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ELECTROSPINNING OF CELLULOSE ACETATE FIBERS MIXED
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ABSTRACT

Small-size fiber web could be produced by many methods. Direct melt spinning and bi-
component fiber spinning are two of possible methods to spin small-size fibers. Fibers from these
methods would be cut into shorter fibers and pass through web formation process. Recently,
electrospinning method has become interested from scientists and researchers, because it could
produce small-size fiber web directly form polymer solution.

This study was to prepare electrospun webs from cellulose acetate mixed with tannic acid
by electrospinning technique with different concentrations of cellulose acetate, tannic acid and
mixing ratios of acetone and water. After that, a 15% w/w CA solution was mixed with tannic acid
in a range of 10 to 150% w/w of CA which was electrospun to form fiber web.

The results showed that 15% w/w of cellulose acetate (CA) in acetone were the lowest
concentration to yield bead-free fibers. The addition of more water in solvent mixture resulted in
bigger the fiber diameter with rouge surface. In the case of tannic acid from 10 to 70% w/w of CA,
fiber diameter increased which was from 4.50 £0.62 um to 6.33 +1.30 um with an increase amount
of tannic acid. However, amount of tannic acid from 90 to 150% w/w of CA, the fiber diameter
decreased which was from 6.12 £1.29 pum to 2.59 +0.79 um. Moreover, the actual amount of tannic
acid in fiber was between 86.95 +6.41% and 99.18 +1.73%. Tannic acid from the tannic acid-loaded
cellulose acetate fiber in distilled water within 240 minutes was found to have the highest
cumulative dose of tannic acid is derived from 6.2993 +0.0854 mg fiber mats, representing 1.94

+0.03% of the physical volume of the fibers mats.

Keywords: cellulose acetate, tannic acid, electrospinning
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3. fulsaanzinadou
&
AUV

a 1

aaveanszuumsihuduledreliihadaiisninadeasazats anuiui
gaflmansznusemsszmevesiahazats uazildifemsniuninveseathusnaiives
dule Fedenanoduginineveudule Tuvaiziinnuiudnzdaranesasinssmove
Wazanw mamsszevesdiazated uiu llagsh i unsgaduuesasazaneui i
Ty Vrieze et al. [38] ﬁmﬁﬁﬂy1’3%%wasummm%{um'aﬁ’ﬂymmmgﬁ'uiﬂmagiammﬁm
(cA) lumhazaenausziigerlauuay lamianednilug (DMAc) uazwed hilalwlsa
Tau (PVP) Tuarviazarsiemuea wuduﬁaﬁmmsﬁuqﬂ iduloagTaquedimasziivuia
Tnajiu Tuvazit idulowedhiia nlsalaudvinaana

FUAVDIUTTEINA

1 X a 2] 1 a
penlszneuvesomalinansnszuaumsiudulediellihada Madresiia
nuvzlinganssunarnuliieogluauwIihmeaags
ANUAY

AUAUVITOIMATINAADAINIADITUDIS WO AT NYIPDNIN toA AU

a [] 1 o a 4
‘]JiiEJ"IﬂWﬂﬁﬂﬁQﬁ]SLﬂﬂﬂ’ﬂillllllﬁaﬂiﬁﬂa"IW@ﬁmi’]i
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v Aa

a Jd o <] A
2.14 WﬂaLﬂJ@iﬁ’lﬂiU@LﬁﬂI@iﬁﬂuuﬂ
o A a Y a o A 1 @ 1 a o o y Y Y
Gluﬁi]fgnuu llﬂ’libl“]f‘W'E—Jﬁlﬂ@iﬂllﬁﬂﬁ’]\iﬂﬂﬂ’lﬂﬂ'ﬂ 20 BUA ﬁ’lﬁiﬂﬂ’liﬁulﬁuiﬂﬂ'{]ﬂ
Y a 2 Y Ay = dy A 9 o a L [ A J
ulV‘lV‘l'lﬁflﬂ SHAUVDAUVDNUNUBINTSUIUNTIU AD mmmiwuwammﬂuaﬂymzmﬂumiazmﬂ

HaraINaoNIMal 1 AIn1319N 2.1-2.2

d‘ a a 4 v o d' Y o [ a 9
M990 2.1 yHaveINoaWesazAacaten lFdmsunandu levuiau Tuwas lag

aszurumstudulonuy lWihade [39]

Woaes ihazae

1aq ladiomine Pz lau

weﬁ”hﬁmmaﬂaaaﬁ(PVA) 1?1

Tuasu 6 asanesiin

WodAgIINU (PU) Tawianesinlud (DMF), waselaTasyusu
(THF)

woa lilanas lsd (PVC) lawiaesunlua (DMF), mase laTasyusy
(THF)

woans luanlau (PCL) pa A

nodaa leisu (PS) wase laTasyisu (THF)

alasuding ladualasiu 75% THF 25% DMF

(SBS)

NINBZAIAN lawiiarlos i lud (DMF)

woaehauesn lud (PEO) i

Tnay asaneiin
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mseh 2.2 woaweshl¥dmTundadulTaonszurumsihudulovuy Wfhada luz

naouvian [39]

