WO 02/ 20665 PCT/ SG01/00178 1 Moulding M xture for Manufacture of Mul dable
Product Field of the invention The invention relates to a noulding m xture
for manufag)d8663f noul dabl e products. More 5 particul arlpgr/ddvisei7zgventi on
relates to a nmoul ding m xture for manufacturing products from -

pl ant-fibers. Background of the inventiom In this specification, where a
docunent, act or itemof know edge is referred to or discussed, this
reference or discussi ' S S act or item
of 10 know edge or %@hléi}ﬁ@%ﬁ?%ﬁﬂ%éﬁ%ﬁ%ﬂ u\t}\fg?}%/{@%%ﬁ%?ggﬂc?y dat e,
publicly availahle, known to the public, part of conmmon general know edge,
or known ty}‘qﬁlgq?é“'é\}’gﬁ?t‘?lb an attenpt to solve any problemw th which this
specification is concerned. Wiilst the faoll ow ng di scussion concerns

moul di ng nibhednesntionrelaips ©© & weulding wixtge Grmeydacius of moyldablspragustsy More
protective packagi ng and shock absorbi ng packaging it is to be 15

under st sod pattaulatyethissineegionrelaps és a applding mixtne for mducfhsturipgprodudtsi frenh
according to the present invention fromplant matter including table tops,
cups, takepmmyibkgod containers, partitions, packing materials, golf tees
and all products conprising either a flat piece or a container. A product
formed usi %&g&dﬂ&tﬂﬂh@ﬂw&}%ﬂre of the invention maybe of any convenient

shape and may Optionally iInclude partitions or protrusions. 20 Many

currently g BLOMIGHS, R IRAS LA Bl 831 SRRSO aundIa e

deri.vatives or ural wo materi a grade and cannot

be di sposed,of effectiyvely. uch mat.eri al s ,may. be caoll ected and of.fen

ecyctod. - isuyeH, Gieaelfteth gr BassitBes heigmarBRiop bhthe doamsrcah art Srteaety

probl ens posed %y many pl astics because the breakdown of these conpounds
g9

rel easeld hamawiadge asaty jombunatien themekystseat she miciiy dets, pdlighysyaidable, KRPWA ar e

not recycled may lead to | and and water pollution causing irreparable
damage t o tthéhegrublicganerficonmndmdgdnamt Engwlediges bsknocto taseleapeto moattsnptnal
paper pul p SUBSTI TUTE SHEET (RULE 26)
solve any problem with which this specification is concerned.
‘Whilst the follqwing discussion concerns moulding mixtures suitable for moulding
products such as containers, protective packaging and shock absorbing packaging it is to be
15 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 formed using the moulding mixture of the invention may be of any
convenient shape and may optionally include partitions or protrusions.
20  Many currently used products are made from plastics and petroleum based derivatives or
natural wood. Plastics mateﬁals 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

25 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
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WD 02/ 20665 PCT/ SG01/00178 2 packaging, |ead to deforestation. Wil st

di sposal of paper products may not have a direct harnful effect on the
envi r onmew, 02ebeéasr est ati on resulting fromthe need for woatTEdGops01780r
paper products causes ozone | ayer depletion which is equally harnful to the
environment. Reforestation takes at |east215 years and the harnfu
ecol ogi cal inpact 5 during the recovery period may not be renedi ed, even

over an extRieashdeliesl d&brdstaiBn. Wililst 8igposaPSNPRpBAREdudd Ry abShave Uireats
paper cups,” have a coating that is non-bi odegradable which can cause

furt her ccolagpake 09 The LSRR AR SRR o Ak BATOGhGRLASS T ot

caused by um néus waste giverise to a need for
substitute terial to produce these .pr.oducts.,. preferabl mat eri al
that is dergg@%})efP’Eﬂ%u&tsBF‘{?&%@%QA’&Qﬁfeédgﬂﬁ?%}wﬁlgggﬁ 7@1;1{1%%%@ t8]t8%sour ce.
Wi | e bi odegradabl e materials are avail able, the previousl knfmn material s
may not be enyenmert. Fstoresipfinn tekestat lgash 1 xvsees qpddhg h%@fﬁreﬁﬂfg&%. IMEY e are
known processes which form products by binding together |oose materials.

For exanpldyringihqivoavedy periquamey sotderomedied,sven averanmpxiendedpertast didineand
adhesi ves. However 15 it is not convenient to produce shaped articles from
chi pboar d. Fiigiet somepapir@eatints] fih ddpageraups, hawoa estiibp ¢hardd woni-bibdsgadabhs
plant fibers to formproducts by thereto-foamng. In this process, steam

is used to GERK chdEnk@WrRE 8loiddical nARANI Y starch, so that the starch can
expand and bind wth the next nolecule of starch. As the starch is heated

e P e RGeSl B arf BORUR b R By And b P IR

air 20 pockets in e produc mal n NSI'S

t herefore the product, K degr.ades qr .disintegrates. very qui ckly when,it
contacts a ‘i"i’sﬂi‘ggléfe D8R 19 HRETRAPTR ?u%ﬁxgmée ?’@@H?{t? Proquge BT\EB%I u ‘é&{%@f@i}’ %oat ed
with a water-proofing material since it starts to degrade once it contacts
the |iqglf d. matsrial thatiipderied frame p hindestdrble apd/ osadily eneweable FespWsen f or mat i on
of the material to shape the 25 material into receptacles. Such shaped
product s arWhiebiodagdditdeislatenials| ark evailabld, the prdvidushotnowsUBSEHILMEY SEERT
(RULE 26)

useable as a substitute for some plastics products.

There are known processes which form products by binding together loose materials. For

example, chipboard or particle board uses a compression method and adhesives. However
15 it is not convenient to produce shaped articles from chipboard.

There is a process that uses a biodegradable material such as plant fibers to form products

by thermo-foaming. In this process, steam is used to cook the raw materials, mainly

starch, so that the starch can expand and bind with the next molecule of starch. As the

starch is heated in the presence of moisture, it expands and creates a multitude of small air
20  pockets in the product. This product mainly consists of starch therefore the product

degrades or disintegrates very quickly when it contacts a liquid such as water. As aresult,

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

25  material into receptacles. Such shaped products are soft and “cushion-like” and so will not
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WO 02/ 20665 PCT/ SG01/00178 3 be durable and strong enough to w thstand
hard knocks. As a result, the products which can be nmade via this process

are |imteagoAggsher issue with this process is the cost afcr/qgoa@doeki on.
The net hodol ogy used is very costly and the limted uses does not provide

the volunme of production to nmake the progluction line cost effective. 5 W
are aware of a series of prior US Patents in the nanes of Andersen and

