; JKLMe3eFDvRj 6 TFPALLET AND METHOD FOR MANUFACTURI NG THE SAME Background of
the Invention 1. Field of the Invention 5 The present invention rel ates
generally to a pallet for handling, storing, or noving materials and
packages. 2. Description of the Related Art Pallets are wi dely used for
assenbling, storing, stacking, handling and transporting goods as a unit
l'oad, and are pri nRaLl¥TOMIS MERIGH FORAMAMACTRURG AiE $AMH astic. Woden
paIIets are nost commonly used. However, in recent years, wooden pallets
have been continually placed in the spotllght by environnentalists and
various governnment agencies because of deforestation issues and

envi ronnent al probl ens resul | of waste woods by

| andfill and the inportati or=srs 2 \0od- bori ng parasites
bet ween countries and conti nents. Cbnsequently, many countries have i nposed
a nunber qf ch as ISPM 15 (International Standard for
Phytosanl?aggaﬁéggﬁégﬂ%§l§#r0n1MHO (World Health Organi zation) on the use
of solid wood packaging materials. Pallets made fromplastic and netal are
currently an alThepratatviavémionaeldien gamdralbt 6.2 phlletfonbseiling] stering er afovingch
pallets is kept to a mininum as pallets made of plastic and netal are nore
costly. APPAEIY YK ICEHEP- costs, plastic and netal pallets al so present a
di sposal problem since plastic and netal are not biodegradabl e and cannot
t her ef orezbq)é;'bﬁ 85 fﬂ{ e ehigatdxel y. Further, the use of recycled plastic
in the nanufactu astic pallets is detrlnental to the environnment
because the breakdomn of pl astics rel eases 25 noxious funes into the

at nospher e, coma]rlﬁtbuaiengviﬁdyl ascll ood awaereblipy| ktotingn stackingj evandling hand
foregO|ng |s desiyrabl e to haye bi odegr adabl e pal.| made, fi

readi |y rdRBIROSTRE 8%%%&%% “&Hdoeﬁlr@? a"ﬁ% ﬁﬂnt‘ﬁ ET 9
Summery ofyldshe | nvention The present |nvent|on fills these needs by

provi di ng a bi odegradabl e pallet and a nethod for nanufacturing the sane.
It should be aeﬁreC|ated that the present invention can be inplenmented in
numer ous ways, mﬂendiradlgtsaareampﬂommpnlamsa@pIaluoa/teu@, i regest e’nqrs,awsom\n ce

or a nethaod, .Seve nventiyve nt s .of resent ion are
descri bed PAEFS avbﬁg Fﬁfg PES?‘? g? sRotizght by, V@HPP’G‘ﬁntﬂtlg gl yagous

bi odegr ad%@v&nﬂ@hﬂ QeI bb&hub F Qé’fofeﬁian@ﬁ’di\ésue@ i @nﬁ?or[rﬁérrt‘élo foBldnike
pal |l et body and neans to interlock the pallet body and the skid. The pallet

body and téraltylg (ﬂroal gheodismed of omaste medddaby dahdfilt emg othiet imoportatiopr asi ng
bet ween about %WZ 0 % of a.fibre m xture and, between a rT@out 15 to 45
w % df af*B Qring pAasits Pefec ccoppiEeR A0 GAMMENtSo npeSEaiBHYs s

pref er abl Xné.n‘?fs(ﬁ)uhﬂﬁg 13POUhpdLd a number of restrictions such as ISPM 15 (International
Standard for Phytosanitary Measure 15) from WHO (World Health Organization) on the

use of solid wood packaging materials.

Pallets made from plastic and metal are currently an alternative to wooden pallets.

20  However, the use of such pallets is kept to a minimum, as pallets made of plastic and
metal are more costly. Apart from higher costs, plastic and metal pallets also present a
disposal problem since plastic and metal are not biodegradable and cannot therefore be
disposed of effectively. Further, the use of recycled plastic in the manufacture of plastic
pallets is detrimental to the environment because the breakdown of plastics releases

25  noxious fumes into the atmosphere, contributing to land and water pollution.

In view of the foregoing, it is desirable to have a biodegradable pallet made from a

readily renewable resource and a method for manufacturing the same.




% More preferably, the noisture content of the noul dabl e conposition is
bet ween about 4 to 15 % Most preferably; the noisture content of the fibre
m xture is | ess than about 15 15 % Preferably, the noul dabl e conposition
fixrther conprises not nore than about 40 Wt % of an additive. The additive
may be one or nore of a group consisting of a hardener, a flow pronoter and
a noul d rel ease agent. Preferg 1 ] re conprises a plurality
of fibres and wherein each of .111’11 o Hlé) fiyhi] Hfibres is of a length of
up to about 50 mm Each of the plurality of fibres is preferably of a

t hi ckness of ufht prabalihvéhtiomfals dhéve lROGE By bRviliddh bloaesadiid bRlePhnd gt Ween
about 2:1 tﬁP%S' 1. Preferably, the fibre ﬁnzgture.élqncl ud%rg %et een g(ggut 5
to 30 wt ScHeddr glapuiseiuring ithy smeThl shpwld derfippragiatedntagt theqiresdet mpentioh a

group congi,Std il-p ibres,.beer 25 malt, sugarcane pulp, a
pl asti ci zgﬁﬁgﬂﬁg%ﬁgﬁ lrlllgl(iﬂ:;l{%g é‘tf’lltls ‘g%’('f’ 5}??'1%%3&& PGPS &t 2PHSFHPS PaBbigm. fhe

adhesi ¥e ideviee driemathed! Sevigalifsentive Mb&iR I jve | n
am no resj r] Even nore preferably, the adﬁlgfgigsgﬁipgesg %%%Bﬁ?e%g%rfveﬁ
preferabl §¢°Vhe 2 adhesive is one of a group consisting of melan ne

f ormal dehyde and nel am ne urea formal dehyde. In a preferred enbodi nent, the
pal |l et body co i adrbegaring nmenber. having. a leg. ,Preferably, the

| oad- beari ng n%er aad’sfm érﬂsalgst?gnﬁegeﬂtyméf%‘ﬁ’é’flaﬁ’fo‘%‘?ér%I brodggradable; galigtness
of bet weecomrisitty & ptiliet boty) a Reiafts ralforce HaaIB RS Iﬂﬁang%“?]%rlét,dﬁcéhgdes a
pl urallt\;ll\aﬁ ribs, each rib conprising an open channel having a tapering
channel et hady prd thesikithe dhe palletvleody aidathe skidgire mduldxel fiears albolible to 12
degre ( e jcular to.th urface of | oad-bearing nmenber 18. The
eg 2 or syanRoR iRRREIE SeecrCinanl a0 s RE St B ot o anicisel and kevregn
menber. lsboit &5 & by % biveh ddBesiteaper s i nwards towards a base and is
designed to have a draft angle of between about 1 | to 12 from

per pendi cul ar to the surface of |oad-bearing nmenber I 8 and a m ni num
vertical hei ghf* TBeistdsoeRntas ofithe mauldale ebrmpositibreistpoeferablytiessahdd ibodt Dol € i S

f bl i he base. The bl.i.nd haql i f er abl desi dt
e PG ERBR, WemBRESs ool O IRl o e bt et e
surface of td Dfbk befast preferBRD e M@stuly &rfn?ernggf h ﬁ?ré!c tfdrefid ilpées?cg 11 %oo%? jored

where the |eg neets the |oad-bearing nenmber. R Ini1s Sre rovi ded
arount? a Periphery of the | oad-bearing member. In a preferred enbodi nent,

the skid conprises a framework fornmed froma plurality of ties. A second
fillet is pref f d a junctio ere the plurality of 20 ties is
joined. Pref er};i%fép%b}s% ﬁgés P@%%’lﬁc 8§%13n%&amﬁgsq§|rw@ mase thansbaut 4 t o

the bl i ndvhel fian dddeivensehefadtiide g bd o Rrl MErGF & ABLETLAGLR. fe
pr ot r udi q%rc%!gug. A circunferential di'nmension of the protr di ng prFug Ts
I

pref erab exnedle wapremotay 206 ammuldrelase agent.ar ger than a circunferenti al
di nension of the blind hole, so that an interference fit secures the skid

to the pallet force is applied to interlock the blind hole and
25 the protr gcfit}%%}%%g{é %rr%&é’?tﬁﬁ (if’mfﬁ%‘és fbglﬁf bovidpre ang whereis spdhfdhe 0 have
a drabt ghghlityadf fibres is of a length of up to about 50 mm. Each of the plurality of fibres is

preferably of a thickness of up to about 2 mm and a length to a thickness ratio of between
about 2:1 to 25:1.

Preferably, the fibre mixture includes between about 5 to 30 wt % of an oil palm
fibre. The fibre mixture may include one of a group consisting of oil palm fibres, beer

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

Preferably, the adhesive is a thermosetting resin. More preferably, the adhesive is

an amino resin. Even more preferably, the adhesive is a melamine. Most preferably, the




| ess than about 0.5 from perpendicular to a surface of skid 14. In a
preferred enbodi nent, the pallet is designed to have at |east about 60 %
‘top deck coverage and at | east about 35 % bottom deck coverage. 3 Anot her
enbodi mrent of the present invention provides a nethod to forma high
strength noul ded product. The nethod begi ns by preparing a noul dabl e

conposi t i ghesivn @ oBe!lottabkeouposmeiiiig Of Bk SBEMNSINEE An@ INIIMAL 1iréa 60 W
% of a fibre mxture and between about 15 to 45 w % of an adhesive. A
nmoul d cavictgaliighydleaded with the 5 nmoul dabl e conposition up to about 90 % of
the capacity of the nould cavity before applying a packing pressure of

ol car ance of - 1t habretid gl o SR S RPRRR A\ Blropil HeRfL " "

noul d parkavihgfa leg.NBroféigblyne thaddeéhiing MBMbEr 16 & bkt Fcdistaht oVl waipl ded
product is renmoved fromthe nould cavi t}\_/ when the noul dabl e conposition is
R

1o subPst atfickegss pf bgiwegn abpet pitedsnme Pretepabds, shalsiag-beping mamberr inglugesrd od

of bet wee t to 60Q.s. Preferabl the.first noul.d rt .and the second
moul o part AR offibe ok B tarbSE R hdt ctitel etk adirite B30 59 T80
More prefd@kighed/to Rdve af draf indl® Bt BetRBér aticht BRb b AefiRes @Y fidm! RAPSLRLIAF € Of
about 20 C higher than a tenperature of second nould 15 part. The

pr edet er ribp seriase @hlcaddwating memwberti®e first nould part and the second noul d
part is preferably increased to about 10 mm when the noul dabl e conposition

is about 90 c . ded oduct is preferably. c ressed to, a

dosi red t hi cknbaen sraithy Bwld 8¢ B Eopiale RGiesia bt ob oa g mrbdo y

i ronem byPrefedbly, figk foh @atk ERGATTToRARsG 1RRE aRE R RSLNEEHD K6 afdri® bndlPYFd part
and the second nould part to between about 0.05 to 0.3 nmfor between about
15 to 60 betwengbenibl ip, 12°Heommperpenditudardo tposirfatcoof loatbeating nremibend® end han

about 40 wt. % of an. additive. The_additive nmay be one of a group consisting
of a har dengiT™E Y H%&%‘ﬁﬁf@%%m a noul d rel ease agent. Preferably, a
noi sture content of the noul dable conposition is |ess than about 20 % Mbre

preferably, a 1ui plefiRdC@ioldiientla bl H&yhsd?x?ét&amﬁgﬁﬁﬁieﬁi&ﬁhk%a@t PREN
about 4 to 15 % A noisture content of the fibre mxture is preferably |ess

t han aboutlindshalg is prefarably fdesigeethiix thave apdrefiearmgtd pf desspthis ebowt PbUfmim ty of
fibres, each of th lural ity of fibres havi a length of up to about 50
mm and a R%ﬁ?eélalr%f@%%o eﬁﬁl%fcc? oiﬁ%&fbeﬁnﬂgﬁne@sﬁ?&gabl y, each of the plurality

of fibres is of a length to a thickness ratio of between about 2:1 to 25:1.
The fibre nm xtRieRradlye sttt isTohmdewh&e iMERE nBRAULe Rall BeRthdthedBQl A

fin is preferably provided around a periphery of the load-bearing member.

In a preferred embodiment, the skid comprises a framework formed from a

plurality of ties. A second fillet is preferably formed at a junction where the plurality of

20  ties is joined. Preferably, the skid includes a protruding plug corresponding to the blind

hole in the base of the leg. The blind hole interlocks the protruding plug. A

circumferential dimension of the protruding plug is preferably between about 0.05 mm to

0.1 mm larger than a circumferential dimension of the blind hole, so that an interference fit

secures the skid to the pallet body when a force is applied to interlock the blind hole and

25  the protruding plug. Preferably, the protruding plug is designed to have a draft angle of
less than about 0.5° from perpendicular to a surface of skid 14.

In a preferred embodiment, the pallet is designed to have at least about 60 % top

deck coverage and at least about 35 % bottom deck coverage.




5 an oil palmfibre. Preferably, the fibre m xture includes one of a group
consisting of oil palmfibres, beer malt, sugarcane pulp, a plasticizer, a
t ougheni ng agent and an inpact nodifier. The adhesive is preferably a
thernosetting resin. Mire preferably, the adhesive is an amno resin. 1lo
Preferably, the adhesive includes nelam ne. The adhesive may be one of a

group consi st iuptigh d¥loaihdie o?%wpﬂegéﬁm%nﬁmpfmaftc%manﬁgtﬁé&@o e hgighyde.

The noul dabl e conmposition is preferably prepare y wei ghi ng each conponent
of the notrengthineowdadpproiduétonTha diethiodulzdging Yyeprepaingoainionidablecauipositinponent
of the | dabl omposition in a mxer to forma substantially honogeneous
and wel | - d{l%‘&gﬁbge Er%ﬂ??fgmnecw{ﬁS@fqWSFﬂ f‘b?“éf r%’bg Wteé@% alaéb(ﬁ%i“ﬂ“&@rrppnept
of the muhidRRI&CRBROTS kh OB b o@ BT NARksVE 2ASRERILallly R obRd" QYR | 1 aui d
m xture, which is preferably sprayed into the mxer. The mxer Is

pr ef esablmouldebleat@upaition uptorabepedd %6 fofabe whpey rqfinthe |moylé tcavinobéfore

enbodi nent of the invention, a thod tqo forma moul ded product i

pr ovi ded.ap?ﬁ@gnﬁt %E“%e@quigﬁﬁy‘)t{rg%eﬁ@ aj’c’l’,“é\ﬁ3§yt%f879 RButy the oo ‘f"ﬂ?ul dabl e
20 coMOShhin8hiti&® "N Hi%l 0 0 %0 bLEiigtr e and
bet ween abogtggtllgl?to E%H%g%lﬁgg\gﬁ&a eésg?/eg&eéf]h%b%gggitlt%) (if)g oa%dg%] up to about
90% of t fetwerparifitsy méuld lpartcdafining, thehaowldfdasity ahdhe sseuhdl nisildghitvalled so as

to apply a packing pressure in the range 435 to 870 psi. to the noul dabl e
conposi t if'bfﬂﬂ‘_?ﬁﬁiei’r@ Bt 1 repppeed @n\%wf’%wtﬁ@eartb% meigablyirompoesitien it

Y3POUp Yl Tl SRS TEphRE RIS/ lE A7 HBARY oA 30 o
t hereby p0sssure in the conposition, whereby to produce a noul ded product
havi ng predeterm ned density and strength. The noul ded product is renoved

fromthe noul d. cavi when the noul dabl e conmposition is substantially
cured. Prefer gﬁ?@fabiyyhéhq/g{% mauld, pars; adqthe secanid mguld; prit arepmaigtained At fed

cl earanc i f ach 4| dabl e
compos { 1onP RN of be/eER ARG K RPIATCOT MAP diaafly” SRl e pi
conposi t imaintained ke a teupetatuee HL At 20i I highevibpi artehpasrirebf saosd uivald/ apour
for a predeterm ned period. The noisture vapour content is preferably

cont r'dl | #8% 0 generate bubbles of the 5 vapour in the noul dabl e conposition
and thereby produce a porous noul ded product of predeterm ned density.

