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PIYAWIT SODSUCHAT: MOISTURE-ADSORPTION IMPROVEMENT OF
THERMOPLASTIC STARCH USING CHITOSAN DERIVATIVES AND FATTY ACIDS. THESIS
ADVISOR: AMNARD SITTATTRAKUL, Ph.D. 92 pp.

Today commercial petroleum-based plastics are widely used in many applications.
After usages these plastic wastes have contributed to serious plastic waste problems and
landfill depletion since they have high volume to weight ratio and high resistance to
degradation. Starch is one of the most abundant renewable resources, which has the
potential to replace petroleum-based plastics. In this study, we try to develop thermoplastic
starch (TPS) with low moisture sensitivity by coating its surface with various fatty acids
{stearic acid, oleic acid, fatty acids from sunflower oil, and fatty acids from canola oil}. N-alkyl
chitosan {N-butyl chitosan, N-undecyl chitosan, and N-undecenyl chitosan} and quaternized
chitosan{(N,N,N)-tributyl chitosan, N-butyl,(N,N)-diundecyl chitosan and N-butyl,(N,N)-
dioctadecenyl chitosan} The coating method of the TPS specimens is solution dipping. To
test for the moisture sensitivity, coated and uncoated TPS specimens were kept in a 53 %RH
chamber for 15 days and the moisture absorption of all specimens was determined. The
results show that all coated TPS specimens have lower moisture absorption than the
uncoated ones. The moisture absorption of TPS specimens coated with fatty acids from
canola oils is lowest and lower than that of uncoated TPS around 73 %. The possible reason
is an occurrence of oxy-polymerization reaction of unsaturated fatty acids. Tensile properties
of the uncoated TPS decrease while impact properties of the uncoated TPS increase
dramatically compared to the coated ones. The absorbed moisture acts as a plasticizer for
the TPS specimen.
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G

Fatty acid Plam o0il % Soybean 0il% Sunflower 0il% Canola oil %
Palmitic acid 39 12 6 -
Stearic acid 5 4 4 7
Oleic acid 45 24 42 61
Linoleic acid 9 53 47 21
Linolenic acid - 7 1 11
Other 2 - - -

WUBIMEG  9INVTEN POS pilot plant corporation UszinaALALLIAT
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MR N-alkyl chitosan {laZ quaternized chitosan [21]
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A :ll A 1< a aaa . A [
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1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.

Acetic acid (LAB-SCAN: analytical reagent)

. Anhydrous sodium sulfate (Fluka: purum, anhydrous, >99.0%)
. 1-Bromobutane (Fluka: purum : >98.0%(GC))

. 1-Bromoundecane (ALDRICH: 98%(GC))

. 1-Butanol (Scharlau: reagent grade)

. 1-Butyraldehyde (Fluka: purum : >99.0%(GC))

. Cassava starch(Thaitum industry compony ,Thailand)

. Canola oil (Sime darby edible products limited, Singapore)

. Chitosan(Molecular weigth 700,000 g/mol,95%DD : seafresh chitosan company

Ethanol (Union Intraco Co. ,Ltd: commercial grade)

Ether (J.T.Baker : Actual analytical)

Glycerol (UNIVAR Ajax Finechem: analytical reagent)
Hydrochloric acid (LAB-SCAN: 37% analytical reagent grade)
Hydrogen bromide (Fluka: purum : >48.0%)

Lithium aluminium hydride (Fluka: analytical reagent grade)
Magnesium nitrate (Scharlau: hexahydrate, reagent grade)
Methanol (Union Intraco Co. ,Ltd: commercial grade)
1-Methyl-2-pyrrolidone (Fluka purum : 99% (GC))

Oleic acid (CASTO ERBA : analytical reagent grade)
Sodium borohydride (Fluka :analytical reagent grade)
Sodium chloride (LAB-SCAN: analytical reagent)

Sodium hydroxide (LAB-SCAN: analytical reagent)

Stearic acid (Fluka purum: 97.0% (GC))

Sulfuric acid (Merck puriss :51%)