Hodson and , agsi : ' ' NG udi nts
5 602, 731 % ARG ik enligE 00 HE SR gl SRR TR
These US Patents | .refer to nufachknjéing.rmul d& articles. HOV\fV r, the
Khashoggi p adg vpa ROESR ATeLHRitGd: ganagret isspe patidhis prockss Bt st % ch and
quote a typical range as being 10-80 wt % For exanple, 10 Khashoggi é;ﬁSy

pat ent nunbeiodectipasThomethedelnay usedds very cowly and sheimited pessdosy nof prevaderids,
which gives rise to a problemdue to the relatively high cost of

st ar ch- bas evolbina déprodndidnie makedksprotuctiondind costeffgytiveecessary to renove the

sol vent. Khashoggi therefore teaches the addition of inorganic fillers or

aggr egates. Wehee has 0@ gérid i pribs USIPatentstia ¢t ditesad dindessn and Hodwongadi C
fillers in relatively high concentrations and quote a typical |evel of

i norgani c %sgi\%&?foe@. sﬁo%gpﬁ{dﬁgtri%ﬁﬁk?fncfuﬁﬁ% B9 PWent¥ts 26738 $98%1126;

applicants ound that™the high levels of added star ch "and i nor gani c
aggregate a i j and a
t endency t o§’fg ég,ggg&lﬁpﬁlﬁiﬁﬁ%@g%gg@ %%:R%Z’ tmﬁ%g #\ﬁ%%rg?rgg ?%%%Opr oduct .
The formation of the voids. als nds tq i t a "cushjon-like" structure
whi ch has | B0 P%E%W&Pﬁg{l Seittesn Hopeger g‘e%%%% pate téx?Ll(%‘??Gi?vﬂ?eoadlﬁ‘Hl t
contrary to teachi g’gs of the Khashoggi patents, noul ded products having
si gni fi cant atdeastit@ wE & of starely pnd quaianp %mcaémﬂg@ pslesing 19-$0pricduEeesampie, | ow
starch concentrations or even the absence of added starch and w thout the
addi ti om of Khashopgjdif pataggueret 6583, SLBEAChES A prItieEdstédeblcBn26f) o\B0 t0 70206 65
PCT/ S&01/ 00178 4

which gives rise to a problem due to the relatively high cost of starch-based binder and the

excess time and energy necessary to remove the solvent. Khashoggi therefore teaches the

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

of inorganic fillers in relatively high concentrations and quote a typical level of inorganic

15  aggregate as being greater than 20 wt %.

The present applicants have found that the high levels of added starch and inorganic

aggregate as taught by the Khashoggi patents lead to high costs and a tendency to form a

multitude of small voids within the moulded product. The formation of the voids also

tends to impart a “cushion-like” structure which has low structural strength. The

20  applicants have now found that contrary to teachings of the Khashoggi patents, moulded
products having significant structural integrity can be satisfactorily produced with low

starch concentrations or even the absence of added starch and without the addition of

inorganic aggregates.
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Summary of the invention According to one aspect of the invention, there is
provided a noul ding m xture for use in noulding a product including: (i)
40 to 60 wiPepbeyat fibre pieces optionally conbined with Gdigsd@ow® 5
added starch; and (ii) 10 to 55 wt % water and 3 to 10 wt % one or nore

wat er - sol ubl e binding agents or adhesives According to a further aspect of
the invention, there is provided a noulding m xture for use in noulding a

roduct i nckudi : B o0 60 wt% plant fibre pieces optionall
: A % o v

conbi ned wi T| o Gie starch; and (ii) 10 to 55 wt % water and 3

to 10 wt % qQne or nore water-sol.ubl e. bindin agents. or 3S) Ve cr di ng
to a furthefS¥FEEL0 ge ?Sll?ggti Or@é%lpiv 1oty ‘ﬁ%ﬁﬁégP@Vg‘r%gxﬁ Ia%uc]dlgig %%@éﬁ fr%faﬁgn‘?i i(5E<)lt ure
for use 15 in poulding a product including: (i) 40 to 60 wt% plant fibre
pi eces opt i BREINRE 2HRENGIARCIE 2 to 10 w % added starch; and (ii) 10 to
55 wt % water and 3 to 10 wt % one or nore water-soluble binding agents or
adhesi ves 20 Ac@Gbr di M todlawi% plankfibrgpirses opfonphy combiannd with Qtnégévt%g

provi ded a noul ding m xture for use in noulding a product including: (i)
40 to 605w % pl ant fidided ptaecheandonbi ned with about 2 to 10 wt % st ar ch;

and (ii) 10 to 55 wt % water and 3 to 10 wt % one or nore water-sol uble and

25 bi odegradablcggbi Ndi (M@ FORNYSwaEr ARSI 1066 % BT mbkélkatStESilbié Bddmg26) WO
02/ 20665 PCT/ S®1/00178 5

agents or adhesives

According to a further aspect of the invention, there is provided a moulding mixture for use
in moulding a product including:
10 @) 40 to 60 wt% plant fibre pieces optionally combined with 0 to 2 wt% added
starch; and
(ii) 10 to 55 wt % water and 3 to 10 wt % one or more water-soluble binding
agents or adhesives
According to a further aspect of the invention, there is provided a moulding mixture for use
15  in moulding a product including:
@) 40 to 60 wt% plant fibre pieces optionally combined with 2 to 10 wt%
added starch; and
(ii) 10 to 55 wt % water and 3 to 10 wt % one or more water-soluble binding
agents or adhesives
20  According to a further aspect of the invention there is provided a moulding mixture for use
in moulding a product including:
@) 40 to 60 wt% plant fibre pieces combined with about 2 to 10 wt% starch;
and
@)  10to 55 wt % water and 3 to 10 wt % one or more water-soluble and

25 biodegradable binding agents or adhesives.
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The noul ding m xture of the present invention is suitable for a range of
nmoul di ng processes known to the person skilled in the art. The noul di ng

m xture ha® @lwesbeen found to be suitable in the fol |l owpga/dgebi7goul di ng
process not hitherto known to the skilled person, the process conprising
the follow ng steps: 5 (a) preparing the goulding m xture of the present
invention (b) pouring the mxture into a nould, the nould being at a

t enper at ur f . ; | ot : i i uld to a
t enper at ur gn%nm@ﬂdm%gﬁ&{emgg g{]ﬁ%@w@gme‘é%h g,gs é‘t‘%ﬁ‘gg‘é’ﬁ%g néf{}ﬁ(relhrﬁa ge from
1000 to 7000 PSI for riod of, t] 0 s orti he wat er
' the. i xtRIPEESTaS KOOHGdP Hiscprsnekblstin e R ﬁ?‘ﬁ et B Bk bag e Blso B9 1T e
nmoul d whil e remai ni ng[ in_a _noul dabl e state; d) reducing the pressure SO
that st eamiewnd torheesyitabledn the faflewing noyd mﬂsdrﬁlagwqcr%%ﬁdwt hilitordmown te 3§ osi on
whil st maintaining the mxture in a nouldable state; 15 (e) increasing the
t enper at ur eskilled personsie pracesscongmismgahefoloming $tepst ange from 100 to 200C
and a pressure in the range of 500 to 1500 PSI; (f) renoving the steam or

all owi ng the st@@am t pregeagehdmbuldinghigixtmebithd prasemdiedntios substantial l'y
dry; (g) renoving the substantially dried and noul ded product fromthe

moul d. 20 The ngyel KAFRS theixhalifo h Mould Shd¥nbildiate R Y héth ?}@aﬂﬂeﬁf‘d{e of

the present invention may  further conprises the steps of: | east
partially coating thel d product with one or nore bi nd| ng agents or
adhesi ves; and (i) he&t I'ng the coated noul ded pr oduct to substantially dry
?,2:% g%i/ '([)8%782(5%00at| cthgU g&lﬂeﬁn flazr%-gu oa enzlg raturem 39a§§§of15 to 60

