PALLET AND METHOD FOR MANUFACTURI NG THE SAME Background of the Invention
1. Field of the Invention 5 The present invention relates generally to a
pall et for handling, storing, or noving materials and packages. 2.
Description of the Related Art Pallets are widely used for assenbling,
storing, stacking, handling and transporting goods as a unit |oad, and are
primarily construct egh firam “RLal: : ' Aile} allets are
nost commonly used. gﬁ%&%@?ﬂﬁﬁﬁ‘%@@@%J‘ﬁ%%ﬁéﬁUﬁ%gﬁ§Rﬁﬁgiﬁﬁgﬁgﬂ ave been
continually placed in the spotlight by environnentalists and vari ous

gover nment agenci es because of deforestation issues and environnent al
problenms resulting fromthe disposal of waste woods by landfill and the

i nportation and 15 exportatio Bagkai bofithg Inviendiaies bet ween countri es
and continents. Consequently, many countries have inposed a nunber of
restriction | SPM 15 (International Standard for Phytosanitary
Measur e 15)§f§§%50@zy?6@?Péo¥balth Organi zation) on the use of solid wood
packaging materials. Pallets nade fromplastic and netal are currently an
alternatjve to m@?fbsaﬁﬁh‘%@ion rd QreRuRYAly totahﬁalltﬁﬁnr?ifamﬁ#%h stBﬁh% ecfr%é ngept
to a mninum as pallets made of plastic and 'netal are fe cost y.é&)rt

f r om hi gher M@¢stas andipaskdges.and netal pallets al so present a di sposal

probl em since plastic and netal are not biodegradabl e and cannot therefore
be dispose A tivel Further, the use of recycled plastic in the
manuf act ur eg'ogersa fégst (?ci}:oytglﬁﬁe&tgéﬁ detrinmental to the environnment because
t he breakdown of plastics releases 25 noxious funes into the atnosphere,
con{ributing to Paltds and wadgty pekl Ybi OfsechWing, eWolfiet REckREe I8 ne | tind S
des¥rable to have a bi odegradabl e pall et nadeﬁ%ron1ag re§diﬁ§ réhe&%b%%
resour ce andEPHEIEOROLH @S Pawii deaduend gre peimsaiie constructed from wood, metal or

10 plastic,

Wooden pallets are most commonly used. However, in recent years, wooden
pallets have been continually placed in the spotlight by environmentalists and various
government agencies because of deforestation issues and environmental problems
resulting from the disposal of waste woods by landfill and the importation and

15 exportation of wood-boring parasites between countries and continents. Consequently,
many countries have imposed 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 polfution.

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

readily renewable resource and a method for manufacturing the same.



Summary of the Invention The present invention fills these needs by
provi di ng a bi odegradabl e pallet and a nethod for manufacturing the sane.
It should be appreciated that the present invention can be inplenmented in
nuner ous ways, including as a process, an apparatus, a system a 5 device
or a nethod. Several inventive enbodi nents of the present invention are
descri bed below. One enbodi ne of the present invention provides a

bi odegr adabl e pal | et conprisi2%259¥3513E1553£X§Eﬁﬁﬁid to reinforce the
pal |l et body and neans to interlock the pallet body and the skid. The

pal | et body and the psédeft RAVEHTTR . fr moul dabl e (10, conposi tion

conpri sing beglqu%tefn zg}gout 40 to ggg\?ﬁe%%%f%iw ipf)cf'vé(ﬁﬂg Qt%@géﬁ@ablﬁﬁu@e@da
about 15 toMg ovgrehuantuadpelsd seane. AltnahoBIIWeLappdti B8 (1] ids: AR S
conpositi on.ls %)lr eflera | y. I ess than about 20 9% More pr e%@{@g%ﬂtﬁ%ﬁﬁon
moi st ure cofftent "GP e%ﬁ‘u‘?‘ﬂ%?‘ég varspdsludingnas & phetsseen apioutis, #systend S %
Most pref er @hliok, ortd GethBi SKEG£.41G of the fihre mxture is |ess than
about 15 15 % Preferabl §?Ve?ﬂg%ﬁp%g%{)%&@8%8 Fhei R ps Rt iy engton cemhesicaleas! not
nore than dpdew. 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. | Prefera@l%, the fibre mxture conprises a plurality of fibres and
wherei n each of tH C%dﬁp@}}iapf tthe obrepanbr wgentenopravidesngt biodégradabled pahgut

50 nm Eachegf I of.fi.bres.is referably of a thickness of up
to about 2 mnpéﬁﬁgaaobéel%egltb ha%oa %kl‘ﬁ AP ERpReLee P’Etﬁ © gocjde%l\ﬁ;ég%ﬁnsat@dmeﬂg@lqtheo
25: 1. Pref oalesl hodyt drel fhichicl. Nk paketi Bl USASHD]LWEED n?&?&gd Boti0, 30 # % of

i 0 o] §P1§ti ng

an--i | 1Bal m__fibre. The fibre m xture may I nclude one a group
of._9i | ‘pal PPLYELD comgrising detregen, abouydP dar® pulYp,ofa frashikairé @hd batween

t ougheni ng ;pg&ants @G i modi fier. Preferably, the adhesive is a
t hernosetting resin. éedpérﬂéft’ﬁé?sévﬁl y, the adhesive is an amno resin. Even

nmore preferably, the adhesive is a nelam ne. Mst preferably, the
A moisture content of the mouldable composition is preferably less than about 20

o . H
7o. More preferably, the moisture content of the mouldable composition is between about

4 t0 15 %. Most preferably, the moisture content of the fibre mixture is less than about 15
15 %.

Preferably, the mouldable composition further comprises not more than about 40
wt % of an additive. The additive may be one or more of a group consisting of a

hardener, a flow promoter and a mould release agent.

) Preferably, the fibre mixture comprises a plurality of fibres and wherein cach of the
20 plurality of 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 S 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



2 adhesive is one of a group consisting of nelam ne fornal dehyde and

mel am ne urea fornal dehyde. In a preferred enbodi nent, the pallet body
conprises a | oad-bearing nenber having a |leg. Preferably, the |oad-bearing
menber has a substantially constant overall wall 5 thickness of between
about 3 to 5 mMm Preferably, the | oad-bearing nenber includes a plurality

of ribs, eaghedidd; rrSy n : v} er.in n wal
and 5 ooy e o O L e Ry R B 1R Bl A e R Bl
f r om per perfdircaifieyde.o the surface of |oad-bearing nenber 18. The leg is
preferably forned as a concave depression in the | oad-bearing nenber. 10

i rds towards a base and is designed to have a

Preferably, the leg tapers in
draft angie of IBei? \Bé%ﬁ”%gﬁmb\g%fl% the Ballginbpdy semareas| afoadbeanas Juembaie of

| oad- beari Ne]] r1i el _ t .95 n a
preferred gﬁ%@%?ﬁe't?ﬁgégﬁwéﬁeﬁ%Pg%ﬁgﬁ ?@%@%ﬁLS@Sgﬁ%%ﬁ%@gggﬁﬂyﬁ§V%§@é@hThe
bl i nd hdleth@kmmebﬁbm@kyndb&hgh&dShmmhameﬁﬁaﬂmahéhﬁmgkﬁﬂﬂénkﬁﬁ@rhﬁﬁﬂe@EOUt

0.5 from 1? gerpgngi cular_to the surface of |oad-bearing nmenber 18.
Pr ef er abl y Plfalfty & fibs,jqaplpiib campisingan apey dhannd hreing adenesing sbarnehwalband isng

nmenber. A sfi:D.diS rah; L d around a.periphery .of the . _

| oad- bear i rqéh%%ér?;tg?{a% ﬁ dgﬁp%gégﬂéeg&ge %bé)l%ggrji? ,1Btdﬁ% eﬁ(i éﬁé’%?fpg&cuéﬁr to
framewor k flor nueficé oDlsad-beglngrmdmiiey 16f ties. A second fillet is preferably
formed at a junction where the plurality of 20 ties is joined. Preferably,
the skid includ%% a protrudi ng plug corresponding to the blind hole in the
base of the |eg.llehies 5inrplarahly Termert ey ¢ 6emeave depigssbuy indhe lpagthegringymember.

cirgu r epticgali,di i f. of r.udi,n I | S. pr rabl y, bet ween

Sbont 0 05 remaSh GRaE ek s PLENAYE O b Pl e hiR e sl aP e g
bl'i nd hol ebetswet hadutdn tbnLefbar@hgadidutar 16 BRLEECd $ﬁo§ci(béhl'ﬁ1§ mhdoePak 284
body when a force is applied to interlock the blind hole and 25 the

.appl |
pr ot r udi ng? PragunpYEtied Asieht oftaheutp?ompudi ng plug i s designed to have a
draft angle of I|ess than about 0.5 from perpendicular to a surface of skid

14. In a preferred embodiment, a blind hole is preferably provided on the base. The

blind hole is preferably designed to have a draft angle of less than about 0.5° from

15 perpendicular to the surface of load-bearing member 18.

Preferably, a first fillet is formed where the leg meets the load-bearing member, 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.



In a preferred enbodi ment, 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 nent of the present invention provides a nethod to forma

hi gh strength noul ded product. The nethod begi ns by preparing a noul dabl e
r.i ses hetween about_40 to 60 w

conposition. Th I e C ition.co > 7 | 4 )

%of a fibre mx udrﬁtia)éll %’%’dﬁré?n\%ergggﬁeaﬁlbeﬁ?ml‘%‘%goﬂﬁn%E‘g h oieioddaresn ehigh
moul d cavi tsyrengh|madést widdhcit hehd et dedY; it : % of
the capacity of the m)u‘md (_:;vi ty befor e%é%p%%%}éﬁ%ggﬂ%gb% g@ﬁﬁésg 0

bet ween abduc magdatle gqoperition eomresesrbetvaailaboutc4Mo S0 twtor. ofA fisredaikarrei ned

cl earance %gdt%%wveenbabtox% 0. % toLVO.‘f-} nmm 'hs,mai ntai ned between a first

moul d part “Qefrnl g PRE hodP §>cut Pt 9F ah ddhesivee oAdmawldl @viswis loaderb withdhie ded
product 5i s picim¥RAcdh e I i to : b 0 htkon is
10 substantially cfﬁ e%@t?rf?e“ﬁ'p?gé‘gﬁ@gy? s/¥pdﬁﬂﬁgréggﬁﬁg%?pﬁ}%e%gwgrgggg%% f%%l of

bet ween abeépplyP@ &opackds. pRseferabbytwetiheatbur s435mpail s7opakit tande thsuigggend

moul d part are nmai nt%ifneg at .a tenperature of between about 110 to 180C.
More pref ePRBPYHhe A PrEdgtermyntdacipaipgce of begwpem showed. lato & Strempe maintpisedf
about 20 Cpbiwgber & e r.eqqf ond..nmoul.d 15 part . Th

predet er m ned cl garigﬁ(%&ltl)de?%e%ﬁmg I rrg@ﬁrﬁmcgl%y p%?ta 5‘??8“‘?%0%%@8% IrB?JI d
part is prefshietiprodunt ieeasedet droaaboi mb0ldngaherhchiBe FRMIBR! & n§RARREIL | On

is abo 90, % cured. The noul ded product is preferably conpressed to a
desi r eg‘% t h?‘&?ﬁégij[}’a‘m@% Lhg prgesure b preferaphyeappiind iged periodiathetveerpabeiie A v

iroped by ggducing the predeterm ned clearance between the first nould
piar_j and the second nmould part to between about 0.05 to 0.3 mm for between
about 15 to 60 s. Preferably, the noul dable conposition includes not nore
than about 40 wPreféralfly,athe faretdinbuldeparTgd ablélisédond MBYIRRAMONR AhinfirdH0O4HP,
consi sti ng, of a harc% ner, a flow_pronoter
emperature of between about 110 to 180°C. More preferably, the first mould part is
maintained at a temperature of about 20 °C higher than a temperature of second mould

15 part.

The predetermined clearance between the first mould part and the second mould

part is preferably increased to about 10 mm when the mouldable composition is about 90

% cured.

The moulded product is preferably compressed to a desired thickness and a surface
. ) 20 of the moulded product is preferably ironed by reducing the predetermined clearance
between the first mould part and the second mould part to between about 0.05 to 0.3 mm

for between about 15 to 60 s.

