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ABSTRACT

Starch is a natural polymer that can be used to make eco-friendly foam.
However, neat starch foam has poor mechanical properties and is sensitive to moisture.
In the first part of this study, properties of starch foam were proved using fibers from
rubber seed shell (RSS) and water hyacinth (WH) and the improvements obtained were
compared to improvements obtained with commercial cellulose (CL) fillers. RSS and
WH fiber fillers improved the moisture sensitivity and mechanical and thermal properties
of neat starch foam but, starch foam with 10%wt CL had the best mechanical properties
and lowest moisture sensitivity. Also, RSS and WH fibers were modified by reducing the
size of the fiber particles by planetary ball milling at 600 rpm for 40 min. The addition of
modified RSS improved the properties of starch foam composites more than the
addition of unmodified RSS. However, unmodified WH showed better results than
modified WH. In the second part of the study, starch foam was coated with beeswax
and the effects of the coating on the properties of the starch foam were investigated.
The beeswax coating on the surface of starch foam composites reduced the water
absorption of all the starch foams due to the presence of a hydrophobic phase.
However, starch foam composites coated with beeswax showed poor mechanical
properties because the difference of polarity between beeswax and starch foam
composites impaired interfacial interaction. This behavior was confirmed by SEM

microscopy.

Keywords: Starch foam, Rubber seed shell fiber, Water hyacinth fiber, Beeswax, Ball
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2.1 TWlanaa@n (Plastic Foam)
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TWanzaaila (Closed-Cell Foam)
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(Klempner et al., 1991)
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1. 1WlaiEianeiw (Flexible Foam)
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(Carbohydrate) wuluiztugs finthntdenduihmanglos Nideudanuduwuszngladan
(Glucosidic linkage) ¥nl#laanalanadinasnid 2 anwe fa wadinasnianusmedn



L§uass Sundn ozlulas (Amylose) uazwoswaindsnemeiInistu Sund azlula-
UWWN@AW (Amylopectin) Gﬁmﬂammmaﬂ"'@vl@‘fmﬂmﬂﬁ'tyﬁm U 11 21lwa Funsiad
Frniien 9118a udu uazldandrnvasnniona 1w dudrenas dudss wilen
\Iuen (Soykeabkeaw et al., 2015) nluniiansuan lalasiaw aandiauidy

v
a v A

& o o a @ a ' & & & @
g3adsznay FIATYBDNITNUEIY Iﬂi(ﬂu VLTN%LLazLﬂaaLLi Lﬁuadﬂﬂszﬂaﬂaul,aﬂuaﬂ

=)

wilsfilidn1sinsnesddsznandug 1Sund “Wanas (Flour)” drunilsfifinnsnisa
aaﬁﬂs:ﬂauSuauVL@TLLﬂoﬁu%qﬂﬁ%'ﬂn'h “uilsma3w (Starch)” %38 “wils@u (Native-
starch)” (N3¢, 2543) ulailanwaenemaniwdundrnaglugdvesdawds
(Granule) fidau1aL&n @”um@mlugﬂﬁ 2.2 mngmﬁuvlﬁ'j'mﬂaﬁvlﬁmnLm&iai’@qﬁu
@mﬁ'm:ﬁgﬂl,mua”ﬂwm:maoLﬁ@LLﬂaﬁ@mﬁu wananitudnlifidssfianusiduua
pasifaudsndsnuaingasluansnei 2.1 ANULANATBITINaLarIIsraadaut

Wuwaanasalsznaunialura il anlsNgasIwLana19ns

31U 2.2 duguisnvesdautsainiden (a), ulaaniniaa (b), wdsandis (c), ulaiu
fUzrad (d), wilsdnlwe (e), wilsanfoun (), wilstand (g) wazuiladuelss (h)

(Perez et al., 2010)



a319h 2.1 peuazUieaidautls (Thomas et al.,1999)

BwAVaILLl awIALIAWITS (m) 31919
wilstlwa 5-25 NANLL SRastnanY R IR RGERHITN!
wilstnand 2-35 NaNAaUT9I
wileana 10-50 nay AauT93
wiToaione 59 15-121 naN gﬂ"l‘*}jﬁ’mﬂﬁmmﬁaﬂmu
uilsindznas 5-35 naw adelundsesda
wilsanaLan 3-5 wuninanemany
wilsgnun S 2-35 na aane s

222 asadlsznavuvasuils

%

utlidasdsznaudany 2 asdlsznay asi

2221 azlalasd (Amylose)

=)

Lﬂuwaﬁmaﬁ?ﬁﬂi:ﬂauﬁaﬂﬁﬂ@lwaﬂgiﬂaﬂi:uﬁm 2.000 WY N

\audenudioWusz1, 4 uaaWngladn@n -1, 4 glucosidic linkage) ot

WaRNasNAanw st T FuaT @”ﬂLLamiugﬂﬁ 23

-1, 4 glucosidic linkage L o

31 2.3 lassasisezlulas (Bemiller et al., 2009)

2222 azlulaunndnm (Amylopectin)

a & a a 1 v :/ a A 1
Juwadiuasideng I@UE‘TWElI‘II'i]zﬂizﬂﬂﬂ@’)ﬂuﬁ@nﬂﬂaiﬂﬁﬂL“ﬁﬂ&l@lﬂ

s

ueuWusz 1, 4 uaanngladindin (-1, 4 glucosidic linkage) lwafiuaif

>

Fanu st uwldwa Ty fauralaNiTaNe N kD1, 6 LLE]aW’]ﬂQlIﬂ‘AHﬂ 0l-1, 6
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glucosidic linkage) liwasiwasndanwausduioiu @Tmamsl,ugﬂﬁ 2.4 Uaz
suapasarlulasuszezlulaunadnazdanuuanarsnuaiugasluarsnd
2.2 LLﬂaa’mLma'oi’mqﬁuﬁ@hwﬁ@ﬁuﬁﬁ@mmaoaz"[uiaaua:a:"l,wLLWﬂﬁuﬁ
dnsnuasuaasluasef 2.3 narenulsdlng dusumezlula-

UWNAGUEINTY azlular

0)

; Qa-1, 6 glucosidic linkage
H  OH |¢e—

6
CH,O0H

-1, 4 glucosidic linkage

31 2.4 lassaiisazlulaunndu (Bemiller et al.,, 2009)

P a a ) ' a Y &
139N 2.2 Lﬂiﬁll]LV]UUﬂ'J']NLL@]ﬂ@]'Nizﬁ'J’NavaNIﬂaLLazavaNIaLLWﬂ@u (ﬂa’]mix‘]ﬂ,

2543; Thomas et al., 1999)

ANII6 azlalaa azlalaunnan
anue ARG msﬂizﬂauﬁwmaﬂﬂﬂmmz Ei’]‘iﬂiZﬂaUﬁ’l@]’laﬂQIﬂﬁ
VUL FUATI LN UNIAY
'V A o
WHDEVIY a-1,4 a-1,4 ey O-1,6
PYUA 200-2,000 %msmgiﬂa NINN7I1 10,000 %18
nalas
L]
nN3azaNe sz ldvaunin azagin laanin
o aaa s A A qa/ a A 1
mavhufasenulaledn 130 FLAIN2
NN3ILAA WaIRAMNTAWN Mz UG IR B IDADTG IR,
Lflufml,a:l,wium‘h
anEu ey LD ILIININATN WD ILII%asNIN
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A15191 2.3 gaaiuvedas lulasuazes lulauwaduvasutlsdnsaiianis (Thomas et al.,

1999)
WALl YSaumazlalas (%) Usanmoazlalaunadm (%)
uilstha ey 25 75
wilstlwanilen <1 >99
uilvdwatznad 17 83
uilvdwatznad 20 80
uilsthalweas lulasgs 55-77 (A3831nN7N) 45-30 (n3athaenin)
TdsGugana 25 75
w4117 19 81

2223 d@milsznavdn uasuils

4 o v o A & A A
PANINNBIAUIZNOURANVBILLILAIPINIAUTENaLDWNLD

sansznavlunliudizasiniNoaantaslaiisunuas lulaguazaz bula

LANGY AILER \11%@]'13’1\‘1 024

A13199 2.4 a9adsznauvadutliThasnd g (NA1Iee, 2543)

WALl % lusin % TUstin % L % Woanasa
w9t lwe 0.6 0.35 0.1 0.015
TS5 0.05 0.06 0.4 0.08
MikEah 0.8 0.4 0.15 0.06
uisdwantznad 0.1 0.1 0.2 0.01
wilsta Inawniten 0.2 0.25 0.07 0.007
ISGRNEL RN, 0.7 0.3 0.08 -
wil97ndn 0.8 0.45 0.5 0.1
wilaang 0.1 0.1 0.2 0.02
wilstlwseslalawe 0.4 - 0.2 0.07
uilsdwine - - 0.1 -
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%) ®
223 anumclasgasnanvastnaunils

(7
o

A o o =2 £ =2 . i A A A
wilsfanwoaclassgnananiduuuunindn (Semi-crystalline) AalNIa1ud
\JuKAn (Crystalline) uazadmg 1 (Amorphous) Aauaasluzli 2.5 lasguiifiany
=3 a v A @ Qs a Adv < a . ‘ﬂl
Wunanifiaanmsdasssainuuedes lulaunadundansmsdunin (Helix) e
Audrewuslalasian (Hydrogen bond) wastianmssinainuinliiiansastdumag
A f % d' ﬁ [ a o o 1 = = ‘&’ o v & A

wiata aauaasluzUn 2.5 Samrdaissdinuadndsndovitilvidaudsdeny

a a

=S a =S a 3 [ 1
L‘]‘juﬁ\lﬂﬂfﬂ\‘] I mNanLazshavas LLﬂG"U%B%IJﬂ‘]JLLﬁﬂG')@m@IU

q

Amorphous lamellae —-

Crystalline lamellae ~—-

Amorphous latmunag —e=

- - o e

Crystalline lamellae —s

31 2.5 anwoizlassaiiondnluilauds (Jenkins and Donald, 1995)

= 1% =2 = v a . ) ' =
ANMIANBIANHIUSNANVBILNRALTIA 8L AThA X-ray diffraction WUIMNINYDI

%

v et J [ a ¥
uilsdienanis 4 El]LL'lJ']J muagﬂumummuﬂa a9

1. wanuuy A-type lunaniwuluulenlaansynoans g 1w 117 712lwe
TR TSR 1D udn

2. WAnuUY B-type (JundninuluudinladanainsnnniaviivesNg 11u
N9 tHan Luew

3. wAnuuy C-type undninuluudendindnnaluguuy Atype uaz B-type

NEUNT L% AbEUznad wazuiliannnadng g
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4. WANWUU V-type \Junanfiiiaannnsiiandntng (Recrystallizes) #adifia

138 (Gelatinization) Va4l (Thomas et al., 1999)

NANYBILTILARZLUURINITOLABANNLANANS LALFAINANNAITNARBL A
wnaila X-ray diffraction Menar aiugasluzun 2.6 uazwudulriadranudiasas

USUTNANNEA1IN Y AILRAIL AN 2.5

T Vh-type Atype
2‘ \'h-v-lm-.,__

= v

5 ‘g B-type
= B-type 3 yp
-

I

g

A-type C-type

£ yp

(=]

| PRI BRI B BT S e | - - 1 - - T T
0 5 10 15 20 25 30 5 10 15 20 25 30 35 40

Diffraction Angle (26) Bragg angle (2¢)

E‘i.l‘ﬁ 2.6 X-ray diffractogram madLﬁmLﬂ\‘lLL@ia:gﬂLLuu (Belgacem and Gandini.,
2008)

A15191 2.5 TiaveinanuasySumNanuaILlaNe9Tian (Srichuwong et al., 2005)