°C and a pressure in the range from 1000 to 7000 PSI for a period of time
10 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;
15 (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.
20  The novel process suitable for use §vith the moulding mixture of the present invention may

further comprises 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

25 coating.
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Typically the action of steamforces the m xture to be distributed

t hroughout the nmould. Any excess solids material will thus be forced out

of the nmowlghyedshe action of the steam Once the action pfr/ddgoeizeam has
spread the m xture throughout the nould, the steamis renoved or escapes

through the gap or a valve. Wthout this gteamaction, the solids in the 5
m xture woul d not spread t hroughout the nmould and woul d end up being

conpresse d ’ﬁ&)écap it/loﬁm% ?lfgarb qgrcgsp ag’u&(ﬁ&ﬁm &ml%ﬁgﬁfé] {ltl'ﬁlg 'fH d no

| onger be i refera erren I oned

novel process co s a furt ep of tri n ed

produclto pr iy txge ﬁﬁla’iq‘i‘é{ﬂﬂﬁé‘%% F%"?t% ?ﬁ;e ngﬁ‘@%ﬁ%ﬂ%eﬁ%o% ‘H?GLSESF‘Wm ng
is 10 conducted u5| ng a di e-cut nmachine. Qther methods for trinmm ng

al so be uséammhwqﬁmmm‘ thegpran bes sprradithemittpisihionghadhegnedd; tbwﬁ%@me\hd/ or

sandi ng down the edges of the product. Since the main conponent of the
m xture is rpnawtd 61 dsearss wirbegh the gafpanalealve. oBathhetrthisysteam actidhngbe sadidstm die

hardens as it cures, the cured product will not disintegrate i mredi ately
15 upon scorieire Woull hoiGptedd di he nfould hel Weuldiehy uﬁbeﬁa@@o@bﬁ@&&ﬁtat (iwnd
thus the porosity of the product the product wll e a mnimumof ten

m nutes befipfig] §¢ tﬁ§ ﬁ{otuﬁi inf lgbl{‘&a%g ﬂ%gh&@m@%u‘fd)hﬂ Qngé}% iR rbRNY n?o%l@dibfe

hour. The density o e product is dependent on the pressure applle
during fornﬁtlon of the product. Therefore, ‘the product is |iquid-
resistant & ﬁgh to wthstand treatnment with water-resi stance agents or
decorative 20 erials. The cyred product formed _fromthe_noul ding m xture

can be fur tHeferaiteadorgmenioneg apys! Process cqnapisehafihenster pE towBing iy o
materials. The plant fibers can cone from any source. For exanple, suitable
plant fi br exgemef the prasioisuior o enating hepreduct dostep (i Aypicalls suehdkimsningie at
st al ks, sugar cane, corn | eaves, banana 25 |eaves, corn crops, roots,
grass, 1ol owenducteduying edicpap ﬁrachine.c Ot nadihoals sfoxttﬁﬁmeing maPdBS be TisEEWBhinET
(RULE 26) WO 02/ 20665 PCT/ S(01/00178 7
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
15  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 applied during formation of the product. Therefore, the product is liquid-
resistant enough to withstand treatment with water-resistance agents or decorative
20  materials.
The cured product formed from the moulding mixture can be further treated with a water
resistant material or decorative materials.
The plant fibers can come from any source. For example, suitable plant fibres may be

chosen from the group comprising rice stalks, wheat stalks, sugar cane, comn leaves, banana

25  leaves, corn crops, roots, grass, flowers, recycled paper or combinations thereof.
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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. wioop/286@nMpl e, a table top will need to be strong@ExGimmfkat so
this will allow |larger |onger pieces of fiber to be used than those used

in a smaller or curved itemsuch as a cup; Preferably, the plant fiber

pi eces used in the 5 conposition and process are in the range fromO0.1lnmto

5 mMmm Mre ef: | ?‘”fgﬂ JHoe it
i s possi bl eﬂ{eosrl%g(gqiﬁ iaﬂrjl%rgg ffgéet?@g\t}\%%%ﬁ%v%%g enﬂat%(glgqr?é&@nrra erS thanﬁ%ﬂmn
eg. powdered. ,The .bindi ng agents oL, adhesiv which are ed ta,.bin he

P br o ar e At VOl CHGHE e o5 EhpRRarS B EORRR e P IEHARS ol <
preferred that non-bi odegradabl e plastics or, 10 synthetic polyners are not
used so t hatrongangisolal se this will aldew largsrdenssr nigass of %ﬁbmusaq? theseseivged s to
be appreciated that biodegradability of the binding agents or adhesives is
not essent iiala spedlerort dvevasnttnpswtius  cupe Brafiotblysthd plant Heerlpicdeysedalthe .
Preferably, water based bi odegradabl e adhesives are used so that the end
product si s dangstedioacal beocessRirefrethalkbinge fload @Ambakeimad Nedie/ msferablyg thas
Neoprene, are used in accordance with the 15 invention. Preferably, any

added star qgnélﬁ%ﬂgdl@bé%ﬁﬁ@%ﬁ% il m%vepéﬁ§%'ﬂos§i6‘l\é%héé¥]aﬁt%b%?é ®&Lgd from
the group conprising tapioca flour, ground sweet potatoes or any other root

powder, cor canbi i t hereof . While corn starch and
flour are s}%v?g’%%&?%&%@éeﬁeé?%ald adeg’taéa(t’rc ﬁa‘ldh accordance wth the present

invention the results are t .as gaod as en. her starch spources are
uoeq her cliebiidtEager & et THED ade @hirEeditirar ol SoBBERET “The
fiber and flour or other added starch are m xed together initially in step
(a) (i) to mpermbbeagenujepnemtslifiiendly.Aispreferred that nea-bipdegraglableglestice ot s
contact the flour before it is evenly mxed in, the flour will form Il unps
and t hil® widyhthetie polynterd are notrusedheo firmbtheprocass proeid2ba biodegradatde preduste d
during the process. Once all the ingredients are conbined in step (a)(ii),

SUBSTI TUTE 3hiskgh {t Rletbe2ppretiadiidh A6 cPdibiBEO 1BOBiAlingBgents 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
15  invention.
Preferably, any added starch used in accordance with the present invention is selected from
the group comprising tapioca flour, ground sweet potatoes or any other root powder, corn
starch, flour and combinations thereof. While corn starch and flour are suitable for use as
added starch in accordance with the present invention the results are not as good as when
20  other starch sources are used. There is no need to modify the added starch prior to
processing.
The fiber and flour or other added starch are mixed together initially in step (2)(i) to
produce an even mixture. Further, if the liquid ingredients contact the flour before it is
evenly mixed in, the flour will form lumps and this will create holes in the product as the

25  starch is removed during the process. Once all the ingredients are combined in step (a)(ii),
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the mxture is stored in a sealed container until required for step (b) to
prevent the mxture fromdrying out. The mxture is preferably stored at
room t enp@ioad2o&sspri or to use to prevent hardeni ng. The mogiddorondy be
stored at a tenperature in the range fromthe freezing point of the

m xture to about 25C. Preferably, the mxgure is stored at a 5 tenperature
in the range from 15 to 25C. Further, at higher tenperatures there is a

p035|b|I|ty I i i d an
organic %ur e ﬁeér/&al Iaysfe% %%Flglctgfﬁ?%m%? ?&@éﬁ%{%ﬁ%@?ﬁmﬁgl ow
25C. The used can.be .of any h e u |t chosen w | |
depend on %ndm{l%ﬂ‘bte hﬁé%lxuﬂi‘?‘lstmgp[?:bb'o%@?&- T)?Wg %ﬂ (}\Sggﬂ e wat er
such as sea wat er nmay be 10 used as well as nornal uti I|ty vvater However
product s | rreyenéBalghing.oShe meHEEananbrTtorsd at picaperateinin thePrngriemas t v
water. The water is converted to steamduring the process. This aids in
spreadi ng tieezimgpointef theanixyure to shhmert 26UT. dPrefenablyyitle umxdurgde storskatRoam
because the pressure prevents the m xture from expandi ng, and the action of
t he st eam igmpeliatie€ irtille tMafiden $PiEe2EH0Fukther, Bl Mphorecthperaugdsalidre iswe noul d.
Once the spreading is 15 conplete, the steamis renoved to allow the

product to syb}lwﬁlaﬂﬁ%ﬁﬂtwﬂlffoﬁﬁ%%sgo%@ |cb1%91ntaﬁoﬁ bewhRrhsl M drbaé f eCt the
density of he i'nal product The denser the product, the harder it is.