O her aspects SR | L i omthe
foll ow ng det z;ﬁq{éggé%\éscrl pt‘;ﬁggﬁ%ncrtea %&}ﬁﬁtﬂ%'gg#%u{lél ggﬁ\%aﬂgﬁhfg%%{é%%)#%%nyi ng
dr awi ngs paitlib pedferalbli igpréugedvey atafut 42 amlvehel ke pouliablplcempoditibhi aboiredt i on.

10 6 Brief Description of the Drawi ngs The present invention will be
readily (A §8%eet ood by the followi ng detailed description in conjunction
with the acconpanying drawings. To facilitate this description, like
reference nu I i 1 - . [

1 ust ratos o perande AOBIE i pfrihyf Hihitbakd ) £URMLE tidalch S drfuce
embodioentf thé mdiddqdr podott isnpreferdbdn irohed) by eredudind Hsd prUeSmaingd clearinyd ew of
a pallet body in accordance with one enbodi nent of the present invention.

Fi gure 3 heW%ttF%lg@E mguldpartand thy seqpmd inayd pars kg betrisemabat 8036 O ¥ one 1o
enbodi ment, Qfiwk ab%&?f?ﬂ;t% Qventi on. Figure 4 illustrates a cross-sectional
view of an i1nterlocking neans in accordance with one enbodi nent of the
present invention. Figure 5is a flowchart illustrating a nmethod to
prepar e a noulRiefbtablyc drposildibdncdanpaition isiudes nvd thbrehen §58u04d0 MR oddn t he

present i r(]v_e_nti on. .. ..
additive. The additive may be one of a group consisting of a hardener, a flow promoter

25  and a mould release agent.

Preferably, a moisture content of the mouldable composition is less than about 20
%. More preferably, a moisture content of the mouldable composition is between about 4

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



15 Figure 6 is a flow chart illustrating a nmethod to prepare a fibre

m xture in accordance with one enbodi nent of the present invention. Figure
7 illustrates a press to forma noul ded product in accordance with one
enbodi ment of the present invention. Figure 8 illustrates an enl arged view
of a nmould cavity and a nould plunger during 20 the formation of a noul ded
product in accThe&baemidhird pRstarasl pARAL - efchl ' Jpigure
9A il lustrates a cross- sectpi onal m\%lggl'\?vﬁ%‘g aalﬂﬁrgjh ct%ﬁéshg%:ﬁgﬁs%ﬂé@ﬂ?eosﬂt in
accor danc8bigs thavagim dingthhof op tohabopt 66entn amlv e rthickiess fof gipr © duk 12 mst r at es
a Cross-s ' | _view of an .ejection mechanismin gperation 25 in

accor dancg%vf\,iér?lﬂie%%aqv}‘r@ﬁtpﬁg?ht{’ H’g Fssie it & IS ttp gnthicknesspatio of begvaen a

fl ow char tbdutl2ustd asinarR 1 oduct -i.n.accqrdance
wi th one enbodi nent of theﬁ%éf tei%glrlllte .‘%@gﬁf’g@%%@‘ﬁg‘{“a%%% E%ggrvﬁpf’io n of
the Pré&f e? 6l pelm SlticrePreterably)i thel figreaniadnire ipdiidestonand aderoB bekistigg of oil

manuf act ugé@g trhe sarreg@iatr e‘ﬁ&lrrovi deg}.9 Iri the follow ng description, nunerous
specific He A fTres, Hegt Daft. Fegargang pu deblattisizer, gy tayeheninehegest ghd emdopatandi ng
of the pragpdifferi Nvention. It will be understood, however, to one 5 skilled
in the art, that the present invention rmay be practised w thout some or all
of these specific details. In other instances, well known process

oper ations hav&hhadhepzeds prefecabithe thermosketing fesinn Modairefeniblyl thelianagRssari |y
obscure theiupresent invention. Figure 1 illustrates a perspective view of a
bi odegr adabF€"Baf¥®t 10 in accordance with one embodi ment of the present
invention. Pallet 10 conprises a pallet body 12 that is 10 rei nforced when
coupl edl to an Pickagiiplhe agikd ' r Q- 16. id 14
enhances the rigidity and§ﬂsﬁs§g%ﬁl%sg%ldﬁlg}j?e{m§§hlg%yg§ggr]¥?b&% a1 #8PP10 to
t he speci fansstinpasmelainme!fatredddhpde areitraclamaine hadadbimgdegpt.i cat i ons usi ng
various types of conveyor systens such as, for exanple, forklifts,

notori zed pal lfl}ne }'nacllas%and manual. pal l et jacks. Pallet body 12 conprises a
substantial Iy planar of 05§ HRAT S ably pgengredipyaweighipg ofponery of0 at a
centre S, theagukiahlaetodpskitthnM9RAl a - . en L.and each.width W
of | oad-beari nu menbe?__ 8_1t(§l provP%%lysbgg% ?:t%)%mfr}g%pg&%%tco on ngf\#gf’ess,
idt Wllfi_.; b’@‘lﬂdé %@D@peﬂgﬂdﬂ?ﬂrﬁa Enixesa? fotfr? arsdbsmma]!lﬁ {hﬁhbgéﬂéoﬁ@?@@%ﬂicbﬁkii o
ependi n may be ated.at only some o ese positions or at other
posi t 1 ongmg'glg?bg%ﬁgﬂé%s?tf%oﬁr@%‘g’l‘ > £8ch liqwidisrraponsgt pfcthe arouidablesspnipasiton
subst ant iiglcbibmeMsh anRk ; tl € of .bet.ween. 20 about 3 to 5
il limetres (). Eac h"‘?%"S‘ﬁ%%" fO\éﬁbg‘ranlg%ﬂégg’ga%%W&{@e‘s 35‘%?%@%’ Sy, mto

| oad- bearthagixrenfbe migy impreferabhgopdistedans idier Hbedat 431620 W ch reduces
space requirenents and i nproves cube utilization in transportation and
contributes to a reduction in the

storage. Additj onal | hol.| ow | eg .20

wei ght of pal |f&ye§6mﬁhg WOBW%W Oééﬁlm’?“ﬁw&na methed fa deriea aravbded peoduct | eg 25
20 may hayeraviddd. | drielathol bdbidehe1ENE o. FLaure 2 where.a bott vi ew of
pal | et bod?/) 12 is illust Fat edé}gingls gfé%%n%ecawt?h()fﬁanén%%o f%ﬂn‘[ﬂmﬂ}ﬁéﬂlﬁe
presel¥t igewpesition cosgcbing egtwént shoat 40itoVEr d5% MR ITISe MikARLamPbethaBEr | N

of leg 20,facjlitates . the r val of pallet 10 froma nould and the
separ at i it o'(aSTf 1#5’5@ W?’ﬁglap &%‘VA Hihe savityos doagdad up tgploarit §6% ofithbegmci® of
l'€g 20. f the cavity. Thereafter, the mould is activated so as to apply a packing pressure in the

range 435 to 870 psi to the mouldable composition therein. A moisture vapour vent is
provided. The moisture vapour vent is responmsive to pressure in the mouldable
25  composition and set to provide a predetermined control of moisture vapour content and
thereby pressure in the composition, whereby to produce a moulded product having
predetermined density and strength. The moulded product 1s removed from the mould

cavity when the mouldable composition is substantially cured.

Preferably, the vent is provided by maintaining a predetermined clearance between




Leg 20 is designed to have a mninumvertical height of about 95 mmto
accommodat e various types of |ifting equipnment such as, for exanple,
forklifts, notorized pallet jacks and manual pallet jacks. A first fillet
26 is forned where |l eg 20 neets | oad-bearing nenber 18. First fillet 5 26
reduces the tendency for the formation of cracks where | eg 20 and

| 0ad- bear iresgectiveyeirts 1EF @6 emiulil NRIfhceR Mo BbMAMIE Gt maRglerring
back to Figure 1, a plurality ofﬂ$ibs 38 ?s progﬁg@%k%%"lggg¥géégﬁﬁ “nmenber
18 to str &HRUEHY paribded bothe mouldabde hompdxsiti: maip michis tarnPRERE PaRaal 30
to allowt i f.pall.ets in order, to reduce space requirenents and
to inprovéagﬁggﬁ%gﬁﬁggwﬂgﬁ?ﬁgﬁiFﬁ&F?EH@$BFF3§ion and storage. Hollow ribs
28 contribute to a reduction in the weight of pallet 10, as well as a
reduction in nihemididiu@nehpbio B&RENt S b GBak ubliaC e QRen
channel 30 has a tapering channel maﬁ? tg'?Z%?T??%%Eﬁéﬁghﬁéﬁg@§z %ﬁﬁgallet
10 frofn aVFRSYr i Hiedmewdatle pempesiton wfd thesby prodaat bglosous| olded@plogndals ve
enbodi nmen i.h. - . have a solid core. The layout of the plurality of

ri bs 28 iFFﬂ§%$g§§%H$%n¥his enbodi nent 15 is nerely exenplary; it wll be
appreci ated that there are numerous possible |ayouts for the plurality of
ribs 28. Rib 28thes dipsitgacd aianbdés of theRVenfbn ifi" f - het ween
about 6 tP 12 degrees é) iron1perpepdicuIafntglﬁﬁgl%%@y%g@b%?ﬂ1%%%_ garing
menber 18" !gWfngcfetilosh doseription), dekanom oonjureion akitothepatdogipabiely dkaviags, ski d

14 from g I to.assist in the 20 separation of nestin al lets.
Afin 32a?gyﬁ#%§%ggggéigﬁﬁﬁmgﬁHH¥Vﬁﬁ@¥§Egp1P6§ﬁg%earing nenber 189t8

facilitate extraction of pallet body 12 froma nmould and handling of pallet
10. Fih 32 also serves to reinforce the periphery, preventing the formation
of cracks or foils when pallet 10 is dropped. z5 Essentially, fin 32 and
the plurality of ribs 28 inpart tensile and conpressive strength to pallet
body 12, enabling pallet 10 to withstand any inpact wi th mninmum defl ection
during | oadi ng, stacking and warehousing, and also when in transit. 10
Figure 3 illustrates a perspective view of skid 14 in accordance wi th one
enbodi nent of the present invention. Skid 14 conprises a framework forned
froma plurality of ties 34. A second fillet 36 is forned at a junction
where at least two ties 34 neet. Second fillet 36 reduces the tendency for
the formation of cracks at junctions where 5 ties 34 are joined, and
reinforces skid 14. Skid 14 includes a plurality of protruding plugs 38.
Each protruding plug 38 corresponds to blind hole 24 in base 22 of leg 20
illustrated in Figure 2. Pallet 10 is designed to have at |east about 60 %
top deck coverage to provide adequate support for an object that is |oaded
on pallet 10 and at |east about 35 % bottom 1o deck coverage to ensure
stability of pallet 10. Mnimumanti-skid requirenents are nmet with a top
deck coverage of at |east about 60 % and a bottom deck coverage of at |east
about 35 % Top deck coverage is defined as the surface area of

| oad- beari ng nmenber 18 expressed as a percentage of the total surface area
of pallet 10, which is calculated by multiplying length L and wi dth W of
pall et 10. Bottom deck coverage is defined as the 15 total surface area of
bases 22 on legs 20 or the surface area of skid 14, depending on whet her
skid 14 is attached to pallet body 12, expressed as a percentage of the
total surface area of pallet 10. Figure 4 illustrates a cross-sectiona
view of interlocking neans 16 in accordance with one enbodi nent of the
present invention. Interlocking neans 16 couples blind hole 20 24 in base
22 of leg 20 to protruding plug 38. The circuxnferential dinmension of
protruding plug 38 is between about 0.05 to 0.1 mm | arger than that of
blind hole 24 to achieve an interference fit, that is, a fit in which two
tol eranced mating parts will always interfere when assenbl ed because one
part is larger than the other. The interference fit secures skid 14 to
pal |l et body 12 when a force is applied to interlock skid 14 and pallet 25
body 12. Each leg 20, blind hole 24 and protruding plug 38 is designed to
have a taper or a draft angle D,eg, Dbh"abn, D~tr"a;"gPng of between about
11 to 12, less than about 0.5 and | ess than about 0.5, respectively, from
per pendi cul ar to the surface of |oad-bearing nenber 18 or skid 14 to
facilitate the ejection or renoval of pallet body 12 or skid 14 30 froma
moul d and al so to assist in the separdtion of nesting pallets. 11  The
pal l et may be manufactured by a thernoform ng process such as that
described nore fully in a co-pending patent application titled "Method to
Form a Hi gh Strength Mul ded Product™ incorporated herein by reference. A
nmoul ded product




consisting of either the pallet body or the skid nay be constructed of a
nmoul dabl e 5 conposition conprising between about 40 to 60 percentage by
weight (Wt % of a fibre m xture and between about 15 to 45 w % of an
adhesi ve. The noul dabl e conposition may include not nore than about 40 wt %
of an additive. The noisture content of the noul dabl e conposition is
preferably | ess than about more preferably between about 4 to 15 % A
hi gher noi sture content dOXk piptioncehthe Drawings of t he adhesive in the
noul dabl e conposition. Hence, a |longer processing tinme is required to cure
a noul dabl e co Liion-with higher noisture content. Further, in keeping

t he moisture cg}rg??rl{%gegﬁ‘ I?‘f?gﬁ%ﬁ%ﬂab‘? ere%‘ﬁéfpﬂg‘?eﬁti%ﬁ’ffﬂﬂ Iﬂ@s@l[‘}w‘é‘f’g dlstaited 2004
the need H@eripidnintcbsiun@Rstwieh tHe &ﬁﬁﬁ% ; ' ' e
noul ded pr_odul?:tt to prﬁ'levent fungug&g]@gwt |s&%§%§£\?\2@h%§9gﬁ%&rﬁsi ng

t he nunbelikersfesence nowmeratsi degignate fike struntumbelémiens. pr oduct may be produced at a
| ower cost and in a shorter production cycle tinme. As noisture is inherent
in the, fibre m.: r ossibly in the adhesive and addifive as well,

addi tieson of wa @l i ZI\ ﬁf(‘;l?trﬁ Y PS‘%PGGPP{E oV sPlure? l?ﬁtléni‘CCBTdtan’e withy oge

m xt ure i emiprdhedtaskhe presst hbaiopbout 15% Rather, the noisture content of
t he noul dabl e 20 conposition nay be reduced by addi ng between about 10 to

20wt % of a co-solvent with a |ower boiling point than water, such as, for
exanpl e, al condeureTRdllpstrtes aibotione viry of cmprileebadyoih weskdante ovittbwhé di ng

