenold 2Dwith eecasomixtuGeesngott dfelid mowld@0bdhiumtonhen

the m xture 26 is c ressed under pressure, the solids in the m xture
woul d be Bt Htéﬁﬁﬁ%cr%@rsé%‘g@a- to the bottom of the SUBSTI TUTE SHEET (RULE
26) WD 02/ 20666 PCT/SE1/00179 19 npuld and water would separate fromthe
m xture andrerrouldd i tbgn slosed (sl ghFighee YafVism clased, thergts typjcallya gap 27 of

t enper at ur, ' A ' jckly
and can cAned RnEYN Ber B on AL RISl dr theBylthiduh AT BRRMA L
and the nates ndkisracan aoaper €xre the mwdd 20iistlosed, aptdssurerofatioat 4000 RSIansf or m
into vapor and start to . look for a ce or gap.to escape. This.action

will nove aPﬁéedsz! Gopi gl %’é‘?ﬁk‘@dﬁ@ hegshay 3dpdo S?Pﬁ@a? ‘é‘ﬁgéé‘_éesf' FEHE? noul d
20 Wi th exeessoffing MitSraRepip™T Riheddfthd B@ul’@ffi}élhg 22Qng 3P T%@Eﬁﬂe%ncédﬁ}hgal ly

takes 5 to 10 seconds. The fould 20 is then 'closed (see of Figure 2).
When cl osedgess hetarial sdigatéschatlthe mixjune 28 has spreabenenlylthromgbet Weemowld@Ot-op 21

and bottom.22 part.s,of th | d .t hrough. whi,ch, steam and excess, m xture
can escapahis SRR HRRATGDRAFTS (e hrodut ishas Aat did e pcieorill BEgd 0 mare | o
appl i ed t qptthesiti@ofahe WeR1d20!| ThedfledsarRaldg)enbtes BHaAOHe sBagef Uk fi6d@Es unti |
excess mxture starts com ng out of the gap 27 between the nould parts 21

and 22. Theeinipiped (Batls, Beraipao feaming)s andegoatpols the depired densitypatosttnef Wext ur e
26 has spread evenly throughout the mould 20 - this is especially inportant
where the*product is not flat and the mxture will need to nove

Upon seeing the mixture stop overflowing out of the mould 20, the pressure is reduced to

atmospheric and then increased back to a pressure in the range of from 500 to 1500 PSI. In
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 D). As there is

overflow, the edge of the article has to be trimmed using a die cutting machine or manually

(see J).
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up the sides of the nould 20. The pressure also ensures that the shape of
the product is maintained (that is, there is no foamng), and controls the
desi red aems?/2opbporosity of the product. Upon seei ng theP@i/RGur@1m™ op
overflow ng out of the nould 20, the pregsure is reduced to atnospheric
and t hen increased back to a pressure in the range of from500 to 1500 PSI.

In the e we used. a pressure. o bou 1000 PSI .. Then. the temperature
was | nor odBEATIRe FBERERERY oM Bie Siye BY SV S Op FEIRRCED

expl osi on 4fyGedifd bMR0XRES 140°8T1BF sMbut 1O %coﬁaﬁemotrﬁaueg kS Klr¥ thePdnbiiis oI nt,
the steamw || be rushing out through all openings and the faster the steam

can escajlks examplé wetused tehpersiunciotabont 130°Cuforabontl 8 miihwies.ef | ects t he
i nportance of having a valve 23 being operated to | et the steam escape.
Once t he tlhaperdt mag bhdsthee ammﬁw'ﬂhblabprtﬂlé)ta futther enhaoedts3@tergegiemedsdeo

the eacapIofoBaknS S FREAL NpePipE dntist PerRa Pt ary ot ter e (0
five m nU%@ﬁl@]S%}éﬁlW&%e i &t aﬁr}])?x%:l trigRend, ResRRiIVIYERRIgQr pHiat ¥RADe ;he

mould 20 is ene ly dried article 28 rénoved (see 1

As t here iaddedoipgh¢ bwiace phtheprylicbf the article has to be trinmed using a
die cutting machine or manually (see J). SUBSTI TUTE SHEET (RULE 26) WO

02/ 20666 RAUEfSEOHNG @I BresAderd peepanet by ltke atwve ethodpind dmeadulitpbitigatos domidihg
further adhesive b rayi see K) and heated at 100C to 140C
for about aﬁ?ﬁ%@é’%ﬁ’?@%@nﬁqvﬁ&’f%cfg{)@qgﬂ’g‘e the adhesive. In the exanple we
used tenperature of about 130C for about 8 mnutes. The article nay be
further coat edIi§teye Neopr ene toAfurther enhanc®its water resiStance (see
L). Typically about 3 grams of Neoprene is used})er square foot of the
product. The dB8Wing i's appliédeby spraying d®%lipping.. In &fdition, a
decorative painting or print can be added to the surface of the product.
The fol | owi ngAddhgsive es were prédared by the adéVe met hod and 4Hé

suitability for noulding assessed by applying the above process to them
M xture A B C Hbaur 3% 10% 6%2%dhesi ve 2% 1@9&. 7% 47.6%

Water 43% 40% 41.7%

Mixture B provided a workable product. Mixture C is useful for packaging for heavy
products such as televisions or table tops or as a special cushioning with greater porosity.
Mixture A is economical and good for products which do not need a high density such as

cups, bowls, industrial packaging for appliances.