Ther ef or e, X ower pressure
shoul d be u 5@( U\%&efta#@ étgﬂe@g%‘gg?gtt%{e gl:%gtdc%rr?gibﬁg%fbéf any excess

mat eri al be s eze t of ul Pr ably,. re is at
about 20 4 ?—@u g? ?gﬂgt%ahg t’ﬁg ?Toq}‘éﬁ ﬁﬁl (P??F‘Ef{; moul di ng
m xture wi Il depend onfour factors: 1 the fibre pieces. The finer the

pi eces, t heintengedvsefpethaereduct, Bor@xpmpisenempotalle sicssughnes sop maigmeyde t he

product. SUBSTI TUTE SHEET (RULE 26) WD 02/ 20665 PCT/ SG01/00178 9 2 the
t ype of1oadhesd vewiehab noinmed utihity weatys t Howéveatproductsdntesdahfvr fosbaniacymost behe

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
15  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
20 4000 PSL
The strength of the product produced using the moulding mixture will depend on four

factors:

1 the fibre pieces. The finer the pieces, the higher the density and hence the
greater the strength of the product.

SUBSTITUTE SHEET (RULE 26)



adhesive. Different types and grades of adhesive contribute differently to
the strength of the products. Different crystallization rates and

vi scosi tia® @feddi fferent adhesives result in different pregdidosoors
Crystallization determnes 5 the rate of initial strength devel opnent. The
faster the rate of «crystallization, the §aster the rate of strength

devel opment. Viscosity influences the inherent strength of the adhesive

Ui scosi 1y, o the i gREBEiRY @R i thiife sRanl Rzt Sacds BREisdopfty BEKTE!
strength, "the hi gher aidhesivsd Defferest tgzpesvamﬂ@aiek yfadires1w5eomtnhare differemibi todbe at

a given adheS|ve viscosity. 3. the structural desjgn of the npuld. The
product design may e ﬁHﬁ%g of the pragucis, doukegmt PWétaBVé‘F% Yates;and (Yescositigs,0

exanpl e, a box with r4fs.u e{dlheg es rebl CiAAE o bR dr(%s i rm?ﬁ ‘é@éxé@ﬁﬂfz&tléldété}ﬁnﬁéépe of

fibre. For exanple, sugar cane |bre provi product 15 that is
i nherentsly resilient thetateof intiral Bt‘térgth @oelopnset. yTher fagter thaskts of end to

provi de a product that is.hard, _ but c ar atjvyel tle. .Products
produced fromthe m&%%ﬂzﬁo}?t%‘fa asfﬁr%?%@ g‘ %‘BH ‘g?lmﬁﬁm W‘?ﬁltgd with
very mnimal |oss ofin@hd@bdvak uﬂﬁ}&ﬁb@éngamfmebmwaﬁeffﬁﬂﬁwsommﬁm@ﬁfys I'n
ot her words, a product can be recycled to produce an al nost i denti cal

product. 20 Wien di s@@é@dlutﬁfconpﬁnbﬁhsﬂsglmdmméﬁnmvwslneonﬁwﬂnlglwgﬂm xture
of the invention wll akdo r & S s which
are not detrinental tl%OIF M%ﬂ%ﬁ@ﬁ%&ﬁ%ﬁ% %téc%uglééﬁafﬂl%apﬁ?sﬁ&

materi ajos used are nafﬂsdogxy,@r&Moﬂéﬁh@@&ﬁdsﬁtﬁ@i%ﬁ&ﬂhes@@wewshye I f the
products are collected after disposal and | eft to deconpose, the resultant

manure can be uged ash@sthdhirhl dle%ﬁg‘h &I@E&%@ﬁldoﬁhta%?odu@%esié?ﬁhaﬁ éifhafiddl the

conponent of the 25 product is plant fibers. Further, I'ant fi bers
maybe obt ai ned from tskengthwé ey epdiprodust. aoopvsampl@,raw‘fvi obs wilhbks, sugar
cane pul ps or any ot\ﬁg{r f| ﬁrs tha are not directly consunmed. This hel ps
to dispose of such Pt ad’rr?l}?a‘?”\/léo |ng sites, factories etc. which would

otherwi se be S%Sﬂ TltJ}-Il-éE tySpQI(E)FEbl(eRlléLor exa:?]ple, sugar cane fibre provides a moulded product

15 that is inherently resilient but not brittle. Conversely, rice husks tend to
provide a product that is hard, but comparatively brittle.

Products produced from the moulding mixture 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.

20  When disposed of, products produced from the moulding mixture of the invention will
breakdown and disintegrate to form substances which are not detrimental to the
environment. This is because all of the materials used are non-toxic and are mostly natural
and edible. If the products are collected after disposal and left to decompose, the resultant
manure can be used as a fertilizer because of the fact that the main component of the

25  product is plant fibers.

Further, the plant fibers 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
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WO 02/ 20665 PCT/ SG01/00178 10 di sposed of by burning and thus causing air
pol lution. The use of such raw material helps to reduce this air

pol | uti onwgraibédr, during the process of the invention, haiRici@doke
killed due to the high tenperatures being applied. 5 The present invention
relates to bi odegradable as well as non-hpodegradable materials. Since the
manuf acture of products from bi odegradable materials requires that steam be

able to esc : IS E pode ' :

produce | argbos] SOt tub i CborRicRe SREURPL PRI el fps |
extended drying tine .requited for such I|arge objects. 10 The noul di ng

m xture of PA ?Qg%ﬂfpgﬁ%% on may be used in a range of noulds known to
the person skilled in the art. The noulding mxture is also suitable for
use in a ndiether, datingitheqspgsss of thy inysatien bageda gugkilded dus to the High and/ or
bottom ends of the top and/or bottomparts of the nould to enable steamto
be renoved tetnperefuresthengapphiathl e val ves are cl osed when the m xture is

pl aced into the nould and then the val ves open when the steam 15 needs to

be renmowed. THRRbgRaAt inyehtiinSrelitasad bivdugdd bienss wels aohiorabiotlgsdablomatpasls.s - a
top and a bottompart and is typically nmade of netal. However, it is

possi bl e t Osipfeerhsr%héﬁctwé 6Ppro@iEs fr@m@%&%ré@l’éble%t&ia@@fe};ﬁiréytﬁ&is@&ﬂlEé"at

there is sti a top and a bottompart. In use, the nmould is preferably

conpr essed rticall t | i ‘{‘@%’@F gﬁg . t he
top 20 para;()?? ttso eggar?ﬁ)rﬁéog‘égl “é%‘gf‘ht?? ugelfgq%o o %3%5?‘%# eg\}gﬁ @%g'iagggglfng@t%,he
steamto be renov fromthe noul d so, thaf th roduct will dr ut

faster. FurPRRps tag}%etogs[, aﬁ?‘i’tsbeP’ém%di“ﬁﬁ‘? @*e&ﬁ&é@?‘gg’a{ﬁ@ fper ’6%‘1150{ Speh | ess
likely to be burnt. The noul ding m xture of the present invention enables
t he processlergg objects. certain 25 prescribed mixture to form products of

vari ous shapes and si zes suitable for protective SUBSTITUTE SHEET ( RULE
26) 10  The moulding mixture of the present invention may be used in a range of moulds known to

the person skilled in the art. The moulding mixture is also suitable for use in a novel

mould, comprising one or more valves in the top and/or bottom ends of the top and/or

bottom parts of the mould to enable steam to be removed wherein the openable valves are

closed when the mixture is placed into the mould and then the valves open when the steam
15  needs to be removed.

