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Thesis Title Production of Biodegradable Foam from Cassava Starch Reinforced

with Oil Palm Fibre
Author Miss Aungsuma Boonchaisuriya
Major Program Chemical Engineering
Academic Year 2011
ABSTRACT

In the present, environmental problems from human activities were an interesting
issue. Plastic was also the one of them. The main problem of petroleum plastic and foam
using are the degradation because of spending several years for decomposition. This research
interested in biodegradable foam production from natural. Raw materials in this production
consist of cassava starch, glycerol, polyvinyl alcohol (PVA), and oil palm fibre. Oil palm fibre
was added to reinforcement of biodegradable foam. Biodegradable foams were prepared by
compression molding in stainless plate size 127 x 127 x 1.9 mm. Factors of oil palm fibre
(0-20%), glycerol (0-15.0%), and PVA content (0-7.5%) were investigated since these factors
affected on physical properties, mechanical properties (maximum bending stress and strain), and
water absorption of the specimen. Experiments were designed by Microsoft Excel using RSM
technique. The optimum conditions of compression molding process were 170°C and 2,000 psig
for 5 minutes. The correlation equation between independent parameters (oil palm fibre, glycerol,
and PVA content) and dependent parameters (maximum bending stress and water absorption)
were obtained from experimental data by regression method. Analysis of Variance (ANOVA)
was selected to determine the deviation value. The results show that independent parameters were
on bending stress at significant 95% of confidence. The solver program in MS Excel was used for
determining the optimum condition, which was oil palm fibre 11.2%, glycerol 6.1%, and PVA
content 7.5%. From the condition, the specimen was tested on bending stress, water absorption,
and density that were 1.234 MPa, 0.26 g H,0/g, and 0.14 g/cmz, respectively. Oil palm fibre,
glycerol, and PVA content affected on reinforcement, flexible, and water absorption of specimen,
respectively. The biodegradable foam production from the optimum condition had been studied

for water adsorption resistant by paraffin wax coating. The result showed that the slightly
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increased in bending stress and the water absorption was also decreased to 93%. The applications

of biodegradable foam can possible be used as foam trays, souvenirs packaging and so on.
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Snmanudounieanuduvewaanusions 1318 lugaiwaziiniu Tanudunaiaaz
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o A I Y J 2
UsTP TS eudaRigangiigandi 85°C WioemstudIug iunssydasiuuyldass

Q Y

AN (WY31, 2547)

[

a { <
Truvse TWunwaradn wuiede Jagnil Insaans (Cellular Materials) 4103010
&' a a o . =2 g A o Y A
nszaeluiienaradn laginaana1svensda (Blowing Agent) Failuasnmminnaaniy
4
1 a 1 a J
WUMLUYOUUONAITAN 131 1WLINY (Pentane) INNAUADD 15 (Methylene Chloride) Tl
1 1 9 a [ dy
annsontemugliusaa s 2 i sl
& a @ o <
1. 15aa1a (Closed-Cell Foam) (AA9INNIVEI8AIV0ITaqIUINTI0IMA
9 v 4 v 9 [ o Y Y] 4 J [ I U
WIBNAUNAYY) aaazgnoaalenNuALT InHTusaasuas iy INT®IMATENING
J A a A~ Y < A 2 Y ]
wad IlunNiyadlaliszaunuuU (Hardness) NHAINNA18TUDENUANINHUMUUYDI
I A @ =2 o Y a A A <3 J
wraanio lnsaormanigludd vy vam I Idusiatiuvasanseud ans 1z Insse1ne
< A o A @ ya Y < @ s A J '
melundusannnenezsunsansennuaugen laneuldifluussyduaiionsvueds wu
a I
Tunedad lasu Judu
J a { Y = a o
2. waditla (Open Cell) TluiiimismadilaniermivesTnserniagnii
{ X Ada v o o Y A I
Tduaneon e1nenin ldununiunaaluddaai 18 Tulianyaz dn Tanuvuinsiue
= 2 ] v A Yo A vy A (= o [
nanudanguge omaamisasen laie Idsunmsnauazaugy a5 ule lulinssnaiy imu

Tlunedgsmu (auAnd, 2547; WINT30L, 2528)
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mwilszaeud 2.3 dnvaizgiiuraduesIrluwaradn (a) isadtlaves TWunoda loiu

(b) wadlaves Tluwedgsmumstiatangy (hip:/www.dss.go.th)

[ < . ' 1 o

T ue31593 M UNDAMUANUIUTUY (Stiffness) HIBDAIAIUNUADUTINADA

(Compressive Strength at 10% Deformation) NAADUAINNINTFIU DIN 53421 W30 ISO 844
3 a o dy
oonilu 3 ¥Ha A9l
a <3 .. = [ 1 3 A .
1. Tluziiaude (Rigid Foam) UA1409adgInI1 7,000 kg/cm” 1139100, 000 psi
A A [ o ] 1 o v Y3 = @ < 9

HIUAINNUNUABLTINADANINNI 0.08 MPa 151 Trluihmiiagiay Trludanasan dluau

2. TWluatiatiy (Flexible Foam) UAM09aagIni1 10,000 psi #3oNA1A110NY
1 o 1 ] %’ I D
ABLITINABANINNI 0.08 MPa 131 Woari1 nzsaeud 1udy

3. Tluwtiagangu (Integral Skin Foam) NA1M09a7083524319 10,000-100,000
psi HIOUAINNUNUABLITINADADYTZH I 0.015-0.08 MPa 14U 112 TOIULYY LAZWINUIAY

I D 9

sooua Wuau

2.3.2 nalamamalsly (3550, 2552)

a g’/ A 1 o [ I o tg
mana lWulutuaeunsn As mMsnealvesesnaans Suaunnluiie
a 4 a v % o
YOINBALNDS AT ©1910A 1F10991NN1T A1 IV A TIATAIIEAEANNT puBRAN 11
=K a a 4 ° = Y 2 A < a