Preferably, the mouldable composition includes not more than about 40 wt % of an
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 %.



25 and a nould rel ease agent. Preferably, a noisture content of the

noul dabl e conposition is |ess than about 20 % More preferably, a noisture
content of the noul dabl e conposition is between about 4 to 15 % A

noi sture content of the fibre mxture is preferably | ess than about 15 % 4
The fibre m xture preferably conprises a pl urality of fibres each of the

plurality of filbmes t hi ckness

of up to about 2 mnlbt%\rﬁ!ex:‘ﬁgre +f&%§h:0 ngé’%glu& ﬁfrﬁs &fic P Eé’i‘i"%h%f’fa

length to a bfﬂsdlewe‘esa ﬂ@tgth)oﬁfupbtet MRRA 500RA bnd alﬂﬁékngs% éf%J 0§ abb g pm.
pa

m xture pre ega (}l\{/ qudtgs bet ween about 5 to % of an ol
fibre. PreféefaBf £ iy lﬂféihlmisutf%lemg’él tmfaahlgkr!wpral@nsﬁ Bétwegl of

oi | pal mf iy arcane | asticizer, a toughenin
agent and an |L§rp?’alcli.%a gk lmal#hte ﬁb%l uzedg{ggequ}jgy i@ll‘g% EWEER 9b%1ft5tfé’r3t?o‘§e%p g

resin. Mr earploéfpehmlﬁbt)e, Pletorédasé Vibrd ixtdd S rab t he
adhesi ve includ mel am ne. %ﬂ% adher5| V(laX nn;ﬂig)ﬂeg%n%n%o(#ﬁ gljogg Sl% fy‘“

of nel ani nePHBy Fﬂé??yfdéla&n@ugmaampn@ ur plastictrerred ceipjieieing E@@ltraﬁulggla@[}ﬁct
conposi ti onyhgisRr ef erably prepared by wei ghing each conponent of the
noul dabl e conposition individually before conbining each conponent of the
nmoul dabl e conposition in a mxer to forma substantially honbogeneous and

wel | -coated 15 nbhd atitlebice BQyBREbLY QHlerrlﬁB%@f{g#%lsM A\Q&%ibexjrefe?a%'lf 5&%@%&}9&& Sf

t he noul dabl e conmposition is conbined in secon
m xture, wWHIATPS§Hef erably sprayed into the m xer. The mxer is
preferably operated at a rotor speed of about 29 rpm In yet another

enbodi ngnt of thg.4 4.0 to, farma noul ded product is

p?b& ded. The net ﬁ(??fl\ﬁﬁgté':‘engdhﬁg" Eidggﬁglae%?t he adbesiysmay b obe of sretdugabl e
20 conposi tcbosistognyfmiadnige ke HaRBRyRAHImdOnie fibre mxture and
bet ween about 15 to 45 wt % of anﬁgdhean\l/e : gp%ﬁnﬁ}g%hga?oaded up to about

90% of the capagll ?f the cavity. Thereafter the nould is activated so
as to apply a p 31‘2‘?@‘ keseamnesitiontihpreferably prepared by weighing each component of

the mouldable composition individually before combining each component of the
mouldable composition in a mixer to form a substantially homogeneous and well-coated
15 mouldable composition. Preferably, each liquid component of the mouldable composition
is combined in a second mixer to form a liquid mixture, which is preferably sprayed into

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

In yet another embodiment of the invention, a method to form a moulded product

....... is provided. The method begins by loading a cavity of a mould with a mouldable
) 20 composition comprising between about 40 to 60 wi% of a fibre mixture and between
about 15 to 45 wt% of an adhesive. The cavity is loaded up to about 90% of the capacity

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

range 435 to 870 psi to the mouldable composition therein. A moisture vapour vent is

provided.  The moisture vapour vent is responsive 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 is removed from the mould

cavity when the mouldable composition is substantially cured.

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



range 435 to 870 psi to the noul dabl e conposition therein. A noisture
vapour vent is provided. The noisture vapour vent is responsive to
pressure in the noul dable 25 conposition and set to provide a predeterm ned
control of noisture vapour content and thereby pressure in the
conposition, whereby to produce a noul ded product having predeterm ned
density andr&spe@n@t fhrts THEHIOWL ugt is ved fromthe nould cavity
when the m)gl dabl el Ig&onposi ti onglﬁga(g%;glglt ﬁ‘ﬁt’i"gﬁl’ﬁ%q%&f)@a?%%f efligprgnt rapebyent
i s provi dedtypataiilpteatiodedy by thpr edeldesiicodoliSRARE S L LEeSpect i ve
parts of the nould adjacent the noul dabl_egcorrpositi on&ﬁq'\r%g%\}%%awg I%Vee“{
tenporarily Aer g ’é‘ﬂfsbk}ef’ﬁ@%madmd@emngbmrtddon inthe nould to
tenporarily prevent release of npisture vapour for a predeterm ned peri od.
The noi sture vapoug nfR@b@Nanl ferably. controlled to generate bubbl es of
the 5 VSSpour in the noul daalg’iogr g%ﬁ%@s‘?tﬁr%? . aﬂanfeﬁ%yo BERsaHe dukblss 106 ke
nmoul ded or odpour of thepnedeédtds odmeskitteNSid Here : ant ages,. of
R S A B BOAGES:

the inventi on (\gl | 1. b(ﬁézoma apparent fromthe
descri pt i orP  HSREH¢HIESY - uncti on with the acconpanying drawi ngs,
illustrating by way of exanple the principles of the invention. J 10 6

Brief Descripti opgef ' The present invention will be readily
under stood by the fola%ﬁ(}v%\}s%ﬂé\%?‘gd?lfaggs Ogetg‘?: PR OR Wlﬁi besomme fepisat Worhtliene

acconpanyi dglleviagi dealed Tdestiasid | tated Inhbshi@RsisH i i ke reference
T eth Loy ERAGH P M goddnt etk

nuner al s d%léﬁgrga’t)e li ke ?t ructural el emen ig gwiss,
per specti vé BPY Wap af eemplathgoeiseiglkn otheiibvendoe  enbodi ment of t he
present invention. Figure 2 illustrates a bottomview of a pallet body in

accordance with one enbodi nent of the present invention.



Figure 3 illustrates a perspective view of a skid in accordance with one

10 enbodi nent of the present invention. Figure 4 illustrates a
cross-sectional view of an interlocking nmeans in accordance wth one
enbodi ment of the present invention. Figure 5 is a flow chart illustrating

a nethod to prepare a noul dabl e conposition in accordance with one
enbodi nent of the present invention. 15 Figure 6 is a flow chart

illustrating a method to préhde ﬁIEsE%%ﬂtﬁ:ﬂbﬂHé@)ﬂd%i;#oordance with one
enbodi ment of the present invention. I gure i ates a press to form
a nmoul ded product in accordance with one enbodinent of the present

i nvention. Fi gur é'® AIpsens tivventisn awille bk aregdity windwstobd abyraitié divligvingy dahitkda

nmoul d pl ung i 0 the formation of a ul ded product in accordance
with one enﬁéosﬁmdﬁ’pgé’nguﬁcetio&‘@@‘éﬂiﬂe ACCOPRHYINGrrawngs & odacilitpte this dgseiptian,
Cr oss- sect i iinakfcrieenohoan dkgAlE Re SHEAANI Sfyal, Test n  accordance wi th
enbodi nent of the present invention. Figure iTlustrates a

cross-sectional view of an ejection nmechanismin operation 25 in
accor dance wit h BAWSdil ndlstrasés hpeppedisnt vieaventa ebllet 7inFagioi@ntd wsh sl oW

chart illu i thod to forma noul ded product in accordance with
one enbodi %}@%&rﬁg}tﬁgﬁf?rp&sgmmngmi on. 8 Detailed Description of the

Preferred Enbodi ments A bi odegradable pallet and a nethod for manufacturing
the sanme are pr@iggled? ilistratddea RIloivitGy AESEaRl s shecific

details are set _forth in order to pr ovi de a tplﬁg(%tog% ﬂﬁgg‘g"gg%ﬁai‘ﬁlho‘%mt he
present i nPEIRCHERENt pE thgipresetsanvantionst ood, however, to one 5 skilled in the

art, that the present invention nmay be practised wthout sonme or all of

P
t hege specific i4sq lLn,other instances, || known process operations
o } pb 1%9 : illustrates a~ perspective view \g? a skid in z?ccordance V\E)ith one
ave not been
10 embodiment of the present invention.

Figure 4 illustrates a cross-sectional view of an interlocking means in accordance

with one embodiment of the present invention.

Figure 5 is a flow chart illustrating a method to prepare a mouldable composition

in accordance with one embodiment of the present invention.

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

accordance with one embodiment of the present invention,

e
A

Figure 7 illustrates a press to form a moulded product in accordance with one

embodiment of the present invention.

Figure 8 illustrates an enlarged view of a mould cavity and a mould plunger during

20 the formation of a moulded product in accordance with one embodiment of the present

invention,

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

accordance with embodiment of the present invention.

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

25 in accordance with embodiment of the present invention.



described in detail in order not to unnecessarily obscure the present
invention. Figure 1 illustrates a perspective view of a bi odegradabl e
pallet 10 in accordance w th one enbodi nent of the present invention.
Pal l et 10 conprises a pallet body 12 that is 10 reinforced when coupled to
an attachabl e skid 14 by an interl ocking neans 16. Skid 14 enhances the
rigidity and stahigré 1y i9fa B3 Slard QuanshizOR AR BAbEE alBobiRed BRoduct in
specifications stipulated for material handling applications using various
types of ceerpegasce sWibtompembadimentef the presentamyengon.f orkl i fts, notori zed
pal |l et jacks and manual pallet jacks. Pallet body 12 conprises a
substantially planar |oad-bearing nenber 18 with a 15 depending |leg 20 at
a centre S, each corner and a mdpoint along each length L and each w dth
W of | oad-bearing nmenber 18 to provide stability to pallet 10. Nonethel ess,
it wll be appreciated by a person of ordinary skill in the art that
depending leg 20 may be |l ocated at only sone of these positions or at

ot her positions on | oad-bearing nenber 18. Load- bearing nenber 18 nay have
a substantially constant overall wall thickness of between 20 about 3 to 5
mllimetres (nm. Each leg 20 is formed as a concave depression in

| oad- bearing nenber 18, allow ng the nesting of pallets, which reduces
space requirenments and i nproves cube utilization in transportation and
storage. Additionally, hollow leg 20 contributes to a reduction in the

wei ght of pallet 10 and material cost. In an alternative enbodi nent, |eg

25 20 may have a solid core. Wth reference to Figure 2 where a bottom vi ew
of--pal | et body 12 is illustrated in accordance with one enbodi ment of the
present invention, each leg 20 tapers inwards towards a base 22. Tapering
of leg 20 facilitates the renoval of pallet 10 froma nould and the
separation of nesting pallets. A blind hole 24 is provided on base 22 of
leg 20. 9 Leg 20 is designed to have a mnimum vertical height of about 95
mmto accommopdate various types of |ifting equi pnent such as, for exanple,
forklifts, notorized pallet jacks and nmanual pallet jacks.



Afirst fillet 26 is formed where | eg 20 neets | oad-bearing nmenber 18.