Typically this novel mould consists of at least two parts - a top and a bottom part and is

typically made of metal. However, it is possible to use moulds which come in three or

more parts provided that there is still a top and a bottom part. In use, the mould is

preferably compressed vertically, that is, in a downward and upward manner so that the top
20  part is compressed against the bottom part.

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 moulding mixture of the present invention enables the processing of a certain

25  prescribed mixture to form products of various shapes and sizes suitable for protective

SUBSTITUTE SHEET (RULE 26)



WO 02/ 20665 PCT/ SG01/00178 11 packagi ng such as boxes and receptacles and
coverings for electronic goods, cushioning packaging for delicate and
fragil e elwerdy069sc and conputer systens and conponents, fagd/sGidobgverage
cont ai ners such as cups, plates, lunchboxes etc, building nmaterial and
prefabricated boards such as partitions, jgeiling boards and ot her shaped
products eg 5 garnment hangers, horticultural and agricultural planters and

pots, and dj i i i i fikahi@n are
o per cont SR BnaRbor S roceflohiop hAPARAR L Del Bl BARE iekiShing? o

t he present _ipventjo nd its.use in producin ul ded products O.widll
now be T ur (PSSR L e e i ol Pl o AR TR E e B0 ReShEenin A ng
drawings in which: Fi %u_re 1 is a flow diagram of a mul di ng pr.ocess
suitabl e f omdbsserags poRtHBeTE SRS YPS, Rlatesy echioxes gtc; hylding matenal fdri gure 2
is a schematic of an overview of the process referred to in figure 1; 15

Fi gure 3 i sprafapdcapdbodrdesucheaspatitians, ogiing heartisiandetherasbhpedfppedugtseegni t h t he
nmoudling mxture of the present invention; Figure 4 is a perspective view
of the roul ghnnenifliagpére, Kbrfiduliued awd hgridulteralplahtersandrgoty) bed Gispesablepelfdgsct i ve
view of the nmould in Figure 4 closed and under pressure with the valve
closed; 20 KjjgWfrforsSn #hiP S RRGHY fre I fMc@itade\BeipRUl d In Figure 5 with the
val ve now open; Figure 7 is a perspective view of 'the nould in Figure 6
opened with the product renoved; and Figure 8 is a cross-sectional view of

anot her nmould suitable for use with the nmoulding mxture of the present

i nvention. SUBSTI ,TUTI; EH‘I;ET (RULE 26) WO 02/ 20665 PCT/ S&1/00178 12
escription of the drawings

The moulding mixture of the present invention and its use in producing moulded products
10 will now be further explained and illustrated by reference to the accompanying drawings in
which:
Figure 1 is a flow diagram of a moulding process suitable for use with the moulding
mixture of the invention; and
Figure 2 is a schematic of an overview of the process referred to in figure 1;
15  Figure 3 is a perspective view of an open mould, suitable for use with the moudling
mixture of the present invention;
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;
20  Figure 6 is a perspective view of the mould in Figure 5 with the valve now open;
Figure 7 is a perspective view of the mould in Figure 6 opened with the product removed,;
and
Figure 8 is a cross-sectional view of another mould suitable for use with the moulding

mixture of the present invention.
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The use of a the noulding m xture for noul ding products wll now be
described in relation to the follow ng exanple of a preferred noul di ng
m Xt ure cepRvédsons. Preferred Conpositions Mul di ng m Xtpgrescohavi7eg
conpositions according to the present invention were prepared. 5 The
proportions of conponents present in theipi xture are set out as exanples 1
to 40 in the follow ng table: Exanple Flour/starch Binder (gm Wter (gm
Fi ber (gm o9, j
Fl our Lat exﬁ%‘%%@%%‘%@n §11 z:]{ar Cog%@%ﬂ%bf‘odggglv ré‘gf’?ﬁéiﬁg‘gi)&d%@%l%ﬁ?o 0
30.0 40.0 Q. 0%, 6. .0 30.0 084.0 7.1% 3 4.0 8.0 28.0
70.0 0.0 800 Chetiyyig Stagble s Ao mpufltng midre Bompodiudat. (5% %8 0 200
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 40.0 0.0
76.0 0.0% XreferoegCompesitiond 0 10.0 86.0 0.0% Latex sol 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 4CVouling Bxtwesh®isg comppsiiogs aecpgling pohe prsent kveption wese prgpared 8. 0
28.0 40.0 0.0 77.2 1.6% 14 1.0 8.0 28.0 40.0 0.0 77.0 1.3%

5  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 84.0 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 71.5 1.9%
5 12 8.0 28.0 40.0 0.0 712 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 0.0 840 71%
11 4.0 8.0 28.0 40.0 0.0 800 5.0%
12 1.5 8.0 28.0 40.0 0.0 775 1.9%
13 1.2 8.0 28.0 40.0 0.0 712 1.6%
14 1.0 8.0 28.0 40.0 0.0 770 13%
15 0.0 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%
‘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 0.0 840 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 77.5 1.9%
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15 0.0 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%
Wat er 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 R 0/20665%0 19 4.0 8.0 28.0 40.0 0.0 80.0 5. 0% 2@chyse3001788.0
40.0 0.0 77.5 1.9% SUBSTI TUTE SHEET (RULE 26) WD 02/ 20665 PCT/ SG1/ 00178
13 21 1.2 8.0 28.0 40.0 0.0 77.2 1.6% 22331.0 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 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% 8.0
30.0 40.0 0.0 84.0 7.19%2 27 4.08%8. 0 28.%%0.0 08 80.0 %00%77%8 &6"/5 8.0
28.0 40.0 0.0 7Z#.5 1.9%029 1.289. 0 28.83.040.0 000 77.2 006%77.80 13% 8.0
28.0 40.0 0.0 7.0 1.3% 31 0.048 0 28.£¢40.0 Q9 76.0 §90%7682 ook 8.0
28.0 40.0 10.0_86.0 O. 0% Sol vengt base yvi nyl bi4lager 33 18300 38900 63&0 40.0

0.0 86.0 7.0% ** 280

Solvent base

wax binder
25 6.0 10.0 30.0 40.0 0.0 860 7.0%
26 6.0 8.0 30.0 40.0 0.0 840 7.1%
27 4.0 8.0 28.0 40.0 0.0 80.0  5.0%
28 1.5 8.0 28.0 40.0 0.0 775 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 7710 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%
36 1.5 8.0 28.0 40.0 0.0 715 1.9%
37 1.2 8.0 28.0 40.0 0.0 772 1.6%
38 1.0 8.0 28.0 40.0 0.0 770  1.3%
39 0.0 8.0 28.0 40.0 0.0 76.0  0.0%
40 0.0 8.0 28.0 40.0 10.0 8.0 0.0%

The moulding mixtures of examples 1 to 40 were used to make golf tees according to the
moulding process of the present invention. The golf tees were of good quality and suitable
for their intended use. Further moulding mixtures were prepared, analogous with the

5  compositions of examples 1 to 40, except that the sugar cane pulp added as a 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