Figure 8 shows a top part of a mould (100) comprising mould part (101) and valve (102).
Valve (102) sits in a complementarily shaped cavity (103) in mould part (101) and is free to
move relative to mould part (101). Cavity (103) end in release hole (104) and valve end
(105) is adapted to seal release hole (104) when the valve (102) in its closed position (not
shown). Valve (102) is closed by pressure being applied to top end (106). When valve

(102) is in its open position as shown in Figure 8, steam can escape from the mould (100).

The word ‘comprising’ and forms of the word ‘comprising’ as used in this description and in

the claims does not limit the invention claimed to exclude any variants or additions.

Modifications and improvements to the invention will be readily apparent to those skilled in
the art. Such modifications and improvements are intended to be within the scope of this

invention.
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Fi ber 52% 40% 47.6% Water 43% 40% 41. 7% M xture B provi ded a workabl e
product. M xture Cis useful for packaging for heavy products such as

tel evi si om@ 0w2o6b@bl e t ops or as a special cushioni ng w t hPQT/86oEI01IOr 0Si ty.
M xture A is econom cal and good for products which do not need a high
density such as cups, bow's, industrial2lpackaging for appliances. Figure 8
shows a top part of a nould (100) conprising nould part (101) and val ve
(102). VaNE CLARYISHEFINING TEHETNVENTION ARBASRALEGWSyY (103) in noul d
part (101) and is free to nove relative to nmould part (101). Cavity (103)
end in reliease AgtReds¥Orhamifsttivadguaoeided plod0& comprddapthedoliovmgateps:el ease
hol e (104) when the valve (102) in its closed position (not shown). Valve

(102) is cl oseqa)by B[-ﬁygﬁﬂ%_gnﬂ,ﬁidﬁggﬁ%e%;to top end (106). Wen val ve

(102) is in its open position as shown in Figure 8, steam can escape from

the mould (100). ngi ‘F’)‘?F%#’]ﬂgcﬁ%rdo%t?ﬂglaﬁ@ﬁbrﬁgfé&s ﬁfd&p‘ﬁ%}lw&rﬁﬁﬂiﬁgbi@i ng'

as used in this des and in I does not limt the Tnvention

cl al
clained to exclude any vadivadftslded stactiwiitoths planhbbiiefpiesas;iands and

i nprovenents to the invention will be readily apparent to those skilled in
the art. Such nodifi(iipt i addingterdtarpd avESrentswateeand wnieet Yooreermdrdii n t he

scope of this invention. SUBST|TUTE SHEET (RULE 26) WD 02/ 20666

PCT/ SG01/ 00179 21 THE CIW&F?VSO‘BE?IL&PWWWW\@EHSF I ARE AS FOLLONS: 1 A
process for manufacturing noul ded, products_ conprising the follow ng steps:
(a) preparing dbhoulpenring thesriniuge o a popld the meyldeinpatadempsrepira at asast e

pi eces and optionall c,8,0nbi ning O to 10 w % added starch with the plant
fibre pieces; and (i1) adding thereto 10 to 55 Wt %water and 3 to 10 wt %

one or nore ter-so].ubl e bindi,ng .agents .qr_adhesives;. } e
mxture Tnto afbu doPRERIY BOHR A G fls ADGRRIER p WP PEC
subj ecting the m xt@CamdA prétsurddihd ripeddre TDEY BL000 PSI fdrheperiodgetinfe 15 to
60 C and a pressure in the range from 1000 to 7000 PSI for a period of
time such that a poteh Bat aporipofie dvaterin theaniriure ifonyerteddastpiathiclh st eam

whi ch 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;
2. A process according to claim 1 further comprising 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.

3 A process according to claim 1 further comprising the step of trimming the product

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

4 A process according to claim 2 further comprising a step (j) of treating the product

from step (i) with a water resistance material or decorative materials.
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causes the mxture to fill the nmould while remaining in a noul dabl e state;
(d) reducing the pressure so that steamcontinues to formwthin the nould
wi t hout oeost/ege@n expl osi on whil st mai ntaini ng the m xt uper/saowoonoul dabl e
state; (e) increasing the tenperature and pressure to a tenperature in the
range from 100 to 200C and a pressure i# the range of 500 to 1500 PSI ;
(f) removing the steamor allowing the steamto escape until the noul ded
product i s5subsApntdesd dcgording to ctpimrlewiareinghd leegth wif $tegidrit dibke/pidess dthand

nmoul ded product_fragmthe nmoul.d;. 2. A 0CeSS according to claim1 further
conprising the Q%]Bgagd]p_xtu{%s 1githqrgggqo£éqr{1i 3? PY¥®oating the moul ded product
with one or nore binding _agent fp,or adhesi ves; and (i

heating the coated
moul ded pr Bduct APEOSERASEARINELP |C narlywla%ﬁanélaﬁaéﬂl?%escf@a%%a? the 910}&} $cess

accordi ng to clgimd if ihdRhgE 8PREM 8% W%, step of trimm ng the product
fromstep (g) prior to coating the product in step (h). 4 A process

according 40, ol &R ELRT 6 UG CLAGER o &flelds Blucht SR bnidify Pr 00Ut

fromstep (i a water resistance nateril corative nma al s.
SUBSTI TUTE SHEERixtirelisatidg) 4. Wot02/ 20666 PCT/ SG01/ 00179 22 5 A process
according to claim1 wherein the length of the plant fibre pieces in the
moul di ng N8 Xt ur & précebshcthidinzad @Raiaf Wheen thd fbrd comet ok ths Posidmeganiaaireisng to
claim1l wherein the adhesives content of the noulding mixture is in the
range of from 2ingthe Bngg from 45 ta 55"fcless according to claim 6 wherein the
adhesi ves content of the nmoulding mxture is about 4.7 wt % 8 A process
accordi ng Po clAiprecessiseerding to islaim;8ywkerein Ahctibre sonterfoffprmanldgermixtue s | s
in the range fr&@hﬁ%w%ﬁ w % 9 A process according to claim8 wherein
the fibre content o e 'moul ding mxture is about 52 wt % 10 A process

according 19 o gimAberelh 0N SR UM lort i o PR Stk s S
in the range from 40 to 45 wt %.