First fillet 5 26 reduces the tendency for the formation of cracks where

|l eg 20 and | oad-bearing nmenber 18 are joined, and reinforces pallet body
12. Referring back to Figure 1, a plurality of ribs 28 is provided on

| oad-bearing nenber 18 to strengthen pallet body 12. Each rib 28 conpri ses
an open channel 30 to allow the nesting of pallets in order to reduce
space requirenents B . tran portation and
st or age. FbIIOM/rlbgnﬂ?hﬁul!n&QY i j bl RERENt of pallet
10, as well as a reduction in material and transportatlon costs for pallet

10. Each open chArnelegBiabiapatettager mafod BRIl dndt t
10 froma nould and (t)he sepgr atlron tﬂ?gﬁr{ég%ﬂleﬁbﬁdﬁqe{n

removal of t

In an alter té‘}@ WRHHSAIRLS0, npmbrops specfc Hetwds aIBSSIEItIfdl‘tlIOIIi @rde]:h‘.e rayidelta of

the pluralig r tratedlnths ment 15 is rrer}iel

exenpl ary; it Mr&fgrlldngél St%ﬁdlhé&lflz eearetg%tmvteﬂté?rb ﬂ?ﬁd‘ﬁ}déﬁ?oﬁoég‘i’%‘l’% foagnsut s

for thes plakilkdiit yheodrt, rth&&hé%res&thn@&nbﬁ nﬁg 9;58?& sb® WAUE: ol PGl oY these, |
ar e

draft angl e of between about 6 to 12 rom per pendi
surface of SPEEHC issilsng Inegtherr imsintes, f\mﬂ kihbah eprobess @e@&tdn@ma% R MBaeml  of

pal I et bodyy, 14 froma nmould and also to assist in the 20
separation o% grﬁ%étnf&tgﬂ Iy qrdpignot go ppnecessagily 03?‘"6‘&? thegreseauindensioper i phery of
| oad- beari ng nenber 18 to facilitate extraction of pallet body 12 froma

moul d and handl ittiguref] ifladttRts 4 Berspédtivaicd) § a%ﬁfd\é {ﬁﬁe %%?étri g]rnﬁlg%otra'@ce

peri phery, preventi ng the formation of cracks or
dr opped. 2 gvithseneribedi irgent fof thegResentlinybrgiopl Pabidti ltchoﬁziprrsble éiﬁt bodart thhensi | e

h | bl
G S T R RN S r%anigﬁéﬁmgamand
war ehousi ngnhamoes @k $ig1de&%d'sEhb‘iIft§‘%?Pﬁllet 16 abl Q s blﬂl 29 ﬁé\?ﬁ spggxﬁ{:ﬁgms

perspective, view of skid 14 in accofdance w th one
present i niiditlated forgpaterial handimgrapphisatiang nat@\amdusft%d’é&ﬂ cbh@PoR systems such

as, for example, forklifts, motorized pallet jacks and manual pallet jacks.

Pallet body 12 comprises a substantially planar load-bearing member 18 with a

15 depending leg 20 at a centre S, each cormner and 2 midpoint along each length L and each
width W of load-bearing member 18 to provide stability to pallet 10. Nonetheless, it will

be appreciated by a person of ordinary skill in the art that depending leg 20 may be located

at only some of these positions or at other positions on load-bearing member 18. Load-

bearing member 18 may have a substantially constant overall wall thickness of between

i ) 20 about 3 to 5 millimetres (mm).

Each leg 20 is formed as a concave depression in load-bearing member 18,
allowing the nesting of pallets, which reduces space requirements and improves cube
utilization in transportation and storage. Additionally, hollow leg 20 contributes to a

reduction in the weight of paltet 10 and material cost. In an alternative 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.

9



plurality of ties 34. A second fillet 36 is formed at a junction where at

| east two ties 34 neet. Second fillet 36 reduces the tendency for the
formati on 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 Fiigdreo 3 ) [, desi.gned to. haye at | east about 60 %
top deck coverageL%tg 0 prf)vdl:égg (%aé(%aﬁg é éYH‘BB%‘P} V1“”(5’r‘321a eighy eftabppafSi mm saded

on pal | et 1l@cemnedat¢ earitus apestof 3RindantshRm sukf 4 g6 4.0 ensure
stability of lﬁ)@g“ Et 1(8. M ni num ant :goelgkfpd r equi rae’engﬁfgﬂﬂa@é%rr&hh\ﬁﬁ PRIOLIZE,
deck cover a§&"B#4cKt apgmanual paflet jaghs. o6 and a bott om deck coverage of at | east
about 35 % Top deck coverage is defined as the surface area of

| oad- beari ng nenpeg; s_a centage of the total surface area
of pallet 10, whi Ofisf ilet 60 FARRY W€ B0 PSS RgdrheRgRhmemiei S Birsh Aleof

pal l et 10. Botreduresabk tackacags s Sehk total,.surface area of
or .the s)ﬁrface ar eaﬁugfogéir%pgﬁi%ééegé& Pnﬁ’doﬁagihﬁ%‘?%r

bases 22 on Iegs éga _
skid 14 is ZTEPETNSPTE PPt ped reidorees palleehpdyeksed as a percentage of the
total surface area of pallet 10. Figure 4 illustrates a cross-sectional

vi ew of interl ockéRgiH¥ 6+4_n_accor dance i.fh one enbodi nent of the
present invention. | Irlll?erl gc%i ﬁgﬂrr?e né Pcii aﬁté’u%ﬁlmg S BB iscpravided opologdrbearinigase
22 of | eg 20ewberpiota sidinadenlpaletdbay e ehdiairbeicRbial, df genshon 9t .

prot rudi ng agll%g 38 i s between about 0.05 to 0.1 mnlarger: YH&CHER
blind hol e 2% ¢ ngehngeobpalets int erdermtermecd bitace trb@tirehfontsBarid fo infbroMY Glhet WO

t ol.er anged &t 4 :nar il al s interfere when assenbl ed because one
pgrs is | arugerét{a%a’ﬁ%{a;’%gpdﬁa%%? andqlotage 2‘%‘?@% fibe 28jcontriwiqives redicdor i the

pal | et bodyveightwifenilet f0)ragavdliSasapRldi ' I .skid 14 and pallet 25
body 12. EZﬁh gg 20, bCFiand hol o gégbgtﬁ%ﬁ%r%?greﬁ%%gk% 5o qnscoﬁbgsﬁbﬁ tt o

have a tap OPeft elarnel 3§ has BiteprinDichannewhilol EtaciBRE iR rénovd OPBH%I: %
bet ween abgut, %qnéu?d 32 ﬂ{ee%s tgan bout 0.5 and |ess than about 0.5,
respectively, from perpend CUrar? PoneHES salldtackn of altenetiveaatiodgnenteiitoes 18

or skid l4mag hhech boildatget MBe GlyBEL 41QRe Burdi"BY Abs ?g illgzsatlrelltgé inbt%dy 2o, Skid

14 ts"embodiment

15 1s merely exemplary; it will be appreciated that there are numerous possible layouts for the

plurality of ribs 28.

Rib 28 is designed to have a taper or a draft angle of between about 6 to 12
degrees (°) from perpendicular to the surface of load-bearing member 18 to facilitate the

gjection or removal of pallet body 12 or skid 14 from a mould and also to assist in the
20 separation of nesting pallets.

A

A fin 32 is provided around a periphery of load-bearing member 18 to facilitate
extraction of pallet body 12 from a mould and handling of pallet 10. Fin 32 also serves to

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,

10



30 froma mould and also to assist in the separation of nesting pallets. 11
The pallet nay be manufactured by a thernoform ng process such as that
described nore fully in a co-pending patent application titled "Method to
Forma H gh Strength Mul ded Product” incorporated herein by reference. A
nmoul ded product consisting of either the pallet body or the skid may be

constructed of agppi da 0 I.L.an conpri.sing .het ween about 40 to 60

percentage by wei iggﬁt (vvtlahog/érétgg g%?ggrre&e&%myg?f%ﬁ% S&ffg @ef%&w@%&w& e 45

wt % of an ewbebinee. oflthe prosndableatiG:OMSRE 14 QBmpRBY | ﬂ%n%%rwwmgpff?orﬁ han
The noi sture content of the roul dable

about 40 wt %?b,%?.add' tive. ]

conposi t i onPPElG; ¥k gsi. y Al sseand hllgh 345s Germed0fca jomotmnpriefre nalehyt thet e &
about 4 to }8e:%sefn il jsture content dilutes the 10 concentration of
the adhesive in tehelmrr%u% gg?deu%%sortr]ﬁé%q%ﬂ’%'r#I ﬂ?&f@@}a‘?&ﬂwﬁﬁa@ks #rivedions wleret i me
i's requis edidgsG4cue pimedrmul SalbReCAiPPSi tion with higher npisture content.
Further, in keeping the noisture content of the noul dable conposition to

| ess than about 25)% the need for a further post curing process to renove
moi sture from t R fduingledesop aruretityt of proswding flupg@s. giasht protadig 2\38Y
wth. By mdainls .15 0 cessing steps, the noul ded product
may be produce éltaggé Pgl\ﬁe%@%%i{nlbﬁ(aﬁg E£§g§ﬁdﬁqsg@tedﬁ?§{ﬁ9&?-on cycle tinme. As
noi sture is inherent in the fibre mxture and possibly in the adhesive and

addi tive as wel [Palletdt is desigoed Watiave b 1dAQt aboBAYH gd [ r nt.ent
of the fi brﬁ mxture is preferably |ess tahgn about O‘:J'Lg%( @eﬁ%é,t%trﬁrgwde
moi st ur e c8HEBIFHC BIPPPHEOh#Pligw thatde lasde os ipallasri Oremyl ab deastebaaess by bagstng

bet weengab 0 @A co-sglvent_ with a |ower boiling point
t hap v or %éku%ﬁ’ eg%ez?)oér[ﬁsgléoa%qﬂ%y Oglpégﬁof& RIDYTh ARG freuirergy Scempt se
wood wast ewithanmtdpuddelti g eR@aSF bURhiOBouLES Y, phd!h Mol Cgeck AL NPOGEN, BL! ot S

and sawdust, and/or agricultural and horticultural waste
exanpl e, | 82QHSS %t digp daskl chverngshie slefilidtrsake burfie weach \\eslt Reading mdber 18

agri cul tur rti ur al ste are readily avail able at a | ow cost
a%d gi ve ggiopéééggd QQ a f}ecfgénttage of the total surface area 0¥ pallet 10, which is calculated by
multiplying length L and width W of pallet 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
whether skid 14 js attached to pallet body 12, expressed as a percentage of the total

surface area of pallet 10.

Figure 4 illustrates a cross-sectional view of interlocking means 16 in accordance

with one embodiment of the present invention, Interlocking means 16 couples blind hole

20 24 in base 22 of leg 20 to protruding plug 38. The circumferential dimension of
protruding plug 38 is between about 0.05 to 0.1 mm larger than that of blind hole 24 to
achieve an interference fit, that is, a fit in which two toleranced mating parts will always
interfere when assembled because one part is larger than the other. The interference fit

secures skid 14 to pallet body 12 when 2 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 Dieg, Diind hoter Dyroteuding plog Of between about 11 to 129, 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 pallet body 12 or skid 14

30 from a mould and also to assist in the separation of nesting pallets.

Il



acoustic and thermal insulation properties to the noul ded product. In
addition, such fibres also confer stiffness to the noul ded product, making
it resistant to deformation when subjected to stresses. Fibres with a

| ength of up to about 50 mm a thickness of up to about 2 mmand a 12

| ength to thickness ratio of between about 2:1 to 25:1 are preferred.
Because t he noul o] t ' I strength fromthe fibre, and not

t he bondi ng prov??ég ¢ {f E‘lﬁlg l?';l(gﬁﬁeésnll\ﬂ %‘gt,m&f e ﬁs@gld]iwffg“?l%g@roc‘ﬁsb?‘@hi & that
preferred eleserittciongre futingen dot funeg At A8pk@Ssn M6l RARIL R, Qi aq?gg' ng.

Accordingly, a rralclﬁgr quantity of adhesive is required when | onger res

are 5 usedtHSthMonldnddBrrducEdinsoriorited. hepsn isemefatvoct.  5At moBldeadvprddad an
oil palmfi y i ncluded, in the fibre. mxture to increase the
elasticity Cg’%lﬁﬁg%c?fl%ftbé} %}\% g:ﬂlg{ EﬁS’ﬁY cf’éd{hﬁrg%é?%y KPAYTUH ohgumgaigable
product 3l essnipbiitibh €om 8Etwedn RbAREI0 £OSY BB ' | br '
reduce the strength oFﬁ?ﬁ% m)ulréled pr oduct gg%%’?iggeg@% %B%hﬂ%gpgﬁjgmre
gener Sl |y Smsiureand h‘:tswgz@ ,abcmypnsgm 45 \Sflg/o ledl\a regthesivee NGhdn g@iﬂdlabletd@g@)b@iblbn 50
nm and a thj 0 et ween. aboyt ol, y)m Accordingly, the

conposi ti onmagﬁ&g‘? enpoéln?*ﬂr?;{%l“é‘bf”ht ‘tbn@t% r3@ 3ier e nay be varied according
to the desired properties of the noul ded product. The addition of oil palm

fibre is also prretensiadrdesasaerahd nRaldibi &f oﬁﬁ’i%n'ig}%efég%igtlé’srs%ha%%o%’c“

and cont ai nsollgnl n, which is a good di spersing agent "and serves as a 15

bi nder wheRY%u e theeferablypraswean houTHetool 1 Ypalnbifhdirmoismye bentaht diupgdhé r om
exanpl.e, the trunk, fronds and

vari ous, pa n oil pal msuch as, fo S

f [...u)iet . %rheé‘é’?";?g‘];r%téﬁ’“o& ‘{hﬁé‘gh‘?srvedaﬁ’ﬁﬁ H’Pé{da@%fw%l&ﬁkeéﬂ.encweﬂrﬂeegertm@ce@w&ent

i VBNt i on pmevi fesiral 08Xré § niRiER 2 SheP LN nvironnent al
pol I ution cause%qby the incinerati c?n Fatgﬁ%wgglﬁ%gwl%%i%t%{mf rom bei ng
low in cost, oi|l palmfibres are readily available throughout the year in
various sizes. Rpihsugtkeepisg thy mbisure dontedttodtiambonieshle sompodtion folessakanpl e,

beer malt .
e 20%, the need for a further post curing process to remove moisture from the
moulded product to prevent fungus growth is done away with. By minimising the number
15 of processing steps, the moulded product may be produced at a lower cost and in a shorter

production cycle time.