10 golftees according to the moulding process of the present invention. The golf tees
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34 6.0 8.0 30.0 40.0 0.0 84.0 7.1% 35 4.0 8.0 28.0 40.0 0.0 80.0 5.0% 36
1.58.0 28.0 40.0 0.0 77.5 1.9% 37 1.2 8.0 28.0 40.0 0.0 77.2 1.6% 38 1.0
8.0 28.0 ¥ @2/206d3 77.0 1.3% 39 0.0 8.0 28.0 40.0 0.0 76. @p@yd2%r1/060080.0 8.0
28.0 40.0 10.0 86.0 0.0% The noul ding m xtures of exanples 1 to 40 were
used to make golf tees according to the wmoul ding process of the present

i nvention. The golf tees were of good quality and suitable for their

i nt ended Usc%m(#f'fég@;é‘ﬁn%}f g@f&%&{t gﬁggsfﬁb% \%re"é%ﬁfgaﬂ%%ﬁ{tﬁ@ afROALANANS s idds t he 5

conposi tions except that the sugar cane pul p added as

a source of _fibre was replace Lth fibr osen from.th [ npri sing
theat ot al 1Kom Bl sUEs sae b ipe v fetd Wik RS M L A P eEO T o s,
corn cobs including the | eaves and, the  carbonageous, residue of burpt
coconut sheciqumﬂ%@n HS R hef ﬁ?eriﬂla?deéheé%ﬁlﬁgregw?ﬁgcﬁgaehhaaﬁ apK SEP PP IE M e
of fibre were used to make 10 golf tees according to the noul ding process
of the presibapeiformenes ofthe Al teps| f t ees SUBSTI TUTE SHEET (RULE 26) WO

02/ 20665 PCT/ SG01/ 00178 14 conprising each different type of fibre were
conpar ed w Ohthehfrahartmmed sowoecbffiiré, dnfasce lnskyphiaveiany indiecpat sta@h eopiahtp.
VWhile there were differences in quality of the golf tees depending on the

type of fi brig resiedihd InesEfiblclsbeicefrfe diithdieit shedhcoatnt hdihefef@arlakehbect
on the performance of the golf tees. 5 O the aforenentioned sources of

fibre, only, k8B he Rt @&X%dt%?ﬁ{e%ﬂéuléihghﬁwé? nA@aa}dan%@@h@%e ikd he

listed fibre sources have no 1 nherent starch content an erefore nake no
contribution to the starch content .of the nmouldi.n 1 xture. Accordingly,
Chon 1 1oe rekdsid B RbG R iE i AEcTNG 18 40 HerGrofgE e,
40, the proportion of starch present was s,Iié;,htIy reater than the
quantiti es PPenbYas shehHy sreptar dhan the quantities listed m the table.

10 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.

15 Preparation of the Mixture
Individual mixtures were prepared using fibers of wheat stalks or rice stalks or sugar cane
pulp or corn leaves in combination with corn pulp. The mixtures were ground by a
grinding machine to a size in the range of from 0.1mm to 5.0 mm. The ground fiber was
combined with the starch of tapioca flour, sweet potato flour and comn flour thoroughly in a

20  mixer (a container with fan like blade spinning at a speed of 500 to 700 rpm) to form a
moulding mixture. Care was taken to ensure that the starch did not form into lumps when
the liquid ingredients were added. Any lumps which do form should be broken up because
when the water forms steam, such lumps of starch will be cooked and will foam which will

cause an air trap or hole in the mould product. A water soluble adhesive with a latex base
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10 It is noted that for exanples conprising a given type of fibre, varying
the nature of the binder does not affect the quality of the product
produced @er®idégag to the present invention. However, based/sabi/00178

envi ronnment al consi derations, water soluble binders are preferred for use
in the noul ding m xture because they are ibi odegradabl e, whereas binders
sol ubl e i n non-aqueous solvents are generally not biodegradable. 15

Preparati ong {(entaﬁged\ﬂo étﬂéﬁwirgwavérqﬁ@ heBhi¥hié B3h @fgtﬁréanﬁmﬂfedyme; Rixtlielsr s

of wheat stalks or e stal ks or sugar cane p or corn leaves In

nbi nat I Th tu b di hi
(o a of ze IMEPAE FRhgURE PRkt et Bt B e Pl ver was

conbined with the starch of tapl oca flour, sweet potato flour and corn

f1 our thorotfMuldy a 20 nixer (a container with fan like bl ade spinning at
a speed of 500 to 700 rpm to forma noulding mxture. Care was taken to
ensur e t hatThetreowd 20 showi dn Hhetdréwings hastagop mﬁpgi pivel andhebottamymeuldnpried®: ent s
wer e added. Any | unps which do form should be broken up because when the
wat er f ar nellsttegmoukdisdrt 2 Limpsa wilves2 Alocitedvid its dppec mokeed 2anThebbitorh asmidvhi ch
wi || cause an air trap or hole in the nould product. A water sol uble

adhesi ve wigah 1as habity DoRPrecsHBRLkd 6. SR ImOIRWID 12 6lbsdDtHbed BQAGRP 27 of
PCT/ S01/ 00178 15 |s t hen added together with water and the m xture

be en o RBEL th blon B i) Saoflddtl A A chShoihy B Yart T SndB i 50
d h 2 5.Th
oo et Baied? gpr%ﬂf}a B By, ey iveﬂ%}da szrareﬁgb%erzaan%wﬁoi P

mould part has a cavity 25 to receive mxture uld 20 is cl osed,
there is a yignaiizally VIWOMGWMEnTM@alkYoﬁwﬁ@me@SaaPPe@é (pdgwe
bottom nould part 22. Once closed, pressure is applied to upper surface
24. ThelOval 6)eviRB theteoperammedf dicheuld R nuatiabgutdrl 0°Gu Onneathicratidly 2§ has dried,
controller (not shown). Typically, the valve 23 is opened (see Figure 10 6)
when the t ehpgioald2Eis@pehditandatit artid} I8gembvabout 110C. Once the article 28
has dri ed,

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
15  ina 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. dnce 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
20  (about 25 °C) or at least within the range of 15 to 40 °C. The mould 20 is intentionally
overfilled to ensure that there is sufficient mixture to evenly and completely fill the mould
20. The mould 20 is not left cold because when the mixture 26 is compressed under
pressure, the solids in the mixture would be forced and compressed to the bottom of the
mould and water would separate from the mixture and be squeezed out through the gap or

25  air vent. If the temperature goes above 100°C, the moisture will turn into steam too
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the mould 20 is opened and the article 28 renoved. Manufacturing an Article
fromthe Mxture In the flow diagramof Figure 1, the process commences at
A with pregweabsddg the nould 20 to 70C. This heating is aidiysdeg@wiged the
first tinme that the nmould 20 is used because 15 in a continuous process the
mould 20 woul d be at about 140C fromfornagng the last article 28 and is
actually cooled to 70C at B. Once forned the article 28 is renoved fromthe

nmoul d 20 at ri : d . o ce
The. moul d_ S8 R ebic et o oy LR AR iR S0t (RPLIE TS
Figure 2) and overf.illed with mxture. 26 e F).. ldeally the nixt i's
kept at anﬁi‘lgﬂle Ipsas gf%goglpr%g%,glbeoxa{nsﬁge %)?I?Hpm)g«{ha*egra ?’nsgﬁr?’lﬁmi‘? ‘faﬁglu %nange
of 15 to 40 C The pould 20 is intentionally overfilled tq, ensure that
there is sutarteilesi PormspaeeTEaP E/sRIRE: s ¥GepMEllangyerthy polidgdn thempigireg.
The nmould 20 is not left cold because when the m xture 26 i s conpressed
under pr edstorall the bpensspaceisn ithe mowdd 20 wtithy excessuhiktiye s¢apingeht ahtheqonid 88sed
to the bottomof the nmould and water woul d separate fromthe m xture and
be squeazedhinictiohtryicdilytthless$ap 10rsectimdai r vent. |f the tenperature goes
above 100C, the noisture will turn into steamtoo SUBSTITUTE SHEET (RULE