11 A process according to claim 10 wherein the water content of the moulding mixture

1s about 43 wt %.

12 A process according to claim 1 wherein latex-based adhesives are used in the

moulding mixture.

13 A process according to claim 12 wherein the latex-based adhesive used in the

moulding mixture is Neoprene.

14 A process according to claim 1 wherein step (a) occurs at a temperature below about

25°C.

15 A process according to claim 1 wherein the pressure applied within the mould in step
(c) is about 4000 PSIL.

16 A process according to claim 1 wherein the period of time in step (c) is in the range

of from 3 to 10 seconds.

17 A process according to claim 1 wherein the reduced pressure in step (d) is in the
range from 500 to 1500 PSI.

18 A process according to claim 1 wherein the increased temperature in step (d) is about

140°C.
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11 A process according to claim10 wherein the water content of the

moul ding m xture 1is about 43 w % 12 A process according to claim1l
wher ei n vad ex2eced adhesi ves are used in the noul ding nPRT/EGEL/001D A
process according to claim 12 wherein the | atex-based adhesive used in the
nmoul ding m xture is Neoprene. 14 A pr oce¥s accordi ng to claim1 wherein
step (a) occurs at a tenperature bel ow about 25C. 15 A process according

to cl ai m 11%herfeprocessacprrdingie elaip gl whateinitheHieatingiia stepulhdogonrssiorp peried off s
bout 4000 PSI ... 16. ‘ | ai in th iod of
ohos i RREE R SR 51 SO BRI B

time in step (c) isTh seconds. Process
accordi ng to clsndodhwerigopCt he reduced pressure in step (d) is in the

range from 500 to 1500 PSI. 18 A process according to claim1 wherein the

i ncreased i(ﬁrrp%gfdéés% fbﬁmﬁh@ctﬁﬁﬁ%hﬁum@@yioduéée&npme%ﬁ&wﬁgﬁéﬁs:( RULE
26) WD 02/ 20666 PCT/ SG&01/00179 23 19 A process according to claim?2

wherein the heghy ng prdhasheR rhddiRE Mik@rd ) @ period of time in the range

of from 10 seconds to 10 mnutes at a terfperature in the range of from

100C to 180C. 20 A Q{)Oceﬁa%{léﬁom@%#oﬁé}gl ﬁ?%%?‘ﬁ‘%@@&%%@ﬁ@?%b g

the follow ng steps:” (a) paring a 0Oto
60 Wt % pl ant fibre pi eceswtshalideqstaodhabitlythe pidnt fibregpiétet;aand W % added st arch
with the plant fibre pieces; and (ii) adding thereto 10 to 55 wt % water
and 3 to 10 Wt 9% ongiipr mAdRg theéEer036 68 b ¢, WatedhitD3 RUEYE Y dncad ARgE Ves;

(b) pouring the mxture into a_nould the nmould being at a tenperature of at
| east 60C, (c) subjecti nptemwlvhlgbindingiageniher 3dbefieSt o a tenperature in the
range of 15 to 60 C and a pressure in the range from 1000 to 7000 PSI for
a period of tirfe)  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;

(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;
21. A process according to claim 20 further comprising the steps of:

(h)  atleast 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.

22 A process according to claim 20 further comprising the step of trimming the product
from step (g) prior to coating the product in step (h).
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such that a portion of the water in the mxture is converted to steam which
causes the mxture to fill the nmould while remaining in a noul dabl e state;
(d) reduoveg2rises pressure so that steam continues to fornr@isGimoouatve noul d
wi t hout causing an expl osion whilst maintaining the mxture in a noul dabl e
state; (e) increasing the tenperature ant pressure to a tenperature in the
range from 100 to 200C and a pressure in the range of 500 to 1500 PSI ;
(f) renpvidly t Hepecessaceerdilg towdairy 24 Herthar semprising g step &) of trestinglike prodicted
product is sub i_al . . i V] .1h bstantjal.ly dried and

noul ded pr oduct% @?%{Ffﬁ t(hylﬁn%%wa&g)eﬁ% %?%Eélsog dggcggé\% n%t%?%lg'cl aim 20
further c risjng the steps of:. t l.egst rtrall ting the noul ded
pr oduct WI%%‘I) Oh%plg)tcemcgorﬁﬁ}g&f) ﬁ&ll{l?régﬂ}egel%ﬁ‘e&f#@% Pt@g ?Yaﬁﬁﬁgr(eip)‘e%ﬁ%%\]tq‘ﬁg t he
coat ed noul ded rpédingtmikeurs IG R Yah@ dHfrdih Y t@PdugUr € the coating. 22 A
process according to claim?20 further conprising the step of trimmng the
product fysom s{ @\%cé&)aceéﬂdﬁfg th Q1252 2b WiHBrdind theRIdRENFS cbitet GHihd MduidmgBST! TUTE
SHEET ( RULE 26) 02/ 20666 PCT/ SG01/ 00179 24 23 A process according to