BRHANIN BRANAN USNHAN (%)
11878 A 33
17 A 37.1
711na A 31
Tuel$3 B 29.8
Nud1Uenas C 35.8
T AKE A 36
9 A 32.9
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2.2.4 @Nlavasuils

2241 MNALRANA LLBTW (Gelatinization)

A o & A A o = IS v
Warhudmsunvifganndvesdeudazaunsngaduinlda
LﬁaomnlﬂmaqamaoLLﬂoﬁﬂyjﬂmmﬁu"Lamaﬂs‘Ea (Hydroxyl  groups)
AgNNTaLinauasnsen (Interaction) laanuiin vinlwudidant@savin
(Hydrophilic) wstdauilslaimasnazanldlusinfamngiivas tiasan
a a o o o & . Aa a 2 o o
luanavasezlulaunndudnsdadseduduiunidszidouginnn Fevild
Wauiauisowasdarldiandes winidugmnndlunisazaisuinniy
X 1 e A ° @ o
65 asimaifus (Iuatnuriiavauds) azvhldwuszlalasiau (Hydrogen-
=3 o =3 = v J ]
bond) lwdauilignyhanaideuidssansauiunaslduniuuazldaunsn
A o v o A & a ' A A
audnld daugasluzd 2.7 nazuvaumstiSondimaiaavasuds wia
a L% - . [% > X
LIANG LT (Gelatinization) leuadralansmeidniaa (Gel) lauazniadn

Disintegrated
[y e

Cristalline Region:

Cluster

of Amylopectin Lamellae Amorphous Lamellae [+

vy o .{ &
; \
A ! & LLh
10 um Q [EI | <@ Complete |
B v l ¥ Disintegration =
ME [ﬂ I []] % Under Compression
N =] P 8, Helix Structure is favoured
K — 1'___/_ Partial A — B conversion
Granules:
Native Granuls
-
-
-
» @ .
gy
-
-
Hydration of Amorphous ‘Smectic” Structure Helix-Helix Dissociation
Regions in Excess Water of Amylopectin Helix-Coil Transition

i 2.7 nalnmisfiaieand luasiaasutly (Pei-Ling et al., 2010)

2242 n3NA3INILNILAT® (Retrogradation)

A A o = A a £ o = a
nstAasInTnTatw tunszuInnIIntiadwnadannnuiaia
LARNA bl T Lﬁal,aa’whu"lﬂl,aauﬂaLﬁu@ﬁaﬂuLaqamaaazvlwiaaﬁagljlﬂﬁTﬂ”u
%:Lﬁ@ms"ﬁ'@L’%‘ﬂd@ﬁﬂ”ﬂﬁﬂ@]Umia%“nw”uﬁ:VLﬂmmusxmﬂﬂwLaqafﬂmﬁ@

X [ { ° ve A {
AN raivn @dLLa@alugﬂﬁ 2.8 mi%mﬁagmﬂu‘[maqagnﬁuaaﬂLﬁmﬁ
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wt A A 4 A a & . Al ¢ A o '
"L@ammmﬂu@qwumamammﬂuﬂau (Film) LLazLﬁmw"Lmzuaﬂﬂmzyu
NIUINANIRIZLIBNIN miﬁum"'fmamﬂoqﬂ w3an1TAas INILNILATH

(Retrogradation)

Temperature
+ Water

—_—
Gelatinization

(d)

Time (aging)
——
Retrogradation

31 2.8 nalnmafasInainsiatusauds (wnBy, 2556)

2.3 MIASLANAIAANTININIINWTS

uilignibanlglunmasdaduwanadndinwldsrimenssn 1970 iasnnudadu
> a ai v naid [l v d a ni s v
Janaunldnnsrmumandnagn smansndgnnaunulndld Sswaadniaioaldan
ulvazfienumusnlunsdessasldginsndudasdefsuiadon Tagtuudemunin
o J [ a Q B <) a
iwndugtidunianusilunans gguuuulidandu Asuuds IWauds inaslawanadn-
&N (Thermoplastic starch) wazadafinmsvinutde i duasaadn (Fillers) luwanadn
FanzdaiuanuaanInlumIdesaasuazaadu)uluniinia niansldudalu
maaTouduiaguan (Composites) lavdulngulagninanldludandiuiigslunis

@38 dwNaNa@AnTInIW (Olivier et al., 2004)
231  waslanaaanansy (Thermoplastic starch; TPS)

= ’~ A a & A = a ' =
wiladuwafiyassysnmasnanis G9luanuiduasutlsidsutaanuedn
a 1 = v wa U a % Aal 6
WARAN wasnvIneSuuuilldlauiaasanaganlalaun1shawanad aias
(Plasticizer) laur 31 ndisasaa (Glycerol) Tainaa (Sorbitol) 1Hudw Hanunvwels
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o o o A A o o a & = &g A 'Y
ua lwauTanuazusstownalwuilsnaunuUWaIRAN Lo rasawldwihal N
Aﬂl ) J U a dld wa £ L a a
Lwamvlﬂmugﬂ"l,@wmammmLLﬂmwawmﬂmmﬂuwma@ﬂﬂs:mﬂmaﬂuwma@ﬂ
(Thermoplastic) 138031 aslunaa@naass (Thermoplastic starch; TPS) N13LAw

al a a 6 dl a
wmam"lfm,snaﬂumsl,mwLﬂumaﬂuwma@ﬂamimwalﬂwLaqamaawmam%-
maﬁﬁwé’umﬁ%mn‘”umyj"l,amaﬂé?amaaLLﬂa LLé”’M’flﬁa’mIGﬂuLaqamamﬂuﬁ@mi

> U &/ L= { A =) { =) v o v )
°ummrﬂmmmumua@alugﬂﬁ 29 sﬁawmamvl,sﬁma%ﬁmum"lﬂmslmmﬂsﬂuLaqa
A U 1 a U 2 = o (% d' a
gaulyaNnInnaaw bl ladanazsa paaguniiadoui (Ty) Savhlwuliniaion

va md‘d 1 v a a
VL@]&JES(JJI]@W] EI@]%Elquﬂfﬂ’]ﬂWﬂWﬁ@lﬂﬂiZLﬂV]L“ﬂﬂﬂﬂJWﬂ?ﬁ@lﬂ

R\
o T
PR
S
Starch m
P
ik — fs\_/.\f‘.
® e e Y ol
.: P Thermoplastic Starch; TPS

Plasticizer

31 2.9 nalnmaifanaslunaafinganiz (dauUa93In Nuanmano et al., 2015)

USUTUNARA LT Tas TN AR NLALTINALAZ AN ANIIANNTaWV AN LY
wana@naen iz lua139n 2.6 uaeinazeInaad loisaidadngunndadoud (Ty) uaz
e A [ 4 =Y a Ql g 1 a v U
suldBana wudulleUTiumwaadloimes (nfilwasea) iNuTudamnpiiadouia (T,
uazAnlugaa (Modulus) vasinaslunaadnaaiizanss nunoanuindedianmwaiad-
& a P o ' A AN o & A o & 4
Vlﬁmasl,wwmﬂmuwﬂﬂmﬂiﬂuLaqmjadLLﬂamaauﬂmwmmm:mmmU@"Lm’mmwm

Inganssuasununaadndszinninasluanangdn
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M13197 2.6 NATAIWAIRA Lt TasedaguUaNIIAIINTIULALRNUALTINATDILNDS L4 -

WANFANRANST (AAWLAIANN Olivier et al., 2004)

uth (%) | nAwasaa | anavwiukik | amupaaiauni (T,) | lagas (MPa)
(%) (g/em’) (°C)
74 26 1.39 43 997
70 30 1.37 8 52
67 33 1.35 -7 26
65 35 1.34 -20 2

2.3.2 TWlauils (Starch Foam) (Soykeabkaew et al., 2015)

matessuInuwlsauaeson lalasn s NN AUNRNRE LerLrasias

A o v a . A ) A A A
sy ldinanas (Blowing agent) wiNalwt lawanadnflwssanmenielu Telwauils

v v g a v a 1
R1U1IND L@%UNVL@@’J ﬂﬂii'U’Juﬂ’]T’ll%;Jﬂ‘V\fﬂ’W BADGINT LT

1.

2
3
4,
5

30034 (Extrusion)

&J v a . .
mytugddrsmaiialulasiain (Microwave heating)
msvhuAsuuuusifanuds (Freeze-drying)

nMsuanidfsuairiiazane (Solvent exchange)

NMINATANNANNIDW (Compression molding or Hot-mold baking)

udaznaiauainIaesod N A an Yo UaILTas WY LASUWIALTAR LW

a3 WU LTI A N B NLANA1IN A LLﬁ(ﬂx‘]I%Eﬂﬁ 2.10 ANULANAIIVBILTAE LW

sanadasuavaslWulsnieasoyla
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{ IJ v = o A Qo v l&’
311 2.10 T,'V\IwLLﬂaﬁmugﬁmﬂmﬂuﬂmia@m (a) MINABANINANNIDW (b) NIV

meunafialulasiW (¢ uaz d) myvihuwAsuuuutifenuds (e) uaz nmsuaniddsudalri

azan8 (f) (Soykeabkaew et al., 2015)

1 dl v &’ v ad a v
ﬁ]’]ﬂE‘]JW‘]J’J’]IWNLLﬂx‘]‘l’lv[,@ﬁﬂﬂﬂizﬂ’luﬂ"lﬁ"ﬂugﬂ@? gITNIINAANWNAINUIDY

v ni ; 1 ni v J v Qdd‘ A a ngl'
lﬁaﬂwm:mmﬂwwmmmuam'f[wwnvl,mnﬂm:mun’mugﬂmmﬁau FINatad

[ a nia ) o J di < a ni ] =
uJumﬂuﬂﬂuﬂuiuﬂ']iuwm’]nwwugﬂIWuLLﬂa L3N LU wINaRANINLRZ

1 ‘&’ o 'Y
319190 JU7 2.11 LL&@]GVL@IEltLLﬂiﬂJﬂ’l‘i‘ll%EﬂIWNLLﬂO@]’JEIﬂiz‘]J’Juﬂ’ﬁﬂ(ﬂa@ T

o X . X e . . v &,
LNAYY I@ugﬂswamaaiﬂwLLﬂwuagﬂugﬂﬁwaoLmLmu muugﬂs’mua:m']wm

maﬂw:uLLﬂommmmquvl@Tmﬂmm@LLazgﬂi’lwadLmeu

valve

Temperature |- Upper mold

transducer

[ ] b
.
M Foaming

Gas metering
area

o
\ area
Lower mold \‘

Heating plate

R
N

=) y, Composite slurry
Pressure l@l

product

f
|
L1
b
AL H
Composite
AL__I'F

4 & 9 o
sun 2.11 vL(ﬂEl&Lﬂi&lﬂ’]ﬁl%EﬂIN&lLLﬂG@]’JEJﬂiZ‘]J’J%ﬂ’]Sﬂ@]E]G] (Zhang et al., 2017)
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2.3.3 nnsﬂ%’uﬂEaaNu?lﬂaafﬂuttﬂa

dasnlnufiasouldnnuiladtadaniiddy de deautfidanadien uas
Tsdaanud ﬁaﬁi’nﬂuﬁaaﬂ%’uﬂgmwﬁ@maoIWmLﬂa watias dnanawisuanla
ﬂ%’uﬂgaawﬂ'ﬁmaﬂw:ﬂLLﬂaI@ﬂmim%ﬂuIWmﬂowawﬂ”uwaﬁma‘%ﬁﬁ@ﬁu LT
WORLANANWATA 1955TNTG wazlalaoiu tTudu wudne9sssNTGau1I0aa
msgwﬁ'uﬁwaﬂ%lml,ﬂavlﬁ LL@idWﬂlﬁTW&lLLﬂaﬁmmm%mLLﬂugai‘fu wananit
WaBLaNANLaTa u,azvl,ﬂiwn’ml,l,ﬁam'}mﬂ%'uﬂgmuﬂ'ﬁmaﬂﬂwLLﬂaLL@idaNalﬁ
TawTafiiasenlddsaumeds uanmnﬁﬁ'sﬁmsﬂ%’uﬂ;aauﬂ“ﬁmaalﬂmﬁﬂmwau
RIAUANTRAGN 9 13U 1FwloTITNING uaalTaumSUaLLa Dt waziaad 1udu
fragnaanaaluansef 2.7 udagnalsionudulosssumaflszansainlums
Uindysaui@vaslnuuls dlesnnilassaeinssasonunuudsvinldnizansuss

v
L - |

=S o va A 1 Y Y a Aeda v
EI@]LﬂWZﬂTULL‘]jGVL@I@I anmn EIGJJTWY]QT] LLa:mmmﬂaﬂamﬂvl,mmﬂfgaummuaglu