26) WO 02/ ' i |
Fovever when CRaTaura 2 e (SDEE s 2000 T o e it o] SeeT

corpL o552 5 TR L PNt 37 SRS B BNpT ALY e

I1on w nove

the mxture .into all the open spacesg in noul d 20 with exces ] re
seepi ng outanng?%%“HW%C%gcap% %W%a’&é?‘?‘ﬁa%?%ae%qdr §PICSRES oéﬁ’ﬂ}?i@(ﬁ;ﬁ
seconds. The nould 20 is then closed (see F of Figure 2). Wen closed,
there is typerdiefyo thegap opthe mguld 6 (see ) don ahouhd ih19 sreohdsmsi exgess WHHNEM 22
parts of the nould through which steam and excess m xture can escape. Once
t he noulod 2@rissontigsert, of shegapdhetwesh thbmotldSE 203nd 22s Thppppeetintoof the t op
of the mould 20 (see G for about 3 to 10 seconds until excess m xture 10
starts conMgifeseuiatéial imBcgethal thdineRRotHae spiebd evendy thsoughoathe mduldlive-

appearance of the

this is especially important where the product is not flat and the mixture will need to move
up the sides of the mould 20. The pressure also ensures that the shape of the product is
maintained (that is, there is no foaming), and controls the desired density/porosity of the

15  product.
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 PSL. 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

20  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).
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excess material indicates that the m xture 26 has spread evenly throughout
the nmould 20 - this is especially inportant where the product is not flat
and the mwtd86esi || need to nove up the sides of the nmowyldd/stfdiodhe
pressure al so ensures that the shape of the product is nmaintained (that
is, there is no foam ng), and controls the desired density/porosity of the
15 product. Upon seeing the mxture stop overflow ng out of the mould 20,

the pressurgyls; ;lggg%ﬁgofbg&oﬁ&g@g@ RS RO RED AR T et rdinftcly,

pressure 1 n e we us

pressure of _about 00 PS|. n th e ncr

P00 The BTN to 1€ TREfS ale FERSTOvE R A0 e s e GRoPy St Reb O
turning 20 into steamtoo quickly. At this point, the steamvvlll be

rushi ng outmeHd g0dhoraned éﬂﬂe&ﬂe ﬁg@tmﬂy Heied a@xc@ﬂ& temoyed e De 4F thetedpe, t he
faster the product will cure and this reflects the inportance of having a
val ve 23 baverflopdhatdas of thd aticle hes wtledrmesahping Olic eutting mashine oamanvalhas
reached about 110C, the valve 23 is opened to increase the rate of steam
escapi ng (gee M) . SUBSTI TUTE SHEET (RULE 26) WO 02/ 20665 PCT/ SG1/00178 17
When it has been observed that the escape of steam has effectively ceased,
appr oxi mat efpg arﬁélE?srth@lﬁ‘gpt’id?laﬁy E@até"ﬂ With €St adhdsRARSS s%%éj‘y{r% &fdl see K)

(dependi ng the nunber of valves), the nould 20 is opene

subst anti al | ( t he
adge of themgrhl%ﬁéeﬁ% ﬁd&bﬁo‘?g&%} {;O?ﬁq?re 018 s%cg&dé)t%llfg‘ﬁuﬁlpg & due thg\.!l&ﬁés Ve
manual |y 5. (see The, article | t he oL b coated with further
adhesi ve bfhé %&’ed’rse%'feﬁme%‘rf’é’ %gﬁfi g?‘étdg QUES0C t o 140C for
about 10 seconds to 10 mnutes to cure the adhesive. In _the exanple we
used t enperEtaartclemayhsfirthegoriedvitidopraieip fiythes entpnee B weter eesggame
further coated with Neoprene to further enhance its water resistance 10
(see L)10 Ty(éech). | Bypidatiytab@ut Graams of Nbigwemeis esedsparsgubrg ot sfjthapeoduwwodt The t he
product. The coating is applied by spraying or dipping.. In addition, a
decorati ve dating ist@pBéd B $pdyif@ét dipping.. In addition, a decorative painting or print can

be added to the surface of the product.
The following mixtures were prepared by the above method and the suitability for

moulding assessed by applying the above process to them.

Mixture A B C
Flour 3% 10% 6%

Adhesive 2% 10% 4.7%
Fiber 52% 40% 47.6%
Water 43% 40% 41.7%

15
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.
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be added to the surface of the product. The follow ng m xtures were
prepared by the above nethod and the suitability for noul ding assessed by
appl yi ng Wwao2abengse process to them Mxture A B C Flour ForidemBders
Adhesive 2% 10% 4. 7% Fi ber 52% 40% 47.6% Water 43% 40% 41. 7% 15 M xture B
provi ded a workabl e product. Mxture C igguseful for packaging for heavy
products such as televisions or table tops or as a speci al cushioning with

gr eat er 1@?15.1%38 shoth éwégn@fa%n&ﬁag%@)%%pﬁmg b ( mﬁyalfgﬁa%véfmi‘ do

not need a'h ensity gl ng for

appl i ances UBSTL.JUTE SHEET 5 PCT/

Fi gure 8 sh%@g é-[)?z)f)xtsdglatcoglple %%lﬁe%afvgfavé@ﬁgﬁ slflrw)u @gi d(]f%f and
valve (102). Valve (102) sits in conpl enent ar.i p ity 103)
moul d par ¢ 1 TP VS © TFewe pat 6013y Coyiey g@ﬁ»@aduarﬁﬁeaeﬁl et DN v 1
(103) end in release hole (104) and val ve end st?dl S adapted to seal

rel ease hol(@0§)1i64gapiieta sedacloadeolq (104) when the s’ahfleé ipifs ¢lpsaskposition (got
shown). Valve (102) is closed by pressure being applied to top end (106).
When valsve sho#fiR) Vhlse (102) i@l@@élby@@&sﬁne(bﬂlr@Sipﬁm tomertd 06 Whes valaen can
escape fromthe nmould (100). The word “conprising' and forns of the word

conpri si ng'108s #fRo dﬁéﬁ ﬂo@ﬂtl%n@?%mpﬁi MpureRAsted chl@schpSrdin tHORSulAq 0d). M t
t he invention cl a| med t o excl ude any vari ants or additions. Modifi catl ons

d ¢ t 'l ed
10 in the. ol v fordind 48 ?%r%% e v SoRne %Si**%éfﬁt%%? Y L
within the s%)ep gla:lms & D:g rslot l netl}n(/)er}morsltg aSIIIlTle(I tfo ech'HEE{lry aF\l)qUaIﬁ S or 22dd1t10ns

Modifications and improvements to the invention will be readily apparent to those skilled