As moisture is inherent in the fibre mixture and possibly in the adhesive and
additive as well, addition of water is not required. The moisture content of the fibre
mixture is preferably less than about 15%. Rather, the moisture content of the mouldable

20 composition may be reduced by adding between about 10 to 20 wt % of a co-solvent with

, .
T

a lower boiling point than water, such as, for example, alcohol.

The fibre mixture may comprise wood waste from building construction, used
furniture, used wooden pallets and sawdust, and/or agricultural and horticultural waste
such as, for example, leaves, stems and branches. Fibres from wood waste and

25  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

12



sugarcane pul p or a chem cal such as a plasticizer, a toughening agent or
an inpact nodifier, may be enployed in place of oil palmfibres to inprove
the ductility and elasticity 25 of the noul ded product. The adhesive is
preferably a thernosetting resin such as, for exanple, an amno resin, an
epoxy resin, an allylic resin, a phenolic resin, a polyimde, silicone, a
pol yester, a olvaromatic @ar. a furan. . pr Vi, I §S an
am no resil?{lggég)at&}égngsaéﬁm i@)ert‘gesﬁnhﬁg %Eil 2e'n 5?%%&?%{@?&%‘?\% 1%%&%\#%%%?@%) gir%gat 0
form a hompgieassyeRiintstefutd TEbn GeUitie, dad o thef tamehg ppovidéd by theuldtesve,
product that is resistant to heat, stress and chem cals, Amng resips are
t her noset thawgsepifadengsr filiteds peeferradheven droaghiagat Berenprovidedess surtacedstilSting

beari ng an ami no grou -Nl 2 uch ani_l.i ne, .ethyl. r j.pes,
o) am mes Pongngy SHEthe! Shtoobely 3l thER e RS Sy g fRaTe
Pref er abl ycod AenaMRERILME coRpbai® Mel am ne, which confers durability, as
well as heat and water resistance, to the noul ded product. Exanpl es of

mel am ne contai ning adhesives include nel am ne formal dehyde and ne| am ne

urea for mal dehyBkeweon almul detd 3prgdcel s ofertlnifibre mayds weludpey the fibre

f ormal dehyde wi || .have an al nopst negl i.gi bl e unt t f r

because di KOgE ttﬂén?fﬁﬁsledﬂ’r‘?g ?lﬁ?tt?ggsas’% Qg‘ﬁ’g@f Oglntl%et. 8“@ %‘? %%%ggiﬁgﬁ%dttﬁﬁe

am no 1 esifh YARYPbERS less DAV IIAWERY! 4 HighbSedidid bt bit palm fibreradydetyetethen t he
noul ded product. Accordingly, the free fornmal dehyde em ssion fromsuch a

nmoul ded pswength of she monidediprachat wi bl prine fibfesrace peterglysenadlenisaizeh txpigadyt .
The additive may, i ncl yde between about 0. 1 to O. % 0 rdener such
as. }\ééoanﬁﬁwp%ﬁ %%tgrq%dé’ ’icbaléﬂ%gﬂoe‘?’ﬁ‘t d ﬁéhlEW?%aéngvg& §l{’%ﬁ& (?I%eto :ldﬁlglsi ve,
bet jeen a 8 dthpd ar fioWAIR PORL 6f 1B GibrdSnikant afay b Oowrietlo
enhance thce&ﬂdgl\;éq}gftht%h% nEc))OuécI1t artlbl e lcg,arrposi tion and lget ween ab%(ut 0.2to 0.9
W % of aacmutlidg tetteaksirabgmpertips ef the ablwdedgoydudteci thin, to assist in the
renoval of the noul ded product froma nmould. Soy lecithin is a preferred

nmoul d rel ease ent,  because. it i | ant - base newabl e, 20,
bi odegr adabl e, %g‘@e%ddﬁw goRt #aim Mﬁ’ g Péﬁ*gﬁ‘ff‘fﬁi @80%3 0@ patin figre has dow, any
toxic vVap@lisure content and contains lignin, which is a good dispersing agent and serves as a

15 binder when subjected to pressure.

The oil palm fibre may be obtained from various parts of an oil palm such as, for
example, the trunk, fronds and fruit. These parts of the oil palm are usually junked.
Hence, the present invention provides a way to reduce wastage and to minimise

environmental pollution caused by the incineration of the oil palm.

."\w/

20 Apart from being low in cost, oil palm fibres are readily available throughout the

year in various sizes.

Although less preferred, alternatives, such as, for example, beer malt and
sugarcane pulp or a chemical such as a plasticizer, a toughening agent or an impact
modifier, may be employed in place of oil palm fibres to improve the ductility and elasticity

25  of the moulded product.

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

13



[ [ [ f rnoul dabl e
ring noulding. Tables IA |B and 1Cillustrate exanples o !
ggrrpogi tions t%at may be wused to form a bi odegradable pallet in accordance
wi th one enbodi nent of the present invention. 25 14 Table I A (all amounts

[ 2 44.1
' % Exanple 1 Exanple 2 Exanple 3 Exanple 4 Plant Fibre 53.
|42 \évt49/()9 ngioca F|OHP 8.7 8.6 9.5 8.2 Mlanmne Uea Formaldehyde 34.8

8,0.8 Soya Extract 0.9 7 1.9
211" Tmpact weditor g g TORhE 5gRle B Rl £ ouSenpr e éni el mfathe
Exanpl e 5 Elcamptien 6f Exaoytel proddbaiat i RkRiaa o hg’élt Ztrerk% a91d hERi Q62 xiEJ'ﬂ?

8.6 8.9 9.3 Ml ampe U ea Formal dehyde 38.5 37 Anmoni um Ch

0.8 0.8 0. 7"°55dyA° ERePQesttng platio rpatgrialy rﬂpfacmel\mdﬁaeelr b9 r8acling d)c@mp(':ﬁﬂm e
1 a

C (all anopitisg iR é?ﬁmo/‘)grgﬁi}amI%) suc';‘:ﬁ( as amﬁne, ethylene urea, guanamines, melamines,

5  sulphonamide, thiourea and urea with a formaldehyde.

Preferably, the adhesive contains melamine, which confers durability, as well as
heat and water resistance, to the moulded product. Examples of melamine containing
adhesives include melamine formaldehyde and melamine urea formaldehyde. A moulded
product formed with melamine urea formaldehyde will have an almost negligible amount

10 of formaldehyde because during the moulding process, almost all the formaldehyde in the
f ‘) amino resin vaporises, leaving a negligible quantity of formaldehyde in the moulded
product. Accordingly, the free formaldehyde emission from such a moulded product is

minimal and will therefore not pose a health threat.,

The additive may include between about 0.1 to 04 wt % of a hardener such as

15 ammonium chloride to accelerate the curing process of the adhesive, between about 6 to
18 wt % of a flow promoter such as tapioca flour to enhance the flow of the mouldable
composition and between about 0.2 to 0.9 wt % of a mould release agent, preferably, soy

lecithin, to assist in the removal of the moulded product from a mould.

Soy lecithin is a preferred mould refease agent because it is plant-based, renewable,

20 biodegradable, does not contain any toxic additive and will not release any toxic vapours

R

during moulding.

Tables 1A, 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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Plant Agricultural and/or Horticultural Waste 47.8 47.4 Fibre Ol Palm
Fibre 2.1 4.6 Tapioca Flour 8.2 9.3 Ml am ne WUea Forml dehyde 39.0 37.1
Ammoni um Chloride 0.8 0.7 Soya Extract 2.1 0.9 Inpact Mdifier 0.0 0.0 10
Figure 5is a flowchart illustrating a method 100 to prepare a

bi odegradabl e noul dabl e conposition in accordance with one enbodi nent of
the present invention. The noul dable conposition conprises about 40 to 60
percentage weight (wt % of a fibre nliﬁﬁkehﬁabout 15 to 45 wt % of
mel am ne urea fornmal dehyde, about O. jbof 15 ammoni um

0
chloride, about 6 to 18 wt % of tap#ﬁiﬂm?? ﬁylﬁké’about 0.2 to 0.9 wt % of
soy | eci t hi —Met-hod-100 hng| ns—bv weighing 102.each-of the r\nm’\nnnr]ts of

VT TT LLE A AR A ]

the bi odegr adabl e __nmul dabl e conpddixemple & hdixemales) | xamplpg | Fxample 4
gai n-i n-wei giflanpFibmei pl e or under {vadduim § THd.lconponémts df tB& noul dabl e
conposi tion [@rpicsegleanti al ly conbinedg 304 (n agem xpr foog bet wegn abput 300

to 600 secondgeiihe {Fed PEMaR]chYRS! anglgf Ty| honmgenepus,apd  [Welsl-Coal ed

nmoul dabl e cof T e T bre-mxtuse 5 f o—the—ngxeri and
bl ended f Or rA nribﬁlulﬁ Chlorlcrerlp / (‘\ Nnr i b‘ t t'\)f h::o gdﬂl J:Llit(')' f Gr\l Uu f | Our .

LU SCUUTTOOS } '~J| T UI (-

The t api oca %PX@.BX%M the fi hrp Ixt 98 are hllp?ldpd 1d-% or ahnan S.
After whi ch, {lmpsct Medifieti n, fol | owed by 7nel ani f@0ureh f &rGral dehy@d8, and t hen
anmoni um chl oride is added to the m xer and bl ended for another period of
about 300 s to achi eve honpbgeneity in the noul dable composition. The

| i quid conponents such as nel am ne urea f@[e"|d dehyde and amoni um chl ori de
may be fed into the m xer by a pneumatic actuator or a volunetric screw

o+

f eeder 5 (all amounts in wt %)
.
Example 5 Example 6 | Example 7
Plant Fibre 50.0 51.7 52.0
Tapioca Flour 8.6 8.9 9.3
Melamine Urea Formaldehyde 38.5 377 37.1
Ammonium Chloride 0.8 0.8 0.7
Soya Extract 2.1 0.9 0.9
Impact Modifier 0.0 0.0 0.0
Table 1C

(all amounts in wt %)

Example 8 | Example 9
Plant [Agricultural and/or Horticultural Waste 478 474
) Fibre |Qil Palm Fibre 2.1 4.6
i Tapioca Flour 8.2 9.3
Melamine Urea Formaldehyde 39.0 37.1
Ammonium Chloride 0.8 0.7
Soya Extract 2.1 0.9
Impact Modifier 0.0 0.0