cl ai m 21 furt henixgwerpyinghewgnge of fagm @jty Soft %r eati ng the product from step
(i) with a water resistance material or decorative materials. 24 A process
accordi ng 260 clAproc2é achendeigrto thagm 268 wdtetein fhetaddhegitearbnibntufehqnealdimg n t he
nmoul di ng m xture. hs\t in.the range of from1l to 5 nm 25 A process according
to claim20 whéPHe {sabo Eﬁ*ré @s content of the moulding mixture is in
the range of from2 to 5w % 26 A process_according to claim25 wherein
the adhesi¥/es cbRISAES BSFORIME thsiaras Ay Whereln the Sbrescoatsatief the moptding mixturg
process accordi; [ Merein the fibre content of the noul ding
mxture is inlgﬁeﬁgéﬁl&g%%% to éDS wt % 28 A process according to

cl aim 27 rei f - cqnt t L n ] re i sq..about 52 wt
b 20 A pracesd BissSss fenb B Eh 27yl MRt Rl SL e GuiunE RBrbuss
nmoul di ng m Xt uraBout 52 wt %.

29 A process according to claims 20 wherein the water content of the moulding mixture

is in the range from 40 to 45 wt %.

30 A process according to claim 29 wherein the water content of the moulding mixture

is about 43 wt %.

31 A process according to claim 20 wherein latex-based adhesives are used in the

moulding mixture.

32 A process according to claim 31 wherein the latex-based adhesive used in the

moulding mixture is Neoprene.

33 A process according to claim 20 wherein step (2) occurs at a temperature below
about 25°C.

34 Aprocess according to claims 20 wherein the pressure applied within the mould in
step (c) is about 4000 PSI.

35 A process according to claim 20 wherein the period of time in step (c) is in the range

of from 3 to 10 seconds.

36 A process according to claim 20 wherein the reduced pressure in step (d) is in the
range from 500 to 1500 PSI.
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isin the range from40 to 45 wt % 30 A process according to claim 29
wherein the water content of the noulding m xture is about 43 wt % 31 A
process avaorvdiéng to claim 20 wherein | at ex- based adhesi veeT/aGcel/ad®d i n t he
nmoul ding m xture. 32 A process according to claim 31 wherein the

| at ex- based adhesive used in the noul diig m xture i s Neoprene. 33 A
process according to claim20 wherein step (a) occurs at a tenperature

bel ow abd{it 2BrogessAacenrding saclaiord? Hihergin e diagared PoPareeimstemed) ps essur e

applied within th din step (c) is about 4000 PSI. 35 A process
according to claél?%lgg%herein the period of time in step (c) is in the

{he.r cducdl pr CORBRESARCGTRR 1 t5im 3! PRCRHLOCPERGE b RGeS FPsotrgor
SUBSTI TUTE SHER R iRh&raded o 30 26600s 110 idbidsOR 3 fénpefaudin fhdi

according to claim 20 wherein the increased tenperature in step ( s
about 140C. 38 fmnptéste 186%or ding to claim 21 wherein the heating in step
(h) occurs for a period of time in the range of from 10 seconds to 10

m nut es aB39a t dnpecessdformamisdeingamgedet profingsranpdsingtht §OEwiBY stepgr ocess
for manufacturing noul ded products conprising the follow ng steps: (a)
preparing a noghdi ngrepaxihg b exdaiding mjxttekiyng 40 to 60 wt % plant fibre pieces
and optionally conmbining 2 to 10 wt% added starch with the plant fibre

pi eces; and (ii) adgiyng tdxeaei(0oB0 Wios plantibr¥pisteindptioRaltycobibitihg Ztone or
nore water-soluble binding agents or adhesives; (b) pouring the mxture
into a nould the noul d baPg”eadded staveheayith the @last fibge piwsstandgoc, (¢
subjecting the mxture inthe nould to a tenperature in the range of 15 to
60 (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 PSTI 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;
(2 removing the substantially dried and moulded product from the mould;
40. A process for manufacturing moulded products comprising the following steps:
() = preparing a moulding mixture by:

@) taking 40 to 60 wt% plant fibre pieces and optionally combining 2 to
10 wt% added starch with the plant fibre pieces; and
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C and a pressure in the range from 1000 to 7000 PSI for a period of tinme
such that a portion of the water in the mxture is converted to steam which
causes tivont/xtes6 e to fill the mould while renaining i n aP@DEGANMD St at e;
(d) reducing the pressure so that steam continues to formw thin the noul d
wi t hout causing an expl osi on whilst mai Mfaining the mixture in a noul dabl e
state; (e) increasing the tenperature and pressure to a tenperature in the
range from 100 to ZOPC addingtlpr&ts@ﬁrcceﬁ Wt%hmtmamgé tofl05006 ¢ne A50@€PS|

(f) renoving the steam or escape until the noul ded
product is substantially &?eﬁi SO%?%’&%B%? st?f@ tHE¥ant i al I y dried and
nmoul ded product_fromthe noul.d cess f manuf act ur.i ﬂ%ﬁm)u'

product s conpri(® ngPPH’éng@FFlB?ﬂf”ﬁ"gméq %H&"?‘ do(}éﬁm?}iﬂaﬁé 3 ISP fEi%ture

by: (i) taking 40 tgfP70Mc/p00b@nt fibre pieces and optionally combining 2
to 10 wt%added starch wth the plant fibre pieces; and SUBSTI TUTE SHEET