HIIAIAIVOINDAINDI1HAIAAMIAHTDIINNTNIZAU TAVaITINoYMALaN nsnaned

< a a o o 1 @ <3 ' {
ane) WUhlfffu'iwmmﬁﬂJNﬁizﬁmwmmmﬂummum TﬂﬁlmiLLWiﬂizm&lllﬂﬁlmﬁﬂmmmm

'
a (Z

' 3 o A A < a X Y oY 2 o
9819320137 HasnnnuWeudany tnavusulndyadudd WosnwaziTuve18a7 (Bubble
Y 9
Growth) lvigju Taefitlaveaies Al
1. Msvereailodnnanuiou

1 (4] a 4 Y (4]
2. miuwwmm%%mwaammmmmgﬂmﬂw
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3. MIVIBANLBIIINNITANAIVOIATINAY
a a I'4 1 ;
4. U3IAIAY (Surface Tension) VOINBTNOF WUIIAAGIAININNITAIGAY
Y = 9 =2 a o @ ) ° gjdda!
Fouveeansnil A usIReRIInsveeiveIroImwIzIi Idaun
v 9 9 o A o A Y 2] = )
5. Mg NNAeR eI 1H10391NUsIAUTA A LYe BN Fano N1
<3 =\ o = lé’ v A
yuraanzinsaaundsansaversvialngyulaises uay
Y o 4 A o I ¥ T A
aunsarinnuesmydue il lavinalvginiudy
a ' A 4 6V I 4
m3mareslugrwsnilfinasmades Wesmazitluginsenauionos
%) Q 3 4 o ' o - ]
mafiUSuasvereniniu iesnnlaves Inasnuizuns 190 ek ldWesmanlaou
Y daa g o a A o a1y dAy A o A g
sUnsludnuasilmduGsunnnuieminuedadesni@ay senwoamaniionly
v J 1 s
JUM33AINEa191 1984 (Cell)

(2 1

o y a ) s X 3 A &
V‘I@Qﬂ”l“]ﬂﬁ@tﬂﬂﬂ”lﬁﬂlﬂ1ﬂ@]?ﬁﬂﬂa‘lﬁlwuucﬁaaﬂhlﬂaﬂ %QLﬂUﬂ1§LW3\JWU

v ]
(3 o J 1 a [ % J

a o A & 11 o o a
Adudasznusaanaeny TagiuNUNAIFURE T2 NUFadNADNA Y WEIUDATZUDY

szuniiiuiuendnam 1 Tned 1§ 0adesdwemanisgud msiuamades des
B9 (Bubble Stability) a11130%114na1853 19y nsiFenTeaTaseadreavielunednes
(Cross Linking)

2.3.3 Uszanveslny

Tuansoswmntszian @i 2 dsznn dail

1. Tolumes Tua (Thermoset Foam) filuTrluwara@nd Tiannsatinguun
3mAald #i35n5ua 18un Tumedg3mu (Polyurethane Foam: PU Foam) uag Trluena vie
Wonhena fludu

2. Tlumo$ Tumaradn (Thermoplastic Foam) 13y Trlunara@nfianansaii
aauwts taa’ld 1w Tlunedaln@u (Polystyrene Foam, PS Foam) Ivluwedteniau

(Polyethtltne Foam, PE Foam) ﬁJuﬁ’u
24 nszmumsé’ﬂéﬁugﬂwmaﬁn (http://www.luckyinter.com/press-mac.html)

Y
ﬂig‘UTHﬂWisﬁugﬂWiﬂWﬁ@Iﬂfl?ia183%1HQ@Iﬁ1ﬁﬂﬁﬁ§JWﬁ1ﬁ§lﬂ NITUVIUNITDA

X . . < a &£ AA a a1 1A a =
Yu31l (Compression Molding) tumatianianumsulsziwedmesiimunngamaiianiig

U

1o A Y a [] 9 = A @ o [ ds! a ]
LL@IEN?JﬂWithGluﬂWﬂL“lJig'iJ‘Wﬁ1ﬁ@lﬂ@ﬁlNﬂ’JNGU'JN G]Nll‘ﬁaﬂfﬂiﬁﬂ?ﬁ‘ﬂﬂWiﬂJugﬂwaWﬁﬁﬂQWﬂﬂ
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3 dl A
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auguaNuad szunleasean tazernzliglnsaivaoidu
g an @ dyd A A [ a g
353Uzl Taedsnsoatiilumatianeidonis lvavesnaradniouniolu
WUy (Mould) lumizihimson uinuuszgnilaasediesd naraanzisuvasuaay lva
% d' 1 a a a 1 a Y 1 dl 1
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Y
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[ g g [ Y] Y a a A 9
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o 1a J 4 @
1Az NMIIVIALUNUNLUIAT 0907 (http://www.luckyinter.com/press-mac.html)
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d‘ [ [ chd' 9 (Y] Qy td'
1R300 ALUVOR Iulan 1¥lumsoarsuarunsuuluaiwilseneun 2.4
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dumravesdarlunimilszneuuansldasso lai
A 9 Y A ~
1. esealianudounaraanuuu lawsniu
2. 1ATeeloTALaZAILANYUHAN
(2]
3. 1u'leasodn
Ly 1 [ d'i o 1a o
4. ¥hauoamemaNuaye1auunun
= 4
5. 3N9035

6. 1/39
2.5 114 (Starch)

v Y
uadlums Ty lamsafazavogluisdugs wuluaaslsnatad (Iuly) uay
Tudrunny I uuvaufue1vis wu waanazii uilslunszurunisnan vu1ed

o A o o A ' T ad A oA
ﬂ”lij‘]_l]’lalﬂiﬁﬂu@\iﬂﬂixﬂi’)ll‘ﬂ@\iﬂ]ﬁllﬂu llaiﬂiﬁ]u l!az@@ﬂgﬁmuﬁquclﬁiy ﬁ\if’]um@ﬂu