10

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

15



15 In a preferred enbodi nent, the liquid conponents are sprayed 106 into
the mxer to coat the fibres in the fibre mxture evenly. Spraying 106 of
the liquid conponents into the m xer ensures an even distribution of the

| i quid conponents in the noul dable conposition. An air operated di aphragm
punp or a spraying nozzle nmay be used to spray 106 the |iquid conponents
into the maemonidh WeR, ihe: B9y dah! Idd,009,d ngl : e thap one
liquid component, the Iiquidaggég%ﬁgﬁfg%ggﬁﬁggthW%aﬁggg%%QqP%WE/Qgg%ﬁﬂ

m xer for aBYin200 s to forma liquid nixture before spraying 106 into
the m xer. The conbination 108 of the liquid conponents may take pl ace

concurrently w t@ﬁ{hh 1 8§bi‘na ion, Jﬁ“(,)ﬂz of the conmponents of the noul dable
conmposi tion. 25 eogsg) FBIES BY Yereig 14 sich of Sheoronaieapnts ofthe edagradapieng
paddl es i s @& eshbddit : j X e Ui red to achi eve

honogeneity of the m%ﬁgglﬁgﬂggtﬁ%@gSﬁgo)gréhgrégndd&?lghgﬁé%p68’ ‘l”f‘%f &Ry zone

in the mxer. The creation of a fluidising zone reduces friction during

m xi ng dnd t her eftsreomronnts oftheheatldddnesmpasittont e RERMERIlY R 184 i 6
curing of tnji] h the m xer nmay be operated at

bl ition. Alth
a rotor speegergf?) ¥ E%%ng ﬁ&gﬁngﬁﬁlt(ig%ée%és (()Slrjg‘}éwfm 3 sbstaptiallynhosugenéaupring i t

i's preferab\}&-dogtgagﬁétggﬁ,lé&gnﬁgsﬁﬁh at a rotor speed of about 29 rpmto
m ni m se the shearing force acting on the noul dabl e conposition and the

heat 5 generated. Hi gh shearing force will cause the fibres to

di si ntegrate. THé&edbremivary ibErsprddédiedtheinikersindelg@ied SomRsH1 O B&hoals tgast
about 600 L thheidgh‘t b\é at | east about 600 nmin width to allow an
eftjcient Hi SchargeiBropReE apnmrdionre The éiriers flusandvthentibre mintmre aredilehded
remi niog. foFhdont 9V isSi AerQihibiRrg¢ 18t foed S QelaBhle NS, FOr il C

i nspection, fast cleani nglj and ’gsgg Qggglégggv?eg%ﬁh@elﬁﬁ@tﬁ%f%ﬂﬁﬂghl’é(%ﬁn@ he

moul dabl e @enposneniion diorideat edddd 1 thesaixthani BRI (o2 AXBHBOE&IRH &F SIAD! Y
bet ween ab?ég % i gher noisture content will cause the

4 t 0%1‘ 15h A higr el
moul dabl e ConpEsITIER bPBOgeFEY ihbgmaouldabla campastiiont y to distribute the
shearing force from

The liquid components such as melamine urea formaldehyde and ammonium

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 pumip or a spraying nozzle may be used to spray

106 the liquid components into the mixer.

A:‘v N
"

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 a fluidising zone reduces

friction during mixing and therefore minimises heat generation to prevent premature
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the mxer to coat the fibres uniformy. Figure 6 is a flow chart
illustrating a nmethod 150 to prepare a fibre mxture in 15 accordance with
one enbodi nent of the present invention. Method 150 begins when a quantity
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

pi ece of wasirhgBrasdmblRabPebWEsSdPpout 10 to 80 mmin length and between
about 2 to 20 nmin w dth. Tﬁl‘g{sp llj(?glity of pieces of waste may be sieved

154 with a first wire nesh having a 20 plurality of apertures neasuring
about 80 mm in didheugdrthe prik@rmayobdepargted any eyed sherddf bSRERAULSNH NHRY 2¢PT

grinding 156 into a plurality of fibres. The plurality of fibres, each
fibre neasr&P’PWéO‘bseQ‘ﬁé%lﬁuts@d’m)n 1 i3 Ry eionbiangol aperatn thermiapcet hebespealefiabodt t o

10 mMmin WE fhm tBYnib@NHP Shiki W th.a se w re mesh having a
plurality of i:;ppert ur?alsIms\as8r(i%ﬂhlgé[q\(gtlrlg)%gl U#Og%q lﬁoggaﬂﬁfﬁrpposf?“rﬁ@a%?%éq ity
of fibres igensuteleridigh iEuihg ol chiseaRTibis BYighBBL@l detector. The
netal pieces are renoved fromthe plurality of fibres before it is fed

together with a ws)l urality of oil palmfibres into a third grinder. The

resul tant fibre M%PHCE “F%lf her@‘ﬁVG?(g&ﬁ@ sidesdogrAteeapininges Ibav ivhoptacd0emgt i of

up to abouty j . of . t 9, about ..2. . ,17 Fol |l owi n i ch,

Uhe P b o ezt F?aﬁa‘%“ﬁaé’bﬁi S8R M Dfpf Sﬁ%egga‘ﬁ‘é@f&@rﬁjﬁlﬁ&%%am

plurality ebmppstiouresh meaisaf iré@iﬁbwﬂaitﬂﬁgmﬂeﬂpﬂ}vﬁ;fﬂ%{; ﬁf tiaﬁéé ts@l@%r@a i,ngl e
e

gri nder rra;énlé)%ﬁgpl oée,d to prepare a fibre mxture w sired fibre

p 1
di nensi ons, Pspeatie)y fasteleaning andgaiderccesd. to i ni nise material 5
handl i ng and cutter alignnent, and also to prevent jamm ng of the grinder.

S an gpternati tR0iSH V| far.el rials,.oversized rticles and
Qis"g}fi bres may \ggerlg%gﬂygééb&gn%%uﬁt%%%@%ﬁ PRGN gF é"‘?zfgra?l&gﬁssot?‘?‘éabcl%G to

a noi st ur e20%ntmemt pofferhbly bethan apbaut (B, Ahebl Bog T thiteh: myca'ia?abﬁ@f ead
fl oor, of a drying shelter to dry for 10 between about 1

out on a ceme%gg | er t _
to 2 weeks™Mop | IMPOHURE (P davmipspiBicignt wecasity tey dspibuld tletsbearmgdibycedrdm
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 received 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

Qg

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.
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bl ower, ultraviolet (UV) light fromthe sun or a rotary dryer with a
heating system COccasionally, the fibre mxture may be redistributed to
achieve a uniformdryness. Random sanples of the fibre m xture may be
anal ysed to determine if the desired fibre size, noisture content and
conposition has been achieved prior to delivery or to storage in 15 a

il The f d uf.act I t
WL o sorow eam ey o SO S R A W B P R PR

conveyor t gluhbtysifapageesinegsuritg k@it 20 1@1@'1@6?%%?&9,' cal conveyor. A press for
manuf acturi ng a noul ded pr oduct fromthe noul dabl e conposition is 20
illustrated in F n accordance with one enbodi nent of the

ure i
present inventi ﬁg"u?‘%‘gi? arinfersman hesemployedsto mepere @ filwe mikhee voul ded
product in n nt .of the pr i nventjon. Press
200 conpri saggl%g ? @gbc%n%aﬁgvﬂlﬁggg&?mggt g“?)[{eést arr ? *é?‘ﬂtj tq BiNRge mategal
coupl ed 5t o handlegoad phacenli@@at, Audd BRb t%r pleQ &R Zﬁnﬁﬂ?%%f {R8" rm%@no ded iy 9' ng
a nmoul d cav 211 is provided on first platen econd or
mal e noul d abﬁ%ﬁ trye & %‘Fﬁ%iﬁ?f@ga b eiliads, piversized paiiidlcs snatblgrﬁbeeh hey beodmeled
platen 208, %?ger 206 is to nove noul d plunger 213 towards and away from
moul d cavity Second noul d part 212 nay be provided with one or nore
gui de pin(s) 214 that co- operate with conplenentary elongate recesses 215

in first moul d FaetibZdtidteredd tign diedl1ée tB'a‘&ﬂgﬁfur@ é@‘nt%ttctf Iéggl‘lhigl %Yx't fyo211
when pl ung F" gﬁgp is in operation. 18 Press 200 may be a nechanical press, a
pneumati c g g dOromuguiyipm be isprepd @96 onFheemantal ﬂ)@oraoﬂwdmlgj stelipr EBSryl Br
prefergged r f1 exibil he force plied,
the) di rect ??)tn“letﬁt1 %E&g 125856““% dﬁgaﬁ’rc?nmlﬂ‘lturﬁr”é@’séﬁ ér*%é’l?lpg SE‘?ﬂiﬁ}@ﬁe‘% dfy #ay be
adjusted bioser dulltlg{/iyblet URO fight M ehi0h Y,

first | oadéd wth a bi gd;aﬁgr zlag(::l}gbl eI nmoul dag&gagg%pg%ghﬁromﬁﬂi%ﬁ@aﬂé Sggt%%)o

90 % of t hEceasipaaily, ythe fﬁbfﬁum@itur@amayybeI&dlstﬁbmede@r echit\@ ahumﬁ)rﬂiodi}deggaw ty

211 is fil
is filgegdide® sﬂﬁfﬂ&ngg ﬂ;[ ﬁ)bre rmxtu:e 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 2 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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conpression ratio of the noul ded product, that is, the ratio of the wet
weight to the dry weight of the noul ded product. The wet weight of a

noul ded product is the weight of the 1o noul dable conposition used to form
t he noul ded product, while the dry weight of a noulded product is the

wei ght of the noul ded product after curing. The conpression ratio is
preferably betwegg 28beudy b almbehandallpred, 5 préukagerésat arhydfauiiboess. 1%é¢ n a
transverse direction and 1.5%in a longitudinal direction is preferred.
First noulise phrt hyztaliamdess de orefemolipg itpeffars 2rgtere@nigl Apsbiibg—arthe force

15 0of .b b 0 o 180 - -
hear i ng. yaplsh 98 RRteS teant d waphih SEe B fotl, L AT afbited

respecti vglyrdfeihermal controller (not illustrated) is provided to

regul ate the temnperature of first nould part 210 and second nould part 212.
First mould part 210 is preferably nmaintained at a tenperature that is
about 20 C hi gffer fotnmatheamonldsdr piadnel, omowlde 6avitymadll dispairst jopded gwith a

conpensat e, f or t 1o en oyl dabl.e 20 c it 0 i.S.: i nt o
moud oy pio eSSl BRSOt Sl @ At o956 Ae bk AT L0,
212 from j.am N91048et GedrlienHBhnBK PRBSIHOBVYY BIT St filRdl B PéFend@itOon ahd
second noul d part 212. uld plunger 213 is noved towards nould cavity 211

at a speedombrasiontratBOof ticlrhouldedr e dpey thebotit atienof thawet wejslisto Befdy e

nmoul d pl unger. 213 cont ac | dabl e, 25.coppositjon 216.. The ks then
educed t oY bt RBUOR OB o 13 st 5 BF BURHISeE RecckihistBEr PRRESEHS
suddeno | M8l PoHbAARCuCAMBORIG! 88 Bdfded il SvhiRdas! drblegiSof kbt

i nduces stresses In plunger 213 and noul dabl € conposition 216. A
limt sw hetuldednmiodidt!inshe atcad) ofale beuldedproduct eflac eutige  Tpesampresiphch

moul d plunger 213 approaches . mould cavity 211, .19 T eri.od of .41 nme
botween | Gat #ﬁgpmgﬁém‘ﬂé‘v%‘nﬁ{%‘F dbe et ghﬂémgahfgg@f & a%ﬂfllgé"n&{‘ a
bri ngi ng | 4 kat: : gL s I £4Cconmposition 216 is
pr ef er abl 5@‘ i#%fsgﬁdé%g@[gno%%dﬁlsﬁ%eﬂ? ﬁ%ﬁ%‘gﬁl%ﬂéﬁpg&gg%%&#ﬁon 216 is cured

uniformy. As nould plunger 213 is gradually contacted with noul dabl e
conposi tion 21@jirsamould 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

o’