CO”Str“Ctérgt?bdgﬁ%ﬁ%fﬁié{ﬂ%ﬁteu{ﬁg?&{SEd wooden pal l ets and sawdust, and/or

agricul tur hor Wiste such as, for exanpl e, | eaves, stens
and branches. Fibres fromwood waste and 25 agricultural and horticul tural
wast e are readFibyreagaillusiedtes af pRrdpBMiveOSlewddd i NGl g&o&c@ﬁgg@t bGith@Rfle
thermal insul ation properties to the noul ded product. |In addition, such
fibre¥ al¥rbadynens of theimressatigventionhe noul ded product, making it resistant to
def ormati on when subjected to stresses. Fibres with a length of up to about

50 mm a thic 0 Qut 2. and | 2 | ength to.thickpness ratio
of between abgﬂgﬁg :Lp{uu%tgaté%? %Ibog?'gecgﬂpg%]]evf?‘%&?a%é‘gﬁr&fé%‘ HBe4P8 it AePnsRiuct
derives iwsh ste enigidimért@MtidiRedenbm@ent®ad not the bonding provided by the
adhesive, the use of a longer fibre is preferred even though | onger fibres
provide | ess surface area for bonding. Accordingly, a smaller quantity of

adhesive is r JEHESds\itaw by dlustratingessmathed 3o peepdrd o nookiabie wodmbkition
conposi ti; g to 30 % of .an oil palmfibre may be
i ncl uded 1?r’ﬁ}.ﬁﬂ?@iﬂ}é’?%{ﬁ&%&?)‘%bﬁ%&}eﬁ?fﬂtﬁ% BESEIREM st i city and ductility of

t he noul ded product, nmaking the noul ded product less brittle. However, a
hi ghets cont ent Fighreo| ispalflovf ichire iniyrafifsl UCRctHdl &t pRPaeNa Hord hﬁx{ﬁ%ﬂiﬁed
product as oil palmfibres are generally smaller in size, typically to
havi ng a CERfgrIFeatitn gnerenbodimant SHtherpresent invanbiookness of between about 0. 3
to |l mm Accordingly, the conposition of oil palmfibre in the fibre

m xture may begs; [ [ t desi r rties of the noul ded
product. The gg%%@ﬁmg@g{ﬂ ﬂggﬁsn%%ffogl?‘ea %sougil%gﬁ?)‘?"g'?é’? F&‘ﬂ“&é’é’ﬁd’?g’ 8% palm
fibre hasnbodinmmi of the @rezemtievdntiond contains |ignin, which is a good

di spersing agent and serves as a 15 binder when subjected to pressure. The
oil palmfi brfﬁié:la%/ gﬁ}gpbt ained fromvarious parts of an oil pal msuch as,
for exanple, r¢ 8 iiystrates gp qalarged vigw,pf a moulsecapisy and @ moukiploiger datimg ar e
usualspy j : : t. inventiaon provide wa reduce

wast age g%@dh?%a%gfgpﬁgs%égﬁﬁfé@ﬁﬁén? ﬁ%@f“ﬁ"ﬁt‘?’l OB%G@B&HV“{H%%GHFPW& ation
of the oithvepadm 20 Apart frombeing low in cost, oil palin fibres are
readily avail abl e t hroughout the

Figure 9A illustrates a cross-sectional view of an ejection mechanism at rest in

accordance with embodiment of the present invention.

Figure 9B illustrates a cross-sectional view of an ejection mechanism in operation

25 in accordance with embodiment of the present invention.




year in various sizes. A though | ess preferred, alternatives, such as, for
exanpl e, beer malt and sugarcane pulp or a chem cal such as a plasticizer,
a tougheni ng agent or an inpact nodifier, may be enployed in place of oi
palin fibres to inprove the ductility and elasticity 25 of the noul ded
product. The adhesive is preferably a thernosetting resin such as, for
exanpl e, an afFiguge rnesikmn flaw epexilustesing, a artiadd 1 fomr eshouldal plodod! inc

resin, a polyimde, silicone, a polyester, a_polyaromatic or a furan Mre
pref er ab|a990r5%e&@ﬁhé§w@bpémwﬁt ppresyifyvepidhuse such 13 resins bl end
well with the fibre mxture to forma honogeneous m xture and result in the
formation of a noul ded product that is resistant to heat, stress and

chem cals. Anmino resins are thernosetting plastic materials that are
produced by reacting a conpound bearing an am no group (-NHZ) such as

ani line, ethylene urea, guanam nes, nelam nes, 5 sul phonam de, thiourea and
urea with a formal dehyde. Preferably, the adhesive contains nelam ne, which
confers durability, as well as heat and water resistance, to the noul ded
product. Exanpl es of nelam ne contai ni ng adhesi ves include nel am ne

f or mal dehyde and nel am ne urea fornmal dehyde. A noul ded product fornmed with
nmel am ne urea formal dehyde will have an al nost negligi bl e anount 10 of

f or mal dehyde because during the noul di ng process, alnobst all the

formal dehyde in the amino resin vaporises, |eaving a negligible quantity of
f ormal dehyde in the noul ded product. Accordingly, the free fornmal dehyde

em ssion fromsuch a noul ded product is mniml and will therefore not pose
a health threat. The additive may include between about 0.1 to 0.4 wt % of
a hardener such as 15 anmonium chloride to accelerate the curing process of
t he adhesi ve, between about 6 to 18 wt % of a flow pronbter such as tapioca
flour to enhance the flow of the noul dabl e conposition and between about
0.2to 0.9 wm %of a nould rel ease agent, preferably, soy lecithin, to
assist in the renoval of the noul ded product froma nmould. Soy lecithin is
a preferred nould rel ease agent because it is plant-based, renewable, 20

bi odegr adabl e, does not contain any toxic additive and will not rel ease any
toxi ¢ vapours during noulding. Tables I A, 1B and 1C il lustrate exanpl es of
noul dabl e conpositions that may be used to form a biodegradable pallet in
accordance wth one enbodi nent of the present invention. 25 14 Table | A
(all amounts in w % Exanple 1Exanpl e 2Exanpl e 3Exanpl e 4Pl ant

Fi bre53. 244. 146. 249. 9Ta iota Fl our8. 78. 69. 58. 2Mel am ne Urea For nal deh

de34. 844. 741. 639. OAmmoni um Chl ori de0. 70. 90. 80. 8Soya Extract0.91.71.92. 1I'm
act Modifierl.70.00.00.0 Table 1B 5 (all amounts in W % Exanple 5Exanpl e
6Exanpl e 7Pl ant Fi bre50. 051 .752. 0Ta iota Fl our8. 68.99. 3Mel am ne Urea
For mal deh de38. 537. 737. 1Ammoni um Chl ori de0. 80. 80. 7Soya Extract 2. 10. 90. 91 m
act Modifier0.00.00.0 Table 1C (all amounts in w % Exanple 8Exanpl e

9Pl ant Agri cul tural and/or Horticultural Waste47.847.4FibreQ | Pal m

Fi bre2.14. 6Ta iota Fl our8.29. 3Mel am ne Urea Fornmal dehyde39. 037. 1Ammoni um
Chl ori de0.80.7So a Extract2.10.9Imact Mdifier0.00.0




10 Figure 5 is a flow chart illustrating a nmethod 100 to prepare a

bi odegr adabl e noul dabl e conposition in accordance with one enbodi nent of
the present invention. The noul dabl e conposition conprises about 40 to 60
percentage weight (wt % of a fibre mxture, about 15 to 45 wt % of

mel am ne urea formal dehyde, about 0.1 to 0.4 w % of 15 anmoni um

chl oride, about 6 } apioca flour and about 0.2 to 0.9 wt % of
soy |ecithin. Mt h2etaded Descaiption wfitheiRrefented Emhbodimbatsconponent s of

t he bi odegradabl e nmoul dabl e conposition individually using a gain-in-weight
principle or under,vac The conmponents of the noul dabl e conposition
are sequenti al F&Sblg%ﬁ%ﬁlﬁgg]pfgq é\nﬁ ametnod forganuiotyiingrthe kg arg poovideds 0o
seconds ( fhe follofvicNia t | Y. n l.1-cpat ed _nmouyl dabl e
conposi tion. The fi brgﬁﬁr%@f %P%ﬂeﬁigkfspgésﬂt@g%ggﬂfeo&%%% % 8FO5 49 pﬁ?‘é‘ﬁ%lé‘d f or
about 10 Sweenghsundeistapdingrofitbe preserndaiention of willaiei 0@ersfdodUhowdee, thapie0Ca
flour and l%i@%ﬁifg\ixﬁre n%'xt lﬂ’ge are bl ended 1o for about 20 s. After which, soy
| eci t hi n, 07 &121h thab the Areent mxentios mpay braprpelised avithoutsamezonadinifithese
chloride kfecgddad {0 tiaeqfil for_ another peri,od of about 300
s to achi eﬁ\?e hogrr%gﬂesgei]?yoﬁﬁﬁsé&%ngsﬂ%%ﬁ%gggnﬁrggﬁsi %‘?ﬁrat%r?é lTaiVau‘?oﬁabeen
conponent desstbdd iasletull limoideenotrie anhevesmatifaihiclae ArchradBiPRAVHRoah! ori de may be
fed into the m xer by a pneunatic actuator or a volunetric screw feeder. 15
In a preferred enbofi.[lr_lgnt, t he Iiclui d_conponents are sprayed 106 into the
m xer to coat Tigd | Hiustates, anqespeetvievion of artiodegendrlyle pafiatdpiingcawdamse t he
i quid copmpgp ! i : ndistribution, o he. l'iquid
conmponent g}[_li rr?ﬁtgrﬁlzlb%lg{lé%% I g%%%é?ﬁ%%ﬁ l%rﬁ}eg?/dramo Bst %Héﬁﬁ ﬁ?ﬂ% L?g'itpﬁb’ﬁnp or
a spr & nipifoced evhenyobpled s@dn tatadabRyskk064 biian ke tifpONPRARAB! SSKidha t he
m xer. 20 ere tglhe, Joul dabl e_,cor{posi tion includes nore than one |1quid
conponent “MARES theUeidity. g sakilityotpalietld andrasinframs polietilg te thespeaficationsr f or

about 200 i i AL ' e hbefore sprayin 06 into the m xer.
The- combi sbv il Pefle) Ao b SonR s Rt RS BT St sk |y

wi th the apfibienanplopforldfispiotdiged pAllROACKRS ndthadudPpdiBtiagiab! € conposition. 25
The use of a mxer with twn rotor shafts and overl appi ng paddles is
preferred tomr)]geg‘uc% apbj m xing time required to achi eve honogeneity of the
moul dabl e co ot PBRY dA oy risesea sabyantially glanan ipaddiwering) metbenil X evith The
creat jpn ; IoH sl r fii.ction durjng m.xin nd therefore
m ni m ses%ggqlﬁ%gj ﬁ?ro?ft%%&lﬁg%p reg%g%ﬁﬁ%rr%at Wp OT% aiong L?f‘?}hfﬁn&hih%“‘irﬁ’ﬁf‘dabl e

conposi t i witth W bhmadibetrivg, mbér 180 RoviapefBlRdiAsalR: IOt Non paséi, fiwifpet veen
about 10 to 200.revolutions per mnute (rpm, i1t is preferable to operate

the mi xerPSAPPEECHGEdPY & peraen of ordisan skilbinithmart thatilepenilme leg20 miehe loogted or ce

ti t | i i d the h ted. Hi gh sheari

For o 1ty S Bl SORRAS ok o8 BRE Botifitne Shloa gy 1 dovlod i 1§

si de doortearingsieribeg 18tmiyehsle ARMtanbAY EBsiakt lg@érahkz\iag%gil%knés%%e&%%w 600
a

mmin wdth to all Qqw an e~cient di scharge of the nou e conpositiron with
mnin r §P%@§€H%nﬁfﬁ§(m}ae provi sion of large side doors also allows
for quick inspection, fast cleaning and good access. 1o The npi sture

content of th u sition_is preferabl e t han about 20%
nore prefer ablel%/ e{egeaéeﬁnq%ggﬁg%a% 8 cl(glc%epﬂ\eﬂﬁeﬁf?é’r Y'hhﬁagf g orhst W51
cause t hallowigdea! gestagRIpatietoN whithh@¥cds peéd k& ' sl-i%{lpy

di stribute_the shearin ft_s)prce fromthe rris‘;}z)r toéaggg%lelz{thg&?i e%‘;egn(iup%r my.
Fi gure 6 Yilizaion wyiramsaertation gt sterigeg Additivhaly, h6Dow degropameitatds for &

m xture i dan it h one enbodi npnt of the present invention.
Met hod 1 ggd elalﬂ(r}fg %V%gﬁlggt o Parﬁet 16 afid Mhaterial cost.” In an altdmative embodiment, leg
25 20 may have a solid core.

With reference to Figure 2 where a bottom view of pallet body 12 is illustrated in
accordance with one embodiment of the present invention, each leg 20 tapers inwards
towards a base 22. Tapering of leg 20 facilitates the removal of pallet 10 from a mould
and the separation of nesting pallets. A blind hole 24 is provided on base 22 of leg 20.
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gquantity of wood waste, agricultural or horticultural waste is received in
a first grinder where it is ground 152 into a plurality of pieces of waste,
each piece of waste neasuring between about 10 to 80 mmin | ength and

bet ween about 2 to 20 mMmin width. The plurality of pieces of waste may be
sieved 154 wth a first wire mesh having a 20 plurality of apertures
measuring aboutLeB0ZOMi3 idosighed e Bave BRI dimh® DELRY KON E ofd
grinder for grinding 156 ?j;no a plurality of ?linbres&énfh%teg?%@a |t§r;ﬁ/ﬁot’r0
fibres, e&E§PHpp WEYS tYReg ob bfling exuipbeut sush tag B exampld) fokHls, inRbg daet ween
about 2 t : ' ¥¥! q; hen be sieved 158 with a second wire nesh
havi ng a gﬂﬁéﬁﬁ%f@o aﬁgmlﬁfégﬁsﬁeasuri ng about 50 mmin dianeter. 25 The
plurality of fibres is screened 160 for netal pieces using a netal
detector. The defiat fijpiteses fammd vHERy RY J0 A8t REIMeMiD hivb @ isl | efore
it is fed tog&t her wiwth a plurality %g oi | pal mfie%;u?s %ﬁri]f% las' tIﬁxfs?%llQ
grinder. FReCruss the dendepey formihet formation phemols ovirde 16220 nind badbegingavi ng

a length 0,mm.and a .t hickness of up to about 2 mm 1

Fol | ogvi ngﬁi\fﬁfﬁgﬁ]w?ﬁg&ﬂ%‘%?‘é“Fﬁ‘&"?’l{fF%P#L?&l’%‘iv K-eved 124 with a third wire mesh
having a plurality of apertures neasuring about 20 mmin dianmeter. Although
a single grindBefering bscketpFipyed 11 @ FILARAS Sf bt 1R Iﬂ:beﬁhb’# %n‘%%cﬁ Lhe,
desired fibre dinensions, three separate grinders are preferre Po ni m se
mat eri al BeHGAAIT #R sEprethantnaliet bodygltreFach db@Salosmprises o7 epe@Nthap@BonRg of