Sun flower oil (Thai vegetable oil public company limited, Thailand)
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26. Thionyl chloride (Merck puriss : >99.0%(GC))
27. Undecanal (ALDRICH: 97%(GC))
28. Undecylenic aldehyde (ALDRICH: 95%(GC))
aUnsaffilflumsnaaes
1. m?mauqﬂgmwmﬁ (BYBLE Vacuum oven VOS — 300SD)
2. 1n3oanaun1ely (BRABENDER)
3. 130T ISR (CARVER Model 2518 S/N2518-317)
4. Chamber ﬂ?Uﬂuﬂ31N§uﬁMﬁﬂﬁﬁﬂﬂlﬂﬁﬂ magnesium nitrate (Mg(NO,),.6H,0)
5. Universal testing machine (Loyd Instrument LR, load cell Y119 1 kN)
6. Impact testing (Zwick B5102.202, 1zod Pendulum 4 J)
7. Fourier transform infrared spectrophotometer (Burker optic mbH: Vertex70,
Germany)
8. Cross cut tester (Phynix cross cut tester)
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3 A 7 )
udn 13 luediames tlunan 24 #2Tuq
4 A A )
mawanuilannsanlaliunse4 Internal mixer
o [ = A = Qy Y o = 3 A .
1. hudlafundmreseaneseunald nwaudnasalumios internal
. £ o = adq Y ) <
mixer FAAIAININN 9 Taggariginlslunisway 160°C  uazldanuiseuanylums

1 A d =
W 60 5OUABUIN 1WUMa1 6 UIN

v ] Y
2. uthimumswauluaios internal mixer a2 Feazamnsorih liugy
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ol | S

t;‘“f 7 i

NN 9 Lﬂ?ﬂﬂ Internal mixer

1 a & a
MsvugUTuNMmas IuwaaAnam

1. ﬁmﬂaﬁvhumswan“lu internal mixer M1Uﬂﬁ?ﬂlﬂ§ﬂ\1‘ﬂﬂ @?Q!Lﬁﬂ\iﬁ\iﬂWW

= Qy o a Y o A v
2. ﬂTSL@]iﬂN‘HuQTu!ﬂ@?TNWﬂTﬁ@ﬂﬁ@n"b’ ﬁ]gﬁﬂﬂuul’ﬂﬂ‘V]WTuﬂ1§Uﬂlme
d! 1Y ci 1 ra 4 Y o ] a 9 1
BILFTAIAINTINN 11 m“lﬁclmmwu‘w Iﬂ85]8@?)\‘11!1““1!1?[%1!@7]1!?]31%5ﬂull”l'l’NiSﬁ'ﬂQ
1A S 1 A VoA A Y Qy ra Y dg‘ :J‘ o
UNNUNLNUN 1 LagiHUn 2 LW@i‘ViﬁnﬂiﬂL!ﬂg%uﬂ]uﬂﬂﬂﬂTﬂLLNWNWﬂlﬂQWﬂﬂlu AMUUNING
a A 9 ra 4 < qg/} Y 9 ] 9
L@NLL‘]SJ\‘]‘VINTHﬂ']T]JﬂLLﬁ'Ja\iclull,ﬁJWiJW"ﬂulﬁll i]']ﬂ‘LlLlﬂ']_lﬂlligﬂﬂﬂ?ﬂ!!ﬂuiﬁﬂuﬂ??ﬂi@ulmg
1ra s 1 A o w &£ [ A
LUWHWHNUN 3 AU BILTAIAININN 12
2 2 @ a y A . .
3. mimugﬂﬂmqmmaﬂuwmamﬂam% 12 19n504 Compression molding

@ 1a S & [ { Y 1a 4
Tumssaduiiu saaasdanind 13Taelumssadusinuiozi 3 stage Ao

)]

[

Stage 1; WYV 160°C 11339 5000 psi ndJunm 20 W

)]

3 =

Stage 2; 9UNHU 160°C 115390 15000 psi ﬁJunm 10 UM

Stage 3; QUHQI 160°C 1336 25000 psi WU 5 U

U

v
3 A ' o

= o a 4 ] Y 1a IS
GU’L]!%W]ﬂﬂﬂuﬁluﬂ'ﬁlﬂ'ﬂ“Ifu\‘]']uf]f]ﬂ%']ﬂllllwuw %ﬂaaﬂclmmwuwwumm

I =
Wunal 15 un
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d' a 1 1A 4
i 12 maduudlala luainusd

