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Starch is one of the most abundant, renewable, and low cost resources. Starch
can be converted to thermoplastic starch (TPS), which has high potential to replace the
petroleum based plastics. In this work, the improvement of mechanical properties of TPS
by using clay as reinforcement is investigated. Na’-MMT was modified with cationic
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: . o 4 .
1usxuuanﬂﬂ Tnewan alkali 12 alkali earth cations ﬁagmtﬂu galleries 4 layered silicates
¥
A = . . ] v
dUsznnilamisodins iz 18 lae143% cation exchange capacity (CEC) Favzueraadiuniag

T ¥ ] H ] A’ ' R’; T 8 Y FY ¥ a
meq/100 g Alszgiiss lnshudsziusgiususesuuaziines Houldihuaunde



SILUCATES

14

Phyllosilicates
(Sheet silicates)

Tectosilicates
(Framework silicates)
“Ieolites

“Quartz

‘Feldspars J

1:1 Phylosilicates

L ; 2:1 Phyllosilicates
Kaolinikeserpenting

+ Kaolinite
« Halloysite
- Dickita
+ Nacite

Kaolinits subgroup l J 1

Talc-Pyrophyllie Smectites YWermicu lites Chlorites

Dioctahed ral smectites

il - Montmorillonite

« Chrysotile Bekiollite
. Antiaari . el
N - Nonfronite
elc,
Triocta hed ral smectites Tioctahedral micas
+ Saponite - Blotite
+ Hactorite
+ Sauconita

311 2.4 uaaIn I U NVBIAININ silicate [8]

M3197 2.2 UAAIYAS LIANALAZANANIZAIVDA 2 : 1 phyllosilicates [9]

|

Other silicales

21 Inveried ribbons
+ Bepiolite
- Palygorskite (atbpulgita)

Micas

Dioctahed ral micas
« Musc ovite

< iNte

- Phangite

« ate,

2: 1 phyllosilicates Chemical formula CEC (meq/100 g) | Partical length (nm)
montmorillonite M, (Al . Mg )Si 0,,(OH), 110 100 - 150
Hectonite M, (Mg . Li )Si O,,(OH) , 120 200 -300
saponite M, Mg (Si, Al)Si 0,,(OH), 86.6 50 - 60

M, monovalent cation; x, degree of isomorphous substitution (between 0.5 and 1.3)
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O Al Fe, Mg, Li

©OH TN
®0 _ <+— Tetrahedral
@ Li, Na, Rh, Cs '

! ¢
Usztanves cay Ndauliiluaisdunsdugaavinssunodmes
= {
Montmorillonite 111 clay Nogluilszian 2 : 1 phyllosilicates Ugas luana
<3|
Ao M, (Al, Mg )SiO,,(OH), Tag M_ A monovalent cation tag x 114 degree of isomorphous
substitution (FIUNNOYIZHIN 0.5 D91.3)  HANue1IveIeYMALTzIY 100 — 150 nm
a g’ { { < a 4 3’
Ysumvenuhlulaseadwawisaneznldountadidingiz luanuiusiwduiioiigngea
=2 =2 . . o Y a o d? SIS ~ = 4 dy
¥ TasWanve9 montmorillonite 3z 1AM INRIAITY HilTmasin]aouuiladlidagail
Y
o o . . '
19931 1% a11150111 montmorillonite 1114152 Tomi ldnainnate Tnssadawdniiugiuvos
[ o’j I 1 qa.;‘
montmorillonite YUV smectites 7D UFU octahedral alumina 9YITNINYU tetrahedral
g/’ 0911 dy <3| a 1 A :/} g/} a "o
silicates ozaon luguIaoItaztuoznevotvanFIY TnaaIuniludy 3 4u azhndi
= ] d! 9 a qul Y A d' A [ é 1 dy d‘ o Y a o d'
an1en Iy Tngoondau ludulnameanoganiv Gansedrutieani Inmanusen
1 o Y 3} A 9 . a (g . . ‘?’I
#ouud M1M1IIM501n590519909 mineral (AAN3VE18AI 1Y tetrahedral coordination 111
silicon mﬂgmmuﬁ"l?ﬁﬂﬂ aluminium #7390 phosphorus d2ulu octahedral ~ coordination
9 v
aluminium ﬂ’um%%gmmuﬁi% magnesium, iron, lithium, chromium, zinc %30 nickle AL
v 9
pananlumsunuinunielu latice  Tudruvosdwninazsiiavossigiios i1l
. . S A
montmorillonite 1|1 clay NUANUUINUAIWUIN

<3| { ' Y 1
Saponite 11l clay ﬁagiuﬂizmw 2 : 1 phyllosilicates IFUIABINY montmorillonite L@

ANNUAD saponite %agﬂuﬂnm‘n trioctahedral smectites @3 montmorillonite %zagﬂu
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' A P
1lse1nm dioctahedral smectites Ingamuanatans Tnssadreveandnil dueraa 13 luguv 2.6
¥ . ) i -
UBNNATIUIAYDS  saponites  92BNATINLIA  montmorillonite  ABfivuAANYANTIBY
- : _ 4
aynA U520 50 - 60 nm 1ae saponite Hgns uianafe M Mg(Si ,, AL)Si0,(OH), B3

M, #i® monovalent cation Way x Ay degree of isomorphous substitution (ﬁ’mmﬂt’)ﬂ:‘izﬂ‘i‘ld
0.5 T4 1.3)

IOCTAHEDRAL TAKOCTAHZDAM,

MONTHOR HONTRO HECTORITE
BEIDELLITE SAPONITE
~ILLOMITE TE

ica, Mo, Mgl [ica. v, wigt Jica, wa, wgi Jica. e, waad [iCa. ta Mgl

T — 0 = %

Exchageable cations +nlf 0

ASHAN

40420H 200 40+ 20K 40+20M 40206

| PTETS] T 4Fe” Mg ltageLd

ot ——— -
TR AOME 400 RDOMI»D-M=f DML IH—HZ
Mt - < m—A—--r
2 ]
ﬁ &
-3
? 8
-3
8
& g

g 26 uanalaseardnveand@nuag chemistry YB3 smectite-group clay minerals [8]

nann3n 21U vea polymer-layered silicate nanocemposite
= = o ey = o d A = o

lugramassumsndanedweinlimsiaueyninuisriaas hifmenegalSuilye

sufRUWegIvBe g 15w A (stiffness) AMTIY7 (toughness) AU T0TUNS
o £ ] o 9 ] ) o ¥ 2 5 Y
YoetunisBuriuvosma anudumudonisaa IW dudu Faunadimsi@ueyninuis
- - 1 M ar 1 '
wiinnslufes dawaidis 1A Fagulswuandouas lala
. [ Y A =™ a [ o 4
nanocomposite (u¥ageSuuswuy mindnsdueymaunrisalylunstwes
P 4 da o ' o - ' £

Taseyminfisuiadmladunilsnfivurndnegluseauur Tuiuns duariinves
nanoparticle AMSMIUAUATVIABregluszAIu Tumas seanumomis Al 3 #ila
a Jd -t T [ " age . 2
dsiifte Snduveseymafivuinegluszann Tumasyndiu @u silica nanoparticle 4
awsawson18INATEUIUMS in situ sol-gel method [10,11] %30 polymerization 1agAsa9In

J £y o L U vw A
AUHIVDIANTD4 [12] oz Tunguildas1uie semiconductor nanocluster [13] wazdue
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, - | & ;
deymalidwegassdniivinaegluszinnluwes wazdnduniladfivinaiionnnnee
"
Sunayn1Aviiatiil nanotube ¥30 whisker AIDH13FU carbon nanotube [14] 13D cellulose
1 é 1] ' ar T
whisker [15] uagdroymaf liiniladuninneeglussduuilunasresduiimiolivig
J s 1 é L ar

afann lunsfittioynnesiidnunedhuurugianunnegluszavuiTuwas wfen

] » ' ¥ o
composite 8¢ 1ungNIIA1 polymer-layered crystal nanocomposite Jarg lunguilfinisFauiiu

' 4 aa o 4
ptnminna i tusssuntuns dansiziiwes
H 1 ] 3 @ ol U
314 clay Moglunquues layered silicate (Wufifousudiuedrauinlunisv

. 3 d e A ' . . ) 9t w
nanocomposite W31 clay Wludeaiinidieua intercalation chemistry 1#3A1sAnmINUIN
uniudr msfissi i daynnitivuieeglussduun Tuwas szfesiildeyniniinms
32 YWBENANDU nanocomposite 12420 luMstflpauiAninrwdou aui@msueudiu
uazauiamana mnidlunstiewumsurimvesie uazaaanumisalumsaninld

j 1 [~} &
voviag IaIunmsviuilu composite uuuala

In390519%04 layered silicate

Taentaq 1 tayered silicates #131111/ 1901401391 nanocomposite ez oglunguuee 2 : 1
phyllosilicates #ANYB 92152 n0URY octahedral sheet Aifiogiiimazunnil@onlooouay
melu uasmjsswiu%’u-um tetrahedron sheet A3 nnvevez i lFoonouinfuszning
octahedron sheet LAY tetrahedron sheet AIMUMUIVBIMANY layered silicate Uszana 1 w1 Tu
AT UATAINETIVEII LB Ussiw 300 Svrrasen T eutenuna lunseu uazereduig
Tng) n'iﬁ':ifuadﬁ'wﬁmm layered silicate UAAHUYD layered silicate 0113 ad 10y
sauuihugun 14fous i agauu van der Waals unsfigesinszniedu Bonh interlayer
v3e gallery Fenolusziilesounanueslans alkaline uag alkaline earth usandauaazsu’ls
Wdsetudiudug MWduusdagaiisou sufulmagannadnirnsoumsndi ey
JEMTaTuYDs layered silicate 16 (36771 intercalation 11911391 layered siticate 9uernaldifiu
aunlATiEiu hydrophilic loasuftedssnieFunss layered siticate aNInHLzHANLALY
lovounU cationic surfactant 14 wu alkylammonium %3o alkylphosphonium (onium) 5?5\‘1 clay
ﬁnﬁﬂﬂﬁﬁ?mtmmﬂﬁau“laaﬂuﬁ'U surfactant U8392{58091 organoclay uasauiiANiu
organophilic AMAIUIARUAIE uag ARy organic polymer IAAYY FaeoTawod
ma'%'aﬁfhf:ﬂzmmmummi?’ﬂﬂagﬂu gallery 18
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Tasin@uds Montmorillonite, Hectorite itag Saponite 92111uN 141U layered silicate
Trssataveaezshuidnng U 2.5 uazgas Tuagamaniuansifusenianal 22 day
wazaiasriinmsigaliendnvl Tasldilsy youhnisuanu/deuleosusurlszquan vie
3N cation exchange capacity (CEC) Lmzuﬁﬂﬂﬂfﬂuﬂﬂ’m meq/100 g ﬂszqmnﬁaqﬁuﬁaz
$usr insisefnsuniiusundvvesmdnionua e lseouvinitnufitemanaldeu
loeBUfy organic cation 131 alkylammonium 71 Inanaviinlngsziinarhifyesing

¥ vy = &
ITHINTUYDY layered silicate Tvwmnhanniu

o A o

L] - J Ll
tauiez 1Retunsnsaadaves interlayer Nioglu organoclay 1ds uaz TN
494 layered silicate Tz yiluaw vhldilsz quanue alkylammonium veviie: lihnizegnia
. 1 4 a T A a e
VD9 layered silicate g dauneiiiluasdunidozunsriioonviniuAI1904 layered silicate
o ¥ 1 1 s =t .§ & T J g 3 ]
Whuralivo991932 1918 layered silicate Toutantauniiu Feszozvievsaiaazsussiuey
o o [y 1 ey 2 1 3 -] P o
futlete 2 Jedo Aiv A1 CEC vo4 layered silicate Aszdnanomsufing uazdotohiaonie
. . =2 o t o = e‘ag L) a
AB1IVDY organic tail FINTNAIVIT [FvBIRITBUTTILDIITMIINAE IV 11
o oyﬁ 1 o
1 layered silicate {iAll1 monolayer M3® bilayer UpnIAUULA IS Tartintelimsnedalu

8o Aadiu monomolecular H3® bimolecular tilted AauaAlUzUN 2.7

31 2.7 termems 3198798 organic tail Y94 alkylammonium [15]

Chen 1A Evans [16] 14¥110158n41A1 elastic modulus Y84 clay Iaeviinisfinyien
s a o ] ¥ o ] T
ANUTURUFTEN D197 modulus AUAUNUNNIUYDA smectite clay WUTIAY elastic modulus

[ 1 é 1 ¢== L dy t [ = b
104 clay 9 8¢lu$9 178-265 GPa Faeiil I8 lugasiinutiey hivih IdanuRanainiuly



19

& . A 4 L) "=
A13F1UI% modulus Y94 polymer-clay nanocomposite 1014 clay TudaduvasSuias luidu

é - 1] 1 z
0.3 #e TaglnAudr9z 1Rous 0.1 mnlu

TnssadratavenniAved organically modified layered silicate (OMLS)

MSHALAUNIINAVBIND RO IAL layered silicate 9264111 1¥1AA nanocomposite
dulngiudreziiansuenstadiu seuuidnsdu layered silicate nel1/ Tngnss axiiussiioge
fifntusynivesBuidiaeiuiidihtes cutannauas mniAmennuieuvesiogii
1830 WA finas Tumsassfudidiusaiigaszninanefwo A layered silicate Tu
polymer/layered silicate (PLS) nanocomposite fn faghld layered silicate UA1INTY mﬂﬁ"ﬁf’;
flunedwefuazdvinegluszdunlumas denldSagiudauiadn Adluaud
iz Limilousunsiu tayered silicate a1 lunedwed nemss [17]

Layered silicate Tnenalugansenoudaslooeuuinves Tadeuas Tnuneideu
(Na' uoz K) Tanii Tmanavesd§euseuny layered siticate cunsafifu 18t unofue A
anuilud218iviiu 15U poly(ethylene oxide) (PEO) [18] 138 poly(vinyl alcohol) (PVA) [19]
11997119 layered silicate azamdif 18 unedesriiadug ptusndoulouumafiD
anmanuEiudrgaes layered siticate $20m13%4 surfactant Tulananmardiudaag 3q
warandmnsamaeriaguniom iaadhi Taseada intercalation 14 Tnetnamunsof
e 18ons 191§ runnniBouleoou (ton-exchange reaction) 1 cationic surfactant 113
ﬁﬁ]u primary, secondary, tertiary (0¥ quaternary alkylammonium 130 alkylphosphonium
cation 1'%@ alkylammonivm L2 alkylphosphonium cation Tu organosilicate vzﬁwﬁumﬁ
AR (surface energy) Hndrenseiiun i 1duaz st i nedwe fGlunfinaves layered
silicate 14A%u Hafi 14FA 0509719321 9199UY04 layered silicate 9ztANLINAY (G1I7i 2.8)
39U alkylammonium 38 alkylphosphonium cation dnnsavh Ifinsfsuficnnsa
Uifsendunedime {1 nFodiua1s3Gufasen polymerization 1¥&y monomer vhl#

= J - =, !
UIIRIAAITNIN layered silicate ﬁuwaama%uﬂummﬂw [20]
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cationic surfactant [21]

Tnssaiaves nanocomposite
- ! e .
Tns9a$19904 nanocomposite Yuagivesdilseneufiiiiond (layered siticate, organic
] 14
cation azwedwed) uwardimswioy maf layered silicate Uazduiinunumlszuia 1w
= . — ! ¥ . o, o ¥ 4
Tuwas wacil aspect ratio wqamﬂﬂgﬂluma 10-1000 15301984 layered silicate IWeNIANUBEN
Y ] -~ o =t = J ) o o e T A
asznedleglunedmedziius sfegasennanediuesfy layered silicate lAuINAIUND
o 4 J P { e r
FsudsunudagEunssnuuuulnd HlosnRNuRAINNINYOY layered  silicate 13U
.\ . dJ - T 1 R 2 = . =£ 3 v
montmorillonite YR UAIYDILABTUNUFING 750 m'/g [22]  FUAYBI nanocomposite TYUDEY
o -3 1 a Jo = . Y
AL UL IUPIUTIRIQATE NI INDR BT LAY layered silicate BTAVBY composite $9iDY 3
Fd r
FHANAN ¢} A3l (31N 9)
l. Intercalated nanocomposite Fu nanocomposites fnan1sunsnasve e T
- = g -.3 @ e t
wodwe St 11 IuTassad 19904 layered silicates Inamaiinvuez idududadiuaos

] ) ¥ s S
day AawoaniesimeauiiAYBS intercalated nanocomposite Hez TiauniRad wiu Tagwinessiin

2. Flocculated nanocomposite 1i50 Phase separated composite WU 1ARVD Y

3/ L3 ¥ ¥
nanocomposite Win Tl 92AR16AY intercalated nanocomposite LA AIIAUATINLATIFUVD
layered silicate 921ARL5 9 9GARUILL hydroxylated 1 edge-edge v HiRamsdnfudiueoea

[

3. Exfoliated nanecomposite il nanocomposites NFUVDY clay HINBOAIINNH lag
< r ' + ' - X v ¥ ™ 4 =
WAvIAnTEIAIBgs LI Ny 14 Tagssesniaunions Yuagnuimiinyes cay &4 lauilna

b4 . N IS ' . N
uaSuIve s exfoliated nanocompaosites 92§1110uN 9N intercalated nanocomposites
= o 1 4 z =
fmotiwe lua 3o intercalate 19711158 M319%Uv04 layered silicate WoRlUBS AL
iy a @ A 4 X
layered silicate winansuenmanufaiiu Phase separated composite (gﬂﬁ 29a) B9zl
eruiRIFUIRYINY microcomposite §IUFHAVYDY nanocomposite 3} 2 Fila Ae Inseadauuy