FITNTG

@15197 2.7 Madsudyand@vasinauds (aulasan Soykeabkaew et al., 2015)

o A a ¢ a &
wils #1IA AN NoALNDS MmARANIUWIY
v a a a A L= ]
wilv212lne - woluan@nueda | LATasdaIAUULANSE
wiloanailenas LEWLEATINY - NABANIIAINNT DU
wiloainailenas Lo lalenawn wilsanaafa NNINAAANIIANNT DY
wiloanailenas - lalaemn NNINAAANIIANNT DY
il sl el 39 - P9TITNTA NNINAAANIIANNTDW
wilsaiwalznas - lisduannanniad | MInaaanIsanNTan
uileaind 59 Lwlonays - \ATBIATAULLANTE
wilsaiwalznas w1991 - NNINAAANIIANNTDW
wilsaiwalznas l§wlodanyzian - NNINAAANIIANNTDW

2.3.4 1@nlys3INBIG (Natural fiber)

wWulpsrsunddwizqumtsiafin ldielussinmd saulwg ldands dad

A A A |a ad a &/ ] v &< dy v a
‘Vﬁﬂ‘ﬁ’](ﬂ ‘ﬁx‘]&Jﬂiu’]m&l’ml%‘ﬁiiﬁ“ﬁ’]@]‘ﬂﬁ’]?ﬂiﬂLﬂ@‘llul%llvl,(ﬂ ‘Y]x‘i%Lﬁ%IU‘E‘JS?J’E’W]L‘L]%
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@ AaA A = [ [ o I [ A o & A I
’Jaqwmﬁmgmuamﬂmmaulgaamiw:% Tauigwlusssurifaatdunasiuas
A A Aa ' ' P ¥ & A & o @ A A
muwummmmmamﬂummaﬂgiﬂa Fedlavhsznavdan 3 1ia Ao Lsﬁagﬂaa
(Cellulose) Laﬁmagﬂaa (Hemicellulose) 8n#iw (Lignin) a4fUsenautnaniiySunm
i 1 > J 1 @ =Y v L= v aa o U 4 v
ﬁmaﬂumuagﬂmmmaomﬂﬂ ﬁaﬁgumaulmﬁswmmumummlmﬁ‘aa@munma:
ﬂ%’uﬂgaawﬂ'ﬁlumwﬁ@waﬁma{wau (Polymer Composites) t#hadanniaule
Aad I = ° oA = A ' ' v o

ﬁﬁmmummLﬂuwaﬂgamlvﬁumﬁmmommga lassanlngazliiawlody
dagsuusdluiWanszate (Dispersed phase) HinuNNLANYIzANTATN LAY
AMANULTILIIUDINDALN DT

235 waalad (Cellulose)

< 6 o U nd‘ 1 a C 6 A =} a
Lﬂuaaﬂﬂi:ﬂaumﬂmaoLaulaﬁisumwagmnmwmmaaw% TaodUSu1m
A A a a o & A A A o A |a
wnngatdallasuingunuasalsznauamn g LLa:w‘ﬁmwu@ﬂuwﬂimmmaaLsﬁagiaa
A v A IS a & a v Ao = = A o A A
NENN® GmL%agiaaLﬂuwamuaﬂmLaummmmuwanga LRz A lATIRIINIILANN

N REI ‘fL’]@]’mﬂQIﬂﬁ NIUNUAILWUTL 1,4-INaladan @”ﬂLLamlugﬂﬁ 2.12

y  CH2OH CH,0H
o O
H
gH OH
OH H OH H OH

31N 2.12 lassasraiaglag (Belgacem and Gandini., 2008)

2.3.6 Ladmaglad (Hemicellulose)

a [ a {& £ R =
LﬁmL%ﬂ@IﬂaLﬂua’]iﬂiZﬂaUWaﬂLL‘Hﬂﬂ’leiWNﬂa’]UﬂiJL‘H&QIﬂEiLL@]NGﬂHﬂLt
Lﬂui’mLmﬁL%auﬂ”uﬁ'}maIwLaqa 5-6 AN3LAM ﬂ”ﬁLLa@dlugﬂﬁ 2.13 wululiatiiavas
A 1 dll 1 a a é a a
wﬂ@mmagﬂumsﬂs:ﬂauauq LT aﬂummwmgim mmmmgiam:w
lavsafsunusedmgiu Jsdianuudsussdesniuaaglasuazgnlalasiada

(Hydrolysis) 1édne (Belgacem and Gandini., 2008)
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oH OH OH

gﬂﬁ 2.13 lasssaiafivoaglas (Belgacem and Gandini., 2008)

2.3.7 anwu (Lignin)

a a 6 o s % nnid % 1

anflwdunesdliznaudanvesdulosrrur@ndlassasnodunuuiioun

' a . A ¥ o [ o a _a
209y AuadN (Phenolic) Fadsimsinluianagsuaziidnsmziduadnigiu Aniiudl
aoﬁﬂnnau%ﬁ'ﬂﬂ 3 sfia Aa tran-p-courmaryl alcohol, trans-coniferyl alcohol Wag
trans-p-sinapyl alcohol fauaslaiainsluzUf 2.14 uananitdidlesiasnsazls

a A A & o a a ' o o o

danaugniduasddiznavlulasigrsvasdniuituny lasansaslasiasnsves
=) =Y J T =Y g 1 =) =Y qq’, v
anuuﬁmmv\mﬂ%mwuagﬂwu@maaﬁm panNNRNUINANBUTANNT UL
niiaaglasuaziafiioaglas (Mohanty et al., 2005)

THZOH THZOH CH,OH

il il i

CH CH CH
OCH3; H5CO OCH,

OH OH OH

(a) (b) (c)

Eﬂﬁ 2.14 lassaansiaiivad trans-coniferyl alcohol (a), trans-p-sinapyl alcohol (b)
Lz tran-p-courmaryl alcohol (c) Mduasdsznaunanvasanin (Belgacem and
Gandini., 2008)
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2.4 1f3ananu19W131 (Rubber seed shell)

A A ~ o 2 A
mawws%ﬂuwmﬂmgﬂwaaﬂizmﬂ"lmslLLa:umsﬂgﬂmﬂlumﬂlmaaﬂs:ma AR
v QI J L= H v 1 v U =)
LLquwmsﬂgmwmﬂuamwmﬁmama: 5.05 @ail dug1InITIwanINIE I THaNEAAN
:’ =) v v = Ui ] lé
W89 TITNTALR Lo wnTuaIdnanaas ladnatsnikinae angIwIT dazine-
a a =3 (% a’ o 1A o % 6 v
"Lmuﬂsmmgﬂmawwsﬂgomﬂs:mm 173 sunlansy wadnistinanlrdselamidasann
(1364, 2554) L1/Aangne19WI31 (Rubber seed shell) a33i#l 2.15 ilusnnvuiuiaves
anuwrn ludrusadlfendanvaziuduazdusuaduloagisaznindiudngves
o o A P o A A & A A Ao
ANINWIT) mﬂmaulmmmﬂaangﬂmawwmLﬂumsmmmmﬂuaﬂmuaaﬂ%mﬂm
LﬂﬁaﬂQﬂmamlﬂ?ﬂsziMﬁl,l,a:l,ﬂuylam‘lﬁﬁ'uLﬂﬁaﬂgﬂmawwsw TuinwitodlaiaSoa
% A o v < = = ) 1
LaulﬂmﬂLﬂaaﬂQﬂmawwszQamimmmﬂvsuaﬂwmuﬂumauam wazdn1srinlusan

LN LA L6 agl,mﬂﬁéfaamsﬁm%’umsﬁ’lvl,ﬂsl"ﬁl,ﬂummy’slﬁu

o "
;
k>

51l 2.15 Lﬂﬁaﬂgnmamﬁ (Rubber seed shell)

2.5 WNAULIT (Water hyacinth)

N”ﬂ@um’nﬂmmﬁuﬁL?Tm']LLwiizU’]m;mmlumeﬁ’]LLa:ﬁmimmﬂw”uﬁVl,@Tazha
a5 sanaliifadyme gidunansznudeduadonuazmIaumwian 15w n1sfia
dywiuhge mafiaurnemssyasmaria (Tasms, 2558) lagiuiimaniumwanms
lunstsasnausideliladywidanss adelsfiaudnausnsuisainanls
dszlomiidns guanane LﬁaaﬁnﬂN”ﬂmu%aﬁﬁaaﬁﬂszﬂaumaaLéﬁagiaaﬁqﬁdﬁﬂmﬁﬂﬂ
Knaurndanuudinss dlnivniseawlalsinaumaduisdwlalunisieiounanadn-
TN
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3111 2.16 HNAUTIN (Water hyacinth)

2.6 WawAUaada (Ball milling)

veadadwadasuamizianiia ﬁﬁ'mﬁ”amLLa:qualuussqgnuaaﬁﬁmmmmmﬁ@
mm’i’mqﬁl,mﬂ@mn”u s’f}mﬁaa:Lﬁ@msﬁquuﬁuﬁﬂuaaﬁagjma’l,uanzl,ﬁ@mimmml,a:
mawisslinesaananiigifiansdsednuniseinioua vinlwiAanmsuauazle
fIndIwIe N aNa (879, 2542) BevszEnsnwlunsuavasueais ﬁuagﬁ'uﬁm”y
wanpisems et

1. 5@15’1ﬂ15mumaoﬂﬁaum
2. WA ﬂ%mmuazﬁﬁu"mamaaaﬂuaaﬁwﬂ@
3. ﬂ%mmmaﬁa@ﬁslfﬁm

4. 32NN IAAITUA

luﬂﬁ]ﬁ;ﬁumﬂﬁﬂuaaﬁagnﬁwﬂ"ﬁmuaﬂwLLwimmluqmm%ﬂﬁm’m6] L
q@la’mmmﬁ L3N NN ENT AN MIUNFN I LN LaTMTLe T NLEW AN

YUIALAN

311 2.17 ansazmviuzesaTaiuaaia (Baker et al., 2010)



24

v v

2.7 lodide (Beeswax)

JE o A o o X a & ao Aa AA A A
Tvdaaduly (Wax) nldannisfslusrnmd salldnsacnftauazdfinies dya
S Al - v N
naaunadd aglutisamnnd 6264 esensaifos lanleddsdizneulddan
g9ndsrnaunaainaisiia 1iu tasnas (Ester) Sauas 67, lalatansuaue
(hydrocarbon) $asas 14, nyaluududl (Fatty acid) Sasaz 12, Laanadas (Alcohol)
[ { [ ¥ @ . g an o
Jouaz 1 uazdu g Souaz 6 lagiiwiin (Reis et al., 2018) ladifsdiaudidlunmsmunisdu
Huva9iin asanndianuldoauiia (Hydrophilic) dulauuafitss (Zhang et al., 2018)
[ gd a ° dyc? % ¥ 3 6 ]
dromgisiouti ladianlilslomiluduniinuenamisuazdunisunndaiig
uwinaeludag