(RULE 26) VO 07420086, ECT,SCOMARLT 0ok o bRty RS Gl (5 65 W%

wat er and 2 to one-or nore er-so ing agents or
adhesi ves; (b) pourimqlhi@aprexﬁmemﬂmlrmgaﬁmul@ﬂomW@O@rBSIﬁbratpeaodefmimeature

in the range of from? to 1Q0C, él %g:tln the m?ﬁ reint uld
to a tenperature inSPFbbAGREtER Of et"%? © by @K ﬁte?WeW ge

from 1000 to 7000 P%husfeethe%m&ﬁfre aﬂﬁﬁfthetmsﬁd vﬁﬁ&he&ﬁiﬁfng%ﬁ%&dl%l@itat%he
water in the mxture is converted to steam which causes the mxture to

fil| the moul d gi | e.fRuRipE Ddsi & M ARRLERE & folithiBANE LG4 he

pressure so that’ steam contihues to e noul out causing
an expl osi on whi | st withiont esusing gn ekl osior twii let mmmtmmnguthdahnkﬁnentaﬁmuld@bl):
increasing the tenperature and pressure to a tenperature in the range from
100 to 200C and a prsbaé"sure in the range of 500 to 1500 PSI; (f) renoving

the steamor allowng the steamto escape until the noul ded
(e) increasing the temperature and pressure to a temperature 1n 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;
(2) removing the substantially dried and moulded product from the mould.
41. A process according to claim 39 or 40 further comprising 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.

42. A process according to claim 39 or 40 further comprising the step of trimming the
product from step (g) prior to coating the product in step (h).

43. A process according to claim 41 further comprising a step (j) of treating the product

from step (i) with a water resistance material or decorative materials.

44, A process according to claims 40 wherein the length of the plant fibre pieces in the

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

45. A process according to claim 40 wherein the adhesives content of the moulding

mixture is in the range of from 2 to 5 wt %.
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product is substantially dry; (g) renoving the substantially dried and

nmoul ded product fromthe nmould. 41. A process according to claim39 or 40
further ovopre2®bhiag the steps of (h) at |east partially cor€T/Rgovive7anoul ded
product with one or nore binding agents or adhesives; and (i) heating the
coat ed noul ded product to substantially %Yry and cure the coating. 42. A
process according to claim39 or 40 further conprising the step of trimm ng
the proddét friopiosesspeqagilingio eleir &5 adwrdimhetadbespres ¢ostent of the mpulding 43, A

process accordi . chaj turther conprising a step (j) of treating the
product from s?%%ﬁ%}s)alb\;i;nh{%iégltmﬁt er resistance material or decorative

mat eri al s.,. 44. rocess accordin o .cl ai 0 wherein the |length of the
plant fibr¥" pi £8 °PH af‘f‘f’éginﬁgﬁgfﬁrﬁébrwg?f‘?ﬁ ﬂ%if I ﬁorﬁ:ﬁg OEEWQ}BO‘Bﬁl“gFIHme Bo 5
nm 45. A process tiaGasechrdi 45 65 aitm.40 wherein the adhesives content of the
moulding mxture is 1n the range of from2 to 5 w % SUBSTI TUTE SHEET
(RULE 26) 0 ; : Yotelo] fe] : im
45 wher ei n@heaggﬁggsi@)&gggl?%?%ﬁ%{}%? et%%zerlﬁﬁlled@rﬁg&%&;? 5 re i éﬂg@glﬁl Qtﬂlff‘%ng
% 47. A procesgoud@oridiong to claim 40 wherein the fibre content of the
moul ding m xture is in the range from45 to 55 W % 48. A process
accordi ng 4% clAprocdss avtrediagho tlhinm H0 wherdo tHeamtterabnteheofithe hibultinginkituree i S
about 52 w % 49, tﬁ ?ﬂrngc SS ?ﬁcoz[?d‘ivp to claim40 wherein the water content
of the noul di nd® I RE tAPE° OB T'h'0%tHe ge from40 to 45 wt % 50. A process
according to claim49 wherein the water content of the mpulding m xture is
about 43 WV 9 Asprocessgeenidiag toeladi dp veran theayaeraonisnbeidha moniding midug
adhesi ves are ysggd.t 3 tke, noulding mxture. 52. A process according to
cl ai m 51 wherein the ?at ex- based adhesive used in the noulding mxture is
oo d b A foRES MR 6 A 4B wHoRLMAS- UG B RES R AT S 2 @
moulding mixture.

=

52.  Aprocess according to claim 51 wherein the latex-based adhesive used in the

moulding mixture is Neoprene.

53.  Aprocess according to claim 40 wherein step (2) occurs at a temperature below
about 25°C.

54. A process according to claim 39 or 40 wherein the pressure applied within the mould
in step (c) is about 4000 PSL

55. A process according to claim 39 or 40 wherein the period of time in step (c) is in the

range of from 3 to 10 seconds.