AMNA 13 1504 Compression molding
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MIFAANZHAINIO
Y
A. MIanansa lusiuansiiuies
Y
1) 1195uW ¥ 200 51 a9luv7A three necked round bottom flask
Aa aa 09.:’ ) 091 v A Y Y AR 9 3 o
W@ 500 dadans nndwinihduiy il 1danuseusugungiine 80 °c wiowiaiimsteed
a Aa aa qs.:’ 1 ° I
gas N, Lag1a) 75 aaans 1 mol/L NaOH wiounsniuedwadiwaveiluna 90 u1i
2) Hd1502a1889NA1UNA9 U separatory funnel YU1IA 500 HAAANT
Y Y Y Y
nimiuiinidndoiigu 2 ase asiag 200 Tadans 1aoiinsveUI AUAa emulsion
Y Y Y
NTUIIMS lvduaiana
v Y
3) ¥1E3aLaeFUUUNUAY anhydrous sodium sulfate W5 oUT AUV
a N Y o < Y, A A v
Uszanar 5 Wi mTuiimsnses udnimanuasazate B lumsuz o1
4) hansazaenasveansa sy 200 A5 maaluvaa three necked
round bottom flask YU1A 500 Yaaans
v k4
5) tininiunes 1 Ivanufeusugumngiine 80 °C wiounaiimsteed
09/’ o a Aa A aa QSJ‘ [l o <
gas N, 1InTURIMTIAY 1 mol/L HCI Y5uas 75 Tadans wisuniniuednainanedunal
=S
90 1IN
o Y o <} 9 A A Y]
6) 1M3ned armhmsnuasazars 3 lumsuzneson13
[ 4
Y. NITUATIEH N-alkyl chitosan [22]
1) %4 laTaanu 95%DD (700,000 g/mol) Usuat 2 N5
2) INTINE1TZA1Y 1.0 %v/v acetic acid U195 250 Yadans Iuvia
A aa ) P Jq 1 Y :JI o < dy
500 iaaans 1 lalasunesen 13 ldluasazarsnsa wfeunaimsnmuanazaeiuiie
= U
RYINUY
Y
3) 1WNEITaza18 9 ml (0.1 mol Aldehyde) nFounaiimsnIuIu
I dy = [ I ) z a Aa aa
avaailutomednuilumal 1 %2109 9niwavansazats 1 mol/L (Uszual Haaans)
4 [ 09: o I 4 [ I
NaOH 1#o1/5u pH 1% 18 pH 4.5 1imiusimsniusuazaeiluiiodedsdudunal 15 wii
Y
4) wua1Iaza1Y 1.0 %w/v (25 Uaaand) NaBH, nounaiimMsnIu
< a S o 1 o oy ¥ Y,
a1 90 Wi NaiuhiMsanazaeudledsTaemsdsy pH 1914 pH 10 dreansazane
1 mol/L (st 40 adans) NaOH

a

o w 1 { ) { 1<
5) thdmednanaznou lilnsewazii leungumgil 60°C 1flunan

U

) :JI o o a J @ J a
12 ¥ T ﬁ]WﬂuuuTll'ﬂ‘VlWﬂWﬁWQﬂulﬂﬂﬁﬂHmﬁﬂﬂ!ﬂﬂuﬂ FTIR
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A. MIFUATIZH Oleyl acid chloride 919 Oleic acid [23]

1) 11 100 1aaany oleic acid (0.32 mol) laaalu three necked round

v 14
@ o Y

bottom flask W3OUNITINS feed gas N, 9101 UADEY 1AN 3.5 iaaans SOCL (0.48 mol) LAY
o 9y a = I M
wimsnau neldgangll 40 evsnuwaea flunan 5 $2Tus

2) vazAniuIzdeesiimisilesiunsilaslaseie HCI(g), SO,(g)
TaoAeoszU18M 47 reflux condenser e 1¥mas lnaruasluilnneshussyaisazats 1.0
mol NaOH (melagaivigil <10°C)

a

1 2 1 '
3) iedugailnaen thanswaui 1a lviimsnau aeldguugii 80

= d' o w d' =) o aaa
DNAL ALY tWON19A SOCL, mwaamﬂmimﬂgﬂim
o 4
1. MITUATIEH Octadecen-1-ol 911 Oleyl acid chloride [24]

1) 82a18 0.569 N5 LiAIH,(0.015 mol 1u ether 200 Hadans i{unad

4
o o a

' Y
1 %2739 MMTUIMIIAY 10 HadanT (Oleyl acid chloride) 0.030 mol a4 Wi ounasims
Y a 9 I ) A Aaaa ay o a
nu meldgamgiidouiiung 24 ¥ 1w uaziielfnsendugaas $1n15:@1 0.1 mol NaOH
a A Aaa a <
151103 100 Uaaans uazidn NaCl ad llidniioe
Y Y Y Y
2) ihasazanewaylaaslunsenen weunavawdl lvduiiina (
A =) a = 4 Y o Y Y g’ M :JI
inae ey Toaoauay Tnfonnsolsd) 1a131msaedreninay 2 ase
a Qy I~ o
3) 1AY anhydrous Na,SO, a3 fluna 24 $2Tug
4) "d1sHaY (Octadecen-1-ol + anhydrous Na,S0,) liimsnses