. { &£ o a ' a ] v 2
intercalated (3191 2.9b) FafavranishmelanedwosaeTenilmTeunainiuamise
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1 1 g) A e .
intercalate &'I?ﬂ‘l]ﬂgi%‘,ﬂ’n\‘l‘lmﬂmﬁ layered silicate LLOZLUD layered silicate UNI5NSLVIWAIDI

anysaiuda luwedned swiadiulaseadrauunfiBondy delaminated M50 exfoliated (311 2.9¢)

mafinlunsfigoiiiendnueives nanocomposite
- = & ar o . a O | 25
maiinh ¥ lumsngnivndnuaives Insead 19904 nanocomposite Nd R gyAe matia
. p - .
X-ray diffraction (XRD) #4819 lunsigmiiondnusives Iasead19uuy intercalated Inenis
¥ 1 3 1 =
MUUINYDITBIITT U (interlayer spacing) layered silicate latdauIngjiioms Taweod
o w9 1 1 5 iy e Ed o L3 ’ v g
wosunsnand 1logluseninsuyed layered silicate uda 92 1952193 znIFUVBY
. 2 { o . , o
layered silicate n39N1AYU nazezfiulAnn yu 26 Minan diffraction peak ¥99A15¥1
XRD 9ziiniovas (yuuag layer spacing MNAANUTURUTYDS Brage : A = 2dsind Tagh
] 4 o ' ' . . .
A Pfp AnusIniuYeTIdidndisd, d Ao sTovNTENIIN diffractional lattice plane Lag &
FAINYNYBINTT diffraction 1182 glancing)
T 2 o ]
8619'15AA 14 nanocomposite 13 InT9er§ 190U exfoliated 92 13i1)31ng 1917y
a‘, ¥ [] 1 q’) - =1
diffraction peak (g‘lJ‘n 2.10) INITWNTLUTHINIEHINTUVON layered silicate Vauranieaun
(191099 8 w1 Tumng) ool uns 1z layered silicate 11T S osdaiiiuszioy

o A P o o w o . d ¥ ¥
mﬂuﬂwﬂmﬂ?%"lumswq*numﬂanum nanocomposite 1D ﬂ'liﬂiﬂi@ﬁi']ﬂ‘ﬂ?ﬁ]ﬁﬂ'lﬂﬂ’m

transmission electron microscopy (TEM) Adgnier ﬂﬂﬁ Lﬁu’lugﬂﬁ 2.11

=2 o

Ptfase separated Intercalated Exfoliated
(microcomposite) {nanocomposite) (nanocomposite)

gﬂﬁ 2.9 uaadrlAYee polymer/layered silicate nanocomposite [15]
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3.0 nm
e
=
] 2.2 nm
e delaminated
2 (c)
2 1.5 nm
.2 1.0 nm
£ intercalated (b)
immiscible, 1.1 nm

e S (a)
1.0 3.0 5.0 7.0 9.0

2 theta (deg)

gﬂﬁ 2.10 XRD 494 (a) immiscible, (b) intercalated 14a1& (c) delaminated [23]

(a)

3 19 2.11 TEM micrograph U914 polystyrene-based nanocomposite (a) intercalated

nanocomposite (b) exfoliated nanocomposite [24]

MAHANSIASEN nanocomposite
A Aq Y = e . = ax ' a
madanlylumsmson polymer-layered silicate nanocomposite HD1YIT LAINAUA
= d' o W = a % dy
NMIATIUNTIAYY 4 INAUA [25] eaU
I o a .
- exfoliated-absorption layered silicate WumsiliinaTassarauny exfoliated
{ a 4 1 a S 1
Tumsazanehiinedwesaza1sog (M3 prepolymer AIMBADS I M50AZAY
[l 4 1
laTudaviazate 15U polyimide) 11499910 layered silicate H1159799ATENINFUN

[~ % 1 ) a 4 @ [ a
llllLL“INLLi\1%\‘1ﬂ3$%18ﬂ31ﬁ10181uﬂ3ﬂ1ﬁ$a18 HAagNoaaluesIenNaAAFUIgUUNT
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94 delaminated sheet M3INIMUIIIYMEF YRz musen (Mivih lananou)
matintinee R nanocomposite

- In situ intercalation polymerization : Mﬂﬁﬂﬁ% doailn layered silicate AN
asdatieu U monomer WipaI3ALA1Y monomer oA azRATUINIEN I
$1984 layered silicate #3036 polymerization 110013 185 unmiouvony
%4 initiator windidhlalogse niaduuns layered silicate Apvoziit lthiud
TumInz a9 monomer

- Melt intercalation : layered silicate szQARAUNUNOAWET luAN1IZHABNIMAY
molRan1ziils AuRived layered silicate seAoustunefwesfidenldladiu
oghad Flimedmesannsoidrlegszninesuses tayered siticate 181
intercalated W3® exfoliated nanocomposite #u

- Template synthesis : madintagih layered silicate Tihudaeglumrsazaiened
BT UATMILAR self-assembly force ¥0ANBAKIDT 9¥av 1¥IARA nucleation ag

By ladluntinegfiiaves tayered silicate

uiifveq nanocomposite

doliumant polymer/layered silicate {PLS) nanocompsites Tayunnueauluiusgia
el Tssengammassunas Tumsi3iolumendnuad  ma Sagviin duans
Wiituimmnsofiesd$udgsanian q WaduldnnnhdenSeufiousuSaqnedmefu
Sqn3rienan composite ¥iindu q Fasuianhagiidenisyiule14un A1 modulus A2
ufausa (strength) unsdanudimusenimdougeiu aunsoaamsunsfiuveafiy 14
u uazaIniusaIMsosaaiensIsuAvesingnedwe e AR
mﬂ'1??ﬁ11ﬁ'?ﬁﬂ$ﬁﬂﬁ'lﬁ%'ummﬁu°lw{'ﬂudwwmqyﬁuazmﬁwﬁﬂ smtenuiias q

2 sy g e A ar 1
vosTegrtiatiuazdi T uanuaulluGowednuuzmnzves Tumaluszuua o Dadae
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/N . .
aNuUANNNG (mechanical properties)
1. Tensile properties
Young’s modulus
1 I oA <3 . 1Y A A v
1 Young’s modulus WUAMUIVDNA NNV (stiffness) VDAIIAANYALTNAUUDING
~ ' . =& S A dgl I 1 A o I
wasunilasgilsralunisnadoy tensile FavzuauNuv W uedauInie iy
nanocomposite A208194FU Nylon-6 nanocomposite 1'1491AM1391 intercalative ring opening
a I~ o [
polymerization Y94 ¢ — caprolactam inaily exfoliated nanocomposite i lian Young’s
A d?‘ I~ [ 1 = [ . A Y
modulus  IWNUWIIUBENNIN [26]  1FUIASINY polypropylene nanocomposite aldan
ATTUIUMT melt intercalation LAZIUBIHANYIT U1V maleic anhydride-modified PP Tnasi1li
4
intercalation (A9 JAANINTY [27]
. Sy v . . D)
EVA-based nanocomposite N18919NT2VIUNIT melt  intercalation  1aeldy
o ;
dimethyldioctadecylammonium salt (1 surfactant 711911115 modified montmorillonite AR
< v o J J a a ' v o J
IHduaNuduiutsznIem Young’s modulus nazdTuUM AN filler WUNANUAUWUS
Ty A o A ¢ o o ) Y ) A
Tuithuduase wazisorh l)wgaiienanyel Taeld XRD wag TEM wuniinalaseadaunu
S . & . a d Y o= o qu o o o 1 v
111U intercalated  taz1ilu exfoliated  tAaTuWounuIi Idanuduiusaena lailu
iduna [28]
MIAREIANIAVD thermoplastic starch MATUUTIAIY MMT Vo4 Ming-Fu Huang
1 4
uazAme [29] WU MMT  Tmaii11¥e1 modulus  UB9 composite 1WNNFITULAZFINI

thermoplastic starch 84 5 e 195 ua MMT 30 %

Stress at break

. . ! <] '
Tu thermoplastic-based nanocomposite 11UV stress at break nApA strength Q3¢A

1 { o a @ [ @ g (K a { a g
ﬂi’]illﬁ'lﬁﬂfﬂglﬂﬂﬂ'ﬁl!,ﬁﬂﬁﬂ mmmeidﬂlanﬁmzﬁu@ﬂﬂumSu%mmmmﬁﬁmﬂﬁmﬂﬁu

U

' a 4 a & a ]
FTHINNOAINOTIAL filler  WOAMBINUNITIAN filler  1F¥U exfoliated nylon-6-based

nanocomposite NI AToNAIEITAUANAIAU 130 intercalated nylon-6-based nanocomposite
< 1 1 A -4 I A 1 [
[26, 30, 31] NWUINA stress at break quﬁumﬁmmﬂ ionic interaction 3¥¥73714 nylon-6 N1

layered silicate uad11sulunsaives polypropylene-based nanocomposite f tensile stress JA

9
A o

A2 4 3 9 a4 ' < a s . a
INUVHNYUANUDY NLUDIVINIT PP LﬂuWﬂaLﬂJ@ﬁV]llllqul']!Lag layered silicate UENINAINUY

=3

IS 3 o Y =3 Y 1 dy a
L’]J‘Ll"ll')“l/]’siﬂ Vl'lﬁlﬁ"ll'lﬂ!ﬁ\iﬁlﬂm1$ﬂui&‘iW’JNWHW’)
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v Y
115U Epoxy resin-based nanocomposite HHAINHANTT YNTUNY glass transition
. A [ a9 I 9 .

temperature (Tg) epoxy resin NUATT, GINNQYUNHUND waztiuIAsId5 19UV intercalated
A . . o . A 2 g 1 ' =~ wa A
1150 exfoliated nanosilicate UM tensile stress at break NNV UOE19WN LAILTANTIAN

1 & 4 Aa -4 Y] $ g . 1
AouY11312 FawatazinaauiuTassadanily intercalated w1 Iasaadauu

exfoliated [32]

Elongation at break
= . . v A ] % 1 1 1
M3ANHINAUDY Elongation at break 11 nanocomposite §41) Linniin ua lasaaulng)
uaalu thermoplastic-based nanocomposite 1% intercalated PMMA (1@ PS 1130 intercalated-
exfoliated PP A1 elongation at break 921A18AAY 1FUASINUMIANYITUIAVO thermoplastic
starch NATUTIAI8 MMT V04 Ming-Fu Huang ttazasie [29] U1 MMT Twaviildan
[ 4 a
elongation at break U8 composite AANIVIN 84.32 % 11l 17.82 % il ld1/5ua MMT 30
@ A :/' dyd A 1 @ 1 .. d? "o Y .. =
% A4317 2.12 NaHNB99119IN5925V159A1 elasticity 9zUUBENUMS 19 plasticizer H0L
l1demane onium salt ﬁ’e’]gﬁ interlayer W5001992 1 danane clay-polymer interface M
. P { [ < . ' A 2 2
strain at break 1MuAU 18 uaod1alsnay LDPE/clay nanocomposite a1 elongation AU

< ' A = = @ a = A A d? I
WuegaunieSeumeuny LDPE UITAND ABIWHUUIIN 342 % 191 638 % [33]

30
a-0%MMT
b-5%MMT
e-10%MMT
d-15%MMT
e=-20%MMT
— 1-25%MMT
a g-30%MMT
=
bt
£
(7]
~\d c
—————Fp
b _\Ia
T T T T L T T ol
45 &0 75 S0 105
Strain(%)

gﬂ‘ﬁ 2.12 stress-strain curve U84 thermoplastic starch (¥ composite NUMIIAN MMT

1 U5anuanaianu [29]
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2. Impact properties
1 . . S — Y ad | . . .
fA1UDI impact VDY nylon6-based nanocomposite Ma3eu'1@91n3% in situ intercalative
. . 9 . . . o Aaaa
polymerization U934 & — caprolactam Tagld protonated aminododecanoic acid ‘I/Hﬂ;]ﬂi 81
' o . Iz
wanasu looouny montmorillonite A1 Izod impact strength 3L 20.6 i1l 18.1 I/m’
J | 1< J
wazan ldnmsnaaey Charpy impact testing AUETAINITAANIVDIAT impact strength
] = v A 2 S 24 (a a (;y o
BUIAGINU ADAABININ 6.21 kI/m’ 11U 6.06 kI/m” NUTMaMsaw filler 4.7 % lagiiniin
H301938u A3 melt intercalation VDI nylon-6 1% montmorillonite A modified @28
I Y v
octadecylammonium salt 92'l3iEAINITAADIVDIA Impact  strength  Fani9aeaIsHoz1d

1 Y
exfoliated nanocomposite mﬁauﬁ'ﬂﬂamwmﬁ@mn filler "lmﬂu 10 % Taerimin [34]

C% Y
GNUANNAIINIOH

% =

v 4
Polymer-layered silicate nanocomposite fﬂzﬁﬂﬁ’m@ummmﬁﬂimqmm%’@umuﬁu
uaztelsulgennudumudenisaa’l TasUndudinnuatosneanudouvesiaqes
a 4 awv o
19 16A TumsAAT12H 1AREIUITEVeY Yu-Qing Zhang tazame [37]  Iainsasew
. Y ad | . . . . . 9
polypropylene-clay nanocomposite #3873% in situ grafting-intercalating in melt Taald
H Y
octadecylammonium salt ﬁmgﬂiamamﬂﬁﬂu%aauﬁu Na-montmorillonite ¥A491AT U
organoclay 114811 modified @28 maleic anhydride udrvaih ldweruiy polypropylene &
PP/clay grafting-intercalating composite (GIC) gan1e331i1 lilnauny PP luannzvasuman
A eomya . 4 ~ 9 .
dnaselalu polypropylene-clay nanocomposite (PPCN) 9923 15993 19U exfoliated WA
a sy A = Y ad & ' A = ~ 1y
ANNITUATIEHIAIY TGA W‘lJ’J'IiJﬂ'J'IﬂJLE‘TﬂEJ‘iVI'I\‘iﬂ'NiJ‘if]‘L!ﬂGU'L!!ﬂu’f]fﬂﬂiJ'lﬂLiJ@L‘]JiEJ‘UW]EJUﬂU

polypropylene ﬁmﬁmiﬁlﬁuiugﬂﬁ 2.13
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Weight (%)

100 200 300 400 500 600
Temperature "C

=

517 2.13 wa TGA ¥4 1. PP, 2. PPCN taz 3. GIC Tag1d5una clay 2 % [37]

ANNEINITOIUNISATUMUNISTNNIUYOINIY (gas barrier)

P
Yy R

4 1 1 1 (24 a 1

ﬁﬂ')"liJL%@’NﬂTﬁnl“]gf} clay ﬂgGD"J‘(’Jaﬂﬂ1§“§NNTHW’E’)QﬂW“K%’Hﬂ@TQﬂ ulﬂﬂ"’ll‘hllWi"l 2

. Ay ¥ o Y a d? =< ] %) =< 9 @ A Y
composite Vlll@ﬂg'ﬂfh’ilﬂﬂ tortuous path YU NITHFUHNIUVDINIFVIFIA ﬂ\‘l?}ﬂ“ﬂ 2.14 Llﬁﬂ\iﬁlﬁ
& 2 el qe F . o J . . o ald &
win'laegrataaulu polyimide/clay nanocomposite 9214 barrier properties mmmammﬂu

k4
9819110 UBNINTUTIFIoaAn1TVeI8AININA TN UveITaaale Tua1udde
. . e . 9 A = ] [ Aa

polyimide/layered silicate nanocoposite "lmmmaummsaﬂmwumummﬂwmimaqa

<] ] { a
YUIALAN 15U O,, H,0, He, CO, 1agManaa1n ethylacetate [38]

“Tortuous path” in layered silicate

Comcn(i‘nnal composites nanocomposites
® Iw — =
v vy v v v #

‘IJ‘ﬁ 2.14 UAAINTINA tortuous path Tu polymer/layered silicate nanocomposites [37]
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M3197 2.3 aaamsilseuneuauianie 5211319 PA6 NU PA6/clay nanocomposite [33]

Properties PAG6 PA 6/clay
nanocomposite
Tensile strength [MPa] at 23 °C 68.8 97.2
120 °C 26.6 323
Elastic modulus [GPa] at 23 °C 1.11 1.87
120 °C 0.19 0.61
Heat distortion temperature (HDT) 65 152
at 1.82 MPa [°C]
Rate of water absorption
(1 day at 23 °C) [w%] 0.87 0.51

. . 92 va - . Aa ]
Sabine Fischer [33] "lﬂﬁﬂymummiﬂwuuwm PAG6/clay nanocomposite nums e
oy @ 1w 3 { .
clay 5 % Tagimiin W‘]_I’N@@]i%’i’ﬁjmﬂﬁ@,ﬂﬂ’ﬂu%uﬂlm PAG6/clay nanocomposite 03910

[ g’ o A =~ = [ A
0.87 % 11l 0.51 % Tﬂﬂmﬁuﬂ werlSeumeuny PA6 (150190 2.3)



SITK]
adA o a a v
IFAUHUNIIVY
A A A a A
m‘smuaﬁl‘fﬂumimiﬂu%mm‘nﬂaau

IATDI0UAUANA (vacuum oven) [EYELA, VOS-301SD]

9 99

] v
=) =<

NIRRT L (compression moulding) [CARVER, 2518]

U

inFoInaune (internal mixer) [BRABENDER, 30/50 EHT]

inSeailefllumsinnzd
RS BINATOUANIIALTIAIEADIUNLTY R (Universal Testing Machine) [LLOYD
Instruments UK, LR 50 K]
m?mmaamuﬁﬁsmﬂmmﬂ (Impact Tester) [Zwick, B5102.202 Izod Pendulum 4 J]
Lﬂ?ﬂﬁlﬂi18ﬁﬂﬁﬁﬁWEJﬁ’JﬁI’JEJﬂ’Jm%I’E)WUENﬁﬁ (Thermogravimetric analysis, TGA)
[Perkin elmer, TGA7]
m?aﬁmiwﬁ miﬁyﬂamumm%ﬁ?{mﬂ% (X - ray diffractometer, XRD) [Bruker, D8]
m?aﬁmmzﬁﬂim%’nmqqamﬂ (Transmission electron microscopy, TEM) [JOEL
JEM-1230]

Ml

Dextrin 5, Dextin 15 148 Dextrin 20 [Fluka, reagent grade]
N-(3-chloro-2-hydroxypropyl)trimethylammonium chloride (CHPTAC) [Fluka, purum grade]
Deionized water
1 M NaOH [LAB-SCAN, reagent grade]
1 M HCI [LAB-SCAN, reagent grade]
0.1 M Silver nitrate (AgNO,) [BDH, reagent grade]

5% Potassium chromate (K,CrO,) [Fluka, purum grade]

29
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9.
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Glutinous rice starch

Glycerol [Scharlau, reagent grade]

10. Na-montmorillonite (Bentolite H.) [Southern Clay Product, commercial grade]

11. Cloisite 30B clay [Southern Clay Product, commercial grade]

ad o A a v
IBAUHUIIHIDY

H (Y d H [
mmﬁ 1 MITVATIZH cationic dextrin 1AZM5H1USN UV cationic dextrin ﬁmamwﬁ"lﬁ’

1.