56. A process according to claim 39 or 40 wherein the reduced pressure in step (d) is in
the range from 500 to 1500 PSL

57.  Aprocess according to claim 39 or 40 wherein the increased temperature in step (d)
is about 140°C.

58.  Aprocess according to claim 41 wherein the heating in step (¢) 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.
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about 25C. 54. A process according to claim39 or 40 wherein the pressure
applied within the nould in step (c) is about 4000 PSI. 55. A process
accordi ngvo 02/2d666 m 39 or 40 wherein the period of tinme i nPET/BEIY@Y79 S in
the range of from3 to 10 seconds. 56. A process according to claim 39 or
40 wherein the reduced pressure in step @8) is in the range from500 to
1500 PSI. 57. A process according to claim39 or 40 wherein the increased

t enper at ur % n étepuld @pmprigingiooe br HAGG/alES in hepopastsr toar didsof the tep ai m 41

wherein the heat| i occurs for. a period of ti in the range
of from 10 seco%\ﬂdds?(grtﬂc?@tfg{ﬁ%ﬁu(q%&e’g?ﬁjlgst? 8’?‘?5’5%%5‘?}@ Grempaed gﬁﬁ‘éh‘émteﬂqf@ﬁ
100C to 180C. StiBSdulddtriitfrmbulddid froddsy. WO 02/ 20666 PCT/ SG1/00179 28 59.
A moul d conprising one or nore valves in the top and/or bottom ends of the

top and/og0bot Aemdlakbdndhe WhEIR Y IHtRIFRERCN £AR J8 AguLeTRYed from
the interior of the nould during a noul di ng process. . nou accordi ng
to cl ai m 581 whepegj i . , Lnches. . 61l. rQcess
for manufacturi %Sﬁr%ﬁﬁbggndﬁ?gagﬂﬁn %%ﬁ%%ﬂr%@cﬁéﬁ&%? ngugqsﬁcg@mofé (% ., the
process conpr i sthagradess doniprizimgthe Solpang {teps: pr eparing a moul di ng m xture
by: (i) taking 40 to 60 wt % plant fibre pieces and optionally conbining O
to 10 wt % add@d st gpreparivgtambbidingmirturé bpr e pi eces; and (ii) adding
thereto 10 to 55 wt % water and 3 to 10 wt % one or nore water-soluble

bi ndi ng agents or adflesi vaging(dd)to BO Wt WaktTréhistdd Bdiont; : uld
being at a tenper atur)g of at gI east _60@?l (c) g%%ééca?flr? ht %lym%ﬂbgg%??ﬁgghe
moul d to a tenperat ufEWi addrd staspleywiththeiplantdite@pie@samt a pressure in the
range from 1000 to 7000 PS| for a period of time such that a portion of
the water in the niXiidre adsingthorste Hlitot5s vt %avatertaind 13 to dQWEes ohder fioxd Ure to

fill the mould whil %étglng)lhﬂl)lg gm'd?ngaaggr?tlsj l()ldg(BlleSengSt, ate;

(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;

(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;
(2 removing the substantially dried and moulded product from the mould.

62. A process according to claim 61 wherein the valves are closed while the mixture is
poured into the mould in step (b) and during the application of pressure to the mould -

in step (c).
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(d) reducing the pressure so that steamcontinues to formwthin the nould
W t hout causing an explosion whilst nmaintaining the mxture in a noul dabl e
state; (ayoomeweasi ng the tenperature and pressure to a terapsceren® in the
range from 100 to 200C and a pressure in the range of 500 to 1500 PSI ;
(f) renmoving the steamor allow ng the Heam to escape until the noul ded
product is substantially dry; (g) renoving the substantially dried and

nmoul ded pr@ductA prasass e mapiiieefurigpmonlded produets yeins thf meuld of emaenn @rlaimer ei n
t he val ves are d i ] ec kS, : DO d into the nould in step
(b) and during ﬁtg%gb%%éact%lssz)%?n&g%%gﬁsesﬁlruéwf% #%Pgs mould in step (c).
SUBSTI TUTE SHEET (RULE 2.6é VWO qqul 20666 PCT/ SG01/00179 29 63. A process for
manuf act uri ng Abul dPEeRIFEEALIeE AP M§PYoul d of any one of claims 58 to

60, the process conptising the follow,ng s s:. (a) preparjng a npul di ng
mxture by: (i) takiHg 4 gz de t%éﬁ”%é’?ﬁm hﬁ%@ew&gepmhﬁg?m@ﬁ&}ﬁ%ﬂo
combining' 0 to 2 wbaddagkakatc Ritidbiidieivhl fotest kir  pi eces; and (i)
adding thereto 10 to 55 wt % water and 3 to 10 wt % one or nore

wat er - sol ubl e bi ndi ag ' Lo [ oM into a
nmoul d the noul d bei gg) at edgdﬁlgﬁhp%@%pﬁﬁggg?waé%gggwggggW?c/??)ﬁs%gjj}g%ljtei ng the
m xture in the noul dviter-solibderpmdmigagents or ddhesivasnge of 15 to 60 C and a
pressure in the range from 1000 to 7000 PSI for a period of tinme  such that
a portion of tbe watpurihg tHeheixfirk inié & niotldcihe weruldbeih®atsd tempeiohir€ bf atdédss es
the mixture to fill the nmould while remaining in a nouldable state; (d)
reduci ng the pressur@ So that steam continues to formwithin the nould

wi t hout causi &g an exg_l osi on whilst nmintaining the m xture in a noul dabl e
state; (e) indfkasi riybiening bapurrainshemeuldite 8 damperatyrednthaigngeefidetoitd t he

range from 100 to Z’Q,Oag“id%rbqes%m%ril? ﬁ?e%ﬁfgei ok IT@O(')’ %%OQJSI %)roa ﬁe%o&%??nn'gg !

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;
(2 removing the substantially dried and moulded product from the mould,

64.  Aprocess according to claim 63 wherein the valves are closed while the mixture is
poured into the mould in step (b) and during the application of pressure to the mould

in step (c).