GGIGH 718021080 uvgiinld (c)
wodltoNau (PE) HDPE, MW =135x 10" | 200-220

Wod Inswau (PP) Isotactic-PP, MFI = 0.5 220-240

Tuaeu 12 (PA-12) MW =3.5x 10° 220

woatonau wsdnan (PET) | MW =4.6x 10’ 270
wodtonauuvnIan (PEN) MW =4.8x 10° 290

VOIWANYDI PET-PEN 75125, 25/75 (% wt) 290

=
2.2 wraglaauddma
IR <3| o J a & G 2 [ =
l“lfﬂﬁIaﬁll'ﬁ]"lﬂﬂﬁlﬂu@uwu‘ﬁﬂl'ﬂﬂlcﬁaﬂiﬁ'ﬁﬂf‘uﬂ‘ﬂu\? ﬂﬂmiﬂﬂm‘t&ﬂi%ﬁﬂiﬂﬂ 1865
18 Paul Schiitzenberger MaA3 oAy lamodmaisudunnmaisag lamniil§azedy

uoganueu la'lasa (acetic anhydride) taz1¥nsadaa3n (sulfuric acid) Lﬂummﬂgﬂim A1)

U
CHOH CHOH CH_ O
o o
oH 0. [\oH o on Cellulose
oK OH
OH OH OH

Ice bath Acetic anhydridefH,50,

<
Nn24

CH Oﬂt

Hydr*olys:.s CH,COOH + H,0

CHOBC CH,OAc CH O

oK o oH o N oH Cellulose acetate
oAc oAc

oic OAC one

sl 2.4 mswsouwag laduadime [40]
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22.1 autiavedyag laduamime
Y a A AA <3 o 1A A a2 A
anbazvousag laauedina Ao Idv11 iluedugiu (amorphous) Taifiny lifinau
) 1 1 1 1 Eol %
Tifisauag T IWdeeninluTasivag Tad (nitrocellulose) NUABNIABOULAZIADYTADUIY

Y 1
UBNINUANTANNNMINNUNBEVBUTAY IaduaHmauaadlun1s1an 2.3

M99 2.3 autianmeninvedsag ladueding [41]

GEBI MUY lasuodng HOHINA
ANUHUHY g/em’ 1.27-1.29 1.28-1.32
ANuEDIINIANNTeU | °C >240 ~ 230
anunuusanaveudule | keg/mm’ 14-25 16-18
mnailadiEnn3n

50-60 Hz 3.0-4.5 4.5-6.5

10" Hz n/a 4.0-5.5
ANUMUNIUT N Q.em 10°-10" 10"-10"
ANUTBUT UL 1g'K! n/a 1.46-1.88
Mshanuiou Jm'h'K n/a 0.63-1.25

TuFemaivd wag Toauodimaogludnbazuoans (powder) HazInAa (flake) 9
aunsalfouIdnarnwats i dule waredn anndeui nasildy Feautidvousag Tas
wommaRmnz s g q Jusuaumilavesasazatonas U VeI
UNUR (degree  of  substitution)  TABAIMHIIANAAITITESUMIIAANBAWLDS (degree  of
polymerization) HedanadoauTATInave AR AT dIUATTUVEIMTUNUALAAITS
ANMuaNTaluNTazae (solubility) tagAMA1nU 1A (compatibility) HUITHU (resin) @15
INGOUL (varnish) S35V (softeners) HAZATOU yeRMARET VI IR Tid A
AoauATnaveINans KAl [41 - 42] anuamnsalumsazatouazms Isanuveusag laa

a =
HOHNALAAITUAIT 1N 2.4
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v
U %

Ms1ei 2.4 anwamisalumsazateuazms ldauve uwsag laaueHmafdiauiuvoIns

UNUNAINY [42]

fovazvoaruodia SduTuvoImsumui ahazany M3 1
13.0-18.6 0.6-0.9 ih -
22.2-32.2 1.2-1.8 2-methoxy ethanol waaan
36.5-42.2 2.2-2.7 GEAEHT idule Aduaregl
43.0-44.8 2.8-3.0 aao I5vlofu i vowd naziduly

222 myldau
= =\ vaa I [ 4 v K o 9y [ 9 A
wag lacuemalianianiluendnyaimmizdaanliimunzaudomsTdaun
1 Y a ]
Wanuane 15 A Wan LrunTod [43]
F1 (fabric)
o o 4 ' a I
wag laguodmaamisou lwaunuduledu 9 1daelumswaaihududie f

[T ' <

Y
nnwag laduemalianyazmilon lvy THrdudayuuaziuasImie gaduanuruuas

q

k4 4
A A A

szuneoImala areg1ams g iy gululudegnysode Ian Sudu

a| d

aw (films)

d‘! wa = d‘ ) %} ] 9 1 = 1

iesndutaveusag laduodmanla awnsald lerrnla nuassesiiaiiu

3 1 =] o Y = I & A A a o d

nazdreaensaadainlimag laguedmatuntialumvaenivuzanlumsnaailay
o 1 a [ o 1 a| 1 v Y] 1 Ia o
svdramannma iy milla Haurelnmisde Taaveriueninssou uazms liiauaag Taa
HoHINA IUNIHANID LCD

AINT0113 (cigarette filters)

Y v o [ =~ = 9 I (J @ A A Y
ﬂ'lisl(’]f\i1uwaﬂﬁ’lwliﬂlc]fagiaﬁllf]c]ﬂﬂﬁ o Slmﬂuﬁﬂﬂif)ﬂﬂi]uu‘ﬂi HIo NUNIDI

1 9 Yy H 9
°Lq|1/i ‘leiﬁlﬁﬂ\‘i%WﬂﬁllU@lﬂWﬁﬂiﬁ)\iﬁallﬂgiﬁ%W]m1"”3@3 H’E’)ﬂémﬂuL%ﬁgiaﬁ!tﬂ%!ﬂﬂﬂﬂﬁWNWﬁﬂ
' Y2 @ a 1A Y
UﬂﬂﬁaWﬂhlﬂG]S\’ilﬂuuﬁﬁ@lﬂﬁﬁLL'J@ﬁ?JiJ

ima 11 1a8n13n304 (separation technology)