2.

o d
IEMITUAIIZH cationic dextrin

1.1 %4 dextrin 5., dextrin 15 182 dextrin 20 U511t 15 n5u ldasliluvadunauaiig
1,000 ml 132AY deionized water U119 200 ml  AIUAIY magnetic stirrer ﬁ
gl 80 osruwaiFen funa1 1 49T wﬁ’qmﬂifuaﬂqmwgﬁ”lﬂﬁ 50 93PN
LT

1.2 1950Ud15aZa10904 N-(3-Chloro-2-hydroxypropyl) trimethyl ammonium chloride
(CHPTAC) Taelinla CHPTAC 1.01, 3.04 1Az 4.05 ml 1§04 dextrin 5, dextrin 15
uag dextrin 20 Feamudrdy W ldasldluansazais NaOH anududu 1.0 M
150 ml udadvas i lumsazaeludof 1.1 ndsnmiuniiiald 18 #2 T

1.3 1@y 1 M HCI aunsensansaza1sn as pH mny 7

M332100904 cationic dextrin n¥aAT1zH1dlae1#350s lmsamiSinanaelsd
Teeou (C1) luasazaelael Iz ves Mohr
2.1 MsMseNEITasany
2.1.1 %1 AgNO, §1143U 1.7000 g aza18838 deionized water ud215u151103
Tuv39 volumetric flask Y119 100 ml M1 NANWTUTYH 0.1 M (ﬁy1ﬂﬁﬂ
Tuanavod AgNO, = 169.87 g/mol)
2.12 $1K,CrO, $143% 5.0000 g aza18838 deionized water nazliu/5inas
1170 volumetric flask ¥11@ 100 ml 9218 K,Cro, fifinnududu 5 %
(w/hv)
22 35mslawsannlsinanaslsa leseu () luasdiedis
2.2.1 ¥1E15@20819 5.00 ml 1AW deionized water 20 ml 1uvIA Erlenmeyer

flask VU119 250 ml



31

2.2.2 1Y sodium hydrogen carbonate (NaHCOQiHﬁ”IiﬁJO’e)EiNﬁ]uﬂizﬁﬂllli!ﬁﬂ
Woa e Iansazaieliidlunsa (pH 7-10)

223 1815 % K,Cro, 13135 1.00 ml asluarsdiodns werlddamg

22.4 lapsadae 0.10 M AgNO, aunsyisdvaesvesansdedanlasuily
= v K a Hq ¥
Auaauna AgCro, uiinilsinashldy

2.2.5 fuan15una cationic dextrin luasazane

aIUN 2 M3 ﬂ%’mJg 3aNUAYe9 Na'-MMT Jagl¥ 12-Aminododecanoic acid salt, cationic
dextrin 5, cationic dextrin 15 (@ cationic dextrin 20 na amswﬁ"lﬁ'ﬁ]u modifier
1. 35m315uilgeaniiives Na'-MMT Q2aa1s cationic dextrin
1.1 1 Na-MMT 1J5ua 2.00 a5u Taasl)Iuvradunaunduay deionized
) L. A qu_ 4 o J
water 100.0 ml 1a81% magnetic stirrer MWD 1Y Na-MMT n3z1e62 111

a

o o o 9 9y ~ ) 3 ~
waamﬂuum”lﬂclwmmaau‘nqmwﬂu 70 DIF BT HJ'HL’JQW 30 UM

U

1.2 1a13aae cationic dextrin U319 2 mmol Tianudeuluviadunay

a =

~ I =\
Ngungil 70 eeruraTed 11unal 30 U
1.2 1 NA1382 A8 cationic dextrin aﬂumiazmﬂz% w/w U949 Na -MMT
] 9 o ' [ A A a s I
981991 ) HazitiMInIuedaoIionguunll 70 oerusaIFed 11U
a1 12 ¥ 1ug
o ~ % . A Y A 1 v o
1.3 hmsazaten 18 1 centrifuge 1o 1Az noufiLIuaoagI WA INY
o A ¥ . \ Ay o
1.4 tunsouiie i ldaznouveds MMT/C-dextrin ~ tazuenaIun la
anaznau W1 Mlanaznouaolutemusanaznisuie 19 ldaznou
MMT/P-dextrin
o Ay Y Y A A =~ <
1.5 haznoud 1d levludeugyameaniguugi 70 esrusaided 11

a1 1 U

1.6 WaznounuLaualasasnuaans

2. agmﬁﬂ%lﬂﬂ‘;ﬂﬁﬂﬁaﬂlm Na+-MMT GalJ’JEl 12-Aminododecanoic acid
2.1 111 Na'-MMT U5 2.00 nSumlaas Tl luwadunanudiay deionized

water 100.0 ml Tag 14 magnetic stirrer Aue 1 Na-MMT nsza1edllu
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$1 nanadni ld Wanudeuiigungd 80 eemusniFon fluna
30 W

2.2 #3064 12-aminododecanoic acid salt Tﬂﬂm‘iﬂ‘:{fd 12-aminododecanoic acid
0.4522 N34 (2 mmol) ﬂ?ﬂﬁ’ulan deionized water 100.0 mi ATUAY
magnetic stirrer gyl 80 ssruwaFomdunn 15w ity
nia'lalasnass mdudu 1.0 M USu1at 2.00 ml (2 mmol) AIUAITAZAY
aoly8ndhunan 30 uii

23 hesarmimndeuns 12-aminododecancic acid Mo 18luded 2.2
foo 9 maehllumstedt 2.1 udanuia ifiunm 2 falus

24 niswmenoud Idinzdne noudaniidou 80 seraiud sz 3-4
ata iladhainde NaCl sansinazneu

25 euldudslugouqyenmaiiqungf 70 semwaidue dhunar 1 fu

aznoun 1dziSundn MMT/ADA

3. MR sEnzesTad silicate Y94 clay &asmAfin X - ray diffraction (XRD)

11 Na"“MMT fieu naiuly 3979 cationic dextrin 5, cationic dextrin 15, cationic
dextrin 20 WA 12-aminododecanoic acid AAMNTEEEYNEMI1Y silicate AaeATIA X-ray
diffraction AHUNAIRUTIALAL Xoray #B Cu Ko #2120 au 1.5406 A 19da 1o 40 mv
wozaszualui 40 ma uaz 19y 20 Aaud 2° 59 12° Taoldoas13a 045° de it Tasua

9 ) ’
iy iaz®sanountinagey

4. myimsevilassadiainiganinues MMT viiama 9 4o TEM

11 Na™-MMT s $ui38s cationic dextrin 5, cationic dextrin 15 10 cationic
dextrin 20 1NANYININIE 10FIVDBYNIA Na-MMT Taold TEM 7iicdsIn#h 100 KV
uaznszua Wi 67 pa Tamhasdreanualiazidon udni llusavaselu acetone tay
sonicated iipF161eynAveImIRIBEIITN1I AT 1IWRBGIN acetone 19 nivIMinY

4 ar v & o
AZUNTINT UOUFDUTITAI9619D0AUINN acetone 1114 M It sud T i lunamoudae TEM
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AauN 3 MIkay tazmsIugUBUuOY TPS
1. MM pre-mixing
2y a A a 0
1.1 ouuilelu vacuum oven 7914 1 Av Rgaivigii 60 °C
12 thutleouudmmauny glycerol 1uga polyethylene Tagldalsunaumnu 25 %
g’ Y d' =} Y g‘ % 1 Y Y =
Tasthwiinidemeunuiminude el glycerol n3za18dIlszans 30 Wi
) I . I [
uani 1uiny 1414 desiceators iWunan 1 Ju

v Y
13 @3 MMT usiazyiansuna 1 %, 4 % uaz 8 % lagsiviin ud v 13ienny

2. mswaunilain3en’l@ly internal mixer
o g‘ o A o .. 9 [
2.1 Faihwminudleinih pre-mixing 13 50 nsu
Y v 1
2.2 viniuldasly internal mixer 931 3.1 Taeldgamgiilumswaudio 140 °C @
< 1 A =
ANNTITOV 50 SoUADUIN 1Una1 5 R

) d' ] . . Y o 1< Y . d’
2.3 udlanrumsnauy internal mixer @219 uAY 131U desicator 1iiDTONT

E4

Yugiaelil

g‘lj‘ﬁ 3.1 MIATIN compound 14 internal mixer

3. M3VuzUBUOU TPS ienagevanlimzna
3.1 %1 compound Aumsnernly internal mixer NUAAIBIATOIVA
o A 9 1 1a o 3 a 1ra 4
32 11 compound NEIUMsUaL@IN laTusunuwawdutazdadsenuminui Tag

' ] 9 9 ] a Y A 1 Y
53W31QLLW‘L!‘]J5$T‘I'U‘”I]39’]'t’]\15'E]\Tﬂ']EJLLWUiﬁ“]fuﬂT]Hﬂ'J’]?Jﬂ'J’INi@H L‘W't’]‘]f']flbl‘ﬂ
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o

ra r g %43 =
compound 11150 IRy lusznaems Iianudouldavy yuausey
LAY AT OUNZDONVINLLNUN 1Ad18
33 141A509 compression moulding lunsdaudiuiaegl 3.2 Taslunisdann
(=3 o 2
LUWUNY 3 stage A9
Stage 1 : guugil 160 °C w339 0 psi fuaa1 10 w1 ps Tu
LUNLHPAMSHABUBESTIA0
= ) Y] - a A 9 P
Stage 2 : QUHQN 160 °C 15999 15,000 psi Wuia13 wifiweld TPS #
Y Q.I e T g
nasumauaqtnans lnanudiunuaz laanusuuaze1n s
DONIIAUUNUN
a o @ - o A 9 =
Stage 3 : MWL 160 °C 133989 25,000 psi 1DuUIa12 W 1H TPS
= & - v é‘
vasumaLazinams nanuiRuiudansglsrsniu
=y - 1 a2 9):? A P @ ra L) a ]
3.4 dahvaedulisuauluwiiuisunseiauniiuilgungiianaunielsyanm
¥ Y
50 perraFod Ll uWooN1NAT D compression moulding LAY LAZFUIU

2ONNUNRLN

gﬂﬁ 3.2 msdausiiuw laelHases compression moulding

Ao 4 MyInnzilnseadianganinves TPS/clay nanocomposite ¥iinA13 q A28 TEM
Yh¥uau TPS Tuadunssdas clay BHAAE WIFNHINITNTZ 10FI9899YNIA clay
Taol$ TEM A8 W 100 KV taznszualifh 67 ua Tashassredautualdaz Beon
udath liluvaunesly acetone ud2391i1 sonicated tetaelRoynIAvBImIAI0E1ST AN
nsza1edIeglu acetone 147 ndsmniuldazunssmiuououmsaiosiennu191n acetone

2 .
1nene BlFuiadBah lUnageudie TEM
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ABUN 5 NMINATDVANTAITINAVDIFT UM TPS
1. Tensile testing [ASTM D 638 (Type V)]
Y v
1.1 3anun3aa AN UIV0IF UMY tensile specimens NN INATIY TAgiins
o [ [] A ] 9 [ ] 9 ) 1 d‘w 9 9
aA1 3 129 A AU Fanaanazyalare udnihanaranialaulslunis
AU
o Qy A A Y =* 9 < =K A a a 1
1.2 ruauimsen 1 ldnagevusad Tagldanuislunsdagal.o Taawasae
w19 1az 1% load cell ¥11A 5 kN
1.3 ﬁ’uﬁﬂwa%’ayjaﬁumm Young’ modulus, tensile strength L% percentage strain at
break
o 2 " 2
1.4 MNMSNAFDUTUIIUDYNUDY 8 FUIU
o 9 =S [ @ d A = A A Qy ~
1.5 heyanweunimanuduiusulssumeuauifayinavearuau TPS
wsen1d lunaazgas
[ = VoA ) Ay ¥
1.6 14mwmaauasmmﬂuuuuwmg"numawagam”lﬂ
2. Impact testing (izod impact) [ASTM D 256]
Y ] )
2.1 MIMSUINFUNU impact specimens NNATDUAIBIATEITOHLN
Y v Y
2.2 MMIIANNNANALANIHIIUT AN UNAIUNEITO8VINVDIFUI
o Qy o = Qy [ d‘ Y 1 Y]
2.3 h¥uanuldnegenTasiinmstasunuiugiuveuniomagenlnmiu Taewu
Y Aa v Y o 1 9
ATUNNTHLINIUIN pendulum (VUIA 4 9a) 1AI111M31/a08 pendulum THianan
Y
NTUNNFUNIY
24 fufinamasauila (ga)
v Y ]
25 Anumwasnumasasiuivessosuan (A 1lagansn1Tawag)
9 Y
2.6 MMINATDVFUNUDENTIDY § FU

2.7 WinundonazANdeuUuNIATFIUY0IYATIYARING T

4 < & 2
aauN 6 MIANHIUFINUNMIGANNNFUYBITUIY TPS
< Qy Sld' (%) &’ v v d
M3tPUTHH NS LAVANUFUTUINE 53 % [ASTM E 104]
v Y
1. 1A3UNE1TAZA100UAIVOY magnesium nitrate 1YY magnesium nitrate HENAVY
) ~ S A o A a 9 ] 1 Y} o o
nauludinnesauouaideeinlagiinis 1ianusouswAeHaINNHUmNaIsazaly

Q' [ Q‘ [ 1 { a { g [ Y] 4
duABIeIanIna1adly chamber NHFNA 9219 chamber NIANUFUFUNNT 53%
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Y v v
2. MFuaunesen 1dd1eaduicuuazunsaadandnirladla137u chamber N3
A1502A199UAIBI8IAVDI magnesium nitrate AIFUN 3.3
Y v v Y [ Y
3. ihFuauiedlu chamber vonFRIMIINNNIUAADA 7 U IHoANE NNV
Y 1 v
¥uau TPS nlasunalaqlal
e 0 2 ] 4,4 . . .
4. hanhminvearuau TPS Mlasuuilasly vid i1 % moisture absorption

Y Y
YDIYUITU TPS LA FU

d‘ <3 Qy Y 9 dy ~ 1Y) dy v o J
gl]‘i’l 33 msm‘uGmm"h°lu@muﬂummwmzﬂummwanwm 53 %

Y d Y
AouN 7 MIIATITHMSATNIAIMIANN UM IEMATIA Thermogravimetric Analysis (TGA)

Y Y v

WIFUU TPS HaZFUU TPS ﬁlﬁ'imliﬁﬁ}?ﬂ clay FUANN 9 3J1ﬁﬂ‘]el”lﬁ3Jﬁ@WlNﬂ’J13J
] v A ] AA Y A ° A A = o. Y w 3
IURIYNAUA TGA Tﬂﬂi%qmﬁgmsmum 50 C UagnugurguInod 1100 C AIEaRIIET

10 °C fiou
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wams‘nﬂamuaﬁmmiwamsmam

d' w d . . . =Y . . . d' [ Y
ADUN 1 NIFAUAIICH cationic dextrin uazmﬂsmm cationic dextrin Tlﬁx‘ilﬂﬂz“r‘imlﬂ
& 4 . . . . . . 0 aaa
WANITANATISH cationic dextrin 911 dextrin 5, dextrin 15 1A% dextrin 20 3J”|‘1/I”I‘]J§]ﬂ'iEJ”I
Y I
U135 CHPTAC a2 laasazaisdina1aved cationic  dextrin - #9926 09 1018112211
S I 4 Y o aan o a 4
wesidudnsiiinlgiserves cHPTAC — Tasdunwoinms lamsamilSinaaae lsa
- as A a Aaaa =& =\
Teosu (C1) TasIFN5vD9 Mohr eI TuMInalRnTe1ves CHPTAC v Tuasglinis
1 4 4! 1 [ 4! a I 09:
anilaosnanlsd leoounitaluasusy  F3Suiaaaelsd loooUnInuALDNIINIZIN
Aaaa Y o 9 d' a d‘ aaa .
ninlgnsewdriddldunn Hel - dnasliimongail§nsenas counterion Y99 CHPTAC
s o < . L. ) ' 73 o
@9]}’381 fﬁwamﬂmim&mww cationic dextrin 5 Wa%cationic dextrin 20 WU UUBTIFUANT
aAan =

i §Rse1ves CHPTAC HAMMIAY 96.49 % uaz 93.67 % awdny daudaaluasiai 4.1

HagdsAuInLaAIg luMAKNLIN N

d’ 3 4 Y o Aaaa ] .
M1919N 4.1 Ltﬁﬂigﬂaigcﬁuﬁmilfuwnﬂ;]ﬂimsu@\‘l CHPTAC N1 dextrin