10  in the art. Such modifications and improvements are intended to be within the scope of this

invention.
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WD 02/ 20665 PCT/ SGOL1/ 00178 19 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLOWNS: 1. A noulding m xture for use in nmoulding a product i ncluding:
(1) 40 towgwmhéesp!l ant fibre pieces optionally conbined wigdr/&fuwti7?® to 10
w 5 %starch; and (ii) 10 to 55 Wt % water and 3 to 10 wt % one or nore
wat er - sol ubl e binding agents or adhesives 2. A noul ding m xture according
to claiml1l wherein the length of the plant fibre pieces is in the range of
from1l to 5p LD ol o WF]@N r CHt havi ng an
adhesi ves cont e%?'A:i Eﬁ%e raﬁgggﬂ(gg rom gf?@%g;%/?o lL&H,)AWrrSéuI ding m xture
according to claim3 wherei n the adhesives content is about 4.7 w % 5. A
moul di ng m xture acco din lai ns 1 wherein heflgre.content is in the
range 15 ftom 48 %Y BgW? or Rse iR o Ieige APIdRFEnguamgi ng t o cI aim5s
wherein the fibre content is about 52 wt % 7. A noul di ng nm xt

according to cl aidn 1 4fHerediwi% plantibrepiccsnentionallycqmbinedwith shent Ofthr(ﬁWiO to
45 wt % 20 8. A noulding m xture according to claim7 wherein the water
content §s about 43 v stésh;and A noul di ng m xtue according to aim1l
wherein all the constituents are biodegradable. SUBSTI TUTE SHEET ( RULE 26)

WO 02/ 20665 PCT/ &F01/ A3 widg widler 2AdrBao|10iwids oh& bimherd witetisstuble bifidigdi ng a
product i ncluding:

agents or adhesives

2. A moulding mixture according to claim 1wherein the length of the plant fibre

pieces is in the range of from 1 to 5 mm

10 3. A moulding mixture according to claim 1 having an adhesives content in the range
of from 2 to 5 wt %.
4. A moulding mixture according to claim 3 wherein the adhesives content is about
4.7 wt %.
5. A moulding mixture according to claims 1 wherein the fibre content is in the range
15 from 45 to 55 wt %.
6. A moulding mixture according to claim 5 wherein the fibre content is about 52 wt
%.
7. A moulding mixture according to claim 1 wherein the water content is in the range
from 40 to 45 wt %.
20 8. A moulding mixture according to claim 7 wherein the water content is about 43 wt
%.
9. A moulding mixtue according to Claim 1 wherein all the constituents are
biodegradable.
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(i) 40 to 60 wt% plant fibre pieces optionally conbined with about 0 to 2
w% starch, and (ii) 10 to 55 wt % water and 3 to 10 wt % one or nore

wat er - sol W @/6¢3di Nng 5 agents or adhesives 11. A noul di ngTRQoM6ES
according to claim 10 wherein the length of the plant fibre pieces is in
the range of from1l to 5 mm12. A noulding m xture according to claim10
havi ng an adhesives content in the range of from2 to 5w % 10 13. A
nmoul di ng m x{ ure -] L i ives content is
about 4. 7 Wron A FREREE Bfbcht £ BT koMIEE S DaBRIRE. YT Where n the
fibre content ijin t4080'6ARME, plahOfibrd Picess Sprionhlly eonined with dbslit 0o DiwibAIr €
according to clai'm 14 wherein {)he fibre content is about 52 wt 15 % 16. A
nmoul di ng m xture acc%\lgéiljﬂgl 0o claim 10 wherein the water content is in the
range from40 to 45 Yo "17. A noul ding m xture according to claim 16
wherein the water., content_.i s aboyt 4 %, ,20 18. A noyldin ) Xture
according to claf 1810v5ﬂes|5e"|"1n odr4 ertaﬂg 33%&9'[“?%8“‘?%“3?@ W%Fréﬁfé‘&lghlg %8, 19.
A moul ding m xture for use in npulding a product including: (i) 40 to 60
W % pl arit fibre pi ecegesor adesIVes conbi ned with about 2 to 10 wt% starch,
and 25 (ii) 10 to 55 wt % water and 3 to 10 wt % one or nore water-sol uble
binding agents &Eno%@dlﬁ%hﬂﬁt%re?&c&dif_ﬂ?ttb@iaﬂﬁ 10iwHerdie tHedength of the pla idieng a

product including: SUBSTITUTE SHEET (RULE 26) WO 02/ 20665 PCI/ SG01/00178
pieces is in the range of from 1 to 5 mm

12. A moulding mixture according to claim 10 having an adhesives content in the range
of from 2 to 5 wt %.

10 13. A moulding mixture according to claim 12 wherein the adhesives content is about
4.7 wt %.

14. A moulding mixture according to claim 10 wherein the fibre content is in the range
from 45 to 55 wt %.

15. A moulding mixture according to claim 14 wherein the fibre content is about 52 wt
15 %.

16. A moulding mixture according to claim 10 wherein the water content is in the range
from 40 to 45 wt %.

17. A moulding mixture according to claim 16 wherein the water content is about 43 wt
%.

20 18. A moulding mixture according to claim 10 wherein all the constituents are

biodegradable.

19. A moulding mixture for use in moulding a product including:

@) 40 to 60 wi% plant fibre pieces optionally combined with about 2 to 10 wt%
starch, and
25 (ii))  10to 55 wt % water and 3 to 10 wt % one or more water-soluble binding

agents or adhesives

20 A moulding mixture for use in moulding a product including:
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21 (i) 40 to 60 wt% plant fibre pieces conbined with about 2 to 10 Wt %
starch; and (ii) 20 to 55 % water and 3 to 10 wt % one or nore

wat er - sol wg @286 bi odegradabl e bi ndi ng agents or adhesi wsyscv1dd17

nmoul ding m xture according to claim19 or 20 wherein the length of the
plant fibre pieces is in the range of fregm 1l to 5 nm 22 A noul ding m xture
according to claim 19 having an adhesives content in the range of from 2

to 5w % 23 A poul dj ' j . i hQé .
adhesi ves conte {}Di sqﬂglﬁ@%{gﬁ%ﬁﬂﬁg}%%%%&%ﬁﬁé&ﬁﬁﬁ?gQ"ééﬁ?".’ng to
claims 19 or 20 whereind the fibre content is in the range from45 to 55 wt
% 25 A noulding mxture according to claim 24 wherein the fibre content is
about 52 wt % (fip 2620%0HBUNGL RateibXd Y EE1 REERIKGE Y nioge Whint-Boldlle afid 20
wherein the water content is in.the range from40 to 45w % 27 A

moul di ng mi xt ure accdredesgedabledinding sgnifasdhesivaie wat er content is about
43wt % 28 A noulding mxture according to claim19 or 20 wherein all the
constit dentd ar A nROldngmhéxireeckebdrdingg claimdlodi2Agvhersin thedengtieor e plfnt o any

one of clainms 1,.,9, 19 or.20 conprissin ugar cane pul p, tapioca flour,
tap water, cal cifﬁ’ﬁ??f?%solﬁé]i’g‘eé ea(’fgrioﬁg}afo tHB%en fromthe group conpri sing

e Ve e B e B R SR s e
SUBSTI TUTE SHEET,f(eRWL-E 1 6wt %.

23 A moulding mixture according to claim 22 wherein the adhesives content is about
10 4.7 wt %.

24 A moulding mixture according to claims 19 or 20 wherein the fibre content is in the

range from 45 to 55 wt %.

25 A moulding mixture according to claim 24 wherein the fibre content is about 52 wt
%.

15 26 A moulding mixture according to claim 19 or 20 wherein the water content is in the

range from 40 to 45 wt %.

27 A moulding mixture according to claim 26 wherein the water content is about 43 wt
%.

28 A moulding mixture according to claim 19 or 20 wherein all the constituents are

20 biodegradable.

29 A moulding mixture according to any one of claims 1, 9, 19 or 20 comprising sugar
cane pulp, tapioca flour, tap water, calcium carbonate and a binder chosen from the
group comprising latex water based binder, latex solvent based binder, water based

wax binder, solvent based wax binder and solvent based vinyl binder.

25
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