65. A process for manufacturing moulded products using the mould of any one of claims

1 to 3, the process comprising the following steps:
() preparing a moulding mixture by:

1) taking 40 to 60 wi% plant fibre pieces and optionally combining 2 to
10 wt% added starch with the plant fibre pieces; and
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(f) renmoving the steamor allowing the steamto escape until the noul ded
product is substantially dry; (g) renoving the substantially dried and

noul ded pvoduaased rom t he nmoul d; 64. A process accordi ng tBCTRaIrdd wher ei n
the valves are closed while the mxture is poured into the nmould in step
(b) and during the application of presdee to the mould in step (c). 65. A
process for manufacturing noul ded products using the nould of any one of
claims 1 to 3, the (B} ocemidingdhgetodDrig S8 e % viates andg tai@ps % qug)orpapari ng a
moul di ng mi xture by:_ (i ‘ 9.6 %:plant fibre pieces and
optionally conbini nyéé%sgiﬁi%ﬁagégg ded rsa\tﬁﬁalre/géﬁésw th the plant fibre pieces;
and SUBSTI TUTE, SHEET ( RULE 26. V[% 24206 1thT/ 150q&3% 30 é'?t dg ng
thereto 10 to wt POIHLEE Hr3miQa 19 6 BHe” BB IREF RS St ot

bi ndi ng agents or adjpegi ves; (b) pouring the m xture into a nmould the mould
being at a tenperature of at least 60C (c) subjecting the mxture in the
mould to a teggfrat U 'ebﬁhﬁtﬂ@ﬂiﬁﬁ&qn%e SulliQo §QemferRNfL if 1R @RS 55 gohe
range from 10 to 7000 PSI for a period of time " such that a portion of
the water in the m XCiand aipgessamvethegangedian 800 H109A PSE frsgsrivtef gt ure to
fill the nmould while repajning in moul dahl e state; (d). reducing .t.he
pressure so that steggﬁli_‘ﬂ%tlfp?fﬁ(% Of@‘ef Thitv eﬁflﬂ(%{rﬁéscf?élﬁ%%edet Seﬂlgathgléusi ng
an expl osi on whi | st gaBéestal Mixhge td 1811 Mothnilg whiledembinlrdah benoutdablestaté )
increasing the tenperature and pressure to a tenperature in the range from
100 to 200C ar@?a PriE@REM Lt Breshife SMMLst&Im ediflinls t3Bfn R¥thin thé oul®@MOVi ng
the steamor alfow ng the steamto escape until the noulded product is
substantial ly dry; (withoutpmsinggniehplosioh sithalst inginfajning thednizhige mouingeldapleoduct
fromthe noul d; 66. rocess according to claim®65 wherein the valves are

Buf
closed while the m ¥lPe is poured into the nould in step (b) and during

the application of pressure.to the noul .
PP @) F}ncreaslilng the temperature ang pressure to a temperature in the range from

Q

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;
(2 removing the substantially dried and moulded product from the mould;

66. A process according to claim 65 wherein the valves are closed while the mixture is
poured into the mould in step (b) and during the application of pressure to the mould

in step (c).

67. A process according to any one of claims 61 to 66 the process further comprising 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.

68. A process according to claim 67 further comprising the step of trimming the product
from step (g) prior to coating the product in step (h).

69. A process according to claim 68 further comprising a step (j) of treating the product

from step (i) with a water resistance material or decorative materials.
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in step (c). 67. A process according to any one of clains 61 to 66 the
process further conprising the steps of: (h) at |least partially coating

t he noul dedopeweuct with one or nore binding agents or apboEsGye®ji7%nd (i)
heati ng the coated noul ded product to substantially dry and cure the
coating. 68. A process according to clam 67 further conprising the step
of trimmng the product fromstep (g) prior to coating the product in step
(h). 69. AOprodepocesseoradding ta aycingiohckams F they wharprthe lengthaf shegplartj ) of

treating the product thavvater resi stance material or

decorative mat r%ﬁ’lgcesé%%?ﬁ’qllﬁﬁggﬁﬁ ’(S’FﬂlJL}I‘frﬁ%geRﬂ%‘S jg‘b%gﬁnpcj/ SGOl/ 00179
31 70. A process accordin any on f. cl ere n engt h
of the plg ﬁ%troges&ag@é&ng?p CE r‘r‘?tﬂ%lc Gﬁf@?qﬂvéerie’? tﬁ?ﬁa SVPH f’%f rom

1to5 nm71. ﬁa&h@&lﬁﬁ@rﬁﬁﬁﬁéi&'ﬂ%&ﬁn@@&fﬁ’&ﬁz% 56k} 61 to 66 wherein the
adhesi ves content of the moulding mXture is in the range of from2 to 5

W % 72. 74 pr %ﬁl%é?s"é%ﬁfr@ﬂﬁg@? @%&f&yof%%ngh t Wﬁer@% thé’atﬁ@g}‘()’@é;&ﬁftéht bhe

adhesi ves conten I'ng mxture is A process
accordi ng to arle moeldolg neixkirers dout b7 68 Yher ei n the fibre content of the
moul ding m xture is in the range from45 to 55 wt % 74. A process

accordi ng 780 clAaproress avdvediag ro iryeorei diicime 61 @66 whertingharfibledbfigntofitheir e i s
about 52 wt % 75. A process.a cordl tg_any_one of clains 61 to 66
wherein the wafuldipgmixuregs i 339%1 9#@(%/‘@ is in the range from 40
to 45 wt % 76. A process ,accord_l ng to claim75 wherein the water content
of the nmoUPdi nd* Progesseecordiag fhelaim ﬂ%“«h@re% the fibrexqstent ekthe mavlding mixtues iany
one of claims Gl t (7)} g6 gpherei n | at ex-based adhesives are wused in the

nmoul di ng m xture. § A process according to claim77 wherein the

RS A L B T S e g e S

a moulding mixture is in the range from 40 to 45 wt %.