Mz % M3M{n3e1ve9 CHPTAC
cationic dextrin 5 96.49
cationic dextrin 20 93.67

AOUT 2 msi5uilgsaniiives Na'- MMT el 12-aminododecanoic acid salt, cationic
dextrin 5, cationic dextrin 15 itag cationic dextrin 20 ﬁﬁ\‘i!ﬂﬁ wﬂmlﬁall!‘ﬂu modifier
Lﬁ'ﬂ‘ﬁ1ﬂ”l’i‘ﬂ§w‘]_lﬂiqd Na"-MMT Tagld cationic dextrin 5, cationic dextrin 15,
cationic dextrin 20 (ﬁ"lﬁ'mﬂmim‘%mmgmmmﬂmﬂ@u“lummu@a) 118Y ammonium
salt U®Y 12-aminododecanoic acid L‘]dJ‘L! modifier i]%hlé’]jl,‘idju MMT/C-dex5, MMT/P-dex5,

[

MMT/C-dex15, MMT/P-dex15, MMT/C-dex20, MMT/P-dex20 (18 MMT/ADA (5890148191
Y Y
naaniuii 113n5 e sz ee 192199 silicate A8IMATIA XRD  tazdAnyi Iagaadig

N199an1AAIe TEM aauaaslugili 4.1 uaz 4.2
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counts

counts

(a)

— MMT/P-dex5

—— MMT/P-dexl5

—— MMT/P-dex20

2 theta

(b)
—— MMT/C-dexs

——MMT/C-dex15

—MMT/C-dex20

317 4.1 wamsnagon XRD (a) MMT/P-dex5, MMT/P-dex15 11ag MMT/P-dex20,

(b) MMT/C-dex5, MMT/C-dex15 1iag MMT/C-dex20
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{ 1 4 <

mﬂgﬂﬁ 4.2 LAAINAMIANYIAI8 TEM WUI1ie 1% cationic dextrin 114 modifier 11ag

3 A o
NuaznoudIeIsMIanazneulueniuea (EtOH-precipitated cationic dextrin (P-dex) ) 3N

v s 3
T MMT fimsnszoneduduTasead 1y exfoliated  FIHAVDINIANYIAIY XRD NiTu
A o ua/' [ o Y I 9 A < 1
mstudunuiusuiy uaadliiriu1dnngilil 4.12) 92U MMT/P-dexS, MMT/P-dex15
' (] 4

g MMT/P-dex20 fﬂzllﬂJ‘]JiWﬂg] diffraction peak s Lﬁﬂﬁ%TﬂImﬁf}ﬁﬂlﬂﬁ cationic
. kY A o + A 1 1 3 e . Y J 9 9
dextrin lauanu/asuleoouiu Na" fiegsz1d199u silicate 118z modifier A4Na12 1AL NI
' ' g & Y a A~ A o @ ' o Y
Tegszninesuriu wazd llnlsunanunneivzihareiuseseniesu silicate al@

= = oo a o a o e 7
BILINPNAATSUIN YU silicate ﬂgﬂﬂﬂllﬂﬂllﬂﬂﬂuﬂ ‘Wu‘ﬁ%Tﬂ’J’lmuVI LLﬂghlaTﬂili]u‘]J@‘lJﬂ

[
=1

Y Y
FIN199 cationic  dextrin  G1NITONIAIRUTETSHANFUVD silicate  1ANINUA 019

D-

' ' ' P
= = AN o Y

1 Y
iloannmsNusnamvesnguiouves MMT filiideusovesg  Fuine liaean
A 4 1 H
wuse laTasauserineduved silicate 119 5Uv04 silicate NUTHWUAITOD 9 MiMzogiuNgu
@ { [~ @ qu 09;’ { 1 a a '
Y9I MMT AoMuseh lundanss  aaiudu silicate NogusnUAITOUUBNUBINGNADUVDA
MMT  39AaM3 delaminate  t1azHYINAOYOY1UA1TAZA1Y cationic  dextrin naz
4 . 4w 4 _ : adqy . . s
anaznouiei lnyuniesdienTod centrifuge e lunsain 1y cationic dextrin 11y
. @ < a { . . . .
modifier 1HAD MMT 1azInUAZABUAIBITNITHYULYNAY (centrifuged-cationic dextrin
(C-dex)) naziin 11/AnYIA18 XRD WUNA1 d-spacing Y89 MMT/C-dex NUAININNI d-spacing
< { { '
o3 MMT uaaaliaulugd 4.1(6) naga1sun 42 udaad1t MMT/C-dex 11 TRs9asng
I . A a aaa A ' . . .
(U1 intercalated Lummﬂmﬂﬂ;]ﬂ'ifnmﬁuamﬂaau”laa@ummzmn cationic dextrin
Y + d' 1 1 ng e 1 1 d‘ % = d‘ 1 1 09/'
fu'leoouuns Na' fogszninedu silicate ua liansanog lduatiwsadsgaiegszninedn
9 9 1
Y04 silicate IANIMUA  UBNINUULAT cationic dextrin 5 FalvuraTuanalvgni
9
cationic dextrin 15 LIQ¥ cationic dextrin 20 uazﬁﬁmﬁﬂhqaummw 3 muag 4
= o d‘ 9 1 1 09/’ e = ) Y 1 1 3
Foenudiay  ieunsniin llegszrietuved silicate 391 IR IzezIITEH T UV
9 1
silicate V818197 UNINNIM5T 1% cationic dextrin 15 1A cationic dextrin 20 FINITAIUIY
7Y% d-spacing awly Bragg’s law Tumsmuin
14M1511 ammonium salt ¥®4 12-aminododecanoic acid (ADA) 41 modified T¥un
4 ' ] % Y] IS y
MMT  1{19991n91 ADA g -NH, Gsamnsadauts ldidunaevewonTudloy el
H H Y 4
TumsuanilasulossuuiniuNa® Nogszninsuvodsilicate  HONIINUY ADA aliny
] & ] 4 aa a { a @ @ 1
Uaremelgdnduniladungmsvendanueda newnsonaiuse lalasnuiudaiola
o - t g { .
Tuanaves TPS 14 Tun131i Cloisite 30B ¥uilu MMT 1gn modified @28815 MT2EtOH

yadiny leasondadony Nawrsananuselelasunvaelgluanaves TPS 14



40

(Rl v 2 LY o ' 9 T

Temainhgennsameiuanudiiu 1dlituae Tdves TPS uazausounsnd lileg
1 3 —p o 1 1 . [ o 9&:!5 &

JENaFUYeA silicate uazyh IRuAnz FUTBS silicate LOABBANINAULAZATZ 18R IdATUES

szaelumsasuuselviun TpS

31 42 amlaseadianiesganinein TEM Tae a) MMT/C-dexs, b) MMT/C-dex15,
¢) MMT/C-dex20, d) MMT/P-dex5, ¢) MMT/P-dex15 1ag f) MMT/P-dex20

calan A4 ™ IO ASanNAr R eva il Amamel TITS aicmn 6 A TATT A TR I IFrY 3 - I A AR EIVITYS T I ssvnm)y B FE ErES s & ¥ &



counts

MMT/C-dex 5

MMT/ADA

MMT

MMT/P-dex 5

6 8
2 theta

T

10

I

12

14

41

37 43 mamsnadeudi XRD 499 MMT, MMT/C-dexS, MMT/P-dex5 Uag MMT/ADA

y ¥ A& - = T
A1519N 4.2 A1 d-spacing 999 MMT welda1s modifier ¥Hae i

MMT' types Angle (26) | d-spacing (A°)
MMT 7.28 12.14
Cloisite30B*** 2.39 18.50
MMT/C-dex5 6.16 14.34
MMT/C-dex15 6.44 13.60
MMT/C-dex20 6.38 13.83
MMT/ADA 6.19 14.26

*** {93a91n Southern Clay Product
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M3199 4.3 aaImsTeuneun Young’s Modulus, tensile strength 1182 % strain at break

2 1
Voa¥UIU TPS N1 1Tn51AN clay Loty clay ¥Haa1e 9 5 sialudsuna 1 %, 4 % uay 8 %

Young’s modulus Tensile strength
% strain at break
Clay’s type % clay (MPa) (MPa)
Mean SD Mean SD Mean SD
No clay
0 595.55 154.14 15.34 4.064 5.72 2.80
(TPS Pure)
1 431.00 38.60 15.18 1.34 5.75 0.80
MMT 4 495.11 76.73 17.45 3.07 6.63 1.42
8 646.77 54.81 14.51 1.89 8.37 3.06
1 683.41 111.52 17.27 2.79 4.03 1.41
Cloisite30B 4 876.64 72.32 13.48 3.82 1.99 0.65
8 828.40 76.40 14.46 1.91 1.82 0.37
1 524.12 109.49 10.10 3.00 4.11 2.51
MMT/ADA 4 578.60 199.03 8.43 2.46 2.85 1.81
8 451.24 79.06 6.00 1.14 2.65 1.31
1 562.94 109.08 13.02 13.02 5.78 0.88
MMT/C-dex 5 4 501.21 48.76 12.99 0.73 6.70 0.49
8 504.54 65.36 11.13 1.97 6.00 0.63
1 33.97 8.56 3.36 0.22 198.58 24.95
MMT/P-dex § 4 9.76 1.71 2.01 0.14 325.59 24.41
8 6.47 1.79 1.53 0.13 389.01 39.43
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v Y 9 v
3U7 4.12 51namMIganNuFUYBIFUNUTAL clay (2) Na-MMT, (b) Cloisite 30B, (c)
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=) = dal QEJ d‘d a a 1 )
MIfTeuMeuMIganNUFUYOIFUNUNTNIAY clay  ¥HAA1 9 TullSw 8 %
g Yyq ¥ A 4 I < v o A
saziny B ludaruguanudunanuiuduinsg 53 % a7 Ju dwaaslugili 4.13
1 ay A a + S a A dy A A =
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g @ b 4 LR d A [] g J
yosvuau Tps S1liinswenmgfiuiFadini lusuauSigannuiuidinads 7.7 % wasd

-~ { J & q’
Use@ninmriosigalumsannisganuduldnudueu Tps
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nouUN 6 MIANEIBNEWANIQANTTHIHVIYHIU TPS NHNAAIDHULANTING

Young’s Modulus

A9 4.4 uerRIn ST oufiount Young's Modulus, tensile strength WAY % strain at break
J H 1 ) - - 1 ()
woedua TPS i lifiniAy clay nagidu clay siind1e 9 5 stalulSuin 1%, 4 % uaz 8 %

da 2 4 v oo o2
fmsnuiuanyiludringuaiuiu 53 % Sunm 3 Su dewhiunu linaoon

Young’s modulus Tensile strength
%o strain at break
Clay's type % clay (MPa) (MPa)
Mean SD Mean SD Mean sD
No clay
0 37 227 1.09 0.11 377.80 172.66
(TPS Pure}
1 4.19 2.41 1.63 0.29 572.43 9791
MMT 4 15.67 8.64 2.61 0.56 357.43 119.64
8 15.85 6.95 2.97 0.40 219.05 24.65
| 7.47 3.77 1.26 0.21 338.49 58.55
Cloisite30B 4 31.69 11.51 1.52 0.18 104.13 48.83
8 5L1 8.12 1.79 0.12 81.22 20.43
1 217 1.00 1.06 0.22 540.41 £6.98
MMT/ADA 4 4.49 .11 L.37 0.14 458.46 88.35
8 35.50 10.12 2.76 0.19 206.88 13.95
1 4.93 0.53 .71 0.08 364.93 26.51
MMT/C-dex 5 4 24.49 7.43 2.80 0.33 244.62 34.85
8 43.56 11.63 3.26 0.24 251.26 5837
I 1.76 0.77 16.57 L51 289.69 2230
MMT/P-dex § 4 5.40 0.67 13.10 2,07 3N 71.69
8 4.40 0.51 11.84 1.26 551.93 917.16
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Y dy A 491 v o ¢ I Y] 1 o Qy
AnIugUANNFURTANNFUAINS 53 % Wuszezna 3 Tu neuanihruaulinageu
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1 Aa A a aA 1 , Qy A g Y
AIUBNTNAVDINTIAY MMT/P-dex5 A1ADAT Young’s modulus Yo3ruauin'l3
9 dy Id o VA A a a (K1
Tugaiuguanudu 53 % et 3 4 wusulermulsunansay MMT/P-dexs a2 lidana
[ 1 3 A 1
ADA1 Young’s modulus @ 1MeNIH491091 11 MMT/P-dex5 X dextrin 5 W04 79 % tiazdl
A g &L ya 2 =2 A o q Y
e Tuanaidnuaz eusaganusu Iaa Fuaudeeeutiy ¥11da1 Young’s modulus
anad  ualuvmei layered silicate N15¥n0V0Y 11 MMT/P-dex5 Hi#igd 21 % U150
@ 1 13 } { o v
U511/59A1 Young’s modulus Iauan lininwenagsrlduuaTiuuesat Young’s modulus o4
9 [ ' 9 9 [
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131N 4.16 UAAIBNTNAVDINITIAY clay ¥HAAN 9 ApanuaTalumstaoen
2 A2 yyg e & o ' 9 ! .
YouFua Anu I3 ludauguanudu 53 % Munar3 u wudmu T9uUea % strain at
9 1 H
break Y94¥U1U TPS 11/81A1 MMT, Cloisite 30B, MMT/ADA, 118% MMT/C-dex 5 Tu1/51naui
3 3 A 1 o
WINUU % strain at break 2AAAY  IMANANILDIIINIIOYNIAVDN clay 32 TTAau19MS
dl d‘ 1 ng a 3 = U Ll 49‘
ndeunvesaela luanavontls tazeynIAvY clay 19 4 iy Tnmsnszareaiogluile
IS < ' ' 4 o ' a &
TPS 1T U111 intercalated nanocomposite tHud1ulng) iie'lasunssasgadane ey
4 ' '
mocrovoid YUVTNUTOU 9 0YNIAVN clay lAdrenazneldinamsuanin  daudinSua
a @ a Y dy A ~ 9 ~ 1 ] I
MsAN Msuaninazing ladeu  1osnineynina clay Huud Tdunazimznguiuilu
v & o 9 A & A 9 Y] t:y 1 Aa a
pynavIalng Feazimihndlugaisuduvesnsuaninlusuau dIuoNTWave
MSIAY MMT/P-dex5 @01 % strain at break WU ndoiulsuamsausgiinai i
g = . 4 2 g 1 £ = ¥ o Jdou v 1
FUUI % strain at break 1NNAMTUOINWIN  FIHAMINAAOILANUAUNUTAUAUA
. qy S A ' =2 A ay ' = v A o
tensile strength Y99F¥UU N0 lusznIAgasuuaislesluanavewilaglinidaGoad
o & ~ 4 2 g Al 2 A4 qy ] . s A A
nuedtuluszTounngsdiu  MI1gaziugIruaIuAIa 1au1n A1 tensile strength NYZ BN
4 Y H
WINAY AIUNTOFUIBINTNAYDI MMT/P-dex5 NiADANNAINTDIUNTEADDNVDT
ay < 1 v A ~ @ < Y .
Fuaunaz 1ia1eiu Ao MMT/P-dex5  1n3052918A204 clay 15U Tnsea 319D exfoliated
Y . = 2 . I A 3
1az15zNoUAIY dextrin 5 WINDI79 % 9 dextrin 5 1TuTuanaudlsdtivia@nanso
v W [ o { .. Aa [ 4 qy
whaunuee Ta Tuanaveutle 188 Yeiwmshindlu plasticizer NA 17N TPS WeFuau
Yo =2 A . = v A v J ~ P A .
lasunseneda dextrin 5 Jeemnsodvaizesdnduszibonladie tazmsh dextrin 5 @150
afraiuse leTasnunumels TuanavewilsldduntionildaieTs Tuanavendaiinig
[ v o 1 =\ =\ = d‘ 1 ] Y 1 Y d‘
Taisesdanuedeliszibou uazdamiemaazaie Ty luanaveuile 13 ildiaeu loawa
[ Qy = =) 9
PONIINAU FUIUII@INT0oADN lALN
g 2 ¥q ¥ A A A o o @ J o '
manuruau B ludgaivguanusunlanusuduims 53 % Wunar7 Juwun

uun Tduvesn Young’s modulus, tensile strength (L81& % strain at break IRIGH clay FUAAN i

4
%

a 9 1 = v W <] e Y Y dy I o
M5 ﬂfuﬂ"l]311’?WﬁL‘lﬂ!LﬂEJ'Jﬂ‘Llﬂllﬂ'lﬁLﬂﬂ%uﬂ’luuhcluﬂﬂﬁﬂﬂﬂﬂﬁ'liﬂfu 53 % L‘lJL!lfJﬂ'l:% U

D.