] ]
I~

wu Tsau Tudu indeusdesuin davuileindanaldndalidiulsenoudug sguinag

e

o 1 <3 [
Fon11 Wa1s Flour) wu uilsdnIna uilsdnaa SrdanauilsznevvesTilsaug GALRERL

eglutlszinnilans ety Tsau Tuiiu indeussuaataeen’ly sumdeudlas qnsidly
dm e Fonn uilsaanses (Starch) drvsuudlaiudlevndafigiunda laonssuisiumi
Sanuuignige udlamsyids hignhnsdaulswieutsgy Fen1 udladn (Native Starch)
daudlafignaaulsnsentsgiluds Son TR luldeania (Modified Starch) w3 ouiladauls
2.5.1 asAtlszneumelusianile
ulafumsTulamsaiivszneudieniiuen lalasiou nazeendian lu
sandau 6:10:5 gasiaiilaialy (cH,0,). udluflunedwesvesnglaaielsznondas
wiasvesthaang InaunTounedudeiusznglndan (Glucosidic  Linkage) il
Usznoudlenodeiveanglad 2 wiia Ao oz'luTad (Amylose) (HunedwesiFudunas
oz luTamnafy (Amylopectin) HumnedmediFens MedrlununiriiuaasseanInsadavos
diaudls l,L%’qumma'qﬁ@mﬁmzﬁﬁmwdmmmaﬂuTammzaz"luTamﬂﬁmmmmﬁ“u hld

[

ﬂﬂlﬁllﬂ@]‘ll’f)ﬂl!ﬂﬂlma FUALANANNY E’Nﬂﬂi ﬂ@ﬂ‘]{iﬂﬂﬂ”lfﬂumﬂuﬂﬂ \1
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2.5.1.1 o2 luTad
oy luTaa (Amylose) HuwednesiFuduiilsznoudiong Inarlsyuia 2,000
120 1HoUADNUAI8WUTZNY IAFAN (Glucosidic  Linkage) ¥Hauoan1-1.4  (O-1, 4)

QU d'
AanNlsEnoun 2.5

mwiszneun 2.5 TaseadumaniiveseyluTas (Chaplin ef al, 2001)

uflannsayity wu ufladina uilsand uiledrashe f5ummes luTaage
Uszum 28% udlannsinuazda g ulaiudlenas udlaiudiwazuilemglivsumes
TuTagdlszanm 20% udedraumiien (waxy starch) lufieslulamae udeusazyiinazil

¥ { 1 v v o v ) v %’ v !
imin Twanaiuanatenu 1l TuedeiudFwazulaiudulznaadiihminTuagagananlu

Y
Y a

1 a [ a 4
udlsdnInavazuileand uilwaazviiativine Twananieszauiumsnanoames (Degree
. . 1 @ Y Aa ds! =
of Polymerization, DP) ¥030zluTaduanarsnu uilsiiiTuanaveses luTaaeyuszll
a % o 1 <
pu Tiulumsias Insnsiadu (Retrogradation) anas dwvivveses lulaaaeludauils
d%’ [ 4 Y 1 1 1 a 1 [}
Yuegnumenuguewil oz luTaaundiveglunguueses luTamniiv vedrunszaivey
9
m“lumuaam;jm (Amorphous) HAZEIUNAN (Crystalline)
2.5.1.2 o2 luTamaau
a . I a J a A ' {3
oz'luTamadu (Amylopectin) 1 uwodinoiiFansvoing Ina arumiu
9 d' 1 [ 9 [y} an a = 1 =Y
idunsaveeng lnayondenualonuseng Inganytia O-1, 4 Degiszuna 5% voalliuia
Y
wieng Inaluez luTamadunavus vunaluanaveses luTamniuluniluaazatiaazdl
1 9 1 a = g % 1 =)
andszana 2 Suniine oz luTamaauiiimmin Tuanadszuna 1,000 imveses luTaauazdl
o A o o A A Ao Yy @ A A A 1A
951 5AUA2 1leeney luTamaaulianvas Iassadradune oz luTamaaudednd
0w ! ¥ v v Y A 0 Y o & A A
anudinguinniiey lulagnsdiulaseadre wihinaznisirld e deduiiied

a 1 o 4 < =Y
oz luTammaduiiesogruaeranisasanaunoai1udanila1dUsuaveses lulaauas
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oz I Tamadunuanarnusildauifvesilaanaieny  Tassadamantiveseslula

INAAULAAIAININLTZNOVN 2.6

Branch point
linkage
(Glucose-04 1-6)-Glucose

“CH2OH

mwszneud 2.6 Taseaamaniiveses luTamadu (Chaplin et al, 2001)

M99 2.1 aviiaveses luTaauazes luTamaau

oz lalaa oz llamnfiy

{1 o g {1 o @
1. UsznoudisTuanang Inaiaenwilu [1.Tuwanang Inafinenudieiuss o-1,4 nazd

FUATIAEUTE O-1 4 MIUANIIAIEWUTE O-1,6

2. szneunienglna 200-6000 Wit |2. uAaznading Ina 20-25 wiie

yvy 1 2y
3. azaneri ldiiesnn 3. azanerin ldanan
A 9 H a ¥ Ay D) A
4. iedulninzianudunilailos 4. unilaunuas la
Y Y A o = PN A Y o
5. lWdmihRunuasazaie le Todu 5. AT eTinaauaen U Tazale
ToToau

Y Y L Y [ FY 1 3 "o o & 9 ] 3
6. mJu,a’mﬂ’mxﬂumgﬂuguuazuwumm 6. "lmuml,ﬂuguuamwmm