the grindgjy altarnative t ieving, foreign materials, oversized
particles aor%e%l ‘S&F‘?%PZ aﬁ‘n%@ Irbgﬂ,ﬁ’éi‘bgﬁﬂlcﬁg{ﬁmfg|rﬁ9mrem?§tsm§rt@ ifipke\er @ibes t hen
dr i ed10.66utilizationii SinspErtaRmt Mt stéthed CEBIHR 8 1o N8 JcB e, myxt ure
may be spread out on a cenented fl‘(g)or o% a%&s{%ﬁﬁ%&ﬁ%{‘% %(}Q{%Juﬁﬁ?/lfno €10

bet ween aBgwt af pajlep 10eascwell Fha redustion i xiaterial amy trhespOftitish &t Br pallet

spot | i ght r it Dbl ultraviglet (iJ~ light fromthe sun or a
rotary dr §%r E%\A&[ %Deg ch%@te%%ﬁ%tﬁg‘?ﬁn anel il to ﬁcﬂ@q{@thei remevatiof pellet 18my be
redi stri bfitb@ch BuCIHIGHE s@hatitioh YrHest AR | &sn i he.fLare
m xture may be anal ysed tegp det er ni ne[r?é;ﬁ?ﬁtg' Egrsa?re ?th‘%re S%(f ont b ggure
cont ent aiay Bdiegowliticore. HEfs Iagen ofithei phwrality ifirids 28 @@ hed & MidmBRiSLer age
in 15 si.lo. .The fibre. m.xture may he transported around a manufacturing
pl ant 15\?\& th rrgerfé% © ’éwl%l%lﬁv’é%ﬁ ?’e *ﬁi’fge?li‘tﬁﬁ? hatrithere are nymperays possivle Jayduts fomtht he
screw complepity 3fQitk g st orage silo using an aeromechani cal conveyor. A
press for manufacturing a noul ded product from the noul dabl e conposition is
20 illustrated in Figures 7 and 8 in accordance with one enbodi ment of the
present inventRibr28 [ designed to |Havs tr mpasona e angQ ot kerkasnMibdie gRMIgled
pr oduct i(ﬂe ?E%ggg)dt?nce Wi t(lil lglne erpéodi ment of the present invention. Press
200 conpri ges” a FFARLeRTBARUG: tyths sprface offpad-bearing member 4 8b faglitatedbé
coupl ed tegectiofi @8 QoA HreANLAHdvA f | -1qn fenmal e ul art 210 defining a
moul d cavity 211 is pr ovieﬁc%leld onyﬁzrg{%ﬁig#eﬁr?% ,‘”&ﬁialn AORASHHE Briho5 nal e
moul d?Oparsep@piorded iestimgppalletsoul d pl unger 213 is coupled to second platen
208. Plunger 206 is to nove nould plunger 213 towards and away from noul d
cavity 211. Se&%rg1 uld @?‘Et 212 may, be provided with one or nore guide
pins) 214 that" cOopeFaR"@ViFt ATXY 5 9f lepdhepiing memberskistexbilitate i r st
o e shtrdiont oF PRl AT ibrk b RS bt of 1 B 58 o scl¥eS o
reinforce the periphery, preventing the formation of cracks or foils when pallet 10 is

dropped.

25 Essentially, fin 32 and the plurality of ribs 28 impart tensile and compressive

strength to pallet body 12, enabling pallet 10 to withstand any impact with minimum

deflection during loading, stacking and warehousing, and also when in transit.
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18 Press 200 may be a mechanical press, a pneunatic press or a hydraulic
press. The use of a hydraulic press is preferred as it offers greater
control flexibility - the force applied, the direction, the speed, the
duration of pressure dwell, et cetera, may be adjusted accordingly. 5 10 To
formthe noul ded product, mould cavity 211 is first |oaded with a

bi odegr adabl e FigutedabillasEaep as ipbispectivd OviewPot Qkidd P4tin O Keddficd hcgﬁéci ty
of nould ca%&ﬁy 211, The degree to which nould cavity 211 is fi Te I'S
dependent ©BPPARent of ihe qyeseah invantian. ofkidnit nemprikes apfradercerk folmed from & he

rati o of : ight 4t € wei.ght ,of t.he _.noul.ded product. The wet
wei ght ofﬂg&lﬁ%{’fde %r’ 0 usgfénlrasﬁlpehéﬂl\%% d(é aﬂwl%mh&%‘lﬁgeisb%‘béﬁ ?dn used

to form tineetrmsiebatartillr 06 wetucesthb kéhdbits fBF the Woin@iibn OF crackOK iR QRLEt 1 s
t he wei ght of the noul ded product after curing. The conpreé3|on ratro is

pr ef erabl Yespdtafe ioinedpend reinfarcesskidt14.. A shrinkage factor of about 1%in a
transverse direction and 1.5%in a longitudinal direction is preferred. 15

20 First nould rt econd uld.part 212 ar i ntained at_a

t enperat ure of Slggtl\/z\‘e%%ﬂg ogtpﬁlffgtyt R@g“épngypl‘égsf %?'stlchﬂﬁé?rmé‘% Plugedd i ng
syst em 23resporls s6bMIChdl124 Fas®2b oPRBLONMLHYRH S FRAR 2 F €SPectively. A
thermal controller (not illustrated) is provided toregulate the
tenperature of_first nould part 210 and second nould part 212. First nould
part 210 is prialist ABis designed 4p hase 4t least: abopt pALatep dbck coverapdotprad@de

hi gh f | d 21 f h

oge e tadth STRSIALHLE oflec RSN iR pf sREH 10708 o aficriodL s 1o botBmNg (o

prevemt fdecktconarage tgarisure? BbiBHorSRAN D MREhithud® hiti-dd4d réﬁlﬁ@}dgﬁﬂr tg'% gglegue to
P .

t hermal expansion of first nould part 210 and second nou Moul d
pl unger 2¥ith pdoprdoddcavstage & atrabidabont b0 Vs 20d adiottansgeek doodraghofiit 1868t

i 117 met o / il just bef d pl 213 cont act
Toul dabl DEPES oE OB ook b letned o™ he SRk Sreaiidont baNSEmEEBAT oLt
0.5 t0 3 exptessddoasds PuRBhtasd18f ARPloABLHIS: Aba %fgauﬂél% iPRacts iRy ﬁ;gb' e

conmposi tion 216, which is undesirable as It induces Stresses I n nou
pl unger Zndtiphimsriengtel bing wishp 8% iof ipeltet 206 . Battdr dlietk soverade i§ dofindd! dsubé r at ed)

may u duce e speed at i ch nmoul d plunger 2l 3 approaches noul d
cavi 't)f; 2%?911 %grf&%ﬁ 2 Btp"fls(?ﬁ%gforl Feﬁ%\gﬁeqrv@EﬁUﬁW% ofskiddkdy 1 dspensingoet t i on
216 int o wiksthed skayilh Vs 2ddcia et u I LRLO, Nt with
noul dabl e conpositi onS 216 i gqglr)ﬁee%‘ng?gg(?yyq% n,g%ggssééu;ggg Iger];geﬁlﬁget%tg@erﬁ@ dabl e
conposi t igHace1@es ef palleel. uni form y. As noul d plunger 213 is gradually

contacted with noul dabl e conposition 216, a 5 packing pressure of between
about 435 to 0. pressyre per squar.e i nch si) is applied to noul dabl e
conposi tion Zﬁg%{ﬁé @B#W?%fi%‘ér&“(ﬁﬁcpﬂ’&lpw %W‘?ﬂcﬁb‘nﬁﬁ'&@%éﬁ ipaggerdagee

Pr essur e viith O &mBsiAen I piodtH 3R GbY | BRGIANiNECAN 6 ABERY AUl d

cavity 211 and the vol une of noul dabl e conpositi cawft‘y 211.
Moverdént 28f invbesed2p| afnlpgr 20 16 prowwadids phu|38. ¢ Ahict gircAtteremns aimwhiesh af 10

predeterm ned..cl ear ance.of between apout 0.1 to 0.5 mmis |eft between
first nmﬂr%"b“é?% P@%g”%dﬁ&’ew&ﬁ oo iPy t Arly mam argeshas thathef blind ot 2910 | s
hel d at taohisvd @ idtérRierdcft P@LIEER F&g%cﬁ%(}oﬁagan%e& %aﬁhé PR o g@v%';rse

conposition 216 to cure substantia
interfere when assembled because one part is larger than the other. The interference fit

secures skid 14 to pallet body 12 when a force is applied to interlock skid 14 and pallet
25 body 12.

Each leg 20, blind hole 24 and protruding plug 38 is designed to have a taper or a
draft angle D, Dhiind hote, Dprotruding ptug OF between about 11 to 12°, less than about 0.5° and
less than about 0.5°, respectively, from perpendicular to the surface of load-bearing
member 18 or skid 14 to facilitate the ejection or removal of paliet body 12 or skid 14

30 from a mould and also to assist in the separation of nesting pallets.
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Heat fromfirst nmould part 210 and second nould part 212 causes noisture in
noul dabl e conposition 216 to vaporise, resulting in an expansi on of

noul dabl e 15 conposition 216. The pressure applied to and the expansi on of
nmoul dabl e conposition 216 causes it to fill a space in nmould cavity 211
between first nould part 210 and second nould part 212. Misture in the

form of water Tpalleti Say checanadfativial Gh &hﬁerﬂ{(ﬂ’&%ﬁ% ?r&&@s SR rANERt
bet ween first nould Il;?1art_ 210 and second noul d part . As the tenperature

of noul datserted e il 2 vo-pending nstent applisatiom s8ed EMethogOtonarinda Bligh
conposi ti g2

6 ' It ihcreasing the viscosity of | dabl e
conposi ti'on 2 o.ﬂi@?%é&fé’} (gdul%t]l 3‘%9@5(%%@%?”3%"& {f?é-l?fe%eew %fm?‘?laé)‘{j Pﬁ%ﬁfﬁ part
210 and sensisthgreplethgatie pdiRkt deay ng tHaeski® Bt bORoMtnicha sPY! Asddmioduct
in accordance with one enbodi nent” of the presént invention. A predeterm ned

cl ear &nc COMPOpitiga CRBPFSIAG betwesn Bbows 49 ® Ghrpérser@igentni weighneet B ofedibrd i r st

nmoul d part. secon rt ,212, farm.ng vent. 21 8. Becayse an
exterior rgulﬁ?l.?r gggt@?)g&yvee nfg%qu#g %’o%fa&ﬁ%é’%@&rf’@éﬁ‘fq oﬂhezﬁ'@% EiCoREOHER
direct!y shapititilé aét el tBanPdoht 200t 906 sec@Rfemoul d part 212, exterior
surface layer 220 is of a higher tenperature than the rest of noul dabl e
conposition 216 and cures at a faster 20 rate, formng a skin 222 around

noul dabl e conpbi mpisre centegkofithe 200uddable eranpasisiohds poaferable dess ity dbeat

t 1SS fifkst | d t 210 . | d t 212 t
oa b 28 HOE deefsbo RetbiteR Ahde iy 590 o ac BRRe ROt St dbiuinaht 218
becones awabd@Rton BF B1eCiHthbHE: 1 thd ndufdBRSG@nRosifiBh € AP %L{Bn%ééﬁg&lgegéiﬁggl Yy

the pressure in noul dabl e conposition 216 increases as noi s

moul dabl direpspedied oo opred mapdibleasnimsttion svithriagliee nicsteecapent. The t r apped
wat er vapour fornms a plurality of vapour pockets 224 in noul dabl e
conposition 2 2cjpitating the formati of orous structure 226

wi thin noul da]bPIQI gt hfg:%?r&pié eipﬂgoth? g‘_‘fég.turf(foﬁéﬁtt Ofﬁgggl glﬁé’ﬂm&’ﬁ%ﬁ%"sﬁ%]ﬁ%s tB_?*n wat er
vapour f rabautrodsdaid Qe 6108 ifhitRd Hokb chﬁngagﬁ&:e&r &Y FOh&HE moffHb t g the! 20
increase in the tenperature of noul dabl e Tonposition 216. The size of the
pl ur al i t yneldegdoproduct o prevest Dagusi growthais densiwiy withi Bymeiaisesing tHeh@mber

t enperat ure_of noul dabl.e conposition 216. Wien first nould part 210 and
secont PSR S5 R S HBSh Arp R 1 e oo B I9FES S PBRTSRRRSTT e
quant ity @bdibbbs tydl&tiBl ch vaporises is reduced and fewer vapour pockets
are formed. Correspondingly, a noul ded product with a higher density is
produced. Conversely, higher tenperatures of first nould part 210 and
second noul d p mopturevis | thharerg uint thie rfitcd enikowrerand qrossibly sinntha | adidekipy actlict

with a | ower. density. ,H .gher. tenperatures of fjirst nmould part 210 and
second nourd Har tweﬁfdgllngg (gow‘?tglglfc’éOttq’?@ulﬁdodE@Fi‘B?iStt-‘Ten‘éOI?t@F of the dibered

product . oieMeY RIprefeRBREEALHAE SR 8854 F tﬂ&?t}ét}ﬂéigtuf@&b%ﬁ%?tﬁéﬂﬁ&ﬁhéb%b' e as
such high temperatures will burn the fibres in nou dabl e conpositron 216
and \8porcogwositon max he odductkbyaddagibdwieen shout dabd 20 009 0f b cbBlvahtGyith

resul ti n%li n th .formatt'bon of a ul ded product that is too dry. Therefore,
the tenp rg‘fvﬁrr%@"@qunil it %“Wﬁ‘i?f»c?“gg% U FSUERE. deR9hd moul d part 212 are 25
preferably maintai ned between about 110 to | 80C. Experinents have shown
that when The fibre mixture may comprise wood waste from building construction, used

-y

furniture, used wooden pallets and sawdust, and/or agricultural and horticultural waste
such as, for example, leaves, stems and branches. Fibres from wood waste and
25  agricultural and horticultural waste are readily available at a low cost and give good
acoustic and thermal insulation properties to the moulded product. In addition, such fibres

also confer stiffness to the moulded product, making it resistant to deformation when

subjected to stresses.
Fibres with a length of up to about 50 mm, a thickness of up to about 2 mm and a
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the tenperatures of first nould part 210 and second nould part 212 are
within such a range, the tenperature of noul dabl e conposition 216 is

bet ween about 100 to 160 C. By controlling the distribution of heat within
noul dabl e conposition 216, vaporisation of noisture from noul dabl e
conposition 216 may be controlled to ensure an even 21 di stribution of
the pl unglgiit 4 tafckiesw eatio gRbelsesen aBadt 2 t2511 poy prefersdr Becansethezeouldeds or m a

nmoul ded product with uniformdensjty. en_the pressure .i.n nmoul.dabl e
conposiEmmhwﬂd@“@ﬁ@éé§§M¥héﬁﬁkﬁ@ﬁW§%aﬁygggﬁﬁzpn&ﬁ%pH&@ﬁﬂgpgﬁg?@ﬂggﬁt 218
ruptures, allow.ng exces oL Bvideadse burficy aratisr f rom
moul dabltBe B%?rfg&s}f’%%ﬁB%fgpﬁ%eg}géﬁF%g %%hﬂe@gﬁr' ng of the adhesive to
escape typngigh H&Birdiﬂglf,,a sslleg iquantith of pdiesserie réquinnd whea bonger Esd 8a i on
216. Clearance Cis calculated to allow the rel ease of water vapour during

t he roulwehip the owekisblevgppesifielint ai ni ng sufficient pressure to fill the
space in nould cavity 211 between first nmould part 210 and second nould