< O Y A2 yyg v & N L
ndwruiindesninnsunuinnu B ludgaruquanudu 3 Ju imsgaanududn Ty

9 1

ya o o A A2 nyg v & o v 2 A2 yw
"]ﬁ«l\i’lujﬂalﬂfl\‘]ﬂuﬂ‘]JG]ﬁfN1U%Lﬂﬂllgclu@‘ﬂjﬂﬂllﬂ31uﬂfu 7 U LLﬁﬂ\T)T’]ﬁH\ﬂuV]LﬂU]’l’flu

De

Y & o A A o &L Y 4 o 2 A g P 9 &
AMIUANANLEFU 3 U FududaenuuNdY  Wweihduauiny 1 ludaiuguanudu
3 Juuaz 7 Uy madeuaniamana 39l namsnaasaziud 111 uv89A1 Young’s modulus,

. . 9 9 v o v {
tensile strength L8% % strain at break N InaRssriuaanalimiulugiln 4.17-4.19



61

M9 4.5 uaasmsilieueum Young’s Modulus, tensile strength, % strain at break Qg
9 1
% moisture absorption UBIFUIU TPS N lulimsiAnuazinmsia clay FHaA14 9 Tu
4

Aa 2 vq ¥ A o o 3 o o v
aAAaIU 8 % 1/1Lﬂ‘U"]fmmulﬂu@muaumm%uﬁuwvm 53 % Lﬂuizﬂznm 39U, 7 U LLaghlll

~ g 2 vq ¥ A 0 & wa
1]ﬂ’ljLﬂﬂ“]fu\i']uuhblu@ﬂgﬂﬂllﬂ']’]anu ﬂ@uqufu\ﬂuvlﬂ‘ﬂﬂﬁﬂﬂ’ﬁllll@(ﬂ’l\jﬂa

% moisture Young’s modulus Tensile strength
% strain at break
Clay’s type days | absorption (MPa) (MPa)
Mean SD Mean SD Mean SD
0 0.00 595.55 154.14 15.34 4.64 5.72 2.80
No clay
3 7.71 3.71 2.27 1.09 0.11 377.80 172.66
(TPS Pure)
7 8.76 1.15 0.44 0.80 0.16 545.38 101.94
0 0.00 646.77 54.81 14.51 1.89 8.37 3.06
MMT 3 3.44 15.85 6.95 2.97 0.40 219.05 24.65
7 4.56 11.15 3.33 2.41 0.34 298.32 40.85
0 0.00 828.40 76.40 14.46 1.91 1.82 0.37
Cloisite30B 3 5.68 51.11 8.12 1.79 0.12 81.22 20.43
7 7.70 8.17 1.59 1.67 0.15 185.10 35.38
0 0.00 451.24 79.06 6.00 1.14 2.65 1.31
MMT/ADA 3 4.50 39.50 10.12 2.76 0.19 206.88 13.95
7 5.35 13.01 2.93 1.76 0.10 272.58 59.12
0 0.00 504.54 65.36 11.13 1.97 6.00 0.63
MMT/C-dex5 3 4.28 43.56 11.63 3.26 0.24 251.26 58.37
7 5.48 20.55 7.69 2.25 0.28 293.66 94.66
0 0.00 6.47 1.79 1.53 0.13 389.01 39.43
MMT/P-dex5 3 5.72 4.40 0.51 11.84 1.26 551.93 39.43
7 7.51 3.75 0.73 1.23 0.15 461.36 67.39
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PISAUIUAN 9

a o A H u d
IEmsmuImySanas CHPTAC N¥lums&FUAIIZY cationic dextrin 5, cationic dextrin

15 1ag cationic dextrin 20
1. Cationic dextrin 5

910 dextrin 5 UA1 DE M0U 5

1Mngas DE = 100
D

MR dextrin 5 TA1 DP = 100/5 = 20
10 1 AGU Thimiin 162 g
mﬁmm‘fmfmﬂ'ﬂimaqa 1 mol V04 dextrin 5 9NNV 20 x 162 = 3,240.0 g
1 mol Y84 CHPTAC ﬁ‘lfmﬁﬂimaqa 188.10 ¢
frualilddasiaiu 1 mol dextrin 5 : 1 mol CHPTAC
WS wﬂwfu 1 mol dextrin 5 =1 mol CHPTAC

3,240 g=188.10 g

A "o v o 1.5x188.10
1 191/5391 dextrin 5191190 1.5 ¢ 9219 CHPTAC Wiy = ———

=0.087 ¢
3,240.0

11199970 CHPTAC In1uu3gnT 65 % 13d09ld CHPTAC iy

0.087 +0.087(0.35)=0.12 g



NANUHUMUUYDI CHPTAC = 1.16 g/ml

QBJJ = a 1 Y 0.12
IN51ZRLUU CHPTAC 0.12 g 3¢ ld5unasmmiy —== = 0.10 ml

1.16

2. Cationic dextrin 15

910 dextrin 15 ¥A1 DE (1101 15

1Mngas DE = 100
DP

INSIERENUY dextrin 15 1A DP = 100/15 = 6.67

210 1 AGU fnbmin 162 g

mswmmfmfmﬁﬂimaqa 1 mol UB4 dextrin 15 ILNINU 6.67 x 162 = 1,080.54 g
1 mol Y84 CHPTAC ﬁﬁymﬁﬂimaqa 188.10 ¢
Amualilfons1d9u 1 mol dextrin 15 : 1 mol CHPTAC

INS1ZREUU 1 mol dextrin 15 = 1 mol CHPTAC

1,080.54 g =188.10 g

1.5x188.10

15510 dextrin 15 1A 1.5 g 9219 CHPTAC iy ==~ = 0.261g

1,080.54

11199970 CHPTAC In1NU3gNT 65 % 13d09l% CHPTAC iy
0.261 +0.261(0.35)=0.35¢

NANUHUIUUYDI CHPTAC = 1.16 g/ml

qﬂ;/ S A 1w O
W31ZREUU CHPTAC 0.35 g azlismnasminy % =0.30 ml
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3. Cationic dextrin 20

910 dextrin 20 JA1 DE 91111 20

Mngas DE = 100
DP

INSIERENY dextrin 20 YA DP = 100/20 = 5

210 1 AGU Timin 162 g

mswmmfmfmﬁnimaqa 1 mol U®4 dextrin 20 ILNINU 5 x 162 =810.0 ¢
1 mol Y94 CHPTAC ﬁﬁymﬁﬂimaqa 188.10 ¢
Amualilfons1d9u 1 mol dextrin 20 : 1 mol CHPTAC

INSIZRLUU 1 mol dextrin 20 = 1 mol CHPTAC

810.0g=188.10 g

1.5x188.10

195519 dextrin 20 AV 1.5 g 9219 CHPTAC iy T 0.348 g

11199970 CHPTAC TIn1uu3gnT 65 % 13d0914 CHPTAC iy
0.348 +0.348(0.35) =047 g

NNANUHUMUUYDI CHPTAC = 1.16 g/ml

QBJJ = a 1 Y 0.47
IWS1ZRLUU CHPTAC 0.47 g 3¢ U5unasminuy 116 =0.41ml

76



77

MRSV cationic dextrin 5 AL cationic dextrin 20 NFUATIZH AU

msazane
1. nanmam3ansaanlsalessu (CI) IngITvo3 Mohr

a " ad [ o a Aaa
mynlsmmaae 15a 1as35ve9 Mohr o 1fendnmsvesmsnanzneuntalunsm

a a yq a 4 - 4 -
gaveIns lamsa 38msttdeuldlumsnnlsmunaslsd () nagllslud Br) Tasns

[ a J = 2. .. a A 7 A a
lamsanuensazaredanes nsa (AgNO,) TagliTaswa (Cro,") 1Wuduaimes Nyagavs
< ~ a Aa 4 Y 1 [ A

MUAZNDUTLAIDTUDITANDS 1ATINA (Ag,CrO,) U5 inglimiuedganutiainInaznon

y a =3 4 I a
Ag,Cro, Haginaldndeiionas lsalumsazateanaznouliiluganesnas lsa (agch) au

4
v 9

Y v
nua lagedenua1u150 I unsaza1e (Solubility) VOIAZNOUNIADINUANAINAY AIHUOT
Yy 9 2- ya 1 ~ a ]
aunsonuauamduduves cro,” lanvzamnsaniiuniieansinanznou Ag,Cro, 13

' o 9 a 4
IUNI AgCl ITANATNOUDDNUIIUKIUA Tl'lclﬂﬁ'lﬂ'liﬂﬁ'lﬂﬂq@]"ll@\‘lﬂ'li‘l@]mi@ulﬂ
Aaaa A A 9
ﬂgﬂﬁﬂ1ﬂlﬁﬂﬁ%ﬂﬂﬁ@

+ 0

Ag + ca —» AgCl K,=182X10"

24+ €07 —» Ag,CrO, K,=110X10"

a g ~ < < v o
’J%"Ua\‘] Mohr Uﬁ']ﬁazfl1f.lﬂ')iilﬁﬂ'IWLﬂUﬂa'l\‘]W%‘@LUﬁlaﬂﬁ@ﬂ ﬂ\juusl,uﬂ']ﬁhlﬂlﬂﬁﬁ

fsaza1en5l pH Uszanm 7-10

M3197 5 U590 0.1M AgNO, A lFlums lamsanlSuanaelsa () Tuasazate

A0819
3301 0.1 M AgNO, (ml)
aIazad e e A A A 2
AN N AN 3 39N 4 AIIN ANUNAY
CHPTAC (Pure) 412 413 41.1 413 41.1 412
cationic dextrin 5 12 12 12 11.9 11.9 12
cationic dextrin 20 9.8 9.7 9.7 10 9.9 9.82
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2. MmsyfSanawes CHPTAC luasazang
MU531A3U09 0.1M AgNO, tnaea1nms lansa = 41.20 ml
9zUTUD 0.1M AgNO, = 0.1 M x 41.20 ml = 4.120 mmol
910 1 mol Ag’ 31T MeANY 1 mol CI

uazisua Cl = 4.120 mmol

ms1zaziiuly 1 ml ¥ CHPTAC a¢H1/511a1 CI 4.120 mmol

3. MsmU3aves cationic dextrin 5 luasazane
ANl511A3v049 0.1M AgNO, g3 lasa = 12.0 ml
9211318 0.1M AgNO, = 0.1M x 12.0 ml = 1.2 mmol
910 1 mol Ag” 9T meAny 1 mol CI
sfuaziiSine o = 1.2 mmol

1582818 cationic dextrin 5 UTu195 5 ml U1/511 CI = 1.2 mmol

2 .. . o A o N ¥ A A R
19159218 cationic dextrin 5 mmwmmﬁw"lﬂ 45.4 ml azHl51 CI

45.4x1.2

=10.9 mmol

Ysmasves 1M HCI W15 lumsngalfnser = 6.53 ml
3211/T118 CI'= 1M x 6.53 ml = 6.53 mmol
TumsdunIIZH cationic dextrin 5 1% CHPTAC 0.1 ml 923151191 CI' 0.412 mmol

USua ClAaInnsilngen = 10.9 - 0.412 - 6.53 = 3.956 mmol



Y v
NT12RLITU 151 cationic dextrin 5 NAUATIZH 1@ 1Ua1382a10 = 3.956 mmol

% 484 CHPTAC fiihgisen 0'39;’%= 96.49 %

4. MsmU3navey cationic dextrin 20 luasazae
MU531A3U09 0.1M AgNO, imasa1nms lamsa = 9.82 ml
22151191 0.1M AgNO, = 0.1M x 9.82 ml = 0.982 mmol
910 1 mol Ag’ 91T MeANY 1 mol CI
SuuasTsine or=0.982 mmol

A1582a18 cationic dextrin 20 151195 5 ml W18t CI = 0.982 mmol

Y v
fra15azane cationic dextrin 20 NIHUANTUATIZH 1@ 34 ml v2i/Tum CI

=M= 6.678 mmol

Ysmasves 1M HCl 1l lumsngalfaser = 3.40 ml

92115118 CI'= 1M x 3.40 ml = 3.40 mmol
Gll.!ﬂﬁﬁﬂlﬂi”l%ﬁ cationic dextrin 20 16191! CHPTAC 0.4 ml 92315119 CI' 1.69 mmol

U3 C MRa9InMsilnser = 6.678 - 1.69 - 4.636 = 1.582 mmol

09.1} a { o 4
M3z USHNaL cationic dextrin 20 NFUATIZH @ MaTaza1s = 1.582 mmol

% Y94 CHPTAC Midvinlgnsen %: 93.67%
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miﬁmammﬂ%mmmm cationic dextrin 5 Ha¥ cationic dextrin 20 ﬁ‘l%’gﬂua 19 modifier 114

m3lsulyenaaniinves MMT

TumsdSulgenuantsiaves MMT Taold cationic dextrin 5 1182 cationic dextrin 20 7
@ N Y . o q ¥ . a = o
duasizn laiilu modifier Tawi1 19 Turanaves modifier tAamsuanilasulosouuiniu
= qﬂjl 9 1 09»1
Tmden looouTudu silicate Y04 clay taz Tuanaved modifier a1msot liogludu silicate

¥93 MMT 14
1. MsmuIuiYSanay cationic dextrin 5
cationic dextrin 5 U51191 3.956 mmol fuzagﬂumiazmﬂ cationic dextrin 5 U511915 45.4 ml

2145 cationic dextrin 5 J311% 2.0 mmol 9z0g IUA1582a10 cationic dextrin 5 15115

2.0x45.4
3.956

23 ml

1AvlFa15azane cationic dextrin 5 Usuas 23 ml lumsdSulgenuaninves MMT

2. MM IurIU3 18 cationic dextrin 20
cationic dextrin 20 11184 1.582 mmol %xagﬂumsazma cationic dextrin 20 1581015 34 ml

9 9y . . . a ' . . . 2
alayans cationic dextrin 20 15119 2.0 mmol %xag”lumiazaw cationic dextrin 20 /511915

2.0x34 _
1.582

43 ml

1zAplde3azae cationic dextrin 20 USuas 43 ml lumsilSuljeguauiiaues MMT
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v E4
9 ' A
ﬂ]ﬁl‘iﬁ V.1 Wﬁﬂ151/]ﬂt’f'ﬂﬂﬂ')'m@ﬂu7]'lu@]ﬂlliﬂﬁﬁaﬂﬂlﬂﬂﬂfUQWH TPS

A ) <] ay Y ,&‘
m"luumimmmqmiuamuanmm%u

Young’s Tensile Percentage

Hnaay modulus strength strain at
%mm (MPa) (MPa) break
1 741.40 14.09 1.87
2 844.10 17.05 2.41
3 821.90 7.51 0.90
4 592.90 20.17 8.00
5 604.10 19.99 7.75
6 511.30 7.24 4.17
7 490.50 15.83 7.33
8 422.20 12.79 7.38
9 390.00 19.78 7.71
10 640.70 18.92 7.26
11 491.90 15.39 8.18
Mean 595.55 15.34 5.72
SD 154.14 4.64 2.80
2SDh 308.27 9.29 5.60
Mean+2SD 903.82 24.63 11.33

Mean-2SD 287.27 6.06 0.12




v E4
9 ' A
ﬂ]ﬁl‘iﬁ V.2 wami‘vmﬁaummmumumauiqﬁﬁmawmm TPS

A g e 9 dy [
“I/ILﬂ‘]J"]f%ﬂHIHﬂﬂ’JUﬂMﬂ’HW]IH 39U

Young’s Tensile Percentage
nuay modulus strength strain at
%mm (MPa) (MPa) break

1 7.30 1.23 104.35

2 3.50 0.89 237.81

3 6.50 1.03 185.59

4 8.50 0.99 146.21

5 5.60 0.96 218.18

6 4.60 1.00 276.29

7 1.60 0.98 530.35

8 1.80 1.06 505.17

9 1.80 1.11 570.08
10 1.60 1.11 646.92
11 3.50 1.29 379.03
12 2.80 1.12 414.13
13 1.70 1.15 575.23
14 2.30 1.18 440.19
15 2.60 1.19 437.44
Mean 3.71 1.09 377.80
SD 2.27 0.11 172.66
2SDh 4.55 0.23 345.33
Mean+2SD 8.26 1.31 723.12

Mean-2SD -0.83 0.86 32.47




v £4
ﬂ"lﬁl‘iﬁ V.3 Wﬁﬂ151/]ﬂt’fﬂﬂﬂ')'mg]}1u1/nu@]ﬂlliﬂﬁﬁaﬂﬂlﬂﬂﬂfUQWH TPS

A g e 9 dy [
“I/ILﬂ‘]J"]f%ﬂHIHﬂﬂ’JUﬂMﬂ’HW]IH 7 I

Young’s Tensile Percentage
Hnaay modulus strength strain at

%mm (MPa) (MPa) break
1 0.70 0.67 513.08
2 0.80 0.66 510.63
3 0.80 0.57 508.12
4 1.00 0.66 403.75
5 1.00 0.59 565.31
6 1.90 0.64 391.41
7 0.90 0.80 480.51
8 1.30 0.79 592.64
9 1.00 0.81 741.10
10 0.80 0.89 555.42
11 0.60 0.81 728.52
12 1.70 1.07 535.82
13 1.40 0.97 582.19
14 2.00 1.06 442.07
15 1.40 0.95 630.13
Mean 1.15 0.80 545.38
SD 0.44 0.16 101.94
2SD 0.88 0.33 203.88
Mean+2SD 2.04 1.12 749.26

Mean-2SD 0.27 0.47 341.50




v E4
9 ' A
ﬂ]ﬁl‘iﬁ V.4 Wﬁﬂ151/]ﬂt’f'ﬂﬂﬂ')'m@ﬂu7]'lu@]ﬂlliﬂﬁﬁaﬂﬂlﬂﬂﬂfUQWH TPS

A a A =) 1< e Y di’
ey MMT 1 % 1/1‘lu3Jmimmmm“lu@mmjummw

Young’s Tensile Percentage
nnaay modulus strength strain at
%mm (MPa) (MPa) break

1 416.30 14.75 6.19
2 361.20 13.63 5.74
3 435.00 14.43 4.58
4 432.90 13.80 4.74
5 441.20 16.82 6.00
6 451.80 13.99 5.41
7 411.10 16.17 5.31
8 499.60 16.28 5.42
9 454.30 17.34 6.64
10 459.50 15.84 5.90
11 378.10 13.94 7.36
Mean 431.00 15.18 5.75
SD 38.60 1.34 0.80
2SDh 77.20 2.68 1.61
Mean+2SD 508.20 17.86 7.36

Mean-2SD 353.80 12.50 4.15




v £4
ﬂ"lﬁl‘iﬁ U.5 Wﬁﬂ151/]ﬂt’fﬂﬂﬂ')'mg]}1u1/nu@]ﬂlliﬂﬁﬁaﬂﬂlﬂﬂﬂfUQWH TPS

A a A =) I e 9 ;
ey MMT 4 % 1/1hlme:imwvmmglucg]muanmmw

Young’s Tensile Percentage
ey modulus strength strain at
%mm (MPa) (MPa) break

1 539.70 16.31 5.51

2 432.20 16.95 8.09

3 559.50 18.29 6.78

4 416.10 13.13 9.08

5 432.50 15.02 6.12

6 417.70 16.31 7.08

7 581.60 21.79 5.18

8 581.60 21.79 5.18
Mean 495.11 17.45 6.63
SD 76.73 3.07 1.42
2SD 153.45 6.13 2.83
Mean+2SD 648.56 23.58 9.46