2.5.1.3 913AINaN
(% . . s A U 9 Y| a
719030019 (Intermediate Material) NLWENET’JHHE)E@HL!“IJQ‘UN%H@

4 tdyd %‘ Y] ] v a [ [] v
psnsznouiiiihimin Tuanateonies luTamaau ualuaines luTaa
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wiiauila Ay | % i | o Tsu | % idh | o woaveda

uilataTna 13 0.6 0.35 0.1 0.015
udagiuns 19 0.05 0.06 0.4 0.08
uileend 14 0.8 0.4 0.15 0.06
uilaiudlevaa 13 0.1 0.1 0.2 0.01
uilatn Twadhumiien 13 0.2 0.25 0.07 0.007
uilataviha 13 0.7 0.3 0.08 -

uilatadn - 0.8 0.45 0.5 0.01
uilseng - 0.1 0.1 0.2 0.02
uile Amylomaize 13 0.4 - 0.2 0.07
uilasfumer 13 - - 0.1 -

2.5.2 pavaniiaveanily
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Type of starch Gelatinization at 95°C
Temperature range (°C) Swelling power1 Solubility (%)

Potato 56-66 1,000 82
Tapioca 58.5-70 71 48
Corn 62-72 24 25
Sorghum 68.5-75 22 22
Wheat 52-63 21 41
Rice 61-77.5 19 18
Waxy maize 63-72 64 23
Waxy sorghum 67.5-74 49 19
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Physical properties of oil palm fiber
Diameter mm 150-500
Density g/cc 0.7-1.55

Tensile strength (MPa) 248
Elongation at break% 14
Microfibrillar angle (°) 46
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Palm fruit {Bunches)
Sterilization bunch 2.5-3 bars, 130-135%c, 50-75 min
Autoclaves
Bunch sfripping Fruit loosened up to 93.5%
{shak ing cut fruit) if sterillz stion is well done
1 o Sterns . Stalks,
1 " Fruitless parts of bunches
Codking . .
Under stiming 50-1007c, 20-30 mins
Pressing Sorew presses | res idual oil %
Broken kernal <5%
Press cake (fibers and nuk )
| :
. . . Shredding
Vibrat
Separation forating sore=n Pneumatic s epar ation
Clarffication, washing Heating to 80° nuts fibars
Clar fication, washing Separstors
I | Was e water .
I »
Drying Water , 0.1%
Crude Palm Qil
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2.8 Response Surface Methodology (RSM)
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MAUA RSM 111 CCD

M3 Wanarduwls | Swnandwesea | P Pva | manunuae
nAaoad Gouay) (Geway) Goway) | usInalng (MPa)
1 15.9 12.0 6.0 1.772
2 20.0 7.5 3.8 2.095
3 4.1 12.0 6.0 0.767
4 15.9 3.0 6.0 1.373
5 0.0 7.5 3.8 0.612
6 10.0 7.5 3.8 1.146
7 10.0 7.5 7.5 1.152
8 10.0 7.5 3.8 1.110
9 4.1 12.0 1.5 0.683
10 10.0 7.5 0.0 0.950
11 15.9 3.0 1.5 1.250
12 10.0 15.0 3.8 1.018
13 10.0 7.5 3.8 1.144
14 10.0 0.0 3.8 0.990
15 15.9 12.0 1.5 1.408
16 4.1 3.0 1.5 0.755
17 4.1 3.0 6.0 0.791
18 7.5 4.0 3.8 1.140
19 7.5 5.0 3.8 1.154
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y = 0.745 + 0.00184x7 — 0.00304xZ + 0.00354x,x, + 0.00400x,x5 4.1
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Quadratic model
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Residual 0.157 7 0.01125 14
Total 2415 100 18
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Coefficient P value Std Error -95% 95% t Stat VIF
b0 0.745 5.45762E-10 0.04991 0.638 0.852 14.92

bl | 0.00184 0.000936 0.000440 | 0.000893 | 0.00278 4.174 | 3.763
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b3 | 0.00354 0.00622 0.00110 0.00118 0.00590 3.216 | 6.779
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111 CCD
ms | Banawdule | Binandimesea | Binapva | mmsgaduin
naaesfi | (Gowaz) (Geway) Gouay) (gH,0/g)
1 15.9 12.0 6.0 0.52
2 20.0 7.5 3.8 0.73
3 4.1 12.0 6.0 0.44
4 159 3.0 6.0 0.46
5 0.0 7.5 3.8 0.72
6 10.0 7.5 3.8 0.46
7 10.0 7.5 7.5 0.35
8 10.0 7.5 3.8 0.48
9 4.1 12.0 1.5 0.48
10 10.0 7.5 0.0 0.74
11 159 3.0 1.5 0.94
12 10.0 15.0 3.8 0.57
13 10.0 7.5 3.8 0.49
14 10.0 0.0 3.8 0.92
15 15.9 12.0 1.5 0.59
16 4.1 3.0 1.5 0.76
17 4.1 3.0 6.0 0.43
18 7.5 4.0 3.8 0.38
19 7.5 5.0 3.8 0.42
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y = 1.400 — 0.03817x; — 0.110x, — 0.119x; + 0.00223x# + 0.00405x% + 0.00885x,x; (4.2)
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Quadratic model

