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M echan jca] Propertes of Extruded W heat F Jour Foam
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Abstrac:t This canmunjcaton reports a researdh efforton the density related tomechanjcal hehavor of wheat flour foan to optinjza
ton The different extrus pn processing conditon can result in different densities of the foans Mechanjca] propertiesm easured incud
ed static canpression and dynamic cushioning curves fr the wheat starch foams The rejative canpressive stren€ty exhibited a power

law dependence on relatjve densit}f which i1s Pliowmng the equat'pr:l 6 .Jo A0 308( 0" /P) 1.5 The dYnam ic cush pning properties of

the foam ajso changed w ith the density of he foams
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The requ yred structuraﬂ] cushioning and protecton
pProberties of the starch. hased expanded celjular systems
will dePend on properties of the hasic materjals as wej]
as on the detailed desig of their cellhr stucture
(Genera] mfomation on the mechanjics of cellujar sys
temb!'l  and specific studies on the properties of celjular
plastek? ! and food foam&® 7 are avajlah but they
have not heen used {or the specific pupose of design ng
and mtoducing desrah e inpact chamcteristes in
starch— hased cellularmatery]s

RecentYears a nunper of technopgges have heen
developed to produce starch— bhased biodegradahke
stuctura] packaging foams as alematives t0 pPolymer
foans in order o mminize the mpact 0 the environ
ment The dhjectives of this study were © jnvestigae
the effect of density of the foams on its mechanjcal
properties Physica] characteristes of pulk densi®y and
mechangca] propertjes of enegyY ahsorhing capacit}' re
bound resilence ener®y and dynamic cushionng char
acterjstcsweremeasured onwheat flour pam samp fes

1 Exberinental]

Materga s

Softwheat flour contiined withg 0% proen and
13. 5% mojsture was purchased fran a superspre The
ratjo of anylose to amy ppectin in wheat flour § ahout
250 anyps¢ 751/ anYlopectin  Polyviny] alcohols
( PVA) used as additive was A Jootex  Steinyp 5
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1.2 Experinentand testing

An APV MPF 50 Win— screw extiuder was used
10 Produce wheat flour foam swith different density The
rotatpn speeds for hoth screwswere setat n the ranges
of250 ©400 ymm The tanperature proofile durng
extrusin was3q 3Q 5Q 70 120, 150 'C fam he
barre] section just after the feed thoat 1©© the die The
extrusion conditpn {or the wheat flour pams s shovn n
Tableq,

The density of wheat flour {foams was detem med
using the glass head disPlacementmehod® . An In
stion 4p)3 machme fitted with a campression Plate
mantaned Parlle] 10 the pase Plate was used to ophtain
the canpression characteristics of the pan materjals A
maodified Rosand Instrumented Jmpact Tester was used
for dynan ¢ cushioning curve measuranent testii€ on

the extruded wheat flour foans and EPS
7 Results

The foan § appears 10 have no plateau behavio’r
this is ainost cerany due © its h8h density The
wheat flour {oams 3, Y and § under nvestigatpn

show« plattaw hehavior n the stress stran curves hut

discussion

in the case of  the stress jncreasesmore steePly n
the Plateau re€pn than that n he case of § and 54
because fe fomer is denser than the later
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Tah 1 Extrusjon processing conditions
for the wheat flour pams §— K
) . Moisture Screv
Vv d
Speicmen Additive FeedR"ue contentduring Speed
Code PVA ( g/mlq pmcessing(%) ( o mlrrl)
S 3 600 22 250
i) 3 600 18 350
3 3 800 18 350
S 3 800 16 450
0.025
v A
'z 992 o /o =0.307p*/p '3
) '
25 0.015
.J’ =
v F 0.0l
g &
£ 0.005 A
0 - - . . i
0 0.04 0.08 0.12 0.16 0.2

Relative Density p*/p,
FE£ 1 The relatve plastic o]lapse stressg /5 Of he

wheat flour foan s as a function of he relagve densityp /0
of the wheat flour pam s

Canpressive strength {s a measure of e foam’s a
bility 10 deform under pad Madified bean theowy for
cellular foam was applied t© find the equations {or pre
dicthg the relatonhP of the staic canpressive
strengh and the density of he wheat flour pans For
the wheat flour foans§_  § the resulting equaton s

given by
AP e
paliadV 308{ p] (1)

Wheregs . and 5, 1S canpressive strength of the wheat
flour foam and the solid wheat fpurmateriaJ respec.
tively " andp, © densiy of he wheat flour foam and
the solid starch materia’l respective y Typican}’ a
power— |aw relatpnshiP beween campressive strength
6. and pan densitYp*’ the equation( 1), can fit e
testdatawel] and is shown in Fig€1 Denser foams tend

66— 0.16
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g
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6 0.06 =
4 [ —4—GalGr 0.04 2
2 —0—R 0.02
0 . 0
0 50 100 150 200 250

Density (kg/m')
F&92 The refationshp of mery dhsomption capacity,
resjlience of the wheat flour foam and its density

t0 have snaller ce]] size and hence resist defomatpn
better than Jower density foams with larger ce]] sjze

Statec canpression stress— strajpy hysteresis loops
may he used 0 calculate the ener8yY ahsomtion charac
teristes of wheat flour foams  Jf we assume e eneigy
ahsothed i the foam during a canpression_decanp res
son cycle is called ang and the rehound ene1By Jur
ing the decampression part cyc s called asGr ‘Then
the energy absorhing capacity( GGy and rehound
resi]iencge R— (1/ (1+ Ga/G§ )[1]’ of the extnL
ded wheat flour foan s aswe]] as EPS foan are shovn n
Fig€3 The enegy ahsomption capacity of the wheat flour
foan increases with a decrease in its density and its re
silience decrease with an jncrease mn s densi‘QI see
Figy

DYnamic cushion ng curwes of the extruded wheat
flour foams  which ested at50y; RH and23°C, are
shown nFig€3 Itcan be found that foan § appears t0
possess the Sreatest value of the mminum acceleratpn
ratio J and the broadest range of hem minun accelera
tion ratioJ foan § a@ppears 10 have the [owest valie
of he mninum acceleratpn ratp J and the narrowest
range of them ninum ] ()bviously the bwer fe deno
sity of fe wheat flour pam the Jower the value of e
m njnun acceleration maton J and the narrover He
range of he minjinum acceleration r@tjo | [or cushio
nng curves he vajie of the mninum ] means the ef
fective cushioning capahilities of foam§ so he lower
the better And the rmange of mminum ] ;ndicates an
effective work range {or packaging materiaLS so te
bmwader the hbeter (Canpared with EPS {oan wheat
flour foam K has he same vaJue of hem ninum j( ~
2)’ buta narrover range of hemminum J This ndi
cates that tere would bhe optinun canpmnatpon of den
sity and celluprmorphology pr the wheat flour foam 10
possess 800d dynam ¢ cushionmng characterstics as EPS

foan
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FE8 3 DYnamic cushionng curves of the extuded

wheat flour foams § S S3 and §
canpared with EPS foam
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3 (Conclusions

The density appears t0 he an inportant Paraneter

formechanijca] properties of the extuded wheat flour
foans and te results demonstrated that he extuded
wheat flour foams hehave as Plastic and brittle celular
materjals depending on its densir;y the campressive

[ 4]

stren€t and the mininum acceleraton rato J of d¥ [ 3]
namic cushionmng curwes of the foans ncreasesw ih {ts
density respectively Denser pams €end t0 have snal] [ 6]
cel] sz and hence resistdefomation hetter han Jower
density foams with biger ce]] size
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