I : [ {
wag laauemallunilaluiaganldluma TuTansuendemwuinsy (membrane
. a 1 9 Y A Y
separation technology) Haziilss Teminomslynuamunsnsesnivainrals anbuzRmIZV0a

wusUNNEag laauedina Ao nuasaassutazaniingin
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a 9 ra 4
FUAUIWUN (molded goods)

~ 1 [ a ] Y 9 @ o & < A 1
Mskauwag laauadma a1s¥igtunasasauuauialeny Mt ulans oy
Y o da! I a [ o a 9 a ] a 1 1
udnh lyugiidundasuainaradn ldnainnatesiia wu wlse@iu nsouniua wiua
a % =< 9 = ] Y a [ s a A o A ] 2 A L=
5nv nzu 3ams 1vag laduedmasielirndasusinaaaniiansuzna wu lulinau lud

Y
°

sa Tidluiy Ta Lidhdh duavau lwihnaeey nuiniutaznudeanizeime laa

2.3 NSAUNULN

a . . g A o A . vq A D
NIAUNUIN (tannic  acid) 1HuFoaingvosunuiy  (annin)  wWu'ldlunssugs
9
LI~ a 1 a
Taomwiziyludess WuasdsznoumFadoulunguuosarslsznouT Tudn (phenolic
Y [l 1 gl.; ] [} Aa Aa A 1o
compound) i wiin Tuanasgiz1i19 500-3000 Nedatingiuedan lensondadaszogiiuau
= a A @ = a 4 ay v
N Ausonams¥en Teanuans Isauuaz s noameI 5350 Ia
23.1 uvaanny
- 2 .
arsdsznovunutiunuunlwiie 'l 1aen sl naziaenna Faunuinusg
Y F)
asdsznpuunutiuluisiud liansoesuielfnla ldedraisa veastidotauoin
a [l I = = A I Y v W v A A A
asusznouunuiuszduveudeluiy e Huasileanuouas1endTaInUNY 14199910
1 dyd A I Y v o g == A =Y
asnguitlsarhatazyy ¥3e Wuastesnusuangnniroswaziuanisevens  Usuiu

a o A A YA a A @ 1 ' A A 1 @ A Y
LL‘V]L!H‘L!fl]%WULUJiG]TJJ“HUﬂﬂJENW"K HUNTFTUAAYINU LUADYANDUNITOANDIYNU 1150 LL?JLLG]GI,‘L!

Yy A Y 1 J v IA A A 1 @ @ A
AUIAEINULAANFIUAUANYT BN UHUNLANA1AY ﬂﬂuﬁﬂﬂu@niﬁ‘ﬂ 2.5

M99 2.5 USuawnuiivnnlaen lithnemuinaiialuiesnais g vesdszmalne an

MIANANANIZAN 9 [44]

iia' s uHain GIOERL I QUUAN | uNUUU- LN **
aldenderh | c0) Wosiad laax
Tnanaludn | aga 27.45 17.41
JTUD 28.51 18.22
WA 1:12 60 28.35 18.10
UATATBITUIY 28.83 18.46
IUNY3 26.62 16.78
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ms1ah 2.5 PSnaunuiuananden liithmeauuiariialuiesnaia o vealszme lne 91n

MSENANTNIIZAN 9 (90) [44]

iia' s Ui GRERLeIT QUUAN | UNUUU- LN
Waenaeh | ¢c) Wosiiad loa*
Tnamalulvg | aga 26.30 16.54
JEUBY 27.55 17.49
W 1:12 60 27.45 17.41
UATATTITNIY 27.63 17.55
UN13 25.35 15.82
Ay UAIAIBITUIY | 1:6 60 25.00 15.55
aynsang 20.62 12.22
e UATAITITNIY | 1:6 70 21.84 13.15
MANNEIA UATAITITNINY | 1:6 70 16.48 9.07

P-4 A 7w A s A ¥ @ v A
*L‘]J’oi!,%u@mzﬂammuuu T\Iﬂﬁﬂﬁﬂ‘laﬂ mauumummwmgﬂa@ﬂ

*¥/31UVRIUNULY AMUIVINGATUDI Humpreys

2.3.2 Usznnveaunuily [45]
Aa 1 I
unutiune 1diay 2 Uszon Ao
a Y - ~ Y o ] 1 = = R
1. unuUUULA (true  tannins)  HimidinTatanaaaua 1,000 99 3,000 Fauie'laon 2
U ] 9 1
naugoo laun
D) unuiusiagaisdlanae1in (hydrolyzable tannins) NanHMedNIA@0U
A = 1 dal| a . a a dy Y %‘ 9 Y
Ma0d 1930na15NqUII Una Taunuiiu (gallotannins) unutuytailazatelaluiidould
I~ [ J o ana @ A ¥ a
dludnvagaeaassd lgnsordumlesinaaelsd Idmindu
a a % [] a a g I a 14
2) UNUHUBUATINAINUY (condensed tannins) BNUHUBHATITUNOANDS VDS
. v, y
msdseneviluedn auiian lladreduunuiuyiiagareda laare1i uaazazareirlaves
[ 4 o aan [ oA o
1 wazlehilgnsenuesinaae lsnag Indiden