22 ot SRR LTS, 6 IS e o sk

second noul d Srze of vent pressure in and
t enper at yiureftoMgtedab ki eRBRAS inddudily afdtht heowded peodict, emeleng theul dabl e

conposition 216 di scharged may be controlled. Fqr_exanple, a |lar

cl ggr ancmodided P@dsctdgﬁé)%iﬁﬁ%-eﬁ%waﬁ%u?‘ higher ¢auiAnY &g re pﬂlﬂﬂ%@ﬁ ir?qyJﬁ3?'%eté% cape,
resulting in,a wer ssur e bui ld- j : and the
f or mat i o%re gtha(’tjr?gﬁ |“b°é‘3‘{e§rp686‘é°tt a\gvi tﬂﬂ]agg r’fniubg‘i‘:s%?g gg}%ﬁ ;‘/M a&eg\@???ewl C%gy smal | er

cl eafAnCRyyingr E?énﬁg{kf:&ﬁhlé h6 abEhiess fnd hindvatthickivap ofl betviean ubas WA poUrmaxpansi on
and produces a noul ded product with a | ower density. However,  .too | @rge a

cl ear ancAc@riinglyn diss icoapbsitiens of heih pebw | tha e the fiss i PrBRe 288 §F1 Y258t be
able to occl ude vent, 218. Conse nt | i1l be no pressure build-up
20 and t#H&° @&E?Qesér(‘? SN egg’lfl%qrp&%%‘%&ﬁ??éﬂ he space in mould cavity
211 between first nould part 210 and second nmould part 212. Wen this
happens, the fRald@toR RDBIChatiofibReds Wisol prefeiretlbecdusa allepilmefibrs HapdowThe
size of clearance Cis al so dependent on the npisture content in noul dable
conposi t oist@k Gonfeht and conthing lignial Michd @agendcdisiersiag agant &nd SEFVh &%

noul dabl néeS conposition 216 contains | ess noisture; the use of a |arger
cIeaﬂ%nc& q@@?ﬁs-@W@gajﬁﬁﬁﬂ“ﬁnuldable conposi tion contains nore noisture
as under such circunstances, nore water vapour is emtted. The noul ded

product is fomgediaen iRNERBE SbGMHEAdE vaoud! frts of an it peirn isadh 35, &
cured, preferably about 90 % cured. The noisture content of t e.qr}&gl ded
haksds i vat ed

product iesamplef deapink, fendeand fostut Theseopmtpt teypil@alm ge Py

to increase clearance C to about 10 nmtq rel NWaRLigEhisapour s
di schar getf™%h '&‘ﬁep?‘?a?}}ts]élv%rfmflhgm% P ot nvé%pftécrgg'z& g}aﬁag%ﬁ‘ggrgﬁce C %ég

| nor eased, bl o ARAIcRRATH 9 hbiadraldiof e slpalant i al [y cured, the
amount of noisture renoved from noul dabl e conmposition 216 will be

i nadequat e, and the noul ded product will be soft and will tend to aﬁlhere to
moul docavity Apbriafemtsingdop! inrrget of Talm Sbies g reaAily pvaiable dISPEIL S| 3
frommuld cavity 211 woul d then distort exterior surface |layer 220 and
damage de?fL}gV%‘E‘%/‘{fcsﬁ?F'e 226. 10 Therefore, the renpval of npisture from
nmoul dabl e conposition 216 is vital to achieving a noul ded product with

sufficient stranghintiessVipkdterred) daltdriiftives, ansths s, ator @xample peacesdi agd and
handl i ng. Subsequent to the release of unwanted vapours, clearance C may be
reduced tsogdreansepp aboutchemgal sushoas3a rkastisigerh @) tPughayng peft 19 WetWP&bout 15

60 h | d i - :
to 60 S 10 FRaPLES Be hrntones MHAcASH oR Rt fibrel £ AuflSd € duldiisf liiPABRRF O

0 gl've'a good surface texture.
Furthar vane! nd@lib®pProdficdT0i sture occurs, resulting in the

The adhesive is preferably a thermosetting resin such as, for example, an amino
resin, an epoxy resin, an allylic resin, a phenolic resin, a polyimide, silicone, a polyester, a

polyaromatic or a furan. More preferably, the adhesive is an amino resin because such
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formati on of a stable noul ded product. Thereafter, plunger 206 is activated
to draw noul d plunger 213 away fromnmould cavity 211 and the noul ded
product is renoved for subsequent processing. The noul ded 20 product may be
removed frommould cavity 211 with a pick and place nmechanism Muld cavity
21l is preferably provided with an ejection nechanismto lift the noul ded
product f resins bbb dvelbwith Yhe?fbre Wiiefir& L LRIANE RorhodeRed RGHERATE Ind Rs@PRiRe10 MM
to releas? t he unwant ed vapours and also to assist in the extraction of the
moul ded pfEBEHEen Of drnpded pradupt thap isi resizintiayheassstfobs and cBEnicals.ustmiabe a

Cross-sectd i . jection. ni sm 234 in accordance with
enbodi nen%ésgi?a%‘ﬁ\gh%ﬁl‘é’géetﬁﬁg ipﬁ%fgﬁtfl’%}ﬁl?aqgﬁgﬁr*ge gHo gceaﬂbyi FiaGHRg & pompasnd
ej ection besigninSamidd 4raip (PH) swbH be afilifd! Ehibhel SreRNodahhtBbs 3hdifing

ej ection nechani sm 234 in operation. 23 Referring fTrst to’ Figure 9A,

ej ection HHphpaamide, tippresandouerwith o fomaldehpdevi t y 211 and positi oned under a

nmoul ded product 236. Ejection nechani sm 234 conprises a head 238 coupled to
a base 240 by 2 and a spr.in 44 around shaft 242 At rest,

spr ihng_ 24&1?@:32111 iﬁ%%%glﬁngégp@%ssl ee‘d"’EfPa% g‘_.e agmi“ht‘i’lﬂfr’]% c%‘f%‘t@ﬁ:i@’#ﬂtyz & E’@iiﬁaé nft
mechani s svRBefaistflcd ioathR HESNIRd Srodist efld b I . .Sha
242 may be provided with an Oring 246 ?ro prevg%frﬁigﬁgsslég‘pﬁrgelt ?‘g%t%ongt he
pneumat i cadiipsivesinclpde melamine formaidekyderdnd dhetemine ue¢etrmaldchyde hannalddd4 nay

be operat hydraul i ¢ system Wien .cl earance C is increased or when
moul ded pﬁ%ﬂg%tf%%%fj@ﬁt%&%%f’ é’ﬁ“&v"\é’\g‘n[iléel?yﬂs wilbayean alnost negligibly appount
pneumed i CoSfoshatfbliyde detdud@ifcheihe nfotidi r 49aerdhd v

ej ection rre_chani_sny18334_ iun a digfraigicti on légg{;bc;&% glgr%o(rgg%ﬂe)gﬁiq‘ﬁgﬁq%e&l aeé 5%% nd
conpr essi #BMYprepiAgvapensdsn leavmgpa oeghbgble Apoemtityi of) fyrmatdetijdieth BieOdioalded36 i S
lifted fi- uhd cavity 211. Ejection nechanism 234 is returned to the
posi tion %r?) H?I’(ggtAfﬁqrﬁﬁgglya{hgé%?engﬁl@ﬂ?@dgR@@“@yﬁ@!@aﬁéﬁh ¢dneided prodpetasmat i ¢
system Gﬂfﬁrﬁﬁ@ﬁ&dﬁl‘l‘&iekfor%moitBSseZa"hAeaitﬁﬂ{r&{teased fromits conpressed state.
The expansion of spring 244 exerts a force on base 240, driving ejection

mechani sm 234 in an opposite direction relative to direction X until the
posi ti on of reEhe additive may éntludEHetwemuataut 0. 10t DYGKAY bl a hyuslefEn SN abe

oper ated w the,sa limt switch 20 that is used to reduce the speed at
whi ¢ hh‘rem u%&‘g‘?lﬂ??g%‘f"r%ﬁ é‘ﬁﬁ“ﬁ?ﬁf&ﬁég CRIARE Brogsssiafyhe adhesimef hetweanpbioat & to o

hi chfmuf 107 B rervenmghonth
For an oxt ended par oararoy 2en 85 Bt e 18ientiol T 0 B oS BoiBisy e’

d e e adhesive "an Kture
may absordempesitionehd hetateen abiot D e0. Buvir¥. of G @6k rﬁ%e@gérﬁ!?i%fér%,%y al so
occur if l25 m)g‘l)dabl e onggs‘}qgi;fn 216 js left in nmould cavity 211 for an
ext ended [FAMIh O SISt fifle geme e groplsied prerdust fipm agnpuldpe | ost. The degree
to which nmould cavity 211 is filled affects the density of the noul ded
product. If i 1B&iHi j kol e oaded. i nto ul d
Cavi Ty 211, 1 neda g TR RiGEIURONl b Yheat iiF tBEBEL FISHB16 1 o
fill %he bigregeadablendodschot avithin @ tokietdeitne fnd 8ill ATIUeRaRAdy 1348 vapslirsecond
nmoul d parcil'l 212 arﬂcg%%here W ll be insufficient pressure build-up to form
por ous st &g oy . As such, a dense noul ded product wi th high noisture
content is formed when insu~cient noul dable conposition 216 is | oaded 5

into moul d cavidbles2hl 1B and 1C illustrate examples of mouldable compositions that may be

used to form a biodegradable pallet in accordance with one embodiment of the present

invention.

25
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Figure 10 is
product

a flow chart

illustrating a nethod 250 to form a noul ded

i n accordance with anot her enbodi nent of the present invention.

Met hod 250 begins by | oading 252 a nould cavity of a first nould part with

a noul dabl e

% of the capacity of the nould cavity.

conposi tion.

The nould cavity may be | oaded 252 up to about 90
1o A packing pressure of between

about 435 to 870 psi is applied 254 tg BpelAm)uI dabl e conposition for

bet ween about 20 to 60 s to all ow t he #8Ul dabl e conposition to cure.

A

predet erm ned cl earance of bet meer@alagﬂ(gﬁm@inlmm)o 5 mmis naintai ned 256
between the first nould part and a second nould part to allow the discharge

of excess urdabte corrp05| rion T v 31 | eased
during the m of—the—15—rout-da I'i;;blu .gggial?g. ]Q;%a'frﬁﬂ?:ly EQME‘%?J:Z‘L part and
the secondEH -Fﬂ“mf are—maintalned<at -t 0 2 et flvw.. qbout |10
to 180C. pioca Elounyl d part i s preferahly $@intlai ndd at [a tSehmpedat ure of
about 20 COMklghiee UrbmbFormaldehpds at udéd.8of | he448cond mbubd parB9fo donpensate
for heat | pgsmudign Cheideoul dabl € compositionds lloadée® i nfo tthe noul d

cavi ty andfd,0. Bkg¥gnt the Tirst|moug pa T ang the sqgond mouwl g part from
j amm ng du Dt Modilg, el expangi oy of —tie f{fst q) pai T3] I"tThe second
nmoul d part —FHre—pred terrred—el-earafree—between—the—Hirst--routd part and

t he second noul d part

conposition is substantially cured, preferably about 90 % cured,

is increased 258 to about 10 mm when t he noul dabl e

form ng

t he noul ded product. Wen the water v ler 1 Pand ot her vapours reI eased
during the curing of the noul dablg 193( re 25 substantially

di scharged, the predeterm ned clearahce I's redu ed 260 to between about
0.05 to 0.3 pmfer—betweer—about—35—+t660—s—This—{s—dpreto—¢ ress the
moul ded product_to a desired thickn @nﬂéfnﬁmwthe

moul ded pr odPdant Bdkor e renoving 262 t BB.Onpul|lded YPrbduct frea®t he| noul d
cavity. Tabl Bapidla8lair 2B i ||l ustrafje ex@adpl e§ of PLocesp pafanetefs that may
be used to 3 dinik Vbl PORBIRA ¢ Pakgst 11 accorgance w3 one enbodi ment
of the prese et 5 |al e Exanpte anpf e 2 npl'e 3Percenta
a Vol une of aéﬁ@v(?lﬁ(:@?qefcu vot9768050 et aé"gf(c vj ?vbé})gg Cayi t
C125125125Te : er=: 105108 8acki h Prddsure

si 870870870C b o eédPancd 080 6ols1r 88 n T e

s606060LI roni ng Cl ear ance (m1)0 50.30.1 Tabl e 2B Exanpl e 4Exanpl e 5Exam | e
6Percents a Volune of Muwuld Cavit Filled vol

Cavi

858792Tem erature of Muld

C125130130Tem erature of Moul d Pl TubleerC C105110110Packi n Pressure

si 870870870Curin Ti ne s506060Curin O earance nmmD. 40. 20.5lronin Tine
$604060! roni n O ear ance nmo. 10. 0502k amoestn 8wk odi ments of the i nvention

w il be apparent to those skilled in the art from consideration of the
specificatiop and practice of the invention. |TEsampe@d '| clexuplsPng” and
forns of the|mgtd Agei@ﬁmmmgs}}mlg{g@@lallwagt@e degegRi ptiion 4ng i n{ the clains
are not nean Fﬂglg P Far { ants or addrtions U0, Jhe jnventgdon.