Mean-2SD 341.66 11.31 3.79




v E4
9 ' A
ﬂ]ﬁl‘iﬁ V.6 wami‘vmﬁaummmumumauiqﬁﬁmawmm TPS

A a A 12 < ay 9 dy
ey MMT 8 % ‘1/]'13J3Jﬂﬁlﬂ“lJ‘]fuﬂuGl,u%]ﬂ’J‘UﬂiJﬂ’ﬂiJ“]fu

Young’s Tensile Percentage
nnaay modulus strength strain at

%mm (MPa) (MPa) break
1 684.80 16.91 4.60

2 648.00 16.67 3.78
3 704.40 16.91 5.01

4 660.70 16.67 4.24

5 591.80 13.76 11.04

6 750.30 15.70 7.70

7 713.50 12.20 6.97

8 574.40 12.70 12.12

9 622.90 13.37 9.22

10 599.40 12.68 11.93

11 585.50 13.09 10.63

12 649.00 14.18 7.80

13 678.70 12.18 10.31

14 591.40 16.09 11.87
Mean 646.77 14.51 8.37
SD 54.81 1.89 3.06
2SD 109.62 3.77 6.13
Mean+2SD 756.39 18.28 14.50
Mean-2SD 537.15 10.74 2.24
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v £4
ﬂ"lﬁl‘iﬁ U.7 Wﬁﬂ151/]ﬂt’fﬂﬂﬂ')'mg]}1u1/nu@]ﬂlliﬂﬁﬁaﬂﬂlﬂﬂﬂfUQWH TPS

A a .. A (=) < a’l Y di}
Ny Cloisite 30B 1 % m"lwmimuwmm“lu@mmummw

Young’s Tensile Percentage
rnueaY modulus strength strain at
%mm (MPa) (MPa) break

1 584.10 12.05 4.87

2 495.30 14.57 6.36

3 640.70 18.99 5.60

4 668.00 17.82 3.43

5 731.50 19.13 3.52

6 719.70 16.17 2.44

7 845.70 19.77 2.94

8 782.30 19.65 3.05
Mean 683.41 17.27 4.03
SD 111.52 2.79 1.41
2SD 223.04 5.58 2.82
Mean+2SD 906.45 22.85 6.85

Mean-2SD 460.37 11.69 1.21




v £4
ﬂ"lﬁl‘iﬁ V.8 Wﬁﬂ151/]ﬂt’fﬂﬂﬂ')'mg]}1u1/nu@]ﬂlliﬂﬁﬁaﬂﬂlﬂﬂﬂfUQWH TPS

A a L. A (=) < a’l Y di}
NxY Cloisite 30B 4 % m"lwmﬁmmmqm“lu@mmummw

Young’s Tensile Percentage
nnaay modulus strength strain at
%mm (MPa) (MPa) break

1 1001.00 7.33 1.26

2 870.00 18.37 242

3 935.50 15.10 1.97

4 927.80 9.40 1.19

5 792.60 15.43 1.98

6 810.70 12.51 1.40

7 820.60 17.39 2.20

8 854.90 12.31 1.54
Mean 876.64 13.48 1.75
SD 72.32 3.82 0.46
2SD 144.65 7.65 0.92
Mean+2SD 1021.29 21.13 2.66

Mean-2SD 731.99 5.83 0.83




v £4
ﬂ"lﬁl‘iﬁ V.9 Wﬁﬂ15ﬂﬂﬁ'ﬂﬂﬂ'§1ﬂ§§]}1u%1u@ﬂlliﬂﬁﬁgﬂﬂlﬂﬂﬂfUQWH TPS

A a .. Ay 1A g £ 9 dy
Na Y Cloisite 30B 8 % ‘I/]UliJiJﬂﬁLﬂU%HQWUiU@ﬂ’JUﬂNﬂ’NN%H

Young’s Tensile Percentage
Hnaay modulus strength strain at

%mm (MPa) (MPa) break
1 940.00 12.74 1.30
2 811.20 13.14 1.75
3 907.20 13.62 1.49
4 859.10 16.51 2.12
5 782.80 14.52 1.93
6 692.00 13.83 1.95
7 821.30 18.18 2.46
8 813.60 13.12 1.58
Mean 828.40 14.46 1.82
SD 76.40 1.91 0.37
2SD 152.80 3.83 0.74
Mean+2SD 981.20 18.29 2.57

Mean-2SD 675.60 10.63 1.08




v Y
9”51\1‘?] .10 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllﬁ?ﬂﬂ'ﬁ!@]ﬂ!ﬁ\iﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a A A a3 e 9 ;
ey MMT/ADA 1 % “VllliJiJﬂ'li!ﬂ‘]JG]qu'IuGlu@,ﬂ’J‘]JﬂiJﬂ’JHJ‘]fu

Young’s Tensile Percentage
Hneay modulus strength strain at

%mm (MPa) (MPa) break
1 637.00 15.04 2.42
2 540.90 10.45 1.83
3 609.10 5.38 0.71
4 731.10 11.03 1.52
5 666.60 10.61 1.71
6 619.10 9.62 1.47
7 613.50 7.00 1.18
8 408.60 11.65 6.99
9 459.00 7.75 4.69
10 514.40 12.87 6.64
11 419.50 6.52 434
12 357.60 7.29 5.53
13 479.80 12.39 6.91
14 440.40 12.69 7.62
15 417.70 6.85 5.11
16 471.60 14.43 7.05
Mean 524.12 10.10 4.11
SD 109.49 3.00 2.51
2SD 218.97 6.01 5.02
Mean+2SD 743.09 16.11 9.13

Mean-2SD 305.15 4.09 -0.91




v Y
9”51\1‘?] V.11 Nﬁﬂ1TVIﬂﬁ'ﬂ‘ﬂﬂ')'lllé]}?uvl'luﬁﬂlliﬂﬁﬁﬁﬂsllﬂﬁﬁlfui'lu TPS

A a A =) < Y Y dil
Ny MMT/ADA 4 % ‘I/]]lllllﬂWilﬂﬂ%uﬂ‘lﬂu@ﬂﬂﬂﬂuﬂ’ﬂiﬁfu

Young’s Tensile Percentage
rnueay modulus strength strain at
%mm (MPa) (MPa) break

1 1006.00 11.75 1.94

2 774.40 4.44 0.55

3 697.50 8.50 1.37

4 683.20 9.47 1.54

5 599.20 13.06 2.27

6 457.40 6.65 1.95

7 531.80 6.92 2.73

8 480.90 9.79 6.30

9 392.60 7.03 5.49
10 337.40 7.25 2.75
11 404.20 7.90 452
Mean 578.60 8.43 2.85
SD 199.03 2.46 1.81
2SD 398.06 4.92 3.63
Mean+2SD 976.66 13.35 6.48

Mean-2SD 180.54 3.51 -0.77




v Y
9”51\1‘?] V.12 Nﬁﬂ1TVIﬂﬁ'ﬂ‘ﬂﬂ')'lllé]}?uvl'luﬁﬂlliﬂﬁﬁﬁﬂsllﬂﬁﬁlfui'lu TPS

A a A A a3 e 9 ;
ey MMT/ADA 8 % “VllliJiJﬂ'liLﬂ‘]JG]qu'IuGlu@,ﬂ’J‘]JﬂiJﬂ’JHJ“]fu

Young’s Tensile Percentage
Hnaay modulus strength strain at

%mm (MPa) (MPa) break
1 406.50 6.67 3.38
2 566.50 7.82 5.16
3 368.40 4.44 1.59
4 464.80 5.61 1.56
5 404.20 4.89 1.61
6 397.00 6.09 2.82
7 551.30 6.51 241
Mean 451.24 6.00 2.65
SD 79.06 1.14 1.31
2SD 158.11 2.29 2.63
Mean+2SD 609.36 8.29 5.27

Mean-2SD 293.13 3.72 0.02




v Y
9”51\1‘?] V.13 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a A 1 <] g 9 di}
NAY MMT/C-dex5 1 % m"lwﬂmﬂuwmm“lugmuqummw

Young’s Tensile Percentage

Hnaay modulus strength strain at
?;mm (MPa) (MPa) break
1 536.40 14.93 6.51
2 598.70 13.42 6.14
3 539.10 14.62 6.39
4 413.90 15.71 6.50
5 763.30 16.30 6.21
6 595.80 10.55 5.25
7 614.40 11.08 5.23
8 441.90 7.53 4.02
Mean 562.94 13.02 5.78
SD 109.08 3.03 0.88
2SD 218.16 6.06 1.76
Mean+2SD 781.09 19.08 7.54

Mean-2SD 344.78 6.95 4.02




v Y
9”51\1‘?] V.14 Nﬁﬂ1TVIﬂﬁ'ﬂ‘ﬂﬂ')'lllé]}?uvl'luﬁﬂlliﬂﬁﬁﬁﬂsllﬂﬁﬁlfui'lu TPS

A a A = < a2 9 ;
N MMT/C-dex5 4 % ‘ﬂ”lmeimuwamiugmuqummw

Young’s Tensile Percentage
rnueaY modulus strength strain at
%uam (MPa) (MPa) break

1 547.40 12.05 5.97

2 494.40 13.67 6.95

3 448.90 13.18 7.49

4 504.80 12.81 6.98

5 547.50 13.28 6.30

6 539.80 13.88 6.61

7 425.70 12.04 6.66
Mean 501.21 12.99 6.70
SD 48.76 0.73 0.49
2SD 97.51 1.46 0.99
Mean+2SD 598.73 14.45 7.69

Mean-2SD 403.70 11.53 5.72




4 Y
Vni"lﬂﬁ V.15 Nﬁﬂ'li‘Vlﬂﬁ'@“lJﬂfl'lllgf'luﬂ'luﬂﬁ]tﬁﬁﬁﬂaﬂﬂl@ﬂ“]ﬂu\i'lu TPS

A a A (=) a3 e 9 di}
NN MMT/C-dex5 8 % m"l,wﬂmﬂummmiummqummw

Young’s Tensile Percentage
Hunaay modulus strength strain at
émm (MPa) (MPa) break
1 559.30 10.15 5.18
2 588.70 13.10 5.76
3 462.60 11.12 6.14
4 515.40 14.14 7.19
5 491.60 11.62 6.20
6 450.60 11.45 6.72
7 602.20 11.82 5.59
8 433.90 9.15 5.51
9 436.60 7.62 5.74
Mean 504.54 11.13 6.00
SD 65.36 1.97 0.63
2SD 130.73 3.94 1.26
Mean+2SD 635.27 15.07 7.27

Mean-2SD 373.82 7.19 4.74




v Y
9”51\1‘?] V.16 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllﬁ?ﬂﬂ'ﬁ!@]ﬂ!ﬁ\iﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a A 1 <] e 9 di}
NAY MMT/P-dex5 1 % m"lwmﬁmuwmm“lu@mnﬂummw

Young’s Tensile Percentage
rnueaY modulus strength strain at
%uam (MPa) (MPa) break

1 35.20 3.39 190.84

2 23.20 3.30 204.34

3 34.30 3.29 184.41
4 31.10 3.03 179.19

5 20.20 3.30 233.99

6 36.10 3.12 243.39

7 49.00 3.65 170.56

8 37.00 3.44 198.15

9 39.60 3.72 182.36
Mean 33.97 3.36 198.58
SD 8.56 0.22 24.95
2SD 17.13 0.45 49.90
Mean+2SD 51.10 3.80 248.48

Mean-2SD 16.84 291 148.68




v Y
9”51\1‘?] V.17 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a A 1 <] e 9 di}
NY MMT/P-dexS5 4 % m"lwmﬁmmmqm“lu@mmummw

Young’s Tensile Percentage
rnueaY modulus strength strain at
%‘MQTL! (MPa) (MPa) break

1 9.60 2.09 377.23

2 10.50 1.97 326.92

3 9.70 1.78 301.28

4 6.80 1.85 328.01

5 10.00 2.05 320.09

6 8.00 2.03 336.95

7 12.00 2.15 312.74

8 11.50 2.15 301.50
Mean 9.76 2.01 325.59
SD 1.71 0.14 24.41
2SD 3.43 0.27 48.82
Mean+2SD 13.19 2.28 374.41

Mean-2SD 6.34 1.74 276.78




v Y
9”51\1‘?] V.18 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a A 1 <] e 9 di}
NY MMT/P-dex5 8 % m"lwmﬁmmmqm“lu@mmummw

Young’s Tensile Percentage
rnueaY modulus strength strain at
%‘MQTL! (MPa) (MPa) break

1 5.80 1.62 409.88

2 4.50 1.49 430.70

3 4.90 1.45 408.40

4 5.10 1.42 396.48

5 6.10 1.28 341.17

6 8.70 1.76 352.43

7 5.50 1.49 421.97

8 6.00 1.61 439.65

9 8.50 1.56 354.45
10 9.60 1.59 335.03
Mean 6.47 1.53 389.01
SD 1.79 0.13 39.43
2SD 3.58 0.26 78.85
Mean+2SD 10.05 1.79 467.87

Mean-2SD 2.89 1.26 310.16
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4‘ 9 ' =2 A e
AN V.19 HaNITNATDUAIUATUNTIUADLIIAIYAUDITUITU TPS

A a A g 2 9 dy Y
ey MMT 1 % mnuwmmiuamuqumm%u 39U

Young’s Tensile Percentage
nuay modulus strength strain at
%mm (MPa) (MPa) break

1 1.40 1.11 461.52

2 1.00 1.15 520.85

3 2.80 1.63 601.46

4 2.60 1.72 624.32

5 3.00 1.60 598.93

6 7.40 1.82 364.79

7 6.10 1.80 636.74

8 5.70 1.89 691.67

9 7.70 1.92 576.82
10 4.20 1.69 647.25
Mean 4.19 1.63 572.43
SD 241 0.29 97.91
2SD 4.83 0.57 195.83

Mean+2SD 9.02 2.21 768.26

Mean-2SD -0.64 1.06 376.60
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v Y
9”51\1‘?] .20 Nﬁﬂ1TVIﬂﬁ'ﬂ‘ﬂﬂ')'lllé]}?uvl'luﬁﬂlliﬂﬁﬁﬁﬂsllﬂﬁﬁlfui'lu TPS

A a A g 2 9 dy Y
ey MMT 4 % mnuwmmiugmuqumm%u 39U

Young’s Tensile Percentage
Hnyeay modulus strength strain at

%mm (MPa) (MPa) break
1 15.30 3.09 283.42
2 24.50 3.34 286.23
3 23.30 3.05 249.61
4 29.40 3.41 277.36
5 24.20 2.95 262.98
6 16.80 1.87 214.89
7 3.60 2.03 543.93
8 9.00 2.15 388.20
9 6.1 2.27 511.28
10 11.5 2.31 401.55
11 8.700 2.23 512.26
Mean 15.67 2.61 357.43
SD 8.64 0.56 119.64
2SD 17.28 1.13 239.28
Mean+2SD 32.95 3.74 596.71

Mean-2SD -1.61 1.48 118.15
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v Y
9”51\1‘?] V.21 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllﬁ?ﬂﬂ'ﬁ!@]ﬂ!ﬁ\iﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a A g 2 9 dy Y
ey MMT 8 % mnummmiugmuqumm%u 39U

Young’s Tensile Percentage
nuaay modulus strength strain at
%mm (MPa) (MPa) break

1 29.50 3.30 218.17

2 12.60 3.07 228.75

3 13.60 3.40 237.73

4 22.20 3.60 263.84

5 14.10 2.73 180.85

6 5.70 2.23 197.84

7 7.60 2.50 240.31

8 10.80 2.77 207.80

9 18.30 2.93 190.43
10 19.50 3.19 234.26
11 20.50 2.94 209.58
Mean 15.85 297 219.05
SD 6.95 0.40 24.65
2SD 13.90 0.81 49.30
Mean+2SD 29.75 3.78 268.36

Mean-2SD 1.96 2.16 169.75
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v Y
9”51\1‘?] V.22 Nﬁﬂ1TVIﬂﬁ'ﬂ‘ﬂﬂ')'lllé]}?uvl'luﬁﬂlliﬂﬁﬁﬁﬂsllﬂﬁﬁlfui'lu TPS

A a . Aa 2 v & o
ns1l Cloisite 30B 1 % mnu%mmiugmuwmm%u 39U

Young’s Tensile Percentage

Huaav modulus strength strain at
%‘HQ]‘M (MPa) (MPa) break
1 10.20 0.88 300.51

2 10.10 1.17 337.45

3 2.10 1.01 32391

4 10.00 1.51 299.03

5 5.30 1.25 361.46

6 13.30 1.46 248.80

7 2.60 1.24 458.68

8 6.30 1.37 372.67

9 7.30 1.43 343.85
Mean 7.47 1.26 338.49

SD 3.77 0.21 58.55
2SD 7.53 0.42 117.10
Mean+2SD 15.00 1.68 455.59

Mean-2SD -0.06 0.84 221.38
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v Y
9”51\1‘?] .23 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a . dAa 2 P, & o
Nsl Cloisite 30B 4 % mﬂu%uamglugmijﬂmmm’lm 39U

Young’s Tensile Percentage
rnueaY modulus strength strain at
%‘MQTL! (MPa) (MPa) break

1 42.70 1.46 63.61

2 33.50 1.52 71.25

3 26.30 1.91 161.30

4 10.60 1.41 191.42

5 36.10 1.31 74.92

6 46.30 1.47 71.16

7 35.40 1.48 123.14

8 22.60 1.62 76.29
Mean 31.69 1.52 104.13
SD 11.51 0.18 48.83
2SD 23.02 0.36 97.65
Mean+2SD 54.71 1.89 201.79