¥ S o 1 1
2. unuiuANey (pseudotannins) HNUHUFHATLUIMIN Tuanad1n 1,000 1Y NIA

Aav 15910 (chlorogenic acid)
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233 guANIIMENINLAZNMIUAL VDN [46]
I { 9 [ 9 1 1 Y
1. dluasdsznouni Iassadwsudeu diuun luaunsoanwan 1a

2. anunsasuim ldanullsauuazmiiada nasumiduliidumislennionis

0 <
GRTEE)
= A oA 3 o a o q 9 '
3. HsarhaiiiosnnlnalaTdsau Negluhaeanaznounuunuiingiilinsvae
A
auanag
2,‘ 4 = 1 [} ) a A d = 4
4. azaelui noanoeed ued Inu ua lazareludriazaredunsd ivu dimes
ane 5o

= A o . A v v = a g
5. daudalueraguiu (astringent) 11H0991nd@W150530a0 U TUsAMAzNATlY
td'd 9 1 A:; %
a151UsznouNy IAsaa3 1 UUT UM NAIAININ
A o ann o = I Y ?:l a A A A
6. Wornlgnsenunaoveunanaz ladihunio e,
7. aunsaanaznou lanumndevuss lansaloyiia
o q ¥ s \ Y} a A A @
8. aunsamIiaisueaniaoed (alkaloids) ANAZNDU IALAZENTOUNTINTANHUE
I 1 <3 Y ~ Y]
Fuaaneunsoanazneu IR
a 1Y) Aa = 3 = %j 4%1 d‘i =\ < [
9. umutivazgagusongurazlasuiludaavy eaisazaelan1nziuag
4 a
234 sgTomivoamuiinlugaanngsu [46]
1. gaamnssunenuis Tasunutiuinlfasonu Tusauonviia i ldwmialuni
= [
i@eriaan1snen
A A a ] o A Jq Y a g’/ I
2. QATINNTINATOIANUNTHA 15U M3 udes 1 lauazinasaun e saunailu
A 4 4 o P
a3 linauluasesdudszmnndes s 1l uaznuv dae
3. mswaanlifon wu Tisuen Ins laeniiauunuiiy (proanthocyanidin - tannins)
a (% Y P <3 a [ 4 a
s ldwan lioaunumsleiueadunsizd sutlunaadumiannil Tnsmni
[ I Y Y = A Y a A Aa A YR =}
4. Svdsgmuitlueudneudevsonoudu iosnnunuiuiina lnmssunu Tisau
,ﬁ' == A [ o 91&1 1 o w ' Y
VU HUANFe vIo Thsa v ldae liausosouasiestane 1a
Y 9 [ ]
5. g1meuen luMISAYILKA UNULUILIUAUAIITIT U Lo ALAZ I DI NHARI BN
y k4 = % o % o
(mucosa) M I¥amnsoilesnuiin’la uennntunuiudim lfiduioanaddld i lvaanms

gudoidon’la
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a d' d' Y
2.4 UIVEYNNYIVDI
Suwantong, Opanasopit, Ruktanonchai and Supaphol [47] 13 outdu leiag Taaue@ine
Y v Yy
pavviusu Tasmstudulede Iihada namsnaasanuinmswavviusuasluasazae
= Aq Yo o J a a a L o J 1
iwag laduedman ldavhazaenanszninesd launas lamfanedm ludludasdiu 2 ao
1 TaeiSunas ldlddamadedugiuinoveadule vinaveuduloeglugie 314-340 T
Qy o 9 [ [ a Y dy a o dyw =
was viiuduluduledinnnuamsalumsiveyyasdase 1 uenantiamIseldafdnu
Y
msdandassyiuduainduloaron1sus (immersion) 1azMFUNTHIUAINITINY (transdermal
v
diffusion through a pig skin) WU1I5M 30y yluFugnilanassesnainmduleldsesas 90-95
Y H H v
voasuaiuFuilarn 1y ludule luvazimstandaesviusudieIsmsunsmunmil
NYUAIND
.. . o < ~ ] 9
Phiriyawirut and Phaechamud [48] Uszavanudisalumsmsenunuaulosag Taa
~ a . . oy ~ ) A v Al A
LeHNANTNNTALNAAN (gallic acid) Taenuiuaulenlsznoualensaunaanioseas 2.5 UNUAD
9 =3 v A A a Y dy <3 a dy a 9
iuleisoy ualomulsnunsaunaanldunvusznumnaavesnsaunaanuunuEudule ms
2 a 1 Y 9y q = & ~ 4 9 .
minfsnansannaandanalviduletvunaluaun surginisnaenialisuay (onset melting
temperature) YoILEUIdU loag Taquadmanauniaunaananaulomuliumnsaunadnly
Y 49! d‘ = vAa Aa [ =~ v a d 1 A d A
Wulewndu efSeumeuauiasanavesunuatan Iasadunuian wu Aauiianu
< J 1T ad A A o T ad A S
pas NN NuFuBan Insatu luvaginssanivesveuruaian Insadungaviaiia,
MnANAUTZI 10 191
Thitiwongsawet, Ouykul and Khaoroppan [49] aunsonanaunuiduledionszuiums
Tudulenvullthadaanasazarewag Taauedina Tavldaniazaonauszniteesdlan
a a L @ J 1 % @ J A
vaz lawiavedn lud lusasiaiu 2 ae 1 TassiinaedTuns Mlszneudie 2,6-lanasls-
Y
4-TuTpseeiiau (2,6-dichloro-4-nitroaniline, DCNA) 11131181614 9 91AHANITNAABIND NG
Y = Y = ddy a A a
iduloag lacuomne uazidulowag laauedimanay DCNA INUAIEToULAEN5AN DCNA
aslulumsazarowag laduedina hildasnaneduguineweoudule Fevuradulelae
maged 1ug3 241-320 W1 Tuwas
[ a I {
Giilgin, Huyut, Elmastas and Aboul-Enein [50] Wu31 nsaunuidmiuaisdsznoun
9 a A a a = Y 3 v -4
Aumumsoyyaddszniidsza@nsnmamunsaldiluasduyaluomsla
= = ad Y A
Shukla, Fang, Puranam, Jensen and Hammond [1] AnyINSIseNNanruaea