o a &

¥ Y oa S ooy o ¥ o v o 2
wari lHusgnionasesdiemandumelaguugil 60 °C oM szeaINIazaens
@ 4
9. MITUATIEH Oleyl bromide 310 Octadece-1-nol [25]
1) 13 HBr 151105 30 Uaaans 91U three necked round bottom flask
Y Y
W3 oUNIRING feed gas N,9In1IUADEY 1AN Octadecen-1-ol 10 Fadans uaziimsniu neld
a I o
QUMY 120 °C 1Wuai 4 4219
Y
2) 18 1.0%v/v H,80, 13105 5 laaaas aniuinlgnsean 2
1 Y Y v Y Y
F1lue nmihmsazaenanldaslunslrsuen udimsdredisniingu 2 ase noung

oy g &2
mmum"lwumm
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1% I'd
R, NMITUATIEH Quaternized chitosan [26]
] . A a2 F2 (%
1) W N-Alkyl Chitosan Vllﬂiflll‘lﬂ 2 N3Y azmﬂclumsazmﬂ N-
a Aaa 092’ o < { ¢
Methyl-2-pyrrolidone (NMP) 250 iadans wisunaimsniusuazaaiuiio@erdu aeld
a I o

gl 50 °C 1unan 48 2 Tua

2) o} alkyl bromide (bromobutane 151105 10 ﬁaaﬁm) Hazay 1.0

a =

a Aa aa o S
M NaOH (‘IJ'illW]i 9 UAAANT) UATNINITNIU m&"lﬁ'qmwm 50 oef Ao 1unal 24

U

SRR

2 o

3) MIANAZNBUAIBE19A8 Acetone tazii louNguugi 60°C
I ) 09.: ) o a 4 o Y a
Wunan 12 9 Tue nindnd lilihmsigaiiendnyaidremaila FTIR
=) a t% Qq’
M3 VA IR T U
Y Y
1. %M TavnaFuUNInNAasANNNUIE1NAY 3 MuKiaudd
] H 1 $ o <3 Qy a’/‘ 1 o
wiamagtazanleunuesgie  lagiimanudeyaruiauesrununinouaz naInis
A 1 I Qy A 19 dy Qy A o
waoy  TasutuiluFuaui ludsanadounisgaanudutaz Fuauiimsnagounsga
A
ANUYU
o s 2 o 2 & o A v o 2 4
2. MNMIFUINHTATUOUNINOULAEHAIN TR0 TasntudusuaIun
Y Y v Y
lidesnagounnuiuuazFunuitinmsnagounsganNyy
9
a A o a 1 1
3. MIAAOVAIFUNIUNDS IUWATANTAIY LA INITOULNNGUEITIAADL
Aa I 1 9 ' A o = v 7 I
Awomiilu 2 nguldun esiadevainnialuiu uazensndonineyiusveslnTaau il
Y A ' ] Y F A A 1 o £ ‘i?’ "o wvAa
au Tagarsaasylunaazngunazaedlsan1izn1sAasunuAna 1NNy Gvuegnuauia

LﬂWWSﬁ’JﬂJi’Nﬁﬁmﬁ@U

E
f. ﬂﬁlﬂaﬂﬂNﬂﬂﬁiﬂfu\i1u@9]}38ﬂiﬂﬁLaﬂiﬂ
1) 'ﬁmﬁazmﬂﬂmmaﬂ?ﬂ 10 ﬂ%’uiuawsaza1ﬂlemm1uaa
v
100 Jaaans meoldguugiilszanm 50 °C nSouruimiminiuegaasaal aunsziansad
a A I dy = @
mesnazanaduiiamedny

Y
o A o a [
2) MFuOUmes lunardanamauadludisazaiensamng

=

a of ~ :JI ) Qy Ay ¥ [~ a2 @ :JI )
s uan 2 wn mﬂuuuwmmﬂ"lﬂ"lﬂmmﬂunm 15 HIN BIULFAIAINTINN 14 D UUUN

a

Y Yy 9 9 A ) o a‘ v
Gl)'uq']uw']@‘]ﬂﬁl!ﬂ\?ﬂ?ﬂlﬂi@\?@ﬂ@ﬂgqj']ﬂ']ﬁ FIVSLUAANAININN 15 ﬂ'lﬂclﬁqmﬁﬂu