Mean-2SD 8.66 1.16 6.48
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4‘ 9 ' =2 A e
AN V.24 HAaN1TNATDUAIUATUNTIUADLIIAIYAUDIBUITU TPS

A a . dAa 2 D, & y
Nsl Cloisite 30B 8 % v1mu%m1u1umaugmam%u 39U

Young’s Tensile Percentage
ey modulus strength strain at
%‘HQ]H (MPa) (MPa) break
1 44.60 1.90 117.24

2 63.20 1.80 65.97

3 46.40 1.81 64.46

4 44.40 1.98 97.69

5 60.40 1.62 64.88

6 43.20 1.72 90.84

7 48.50 1.81 88.23

8 58.20 1.64 60.46
Mean 51.11 1.79 81.22
SD 8.12 0.12 20.43
2SD 16.24 0.25 40.86
Mean+2SD 67.36 2.03 122.08

Mean-2SD 34.87 1.54 40.36
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v Y
9”51\1‘?] V.25 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ A { < ay 4 Y]
AN MMT/ADA 1 % Mnusuaulugaivguanuiu 3 5u

Young’s Tensile Percentage
nuay modulus strength strain at
%mm (MPa) (MPa) break

1 2.20 0.81 398.43

2 1.10 0.70 490.58

3 1.70 0.75 420.19
4 1.20 0.71 489.84

5 1.20 0.77 484.65

6 5.10 1.26 374.46

7 1.90 1.15 607.74

8 3.40 1.29 552.76

9 3.20 1.25 553.01
10 1.90 1.19 630.38
11 1.80 1.13 600.63
12 2.00 1.14 591.52
13 1.90 1.15 614.64
14 2.20 1.20 571.93
15 1.80 1.19 619.25
16 2.10 1.23 646.61
Mean 2.17 1.06 540.41
SD 1.00 0.22 86.98
2SD 2.00 0.44 173.95
Mean+2SD 4.16 1.50 714.37

Mean-2SD 0.17 0.61 366.46
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4‘ 9 ' =2 A e
A1T19N V.26 HANT1TNATDUAIUATUNIUADLIIAIYAUDIBUITU TPS

{ A < ay g [
AN MMT/ADA 4 % Minusuaulugaruguanuiu 3 Ju

Young’s Tensile Percentage
nueay modulus strength strain at
%mm (MPa) (MPa) break

1 5.40 1.46 491.22

2 5.00 1.17 577.83

3 3.00 1.38 520.40

4 2.90 1.18 453.40

5 5.20 1.35 388.42

6 4.80 1.43 357.76

7 3.80 1.39 538.55

8 5.80 1.59 340.15
Mean 4.49 1.37 458.46
SD 1.11 0.14 88.35
2SD 2.22 0.28 176.70
Mean+2SD 6.71 1.65 635.17

Mean-2SD 2.27 1.09 281.76
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4‘ 9 ' =2 A e
AN V.27 HaN1TNATDUAIUATUNIUADLIIAIYAUDITUITU TPS

{ A { < ay 4 Y]
AN MMT/ADA 8 % Mnusuaulugaiguanuiu 3 5u

Young’s Tensile Percentage
Hnyeay modulus strength strain at

%mm (MPa) (MPa) break
1 36.40 2.66 218.03
2 29.40 2.49 204.59
3 45.50 2.87 178.83
4 35.00 2.78 209.96
5 31.90 2.78 222.38
6 59.20 3.08 206.64
7 39.10 2.66 207.73
Mean 39.50 2.76 206.88
SD 10.12 0.19 13.95
2SD 20.23 0.38 27.89
Mean+2SD 59.73 3.14 23477

Mean-2SD 19.27 2.38 178.99
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4‘ 9 ' =2 A e
A1T19N V.28 HANITNATDUAIUATUNTIUADLIIAIYAUDITUITU TPS

{ a { < Qy § Y
AN MMT/C-dex5 1 % MnuFuaulugaiuquanudu 3 Ju

Young’s Tensile Percentage
rnueaY modulus strength strain at
%uam (MPa) (MPa) break

1 3.90 1.69 383.52

2 4.60 1.65 364.25

3 5.40 1.71 336.62

4 5.40 1.81 371.76

5 4.90 1.68 411.35

6 4.50 1.60 380.57

7 5.00 1.67 358.44

8 5.10 1.84 321.13

9 5.60 1.76 356.73
Mean 4.93 1.71 364.93
SD 0.53 0.08 26.51
2SD 1.07 0.15 53.02
Mean+2SD 6.00 1.87 417.95

Mean-2SD 3.87 1.56 311.91
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4‘ 9 ' =2 A e
A1T19N V.29 HaN1TNATDUAIUATUNIUADLIIAIYAUDIBUITU TPS

{ a { < Qy § [
AN MMT/C-dex5 4 % MnuFuaulugaiuguanudu 3 Ju

Young’s Tensile Percentage
nnaay modulus strength strain at
“?;mm (MPa) (MPa) break

1 26.70 2.87 183.01

2 21.50 3.10 239.56

3 16.90 2.63 245.44

4 29.70 2.33 249.40

5 34.40 2.37 252.45

6 26.40 2.66 295.95

7 34.00 2.75 254.10

8 26.10 2.78 217.46

9 12.60 3.24 213.35
10 16.60 3.24 295.47
Mean 24.49 2.80 244.62
SD 7.43 0.33 34.85
2SD 14.86 0.65 69.70
Mean+2SD 39.35 3.45 314.32

Mean-2SD 9.63 2.15 174.91




v Y
9”51\1‘?] .30 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllﬁ?ﬂﬂ'ﬁ!@]ﬂ!ﬁ\iﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ a { < Qy f [
AN MMT/C-dex5 8 % MnuFuanulugaruguanuiu 3 Ju

Young’s Tensile Percentage
rnueaY modulus strength strain at
%uam (MPa) (MPa) break

1 52.80 3.18 211.37

2 61.40 3.18 254.80

3 36.10 3.31 241.72

4 60.00 3.82 180.51

5 37.00 3.37 366.47

6 30.30 2.86 282.36

7 33.60 3.13 313.84

8 53.10 3.36 281.10

9 37.70 3.37 163.31
10 30.5 3.21 236.13
11 46.700 3.06 232.25
Mean 43.56 3.26 251.26
SD 11.63 0.24 58.37
2SD 23.27 0.48 116.75
Mean+2SD 66.83 3.74 368.01

Mean-2SD 20.30 2.78 134.51
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4‘ 9 ' =2 A e
A1T19N V.31 HaN1TNATDUAINUATUNTIUADLIIAIYAUDITUITU TPS

{ a { < Qy { Y
AN MMT/P-dex5 1 % Anuduaiuludaiuaunnuiu 3 Ju

Young’s Tensile Percentage
Huaav modulus strength strain at

%‘HQ]H (MPa) (MPa) break
1 7.50 18.16 287.61

2 7.70 17.04 283.14

3 6.80 16.00 275.02

4 7.90 18.44 303.39

5 8.50 16.43 293.38

6 6.60 15.45 333.71

7 7.70 13.68 275.07

8 9.10 16.03 254.61

9 8.00 17.86 301.28
Mean 7.76 16.57 289.69
SD 0.77 1.51 22.30
2SD 1.54 3.01 44.61
Mean+2SD 9.30 19.58 334.30

Mean-2SD 6.21 13.55 245.08
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4‘ 9 ' =2 A e
A1T19N V.32 HaN1TNATDUAIUATUNIUADLUIIAIYAUDITUITU TPS

{ a { < Qy § [
AN MMT/P-dex5 4 % nnuduauludaiuaunnuiu 3 Ju

Young’s Tensile Percentage
Hunaay modulus strength strain at

?;mm (MPa) (MPa) break
1 4.60 13.64 482.28
2 5.70 14.87 428.99
3 6.10 12.46 387.50
4 6.20 15.99 417.31
5 4.90 10.58 283.27
6 6.00 14.20 332.93
7 4.70 13.13 363.74
8 5.00 9.89 278.17
Mean 5.40 13.10 371.77
SD 0.67 2.07 71.69
2SDh 1.34 4.14 143.37
Mean+2SD 6.74 17.24 515.15

Mean-2SD 4.06 8.96 228.40
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v Y
9”51\1‘?] .33 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ a { < Qy § [
AN MMT/P-dex5 8 % MnuFuaulugaivguanuiu 3 Ju

Young’s Tensile Percentage
nueay modulus strength strain at
%mm (MPa) (MPa) break

1 4.00 9.88 782.59

2 4.30 12.47 470.97

3 5.20 11.31 527.98

4 4.30 11.23 468.43

5 4.40 12.05 636.93

6 4.60 11.07 553.85

7 5.00 13.40 547.03

8 3.70 11.04 552.83

9 4.80 14.23 453.53
10 3.70 11.73 525.12
Mean 4.40 11.84 551.93
SD 0.51 1.26 97.16
2SDh 1.02 2.53 194.32
Mean+2SD 5.42 14.37 746.24

Mean-2SD 3.38 9.32 357.61
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4‘ 9 ' =2 A e
A1T19N V.34 HAN1TNATDUAIUATUNTIUADLIIAIYAUDITUITU TPS

A a A g Iy 9 dy @
ey MMT 1 % mﬂmfmmglu@,muqumm&vu 73U

Young’s Tensile Percentage
nuay modulus strength strain at
%mm (MPa) (MPa) break

1 1.70 1.00 620.19

2 1.80 1.01 652.32

3 1.20 1.07 774.14

4 1.20 0.81 521.03

5 1.20 1.11 634.75

6 1.40 1.09 708.59

7 1.10 1.14 719.42

8 1.90 1.38 359.11

9 2.00 1.12 642.67
10 1.50 1.09 590.47
11 1.30 1.11 570.70
Mean 1.48 1.08 617.58
SD 0.32 0.13 111.52
2SD 0.64 0.27 223.04
Mean+2SD 2.12 1.35 840.62

Mean-2SD 0.84 0.82 394.54
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v Y
9”51\1‘?] .35 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllﬁ?ﬂﬂ'ﬁ!@]ﬂ!ﬁ\iﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a A g Iy 9 dy @
ey MMT 4 % mﬂU%mmiu@,ﬂ’mﬂummmu 73U

Young’s Tensile Percentage
nueay modulus strength strain at
%mm (MPa) (MPa) break

1 3.50 1.59 568.54

2 4.00 1.60 587.89

3 4.50 1.74 311.78

4 5.30 1.72 320.77

5 3.50 1.69 539.46

6 4.10 1.70 330.04

7 5.40 1.76 449.87

8 3.90 1.66 363.81

9 3.40 1.71 414.96
10 3.10 1.68 352.93
11 3.90 1.78 394.15
Mean 4.05 1.69 421.29
SD 0.75 0.06 101.68
2SD 1.49 0.12 203.37
Mean+2SD 5.55 1.81 624.66

Mean-2SD 2.56 1.58 217.93
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v Y
9”51\1‘?] V.36 Nﬁﬂ1TVIﬂﬁ'ﬂ‘ﬂﬂ')'lllé]}?uvl'luﬁﬂlliﬂﬁﬁﬁﬂsllﬂﬁﬁlfui'lu TPS

A a A g e 9 dy Y
ey MMT 8 % mnn%umuiumaugummwu 73U

Young’s Tensile Percentage
nuay modulus strength strain at
%mm (MPa) (MPa) break

1 10.50 2.49 287.24

2 15.70 2.46 226.02

3 15.70 2.71 320.85

4 9.80 2.98 367.74

5 9.60 2.92 319.40

6 12.70 2.30 352.48

7 14.90 2.20 273.62

8 11.60 2.17 301.40

9 5.50 2.02 290.98
10 7.90 2.24 286.07
11 8.70 1.99 255.75
Mean 11.15 2.41 298.32
SD 3.33 0.34 40.85
2SD 6.67 0.68 81.71
Mean+2SD 17.82 3.09 380.03

Mean-2SD 4.48 1.73 216.61
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4‘ 9 ' =2 A e
A1T19N V.37 HaN1TNATDUAIUATUNTIUADLIIAIYAUDIBUITU TPS

A a L Az 2 v & Y
N Cloisite 30B 1 % mﬂu%mmglugﬂmﬂumm%u 73U

Young’s Tensile Percentage
rnueaY modulus strength strain at
%uam (MPa) (MPa) break

1 8.70 1.72 217.91

2 5.00 1.62 247.15

3 5.00 1.78 199.42

4 3.70 1.71 338.87

5 4.60 1.66 299.05

6 7.00 1.58 307.80

7 4.20 1.57 373.85

8 2.60 1.56 330.14

9 5.30 1.71 280.21
Mean 5.12 1.66 288.27
SD 1.80 0.08 57.81
2SD 3.60 0.16 115.62
Mean+2SD 8.72 1.82 403.88

Mean-2SD 1.52 1.50 172.65
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v Y
9”51\1‘?] V.38 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

A a . dAa 2 P, & o
Nsl Cloisite 30B 4 % mﬂu%uamglugmijﬂmmm’lm 71U

Young’s Tensile Percentage
rnueaY modulus strength strain at
%‘MQTL! (MPa) (MPa) break

1 15.80 1.66 158.90

2 8.10 1.67 226.13

3 7.80 1.72 209.01

4 8.80 1.67 228.42

5 4.90 1.61 208.60

6 5.40 1.62 230.61

7 5.20 1.56 249.67

8 9.20 1.64 236.50

9 7.20 1.68 252.07
10 3.80 1.73 267.33
Mean 7.62 1.66 226.72
SD 3.40 0.05 30.14
2SD 6.80 0.10 60.27
Mean+2SD 14.42 1.76 287.00

Mean-2SD 0.82 1.55 166.45
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4‘ 9 ' =2 A e
A1T19N V.39 HAaN1TNATDUAIUATUNTIUADLIIAIYAUVDIBUITU TPS

A a . dAa 2 D, & y
Nsl Cloisite 30B 8 % mnu%mmiucﬂmmﬂumm%u 7 U

Young’s Tensile Percentage
rnueaY modulus strength strain at
%uam (MPa) (MPa) break

1 9.20 1.51 162.81

2 9.30 1.62 176.52

3 5.80 1.49 264.07

4 10.50 1.77 196.27

5 8.70 1.86 138.58

6 9.30 1.90 165.72

7 6.90 1.75 175.71

8 6.50 1.62 180.38

9 7.30 1.53 205.88
Mean 8.17 1.67 185.10
SD 1.59 0.15 35.38
2SD 3.17 0.31 70.76
Mean+2SD 11.34 1.98 255.86

Mean-2SD 5.00 1.36 114.35
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v Y
9”51\1‘?] V.40 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllﬁ?ﬂﬂ'ﬁ!@]ﬂ!ﬁ\iﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ A < ay g [
AN MMT/ADA 1 % Mnusuaulugaiuguanuiu 7 Ju

Young’s Tensile Percentage
nueay modulus strength strain at
%mm (MPa) (MPa) break

1 0.50 0.59 470.77
2 1.30 0.57 560.98
3 0.80 0.57 654.64
4 0.60 0.52 734.53
5 0.40 0.59 564.27
6 1.10 0.76 458.53
7 1.60 0.86 687.69
8 1.50 0.78 684.49
9 0.90 0.81 570.39
10 1.30 0.88 602.55
11 1.80 0.89 697.26
12 1.30 0.93 698.88
13 1.20 0.96 648.92
14 1.90 0.93 600.02
15 1.60 0.80 493.39
16 2.30 0.82 503.87
17 2.90 0.99 531.63
Mean 1.35 0.78 597.81
SD 0.65 0.15 87.73
2SD 1.30 0.31 175.45
Mean+2SD 2.65 1.09 773.27

Mean-2SD 0.05 0.47 422.36
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v Y
9”51\1‘?] V.41 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllﬁ?ﬂﬂ'ﬁ!@]ﬂ!ﬁ\iﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ A < ay g [
AN MMT/ADA 4 % Minusuaulugaruguanuiu 7 Ju

Young’s Tensile Percentage
nuay modulus strength strain at
%mm (MPa) (MPa) break

1 3.40 0.88 504.14

2 2.10 1.12 451.29

3 6.60 1.35 334.77

4 4.80 1.03 402.82

5 3.30 1.36 369.16

6 4.90 1.07 548.76

7 5.10 0.94 483.41

8 7.70 1.20 348.75

9 5.10 1.30 482.11
Mean 4.78 1.14 436.13
SD 1.71 0.18 75.33
2SD 3.42 0.35 150.65
Mean+2SD 8.19 1.49 586.79

Mean-2SD 1.36 0.79 285.48
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4‘ 9 ' =2 A e
AN V.42 HANITNATDUAIUATUNIUADLIIAIYAUDITUITU TPS

{ A < ay g @
AN MMT/ADA 8 % Minusuaulugaruguanuiu 7 Ju

Young’s Tensile Percentage
nueay modulus strength strain at
%mm (MPa) (MPa) break

1 13.60 1.70 291.72

2 12.70 1.73 291.25

3 12.80 1.72 252.31
4 9.60 1.60 340.06

5 12.00 1.92 160.34

6 16.00 1.85 256.38

7 9.40 1.84 244.35

8 18.00 1.76 344.21
Mean 13.01 1.76 272.58
SD 2.93 0.10 59.12
2SD 5.86 0.20 118.24
Mean+2SD 18.87 1.97 390.82

Mean-2SD 7.16 1.56 154.34
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v Y
9”51\1‘?] V.43 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ a { < Qy f [
AN MMT/C-dex5 1 % Mnusuauludaiuguanuiu 7 9

Young’s Tensile Percentage
rnueaY modulus strength strain at
%‘MQTL! (MPa) (MPa) break