4 g4
gﬂ‘n 2.18 9 (Beeswax) (Khan et al., 2016)

2.8 mMIaATdEdULDNATT

2.8.1 wdvamngasnulnauils

Bergel uazamie (2017) AnsdnsnanisadevAlzaslwuudiaslalaau
TaotasoalWuudeanudaaiudss udeainddznaiuazudstalne 9ann1sdnen
wu afitesouanudstlnadannunun 61auRHILIRLAZAINTRIHNIG
@iaLLsaﬁdﬁgdq@ WarSouisuiisunulWuudsfesonanulssiadn wazwuin
msmﬁauﬁwaﬂ%luLLﬂd@T’Jslvlﬂiwmmmi’sma@mms@@]sﬁ'uﬁ’lLLam‘\fmhms
MuMuAansIfavasluuunl

Machado Wazamhe (2017) AnsnisiassulnuutsannaudUsnainauny
N1 (Sesame cake) ﬁl,fluwawaamvlﬁmﬂqmmﬁmmmm§@ﬁm”um@”w?§mi

NABANINIANNTDY I@ULLﬂSﬂ%&HM&@]i’]ﬁ’JuTﬂx‘lLLﬂ\‘]ﬂvﬂﬂ’m\‘i’]ﬁ 90/10, 80/20, 70/30
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AT 60/40 NNEIAL mnmﬁnmwuiﬂﬂwLLﬂaﬁNaummwmmmﬂ%’uﬂ‘gaawﬂ'ﬁ
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W INABAZRNUANIIANNTaUY aaIWmLﬂdeﬁﬁﬁq@

Bergel uazame (2018) AnwanyavadlWuutsaniulssniafaufiiaiona
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Keawtatip uazame (2018) Ansmatassulnuudonanilfanlduazilfands
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WUINUSNmwIasaz 10 lasiinwiina auﬂﬁan"l"ﬂmmmﬂ%’uﬂ‘ga sutauadIWuwls
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1@@wq@

ao A A £ ) -
2.8.2 \‘l’m'mﬂ‘nLﬂﬂ?ﬂﬂdﬂﬂtﬂﬁﬂﬂﬁﬂﬂ’ldﬂ’li’l
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a o d' q' v > >
2.8.3 9 WRYNLNYIVDINUHNNAUBIN
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aaulnRansuLERlaNNaUTINNI NS IUS U MTaaE 0, 5, 15 LAz 25 lautinniin
mﬂmsﬁﬂmwu'hLé'fulsm”ﬂmumwmsmmﬂ%’uﬂyawﬂ'ﬁmiﬁmmu@iau,soﬁwaa

a 6 a v ,3’ d' a % n' 3 1 U s d' 1
waaLwasﬂawiwamlﬁgwumaﬂimml,auflﬂwanu, LRSWUINLEU LN DA UTINN K
n’mm“’ml,ﬂsmmmﬂ%'uﬂgaauﬁ@msﬁ'}umu@iatmﬁwaawaﬁma%aﬂwﬁm"lﬁﬁndw
LWL ALTINA LU NIWI IO AT

Abral uazamae (2014) AnwdniwavaaduludnaurINNinadeaul®iTing
YasnadlarinasnanulnFananuazradldin lagldgwlainausinNuIwnIsaanls
amelaasylaasanlaoananuiauds 5, 7.5 uaz 10 tlasidud waziasuunafuas
aanlndalasinsudsdSunnaulomnausinauas 5, 10, 15 waz 20 lagtinnun
mﬂmiﬁﬂmwud’mﬁ@”@LLﬂiLﬁuMmmma@mi@@sﬁ'umm%uvlﬁ LREZWLIN

a 6 a a'l 1 [ g’ A e A ci c.) 1 a 6 a ni 1 [ g/
waRLasnauIWRANHIBNTUTINTRNIAITInaNeNIINaR NN INAAN b wriin

1 (=3 v v a = s a a 6 s
amavliﬂmumﬂmaulaNﬂ@mmnﬂumimLmﬂ,uwaaLaamaimmmﬂiuﬂ;a
FNUALTING bo
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2.8.4 9wNRENNNYaInUmaRanITUaaa (Ball mill)
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AMNNITANBIWUINT LS Va9 MU N NTURIN LA TV AINANLTHU LASWUIIN
USurwTauar 10 waz 15 lasivvnaadlens 2 oia GREVeR MR ER LRI
g’ [l Qs ¥ U 1 a o N 9"&’
NM138an89 wazduruaasuaInuanudnlaadvlivedan laslodissauiTn
ﬂ%’uﬂgaauﬂ'@maaﬂﬁﬂﬁﬁﬂ'jﬂmmﬁmﬁ 28 IAIUNLINNITHEN LANT 2 T
o o wn A & P = ¢ dA a X N 6 A
AU LA TNV INANAARILHEIINANNLTIL LTIV IR NNLNNT Y LARANN
=1 o YV & N 6
memmmm"hfl,mﬂumsqnmmnuaumvm
Reis LazAe (2018) ﬁﬂ'mmsmsm%'mm'mmiag‘ﬂ”mﬁmﬂLﬂaﬂuwma@n-
6 a a a ci =} a 2 aql’g a
FASTHRUNDRLANANLATANIARaUAIAI 8 AN laulTUSuIma1Iasatuuad
nfl'&/ U ?,‘ a A a 2 ad a 1 a 6
ludifieTauas 1, 2 uaz 3 laginnin LARaUAIEIBAITNIRANURILUDIALITYA T
= a = = 1 A a (% nfl/g (% wn
w81 3w mnmiﬂﬂmwmwmimaaummslvl,wmmmmﬂsuﬂ;mum
9N FNUANIITUHIBTINN LATAMNRINITD INNTAZANUINaad LialSu e

<X A X ! v ed a o ' v o
VLTTNGLWNTT‘L LLE\JZWU’J’m’]@U‘J‘Jﬂﬂﬂ,LSVWIL@“ISEI&JVL@L%SJ’]:LLﬂﬂ’ﬁflJﬁﬁlNavLSJNﬂLLaza’]W]‘J
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1.

N o o~ N

8.
9.
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UNN 3

I 6 4‘ ~ A
GRELGEY qﬂnsmmsamau,amﬁm?nmaaa

uilvdwaUznadohautli@u (Native cassava starch; PD 10369) (Siam

Modified Starch Co.,Ltd.)

nalwaTaN (Glycerol) (Ajax FinechemPty.,Ltd.)

LNNBLTOUFLALLIN (Magnesium stearate) (Sigma-Aldrich,Inc.)

nsnu (Guar gum) (Sigma-Aldrich,Inc.)

#naw (Distilled Water)

wdulzanidfangnuniwi, (Rubber Seed Shell; RSS)

Lmaﬁlaﬁw’]\‘m’ﬁﬁ”l (Commercial Cellulose; CL) (Sigma-Aldrich,Inc.)

PUNABYAA 50 lalasiuas

wwulasnausn (Water Hyacinth; WH)

FRlauduatis (Silicone emulsion)

XX
10. 'ludf4 (Bee wax)

3.2 ailnsniuazia3aslia

3.2.1 aUnsniuaziag

1.

© © N o o B~ Db

[ . . U —
®w N > O

TOUNRIREN
DIUWAFAN
wisiwanadn
anaiaas
AITINT
lausvia
ihnmiadl
091
whazafithew

a A 6
azﬁmuwmam

. m@azQﬁLﬁw

= =3
LNENLARN

- lafwnewanaéin



31

14. qaﬁaﬁﬁ

3.2.2 1@J09N0

—

© ® N o2 g M D

S N . e, N . N, W N N —
N2 o » ® N >0

LAIDITI 2 GRS
LAIDITI 4 GRS
ADU
U

6 eana
LIDILBITAINDR
LAIBINADANIIANUI O (Compression molding)
AZUNTITOUIWIA 60 LT W3 250 lulaTiuas
\AIILENIWIABUNIA (ELE INTERNATIONAL 31 EL79-0010)
PWIRNIFLLIAN
L3890 b (Mortar grinder pulverisette) (Polymix PX-MFC 90 )
1A309Au9 % KHH326WH (UStiawia 41na)

. Iﬂgmﬂuﬁu%u

=) [
. Unnal

LYIWAINY
LN R aNNTaN
81991501

a 6
wmasludiaas

Lﬂ%ia\maaﬁa (Ball mill) (Retsch Co., Germany; Model No.: PM 100)

3.3 95N1SNARDI

3.31 m‘sm%mﬁﬂﬂLﬂﬁangnm\ams*l

1.
2.

ﬁﬂLﬂﬁaﬂQﬂmawwmmﬁwﬁﬂﬁa:m@LLﬁ%@ﬂﬂLL@@lﬁLLﬁa

A o a = o A o
'*q'uLﬂaaﬂgﬂmawwﬂ‘mLL@mLLa:wmmaﬂaammmmawﬂvl,wv’\‘[’mo
usaslugui 3.1 (a) anldidfongnenemmadansuzduns
° A A ' ' o A ' o
mLﬂaaﬂQﬂmdww’mvl,@”'l,ﬂiaumumLmswm@ 60 LT FILULATITOUAI
uaaslugli 3.1 ()
° @ A ' @ ' & 4 a =
mmu‘lmmumﬁauumvl,ﬂau"lamﬁmu‘ﬂqm%nﬂw 105 a9ALTALT YR
11281 24 TN Lﬁamunmﬁﬁmu@ﬁnLﬁulﬂussqluqd%ﬂ 2 T La)
Lﬁuiuin@@m’m%muﬂ’jwzﬁﬂﬂl%m
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(a) (b)
317 3.1 inTasaaiiulu L (a) uazeIsdauonisuly (b)

3.3.2 MILasaNERlaRnauEI

1.

WRGUVDINNAVTINNIRIIEN AT 1000 LA RUYUIALE NI LA L7
LA
ihWnauTmnuAILiRUadisiIasue IWdhasuaadlugdi 3.1 (a)
A LALEW LN NALT NN AN DAL T A
o o o A ' ' o A \
PN NAUTINN LA LU0 WHIBAZUNTIVNIA 60 LUT GI8LATAITOM
aauaaalugif 3.1 (b)
'L‘inLﬁulzlw”ﬂ@umwﬁmumsiamﬁﬂﬂau"lsimw%uﬁ'aqm%nﬂﬁ 105 84¢-
A = Y A A o a o A
LraLGeR 1WA 24 T L3Ja‘ﬂi'uL’Jaﬁ‘ﬂﬂ’muﬂu’]Lﬁ%l&lﬂi‘iﬁﬂ%fld‘ﬁﬂ
2 T LLé".JLﬁﬂliﬂﬂ@(ﬂﬂi}’]N%uﬁ]uﬂﬂ’]ﬁlzﬁﬂﬂl‘ﬁ'\‘]’m

3.3.3 NIAAYWIAVBILERIEAILINABALDANA (Ball Mill)

1.