U

= < )
60 DIfyaIFd 11Ul 2 “H’JIZN
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Y
V. MIAADVAININTUNUAGNTA To1adn
1) Mmsazaiensale@dn 10 Yaaans lua1sazalgoni
v
u0al00 Hadans neldguugllszuim 50 °C wiouduiimIniuegaaoaal AUNTEN
a I dy = [
nya lomonazateiluiiomeIny
Y
o A o a 1
2) hFuNUmes lunaraanamsiuaslumsazaisnsalom
a a Y o 2 Ay v & ~ g o 2 Y
antunar 2 i udnhyuaunld ldarmtunar 15w iy hruaumeu 1vusda

a

Y A Y < o
ﬂiﬂlﬂi@ﬂ@ﬂ?ﬂ(iyig1ﬂ1ﬂﬂ181@]@‘m1’iﬂﬂ 60 °C L‘]J“L!L’Jfﬂ 2 “If’ﬂllﬁ

Y

A a y 2 ) A dyy o A a
. NIIAADUNINUIFUITU ﬂ'Jﬂﬁ“ljlﬂﬁﬂﬂﬂhlﬂﬁnﬂﬂjﬂvl"llﬂuﬂlﬁiﬂu

Y 1 v
niminiuaenmuaziu Fazlidadiuvensa luiiulidudaaeg 90 %
H Y
1) Kimsazarenia lviunes suaminiuaenmuas u
10 Jadaasluansazaseonniuea 100 Hadans neldguugiiszina 50 °C wiourui
] us.a} % <3| dy = Y
mM3nIuegaaoanal awnszinsa lviuazmeduiiomeaiy
Y
o A 4 a [ ]
2) MFunumes lunaradndmaguasludisazaronsa luliy
< I~ Ay v < ~ & o A Y 9 g
Whunar 2 Wi sanhduaunldllmmduna 15 i neduhruaumenliuiadoe

a

A Y I~ o
Lﬂﬁmauqmﬂymﬁma%qmmu 60 °C LTJ”L.!L’J'QW 2 "If’JIiN

A A g 2 ¥ A Any o A A
4. MswasUAIFUIY Seasadonn laninnsa luiiunies oy
3‘ % = @ 1 o A o 1
nminiuaenm Tuam savzlidadiuvoansa lviiulidudaeg 93 %
o o A A 2’ % 4
1) himsazaensa lvduimsounminiuaenn Tuais
10 iaaaas Tumsazareonniuea 100 Jadans meldgungiilszum 50 °C wiouiui
1 3 o < { o
MINIUBYATDANEAT IUNTENINTA Il uazmeiluiiofodni
9
o A o a 1 &
2) haunumes luwadanamaguad luasazaensa lvii
g 2 Y o 4 Ay v < = S o 2 Yy 9y
Wunar2 wii wdanhisuaunld ldamdunar 15 wi nniuhyuaueylduidiie

a

A Y I o
msmauqmﬂaﬂnmﬁmﬂi@qmmu 60 °C L‘}Junm 2 GI)"JIIN

U

9
2. MIATOVAIMTIIFUNU A28 N-alkyl chitosan
1) $11M5a2a18 N-alkyl chitosan 2 n3uluarsazaredimuea

v
A aa 9 a 9 @ o 1 Y
100 Waaang mﬂ“l@qm%gﬂﬂamm 50 °C NIDUNUNMINITNIUBYADDALIAT IUNTSNN

IS dy = [
ﬁ’ljaga’lﬂlﬂuluﬂlﬂﬂjﬂu

) Qy o a 1 4
2) MFUOUMeT lunardanamsuad luaTazaeNni oy

v g A Y o 2 Ay v < a o o A Y v
Vlﬂlﬂuna'l 2 UIN Llagu']"]fu\ﬂufﬂllﬂvlﬂﬂ’lﬂlﬂunﬁﬂ 15 U ﬁ]’]ﬂuuu'ﬂ)’u\ﬂuu’laﬂiﬁllﬂ\?ﬂjﬂ

a

A Y = o
nyetougaaIManeldgargl 60 °C unar 2 4311w

U
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A a 9 Qy Y . .
R, NTANDUHIVUIFUIIU A8 Quaternized chitosan