{ a a 4
(hemostatic film) nlszaeudie nsoudy (thrombin) 1482 NIALUNUUN (tannic acid) Tasmsailse
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g ¥ & Pt A ¥ Ao v Z A
SIAVEEY 9 (spray layer-by-layer) cmmimﬂﬁEJummmmaamdmumugw;u‘lﬂ tazWeIINgn

U

A ¥ Yy A Y < v 1y
Lﬂaflﬂlla’)’fﬂlﬂiﬂﬂWMLﬁ@ﬂ]lﬂ@EIN‘E'J@]LTJGI,HGI’)EJEJNNHJWQ

32



Al

UNN 3

A UHUNMINAS

¥ 2 A

o A dy = A ) o g v Yy Y
ﬂ’lﬁﬂHuuﬂ’liﬂﬂﬁ’ﬂ\iﬁluﬂiﬂuw\lﬂﬁﬂﬂ1ﬂ133ﬂlﬂu1$ﬁﬂﬁ1ﬂiﬂﬂ’lﬁﬂlugﬂllwulﬁuclﬂﬂjﬂ

Y a a a = wa 1 ¥ 42
ﬂi%ll'Juﬂ’]iUlV\I(V\hﬁﬂ@m'lﬂlclfagiaﬁllf]“]ﬂﬂ@Waﬂﬂi@l!ﬂuu‘ﬂ !,Lazzﬁﬂ‘lglWmJ’iJmeuNmﬁuGlﬂmlu

YR A ) o &2
5114 Fatluaouaail

3.1

3.2

=
aniny
3.1.1 wag laauedma Wimiin luana 30,000 i ladadu (Sigma-Aldrich Co. LLC., USA)
3.1.2 nsAUNUUN (HiMedia Laboratories, India)
3.1.3 ov¥lau (Ajax Finechem Pty, Ltd, New Zealand)
3.1.4 Wnau

oA 4

3.1.5 wlosin nao'lsa (Carlo Erba Reagents, France)

3.1.6 Woaula ilivlos @y Wto% 7.4 (Sigma-Aldrich Co. LLC., USA)

d

aunsamsnaaeg

s A Y ] A 4 [ Y 1 = 4
3.2.1 gunsalnsewda wu Dnnes wnaudiau vialdamsaiinszand laa
322 150 Ifhwetion 4 duma

= < A v oA o w
3.2.3 waeanae wazdu (U3 41ds @semelne) $1na)
324 Lﬂ%@ﬂiﬁﬁﬂﬂﬂ%Tq 1 (Spellman High Voltage Electronics Corporation, USA)

3.2.5 1A309AIUANMNT IRENTAZ18NINITZUONAAG (syringe pump) 1 NE-300 (U351

o w

) 3 S ad
Glfuu,uallmiﬂ IUALITA 1NA ‘]Jigwlﬂblvlfl)

3.2.6 gUnsaisesiudule uazezgiiiiouosa
327 lulnsthala § U Eppendorf Research 1000 (Eppendorf AG., Germany)
3.2.8 910UIAIUANYUHAN (34 WB 10, Memmert GmbH & Co. KG, Germany)

Y Ja v . . !
3.29 NADNYANTIAUBIANATOULUUADINT A (scanning electron microscope: SEM) T4

JSM-6400 (Joel Ltd., Japan)



3.2.10 193949310 Hnos (rotational rheometer) ‘g URotovisco 1 (Thermo Fisher Scientific, Inc.,
Singapore)

32.11 19394 ’Tﬂﬂ313J131U11'\H;\h(conductivity meter) ’;:' U Cyberscan 500 (Eutech Instruments,
Singapore)

32.12 1n309g3-A%iba alnIns IWladines (UV-Visible Spectrophotometer) 3

Aquamate (Thermo Fisher Scientific, Inc., USA)

G
3.3 MaasgNasazay
33.1 mawssuasazauyag laduednaludniazaeesd lay
= = & Y 9y =< v P
BIENEIIATAYITAY laAUOHNAAWANNUINTUTOAL 7 D3 TogAZ 21 TagrInn
a A a9 I dy = @ kS ) [ A 9
Tuezdau Ngangiives aumsazmaitluiemedny vindwmhasazasliiaanuniladie
4 a J 1
13943 lolnos (rotational rheometer) 31 Rotovisco 1 (Thermo Fisher Scientific Inc., Singapore)
uuuTAULAZIHWIE8Y (cone and plate) BIAIYNIZNITAUNULAUIEEY 1 097 YA UHIY
4 1 a A @ J { o a - [
AUINANVOUHUITIV 60 HAAINAT IAAINOATUABY (shear  rate) 200 WA ' wazia
anwansalumsih llihdrensesiananirlvil (conductivity meter) 5 Cyberscan 500
(Eutech Instruments, Singapore)
332 MawssnaIazagwag laausama ludiiazaeneay
G = A Y 9 9 1 o ()
wsuaIIazalgag laduodmanaNuINIuios 15 Tagtnin ludiazaie
a v g % 1 g‘/ o o
HEruYe90zd Taunutin luoas1dIU 100:0 90:10 85:15 1Az 80:20 MNUMIAITAzA18 1AM
A Ao A a A Y ° 9,
wilaNoasuRow 200 WA wagdannuanniolumsi Wi
333 mIsmsouaImazaloesag laauosmanaunIauNuLin
~ = ~ Y 9 9 2 @ g o
wseNaIazateag laauemnananududuiesaz 15 Tagiwin vinuuiil
A A Y %’ 7
HaunsaunutiniaNudutuiesas 010 30 50 70 90 110 130 1ag 150 Tasrhmiinvousag laa
¥ ! g‘/ o %
nodine luariiazaenauvesesdlaunuilusasidiu 90:10 Mnthaisazatelilia