Furt her nor e, TCL t alFl ernthotogyhas—been—used ng teput g%pcb f
descri pt| ve 31’1(?0@ Ou;nrl prot—to | | m 1ot hn pr esaht : menti-en- The
enmbodi nent s MﬁlammflérﬁaEanml@qhyd%s descrihed |aho389shodl d &1conki der ed
exenpl ary, w{Ammohisni @hleridé on bei ng defined Ry t H&8appeénded®. k| ai rs. 26
CLAIMS 1. A pya@xtiaerrpri sing: a pallet body;| 5 a.skid|to ek nfofce the
pal | et body; [mpdci®8fsef OF 1 nterfocking the palTejobody ang ¢ he pkid,
wher gj,n the partet pody anmd the skid are ool ded froma noul dabl e

conposition conprising: between about 40 to 60 wt

% of a fibre m xture;

and

Figure 5 is a flow chart illustrating a method 100 to prepare a biodegradable

mouldable composition in accordance with one embodiment of the present invention. The

mouldable composition comprises about 40 to 60 percentage weight (wt %) of a fibre

mixture, about 15 to 45 wt % of melamine urea formaldehyde, about 0.1 to 0.4 wt % of
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bet ween about 15 to 45 wt % of an adhesive. 10 2. The pallet according to
claim1, wherein a noisture content of the noul dable conposition is |ess

t han about 20 % 3. The pallet according to claim?2, wherein a noisture
content of the 15 noul dabl e conposition is between about 4 to 15 % 4. The
pal |l et according to claim2, wherein a noisture content of the fibre

m xt ure i suhessmtchimidajubout 6% Y8 wiG% of taplira Bohd £id BEG 2k810.9tvp: % oRisHy 3,
wher ei n the noul dabl e conposition further conprises not nore than about 40

w 9% of dfillitive. 6. The pallet according to claim5, wherein the
additive is one or nore of a group consisting of a hardener, a flow

pronoter and aag . 7, pallet according to,claimil,
wherein the fibr eBEqu?ﬁkgﬁ%W%g}eng @pﬁaﬁ? Q:Iﬁef oglfpo??ngsr ggtﬁlﬁhﬁ)%\?ﬂéﬂ%lﬁ each
of the plmoatatycafpdsitineasdividusly Wing@@idinokeibht fritcROunds im0 8. The
pal | et according to claim?7, wherein each of the plurality of fibres is of
a thickness of _up to about 2 nm 27 9. The pallet according to claimS8,
wher ei*n each ofPet4pEnnongHts of the meuldably eampasition ase pesugntially sombined dlhiss rati o
of bet weegp; ; v - | Let accor di to claiml

wherein f‘rﬁg@x}?{?}gﬂag@v rﬁé %Eag?lé%foé rt? %8?’%%%"%?@2% hﬁ@t %‘%ﬁm eﬁ%@thogwlgf)m’@ﬁs 9&“1 % of
an oi |l pabeli-Eadgdemodidabld bempsitiont according to claim 1, wherein fibre

m xture further conprises one of a group consisting of oil palin fibres,

beer malt, su rc&ge ul p,. %rpl asticizer, a 1o toughening a?ent and an
i npact nodi fi erte 1405e reglg g radded: iy the rjxercand| bended forvghente] hsechadsa@hesi ve

is a ther i ([ T Jetpaccording to.claim 12, erein
t he adhesﬂi?%zg(? gﬁi@dgﬁﬁn%t?ég?%ﬁoqA%?ﬁ@%% 1:Iloelir aﬁ% glber%?rﬁgmftgmc?rgi%fwli%]
wher efon  thealzelit@9i s/ eAfter whitk)| @i 18githinl FolloW@ RambRiniRCHes Birhdideryde! ahdn 14,

wherein the adhesjve is one of a group 20 consisting of nelam ne
f or mal deHYefeaBRENyE ehoride isradded & ihel misiey ded bleadedTioe apatheeperindcafi abionty t o

laim 1, (N . ' L oad beari mber havi
oo, 25 170 stRatbiReRbiodf R FAMRRUE Fomios ey of m « ne 1 oad: beari g -

menber has a substantially constant overall wall thickness of between about
3 to 5 nmm 18.Thehkquidl dosiponemorsich Gist Mclmic Al fornelishydet 2 hoaRnkesar i ng

menber includes a plurality of ribs.
chloride may be fed into the mixer by a pneumatic actuator or a volumetric screw feeder.
15 In a preferred embodiment, the liquid components are sprayed 106 into the mixer
to coat the fibres in the fibre mixture evenly. Spraying 106 of the liquid components into
the mixer ensures an even distribution of the liquid components in the mouldable
composition. An air operated diaphragm pump or a spraying nozzle may be used to spray

106 the liquid components into the mixer.

20 Where the mouldable composition includes more than one liquid component, the
liquid components may be combined 108 in a second mixer for about 200 s to form a
liquid mixture before spraying 106 into the mixer. The combination 108 of the liquid

components may take place concurrently with the combination 102 of the components of

the mouldable composition.

25 The use of a mixer with twin rotor shafts and overlapping paddles is preferred to
reduce the mixing time required to achieve homogeneity of the mouldable composition
and to create a fluidising zone in the mixer. The creation of 2 fluidising zone reduces

friction during mixing and therefore minimises heat generation to prevent premature
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30 28 19. The pallet according to claim 18, wherein each of the plurality
of ribs conprises an open channel. 20. The pallet according to claim19,
wherein the open channel has a tapering 5 channel wall. 21. The pall et
according to claim 18, wherein each of the plurality of ribs is designed to
have a draft angle of between about 6 to 12 from perpendicular to a surface
of the | oaditgadithaoutdatiiecompssitdsh. The pal | et according to claim 16

wherein the leg is forned as a concave depression in the | oad-bearing
menber. 23. Th allet according to claim 16, wherein the |eg tapers

i nwar ds t owar d8/t0USh the tuxersnay be epesated at 2 seten prsed 9f berwebmpbme 30 taR8 ei n
the leg i gﬂg&l : : e t ween about 11 to.12 from
per pendi cﬁ:lvglf%ﬁ?o a ggﬁtgﬁﬁgﬁtﬁﬁgfe{)% - °e°é’(r%]|;aﬁ€ﬁ‘ nnn%egra%aéﬁtoigpee#ﬁga Ll et
accor di ng2? e ltaiminiidse thésheaiing thiee laegnd 6n BRShaNsbld BorFdsRion Hid TheTHER
vertical height. af about, 95 mm _26. The pallet according to claim 23,

wher ei ag%‘le?aﬁ"di- shearigg &reeaill Ws%ﬂ@l%!ﬁsﬁasiéﬁint@atﬂhe pal | et according
to claim 26, wherein the blind hole is designed to have a draft angle of

| ess than abo I ' . urface of t I bear.i ng
menber. 30 _28%#3&;?&%&:@?3@%‘? %Hhta%d%:?%‘?rﬁ?’l%?“%%ea?‘é?%pgb‘f‘ﬁ?%@{) TP Pet is
formed whisighttbyet leagt abwat 600 hen iRt RAslIR aiefidRA: disharge of the mouldable

composition with minimal residue remaining. The provision of large side doors also

allows for quick inspection, fast cleaning and good access.

10 The moisture content of the mouldable composition is preferably less than about
20%, more preferably between about 4 to 15 %. A higher moisture content will cause the
mouldable composition to have insufficient viscosity to distribute the shearing force from

the mixer to coat the fibres uniformly.

Figure 6 is a flow chart illustrating a method 150 to prepare a fibre mixture in

15 accordance with one embodiment of the present invention. Method 150 begins when a
quantity of wood waste, agricultural or horticultural waste is reccived in a first grinder
where it is ground 152 into a plurality of pieces of waste, each piece of waste measuring

between about 10 to 80 mm in length and between about 2 to 20 mm in width.

The plurality of pieces of waste may be sieved 154 with a first wire mesh having a

20 plurality of apertures measuring about 80 mm in diameter, prior to being conveyed to a
second grinder for grinding 156 into a plurality of fibres. The plurality of fibres, each fibre
measuring between about 5 to 50 mm in length and between about 2 to 10 mm in width,

may then be sieved 158 with a second wire mesh having a plurality of apertures measuring

about 50 mm in diameter.

25 The plurality of fibres is screened 160 for metal pieces using a metal detector. The
metal pieces are removed from the plurality of fibres before it is fed together with a
plurality of oil palm fibres into a third grinder. The resultant fibre mixture is then ground
162 into fibres having a length of up to about 50 mm and a thickness of up to about 2 mm.

17




29. The pallet according to claim116, wherein a fin is provided around a
peri phery of the |oad-bearing nmenber. 5 30. The pallet according to claim
1, wherein the skid conprises a franework formed froma plurality of ties.
31. The pallet according to claim30, wherein a second fillet is fornmed at
a junction where the plurality of ties is joined. 10 32. The pall et

accor di ngFdllowingivticRSthewlitee eniktutd thag Kietkidvaa | 16d65itla a Rhivd Wi MeshPhavihe a
corresponqilg? to the blind hole in the base of the leg. 33. The pafgl et
accor di ngPlv@liy ofjaperhares wresuang abavs 28/mmén diameter.nt er | ocks the 15 protrudi ng
plug. 34. The pallet according to claim33, wherein a circunferenti al

di . f : i .0 0. 1. |
than . o r cunt Grsken ] YR deBbomey of EARRRA A6 B nate 3 ol s il * 9!

accor di ngddsived Ifibrendddensivhg dirte aBpdritbegiileANeR pidferfRIC W efintnli® Siekdhial 0 t he
pall et body when a force is applied to interlock the blind hole and the
pr ot r ddi nijingingg and wutier aligpmens| anst alse ctor Biewentt jemating wf 3e grinderei st #re

pr ot r udi LS. ' to .have a draft angle of. |ess than about. 0.5
from per B%t r?ﬁllatlt:ig g$51&§§%q§%%ﬂalgge% S REIR g '§gs a‘l‘ﬁélgr@r ‘fséflaygtéecr(??’&?’?fb to
claim1l, mhemityn the pallet is designed to have at |east about 60 %top

deck coverage. 30 30 38. The pallet according to claiml, wherein the
pallet is designed to _have at |east about 35 % bottom deck coverage. 39. A

met hod for nantiealérs mixyreis shesudiindalifoioe paistuse content afdessdan about 15%.
The fibre mixture may be spread out on a cemented floor of a drying shelter to dry for

10 between about 1 to 2 weeks. The fibre mixture may be dried using spotlights, a dry air
blower, ultraviolet (UV) light from the sun or a rotary dryer with a heating system.
Occasionally, the fibre mixture may be redistributed to achieve a uniform dryness.
Random samples of the fibre mixture may be analysed to determine if the desired fibre
size, moisture content and composition has been achieved prior to delivery or to storage in

15 asilo.

The fibre mixture may be transported around a manufacturing plant with a screw
conveyor. The fibre mixture may be conveyed from the screw conveyor to the storage silo

using an aeromechanical conveyor.

A press for manufacturing a moulded product from the mouldable composition is

20 illustrated in Figures 7 and 8 in accordance with one embodiment of the present invention.

Figure 7 illustrates a press 200 to form the moulded product in accordance with
one embodiment of the present invention. Press 200 comprises a frame 202 having a first
platen 204 and a plunger 206 coupled to a second platen 208. A first or female mould
part 210 defining a mould cavity 211 is provided on first platen 204, while a second or

25  male mould part 212 defining a mould plunger 213 is coupled to second platen 208.
Plunger 206 is to move mould plunger 213 towards and away from mould cavity 211.
Second mould part 212 may be provided with one or more guide pin(s) 214 that co-
operate with complementary elongate recesses 215 in first mould part 210 to align mould

plunger 213 with mould cavity 211 when plunger 206 is in operation.
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5 conprising: preparing a biodegradabl e noul dabl e conposition, the

noul dabl e conposition conprising: between about 40 to 60 wt %of a fibre

m xture; and between about 15 to 45 w % of an adhesive, 10 |oading a nould
cavity with the noul dabl e conposition, wherein the nould cavity is | oaded
up to about 90 % of the capacity of the nould cavity; applying a _packing
pressure of IPedsweon nalydieta MBManioal @z essps pneugnaticPress oF 8 Apdia s iﬁﬁeo n;

mai ntai ni ng _a predeterm ned c] eayance of between ab 01 10,40,

bet ween uge 96 af hydsauligiesy 1p RFS e"ﬂg F‘?ﬂtn‘b‘%trﬁgrﬁ?ﬁlcémﬁgﬁﬁ%xﬁ&g d aﬂ{s%eiggcﬁlgc? moul d
part; and Felope: tBwdID Ul Eravniyberdtiustddne

noul dabIagp]é%%\és(lﬂ[%lc%ﬁfiﬂg@ésﬂggdsg’sgén)?@g Iinf:Iﬁ?geg}jl. 40. The net ho% according to

claim 3Qccorbimblyl N the pressure is applied for a 20 period of between about
20 to 60 s. 41. The nethod according to claim40, wherein the first nould

part and the second noul d rt are maintained at te rat t ween
about 110 t o Tgderm othegmouided REAAHEH %B@r &PHE tzcﬁcfsairﬁﬁ’?‘%ﬁo,aaéﬁe‘gé}} lr%let he
first yl Lhle] ' lﬂﬁ?ﬂs r okf 000k FhReapRiticoinghkt t han a
t enper g?”ﬁ?&e%gga%a@ﬁeﬁ%lg@gnmd%m é}ﬁ%a%té%ggl% The net hod acc?)lfagi %% to cl ai m 40,

fiuther daeiggarzlsi Mie d6eredabeadichgmbhld prdgetet ris nidledcise dependentneit iBen t he
first noul

part and the second noul d part when t mou)] dabl e. c ition

i s aboutco@ressignrmatio of the mguldedrprodyel H@H 1%&‘&“0?‘&9&8%%“’81 gleﬁhﬁ?, %gh%gf ein the
pr edet er mi.ned .c] ear | Sy - diet £3he WoRhnsithed

accor di n‘ﬁ‘ﬂ?ﬁt chﬁ{éei’ rr%oa‘@fggptor%tu Q?f}%?n%ﬁés%%g?gﬁo#p@gg? ngtt he rmB%I ded product
to ajpeshb@daBibicelnpesition 46ed T fore teohoalded puodgt,t whits thendmSweighty efher

conprising: ironing a surface of the noul deg grqgﬁd?gct . 10.47. Thee g‘l‘éﬁhOd
accor di ngovlded pradwct &, tharesightrofcihapraddsdprofy ICHERE 156 FRPPIES PR e
desired thicknes d, i.ranin hg., sur e Rf abhe ggoﬂ%@q)fpdbgquy fiugt her
conpr i se??lorléﬁ%ﬁzwgi}t R%W,s?%gg 'gr%ﬁln%gdi%’lf'eagasnl%e ¥ between about 0.05 to
0.3 MM iransverse direction and 1.5% in a longitudinal direction is preferred.

First mould part 210 and second mould part 212 are maintained at a temperature
15 of between about 110 to 180 °C by a first thermal oil heating system 230 and a second
thermal oil heating system 232, respectively. A thermal controller (not illustrated) is
provided to regulate the temperature of first mould part 210 and second mould part 212
First mould part 210 is preferably maintained at a temperature that is about 20 °C higher
than a temperature of second mould part 212 to compensate for heat loss when mouldable
20  composition 216 is loaded into mould cavity 211 and to prevent first mould part 210 and
second mould part 212 from jamming due to thermal expansion of first mould part 210

and second mould part 212.

Mould plunger 213 is moved towards mould cavity 211 at a speed of about 80

millimetres per second (mm/s) until just before mould plunger 213 contacts mouldable

25  composition 216. The speed is then reduced to between about 0.5 to 3 mm/s to prevent
the application of a sudden impact on mouldable composition 216, which is undesirable as

it induces stresses in mould plunger 213 and mouldable composition 216. A limit switch

(not illustrated) may be used to reduce the speed at which mould plunger 213 approaches

mould cavity 211.
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15 48. The nethod according to claim47, wherein the predeterm ned
clearance is reduced for between about 15 to 60 s. 49. The nethod according
to claim39, wherein a noisture content of the 20 noul dabl e conposition is
| ess than about 20 % 50. The nethod according to claim49, wherein a

moi sture content of the noul dabl e conposition is between about 4 to 15 %
25 51. The neThegermtof tithebettvecr loading 48ulddbier @inpositioni2d 6 inte nwuid eavity of t he
fibre mxture is |ess than about 15 % 52. The Hn%yrqog accordj.nﬁeélg claim
50, wher éih apf driggingaenld Rlegsb2ilgilale santadh eyt ablecqmposity h&n about
40 wt % gIef&gbIQ%ﬁl{nllS\ég to g%u?ét?naﬁrﬂ&ulﬂ%l@&ﬂnﬂ@&ﬁﬁ{n@1@9? &Lﬁ‘ecﬁhxﬂf 2, wherein
the additive 'is one of nore of a group consisting of a hardener, a flow
pronoter and a noul d rel ease agent. 32 54. The nethod according to claim
39, wherein the thidld @luniget 2ieisqeatiallg esntactpd withl moyldafle tothpasicanionaer ei n
each of the plurality of fibres is of a length of up to, gbout 50. 5 55.
The ndt hoackingpresRFROT Retwes 2hoskd3 ot ) ROBHETPS FANHE HEP?P%) ‘islﬂpp‘quf’i br es

is of a ' S t t 2.1 58 | n 6l aim
55, "whor B SEER Softboior 218 AR, wiinfihed, Horicd i Hhdbfin g TSR, "ORdRing

t hi cknesprdsaire @& @dfinbé tawpeds ehduie dividetl dyabe $urfdré arebhef mamildhoakiycZidrabidng t o
claim39, wherein the fibre m xture further conprises between about 5 to 30
W % of e wilymeaf mppldghle comppsiwpn Zigdn W%@V&)ﬁngblf-di ng to claim39, wherein
fibre mxture further conprises one of a group consisting of oil palm
fibres, beer r el 4 enl and an
I npact nndifig@%kﬁﬁiy$ﬁéﬁ§§§h@%hgﬁéﬁﬁg%ﬂﬁ&?g‘%fg?ﬁ?§%?q§ge§?§% ?ﬁgp?dhesive
i s a hhepraRRidingd cBarahes bbetween about 0.1 to 0.5 mm is left between first mould part

210 and second mould part 212. Second mould part 212 is held at this position for

between about 20 to 60 s to allow mouldable composition 216 to cure substantially.