1) MiMsazaiy Quaternized chitosan 2 nsuluasazanonay

a

sguuumueanuemuealudadin 150:100 Haaans meldguugiidszum so °c

R4

' Y
wioudushnminiuegaasanal wnsymsazmoiuilomoaiu
o Qy o a U |
2) hFUUMes Iuwardanansuad luaTazaeini oy

v g a vy o 2 Ay v 3 a o o & Yy v
llﬂ!']JHL’JQT 2 UIN !la’JHTGI)'LNTu‘ﬂhlﬂ]lﬂ@nﬂnjun'QT 15 1IN ﬂ]ﬂuuuW‘ﬂuQTuNT@Uiﬁllﬁﬂﬂ’JEJ

a IS

4 < o
m%‘mauqmunpmﬁmaiﬁqmﬂﬂu 60 DAL ALK L’]J“L!L’Jfﬂ 2 %’JI?JQ

U

AN 15 1ATI0VYYINA
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= =K A A
MIANHINITARAUDITIIINADY
q‘/ oy [ (% Qy o a 'w [N}
1. FRminuazianunLIYeIFUNUMS Iunaradnaasnéa T
Y 1
MIAapUAI Tagaziiiniidaa 3 ASe udmaunas
o 2 P A A A v A a 1
2. 1FUNUmNes Iunaraanaay 1naeuAIAeaTINa LA
' Y 9 v
3. MIMIFIIMITNLas TAANNHUIYITUNIUNGS JunaafnaaIsnaIuY
Y 1
MIAapUAI Tagaziiniidaa 3 Ase udmaunas
Y
o A 4 a a
4 1MFuNUmesnaadnaas lUnaaoun1seanaueIaITIAa0Y AL
¥y A a - A a 2 P
AT ASTM D3359  TaaldiaT09io cross cut tester NIAVUNUHIVDITUNIUINGDS 11
a 09: o . a a { 9 1 na/l .
waaAnaay 9101110 adhesive tape AAUTIWUNANT ALY 91M1TUTIAN adhesive tapeddn
o Qy o a {1 a o )
5. 1B UNUNDITNAIAANAAFNHIUNINATOUNTTAAAUAININITH
:l v tﬂ' =) = va =R A = a
minislSeumeuanianssanaveaas AN
MaAuFunulInaNuTudNINsS 53%
1. 19380 81502A18UD9 Magnesium  nitrate  (Mg(NO,),.6H,0)  1ag1i
d & s A o A o A o A4
magnesium nitrate 3aza1e1inauludnnesaUdNAITEIA VINUUINTITALA1WONAIBIWIN
o 1 z a < 1 g ] Y4 5 [
¢ana1a91u Chamber wSounatlar Az'ld Chamber NUANUFUFUNNT 53% FIVLUAAIA
4
AN 16
Y v
2. hFuauiesou lddedunasuuazunssanananit i la 13 lunsuy
NA15a2A180UAIBI8IAYDI Magnesium nitrate (Mg(NO,),.6H,0)
F2 ' v F
3. 1%UUN0g 11 Chamber saNINFNIHINNATUARDATZBZIIA1 15 TU

A = . 2 A A Y
INDANYI water sensibility YU93I¥UI1U TPS Masould

A 9 dy v o J
NN 16 GAIVANANNFUTUNND 53%
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d v J
M3HigaIeNANYAIAIMNALA Fourier Transform Infrared

A A A Y 9 o a 4 @ 79 a2 .
mimaaummﬂu'lﬂﬂwmmmswqﬂmaﬂaﬂymmﬂmmﬂ Fourier

Transform Infrared Spectroscopy (Burker optic mbH:Vertex70,Germany) ¥un309 FTIR 18

7 A A = ] s A A A a ay
UHEANANNINN 17 mﬂﬁﬂymuﬂm%ummamﬂaaumﬂa@uuum%mm

Cil B

NN 17 e mm?m Fourier Transform Infrared

= A A Qw d' G I 4
MIANEIANVAUBINAVIIVUIIU TPS ‘mﬂiﬂﬁﬂﬂ

n. MIANITUTANINULTINTZUNN BV Tz0d
Y
1. himsiannuninaza e Uy
Y Y ]
2. hFuau linagenTagitinsdasununugiuveunisamadon
] [ as/l 3 o Qy 1 Qy
Ty wasnnmiunihimsnadeusuaulasnmsildesld pendulum anasnszunnFuIIL
A= 1 % A 9 o ] = [ dy
3. tufinAmasanui 18 (mn) nazimsnageusuRe Nl
Y
Tunne suau
. e 4. 4 )
4, MUIUANAINURTBADNUTN (k)/mm)

9y [ 1

5. mﬂ'wmﬁmmzﬂ'nﬁENmummgmmawmammﬂan

Y

[
=1

= = T, Qy (= A a 9
6. 1Isumeua impact strength YI¥UUN lulinmsinae uAIAY
o Aa A Ay o A A a9 . A A
ﬁﬁclﬂc] raenuNIMsnaeUAIAenIa luduazindouAIA1e N-alkyl chitosan LiagNARDL
a g . . = v I o = = o, @ Qy A
W3RN8 quaternized chitosan vauzpenuAIIIMIlToumeua impact strength NUFUITUN
L} ﬂy AQy tﬂ' T dy -d! d‘ .
mumﬁaumi@,ﬂmmwuawmmﬂumumimﬁamg]ﬂmmw ¥LATDI Impact testing