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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5 packing pressure of between about 435 to 870 pressure per square inch
(psi) is applied to noul dable conposition 216 and mai ntai ned during the
nmoul di ng process. Packing pressure is defined as press tonnage divided by
the surface area of nould cavity 211 and the volune of noul dabl e
conposition 216 in nmould cavity 211. Myvenent of nould plunger 213 towards
moul d cavity 21 dete e .af about
0.1 to 0.5 tmi o BRI e P IR s SRl ik PRI
212. Secongl mend Grifgihg mddd iptudyet Qiatmﬁohb@ntmswﬁh aibuldble befiymenab@uls 20
to 60 s to all ow noul dabl e conposition 216 to cure substantially. Heat from
first noul prefrastly Riromisad tsensoredhatonpddgde copi@itemideds aid tufeily

noul dabl e conposition 216 to vapori se, resulting in an expansion of

| dabl 15 .Th dt dth f
Toul dabi o compoat Tl bfed Ao Mol Bredf Rl tBopfa i trb PP A" ©
bet weery f |ﬁ&kiﬂ@%éﬁu&&fﬂbe%&n%ﬁgutmck70%3‘&!%391aog?é'rtsqlgajfg in béi{ Wr@plicd fohe

form of water vapour is released through the predetermn ned clearance
bet ween f |mguldnhim|@rrnmsmoz 121 tanadd sseiotachedo dinihgp &t nRLRlingAprodees. t ebiskingt ur e

of noul dabl e co n 216 jncrea he, adhesi ve

conposi ti AT é%ﬁ toPTEe {gnn@g%(?lg@gql ﬁ?& the, 3hr{ACE AE5; ‘%ﬁ"%ﬂd ﬁi’)‘ﬂ{yﬁbl qhd
CO”DOSItlQHeZé@nw%ﬂﬂﬂﬁMQMéé&%ﬁ%ﬁ@h@§6%Pm%ﬁh%ﬁgﬁﬁzyle“’Of first mould part
210 and second noul d part during the tormation of the noul ded product

in accordance with one enbodi nent of the present invention. A
predet er m ned cMeaement eolCnwluld glwgen 24Botawaddsl ntoemld) cBvitym2il s @Bsesaivhemianed

bet f Id t 21 d I t 218.
pecpuch arbrelselnie QRmceet B oaeu0p THoul B i BB Rsbere s mae Bt ves
heat direqol ynd g&mllﬁ&nd FRk! shDardecddd nitith $5¢2N9 EldaPRHd pdddon for
exterior surface layer 220 is of a higher tenperature than the rest of

moul dabl e bebwpansibbiio2) P1F atvckllowr msuldabla chbmpostion 216 toates substanfizily. a ski n
222 around noul dabl e conposition 216. Skin 222 acts as insulation,

reduci ng heat tansgl esion fram L oeh muld part A10 and, second, ol d; part

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 is

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
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noul dabl e conposition 216. As noul dabl e conposition 216 expands, vent 218
becones occl uded, preventing 5 the release of water vapour. Accordingly,
the pressure in noul dabl e conposition 216 increases as noisture in

noul dabl e conposition 216 vaporises but is unable to escape. The trapped
wat er vapour fornms a plurality of vapour pockets 224 in noul dabl e

conposi ti onra?d Gorrth€Gi sRint Aol tion of a r QUS ructure 226
wi thi n noul Ejabl ng é%(r%psglsni %joﬂg%ﬂégﬁoglg%lﬂgggmpgggoq %ﬁ%ugﬁntﬁg S A vEHORat er
vapour f r onfedueingdishie trensmpasint fiom Zi® héuld 390 2P0 8 Ne8Shd FSi biRG 1N AN

i ncrease in t{;@ tengerature of noul dabl e conposition 216. The Size of the
plurality oPCYERYRFOBBRREN21924 | ncreases with an i ncrease in the

t enperature of noul dabl e conposition 216. Wen first nould part 210 and
second noul d parig 21 ' g 15 tenperatures below 90 C, the
quantity of hrmilstfjre M%P%hd@yé%@?gggG%ép%%u@ﬁﬁg’eF% ch&%upr%%wts
are forrfed.th€aeleespohditegvypor. ML lesdkd B fholligaber by 7
pr oduced. (.;Ionrversel y, .hi gher tenperat u%gs_ lofﬁlf iSSr_st mgpgﬁglgr%ogﬁgh%ﬁgl%
second moul@F&FE &5 MY | pewdable icamphsitioo 2hatvapories bat fouhdbbd (peadpet
wth a | owerped 1 e} enperatures.of first nmould part 210 and
second moul d epg??b%yagzsgﬁoﬂg fgglaﬁcae plhﬁgh%rﬁédéf‘?‘{fnp??kﬁ@ Pét i mouldable
product . Honmpesitiot QM efraipiRmIhE RBlatibA VR a P ﬁtéﬁ&f&%%fﬁﬂgﬁ%fdﬁ%e as
abl'e o)

such high tenperatures will burn the fibres in nou conposi 16

and vapori §8MP8¥UAEH-of the npisture in noul dabl e conposition 216,

resulting in the formati on of a noul ded product that is too dry. Therefore,
and ond moul d part 212 are 25

the tenpperature 1l l.d part .21 Sef 2] ,
prﬁ\g} erably ]gai n??aﬁa’;lleoéé E%%‘\%}éﬁea%%@fa O{fﬁq?fovafgwﬁ%@fiﬂmﬁ@nmrsm

t hat when alsberévenredr abulties imin fncfak . Jl d, part
212 are w Irgl n.such a ralnggtla, r'Ehe teenggt%lg?eulﬁzé%P@n%uﬁggg?ﬁg%ﬂn%g%?%% 216
i s bet weenl8boie PH0he Plureltycof vBgowropockeld 2R intreasdh swith it irereasé ihHaab

Wi thin nmouj UL ktion 216,.vapori sation of noisture from noul dabl e
qu)%(kfﬁw% O’Q‘h&aﬁfé C@mpé’ﬁmfjﬂggﬁsure an even

conposition may be contt

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

15 temperatures below 90 °C, the quantity of moisture which vaporises 1s 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

o

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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21 distribution of the plurality of vapour pockets 224 w thin porous
structure 226 to forma noul ded product with uniformdensity. Wen the
pressure in noul dabl e conposition 216 exceeds the external pressure, the
occlusion to vent 218 ruptures, allow ng excess noul dabl e conposition 216,
water 5 vapour from noul dable conposition 216 and vapour fromthe curing

of the adhegisng £ r vent , 2 ucm the pressure in
moul dabl e colrSTpog?ﬁl Sn%a@&a ye% ge @Ckg"%?gfwﬁll ’988 U§ SHPPHE t4eta Brddse
of wat er vampouled prddngt \t;hleumiﬁuhpudﬁgt process, while maintaining sufficient
pressure to fill the space in noul d caV|ty 211 between first nould part

210 and second @grt 212. By regul ating clearance C between first 10
moul d part 210 a e%é REPSTHS® IR mipatdablzicompdsisioni 226 @deadarthe 24Brnal Peessure,

re re r bl.e conpos n, 216 and.the vol une of
Pcess moul HepcaBNELAL DT SRl HiRue Gaoa i lsntmticgion i water
exanpl e,5 a vaapgefronl @anldasle cEmpbiious 210 L84 VRSl f}’cﬁﬁ)?ﬁl{)c&[}% m%%%ges?ve {0
ui up,

conposition to escape resulting in a | ower pressure
vapour expdiistrsrihrongh sent 218 eretlosnmtlicqmessfiresn moulddbl orpdicbnBish a hi gher
density. Conversely, a smaller clearance Crestricts the rel ease of water

, Ind | ded duct with a
oner density - KaaBaie CHRRANNIRD Ao B 1iEie of vtdvdecyr BN dhempwding
noul dabl e @ooqes |vth11emnam?céﬁ:dgl Jubficnak p%s@@'{@ﬁﬂ Bhe %ﬁé&q%%ﬁ@h ‘%#D 1 betyyesn

Consequently, there w |l be no pressure buil
conposi ti oﬁf%wul%@ﬁlepland lecospaneild pandild B;a*egmlytlrﬂgldlezbmommetfwereﬁtﬁrﬁDU| d

t 2 |0 h th | ded product
Poryed i | PO SRR SITCHCRRRA ol it Hhe e s BF VERebi e PSP dn o0
dependent ompdSuRD 0%t BoBldaRt e&hpesf'h&})%@a% egovgg.ﬁe%mxée Owoa@%ﬁse of

a smaller clearance Cis preferred when conpasi
cont ai ns | E_EPasiien Urtedisqhireged smaydfe cntrafiger cl earance Cis preferred when
noul dabl e conposition contains nore noisture as under such circunstances,

nore wat er 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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vapour is emtted. The noul ded product is formed when noul dabl e conposition
216 is substantially 22 cured, preferably about 90 % cured. The noisture
content of the noul ded product is preferably between about 2 to 5 %

Pl unger 206 is then activated to increase clearance C to about 10 mmto
rel ease all the unwanted vapours discharged in the course of the noulding

process. 5 bires! paRANAE ot DELEATEIrRELALE IOl dap) 700%@5@‘;9;’@%%% 'S

substantial ly cured, the anount nol st ure

conposi t i onPZfBally betviven abnadegLiatie, Plangbrios ioih g@g,dpgcpgqﬁéregge de he.seft
and wil |l tetn to a]g}here to mould cavity 211 and noul d pl unger §
Separ ation of l?ﬁ}ﬁ P iy &flease ks theyrvmtes eapoutsy dizditargadoinl metdmlmsedDStm:rt
exterior supbhaes |;ﬁ‘¥@erss 220 and damage porous structure 226. 10 Therefore,
the renoval of nvi'sture from noul dable conposition 216 is vital to
achieving a noul ded product with sufficient strength to withstand stress

and strai n duri nd @geaeressing m@%e@&ﬁ%x‘e%oul@&!ﬂ@%ﬂﬁ:@hn&ﬁ %llaelsr%lbg@ﬁt?al@
a

unwant ed vgco ?f{%s cl earance C nay be reduced to between
mm and hel ¢ $fer fef @PO%t%é‘W%@uremmdoﬁe@l sauddablenpompssitidib ZtIBeWHDUbleded

roduct to e 0 he surface of the noul ded
Brodﬂct tolgﬁd&gﬁgé tha' i surpace ? CE éfl B?ﬁ?"%ﬁg‘# “(L;lilfiﬁ?fdltgé’fih‘%}ﬁ tomawk] eavitye
occurs, res?lllltandgmbmdthgef ngratseggha%n SRR lurﬁg&l ?ﬁdfrgfnorg@gltd camy

Ther eafter é er 206 is activated to draw unger
moul d caw“f‘{))' 1t e%n@StPﬁeemﬁWdédrfmeodm@t 129 raﬁaimdmm:hgfeopo@ubsgﬁmaﬁg 226

rocesspn I renmoved fromnould cavity 211
Wik oo oh sna S B L8 af MR R S mE Rl coRRoT o Bre asltg sphevtdled

Wit an ej ectuldd pm&hﬁmﬁmm&dtft Lhe 0 uld cavity
211 when cl e(gflance Cis l| ncr eased rteofta tg%fﬂf%ﬂ%{}té%%ﬁ ﬂfélglseurq'%éxﬁﬁ?ﬁﬂﬂged

vapours an8! ayling assist in the extraction of the moul ded product from
nmould cavity 211.

Subsequent to the release of unwanted vapours, clearance C may be reduced to
between about 0.05 to 0.3 mm and held there for between about 15 to 60 s to compress
15 the moulded product to a desired thickness and to iron the surface of the moulded product

to give a good surface texture. Further vaporisation of moisture occurs, resulting in the

formation of a stable moulded product.

Thereafter, plunger 206 is activated to draw mould plunger 213 away from mould
cavity 211 and the moulded product is removed for subsequent processing. 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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25 Figures 9A and 9B illustrate a cross-sectional view of an ejection
mechani sm 234 in accordance with enbodi nent of the present invention.
Figure 9A is an illustration of ejection nechanism 234 at rest, while
Figure 9B is an illustration of ejection mechanism 234 in operation. 23
Referring first to Figure 9A, ejection nmechanism 234 is housed in nould

cavity 211 and p@siinbansdioU d t hel i on hani sm
234 conprises a headg238 é)og%ﬁfeedg%’gag& asig%}%gfé@yzgggh%oﬁs gcghb%gﬁlge%wgﬁri ng
244 around dhadnd 4Riondt undes ta, mosped pedaddRics Efcidh wecRARmMEESEhshiRbEa 5

In this enmhodi E&gt pz'dgcti on nechani sm 234 is operated by a pneumatic
system (n aﬁll E¢Y ‘% @9)2 basp 449 by a shathdA handay wving @44 wiaund ahafi243. nit 246 t o

prevent a 988y 944 Riifi an {; c%%pt].&(g%cg%gt%_nati c system In an alternative

enbodi ment,  ejection msc{%anl sm nmay be operated by a hydraulic system
When cl earance Cis increased or when noul ded product 236 is to be renoved

10 fromfmoul d cdwithiy e2ibbdinidng @egiorahédhasiyiatmsm ﬂss()f@faftéci\/@‘i AhRRAaSX §¥stdn @

ection nmechanism 234 in a direction as

force on bgge .ﬁ40, rivi n%&ej ; ] {

i 11 ustrat e§ 9t EtGHE SHal7d2 ek Brosidsd vy ah @-2u 24t peveteclessof air
Accor di ngl Yol sle . 2 LSpLifted fro moul d.cavity 21 Ej ection
mechani sm %4 I's I‘f-Hé}tg tl?r%&e)gﬁtf één't %12 aiﬁ%g Frtnlaéﬁe rflg?cg@?mi’ Fjle%g’[nr @Fgémisﬁ}%‘ig’{ﬁ‘% 9A
15 by deacbé vadrated yhehydredioeysi@n syst em Correspondingly, spring 244 is
released fromits conpressed state. The expansion of spring 244 exerts a
force on base 2&@,E driving _ejection nmechanism 234 in an opposite direction
relative to di r etiSiotiearansgi§ s fgeeapeskpt whian nestuldedsproiect 3Gais e de Ehoved

! j ' ted with th i i i tch
D phat? § < o MOl ey SVE RIDIRE sPRER R sl REr B TostsTh b oo
moul d cavi diyving 1gectisal arechangnbask 110 sFugesRn8X MRUdabkel GRNMESet DBNaAL6

shoul d not be left in nould
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
gjection 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 to 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 burnt. 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 Jost.