L@l%‘ﬂwLﬁ%’ulﬂLﬂﬁaﬂQﬂmo‘wwwLLazLﬁulﬂN‘"ﬂmumwﬁmumﬁ'auﬁazJ
AZUNITIVUIA 60 LT 31UI% 10 NTH

) L ni s £33 ad a ci =

WLdwlen la lUsuaauuiaaidsnnsuaaiia NANNLS2380 300 LAz 600
Jaudawn 1wIa1 20, 40 WAz 60 W LNBANBIRANIZN bALE LU
Lﬁﬂﬁq@

o U dl £33 1 dql, dl a = [
u’]LaulﬂﬂvLﬂll’]E]UvLaﬂ’J’]&J‘ﬁuﬂqm‘ﬁQ&J 105 adALTALToE LTWLIAN
24 dla9 Lﬁamunmﬁﬁmu@ﬁnLé“%lﬂﬂisﬁﬂuqos’fiﬂ 2 1% wawnulu

T,n@lmmm%uﬁmﬂ’hﬁ]:ﬁﬂﬂ%mu



3.3.4 natasaxldauils

33

1. ﬁ']l,l,ﬂavl,ﬂauﬁqmﬂn“ﬁ 105 avaLaaLgys 1waan 24 Tl msgluqasﬁﬂ

2 fuLLﬁaLﬁuvl,ﬂmjg@mm%muﬂdw:ﬁﬁvlﬂ‘lﬁmu

2. 108U UAZEIWHENEAN 9 aIUAIINN 3.1

{ ' A & o . o
A13719% 3.1 muﬂs:nawlﬂumwugﬂﬂwLLﬂauumﬂ:ma

AIBHEN WINWN (NTN)
wiNUEUsnas shanteay 200
Lﬁu‘lmsﬁa@ﬂaamamsﬁm Lﬂﬁangnmamm WRTHNAUTIN | 6, 10, 14, 20
Arsnu 2
a A =
LUNILTLUFLALILIN 4
NRALTDIDA 10
#Nan 200

3. mniunanuuasiunane1e g Niduvssudiazasandy (oaglaane-

mf, idulsanufangninanin uaziduloinaus) dasiaTasduds

asuaadlugdf 3.2 (a) Idanuinved 3 uazlddmniuglaznia dagun

3.2 (b) NIUVBINFNLT WA 10 U171 AIUVDINFNNIRNALT WL BLALIN

(a) (b)
311 3.2 1aTasauls (a) dunaugdaznia (b) uazsnuniuzLdaLa (o)

(c)
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:’ = v v ﬁ' = ﬂd v 1 1 1 a
4. waumua:namasaahL°1nLflumammnuuammaamﬂu 2 RAINNaBLEN

ad b lwaIaedutlenazain MuIBINFNFILINUNIUIUAILA 43317 3.2 (c)

anvaINaNLTwaLasIn twaan 10 win legldanuisiues 3

o { v 1 ] IQ/ s { o g
- waananinauaTaulaadluwinuunion aa3ui 3.3 (a) wazinldu

sUdnsiaTasnasaniIsnuian 693N 3.3  (b) Ngmnnd 200 asen-

VTRLTOR LW 5 W

(b)
311 3.3 WllUY (a) UAZLATBINABANNANNTE (b)

6. MLNLULAANINNLATBINADANIIANNTOU ’mﬁﬂ’?ﬁqm%nﬂﬁﬁmﬂunm

10 WINLNa AL IWAIRY Badannwwin IWuulsn ldaanainuanuy

7. Lﬁu%umuﬁvlm’”l,ﬂuannxﬁqmﬂgﬁﬁaamw%uﬁ'ww”ﬂﬁasm: 65 RH 1%

1281 7 2% nawimImarauauLaa1d 9

3.3.5 n1stafaur il

1.

]
@ a

Y¥a ., ¥ - -
arangladaslnansinTaunamnndl 70 asalraldor wIa 15 wn

9 U

asuaaalugdn 34 (@) laslduvisusiinandinlunisazanoliidu
U @ 9/&/ 1 - o [l
LHhALAEIN A% LA MTRINaran e waIRaIFIRE D muamiugﬂﬁ 3.4

(b)
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azawanyIal (b)

inladdsfiazantszanm 15 Tadaas v nadaussunivaslnuudsles
Tagldurisutrzaslunisnizansarsiedoufrliviaunuanlnauds
vﬁlﬁmﬂﬁwLLa:@Tmm“a@"mamlugﬂﬁ 3.5 niuasie Ll siadauusis
ﬁ'ﬂw:uLLﬂoﬁmumimﬁauﬁavl,ﬂLﬁuluaﬂnzﬁqmﬁgﬁﬁaaﬁﬁmm%'yu-

FUWnB30eaz 65 RH w1 7 7% feuynimaseusutaaid g

; - . vy
31 3.5 maadeuAsiWauadasludis
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3.4 95n1snaday

3.4.1 NINAFDURIANKRLIK (Density)

LS uNTwNagaulwiauNTIxe1d WAL 12.7 x 63.5 UaRLNAT A20819RI
gmlﬁ%uﬁ‘mmw@aau 10 T 1AUUIAVDITUNAFOL LASTINIWUN lasalnu-

ALduewI ldInNaNAIN (1)

Density =

A a 4 Y @ . o o
L8 m a8 WVIRUNUBINIDY Nﬁu'}ﬂLﬂu niy
A a it 1 a 1 6 a
VvV A8 ﬂi&l’i@]i"ﬂa\‘]@’laﬁl"lﬁ Nﬂu’)&lL‘ﬂu Qﬂ‘u’iﬂmsﬁu@]m@i

3.4.2 MINAFBUANLANITAMNINABN15NIB (Flexural testing)

NARBUAINNIATZIH ASTM D790 Tasassusunasoulidainuning
30 JadWaAT ANEN 130 TaAlNaT $1wI% 10 1 nageulasldinios Universal
testing machine Instron 3365 J=eNa®aL (Support span) 80 HAALNAT LTUIIIUIA
100 6% WATEATIMIMAUTIYINAL 2.5 Tadluasdauwii

3.4.3 mi%’maaumi@lﬂsﬁmén'm%% (Moisture Content)

La3ouduiaindliTuua 30x30 Tafuas 1% 3 T TIUmENGIaLN
fowritn1Tnasey mmfuau%uéi’mzhaﬁqm%nﬂﬁ 105 2@ LTALTOE LTULIAN
24 $2lus Wensuiwuatasinninetanasrinmmagey dnsiwind launyiins
ANWIWINIAN Moisture Content (%) Basnwmnldausunisi (2)

Moisture Content (%) = [W4-Wo]/W5, x 100 .................. (2)

Wa W, do dhwunadlWundinaney Twihodun nsuy

W, fia ininvadlwundonatey  Twihodn n3y



37

3.44 miﬁnwm'l‘s@lﬂﬁ'uﬁ'] (Water absorption)

LASHUT UGBTI 40x20 HaRLUAT $1WIn 3 G% Tedmneaation
M Inasey nasannsiwinmnasaulasugeratnslwiinauwdwog 0, 5, 10, 15,
20, 25 W&z 30 W Lﬁué’hammﬂ G]mﬁ'gaLfiamuﬁmu@nmmﬁﬁwmsﬁ'uﬁwﬁsl
nszmwﬁﬂjglﬂunm 3 W TR aINIR RSN M INaFaY INARYINNNT
NAFALTNIUATURNRUALIAN 30 T ﬁ'}ﬁmﬁfﬂﬁvlﬁmﬁﬂmiﬁwmmmﬁ”amazmsg@

o ¥ i 4 9 o
FUW (Water absorption %) Fad s laaugun1In (3)

Water absorption (%) = [S,-S41/S, x 100 .................. (3)
Wa S, Ae ihwunvasiWuwilinaunasay Jniedu nI
S, A WntnvadlnuwTIraInagay Jniedu ns

3.4.5 MINAFDUANIANIIANIDY

AT zARNUAN19ANNTEURIELATEY Thermogravimetic  Analyzer (TGA)
I@ﬂﬁnmﬁqmv@ﬁﬁ 50 -700 2IANLTALTUE LAZAATNRANNTIULYINAY 10 Bf-
EraLgaRaauwf Aelarn1IzuAa lslastan

3.4.6 NMIANBIANHUSN M IUINGT

SN aAATHAAENS 2 T AALW stub LazlARaUAIBLNIALNA
= o \ Ao @ ' o A . .
las@AnaI8ENINTR IV AN 9 @I8LATAd Scanning electron microscope (SEM-
Quantum 400)

3.4.7 m‘sﬁnmaa@fﬂ‘sznauma LAl

L3N0 aENITUANRNAL KBr La20a litdwiEy dinlunasaudly
' . , -1
@384 Fourier Transform Infrared Spectroscopy (FTIR) Tug29 400-4000 cm™ &N
Tus79 512 A%9

3.4.38 ﬂﬁ‘iﬁﬂﬂﬁﬂ%ﬂ'\ﬂﬂ@dl&%‘iﬂ

m'%'wLﬁulﬂﬁﬁé'ﬂumzwavlﬂﬁﬂmmummquﬂ"uaaLﬁ%lﬂi@ﬂﬁﬂﬂﬁﬂ LPSA
(Laser Particle Size Analyzer) ;’u LS 230, COULTER
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UNN 4

AanN1IInaaag u,aﬁmsniwamsnﬂa a4y

msﬁnmmsm%mﬂﬂwLLﬂaﬁnﬂu,ﬁaﬁ'uﬁﬁﬂ:%ﬁ'ﬂmm%”af?lﬁﬁwnwsi‘fugﬂiwaJ
LLﬂaﬁ'qmﬁgﬁ 200 29FLTALTER LWIAT 5 W1 LAZHFNEITALANTIINT GRS Lsﬁagiaa
719n1361 (CL) Lﬁ%lﬁlLﬂﬁﬂﬂgﬂEl’]dW’ﬁ’] (RSS) LAZLFWLEENNAUTIN (WH) Lﬁ'aﬂ%'uﬂgo
suavaslWuudlasnamsanwlauiiseanidn 3 s fo Anwautiauasansenauils
‘lumsﬂ%’uﬂgoauﬂ“ﬁmaﬂﬂuLLﬂa ANEANINaVRIFINLANUIULADUAUTZRINIRTAN
wufrwiazliiunisanuuiai dnadasutiavas IWuuls was@nw1dnswasasnis

a (% y} { 1 LR s :‘
aauA I WILITIaA nvl,mf'ﬁ'mﬁﬁwamaaummsgmuuwaﬂﬂuLLﬂo

4.1 MIANBIENUAVAIAITAILAN

411 ANBIANHILNINIYAINRASNIILATLNLA IS L2

ﬂqf/ = U a d'! YV & % a =
A annTassuEnlassTum ANl dussaaulunsiasan TWawdls
LLamaiugﬂﬁ 4.1

Rubber seed shell(RSS) (a)

Bash up )ﬁ&‘ e‘E 2 Grinding

@ =

Water hyacinth(WH)

Ball milling

600 rpm 40 min

i
6, W

RSS powders RSS_Mo powders

(b)

Cutting ~~ Grinding

. Passed through

—)

250 pm sieve

é Ball milling i
é‘ 600 rpm 40 min
;

WH powders WH_Mo powders

31l 4.1 msm’%ﬂuLé”ulﬂLﬂﬁaﬂQﬂﬂﬂaWWﬁ (a) wazidulodnaua (b)



39

a o v & v A A A o =<
TagaSoutanlalwdunIalanaumMaRaUaalalNaaATWIALR LY Laz@ANE
ANTWALAIAMNLIITOULAZLIAN LT IUNITUA AILFAIIUAITINN 4.1 WuiLia