F) [ ~
Tauaasdaning 18
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Zwick 1

A7 18 1AT04 Impact testing

U, MIANHIAVTAMINUNIUADNTADA
2 v
@ 9 S . .
1. I9UUIAANUNINAEANUUUIVDIBUIIU tensile specimens f
o o [ J 3 Y J {
u']ll']‘ﬂﬂﬁf]ﬂiﬂﬂ%%‘ﬂWﬂWi'JﬂﬂW 3 A9 LLﬁ’J‘I’HﬂHﬂaﬂ
o Qy { 9 Y <
2. dFuauinwion 13 lUnadeuuseds Taoldaamslumsasda
. Y
1 mm/min 118219 load cell Y11 1 kN
% 9 ' .
3. uuﬁﬂwamegammm Young’s modulus, tensile strength LI
4 4
percentage strain at break uazﬁwmimﬁamﬁvmﬁmﬁ’uﬁﬁunﬂwqm
1 A oA 9 Ay v
4. W1ﬂ']ﬁlﬁEJ!LﬁZﬂ1LUﬂQLUHNTﬂﬁﬁWUﬂJ@QﬂJ@Hﬁﬂqﬂ
o ¥ any = = a ' .
5. mmayjaw”lﬂmﬁﬂymamﬂiﬂ‘umfmm Young’s modulus, tensile
Qy o a § [} a
strength 11A% percentage strain at break YBIFUNUNGT lunaraaamsh lilimsindeuniale
o & % a A Y a v o 2 4
’CT"IﬁGlﬂc]me ﬂiJ"]f“lNTLIL'VIi’JiIMWﬁTﬁ@ﬁﬁWﬁﬂNﬂTilﬂaﬂUW'Jﬂ'Jflﬂiﬂ]l“llﬂullﬁg"lfuﬂ"lulﬂﬂiiu
a { a Qy o a { a
WaaATAFNIAADUAIAIY N-alkyl chitosan LAZFUNUINGS IUNAIAATAITNATOUAIAY
quaternized chitosan vauziRenuazdnsimslseuiousn Young’s modulus, tensile strength
1Y t:y o a {1 g
1Y percentage strain at break ﬂu%mmmaﬂuwmﬁmﬁmmﬁmumﬁaums@,ﬂmm%uuaz

Qy 4 a A [ dy £ yq ¥ A
%umumaiTuwm’d@]’d@]1%wlluw1uﬂ1i1/lﬂﬁaug]ﬂmm%u "Bﬂjuﬂ15ﬂﬂaﬂ\11ﬂ1°ﬁlﬂiﬂﬂ

universal testing machine® L aAIARININN 19
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AN 19 1ATB4 universal testing machine

k4

=3
NIIANHIYANNT] [27]

Q Q

a o J 1
MIAATIEHMUATHIAEAT IUdIUMIANBIRAANNUVDINS IFa1TInAD

Aa t:y o a 3 [ A Aq Y ¥ A A A a
AFuNUmes luwaraanasy szduileveridanlslumsaadulalunsaenaisnasuni

{ a A Y

A 1 A g 1 Y a @ 1 1 A ZJ
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q
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@ 3 9 A

é
a ] 1 < 1 4 ]
MAIT Auiudunuasigenanae ansldaunIosuanan (Internal Mixer) HaZAINS

) Y
1¥unseedaiugwaradn (Compression molding)

@ 1 1 1 { 1 a I
Aunuuisiu 1dun arldsreMdudivvesarnininldluniswamiu
qy o a [l = qa;l ' 91 1 A d 2
Fuanumes lunanadanaaia 1wy uile ndwesea sanemldieludiuindumsesouas
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v Y 1 1 qYr A v oAy ~ Y @
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e
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walalusiminaziinsdevianavy aviusimvissaiudiudiaguinlunmsgelegnm

9
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nsalemdn 5.8140.031° 17.61+0.248"
nsaluunnihuaenmuag Su 5.89%0.019" 14.95%0.252°
nsaluunnihuaonm Tug 5.8740.048" 12.51%0.167
N-butyl chitosan 5.88+0.069" 19.73%0.122°
N-undecyl chitosan 5.89%0.103" 18.9610.141°
N-undecenyl chitosan 5.94+0.080" 18.01%0.048°"
(N,N,N)-tributyl chitosan 6.02%0.131° 18.5630.109"
N-butyl,(N,N)-diundecyl chitosan 5.97+0.07" 14.51%0.288°
N-butyl,(N,N)-dioctadecenyl chitosan 5.85+0.049" 13.51£0.09"