Heat from first mould part 210 and second mould part 212 causes moisture in

mouldable composition 216 to vaporise, resulting in an expansion of mouldable

15 composition 216. The pressure applied to and the expansion of mouldable composition
216 causes it to fill a space in mould cavity 211 between first mould part 210 and second
mould part 212. Moisture in the form of water vapour is released through the

predetermined clearance between first mould part 210 and second mould part 212.

As the temperature of mouldable composition 216 increases, the adhesive in
20  mouldable composition 216 begins to cure, increasing the viscosity of mouldable

composition 216.

Figure 8 illustrates an enlarged view of first mould part 210 and second mould part
212 during the formation of the moulded product in accordance with one embodiment of
the present invention. A predetermined clearance C of between about 0.1 to 0.5 mm 1s

25  maintained between first mould part 210 and second mould part 212, forming a vent 218.

Because an exterior surface layer 220 of mouldable composition 216 receives heat
directly from first mould part 210 and second mould part 212, exterior surface layer 220 is

of a higher temperature than the rest of mouldable composition 216 and cures at a faster

20




60. The nethod according to claimb59, wherein the adhesive is an am no
resin. 61. The nethod according to claimb59, wherein the adhesive is a

mel am ne. 25 62. The method according to claim6l, wherein the adhesive is
one of a group consisting of nelam ne fornmal dehyde and nel am ne urea

f or mal dehyde. 63. The nethod according to claim 39, wherein preparing the

moul dabl eraBf) faiing 3 iskin @22 COoWRId BESdabIe LERPARIRAAB, SXIPINEN:s & inhllfion
nmoul dabl e conposition individually; and 3 conbi ni ng each conponent of

t he moul diBreng depolspasssionnframpfisse maoudd fpertn2 10 sub secandimbuly faondEEmeous

and wel | - I onposition. 64. The nethod according to claim
63, Mereﬁﬁﬁg?g%gsr)lﬁﬁ%ﬁf%?l ul dabl e 5 conposition further conprises:

conbi ning each liquid conmponent of the noul dabl e conposition in a second

m xer to form As hioyldabierdosipekition @36 eﬁh&d@?@éﬁ@@l@%@éﬁrﬂés%cﬁﬁe&éﬁﬁ%ﬁﬁ .
wherein preparing the noul dabl e 10 conposition further conprises: sp%ayl ng

the | ixui@erieleessr o watep veprirni Aeqordiegly, teepmsstiteot moeldatle rgmpositéal b6 65,

wher ei n t4 r. . S_operate t arotor s d of . about . 29 m 15 67. The
ot hod actigremien s PR G Rie RamRodtiol BTE veseries Bleis Wyblictorstms ng a
pr edet er nThe draph&B ARG v /€, 0 | ' t the
moul dabl e corrpggi tion. 20 68. Thgeeémq)?ﬁ%%tya%ﬂgg?%@rﬁgﬁ?%@% g?%%ﬁgbv&ﬂgﬁgl n the
vent is tERROsHen |26 opreriptatingtihe formation lof aljjoeowsostmoniré 226 withirt tasuldstle d t o

t enpor ariéoyﬁllp%r%vegg rel ease of noisture vapour for a predeterm ned period.
69. The netHOG 86 |6'di ng to claim®68, wherein the noisture vapour content
is 25 controlled to generate bubbles of the vapour in the noul dabl e

conpomi ti on andedt s elugh BiGeape FHONANSvAFBHE & rgn ned
density. 70. A method f;)lgﬁ_rrangfaél%turi AoV odéﬁ'ﬁﬁ@%ﬂ#"i‘* %@f“i’ﬁt?’qt e et hod
compri si o BEvented iresyltimgdawn increrse in thedempastute of hoddatde ectapdsxiomalisdabl e
conposi ti onmprd si ng. bet ween about 40 t 00 WwmM%of a fibre m xture and
bet ween a ouglzgirgoflt ﬁ“ﬁgh%%g)é ‘é?ﬁoﬁrd%glf%%%gﬁ@?@ﬁ?st‘ﬁ’éh Ay fncieape; i dbjjled up
to about t@Rperafuré bEme@AMIE EdmpdsitdiE216.

When first mould part 210 and second mould part 212 are maintained at

15 temperatures below 90 °C, the quantity of moisture which vaporises is reduced and fewer
vapour pockets are formed. Correspondingly, a moulded product with a higher density is
produced. Conversely, higher temperatures of first mould part 210 and second mould part

212 will result in the formation of a moulded product with a lower density.

Higher temperatures of first mould part 210 and second mould part 212 also

20 reduce the production time for a moulded product. However, temperatures greater than
about 180 °C are undesirable as such high temperatures will burn the fibres in mouldable
composition 216 and vaporise too much of the moisture in mouldable composition 216,

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

Therefore, the temperatures of first mould part 210 and second mould part 212 are

25 preferably maintained between about 110 to 180°C. Experiments have shown that when
the temperatures of first mould part 210 and second mould part 212 are within such a
range, the temperature of mouldable composition 216 is between about 100 to 160 °C.

By controlling the distribution of heat within mouldable composition 216, vaporisation of

moisture from mouldable composition 216 may be controlled to ensure an even
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34 CaVity; activating the nould so as to apply a packing pressure in the
range 435 to 870 psi to the noul dabl e conposition therein; providing a

noi sture vapour vent responsive to pressure in the noul dable 5 conposition
and set to provide a predeterm ned control of noisture vapour content and

t hereby pressure in the conposition, whereby to produce a noul ded product

havi ng pr édeibetion e thedsmalityyofangost Rreds 224 anthil fMRYE Buditre 2784b 4§ pr oduct
fromthe nould cavjty when the noul dabl e conposition is substantially

cured. 10™peldedpeodyst wikiuaikerey density.t o cl ai m 70 wherein the vent is provided
by mai ntaining a predeterm ned cl earance between respective parts of the

noul d adj acent ition. 15 The t hod according to
cl ai m 70 wher e%ﬁﬁ?ééﬁ?ﬂ%?ﬂ ?@%@rﬁgrﬂmy 08%8?3%38&){8?7"1?&1&3 pg&ﬁqna]ame\s;sure,
conposi ti te dahisioa to0wnd 208 rheuRer amdvbin% REE34E moumb@a&%ﬁ{siﬁaﬁizqts%ﬁte}‘ apour

for ﬁnfredeternined period. 73. The nethod according to claim 70 wherein
t he st ¥RROUY §is8Lmonlable pompesition 2 and Ivepair tiony drering diibbhkéiesivt to he

' I 1 d t.h d . | ded
o oduct | of B SRR YR R BB, W B et U SR AR L o i m 70,

further conprising: increasing the predeterm ned cl earance between the

first noul d paCleamnce Checalailged analiowiledelBaklor\WARH vhﬁﬁurmﬁhgﬁ{él rRouldin
conposition is apout 90 % cured. 75. The nethod for nmanufacturing a pall et

accor di ngPO§es) Wit maintajipeg sifficierny ressurd¢o 8H therspdcacinasmidicavity 211 hetveased t o

about 10 7 for. .ma ctyring a pall et ording to

cl ai m 75, ufnt% lé‘r‘g‘éto%lprbf?‘@?%g&%c%ﬂ‘b@@&@ﬁ}g- ﬁi’ereﬁ’g'ﬂﬁuﬂ‘é e?f?’&fd’i e‘i"‘@e’égﬁési red

t hi ckressmoBld part 210 and second mould part 212, the size of vent 218, the pressure m and
temperature of mouldable composition 216 and the volume of excess mouldable

composition 216 discharged may be controlled.

For example, a larger clearance C allows more water vapour and mouldable
composition to escape, resulting in a lower pressure build-up, reduced vapour expansion

15 and the formation of a moulded product with a higher density. Conversely, a smaller
clearance C restricts the release of water vapour, induces vapour expansion and produces

a moulded product with a lower density.

However, too large a clearance C is undesirable as then mouldable composition
216 will not be able to occlude vent 218. Consequently, there will be no pressure build-up
20  and the mouldable composition will not fill the space in mould cavity 211 between first

mould part 210 and second mould part 212. When this happens, the moulded product

formed will not be of a desired shape.

The size of clearance C is also dependent on the moisture content in mouldable
composition 216. The use of a smaller clearance C is preferred when mouldable
25 composition 216 contains less moisture; the use of a larger clearance C is preferred when

mouldable composition contains more moisture as under such circumstances, more water

vapour is emitted.

The moulded product is formed when mouldable composition 216 is substantially
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77. The nethod for manufacturing a pallet according to claim 76, further
conprising: ironing a surface of the noul ded product. 5 78. The nethod for
manuf acturing a pallet according to claim77, wherein conpressing the

nmoul ded product to the desired thickness and ironing the surface of the
nmoul ded product further conprises: reducing the predeterm ned cl earanceto

bet ween abwoud, frefRfablyoaibud 90N dled9.The Makied coftestUsSEGe Iodiial ﬁf%ﬁiﬂ&qs
accordi ng t?eAé;)bny one of clainms 39 to 73 36 . Aq0. AcL. AO. AL. AO. A. Ac.

. A Ac. Ac. eteRgbibeiwean about 2 ta)S %. Allunger A86 Acthew adtiyatedito Aq:reaq@clpqaux@m AU. AU.

ALO. AqO. N

~yt 0j g‘ [ ? g]zl-(?a']n“‘1 ? A caz'lal] t(%13] "wyyaRked) YapeuLs @a‘]h@ﬁg]eéd]’ctgf Saysa At dPea) cal ¢
a] ca] ca] cm]m]ﬂ]ngairﬂ)cba:] ca] caU] ca] cMa] ca! @" T8BZXY} xsni d_Z] ca] ca] ca]ca]ca] ca]c
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Ul c~a]t a] ca] K] dearangecq] 1&&]1@8?5@6] hefyre apewliiehls caimpaditon G4AP da]scbitoniabin] ca] ca
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}xsni d_z 211 and miould plunger 213. Separatlon of mould plunger 213 from mould cavity 211

al cal c al c caljca]ca calJcalca]c
o) oL) <ol cape R A en! SRt SOUBRLRls V7 i Sihia] polece abiab oA ol ort
gPgQu}ox s nTlikrefore, the removal of moisture from mouldable composition 216 is vit vin
Ul c] ] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] caj cal ca] caJca ca c ] aﬁ caJcalc
a] ca] ca] c@?‘dﬁ?d:ﬁ]oda]‘icmth abSaiequstrenpthhpohxitistenld Gtress artdi Efald djrihig] pepdssihg | 1 mbno

op=qqr ss{v %ﬂm
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G RO ooy it eopeapsiarobyear oo

?J] ]:ﬂ g:} gg]gicgd] %%gg]k?gcgg%}ggﬁeﬁ%%a] cal ca(]&%l] ca%waT $a ué%]res tm ma]l cajcalc
a] ca] ca] dafesiooaif esjabld weylded Bofly@A| wr mhc] X
U] ] ca] c™a] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca]c”a] ca]ca] ca]ca]ca] ca]caJca]c

A fE
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] ca] ca] cakoie} 2] &@i ﬁlé]rﬁ‘cﬁ]ld‘e%' prhfudt islehibo¥B ! sibstaiid sfocessing. The moulded

20 product may be removed from mould cavity 211 with a pick and place mechanism,

Mould cavity 211 is preferably provided with an ejection mechanism to lift the
moulded product from mould cavity 211 when clearance C is increased to about 10 mm to

release the unwanted vapours and also to assist in the extraction of the moulded product

from mould cavity 211.

25 Figures 9A and 9B illustrate a cross-sectional view of an ejection mechanism 234
in accordance with embodiment of the present invention. Figure 9A is an illustration of

ejection mechanism 234 at rest, while Figure 9B is an illustration of ejection mechanism

234 in operation,
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u& () - ZT({EE)‘[ ii‘lgg‘{?altjed)_! ]ﬁ%ﬁ%b(r}]éy I?el ]S)roé)vided with an O-ring 246 to prevent a loss of air
from the pneumatic system. In an alternative embodiment, ejection mechanism 234 may

be operated by a hydraulic system

When clearance C is increased or when moulded product 236 is to be removed

10 from mould cavity 211, the pneumatic system is activated and exerts a force on base 240,

driving ejection mechanism 234 in a direction X as illustrated in Figure 9B and

compressing spring 244 in the process. Accordingly, moulded product 236 is lifted from
mould cavity 211.

Ejection mechanism 234 is returned to the position of rest illustrated in Figure 9A

15 by deactivating the pneumatic system. Correspondingly, spring 244 is released from its
compressed state. The expansion of spring 244 exerts a force on base 240, driving
ejection mechanism 234 in an opposite direction relative to direction X until the position

of rest is attained.

The pneumatic or hydraulic system may be operated with the same limit switch
20 that is used fo reduce the speed at which mould plunger 213 approaches mould cavity
211.

Referring back to Figure 8, mouldable composition 216 should not be left in mould
cavity 211 for an extended period of time as then the adhesive and the fibre mixture may
absorb too much heat and become burat. Cracks and deformation may also occur if

25  mouldable composition 216 is left in mould cavity 211 for an extended period of time as

then too much moisture will be lost.

The degree to which mould cavity 211 is filled affects the density of the moulded

product. If insufficient mouldable composition 216 is loaded into mould cavity 211, there
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5 into mould cavity 211.

Figure 10 is a flow chart illustrating a method 250 to form a moulded product in
accordance with another embodiment of the present invention. Method 250 begins by
loading 252 a mould cavity of a first mould part with a mouldable composition. The
mould cavity may be loaded 252 up to about 90 % of the capacity of the mould cavity.

10 A packing pressure of between about 435 to 870 psi is applied 254 to the
mouldable composition for between about 20 to 60 s to allow the mouldable composition
to cure. A predetermined clearance of between about 0.1 to 0.5 mm is maintained 256
between the first mould part and a second mould part to allow the discharge of excess
mouldable composition, water vapour and other vapours released during the curing of the
15  mouldable composition. The first mould part and the second mould part are maintained at
a temperature of between about 110 to 180°C. The first mould part is preferably
maintained at a temperature of about 20 °C higher than a temperature of the second mould
part to compensate for heat loss when the mouldable composition is loaded into the mould
cavity and to prevent the first mould part and the second mould part from jamming due to

20  thermal expansion of the first mould part and the second mould part.