QI g v v
ﬂ'smﬁfnamwwummmmLaulmﬂﬁaﬂgﬂmowwm (RSS) dumiliuaand
{ o v A J 1 v v =)
1$50991NAMNETITAUYN IR AA IR UUNNTWRING LALR W L AANITUANLAZEN
a3 lddvunalanas (Baker et al., 2010) agndlsAauidariarlunisua
a X ' o ~ & A o a = ' v o
WadwnuIdslofazamalnadu hesnnidwlodumaidnuinaswaliiguls
=) 1 L= o v v l&/ §
m@mnmznquﬂmaﬁmﬂ%mm@mql,mﬂmaaLauﬂ,mﬁmm@lmymmﬁm’mﬂunﬁ
o X Y
UALANYH (Sundum et al., 2018) INNANANNTANBIRANIZVBINTAAIUIALF UL
A oA = ' A A A
wWaangneawiwuinanuiiTey 600 Taudauil Naan 40 win Luanng
ni n'l % A & R
wmmmmq@lumm@mm@LauflﬂLﬂaaﬂgﬂmawwm FIRINITDAA AN 51.57

lulasues

A13199 4.1 S‘nﬁwamaamwL%’asamm:nmlummmiamm@mm@agmﬂmaa

LguiﬂLﬂﬁaﬂQﬂﬂﬂdWWSW (RSS) sunaiauaala

A lwN1TUA anasrsaulunisua (saumi)
(¥11) 300 600

20 181.60 um 74.37 um

40 123.30 um 51.57 um

60 92.97 um 54.13 um

Waldanesfimunzausslauadnlodnaumin (WH) flansidean
wm’nﬁulﬂw"'ﬂ@mmﬁﬁsi’mﬂwmﬁmumap&mﬂa@mmﬂ 246.70 lulasiway 1u
41.81 lulanwey wazwudndulodnausn Jvuwradnniuduloidfangn-
19T Lﬁaoﬁnﬂa‘fﬂumzmamﬂmwmaaLﬂﬁaﬂgﬂmow*mﬁé'ﬂum:ﬁuﬁaLLazﬁ
levasdulafiuiunindnausn (@ruvesdidu) Sefanumenismoniniin
TwsananoWasennie (53men, 2559; BaLans, 2556) 9ssnalwawiavasidwlon le
RRINNHIUNTZLIUMTLARATINAMsInafiauaalavasidulunnausnduuia
wnndndulsandfangnansmm Lﬁaﬁﬁmm’mm@agmalumswﬁ 4.2 WU
masavwaEuwlgsIsuTidiinafinuasaia Annuisisay 600 saudewnii
a1 40wl awnTnaerwaeunnazadulyldfodsziim 5 i e

a a ) ) AV
WU UUﬂUT%’](ﬂLﬁulﬂ‘ﬂvL?J NIUWNIILUA
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A3 WN 4.2 BUNG aUNAYBY msm“’u@uﬁlﬁ’tumsﬂ%’uﬂ‘ga fu1a Wl

RIALG PUIABUNA (um )
iwuloifangneniwia (RSS) 237.90
Wuloilfangnanmnimanaumia (RSS_Mo) 51.57
wwulonnauan (WH) 246.70
wwulonnaurnaaumwa (WH_Mo) 41.81

4.1.2 @NBIANBULAMIUINGIVDIFIIANAN

317 2.2 ugeesnEmzeFUg wIneweadulonlfidumsdandnsy
Uindysaui@vaslwuuts wodisaglasminsduazidulodfangnenawin &
anw ozt duwiuigen (Rod like) wazsaunuidnia g (Mohamad et al., 2014) a4
wgaalugll 4.2 (a) uaz (b) uaztilafianIanansmenisugwinavaaduly
w”n@mmﬂugﬂﬁ 4.2 (c) wuhdsnwmiduuruuun (Plate like) iavigulely
HumItadisinaftauaais wudndulowfengneswiruazidulodnausni
paEnasuazdansusiduuiumang ugaslugy 4.2 (d) uaz (e) Mudal B9
aa@ﬂﬁaaﬂ”uwammmy&mﬂmaqLéfﬂﬂ@”&tﬁ@ﬂ%@lﬁﬂﬁ 4.2
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31l 4.2 §ﬂﬂmxﬂ16§m§1u3ﬂEl’l“llEldL‘Ii&gIﬂﬁﬂ’]dﬂ’]iﬁ’] (CL) (a), LﬁulﬂLﬂﬁaﬂQﬂ-
819W1IN (RSS) (b), &ulEENALTIN (WH) (c), Lé“uel,sm]ﬁaﬂgﬂmqusm@
(RSS_Mo) (d) waztdulodnauainua (WH_Mo) (e)
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4.1.3 @An¥radailiznaun1saiuaIa1IaLaN

gﬂﬁ 4.3 WRaY FT-IR mﬂm%’mauﬁuhLﬂﬁanﬁﬂmowwma:l,é“uslﬂ
NNALTINADULIZRRINITUAMIULNARALARNR I@ULU%UULﬁUUﬁ'ﬂLSﬁaQIaama

N3N

RSS_ Mo

1639 1599

% Transmittance

4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm!)

311 4.3 FT-IR sudaasnvaaidulonltidussdady

. o A a o A o R o A & [y
‘W‘U'J']ﬁlﬂjﬂmiu‘ﬂLtaﬂﬂiugﬂwﬂﬂ]ﬂ'mrﬂﬂaqUﬂﬂ\?ﬂuLuaﬂ'ﬂqﬂLﬂuLﬁulﬂ

Aada & v . o o \ A \
ﬁiﬁwmﬁl(ﬂ‘ﬂuaﬂﬂﬂizﬂa'u‘ﬁaﬂLﬂuLﬂfﬂﬁIaa WU’J’]&L‘IJﬂ@]i&J@I’]LmuGLﬂ“ﬂﬂﬂ%i%“ﬁ’ld

3100-3600 cm" uaasfiangWaidurasesdisznaviaaglasuazWusz lalasiaulu
%ijl,aman%a (-OH) e unisLaunawlngig 2800-2950 cm' uaaINIEA
284 C-H luny CH uaz CH, vaslasiainaimaglasuaziadiioaglag (Kilinc et al.,
2018) WONINANU A IURILAARWIUTY 1626-1639 cm ' uaasflaTIaTI
LaﬁLsﬁaQIaaLLazaaﬁﬂs:ﬂawaaﬁﬂmﬁuh (Maache et al., 2017, Istirokhatun et
al., 2015) Lfiaﬁma?nnmﬂﬂ@%'waaLsﬁagiaamamsﬁ’nﬂ?ﬂuLﬁﬂuﬂ”mﬁuh
FIIUTENI 2 Tila wuiﬂuvﬁagIaamaﬂ’m‘T’]Vl,aJﬂﬂﬂgmﬂn@n%’mﬁ@‘i’nmmLam
aawlutag 1726-1738 cm” waasfisasdlsznovvasiadioaglaguaziniuly

I

o ° ' 4 ' -1 ° ' 4
Iﬂidﬁﬁ’]d LL@Z@]’]LL%%GLE)T@]?]‘%IWHN 1500-1599 cm LU%@]’]LL%%GT@Q@]W{Uﬂuﬁ

201
a A

Junudisnuszg (C=C) lulassarivasdniiu uonaninduniiasain 1238
1 a ' a @
ez 1246 cm - afunafianidaves C-0 lunyaziwfia (acetyl group) lulasaaing
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YaIANHU (Maache et al., 2017) LﬁaamﬂLﬂjagIaamamsﬁﬁvl,éfmumzmums

fanasnlsznauvaIfniin

41.4 ANBIENUANINAMNSINVDIAIIANAN

AMIANEILRD UTNINNNANUTAUTILE WL M T waITALR AN ATha -
TGA adugadls TGA masluunsu (gﬂﬁ 4.4) LLazqmﬁqﬁmsamm"”;@“’mamlu

AN 4.3

> '.'.‘._RSSJIu

sk

RSS

Derivative Weigth (%)
7

CL
_30 1 1 1 1 1

100 200 300 400 500
Temperature (DC)

311 4.4 DTG masluunsnvaadulonltidussdadu
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methods to systematically further our investigation in structures around
two other regions. In animals, but not in plants, we discovered a universal
trend of increased mRNA stability near the 5’cap in mRNAs regulated by
miRNA. GC content of S’UTR, 5’UTR length and number of miRNA
target sites may influence local structure near the 5’cap, which is likely
selected to facilitate miRNA-mediated translation regulation. Another
consistent pattern--decreased structure just before the stop codon followed
by a strong signal of increased stability--was found near the translation
termination site in many species, except in yeast and worms. This pattern is
selected for efficient bounding of termination release factors and prevents
erroneous stop codon readthrough. However, among simple organisms
readthrough heterogeneity may enhance phenotypic diversity and facilitate
their adaptation to changing environments.

T1001
Presentation 3

(14:00~14:15)

Effect of Water Hyacinth on the Mechanical, Morphological and Physical
Properties of Baked Starch Foams

Sukaree Chaireh and Kaewta Kaewtatip
Prince of Songkla University, Thailand

Abstract—The objective of this work was to study the effects of water
hyacinth (WH) on the properties of baked starch foam and compare them
with the effects of commercial cellulose (CC). The effect of the both fillers
on the properties of baked starch foams including density, morphology and
impact strength was investigated. FTIR analysis revealed the structure of
WH to be composed of cellulose, hemicelluloses and lignin, whereas CC
contains only cellulose. It was found that the impact strength of starch/WH
composite foam was greater than the impact strength of both starch/CC
composite foam and starch foam without filler by about 58% and 43%,
respectively. This increase may be the result of a more efficient transfer of
stress from the starch matrix to the filler due to the strong interaction
between the hydroxyl groups in the structure of the three-dimensional
network of lignin in WH and starch. Moreover, the starch/WH composite
foam showed the best morphology of small and uniform cell size, probably
because the WH can increase the steam bubbles in the starch batter. It can
be concluded that water hyacinth is a novel filler that plays an active role
in improving the properties of baked starch foam.

B0021
Presentation 4

(14:15~14:30)

Enumerating Chemical Mono-Block 3-Augmented Trees with Two
Junctions

Yuui Tamura, Aleksandar Shurbevski, Hiroshi Nagamochi and Tatsuya
Akutsu

Kyoto University, Department of Applied Mathematics and Physics, Japan

Abstract—Enumerating chemical graphs with given constraints on their
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Effect of cellulose fiber on the thermal, mechanical and physical properties of starch foam
M3 ey uay whiamn ufinmiing
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Department of Materials Science and Technology, Faculty of Science, Prince of Songkla University, Songkhla, Thailand
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Abstract

The aim of this research is to investigate the effect of cellulose fiber (CL) on the thermal, mechanical and
physical properties of starch foams prepared by a baking process. The cellulose fiber contents of the starch foams
ranged from O wt.% to 10 wt.%. The starch foams adsorbed significantly less water after the addition of the cellulose
fiber. The flexure stress at maximum load increased to 6.20 MPa at the highest cellulose fiber content (10 wt%). The
morphology of the starch/CL foam composite, revedled by scanning electron microscopy, presented a more ordered
distribution of cell sizes with thicker cell walls than the pure starch foam presented. Moreover, cellulose fiber improved
the thermal stability of the starch foam. These effects could be related to the strong adhesion between the cellulose
fiber and starch matrix.

Keyword: Starch foam, Cellulose fiber, Mechanical properties
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influence on the properties of starch foam S
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ARTICLE INFO ABSTRACT

Keywords: Starch foam composites containing rubber seed shell particles of different sizes were prepared and characterized.

Starch foam The first objective was to prepare small particles of rubber seed shell using a planetary ball mill at different

Rubber seed shell rotational speeds (300 and 600 rpm) and milling times (20, 40 and 60 min) to optimize the milling condition to

;::;f‘le size achieve the smallest possible particle size. The second objective was to study the influence of the size of the
ity

rubber seed shell particles on the properties of the starch foam. Laser particle size analysis and morphological
observation by scanning electron microscope (SEM) revealed the optimal milling condition to be 600 rpm for
40 min. The smallest average particle size obtained at this condition was 51.57 pm. Starch foam containing the
smallest particles (GRS) exhibited greater flexural stress at maximum load and narrower cell size distribution
and had a lower density than starch foam composite with crude rubber seed shell (CRS) at the same filler
content. The small size and high surface area of GRS enabled a better dispersion of filler particles and the
establishment of stronger interactions within the starch matrix. The change in the color parameters and
whiteness values of the rubber seed shell particles can be attributed to exposure to the heat generated by ball
milling and the reduction of the average particle size. The effect of the addition of GRS and CRS on the thermal
properties of the composites was determined by simultaneous thermogravimetry - differential scanning ca-

Color parameters

lorimetry.