A Ao A a Al @ o 9
ANUUUANDATURDU 200 IUMN Llagﬂﬂﬂ'ﬂilﬁ'liﬂﬁﬂcluﬂ']ﬁiﬂl‘lV‘IV‘h

3.4 mawssansastfuduladaliihada

v 4
v A
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= " a

AnnzvlSnansaunuiiniegeidlunriudulelaogd-ida anlnIni I lafimes (UV-

U

visible spectrophotometer) 34 Aquamate IARAAIA1TITN 4.12 LLAZNIANUIN A

IS) LI

d' A A ] 9 = [ A A
MN1319N 4.12 ﬂ?mmmmﬂsmmummaﬂi}ﬁﬂmmumu% MeunuUsansaunutniNeay

u

Y
Tumnsazaneneumstugihiluusudule

Ysunansaunuiin Bmnansaunuinitiegiss
Zowazlagrimin aolsmmveuwag ladusding) (Goway)
10 86.95 6.41
30 96.90 £5.02
50 99.18 +1.73
70 98.50 £1.40
90 96.40 +1.22
110 96.35 +1.10
130 97.47 £1.02
150 98.77 +0.96
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d' a gO’ -7
iwag laduodmanaunsaunuiin Manududunsaunuiindosas 70 Tamiiinveuwag laa
4 s s a a 7

uodma TaglHasowswosnsuanesy dunsusamlnInsiimes (fourier transform infrared

$ 1 a - { 4
spectroscopy, FT-IR) 80 Perkin Elmer §1 Spectrum One 910 4000 - 400 L5UANAT  Neud
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50 4.23 aulnasninnsesioesnsuaresy sususadulnInsiines (fourier transform

infrared spectroscopy, FT-IR)

anlnasiveansaunuiln (3UN 4.23 () uazirag laguammanaunsaunuiin (iU
o ! A A A a B =

4.23 () WUMWUUINTAANAUNAYATY (wave number) 1,614 LA 760 IFUANAT  FIUAAID
aromatic C-O vibration 118 distortion vibration 484 C=C luaunudu awaay [62-63] ua laj
wuluanlnaswoswag Taduodima (U7 4.23 (n)) tiesnin Inseadwveuwag Taauedina 1
= = 3 J
Wuuguiluenilszneu

d‘ a = = a

Wennsananlnasiveusag laduedmauas ivag ladueHmMANTUNTALNULN WY
o 1 A Ao oA o o 1 A o oA & A o 1
AUNUINTYANAUNA MU UBABINY 2 AN NA1IAD AMHUINHUI NUNRWNUL 1,374.69

a -1 = = o ' a -1

LEUALUNT mmmagiammcﬁmm (gﬂ‘w 4.23(N)) LAZAMUHK UL 1,371.43 LHFUALUAT VDY

~ a ~ = = . . .
ivag Taauodmanaunsaunuiln (UM 4.23 (7)) FaaA9D3 symmetric vibration Y84 CH, [64]
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(UV-visible spectrophotometer) 1AHAAIM15199 4.13 1agg1lh 4.24

d' a d‘ 1 1 9 d' 1 1
A3 NN 4.13 YSunavesnsaunuinazaunlantaesaninurudule NYNIATN N

an mnsganaunande | Bnansaunmuiinazay | Bnansaunudindzay
(u1h) (Haaniu) (Govaz)
0 0.0039 +0.0019 0.1200 £0.0088 0.0370 £0.0027
5 0.0094 +0.0037 0.1489 +0.0179 0.0459 +0.0055
10 0.1533 +0.0175 0.8574 £0.0855 0.2642 £0.0264
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180 1.1118 +0.0286 6.0608 +0.1530 1.8679 +£0.0472
240 1.1296 +0.0156 6.2993 +0.0854 1.9414 £0.0263
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AN NN A.2 Ysuansaunuinlagnsunuan y (ﬂWﬂWi@ﬂﬂﬁ‘u!Lﬁ\‘i) LNDUIANT X (ll‘iiﬂmﬂ‘iﬂ

Lmuﬁﬂ) NNTUNIT A2

fovazilsuania Free1a 1 Fr0¢197 2 §106197 3 AUnAY
UNUUN* (Haansw) (Haansw) (Haansw) (Haansv)
10 2.547 2.248 2.248 2.348
30 7.043 7.043 6.443 6.843
50 9.740 9.740 9.440 9.640
70 11.838 12.138 12.138 12.038
90 13.936 13.636 13.636 13.736
110 15.434 15.135 15.135 15.235
130 16.633 16.334 16.633 16.533
150 17.532 17.532 17.832 17.632