1 2.40 1.22 519.04

2 4.10 1.19 470.14

3 3.80 1.36 444.36

4 1.80 1.21 681.59

5 2.10 1.36 418.41

6 7.00 1.47 406.55

7 5.00 1.42 393.91

8 6.90 1.43 380.19

9 4.30 1.32 385.83
10 42 1.38 506.00
Mean 4.16 1.34 460.60
SD 1.81 0.10 91.82
2SD 3.61 0.20 183.63
Mean+2SD 7.77 1.53 644.23

Mean-2SD 0.55 1.14 276.97
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4‘ 9 ' =2 A e
AN V.44 HAN1TNATDUAIUATUNTIUADLIIAIYAUVDIBUITU TPS

{ a { < Qy § Y
AN MMT/C-dex5 4 % MnuFuaulugaiuguanudu 7 Ju

Young’s Tensile Percentage
Hnaay modulus strength strain at

émm (MPa) (MPa) break
1 4.80 1.50 470.93
2 5.40 1.59 459.41
3 6.60 1.45 339.87
4 9.50 1.98 346.13
5 6.10 1.59 387.11
6 7.90 2.06 279.38
7 5.80 1.44 456.70
8 5.10 1.37 483.00
9 9.50 1.57 349.65
Mean 6.74 1.62 396.91
SD 1.81 0.24 72.76
2SD 3.62 0.48 145.51
Mean+2SD 10.36 2.10 542.42

Mean-2SD 3.13 1.14 251.40
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v Y
9”51\1‘?] V.45 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ a { < Qy § [
AN MMT/C-dex5 8 % MnuFuaulugaiguanuiu 7 5u

Young’s Tensile Percentage
rnueaY modulus strength strain at
%‘MQTL! (MPa) (MPa) break

1 20.00 2.26 264.47

2 11.50 1.82 397.97

3 18.80 2.03 324.38

4 14.50 2.11 370.66

5 20.20 2.18 151.77

6 21.20 2.52 221.63

7 33.10 2.65 216.45

8 31.60 2.58 252.89

9 9.90 1.98 463.01
10 24.7 2.34 273.41
Mean 20.55 2.25 293.66
SD 7.69 0.28 94.66
2SD 15.39 0.55 189.31
Mean+2SD 35.94 2.80 482.98

Mean-2SD 5.16 1.69 104.35
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9”51\1‘?] V.46 Nﬁﬂ1TI/]ﬂ’ﬁ'ﬂ‘ﬂﬂ')'lllg]ﬁu‘ﬂ'lu@]’f]!ﬁﬂﬁﬁﬁﬂﬂl@ﬁ%uﬂ'lu TPS

{ a { g Qy § Y
AN MMT/P-dex5 1 % AnuFuauludaivguanudu 7 Ju

Young’s Tensile Percentage
Huaav modulus strength strain at

%‘HQ]H (MPa) (MPa) break
1 3.50 1.29 370.81
2 3.70 1.28 425.90
3 4.30 1.29 340.70
4 5.30 1.54 392.96
5 4.50 1.35 34531
6 5.10 1.43 351.36
7 5.60 1.51 289.92
8 4.00 1.50 405.51
9 6.90 1.54 290.01
10 5.60 1.59 321.81
Mean 4.85 1.43 353.43
SD 1.05 0.12 46.09
2SD 2.10 0.24 92.18
Mean+2SD 6.95 1.67 445.61

Mean-2SD 2.75 1.19 261.25
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{ a { g Qy § Y
AN MMT/P-dex5 4 % nuFuauludaiuguanuiu 7 Ju

Young’s Tensile Percentage
rnueaY modulus strength strain at
%‘MQTL! (MPa) (MPa) break

1 2.40 0.99 471.59

2 2.30 1.06 487.00

3 2.50 1.03 463.98

4 3.20 1.13 507.66

5 3.30 1.20 461.17

6 3.60 1.15 417.02

7 4.10 1.23 497.04

8 4.70 1.29 476.76
Mean 3.26 1.14 472.78
SD 0.86 0.10 27.63
2SD 1.71 0.20 55.27
Mean+2SD 4.98 1.34 528.04

Mean-2SD 1.55 0.93 417.51
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{ a { < Qy § Y
AN MMT/P-dex5 8 % MnuFuaulugaruguanuiuy 7 Ju

Young’s Tensile Percentage
rnueaY modulus strength strain at
%uam (MPa) (MPa) break

1 2.50 1.06 556.16

2 3.30 1.18 496.11

3 4.50 1.06 486.47

4 3.70 1.33 410.72

5 3.20 1.30 431.35

6 4.50 1.23 448.32

7 3.70 1.22 542.07

8 3.20 1.18 491.60

9 4.50 1.07 485.97
10 3.30 1.39 405.59
11 4.80 1.52 320.61
Mean 3.75 1.23 461.36
SD 0.73 0.15 67.39
2SD 1.47 0.29 134.78
Mean+2SD 5.21 1.52 596.14

Mean-2SD 2.28 0.94 326.58
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Abstract
The aim of this work is to study the |

nf the ill

Study of preparation and thermal property of montmorillonite/dextrin 5 nanocomposite

Faungchat Thammarakcharoen*, Wanchai Lerdwijitjarud
(Department of Material Science and Engineering, Faculty of Engineering and Industrial Technology, Silpakom University)

ite/dextrin 5

dA 1Si 1ol

and fo i

illonite/dextrin 5 were |

T'heut'he

illonite/d posite, the sample obtai
Thermal pro nrfr.lle' lated 7
Introduction

Starch is a biod dabl 1 However, th plastic starch (TPS)
alme cannot a&m meel sil the req of a packagi ial
fore, an plable filler |s used to lmpmw the
of TPS. Ci Iy, various are being
dmloped, but the most heavily d type of ites uses

layered silicate clay mineral as reinforcing phase. Beside its avmhlnhly and
low cost, it is environmental friendly. Mostly convnnimi eumposntes are
not nanocomposites because of forces of i
bonding, hydrogen bonding, and van der Waals fmemmgolny The
dextrin 5 was used in this work to weaken the force of interaction and
increased d-spacing among clay.

Experimental
Dextrin 5 was dissolved in hot deionised water. N- hloro-2

hydroxypropyl) trimethylammonium chloride was added to dextrin 5 solution
and stirred for 18 h. The montmorillonite was modified using cationic dextrin
5. M illonite was dispersed in hot water at 70 “C under continuous
stirring to obtain a suspension solution. Cationic dextrin 5 solution at 70 °C
was poured into the montmorillonite-water suspension solution under
wvigorous stirring and the precipitate was collected by two methods;
precipitation in ethanol and centrifugation. All samples were characterized by
XRD, TEM and TGA.

Results and discussion
Fig.1 Show XRD pattems of montmorillonite and the precipitate from
centrifugation, their d-spacings are 12.14 °A and 14.34 A, respectively.
Clearly. the intercalant was inserted into clay interlayers so their d-spacings
increased. No diffraction peaks are observed for sample from precipitation
in ethanol, which indicated that the clay disperses well and exfoliates in this
part. TEM images in Fig.2 support XRD result. The sample obtained from
the centrifugation method showed layered structures, and the sample
btained from the precipitate in ethanol indicated the illonite sheets
were delaminated.

3000

propyl) illonite was modified by cationic dextrin 5 and was sep
meﬂnnolandcenm&gaumﬂs&mplesmchmmudhym TEM and TGA. The results showed that there are two different structures of
d from centrifugation method has intercalated structure and the other has exfoliated structure.
is better than the exfoliated nanocomposite and pure dextrin 5.

' -

their thermal properties. The
-pared. Dextrin 5 has been cationised by reacting dextrin 5 with the cationic monomer, N—(i-chl.om-!-

1 by two method:

50
vesiprricers ()

Fig. 3. TGA of (A) posite of the biained from

centrifugation, (B) nanocomposite of precnpmne in eﬂmal and (C) pure
dextrin 5.

RemhsofTGAmemme.nismpmsmted mFlg 3. The residual weight
in the i I and ite are 41 wi%e
and 21 wt%, respectively. Therefore the thermal stability of the intercalated
nanocomposite is better than that of exfoliated nanocomposite.

Conclusion
There are two different of illonite/d 5
mocompomc. the sample obtained from cenlrifuganon method has
and the other has exfoli Thermal p 3
of the intercalated nanocomposite is better than the exfoliated mnmamposute
and pure dextrin 5.
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uaAnT 139 (polysaccaride) AfuousmeimioutuuatinsiFouds (linkage) Huansreiuyh
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Abstract

lenmplamumchm}kwmﬂuadbbemofhnmmmhkwmrqﬂmmmwpomuhmwpﬂmbmofnmm
Ly raw biodegradability. The aim of present work i to study the prepa hiNa™ montmerillonite clay
To i ﬂw fh of starch size on the gy of the i dnupﬂuefmmm&rmhmmhrwmlem
S dmrlnls mmmmmmmm MWMWMWMMMWNWMWWMManm 11u

quently mixed with cationic dextring in water. In the case of clay treated with cationic dextrin 15 and dextrin 20, the d
mmwwdimmmmwmﬁg For clay treated with cationic dextrin 5. &mm&gdmubﬁmsqmndhmmﬂemﬁymﬂt!%nf&emﬂm
and the rest of the composite was separated by precipitation in ethanol. Xerays diffraction (XRD) spectrum of cationic dextrin 20/clay, cationic dextrin 13/caly, and centrifigal part of

cationic dextrin S'clay composite indicate the i of those i Mnmmmmmmxmmmﬁmimﬂmm-

montmerillonite. Mo clear pegk was ob d for XRD of the ethanol part of dextrin S'clay composite, which imply the fully exfolisted strucrure. The
ponding results for all posi phology btained fom ission electron microscope.

Introduction

Table] d-spacing of nanocomgposites

Starchisa p i i starch (TPS) ak t
often meet all the requi ofap 1g material. Therefore, an environmentally
acceptable filler is used to improve the propu'tm of TPS. Currently, various nano-
reinforcements are being developed, but the most heavily researched type of
nanocomposites uses layered silicate clay mineral as reinforcing phase. Beside its
avada‘buhly and low cost, it is environmental friendly. The aim of this work was to

igate the i of starch size on the phology of the
nanocomposite. Three grades of dextrin with difference in molecular weight, i dextrin
5, dextrin 15 and dextrin 20 were used as model materials. In addition, ther morphology
and thermal stability of nanocomposites were studied.

g

Experimental

Dextrin 5, dextrin 15 or dextrin 20 was di: in hot deioni: chl
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their d-spacings are showed in table 1. Clearly, mmmmwmumw
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ABSTRACT

Thermoplastic starch (TPS) is considered to be one of the most interesting materials that
can replace petroleum-based polymer in some applications because of its high annual availability
of raw materials, and its biodegradability. The aim of present work is to study the preparation
and morphology of starch/N a -montmorillonite clay nanocomposites. To investigate the influence
of starch molecular size on the morphology of the nanocomposites, three types of dextrin with
difference in molecular weight, i.e. dextrin 5, dextrin 15, and dextrin 20, were used as model
materials. The cationic dextrin was prepared by reacting dextrin with N-(3-chloro-2-
hydroxypropyl)trimethylammonium chloride. The Na -montmorillonite was subsequently mixed
with cationic dextrins in water. In the case of clay treated with cationic dextrin 15 and dextrin 20,
the dextrin/clay composites were almost completely separated from aqueous media by
centrifugation. For clay treated with cationic dextrin 5, the centrifugal method can separated the
composite only around 13 % of the total mass and the rest of the composite was separated by
precipitation in ethanol. X-rays diffraction (XRD) spectrum of cationic dextrin 20/clay, cationic
dextrin 15/clay, and centrifugal part of cationic dextrin 5/clay composite indicate the intercalated
nanostructure of those composites due to the peak shifting to lower Bragg’s angle comparing to
that of unmodified Na'-montmorillonite. No clear peak was observed for XRD spectrum of the
ethanol-precipitated part of dextrin 5/clay composite, which implied the fully exfoliated structure.
The corresponding results for all nanocomposite morphology were obtained from transmission

electron microscope.

Key words: Nanocomposite, Nanomaterial, Dextrin, Montmorillonite
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1. Introduction

It is well known that starch is an inexpensive and abundant natural resource. Currently
many researches have been done on the materials prepared from starch, because it is
biodegradable and renewable. Due to its poor strength, the mixing of clay in thermoplastic starch
could improve the properties of thermoplastic starch material. Recently, studies in layered silicate
nanocomposites indicated the possibility of exceptional improvement in physical properties of the
material, e.g. increased modulus and improved barrier properties at low filler level (Alexandre
and Dubois, 2000). The key to such performance rests on the ability of exfoliated and disperse
individual, high-aspect ratio silicate platelets within the polymer matrix. The aim of this work was
to investigate the influence of starch molecular size on the morphology of the nanocomposite.
Three types of dextrin with difference in molecular weight, i.e. dextrin 5, dextrin 15 and dextrin
20 were used as model materials. In addition, the morphology and thermal stability of

nanocomposites were investigated.

2. Experimental

2.1 Materials
Dextrin 5, dextrin 15, dextrin 20 and N-(3-chloro-2-hydroxypropyl)trimethyl ammonium
chloride were obtained from Fluka. Na -montmorillonite (Na+MMT) with a cationic exchange

capacity (CEC) of 92.6 meg/100g was received from Southern Clay Product.

2.2 The preparation of cationic dextrin/montmorillonite nanocomposite

Dextrin 5, dextrin 15 or dextrin 20 was dissolved in hot deionised water. N-(3-chloro-2-
hydroxypropyl)trimethylammonium chloride was added to dextrin solution and stirred for 18 h.
The montmorillonite was modified using cationic dextrin. Montmorillonite was dispersed in hot
water at 70 °C under continuous stirring to obtain a suspension solution. Cationic dextrin solution
at 70 °C was poured into the montmorillonite-water suspension solution under vigorous stirring

and the product was collected by two methods; precipitation in ethanol and centrifugation.
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2.3 X-ray diffractometry (XRD)

The X-ray diffractomer [Bruker D8] (40 kV, 40 mA) was carried out using CukKQl X-ray

radiation diffractometer ()\ =1.5406 A) at a scaning rate of 0.45 °/min.

2.4 Transmission electron microscopy (TEM)
Transmission electron microscope [Joel JEM 1230] was used in the experiment. Sample
powder was suspended in acetone. Then the suspension drops were put on a carbon sieve. The

instrument was operated at an acceleration voltage of 100 kV.

2.5 Thermogravimetric analysis (TGA)
Thermogravimetric analysis of composite was carried out using a Perkin Elmer

[e]
[TGA 7] under nitrogen atmosphere at a heating rate of 10 C/ min.
3. Results and Discussion

3.1 X-ray diffractometry

The dispersion extent of MMT layers has typically been elucidated by WAXD, which
allows a direct evidence of dextrin chain confinement into the MMT gallery. The X-ray
diffraction patterns of all samples are shown in figure 1. The WAXD pattern reveal the diffraction

peak of Na -montmorillonite crystal plane at 7.276. According to the Bragg diffraction equation,

2dsin® = )\, the distances d001 is 12.14 A .For nanocomposites obtained from centrifugation,
the d-spacing of cationic dextrin 5/MMT, cationic dextrin 15/MMT and cationic dextrin 20/MMT
nanocomposite were 14.34, 13.60, and 13.83 respectively, which indicated the intercalated
structure (Fornes ef al.,2002). No diffraction peaks were observed for the nanocomposites were
obtained from precipitation in ethanol, which indicated that the MMT dispersed well and

exfoliated in this part (S.S. Ray and M. Bousmina, 2005).
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Figure 1. XRD patterns of (a) Na -montmorillonite and nanocomposites obtained from

centrifugation, (b) nanocomposites obtained from precipitation in ethanol.
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50 nm
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Figure 2. TEM micrographs of (a) cationic dextrin 5/MMT nanocomposite, (b) cationic dextrin
15/MMT nanocomposite, and (c) cationic dextrin 20/MMT nanocomposite obtained from
centrifugation; (d) cationic dextrin 5/MMT nanocomposite, (e) cationic dextrin 15/MMT
nanocomposite, and (f) cationic dextrin 20/MMT nanocomposite obtained from precipitation in

ethanol.



3.2 Transmission of nanocomposites (TEM)
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The transmission electron microscope of cationic dextrin/MMT nanocomposite, were

shown in figure 2. The morphology of cationic dextrin/MMT nanocomposites obtained by

precipitation in ethanol indicated the delamination of montmorillonite sheets.

3.3 Thermogravimetric ananlysis (TGA)

Results of TGA measurements were presented in Figure 3. The residual weight in the

intercalated nanocomposite and exfoliated nanocomposite are showed in table 1. The percent

weight of MMT in each sample can be calculated. It showed 73.50% of MMT in cationic dextrin

5/MMT nanocomposite obtained from precipitation in ethanol. In this part MMT sheets were

delaminated because the large molecular size of cationic dextrin 5 can greatly reduce the force of

interaction between montmorillonite sheets, but cationic dextrin 15 and cationic dextrin 20 can

not hide the interaction between montmorillonite sheets so they showed mostly intercalated

structures.
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Figure 3. TGA of (a) nanocomposites obtained from centrifugation, (B) nanocomposites obtained

by precipitation in ethanol.

Table 2. Residual weight percentage and montmorillonite weight percentage.

nanocomposite residual weight from TGA total weight (%) MMT weight (%)
sample centrifugation | precipitation | centrifugation | precipitation | centrifugation | precipitatation
dextrin 5 / MMT 44.09 21.29 13.08 81.30 24.50 73.50
dextrin 15"/ MMT 30.30 10.40 76.67 11.02 48.30 2.40
dextrin 20"/ MMT 46.76 11.73 68.92 8.72 58.50 1.90

4. Conclusions

There are two different types of structures of dextrin/montmorillonite nanocomposite; the

sample obtained from centrifugation method has intercalated structure and the sample obtained

from precipitation in ethanol has exfoliated structure. Cationic dextrin 5 can decrease the force of

interaction between MMT sheets, so MMT sheets are delaminated.
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