76.  Aprocess according to claim 75 wherein the water content of the moulding mixture

is about 43 wt %.

77. A process according to any one of claims 61 to 66 wherein latex-based adhesives are

used in the moulding mixture.

78. A process according to claim 77 wherein the latex-based adhesive used in the

moulding mixture is Neoprene.

79. A process according to any one of claims 61 to 66 wherein step (a) occurs at a

temperature below about 25°C.

80. A process according to any one of claims 61 to 66 wherein the pressure applied

within the mould in step (c) is about 4000 PSI.

81. A process according to any one of claims 61 to 66 wherein the period of time in step

(c) is in the range of from 3 to 10 seconds.

82.  Aprocess according to any one of claims 61 to 66 wherein the reduced pressure in
step (d) is in the range from 500 to 1500 PSL

83. A process according to any one of claims 61 to 66 wherein the increased temperature

in step (d) is about 140°C.
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tenperature bel ow about 25C. 80. A process according to any one of clains
61 to 66 wherein the pressure applied wthin the nmould in step (c) is
about 40000 PZ0e6681. A process according to any one of cl aP@ES6W1/4007%6
wherein the period of tine in step (c) is in the range of from3 to 10
seconds. 82. A process according to any Bne of claims 61 to 66 wherein the
reduced pressure in step (d) is in the range from500 to 1500 PSI. 83. A
process addor dinmotld angrdmgso @hy chaphdaiss 8do 66 whise pesdrio mipaufasbreased
tenperature in st1 d& i S_.about 0C. .SUBSTI TUTE SHEET (RULE 26) WD

02/ 20666 PCT/ S@ﬂ‘?%@f(@ uchysigs 2 OWEHE PR ESOHPAS ™ 8o any one of claims 58

to 60 when used.to manufacture a ..noul ded product usi.n | di m xture
conprising; (i 31)40 t4 tgégm’t%épgrﬁbrp,io(p1@}211@!&9}1@&9@%9%@@&0 °\R,f1$el% HEy 10
wt % added starcglly and (ii) adding thereto 10 to 55 wt% water and 3 to 10
wt % one or nore water- sol uble binding agents or adhesives. 85. A nould

acoor ding Lo A OnciheShakn o3l sson oty PR LOBARb fr. Tou! ded

product using m Xxture conpri sing; wt % pl ant fibre,
optional | y contsolubtk hindihg Bgdnts & aghésiegsded starch; and (ii) adding thereto
10 to 55 wt% water and 3 to 10 wt % one or nore water- sol ubl e binding
agents or ggdhesA uRald &6ordihgto uhd oAe 6D¢lainisdP 8tto 66 Mhepmsedab ednaifacand8 t o 60
when used to manufacture a noul ded_product using. a noul di ng m xture
conpri sing; (i ynomdedprednchpsingpapquiding puxtug ROmPREINGy conbined with 2 to 10
W % added starch; and (ii) adding thereto 10 to 55 wt%water and 3 to 10
Wt % one or nor éwat é0-to S84 plagi %H Prptiggdit combined yrdsf {ed withadded staghd
according to any qone of clains 84 to 86 wherein the I ength of the plant
fibre pieces in ghe moul ding m xture is in the range of from1 to 5 mMn

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

soluble binding agents or adhesives.

86. A mould according to any one of claims 58 to 60 when used to manufacture a

moulded product using a moulding mixture comprising;

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

and

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

soluble binding agents or adhesives.

87. A mould according to any one of claims 84 to 86 wherein the length of the plant

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

88. A mould according to any one of claims 84 to 86 the moulding mixture having an

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

89. A mould according to claim 88 wherein the adhesives content of the moulding

mixture is about 4.7 wt %.

90. A mould according to any one of claims 84 to 86 wherein the fibre content of the

moulding mixture is in the range from 45 to 55 wt %.

"91. A mould according to claim 90 wherein the fibre content of the moulding mixture is

about 52 wt %.
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88. A nmould according to any one of clains 84 to 86 the noul ding m xture
havi ng an adhesives content in the range of from2 to 5w % 89. A nould
accordi ngwo 02/zd6eé m 88 wherei n the adhesives content of theCcveGbdionzy

m xture is about 4.7 wt % 90. A nould according to any one of clainms 84 to
86 wherein the fibre content of the moulding mixture is in the range from
45 to 55 wt % 91. A nould according to claim90 wherein the fibre content
of the noi2di ngh monldaceording talsom rngof elpingn430BE WHELSTEIGHFRAT (ORgnEoDBE WO
02/ 20666 PCT/ S 79 33 92.. A.moul d to any one of clains 84
to 86 wherein t Oji{k\q/\)g er c lﬁ{heorﬁn%eﬁ%om%ﬁ(f%g 9m xture is in the range

f 40 tQ.45 W % di 9 .t he .wat
content. o he B H%gwgorﬁma Rt B S R S

26) about 43 wt %.
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