F4
« $ovaz TaorhminfeunuSuaveusag Taauedina

M990 A3 USnansaunuiinainmsmunaisunulsnansaunuiinannianu udu

WINTFIY
fovazilSunania MIINN13IA MNNNGHY Banaiitedais
unuin* (Waan3w) (Waaniw) (Govaz)
10 2348 2.700 86.95 £6.41
30 6.843 6.900 99.16 £5.02
50 9.640 10.000 96.40 £1.73
70 12.038 12.350 97.47 £1.40
90 13.736 14.210 96.67 +1.22
110 15.235 15.571 96.95 +1.10
130 16.533 16.950 97.54 £1.02
150 17.632 18.000 97.96 +£0.96

Y ¥ v A v =
* iaaaﬂﬂﬂumum‘wEJ'Uﬂuﬂ?mmmmwagiammmm
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d' 9 %‘ [} a = (% aol % 1 9
M99 A4 Usunasesas lagihvinvesnsaunuinieunuiinidnusaule

15uraveq

. y ' Ysunansa

1¥aq laaedine MU NUDAULHY oL
) ) UNUUNNeY

) Jovay 15 e USwnsauny  dulowag Taa vy .
$pazilsuna y _ o . AUUINID
- 1nin Tu unluupdules  vedmanaunIa D
ATALUNUIN* 5 _ VOILHULFY

1582218 100 (N5Y) UNUUN .
o
a5y (ATN) y
o (5080%)
(NSW)

10 15 1.5 16.5 9.09

30 15 4.5 19.5 23.08

50 15 7.5 225 33.33

70 15 10.5 25.5 41.18

90 15 13.5 28.5 47.37

110 15 16.5 31.5 52.38

130 15 19.5 345 56.52

150 15 22.5 375 60.00

E4
« $ovaz TaorhminfeunulSunaeusag lagueding
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) . . =
ANMINNNIINANUTUTUNINTIU (calibration curve) JUTN 3.4

y=0.2125x + 0.0216 (1)
tﬂ' [ Y 1 A d‘ [ 9 d‘
1o y M1y A1n1sganauuasiiala (absorbent) A1IWB1IAAN 297.64 U1 TUIUAT
(A uaz xuny USumnsaunuiin (aaniy) Ndeansnr simsunua y e x 9218

Ql dy
quUNITANUY

y - 0.0216
T (92)

>
Il

0.2125

M 41 mmsganaunasvesnsaunuiinazauianildosnnududule s naaie q 3a

I8 Taan309 g3-2%ida anIns W Tadnes

na: F064i 1 (S1) F10814i 2 (S2) f064i 3 (S3) Aunae
(U17)
0 0.0056 0.0042 0.0019 0.0039 +0.0019
5 0.0051 0.0117 0.0114 0.0094 +0.0037
10 0.1722 0.1499 0.1378 0.1533 +0.0175
30 0.3810 0.3437 0.3530 0.3592 +0.0194
60 0.5796 0.6505 0.7570 0.6624 +0.0893
120 0.9464 0.9748 1.1001 1.0071 +0.0818
180 1.0843 1.1096 1.1414 1.1118 +£0.0286
240 1.1197 1.1215 1.1476 1.1296 +£0.0156
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M319i 9.2 USinansaunuiinainmsmiuam lasmsunual y (An1sganauies) imenin x

ASsvansaunuin) 9NaNN1T 92

nal §106197 1 Fr0e197 2 §106197 3 ARGl
(W17) (Haaniw) (Haaniw) (Haaniw) (Haaniw)
0 0.1280 0.1214 0.1106 0.1200 +0.0088
5 0.1256 0.1567 0.1553 0.1459 +0.0175
10 0.9120 0.8071 0.7501 0.8231 +0.0821
30 1.8946 1.7191 1.7628 1.7922 £0.0914
60 2.8292 3.1628 3.6640 3.2187 +0.4202
120 4.5553 4.6889 5.2786 4.8409 +0.3849
180 5.2042 5.3233 5.4729 5.3335 +0.1346
240 5.3708 5.3793 5.5021 5.4174 £0.0735

]
o I v

M319N N.3 ‘]ﬁiﬂﬂﬂ!ﬂimmuﬁﬂﬁhﬂ‘imﬂ’)@llﬁllﬁﬂﬂﬂ%ﬂW@]iﬁWiﬁ%ﬁWﬂ

u

nan dsuasesazate @200190 Fregf 2 dredei 3 AR
(W) (Waaans) (Waansu)  Weaniu)  (Waaniw) (Waaniw)
0 100 0.1280 0.1214 0.1106 0.1200 +£0.0088
5 98 0.1282 0.1599 0.1585 0.1489 +0.0179
10 96 0.9500 0.8407 0.7814 0.8574 +£0.0855
30 94 2.0155 1.8288 1.8753 1.9065 +0.0972
60 92 3.0752 3.4379 3.9826 3.4986 +0.4567
120 90 5.0614 5.2099 5.8651 5.3788 £0.4276
180 88 5.9139 6.0492 6.2193 6.0608 +0.1530
240 86 6.2451 6.2550 6.3978 6.2993 +0.0854
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Y a o oA 1 ] @
M9 9.4 SesazvesSuunsaunuiinduysainlaataesnnuriumdulafiounuySua