ANOVA

Source SS SS% MS F F Signif | df

Regression 0.469 83 0.07813 9.465 0.000571 | 6

Residual 0.09905 17 0.00825 12

Total 0.568 100 18
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Coefficient P value Std Error -95% 95% t Stat VIF
b0 1.400 4.65829E-07 0.143 1.087 1.712 9.759
bl | -0.03817 0.02484 0.01489 -0.07061 | -0.00573 | -2.564 | 13.27
b2 -0.110 0.000532 0.02347 -0.161 -0.05872 | -4.681 | 19.23
b3 -0.119 0.000785 0.02662 -0.177 -0.06061 | -4.455 | 5.830
b4 | 0.00223 0.00837 0.000708 | 0.000688 | 0.00378 3.150 | 13.30
b5 | 0.00405 0.00808 0.00128 0.00127 0.00684 3.169 | 14.08
b6 | 0.00885 0.01793 0.00323 0.00181 0.01589 2.740 | 10.94
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3 PSinandulatha ANNHI MM Aunde

naaeafi | Vi owas 1 2 3 4 S5 mm
1 0.0 3125 [3.30 3.20 B8.50 3.00 3.25
2 7.5 3i65 (3.80 3.¥Y5 B.75 3.60 3.71
3 11.3 3.95 | 3.80 375 [3.95 3,90 3.87
4 15 4,10 |3.95 4.20 4.00 4.15 4.08

$ J %} ] 1 1 1 ay 1
M99 0. ZaveatFunanduledduiniudemanuruiutiuaesruanu Ilugssaais’la

nSunanaweseaiosar 2.baziSua PVAua: 3.8

M3 | Pnardulehau anuvivunin g/Cn Aunae
nagesdi | 1hifu owaz 1 2 3 4 5 g/chn
1 0.0 09 [0.09 0.09 0.08 0.09 0.09
2 7.5 10 |0.09 0.09 0.10 0.11 0.10
3 11.3 11 1 0.12 0/12 |0.11 011 0.11
4 15 12 10.13] 0.12 0.13 0.13 0.13
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ms | PBnadulehan manunusenssalng MPa munde
naaesh | ity Jewaz 1 2 3 4 5 MPa

1 0.0 0.66/ 0.b66 |0.723 0.678 0.634

2 7.5 1.085 1044 |1.11% 1.117 1,091

3 11.3 1.309 1167 (1.088 1.117 1i29

4 15 1.41 1.209 [1.212 1.176 1.208

! s ¥ o ] [ o 3 L !
ma1ei 0. AaveslSuandulethdauminiusemmsgadguinvessuanuIudesaas 1a

nfSunanaweseasosay 2.baviSua PVA: 3.8

ms | Ynaudulerhas ﬁmngﬂci‘f’m% gHO/g M0y
nagesh | 1ty Jowaz 1 2 3 4 5gHO/g

1 0.0 1.12 097 0.89 0.78 085

2 7.5 040 |0.75| 051 049 0,58

3 11.3 0,63 |052| 062 057 0.60

4 15 0.b5 (062 | 053 058 0)/4

0.6%
1.0¢
1.19
1.24

0.92
0.55

0.5
0.60
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0 423 416 | 431 3,87 4.01 4,12
2 2.5 458 A497| 455 5.04 4.8V 4.80
3 4 6.46 3.04 | 6.1% 597 6.03 5.93
4 ) 7.35 4.02 | 5.77 7,81 6.69 6.93
ms1ai 0. GraveaSnundiveseadenitadi o usaRagegavessunu Trlugeuaateldi
Bunadulohdninidesas 7.5ez5mu PVAwa: 3.8
ms | Pnwnaesea M o nssaagaga %0 .
naaesii Souay 1 2 3 4 i %0
1 0 1.2 13 1.1 |13 1.1 1.2
2 2.5 08 13 14 14| 15 1.28
3 4 1.3 113 16 |16 1.5 1.46
4 ) 19 14 15 |16| 14 1.56
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Mms | PBunanaesea manudumusadaldas MPa | duade
naaesii Souay 1 2 3 4 5 MPa
1 0 0.885 1.192| 0.888 1.098 0.901
2 2.5 1,085 1.044 1.115 1.117 [1.091
3 4 0.982 1.145| 1.098 1177 1.297
4 ) 1.149 0.972| 1.1%6 1.197 1.296
M n.SiaveaSinundeseademmagadurhuestuam Trugesaate 183
dulohduiuiudesas 7. 5oz PVAea: 3.8
M3 HBunwundresea ﬁmngwﬁ’m% gHO/g Aunae
naaesdi Sonaz 1 2 3 4 5 gHO/g
1 0 0.6% 1/36 [1.23] 1.12 1.02 1.08
2 2.5 0.40 0OJ7/5 |0.51] 0.49 0.58 0.55
3 4 0.38 0,31 |0.46] 041 0.33 0.38
4 5 0.42 055 |0.28] 0.%1 0.33 0.42
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ms B PVA By %

naaeadi Souaz 1 2 3 4 Bnds %0

1 0 577 459 [ 6.89 598 6.45 5.94
2 3.8 458 497 455 432 4.96 4.68
3 5.7 421 4.02| 4.22 451 4.39 4.27
4 7.5 401 B.66| 4.05 A4

15 4.0p 3.98

. , .
ma19i 0. L@avesmsidy PVAvadads a usssagegavesuaurlugesaaislan

Y
PSinanaweseadosas 2. baz1Suanduleihdminiudosas 7.5

M3 B PVA M o nssaagaga %0 .
. Aunde %0
naaesil Souaz 1 2 3 4 o
1 0 06 07 |08 09 11 0.82
2 3.8 08 |1.3 | 14 14 15 1.28
3 5.7 11 12| 16 14 15 1.36
4 7.5 14 |14 | 14 16 14 1.44
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M3 P PVA  aenadumunssaalas MPa Aunde
naaesi Souay 1 2 3 4 5 MPa
1 0 0.866 1.098 10.891 0.971 O.
2 3.8 |1.08 1.044 |1.11% 1.117 1
3 5.7 [0.848 0.084 |0.976 0.932 1
4 7.5 | 0955 0.027 |0.955 1.028 1

; - : o ¥ 2 . ;
ms1ai 0. L 2avesmsian PVAvmmsgaduihvesuauTiludosaars lanifsuna
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naresoaseva 2.bazisunandulelhduiniuiosas 7.5