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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cavity 211 for an extended period of tine as then the adhesive and the
fibre mxture nmay absorb too nmuch heat and becone burnt. Cracks and
deformati on may al so occur if 25 noul dabl e conposition 216 is left in nould
cavity 211 for an extended period of time as then too nmuch noisture wll
be lost. The degree to which nould cavity 211 is filled affects the density
of the noukgedot BE @AsEN: of folasuit fcbﬁzb@ﬂﬁor{@% @@@'ﬁ%@%ﬁ&%ﬁh%&ﬂd %&ﬁt 811
| oaded into nould cavity 211, there not ough of noul dabl e
conposi t i oheteen tipstfiphldtaet %maami B&’comi)unh(dlld:@m“tt;yl22ﬂnli thbeet widlebe frisuffitienoul d

part 210 and sec gigqrmul art 212 and there will|l be insufficjent pressure
bui | d- up theF%'r‘%% “gRido g?fﬁh&?f@%stﬂ%me/@ O fehsuch, ydpise mRdciat ot atith
with highp |rﬁ5g{|{1§\e g

orposi t | one A aR EALAN Smdi S ABCIER UYL BB DB B & lopfeg,
chart i3l usto atoukdg:aaztyré!hod 250 to forma noul ded product in accordance

w t h anot her enbodi nent of the present i nvention. Method 250 begi ns by

| oadi ng 252 a npul d vity of rst mould part with a nmould
conposi tion. The'8Wfotl & & 9Wtc§’a% SEféU‘P&)&d’é‘ﬂﬁ%%SQJH’ f%mafbalﬂl}d@é W/B‘Blld the

capacity Oécchhﬁng@wug &f'?)‘fﬁetrye'mb%gl ng%ghfé@ %régéfﬁslﬁ%fﬁmgf ﬁ%@%%o@%ﬁ%uﬁ 50

870 psi is applied 4 to the osition for "between
to 60 s t odoatihg5ehe nromid da\biyeoﬁmrﬁms:hbéﬂdrpartt WithUd @roulableedippiitionedlhe
cl earance of hetween about 0.1 to 5 mMm i s nmaintained 256 between the

first moul BOP4EvIEHEaRb %E’@é%z%%ﬂ ep hart 99 & af thewapasty of Sermewé cofityexcess

noul dabl e conposition, water vapour and other vapours rel eased during the

curgngloof the 18 BRAIAAPISFOBORNAN abdCaTd 15 ts MOYLcisPARNic@ M4l e gpecond

Jd part are aln aterrpera ure a 0C.
The first momllcld:)l@aompostzan Bfr deaidey abomi 0 @ Gteﬁtcahllcaw tieperaitks eomposaaut 20
C hi gher than a tenperature of the second nould art to conpensate for
heat | oss "%t HePHRggicHaBId clarmyes Pt P@Jtﬁve% ab@&d%g tp ko és waigianedcipi ty

a0 12 P, NERke B L€ L0 7B CORGSRRENL IR PRl AT 0
part. mouldable composition, water vapour and other vapours released during the curing of the
15 mouidable 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.

S

The predetermined 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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The predeterm ned cl earance between the first nmould part and the second
is increased 258 to about 10 mm when t he noul dabl e conposition

nmoul d part
i s substanti
pr oduct .

When t he water

ally

cured, preferably about 90 % cured,
vapour and ot her vapours rel eased during the
curing of the noul dabl e conposition are 25 substantially discharged,

predeterm ned cl earance is reduced 260 to between about

f or bet ween

about 15 to 60 s.

form ng the noul ded

t he

0.05t0 0.3 mn

to a desired thickness and to iron the surface of the noul ded product

Thi s i s don€atle2gonpress the noul ded product

before renoyving 262 the noul ded product fromt ﬁﬁﬁﬂég]§QM1 32}§é31@§;2A
SN s T L 8 O A )
oresent i nvepEiBRAre B Man  CORBECEIT e | Evamml e B Exahpl 253 per Fent abe
Vol ume of .’imp@r,—amr@oquuﬂchluvmr(@@) 70 80 90 __[Tenpdy at ur el@ Moul t05Cavj ty
C 125 125 12BackTmTBEsmrmf}m)of Moul d Pl unger C 1p5 905 1D5 8Rackj ng8Pr essure
(psi) 870 87CQuf#@Tim&w)i ng Tines 60 60 40 Curi ng Ghear ancgo(rm 048 0.6
0.5 Ironingcﬁh ”@méﬁnEgoﬁﬁl IToning Crearance g0 9 iGU T T&Bie B
Exanpl e 4 EX@ nmpte 6 —Percentage—Votlune—ot bt vitiy—Ftft+ed vol
% 85 87 92 REfHe—of —Mould—Cavity G 125130930 Tof e:—af—u.r—égal—.
Moul d Pl ungelromngmeafawe{ml) Packing Pressure (Ipsi 9'5870 8763870 0.1
Table 2B

4 ) Example 4| Example 5| Example 6

Percentage Volume of Mould Cavity Filled (vol %) 85 87 02

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

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

.‘-v..-/‘

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,

26

the present invention. The embodiments and preferred features described above should



Curing Tinmes 50 60 60 Curing Clearance (m) 0.4 0.2 0.5 Ironin Tinmes 60
40 60 Ilroning Cearance nmm 0.1 0.05 0.2 5 O her enbodi nents of the
invention will be apparent to those skilled in the art from consi derati on
of the specification and practice of the invention. The word "conprising"
and fornms of the word "conprising” as used in the description and in the }
claims are not nmeant to exclude vari@hAdM¥ additions to the invention.
Furthernore, certain term nology has been used for the purposes of
descriptive clarity, and not to limt 10 the present invention. The
enbodi ment s and. pr efAelsibéskricdletiadiot stmgatsiped above shoul d be considered
exenplary, with the invention being defined by the appended clains. 26
CLAIMS 1. A bR&&ILed%bI e pal | et corrprl sing: a pallet body; 5 a skid to

reinfofce the Qgilhqﬁré}%ﬁe 11?}@%31%%&5’ Qf interlocking the pallet body and

the skid, whereint the skid are noul ded from a
moul dabl e conposits fn 1meﬂm1qu thg: pablet buebreabbe tskid) whereGOthat palieobody 4dridbr e

m xture; &f\?:dk betvvee out 15 5%45 wt % of an adhesive. 10 2. The pall et
accor di ngtfskidass Fﬂof BV A A0 B G ROSE SR SMPISHE he  noul dabl e

conposi tion is |essbétﬁ%&lﬁ&ﬁk‘ho%%ﬁ/w@ﬁoﬂ‘ﬁb&%ix@ﬁlea&ﬁord' ng to claimz2,
wherein a noi sture content of the 15 noul | e conposition is between

about 4 to 15 % 4.bﬁEW@elpabduetlSaccéi)lﬂttli’/mgfaroadblealvm 2, wherein a noisture
contept of the fibre mxture is |ess than about 15 %

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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20 5. The pallet according to claim 3, wherein the noul dabl e conposition
further conprises not nore than about 40 wt % of an additive. 6. The pallet
according to claim5, wherein the additive is one or nore of a group
consisting of a hardener, a flow pronoter and a nould rel ease agent. 25 7.
The pallet according to claim1, wherein the fibre m xture conprises a
plurality of fibres and wherein each of the plurality of fibres is of a

| ength of up to about 50 mm 30 8. The pallet according to claim?7,
wherein each of the pluieadjiitya ' if for [ : hoyt 2
mm 27 9. The pall et acéﬁidinég%%ﬁ% a?%?%ﬁ*&ﬁﬁ?%?%nggﬁﬁﬁﬁﬁuﬁigHgﬁﬁ?nggg of
fibres is ofaleagthémgtiicknessaratiniot ketesen atatuit @: 1ab 25t ween about 2:1 to 25:1. 5
10. The pallet according to claim1, wherein the fibre m xture further
conpri ses between about 5 to 30 wt % of an oil palmfibre. 11. The pallet
according to claijm 1, MREpR AdcBidndn ¥t Uk T UM WRELIL WP HRE S Q0% Alruifr
group consisting of oil palmfibres,” beer malt, sugarcane pulp, a

pl asti ci zer corprid® betwephethbmes wPENyt Bl aamili pghadibrerodi fier. 12. The pal | et
according to claim1, wherein the adhesive is a thernosetting resin. 15
13. The pallet according to claim 12, wherein the adhesive is an am no
resin. 14. The pallet according to claim12, wherein the adhesive is a

nel ani ne. 15. Thdlpal (l&¢ palielorcgpidipg t» Jhiai i sdercith&bei mixtire fagherséongprisss one

For mai denyad™ 263 hE! KR pe I8 B bRy O T AL sRRErEr W lihe BT Geerobdy
conpri ses atdughehinpegunt ey sembek: Movifeg a | eg. 25 17. The pall et according
tq__cl aim 16, wherein the | oad-bearing nmenber has a

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

resin.
15 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

20 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.

25 I7. The pallet according to claim 16, wherein the load-bearing member has a

substantially constant overall wall thickness of between about 3 to 5 mn.

18. The pallet according to claim 16, wherein the load-bearing member
includes a plurality of ribs.

30
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substantially constant overall wall thickness of between about 3 to 5 mMm
18. The pallet according to claim 16, wherein the | oad-bearing nenber

includes a plurality of ribs. 30 28 19. The pallet according to claim 18,
wherein each of the plurality of ribs conprises an open channel. 20. The
pal | et according to claim 19, mherein t he open channel has a tapering 5

channel wall . 21,4 The | | et accor el ch,.of
plurality of ri bs i s 131% agIr?teaC(iob \r}g i'ﬁ’r ig’tw e eaﬁ? et ]\ﬁégwaaﬁ'oﬂ{ 11Esto
12 from per pem@ricssl aaroped charsdl,f ace of the | oad-bearing nenber. 10 22. The
pal |l et according to claim 16, wherein the leg is fornmed as a concave
depression in the | oad-bearing nenber. 23. The pallet according to claim
16, wherein the I2 g tar%\e%;? |tnvvar ) to rdsH)a 15 . b 24 Th(f pal | et
accordi ng to clai“m 23, P arcoig taglaiar Haarhs IGOOH?S\FQWQW G54 12PSHYS e
of between abgnk] ddijto 12 from perpendicular to a surface of the

| oad- bearing nenber. 20 25. The pallet according to claim23, wherein the
| eg i s designed to have a m ni mum vertical height of about 95 mm 26. The
pal | et accordlng blind hole is provided on the 25

base. 27. The pa? et ﬁ‘éé’? ?tr?ﬁc?r Erteg: 'gylﬁ%?’%lgvﬂ ‘i’réﬁnneaphé’flﬁh‘f Rlpraligy of rigs is
desi gned t odeds 818 hlgg% lira@elofe OF bdr@Ren ARAR 6389YE BuPph AR ARLAG A hEMLAT

to a surface o
of the load-bearing member.

10
} 22, The pallet according to claim 16, wherein the leg is formed as a concave
e depression in the load-bearing member.
23. The pallet according to claim 16, wherein the leg tapers inwards towards a
15 Dbase.

24.  The pallet according to claim 23, wherein the leg is designed to have a
draft angle of between about 11 to 12° from perpendicular to a surface of the load-bearing
member.