1. Introduction

Recent interest in starch foams for packaging applications has been
based on their properties of non-toxicity, biodegradability, and the
possibility of low-cost production from agricultural sources. (Abinader
et al., 2018; Bruno et al., 2018). Moreover, the production process for
starch foams is simple, as they can be baked using water as a blowing
agent (Pornsuksomboon et al., 2016). Along with the numerous benefits
of starch foams, there are some drawbacks. Mechanical properties can
be poor, significant changes to properties can occur during aging and
starch foams are water sensitive (Pablo et al., 2008; Abbas et al., 2018).
In the literature, the preparation of composites of starch and lig-
nocellulosic material has been a frequent research topic due to the
many advantages of lignocellulosics (Suleyman et al., 2013; Lea, and
Suzana, 2014; Nattapon et al., 2014; Machado et al., 2017; Sanhawong
et al., 2017). As well as having low density and high specific strength,
lignocellulosics are environmentally friendly, abundant, and enable
low-cost production with low energy consumption. Lignocellulosic
materials such as kraft fiber, corn husk, cotton, sesame cake and malt

* Corresponding author.
E-mail address: kaewta k@psu.ac.th (K. Kaewtatip).

https://doi.org/10.1016/j.indcrop.2019.04.035

bagasse can improve the flexural strength and the flexural modulus of
elasticity of starch foams, as well as their water resistance. These im-
provements were due to the strong adhesion between the lig-
nocellulosic material and the starch matrix, which occur because both
materials are polysaccharide-based (Suleyman et al., 2013; Lea, and
Suzana, 2014; Nattapon et al., 2014; Machado et al., 2017; Sanhawong
et al., 2017). However, most of the reported composites of starch and
lignocellulosics suffered from poor dispersion and poor adhesion be-
tween the filler and starch matrix at elevated filler contents (Laura
et al., 2006; Saetun et al., 2017). Natural fibers of smaller particles have
a significantly higher specific surface area compared to fibers of bigger
particles. Therefore, they increased adhesion between the polymer
matrix and the filler (Genzhong et al., 2009).

Planetary milling is simple, efficient, operates at low-cost and is
often used in laboratories and industry to produce materials of small
particle size (Ming-Guo et al., 2010; Chunxiao et al.,2016; Sundum
et al., 2018). Some recent studies have investigated the properties of
materials such as egg shell, fly ash, lithium fluoride nanopowders and
chitosan that were modified by planetary milling (Yoshinobu et al.,
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1998; Clemens et al., 2014; Matej, 2018; Sundum et al., 2018). We
reported previously that milling speed and grinding time affected the
particle size, surface area and morphology of fly ash (Sundum et al.,
2018). Clemens et al. (2014) observed that the agglomeration of li-
thium fluoride nanoparticles depended on the size of the milling balls as
well as on the ball-to-powder ratio.

Rubber seed shell is a lignocellulosic agricultural waste from the
rubber tree. Natural rubber is one of Thailand’s main agricultural
products but, although rubber seed shells have been effectively used in
the preparation of activated carbon, in capacitor electrodes, as an ag-
gregate in concrete, and in the synthesis of polymers, (Kang and Jian,
2010; Mohamad et al., 2014; Muthusamy et al., 2014; Pagketanang
etal., 2015; Kaimeng et al., 2016), the utilization of rubber seed shell in
Thailand is low. The cassava root is also an economically important
crop in Thailand. Generally, cassava is processed as animal feed or
fermented to produce alcoholic beverages. The production of starch
foam using cassava starch will not only support the long-term market
price of the cassava root but also help to produce new materials to
replace petroleum-derived plastics. In this way the accumulation of
plastics polluting the environment will be reduced.

The objective of this work was to study the influence of the loading
content of small rubber seed shell particles on the properties of com-
posite starch foams and to compare these properties with the properties
of composite starch foams containing larger, crude rubber seed shell
particles. The small rubber seed shell particles were prepared using a
planetary ball mill. The milling conditions were optimized by milling
the rubber seed shell at different rotational speeds and milling times in
order to achieve the smallest average particle size.

2. Experimental
2.1. Materials

Native cassava starch was kindly supplied by Siam Modified Starch
Co., Ltd. It was dried at 105 °C for 24 h in an oven and kept in a de-
siccator until used. Waste rubber seed shell was obtained from a local
rubber plantation. The composition of the rubber seed shell is presented
in Table 1. The percentages of acid-insoluble lignin, holocellulose
content and cellulose content were determined in accordance with
TAPPI standard T 222 om-11, the method of Wise et al. (1946) and the
method of Updegraff (1969), respectively. Holocellulose is the total
carbohydrate fraction (cellulose and hemicellulose). Glycerol was from
Ajax Finechem. Guar gum and magnesium stearate were purchased
from Sigma-Aldrich, Inc.

2.2. Preparation of rubber seed shell powder

The rubber seed shell was washed with tap water to remove im-
purities, dried in air at 70 °C for 24 h, and cut using a Polymix® PX-MFC
90 D (Switzerland). After cutting, the rubber seed shell was sieved using
a 250 um sieve, dried in a hot air oven (105 °C) until constant weight
was achieved, denoted crude rubber seed shell (CRS), and then kept in a
desiccator prior to use. To obtain ground rubber seed shell filler, ten
grams of CRS were placed in the grinding jar of the planetary ball mill
(model PM 100, Retsch Co., Germany) with 10 grinding balls and
milled under the following operational modes: rotational speeds of 300

Table 1
Composition of rubber seed shell (dry basis).

Composition Percentage (%)
Cellulose 43.04
Hemicellulose 25.02
Holocellulose 68.06
Acid-insoluble lignin 18.35
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and 600 rpm, and grinding times of 20, 40 and 60 min. The smallest
particles were dried in a hot air oven denoted ground rubber seed shell
(GRS) and kept in a desiccator until application. The steps in the pre-
paration of the rubber seed shell fillers are presented in Fig. 1.

2.3. Preparation of starch foam

Native cassava starch was mixed (Kenwood, KM 262) at room
temperature for 10 min with guar gum (1 wt%), magnesium stearate
(2 wt%) and either CRS or GRS filler at loadings of 0, 3, 5, 7 and 10 wt%
on dry starch basis. Glycerol (5wt%) and distilled water (100 wt%)
were added to the mixture. The batter was mixed for 10 min, then 100 g
of the batter were poured into a rectangular mold (15cm x 10 cm X
4 mm). The foams were produced using a compression molding ma-
chine (model KI-7014, Kao Tieh Ltd., Taiwan) operating at 200 °C for
5min. The neat starch foam and the composites did not show sig-
nificant differences in appearance (Fig. S1 in Supporting Information).

2.4. Characterization

The density of the obtained foams was determined from the weight-
volume relationship of sample pieces measuring 12.7 mm x 63.5 mm x
4 mm. Ten specimens of each sample were tested.

The morphology of the samples was studied by scanning electron
microscope (SEM-Quanta 400) operating at acceleration voltages of 10
and 15kV. All specimens were mounted on stubs with double-sided
sticky tape and coated with a thin layer of evaporated gold.

The particle size of the samples was determined using a Laser
Particle Size Analyzer (LS 230, COULTER).

Flexural tests were performed in accordance with ASTM D790,
using a universal testing machine (model 3365, Instron) operating at a
crosshead speed of 2.5 mm/min with a 100 N load cell. The dimensions
of the specimens were 130 x 30 X 4 mm and the span length was fixed
at 80 mm. The testing was performed at 25 = 3°C and 55 = 2% RH.
At least six specimens of each sample were tested and the average and
standard deviation were calculated.

Surface area was determined with a surface area and porosity
analyzer (Micromeritics/ASAP2060, ASAP2460, USA) using a static
volumetric N, gas adsorption method. Prior to measurement, all sam-
ples were outgassed at 70 °C for 15h.

The color of each sample was determined using a color spectro-
photometer (HunterLab-001 UltraScanpro, HunterLab, USA) in re-
flectance mode. The color parameters ranged from L = 0 (black) to
L' =100 (white), -a~ (green) to +a" (red) and -b" (blue) to + b"
(yellow). The reported values are averages of three repeated measure-
ments.

The simultaneous TG/DSC measurements were carried out using TA
Instruments Q600 thermal analyzer in an air atmosphere using an
alumina sample pan and the corresponding empty pan for reference.
Sample mass: "3 mg; heating rate: 20 °C/min. The thermal stability of
the samples was determined by SWI (Stepwise Isothermal) mode. TA
curves of selected samples were also produced in a nitrogen atmo-
sphere.

3. Results and discussion
3.1. Characterization of CRS and GRS

The size of the rubber seed shell particles that passed through a
250 um sieve was about 238 um and they were labeled crude rubber
seed shell (CRS). Table 2 shows the sizes of the particles after milling at
300 rpm and 600 rpm for 20, 40 and 60 min. The particle size was much
smaller at the higher rotation speed. At the lower rotation speed, the
particle size decreased with increased milling time. Conversely, at the
higher rotation speed, the reduction in average particle size was sig-
nificant only at the milling time of 40 min. Raja et al. (2013) reported
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Rubber seed shell

CRS
w _— _—
o Cutting Passing through
2250 pm sieve
Table 2

The particle size of rubber seed shell after milling at 300 rpm and 600 rpm for
20, 40 and 60 min.

Milling time (min) Rotational speed (rpm)

300 600
20 181.60 pm 74.37 ym
40 123.30 pm 51.57 um
60 92.97 ym 54.13 pm

that the degree of particle size reduction during planetary ball milling
correlates with the frictional and impact forces, which release dynamic
energies. These forces depended on the difference in speed between the
balls and the grinding jars. Ming-Guo et al. (2010) reported that ag-
glomerations were detrimental to the production of small size materials
because the particles could not be ground to a finer size. In the case of
rubber seed shell, particle aggregation due to high surface energy
started when the particles were smaller than 50 pm. This size was

Differential volume (%)

200 400 600 800 1000 1200 1400

0
0

Particle diameter (micrometer)
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Fig. 1. The steps of preparation of the rubber
seed shell powder.

GRS

 ——

S Milling for 40 min 8

at 600 rpm

achieved after 40 min of milling time. Therefore, the best milling con-
dition was 600 rpm for 40 min because this condition produced the
smallest average particle size of about 52pm before agglomeration
occurred.

SEM micrographs, show that small rubber seed shell particles were
successfully prepared using the planetary ball mill. The CRS contained
rod-like fibrils (Fig. 2(a)). Significant morphological differences can be
seen in the SEM images of GRS obtained by milling at 600 rpm for
40 min. The GRS particles are flatter and smaller (Fig. 2(b)). In the
particle size distribution curves (Fig. 2(c) and (d)), both CRS and GRS
present only one peak but the particle size distribution curve of CRS is
extremely broad, whereas the particle size distribution curve of GRS is
narrow and shifted to the left (towards smaller particle size).