965

091
1034
151

e B PVA ﬁmnmci‘fm% gHO/g Auade
nAResdi Sosaz 1 2 3 4 5 gEOfYy
1 0 0.82 1/06 |1.24] 0.91 0.98
2 3.8 0.40 0475 |0.51] 0.49 0.58
3 5.7 0.32 0435 041 0.39 0.30
4 7.5 0.46 0/26 |0.44] 0.31 0.28

0.95¢
1.09C
0.95¢
1.003

1.00
0.55
0.36
0.35
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Fanadaily :f%mm B PV manuumunonssialng MPa ey
Jouay nzlgcuama Souay 12| 3| 4| 5| MPa
Souny
15.9 12.0 6.0 |(1.751.7¢ 2 [1.891.674 1.772
20.0 7.5 3.8 |2.28 2.0 2.011.942.15 2.095
4.1 12.0 6.0 |0.84 0.82 0.750.720.7Q 0.767
15.9 3.0 6.0 |1.351.391.341.391.34 1.373
0.0 7.5 3.8 |0.620.600.610.600.61 0.612
10.0 7.5 3.8 [1.040.981.251.261.15 1.146
10.0 7.5 75 11.141.121.201.181.10 1.152
10.0 7.5 38 11.041.141.121.111.08 1.110
4.1 12.0 1.5 |0.650.690.68 0.63 0.74 0.683
10.0 7.5 0.0 10.960.96 0.930.950.93 0.950
15.9 3.0 1.5 1.231.18§ 1.271.28 1.29 1.250
10.0 15.0 3.8 10.981.021.021.040.98 1.018
10.0 7.5 3.8 (1.121.191.161.121.09 1.144
10.0 0.0 3.8 10.960.98§1.010.941.02 0.990
15.9 12.0 1.5 (1541.201.431.361.45 1.408
4.1 3.0 1.5 ]0.690.760.76 0.78§ 0.76 0.755
4.1 3.0 6.0 /0.780.790.76 0.790.817 0.791
7.5 4.0 3.8 10981.141.091.141.29 1.140
7.5 5.0 3.8 [1.140941.151.191.29 1.154
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PRanandule :J'%mm Buna PV mngadiuin gHO/g Mide
Souaz n’cls«m‘ma Souaz 1, 2| 3| 4| 5 |gH/g
Souay
15.9 12.0 6.0 | 0.490.5] 0.44 0.5¢ 0.53 0.52
20.0 7.5 3.8 0.7/ 0.7¢ 0.6 0.79 0.8| 0.73
4.1 12.0 6.0 0.4] 0.4/ 0.4¢ 0.47 0.4§ 0.44
15.9 3.0 6.0 |0.440.470.49 0.44 0.4¢ 0.46
0.0 7.5 3.8 0.79 0.7 0.73 0.7) 0.72 0.72
10.0 7.5 3.8 0.62 0.47 0.44 0.39 0.42 0.46
10.0 7.5 7.5 0.29 0.33 0.37 0.39 0.3¢ 0.35
10.0 7.5 3.8 0.5¢ 0.44 0.5]1 0.53 0.37 0.48
4.1 12.0 1.5 0.54 0.571 0.4]1 0.44 0.47 0.48
10.0 7.5 0.0 |0.740.7] 0.7§ 0.74 0.6 0.74
15.9 3.0 1.5 0.81 0.97 0.89 0.9] 0.99 0.94
10.0 15.0 3.8 0.6] 0.54 0.62 0.57 0.55 0.57
10.0 7.5 3.8 0.54 0.57 0.47 0.4§ 0.47 0.49
10.0 0.0 3.8 1.12 0.97 0.89 0.7§ 0.8 0.92
15.9 12.0 1.5 0.5] 0.59 0.5§ 0.59 0.6/ 0.59
4.1 3.0 1.5 0.81 0.7¢ 0.74 0.79 0.6¢ 0.76
4.1 3.0 6.0 | 0.430.4§0.39 0.45 0.42 0.43
7.5 4.0 3.8 0.3§ 0.3] 0.4¢ 0.4]1 0.3¢ 0.38
7.5 5.0 3.8 0.47 0.5% 0.2§ 0.5]1 0.33 0.42
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gaslaseas (Structure formul |, OH

yomanii (Chemical name) : Polyvinyl alco
wvasuman (Melting point) . 228°C

wnw'ld (Flash point) . 79.44°C
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wvasuiad (Melting point) :19°C
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dnuaznameadilang (Physical state and-apgearance):
gasluwana (Molecular formularh,.., : C

wrasuiad (Melting point) : 48-68°C
aiEurduIaed () . 66-69°C

Aty aAnuilunsaleng . 5.8-6.3
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Mathematic
Max f(x) = xg/x4
model
Xo = 0.745 + 0.00184x7 — 0.00304x3 + 0.00354x,x; + 0.00400x; x5
Subject 1Q, — 1400 - 0.03817x, - 0.110%, - 0119, + 0.00223x? + 00040523
+ 0.00885x,x3
Boundary limit
0<x <20
0<x,<15
0<x3<575
Taofnualid ¥ =anudumuussaalas (MPa)
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x=lkna PVAsfaz)
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Solver Parameters

| ==

Set Target Cell:
Equal To: @ Max
By Changing Cells:

Subject to the Constraints:

7 Yalue of: |0

» Add

!