The predetermihed clearance between the first mould part and the second mould
part is increased 258 to about 10 mm when the mouldable composition is substantially
cured, preferably about 90 % cured, forming the moulded product. When the water
vapour and other vapours released during the curing of the mouldable composition are

25  substantially discharged, the predetermined clearance is reduced 260 to between about
0.05 to 0.3 mm for between about 15 to 60 s. This is done to compress the moulded
product to a desired thickness and to iron the surface of the moulded product before

removing 262 the moulded product from the mould cavity.

Tables 2A and 2B illustrate examples of process parameters that may be used to

30 form a biodegradable pallet in accordance with one embodiment of the present invention.
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Table 2B
Example 4|Example 5| Example 6
Percentage Volume of Mould Cavity Filled (vol %) 85 87 92
Temperature of Mould Cavity (°C) 125 130 130
Temperature of Mould Plunger (°C) 105 110 110
Packing Pressure (psi) 870 870 870
Curing Time (s} 50 60 60
Curing Clearance (mm)} 0.4 0.2 0.5
Ironing Time (s) 60 40 60
Ironing Clearance (mm) 0.1 0.05 0.2

5

Other embodiments of the invention will be apparent to those skilled in the art

from consideration of the specification and practice of the invention. The word

“comprising” and forms of the word “comprising” as used in the description and in the

claims are not meant to exclude variants or additions to the invention. Furthermore,

certain terminology has been used for the purposes of descriptive clarity, and not to limit

10

be considered exemplary, with the invention being defined by the appended claims.
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10
2. The pallet according to claim 1, wherein a moisture content of the

mouldable composition is less than about 20 %.

3. The pallet according to claim 2, wherein a moisture content of the

15 mouldable composition is between about 4 to 15 %.

4. The pallet according to claim 2, wherein a moisture content of the fibre

mixture is less than about 15 %.

20 5. The pallet according to claim 3, wherein the mouldable composition

further comprises not more than about 40 wt % of an additive.

6. The pallet according to claim 5, wherein the additive is one or more of a

group consisting of a hardener, a flow promoter and a mould release agent.

25
7. The pallet according to claim 1, wherein the fibre mixture comprises a
plurality of fibres and wherein each of the plurality of fibres is of a length of up to about
50 mm.
30 8. The pallet according to claim 7, wherein each of the plurality of fibres is of

a thickness of up to about 2 mm.
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9. The pallet according to claim 8, wherein each of the plurality of fibres is of
a length to a thickness ratio of between about 2:1 to 25:1.

10.  The pallet according to claim 1, wherein the fibre mixture further

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

11. The pallet according to claim 1, wherein fibre mixture further comprises
one of a group consisting of oil palm fibres, beer malt, sugarcane pulp, a plasticizer, a

toughening agent and an impact modifier.

12, The pallet according to claim 1, wherein the adhesive is a thermosetting

resin.

13. The pallet according to claim 12, wherein the adhesive is an amino resin.

14.  The pallet according to claim 12, wherein the adhesive is a melamine.

15.  The pallet according to claim 14, wherein the adhesive is one of a group

consisting of melamine formaldehyde and melamine urea formaldehyde.

16.  The pallet according to claim 1, wherein the pallet body comprises a load-

bearing member having a leg.

17.  The pallet according to claim 16, wherein the load-bearing member has a

substantially constant overall wall thickness of between about 3 to 5 mm,

18. The pallet according to claim 16, wherein the load-bearing member

includes a plurality of ribs.

28




hhh" h&h~_@ S40 TI0%&' ()-= T10%&' ()-= T10% ()-= T10%&' ()-=)7?S
T10%&' () - =& * h+h; h?hChGh~_@ S40 TI10%&' ()-= T10%&' ()-= T10%&' ()-=
T10%&' ()-=)?S T10%&' ()-=GhKhLhMhVhXhnh}\;rS40 ccl0%#& ()- ct10%t& () -

c 10%#& ()- TI10%& ()-=)?S T10%& ()-=nhohyhhhhh Dr S40

CENL0%t& () - 7#3LENLO%#&' () - 7ENLO%t& () - 7TEN10%#& () - 7TENLO%#& () - 7Thhhhhhh{ _?r
S40 19.  The pallet according to claim 18, wherein each of the plurality of ribs
EN10%#&' () - 7TENLO%#& () - 7#3LENL1O%#& () - 7TEN1O%#&' () - 7TENL0%#& () - 7Thhhhhhh_?r S4
0 ENLO%#&COVPrEipoupen chanpeiNi 0048 () - 7#3LEN10%t&' () - 7TENLO%#& () - 7hhhi i
ii_?rS40 EN10%#& ()- 7ENLO%#& () - 7TENLO%t& () - TEN10%#&' () - 7#3LENLOY%#& ()-7ii i
i $i (i)i <rs40

#3LEN10%#& () - PEN1O%h& phlet debirdiibdo (clairhENY] Qi dhe G#p3h Lhitinel Wiskl thbdangEr S40
#3EN10%4#& g) - T#3LENLO%#& () - TEN10%#&' () - TENLO%#& () - 7TENL0%t& ()-7G Pifi gi hi

ri|ifFeS4GhamreR@bose () -1 k&@LO%E () -1 k&ELO%HE () -1 k&GELOYHE ()-1°
cs$10%#& () - c"| 109%#& ()-|iYiiiiii <rS40
#397' k&@L0%H&E () - | K&@LO%H& () - | K&@LO%H&' () - | K&@LO%H& () -1 #392iiiiiii DrS40

T#?]kftg_l?os/ﬁgt () - 21#39 T8 @h 8 fecondin gk @R &8 ( Whérkia @hORBE& tHe) plukB@LOP4HBs {s) -1 11 1
#3k &@1 0% &etipnedda@ross: &gl angle obhagmenataut p-tb 2o merpondicubagio 28 fEoe- | |

f#Lj&glgqu;%‘%%h%ﬁg%’@?fé?ﬁé"‘ﬁ’@?eﬁ-&@0%#&' () -1 #3972k&@0%:&’ () - | K&@LO%H& ()-1*] ./
eatien( Tisaoms (1 goes -1 aaow ) oenegome 0155 v

##397K&@L 048 () - | 0%%8& () - | k&EALOY& () - | K&@LOY%& () - | #3972 | aj dj j K[ kka@
S40 # c 7%‘1’6*9%?(0*4‘)’?5‘1%‘%??{%%‘3’?@ 31 109%4& () -1 A2! 10%&' () -
cc&10%#& () - k&@LOY%#E' () - | kKkkkKI f11 nmvU40 | p#10%t& ()-c c! 10% & ()- :Y
| 109%#& ()- c!10%& () -] 10#10#10# cO<10%t& () - mbnoop=qq| [: vU40
CcP+$10%@ @' () 28 c#Thewlet(dccordiniio 0d& 16) wheretl the degtapers ivmapdgtpnards)a-
c! 109%#& ()-grsssss#trtvUd0 cl0%t& ()- ¢ 10%#& ()- 10#10#10#c cL<10%#& () -
c4%$1098#* &5-0 c. "10%#& () - Frt' uouvvwx|[:vU40 ¢ cc$l0%t& ()-c
cl 1 109%+& ()- c#10%t& ()-=c c3! 10%& ()-0 c, < #109%& ()- (,<
#109%&' () - vxvy#zl {{||||[:-410#c cO<10%#& ()-c c65! 10%#& ()- cc3$10%t& ()-=c
($10%HH#& () - B$10%Bhe rallet acconding & elpim |23| pikicin-thadleg#s designeditoolare a ) -
cl109%#& () - HY 1 109%68& ()~ cl10%& () - c! 10%#& () - 10#10#~~~K] [, A410#cC
cS 1008 (Fatt @%@ﬁg&@é& about boipd 2(&)1{3111 BopY ar(t)y.a sURfagnpidhe ﬁéﬂhﬁ’i'@% ()-
Y| [ AA10#GerRlk #10%#&" () -= c' 10%& ()- c<Vd0%t& ()- c#! 10%& () -
1110%& ()- Cc1#10%t& ()-z|)ze|[: A410#c c6! 10%& ()-d cl 4! 10%& () -
c2$10%&' ()- c1!10%& ()- c-110%& ()- A !10%& ()- ehijkuvUs10
c) F10% +$: & () -,_cc 0% +$: & ()- c#10% +%. & ()-.c! 10% +$: & .()-10#10#10#
cL<109%& () - cfP[: vUlEdP ech‘icg’%% Yoy clgim 23, whiereji dae, g8 46 ("?ﬁlg‘ed to have a
CF10% +3: &hitrmem SR Hefuf of dbout 95 k%6 +$: & () - Z cOc
110% +$: & () -] 34FI JKL| [ NA41010: +$: 10: +$: 10: +$: c cf<10% +$: & ()-c
c710% +$: & ()-c 9-$10%+$z& ()- 9- $10%K+$k& ()- c*Y

[0) - R - L7 . | 0, ! - .
10% +$: & () - L 72'6[ ' (13%%1 etcdc%gré?ngé tg)) claircn 33, wherein a blind hole is provided on the

25  base.

27.  The pallet according to claim 26, wherein the blind hole is designed to
have a draft angle of less than about 0.5° from perpendicu.lar to a surface of the load-
bearing member.

30
28.  The pallet according to claim 16, wherein a first fillet is formed where the

leg meets the load-bearing member.

29
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34.  The pallet according to claim 33, wherein a circumferential dimension of
the protruding plug is between about 0.05 mm to 0.1 mm larger than a circumferential
dimension of the blind hole.

20
35.  The pallet according to claim 34, wherein an interference fit secures the

skid to the pallet body when a force is applied to interlock the blind hole and the
protruding plug.

25 36.  The pallet according to claim 32, wherein the protruding plug is designed

to have a draft angle of less than about 0.5° from perpendicular to a surface of the skid.

37.  The pallet according to claim 1, wherein the pallet is designed to have at
least about 60 % top deck coverage.
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39. A method for manufacturing a biodegradable pallet, the method
5  comprising:

preparing a biodegradable mouldable composition, the mouldable composition

comprising:
between about 40 to 60 wt % of a fibre mixture; and
between about 15 to 45 wt % of an adhesive,
10 loading a mould cavity with the mouldable composition, wherein the mould cavity

is loaded up to about 90 % of the capacity of the mould cavity;
applying a packing pressure of between about 435 to 870 psi to the mouldable
composition;
maintaining a predetermined clearance of between about 0.1 to 0.5 mm between a
15 first mould part defining the mould cavity and a second mould part; and
removing the moulded product from the mould cavity when the mouldable

composition is substantially cured.

40.  The method according to claim 39, wherein the pressure is applied for a

20 period of between about 20 to 60 s.

41, The method according to claim 40, wherein the first mould part and the

second mould part are maintained at a temperature of between about 110 to 180°C.

25 42.  The method according to claim 41, wherein the first mould part is
maintained at a temperature of about 20 °C higher than a temperature of the second

mould part.

43.  The method according to claim 40, further comprising:
30 increasing the predetermined clearance between the first mould part and the

second mould part when the mouldable composition is about 90 % cured.
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compressing the moulded product to a desired thickness.

46.  The method according to claim 45, further comprising:

ironing a surface of the moulded product.

10
47.  The method according to claim 46, wherein compressing the moulded
product to the desired thickness and ironing the surface of the moulded product further
comprises:
reducing the predetermined clearance to between about 0.05 to 0.3 mm.
15

48. The method according to claim 47, wherein the predetermined clearance

is reduced for between about 15 to 60 s.

49.  The method according to claim 39, wherein a moisture content of the

20  mouldable composition is less than about 20 %.

50.  The method according to claim 49, wherein a moisture content of the

mouldable composition is between about 4 to 15 %.

25 51.  The method according to claim 49, wherein a moisture content of the fibre

mixture is less than about 15 %.

52.  The method according to claim 50, wherein the mouldable composition
further comprises not more than about 40 wt % of an additive.

30

53.  The method according to claim 52, wherein the additive is one or more of

a group consisting of a hardener, a flow promoter and a mould release agent.
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55.  The method according to claim 54, wherein each of the plurality of fibres

is of a thickness of up to about 2 mm.

56.  The method according to claim 55, wherein cach of the plurality of fibres
10  is of a length to a thickness ratio of between about 2:1 to 25:1,

57. The method according to claim 39, whercin the fibre mixture further

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

15 58. The method according to claim 39, wherein fibre mixture further
comprises one of a group consisting of oil palm fibres, beer malt, sugarcane pulp, a

plasticizer, a toughening agent and an impact modifier.

59.  The method according to claim 39, wherein the adhesive is a thermosetting

20  resin.
60.  The method according to claim 59, whercin the adhesive is an amino resin.

61.  The method according to claim 59, wherein the adhesive is a melamine.
25
62. The method according to claim 61, wherein the adhesive is one of a group

consisting of melamine formaldehyde and melamine urea formaldehyde,
63.  The method according to claim 39, wherein preparing the mouldable

30  composition comprises:

weighing each component of the mouldable composition individually; and
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mixer to form a liquid mixture.

65.  The method according to claim 64, wherein preparing the mouldable
10 composition further comprises:

spraying the liquid mixture into the mixer.

66.  The method according to claim 65, whercin the mixer is operated at a rotor
speed of about 29 rpm.
15
67. The method according to claim 39, wherein a vent is provided by
maintaining a predetermined clearance between respective parts of the mould adjacent the

mouldable composition.

20 68.  The method according to claim 67, wherein the vent is temporarily
occluded by the mouldable composition in the mould to temporarily prevent release of

moisture vapour for a predetermined period.

69.  The method according to claim 68, wherein the moisture vapour content is
25  controlled to generate bubbles of the vapour in the mouldable composition and thereby

produce a porous moulded product of predetermined density.

70. A method for manufacturing a biodegradable pallet, the method
comprising:

30 loading a cavity of a mould with a biodegradable mouldable composition

comprising between about 40 to 60 wt% of a fibre mixture and between about 15 to 45

wt% of an adhesive, wherein the cavity is loaded up to about 90% of the capacity of the
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removing the moulded product from the mould cavity when the mouldable

composition is substantially cured.

10
71, The method according to claim 70 wherein the vent is provided by
maintaining a predetermined clearance between respective parts of the mould adjacent the
mouldable composition.
15 72.  The method according to claim 70 wherein the vent is temporarily

occluded by the mouldable composition in the mould to temporarily prevent release of

moisture vapour for a predetermined period.

73.  The method according to claim 70 wherein the moisture vapour content is
20  controlled to generate bubbles of the vapour in the mouldable composition and thereby

produce a porous moulded product of predetermined density.

74.  The method according to claim 70, further comprising:
increasing the predetermined clearance between the first mould part and the

25  second mould part when the mouldable composition is about 90 % cured.

75.  The method for manufacturing a pallet according to claim 74, wherein the

predetermined clearance is increased to about 10 mm.

30 76.  The method for manufacturing a pallet according to claim 75, further
comprising; '

compressing the moulded product to a desired thickness.
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77.  The method for manufacturing a pallet according to claim 76, further

comprising:

ironing a surface of the moulded product.

5
78.  The method for manufacturing a pallet according to claim 77, wherein
compressing the moulded product to the desired thickness and ironing the surface of the
moulded product further comprises:
reducing the predetermined clearance to between about 0.05 to 0.3 mm.
10

79. A pallet produced by the method according to any one of claims 39 to 73.
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