T
I % v o o

UL " one way ANOVA test A1835U04 Scheffe’s NTzALTad ARy 0.01

9

[

* one way ANOVA test A3833U84 Scheffe’s N3zaviadIfw 0.05
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Coated with butyl,dioctadecyl chitosan
Coated with butyl,diundecyl chitosan
Coated with tributyl chitosan

Coated with undecenyl chitosan

Coated with undecyl chitosan

Coated with butyl chitosan

Coated with fatty acid from canola oil
Coated with fatty acid from suntlower oil
Coated with oleic acid

Coated with stearic acid

uncoated

E After keeping in the 53%RH for 15 day |:| Before keeping in the 53%RH
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Coated with butyl,dioctadecyl chitosan || N |:
Coated with butyl,diundecyl chitosan || A | ;
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FJ
ﬂ@HﬂTiﬂﬂﬁﬂUﬂTi@jﬂﬂ’)WN%u

FJ
Y | @
Wﬁﬁﬂﬁ‘ﬂﬂﬁﬁ]ﬂﬂﬁ@ﬁﬂ’ﬂh%ﬂ 53% lﬂu!’ga'] 159U

Young's Tensile Percent Young's Tensile Percent

FUAVOIATAAOVAD Modulus' Strength' Strain' Modulus’ Strength’ Strain’

(MPa) (MPa) at break (MPa) (MPa) at break

MeantSD MeantSD MeantSD MeantSD MeantSD MeantSD

Fuaui hifmanaoy 757.50%32.20° 18.09%1.50° 3.3020.95" 120.85+9.04" 6.7820.10" 60.73%3.13"
NIRRT 758.49%9.24° 17.48+0.35° 2.93%0.20° 183.39%5.95" 7.18%0.37° 49.61%5.51°
nsalotadn 760.76+7.69° 17.50%0.26" 2.89%0.13" 267.3529.01" 7.46%0.11° 41.42%2.68°
ﬂm"l,mﬁ’ummiywﬁuﬂanmumi’u 796.47%17.34> 17.52%0.77* 2.94%0.20° 359.3816.96° 8.60%0.12° 36.07£0.59°
nsaluunminfuaonm Tua i 792.73%25.87°  17.23%1.06° 2.87+0.22° 550.37+8.10’ 11.14%0.24" 26.97£0.49°
N-butyl chitosan 763.61%£2.08"" 17.54%£0.03" 2.95%0.03" 196.38%1.59° 7.23%0.14° 47.43%1.11°
N-undecyl chitosan 764.71£1.95"  17.54%0.02° 2.96%0.03" 210.87%1.06° 7.29%0.04" 44.47%0.74%
N-undeceny! chitosan 766.09%1.40"  17.56%0.02° 2.9540.02° 250.55%2.65° 7.39%0.02° 41.78%1.72°
(N,N,N)-tributyl chitosan 766.62£1.91°°  17.56+0.02° 2.95%0.02' 215.1740.83" 7.31£0.02° 43.13%0.61°
N-butyl,(N,N)-diundecy! chitosan 767.0612.80"™  17.56%0.03" 2.95%0.03" 381.62%6.05" 9.25%0.20" 33.34%0.38"
N-butyl,(N,N)-dioctadecenyl chitosan ~ 769.29+1.91*"¢ 17.5520.04" 2.9240.02" 434.33%3.26 10.5020.03° 30.14%0.03"

WNIHA | one way ANOVA test A2835904 Scheffe’s N52AUNBA1AY 0.01 * one way ANOVA test A287584 Scheffe’s N5za 11

1A%y 0.05
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B After keeping in the 53%RH for 15 day [ ] Before keeping in the S3%RH
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Coated with butyl,dioctadecyl chitosan
Coated with butyl,diundecyl chitosan
Coated with tributyl chitosan

Coated with undecenyl chitosan

Coated with undecyl chitosan
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Tensile strength (MPa)
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Coated with butyl,dioctadecyl chitosan
Coated with butyl,diundecyl chitosan
Coated with tributyl chitosan

Coated with undecenyl chitosan

Coated with undecyl chitosan

Coated with butyl chitosan

Coated with fatty acid from canola oil
Coated with fatty acid from sunflower oil
Coated with oleic acid

Coated with stearic acid

uncoated

(] After keeping in the 53%RH for 15 day [] Before keeping in the 53%RH
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