Solve

Close

Options

Reset all

Help

il N Eg

amilszneud a. Juaaanii ldsunsy SolM@6anzimnzau

-

Solver Parameters

Set Target Cell: $Hs1s Erz

Equal To: @ Max
By Changing Cells:

) Min

SHE17:8H519

Subject to the Constraints:

) Value of: o

SHS17 <= 20
EHE17 =10
£H518 <= 15
8H518 ==10
gH519 <=7.5
SHS19 ==0

- Add

!

il

Solve

Close

Qptions

Reset All

Help
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1.29
11.20
6.10
7.50
0.25

XX XXX

Taofmuali % =anusumunssaalas (MPa)
9
X AlBuandulethdminiu §ooaz)
% AlFunundesoa Gooaz)

% A5 PVAofaz)
Y H H Y
aauanzimingaun laanmssullsunsuae Ysuanduledduriniu

Fovaz 11.Bunandweseadosas 6.lazilsua PVAesaz 7.51ldaanuduniu

usaaalfennTdsunsy 1.29 MPa
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BIODEGRADABLE FOAMS BASED ON CASSAVA STARCH BY C
PROCESS
Aungsuma BoonchaigimgaChurigysiriporn
'Prince of Songkla University, Faculty of Engineering, Tha
*Email: juntima.c@psu.ac.th

Abstra&iodegradable foams madechrd@S)aasdvail gtaim fibers (OPF)
obtained by compression proceasstuidlepabiaitens wfas investigated to
the cassava starch-based biodeheadedubaio@alsaftd physical propert
physical and mechanical stresgthti@mawaierpabkite materials was
The objectives of this work vikee dffeevalliat@ying the proportion of
glycerol, 0-15% OPF, puigvirly.3%6ohol {R¥Ahgsical and mechanic:
properties of biodegradable fostmosvedhthaegitserol gave the foam
flexibility and improved the brittie OFte iadddiomproportions improving
properties. PVA content effectivelpstepteased ttvatmams. The produc
used as alternative shockproof packaging.

Key Words: Plastics/ Biodegradahiea FRtancs/ @alyvinyl Alcohol/ Oil F
Fiber

1. INTRODUCTION

In the recent years, petroleundamadnossdrenaagased and their res
limited affecting to petrochemiocalgasthgctd feosvorld production of pl
estimated to be more than 1pérmeaong henasing of petrochemical |
causes problems associated entissiaste Battajasm-based plastics m
many years to degrade or none degrade. One of the plastic waste
through recycling wasted plasficd. ildsteck@lakstic is limited and car
recycled forever, so eventuallyrieal e lamdifillertbat effect to environn
Many countries were realizingeskeogiageobidossiind environmental po
biodegradable composite is obtairesbinm@srappeatd as an excellent ¢



113

for the production of biodegradguiideepodyinerts polymer from petrc
Biodegradable polymers have tdanithparterticd baseduction of gas er
But the biodegradable polymetschalife arsdorit sving to it's obtaine
natural resources [1].

Starch is a special interest bigmakeringobratkrgradable such as cor
wheat gluten, pea starch, potata starch, (&%).ciksacrystallinity of the
granules is attributed mainkgctm thedanoglép amylase, which althouc
presents a conformation that hswtaigtinreginasther chains [2]. Cas
largely grown in tropical countriddisaicis aspidréalat producer cassava
the world. CS is a biodegra@aplbigignoupidyynhow cost, renewable
environmentally friendly [2].

Some previous works have sh@olyimedegradadhg employed in pa
application material. Generaiherbprddisetigolgan be produced by tr
processing technigues commordgtiosethdustilye spch as, extrusion
compression process. The moogsedsnmwmalsling for biodegradable
starch gelatinization, water eygafomatjoandoimaim dried up to final m
content of 2-4% [3].

Bio-based polymers can be reahfdreeswith asitcoir, coconut, sisal, |
jute, hemp), which are standardl tiocbrobrgyd®iated from renewable re
degrade faster than synthetizifoeesshainoinmiemtal pollution [4]. Nature
have many desirable propertiedigbitweigtorcememable, and biodegra
Composites reinforced with suah oeturghdilsetgde of extensive study
applications to the synthetic fifposieasi@BEeOicpalm (Elaeis guineensi
the highest yielding edible oilccrak palthdivesr{ OPF), lignocellulose:
from oil palm tree, can be extfagtdzlifrom eomikyfrond, and fruit meso
Fibers from fruit mesocarp areboilerehil usgxhlas plant. Many studie
conducted in the recent past to develop OPF.

In a previous work the waterreagidtapictharslasth-based foams c«
improved by adding PVA to fpartisBjlyPWAllisuited synthetic polymer
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the formulation withl@adisral polymers. The PVA higelynavigutated
in water, dependimgnagie and functional orgarn Bihsticizeassweltl is
glycerol, waterjtahdasrbeen used for reductichlofttienéasl fiteeri
optimum plastia@ras @oodbmpromise between thapeorcbiserdqgireh
material stiffness.

The goal of thisasdo investigate compositaripoelegniadalbésddaon
cassava starcloupmegsian process. It was alse&disdiorasgagstiie
content of OPHRMA&ee0l on b, pheshanical anopesdies absorption
of the biodegratmdRrdparties of the compositenactenizds \wgreeasile
testing, percentagéiai,edmd watenabsorp

2. MATERIAL ANBODS

2.1 Materials

Cassava stgchwds€ the unmodified gradem pdichagkci friitd.
(Nakornphathord). T@aif@alm fiber (OPF) was mbuitlpdliny mexglacers
(Trang Palm Q@itl.Cdhailand). Polyvinyl alcopaiclias@dd fras Ajax
Chemicals (NeWd&esthAustralia) and glycerolv&@9hremsdg) from
Qualigens fine ¢hediagalhe glycerol was used as plasticizer.

Fg1Oil palm fibers obtained from fruit mesocarp.
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2.2 Methodology
2.2.1 Preparation of oil palm fibers

Oil palm fibers were extractedgramdirudbtaesedaafter the subtractio
seeds from fruit bunch for oil exractiashédbsesavahtivater until the
dirt was vanished then dried oveoneghtitdl0&pGCrize the water. The fib
mashed to a small size usinga SiEreEbyhaesivgea sieving machine (
EFL 2000, England). The average length of the fibers was about
composites.