20
25.  The pallet according to claim 23, wherein the leg is designed to have a
} minimum vertical height of about 95 mm.
26.  The pallet according to claim 23, 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 perpendicular 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



bearing nenber. 30 28. The pallet according to claim 16, wherein a first
fillet is formed where the |eg neets the |oad-bearing nenber. 29 29. The
pall et according to claim 16, wherein a fin is provided around a periphery
of the | oad-bearing nmenber. 5 30. The pallet according to claim1, wherein
the skid conmprises a franework fornmed froma plurality of ties. 31. The
pall et according to claim 30, wherein a second fillet is fornmed at a
junction where the plurality of ties is joined. 10 32. The pall et according
to claim26, whernelin the siicd scfshinde . r el 0;<C i to
the blind hole in the bas% of the IggiﬁJ %%%%tﬁé%gge?{lg%taoggcgr iogig%{l)gﬂc l{a%l??n
32, wher ei n PeHBhasy phtheAeidebdaningmiendics. the 15 protrudi ng plug. 34. The

pal |l et according to claim 33, wherein a circunferential dinension of the
protruding plug is between about 0.05 nmto 0.1 mmlarger than a
circunfegential 3gi mensiqanef Aol : 20; e 9%%;;1; ng
to claim 34, wherein an ?Jr%tlgtrafég?gﬁ%efop(? %lﬂgg’gﬁPégmfﬁg sﬂsﬂkcl:ogxﬁ%r!)s%% ﬁg&pa e
body when afé¢mreddidng agpphlityadfties.i nterl ock the blind hole and the

protrudi ng plug. 25 36. The pallet according to claim 32, wherein the
protruding plug is designed to have a draft angle of |ess than about 0.5
from perpendicul gf to : j (i d i o]
claim1l1, wherei ng'ltI he ggfﬁg{lé%ggg?ég%g%?%%ﬁé\@zﬁn Qﬁggﬁd g[%%tﬁ]?%%‘q%%]?top
deck cover agmiction where the plurality of ties is joined.

10
32. The pallet according to claim 26, wherein the skid includes a protruding

plug corresponding to the blind hole in the base of the leg.

33. The pallet according to claim 32, wherein the blind hole interlocks the

15 protruding plug.

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.

30
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30 30 38. The pallet according to claim1, wherein the pallet is designed
to have at |east about 35 % bottom deck coverage. 39. A nethod for

manuf acturi ng a bi odegradabl e pallet, the nethod 5 conprising: preparing a
bi odegr adabl e noul dabl e conposition, the noul dabl e conposition conpri sing:
bet ween about 40 to 60 wt %of a fibre mxture; and between about 15 to 45

w % of an adheS| moul d cavity with th dabl
corrp(:)si tion, wher n tljﬂlg 9‘?@8 ‘?ﬁ&’%ﬂ’?«‘%f g]f‘”é \{o&%‘@&%@et%ﬁ%’é SI@BGCE/SOOLFWFP%

capacity of1&diﬂﬁmggggaykkyda§pﬂk¥ g a packing pressure of between about
435 to 870 psi to the noul dable ngosition; mai ntai ni ng a predeterm ned

cl earance of between about 0.1 to 0 5 mm between a 15 first nould part
defining the m)ul caV|t :i\ second. noul d part; and_renoving the npul ded
product from the? ulds‘c ‘toa e MEHEHBE G 2| Riodemrdnbis tIPE’é]ﬁ"léhe method
substantgalh&ngﬂ&gg 40. The nethod according to claim39, wherein the
pressure is applied for a 20 period of between about 20 to 60 s. 41. The
met hod accor di ng ptapath@ianbiéGegradedie intouldubld tomposiiod, dhpansuladide thposgeond
nould part are naintained at a tenperature of between about 110 to 180C. 25
42. The net (YEPEEESr ding to cIa|n141 wherein the first mould part is

mai ntai ned at a tenpegalLe o enperature of the
second nould part. Q&% 393 tggc%gr/cio%%pgergf% %(51[ further
conprising: 30 |ncreabmmgemhbmpﬂéd@ﬂéWﬂﬂﬂ@ﬂa@h&ﬁ%@@Ce bet ween the first
moul d part and tpe . , ) . _
10 oading 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.

A 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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second nmoul d part when the noul dabl e conposition is about 90 % cured. 31
44. The nethod according to claim43, wherein the predeterm ned cl earance
is increased to about 10 min. 5 45. The nmethod according to claim44,
further conprising: conpressing the noul ded product to a desired

t hi ckness. 46. The nethod according to claim45, further conprising:
ironing a surface of the noul ded product. 10 47. The nethod according to

cl ai m 46, wherein conpressing the noulded product to the desired thickness
and ironing the surfad@eofethdtPadtbrditled dpiROAs; byHetbid R prefRdBihGEScarhiRUsi NY
the predeterm ned cl earance to between about 0.05 to 6?3 mm 15 48. The
net hod accoifirgaged 9 abodi i @m. wherein the predeternined clearance is
reduced for between about 15 to 60 s. 49. The nethod according to claim 39,
wherein a noisture content of the 20 noul dable conposition is |ess than
about 205% 50. Be MELBAGURRICREMING; thRShA4M R her WHRE SR @ NOi sture
content of the noul dable conposition is between about 4 To 15 % 25 51.
The met hod accor @dmpressng thgimewlded mhdueitna desimidshivkressont ent of the fibre
m xture is | ess than about 15 % 52. The method according to cl ai m 50,
wherein the noul dabl e conposition further conprises not nore than about 40

Wt %Of an addi tiwe. $femRholRodRIE ASEASIAGC! Grfh AR 52, wherel n the
a narae

additive is one or nore of a group consistihg o r er, a flow
pronoter and a ntiohidgpebdaseofdgemoulded 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 %,

’\ B 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 [ess 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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32 54. The method according to claim39, wherein the fibre mxture
conprises a plurality of fibres and wherein each of the plurality of
fibres is of a length of up to about 50 nm 5 55. The nmethod according to
claim54, wherein each of the plurality of fibres is of a thickness of up
to about 2 mm 56. The nmethod according to claim55, wherein each of the
plurality of fibres 10 is of a length to a thickness ratio of between
about 2:1 to 25:1. 57. The nethod according to claim39, wherein the fibre

m xture further sgonprisgescths&t WeSM; %%la%@?, @9@1‘%‘&1 6 BbrARiQile o%ﬁ{pgﬂééé pre.

15 58. The nethod according to clai erein tibre mxture fur

conpri ses opbirdityaf giboespndovisirsibieach of theiplurplatyrof ffibbesas of béargthraf tip to about
sugar cane pﬁhp, a plasticizer, a toughening agent and an i npact nodifier.
59. The net Rod™8ccording to claim 39, wherein the adhesive is a
thernmosetting 20 resin. 60. The nmethod according to claimb59, wherein the
adhesive is an amno resin. 61. The nmethod according to claimb59, wherein
the adhesive is &5nel g mecthabakdrdide ¢rinhod, wegeihdiablg of thechladalityodf, fibres
wherein the,a&heg%xe is one of a group consisting of nelam ne formal dehyde
and mel am n#& Yrdaickessiaf HR k8ot §3nmThe net hod according to clai m 39,
wherein preparing the noul dable 30 conposition conprises: weighing each
conponent of the noul dabl e conposition individually; and 33 conbining each

conponent of the56éoul Tabhetieapesidih®fd ¢Rind s viedhreih@abipbMiR plealist @fitrad | y

honbgeneous, and wel | - coat ed noul dabl e conposition.
10 1s of a length to a thickness ratio of between about 2:1 to 25:1.

“) 57.  The method according to claim 39, wherein 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.
4 60.  The method according to claim 59, wherein 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 c¢laim 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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64. The nethod according to claim63, wherein preparing the nouldable 5
conposition further conprises: conbining each |iquid conponent of the

noul dabl e conposition in a second mnmxer to forma liquid mxture. 65. The
met hod according to claim®64, wherein preparing the noul dable 10
conposition further conprises: spraying the liquid mxture into the m xer.

66. The net hod accordi.ng tq cl ai m 65, erein the mxer is operated at a
rotor speed of SHBIAMIBS cpedycoreongnt Ofrﬁ@ Iﬁe?lﬁefeleéewpaﬁﬁg 1R & BPET R Sym a

wher ei n 2 Vabyliuy A AELBY: ok 01 2L ALIMOARELEHRLELRED Cl ear ance

bet ween respective parts of the no adj acent the “noul dabl e conposition.
20 68. The nethod according to claim67, wherein the vent is tenporarily
occl uded by the ul dabl e c ositign in the nould to tenporarily prevent
rel ease of  noi stire VASoWFIO8r acopHRHde &aitn8d, pdereyy prepringHbe raewdeble

accordi ng tg"ﬁl&,’&i%%}m‘g\é@ugﬁﬁﬁegihe moi sture vapour content is 25

controlled to generate s of the vapour in the noul dabl e conposition
and thereby produmbimngetdusiqoidutdasbienodiche aloudddietempbiigsh densidaynd 70.

A nmet hod for manufacturing a biodegradable pallet, the nmethod conprising:
30 | oadi ng HUEEhPHYMyE liguigdkiGi t h a bi odegr adabl e noul dabl e conposi ti on
conpri sing between about 40 to 60 wt% of a fibre m xture and between about
15 to 45 w%of an adhesive, wherein the cavity is |oaded up to about 90%
of the capacity 65. t h&@he3fethadidcyordagt ky aldimged heheRi r&Rriag the HAERHbI
packi ng gressure.l,n the range 435 to 870 psi
1 composition further conmprises:
j spraying the liguid mixture into the mixer.
66. The method according to claim 65, wherein 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.

t\...-/"

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

wit% of an adhesive, wherein the cavity is loaded up to about 90% of the capacity of the
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to the noul dabl e conposition therein; providing a noisture vapour vent
responsive to pressure in the nouldable 5 conposition and set to provide a
predet erm ned control of noisture vapour content and thereby pressure in

t he conposition, whereby to produce a noul ded product having predeterm ned
density and strength; and renovi ng the noul ded product fromthe noul d
cavity when the noul dable conposition is substantially cured. 10 71. The
met hod accoraYﬁﬁ to claim70 wherein the vent is provided by nmintaining a

predetermi ned cl qafiameg tl@@ﬁw@ﬁ%ora‘ﬁ@@)ﬁﬁl'y‘é%a@@ﬁgfné§§u15lﬂ‘?th@?h'[llg} £4]153ept sﬁ he
moul dabl e conposition. 15 72. The nethod according to claim mherel t he

vent is tenmpoteméyldabde edroplesitidmthedem; noul dabl e conposition in the mould to

tenporarily prevent .rel ease .of npisture vapour for redet erm ned riod.
73. The met hod acPE‘er“EfP%gat’BméﬁuEﬁ P EHe [P et %gﬁs@evé{bdﬂ;r Tegitae i s

20 control | @me@sﬂ&f‘%dig& tQ'-OleP 188 a PredREmYHAC <}-br e:’gf'of‘ ﬁ?ié@%’l\%ﬁgﬁlec nfent and

conposition and thereby produce a porous nou product of “pre deter m ned
density. 74ﬂuﬂﬁafp®$mm@1mdh@mﬁmmgmnonchaam$y00Iﬁummhedrmmﬂ@kipnm@cthawng
increasing th Predeé rm.ned cl earance between the first nould part and the
25 second n8ﬁ1aeﬁBWP ityeRd shegta®le conposition is about 90 % cur ed.

(he predet or m nod" o iy drcho 0o ReRBel Bprf CREUALE FRAE, R4 Hhe ANEER o

f or manuf actaunpostian pabbeintatigondidng to claim 75, further conprising:
conpressing the noul ded product to a desired thickness. 35 77. The net hod
for mantffact uri ng a pallet according to claim76, further

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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conprising: ironing a surface of the noul ded product. 5 78. The nethod for
manuf acturing a pallet according to claim77, wherein conpressing the

noul ded product to the desired thickness and ironing the surface of the
noul ded product further conprises: reducing the predeterm ned clearance to
bet ween about 0.05 to 0.3 mm 10 79. A pallet produced by the nethod
according to any one of clains 39 to 73. r 36

77. The method for manufacturing a pallet according to claim 76, further
comprising:

ironing a surface of the moulded product.

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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