Many articles reported the effect of rotational speed, ball diameter,
ball to powder ratio and process time on the morphology, particle size
and crystalline structure of materials subjected to planetary ball milling
(Genzhong et al., 2009; Raja et al., 2013; Clemens et al., 2014; Matej,
2018; Sundum et al., 2018). However, to our knowledge few data are
available that establish the dependence of color parameters and

Differential volume (%)

0 '
200 400 600 800 1000 1200 1400

0

Particle diameter (micrometer)

Fig. 2. SEM micrographs of crude rubber seed shell (CRS) (a) and rubber seed shell after milling at 600 rpm for 40 min (GRS) (b) and the particle size distribution

curves of CRS (¢) and GRS (d).
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Table 3
The color parameters, whiteness values and BET surface areas of CRS and GRS.
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Samples Color parameters Whiteness BET surface area (m?/g)
L* a* b*

CRS 74.14 * 0.33 2.36 * 0.12 17.27 * 0.36 68.81 0.87 + 0.004

GRS 70.70 = 0.05 3.32 £ 0.02 19.27 + 0.00 64.77 1.14 £ 0.005

The color of each sample was determined using a color spectrophotometer (HunterLab-001 UltraScanpro, HunterLab, USA) in reflectance mode. The color parameters
ranged from L* = 0 (black) to L* = 100 (white), -a* (green) to +a* (red) and -b* (blue) to +b* (yellow). The reported values are averages of three repeated

measurements.

6} M crs (a)
[ crs

Flexural stress at max load (MPa)

0 3 5 7 10

Filler content (wt%)

M crs (b)

35

25

Flexural strain at max load (%)

0 3 5 7 10

Filler content (wt%)

Fig. 3. Flexural stress at maximum load (a) and flexural strain (extension) at maximum load (b) of neat starch foam and starch foam composites with CRS and GRS.
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0.35

e
W

0.25

Density (g/cms)
e
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Fig. 4. Density of neat starch foam and starch foam composites with CRS and
GRS.

whiteness values on the particle size of materials. The color parameters,
whiteness values and BET surface areas of the rubber seed shell were
obtained before (CRS) and after milling at 600 rpm for 40 min (GRS).
Measurements were made three times and are presented in Table 3. The
a* value (redness) and b* value (yellowness) of crude rubber seed shell
increased, whereas L* (lightness) and whiteness of the rubber seed shell
decreased with decreasing particle size. This indicates that the dark-
ness, redness and yellowness of the crude rubber seed shell particles
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increased after the milling process. These color parameters and white-
ness values were in agreement with Ramachandraiah and Chin (2016),
who investigated the effect of ball milling time on the physico-chemical
properties of persimmon seeds. Variations in color values of smaller
particles could be due to the increased release of colored pigments after
exposure to heat during ball milling. Tepic et al. (2010) and Gueli et al.
(2016) found that changes in particle size after grinding influenced
color values. Therefore, the changes in the color parameters and
whiteness values of the rubber seed shell particles could be attributed to
exposure to heat during ball milling and the reduction in the average
size of the rubber seed shell particles.

3.2. Effect of CRS and GRS content on the properties of starch foam

The flexural stress at maximum load of the neat starch foam was
2.95 MPa (Fig. 3(a)). For starch foam composites with 3 and 5wt% of
CRS, the flexural stress at maximum load was 3.10 and 3.24 MPa, re-
spectively. At 7wt% of CRS, the flexural stress at maximum load sig-
nificantly increased to 4.48 MPa. However, at 10 wt% of CRS filler, the
flexural stress decreased to 3.80 MPa. In contrast, the starch foam
composite with GRS filler showed the highest flexural stress at a loading
of 5wt% (5.07 MPa). Above 5wt% of GRS filler, the flexural stress
slightly decreased but was still higher than for any of the starch foam
composites containing CRS filler. The inclusion of 3-7 wt% of both
fillers reinforced the starch matrix and increased the flexural strength of
the starch foam. At loadings of filler content over 7 wt%, the flexural
strength of the foams decreased because agglomerations of filler par-
ticles in the starch matrix hindered the transfer of stress. The difference
in flexural stress at maximum load between the GRS- and CRS-filled
composites at the same loadings was due to the smaller particle size and
consequent greater surface area of GRS (Table 3). The results are con-
sistent with those of Genzhong et al. (2009), who reported that a large
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‘ Thickness = 4.875 mm"

Fig. 5. SEM micrographs of neat starch foam (a) and starch foam composites with 10 wt% of CRS (b) and GRS (c¢).

Table 4
The color parameters and whiteness values of neat starch foam and starch foam
with the addition of CRS and GRS.

Samples Color parameters Whiteness
L* a* b*
Starch foam 8290 + 1.58 1.30 * 0.12 9.56 *= 0.58 80.37
(Control
sample)
Starch foam with
CRS (wt%)
5 71.56 = 0.74 1.74 = 0.14 1242 = 0.79 68.92
10 7236 = 1.75 2.09 = 025 15.18 = 1.09 68.04
Starch foam with
GRS (wt%)
5 72.00 + 3.60 235 * 0.23 18.19 = 1.55 66.53
10 68.72 = 0.97 275 + 0.29 1832 = 1.77 63.65

The color of each sample was determined using a color spectrophotometer
(HunterLab-001 UltraScanpro, HunterLab, USA) in reflectance mode. The color
parameters ranged from L* = 0 (black) to L* = 100 (white), -a* (green) to +a*
(red) and -b* (blue) to +b* (yellow). The reported values are averages of three
repeated measurements.

BET value improves the interaction between the filler particles and the
polymer matrix. Jeevan, and Jong-Whan, (2014) and Kaimeng et al.
(2016) reported that smaller filler particles reinforced polymers more
effectively than larger filler particles. The starch foam composite with
5wt% GRS filler showed higher flexural stress at maximum load than
starch foam composites with corn husk, soy protein and palm oil fillers
(Nattapon, Orapin, & Natta, 2014; Chiarathanakrit et al., 2018a,
2018b). Moreover, the flexural properties of starch foam composite
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ness = 3.772 mm

with both GRS and CRS fillers were better than commercial clamshell-
type containers made of expanded polystyrene (EPS) (Glenn et al.,
2001).

The flexural strain (extension) at maximum load of the starch foam
significantly decreased with the addition of both CRS and GRS
(Fig. 3(b)). The reduction in the flexibility of the starch foam compo-
sites was due to the restricted mobility of the starch chains caused by
the increased stiffness of the starch foam composites. This behavior has
been observed in many composites (Anne and Jean, 2011; Bruno et al.,
2018; Chiarathanakrit et al., 2018a, 2018b).

The density of starch foams is an important property that affects
their applicability. The density of the present neat starch foam was
0.2683 g/cm®. Generally, the addition of fillers (e.g. kaolin, cocopeat
and kraft fibers) increases the density of starch foams, since fillers re-
duce the swelling and expansion of the starch batter (Kaewta et al.,
2013; Nattapon, Orapin, & Natta, 2014; Titi et al., 2015). For example,
the density of starch foam increased from 0.214 g/cm? to 0.295 g/cm®
after the addition of 5wt% of flax fibers (Soykeabkaew et al., 2004).
The density of the present starch foam composites was also dependent
on the content of CRS and GRS filler (Fig. 4) but, interestingly, no
changes were observed in the density of the starch foams with the ad-
dition of 3 and 5wt% of either CRS or GRS. On the other hand, the
density of the starch foams significantly increased when the filler
contents were higher than 7 wt%; which is in agreement with results
reported by other authors (Soykeabkaew et al., 2004; Pablo et al., 2008;
Nattapon, Orapin, & Natta, 2014).

The increase in density at higher filler contents is illustrated by the
SEM micrographs presented in Fig. 5, and can be explained by the fact
that the starch batter was more viscous at higher fiber loadings (Fig. S2
in Supporting Information). The greater viscosity prevented expansion
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of the foam.

The morphological features of starch foam and starch foam com-
posites with 10 wt% of CRS and GRS were observed using SEM. The
expanded starch structure and the varied sizes of the cells of the neat
starch foam can be seen in Fig. 5(a). The incorporation of both CRS and
GRS had a substantial effect on the morphology of the starch foam. As
seen in Fig. 5(b), the starch foam composite filled with 10 wt% of CRS
exhibited a denser structure and smaller cell size than the starch foam
composite filled with GRS at 10 wt% (Fig. 5(c)). These results are in
accordance with the density values of the starch foam and the com-
posites (Fig. 4). Additionally, the cells of the starch foam composites
with 10 wt% of GRS had a narrower size distribution and thicker walls
compared to the starch composites containing CRS at 10 wt%. The
greater viscosity of the starch batter with CRS could inhibit expansion
of the starch during foam formation and the bubble size of starch foams
after baking also depended on the viscosity of the starch batter (Marco
et al., 2015).

The color parameters and whiteness values of the neat starch foam
and starch foam composites with 5 and 10 wt% of CRS and GRS are
presented in Table 4. Neat starch foam was lightest (L" = 82.90) and
whitest (80.37), whereas the redness value (a” = 1.30) and yellowness
value (b" = 9.56) were the lowest of all the samples. The addition of
both CRS and GRS significantly decreased lightness and whiteness but
increased the redness and yellowness of the starch foam, more so in
composites with GRS filler. The differences in the color parameters and
whiteness values between the starch foam and the starch foam with CRS
and GRS may be due to the characteristics of the fillers, such as particle
size and natural color, that might affect light reflectance of the starch
foam (Ana et al., 2013; Lea, and Suzana, 2014; Chiarathanakrit et al.,
2018a,b).

The applicability of new materials strongly depends on their
thermal stability. In addition, the decomposition mechanism offers
valuable data from the point of view of environmental protection. The
thermal stability of starch composites usually depends on the type of
starch used (Kaewta et al., 2014) and the amount of filler added
(Sundum et al.,, 2018). The SWI curves of the neat starch foam and
composites with 3 wt% and 10 wt% of GRS (Fig. 6 a) show that thermal
stability slightly decreased (from 269 °C in starch foam to 261°C in
composite with 10% of GRS) with increasing filler content. The similar
water content (ca. 10%) and the similar course of the curves show that
the mechanism of water evaporation did not depend on composition.
This behavior indicates a similar porosity of the samples, too.

The high similarity of the decomposition patterns of neat starch
foam and the composites, and consequently their structural similarity,
is well presented by the DTG curves of neat starch foam, GRS, and the
composite containing 10% of GRS (Fig. 6(b)). A slight difference is
observed at the beginning of decomposition, as the GRS starts to de-
compose in two overlapped steps, whereas the decomposition of starch
started practically with one broad step in the same temperature range
(about 250 °C-350 °C). In the composite, the presence of the filler can
be seen in the form of a shoulder at 291 °C in the DTG curve.

The impact of filler size on the thermal decomposition of the rubber
seed can also be ignored as shown in Fig. 6(c). As a consequence, the
thermal properties of the composites are practically independent of the
particle size of the filler. The thermal decomposition of all the samples
in air was accomplished at about 550 °C without residue. The thermal
stability of the samples is not affected by the atmosphere. At tem-
peratures higher than 400 °C, the exothermic decomposition was less
intense in nitrogen.

4. Conclusions

This work is an initial insight into the preparation, using planetary
ball milling, of a filler from rubber seed shell particles of a small size.
The milling condition that produced the smallest average particle size
(51.57 ym) was a milling speed of 600 rpm and a milling time of
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40 min. The milling process significantly affected the BET surface area
and light reflectance of the crude rubber seed shell filler. Analysis of the
starch foam composites containing CRS and GRS fillers demonstrated
that GRS improved mechanical properties of the starch foam more ef-
fectively than CRS. When using a filler of GRS in the starch foam
composite, the maximum flexural stress at maximum load (5.07 MPa)
was obtained at a loading of 5wt%, whereas the starch foam compo-
sites with CRS showed maximum flexural stress at maximum load
(4.48 MPa) when the CRS content was 7 wt%. Finally, the starch foam
composites filled with GRS had a lower density and exhibited a nar-
rower cell size distribution than the starch foam composites filled with
CRS. Due to the similarity of the structural characteristics of the starch
matrix and the rubber seed shell particles, the thermal stability of the
materials was practically independent of the composition.
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