2.2.2 Preparation of starch-based foams

The experiments of starch-basadverarserepastudy for the effects
content, PVA content, and glyeehahcmaltprmartras and water absorpt
foams. The controlled ranges sglentat foeea0Fl860 for OPF, 0-7.5%
and 0-5% for glycerol. Unmodifed G3Bavarstéirsh mixed in the dry st
a Kitchen Aid mixer (SHARR, Ej\¥Ees4d)). &hd deionizedrthater (DI)
added to the mixture and mixedvastihtmeogexteous, as shown in Fig.
formulation was varied with 16fCthetotattwegle summarized in Table 1
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Tableldentification and composatidoroe@Btarch-based foams

CS OPF GlyceroPVA
Formulatiog ¢ g g
1 93.7 O 2.5 3.8
2 86.2 7.5 2.5 3.8
3 82.4 11.3 2.5 3.8
4 78.7 15 2.5 3.8

ol

88.7 7.5 0 3.8
84.7 7.5 4 3.8
7 83.7 7.5 5 3.8

(o))

8 90 7.5 2.5 0
9 84.3 7.5 2.5 5.7
10 825 7.5 2.5 7.5

2.2.3 Foams production by compression.

Sixty gram of the composites was applied to a mold having a sque
mold cavity was 127 mm x 127 npthatdaich-vasaed demposites foan
prepared using a lab model comgpnesstar préssddmd) Co. Ltd.,). Each
was placed between the platens, fikedeahp&GA0reMiar sheets were
cover the molding on both sidezlease]Eat@paaition of water in the cc
began shortly after the closidgvehting wiotdeawater vapor occurred a
edge of the mold. The moldwais codethédly, foams were removed
press, cooled for 10 minatire@ndemp®ided, as shown in Fig. 2B.
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L

Fig..Zhe starch-based composites (A) and products sample

2.3 Physical and mechanical properties analysis

The starch-based foam specimesstigate tedffects of moisture ¢
thickness and density. The moigile® wastdetesheaed after drying at 1
24 h. The samples were weightddyingfoidanalatts of moisture conte
calculated as the percentage anvibgbrilgisslbasarht. The thickness o
based foam was measured l§igenaitc, ddiifpgoyo, Japan). The vall
reported the average foam enplgsfifce esstbdaamulation. Density was
from the ratio between weight anchlitdsmer& dporeesan of five measu
for each formulation. Tensile ceneageh chrelopgation for starch-base
specimens were undertakencakitagstamgnectdnme (Model LR30K, L
Instrument Ltd., HampshirggeEAgaM) &882-91 Standard Method |
1993b).The samples were cut ioto ketfaoguldhg.eekting conditions us
initial grip separation of 70 mm, cross speed of 50 mm/min and loa
composition, five samples were tested.

2.4 Water absorption analysis

Samples were weighted and waddetbinc0isi(lEld After removing the
excess using tissue paper, theeshageas. Wascadsmyiied water was cal
the weight difference and explessbadsvataspef mass of original samnr
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3RESULTS AND DISCUSSION

The process of starch-based fperrsacaonherelbsided into several ste
first step is starch gelatinizatiens Hugidémpabate the gelatinization tel
of starch and the viscosity oéatakthighinensasrature for the mixture,
rapidly evaporated and vented autherowld.tBamgigs in the plate are ¢
and formed to foam product.dridhm lastssteedhio a final moisture con
4% [7]. Thickness, density, andf th@damsoneeatmeasured as showr
2. The average thickness and densities values of all starch-based fo
0.1-0.3 Yfespectively.

TableThickness, density, and moisture content of starch-based foams

Thickne$3ensity Moisture
Formulatiormm  g/crh conteft
1 4.10 0.10 9.03
2 3.75 0.11 8.55
3 4.02 0.11 8.62
4 3.40 0.12 8.63
5 3.53 0.11 9.01
6 4.25 0.11 8.08
7 3.68 0.12 7.62
8 3.63 0.30 10.70
9 3.37 0.12 9.42
10 3.81 0.11 9.30

3.1 Effects of compression temperature and time

The compression temperaturerah8 me etsk@sively, was suitable
starch gelatinization, water eaaperqisongigdlfio At the time less thar
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uncompleted foams was obtaicethpkessienidinger the foams were br
dark color

3.2 Effect of fiber content

Fig. 3A-C presents the surfacbasejésaoistrtiefore and after ad
fibers. A free OPF starch basethdoathe (Mgte3@glor surface. After inc
OPF from 7.5-15% (Fig. 3B-C), thacaortheftaesikastrength of starcl
foams is shown in Fig. 4. Thegudvien wicdhanical properties of the f
the fibers well adhere to the Biarclamaie ¥ ktarch-based foams wer:
in Fig.3. At the fiber cogiesd bighB%t tensile strength (687 kPa).

Fig.3he sample of the foams 088 )of/Ai5%s obhbemtcontent and 15% of
content (C).

800

600 - /\/
L

400

Tensile (kPa)

200

0.0 5.0 10.0 15.0 20.0
% Fiber

Fig.£ffeof the fiber content on the tensile strength of starch-bas
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3.3 Effect of glycerol content

The addition of glycerol ptasticibaised foam is shown in Fig 5. The |
elongation was increased with irentidadipdpatioizent dhe glycerol in the
preparation acts as plasticizebatidcaimipeffeettba flexibility of the foan

5.0

4.0

3.0

2.0

% Elongation

1.0 ¢

0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0

% Glycerol

Fig.Effect of glycerol contentgendhelpegegiota of starch-based foar

3.4 Effect of PVA content

The PVA was used as additideslia fibenbipcggation. Adding of PV,
mixture could improve water resistgticg/anthioaffiests of the PVA add
water absorption of starch-based Fognts diresshiaten absorption of the
was decreased steadily with incBedsmgh®sRXAtaitime and insoluble in
and after that was less significant.