1A

A Aa A ' Y
NTAUNUUNINUDYITI (ATNN 4.12) Gluuwuzﬁu‘lﬂ

u

Usuansaunu
nan ﬁﬂﬁﬁaéiﬁ‘q Gov  dduii1 meduii2 et Aunay
(mﬁ) 0L 98.5) (%’aﬂaz) (%’aaag) (%'aﬂaz) (%’aﬂaz)
(Waansw)

0 324.47 0.0394 0.0374 0.0341 0.0370 £0.0027
5 324.47 0.0395 0.0493 0.0488 0.0459 £0.0055
10 324.47 0.2928 0.2591 0.2408 0.2642 £0.0264
30 324.47 0.6212 0.5636 0.5780 0.5876 £0.0300
60 324.47 0.9478 1.0595 1.2274 1.0782 £0.1408
120 324.47 1.5599 1.6057 1.8076 1.6577 £0.1318
180 324.47 1.8226 1.8643 1.9167 1.8679 £0.0472
240 324.47 1.9247 1.9278 1.9718 1.9414 £0.0263

L Untitled. dat

Samples

Sample 1

|
_ | 0005

= = —

Parameters | Audit llail] Motes ] || oS

|

I
Last save: 2032014144813 « | |||
Abscissa 1 | 00075
Ordinate A Il I
First ¥ 138042 I 0.0
Last % BOD.422
data points/cycle 501 | 00
Cycle # 1
Origin Specord 5100

- 200 280 300 350 400 450 500 550 [rm]

4 » Absorbance

d' 1 A % ] 1 9 = a
E‘IJTI L1 AINTYANAULTIVDIAIDYN (S1) LLNHLﬁuﬁlﬂ!“BaQTaﬁLLﬂ“B!‘VI@Nﬁllﬂiﬂ!!,‘ﬂuuﬂ
a 9 g [} = %’ ) a
(‘].Eiﬂﬂ!ﬂimmuimiﬂt’]ﬁg 70 IﬂEJM'IWUﬂﬂJEN!"BﬁQIﬁﬁ'LL@“BW]GI) “lumﬂauqmwau 37

= d' S
DML ALY NLIA1 0 UIN



I Untitled?. dat DEX

Samples Transmittance :
Sample 1 ]
0.006
0.005
0.004
0.003
0.002
0.001
0
-0.001
Parameters | Audit trail | Notes -0.002
Last zave: 2732014 14:48:52 ~ 0003
Abscizsa nm 0004
Ordinate & 0.005
Fist 186,042 -0.005
Last £00.422 0.007
data paints/cycle | -0.008
Cycle 1 -0.003
Origin Specord 5100
- 200 250 300 2580 400 450 500 550 [nm]
q > Absorbance

4' 1 A % 1 1 9 = a
31]1’] 4.2 AINITRANAULTIVIIAIDY I (S1) uwumu“lm«vagiamm«vmmauﬂimmuuﬂ

a Y %’ o = %} q'./ a
@smansaunuiiniosas 70 Tagthmitinveusag laduadma) Tuihnaugangi 37

DIPNIFAFIF NIAT 5 UIN

L, Untitled1. dat (=13
Samples | Transmittance EAhW'hance.!Values 1
Sample 1 ol BEY
1A
A T
If
|
I 015
0125
11 01
) svam v |
|
Parameters | Audit trail | Notes | {fl 0o
Last save: 243/2014 1445336 ~ :' |
. 1 nog
Abzcisza nm Ny
Ordinate A (1%
Fist% 128,042 lie|, o0
Last® B00.422 fi1
data points/oycle )| o
Cycle # 1
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 v Ahsorbance

d' ' A (2 ] 1 Y = a
31]‘" 43 AINITRANAULTIVDIAIDYI (S1) uwmau“lmmagiaﬁuamm@wauﬂimmuuﬂ

(‘]ﬁiiﬂﬂ!ﬂimmui‘!ﬂ%ﬂﬂﬁz 70 IﬂEJH"Iﬂuﬂ"UENL"]fﬁQIaﬁLLﬂ%WWI) Gl,umﬂauqm‘n{]u 37

= ti' S
DML ALFYT NLIAT 10 UIN
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£ Untitled?. dat

Samples Transmittance |
Sample 1 [8]
0.35
0.3
025
0.2
Parameters | Audit trail | Notes
015
Last zave: 232014145110 ~
Abs.mssa nm 01
Ordinate A
First ¥ 188042 005
Last B00.422
data points/cycle 501 0
Cycle # 1
Qrigin Specard 5100
- 200 250 300 350 400 450 500 550 Inm]
4 » Absorbance

‘:' 1 A % 1 1 9 = a
E‘IJ‘VI 4.4 AINITRANAULTIVDIAIDYN (S1) LLNHLﬁHlﬂL“BﬂQIﬁﬁLL@“MVIGIWﬁllﬂiﬂu‘Vluuﬂ

A v ¥ o = 2 ) a
(ﬂ%u’lmﬂﬁﬂ!LVIHUﬂiﬂﬂag 70 IﬂEJUTHUT‘I‘UE]\TL%QQIEI?TLL@“M%@) 1uu1ﬂﬂu@qmﬂ@jﬂ 37

= d' =)
DAL ALBYT NLIAT 30 UIN

L Untitledd. dat

Samples ! Transmittanc
Sample 1 )
|
I
I 055
]~ as
I o8
0.4
| 0.35
f—==—ai | A
|
Parameters | Audit trail | Notes | | 025
Last save: 243/2014 14:51:48 - :: | 0.z
N
Abscissa 1 |08
Ordinate A l‘
First 188,042 | o
Last 500.422 {1 oos
data points/cycle 5 | 1
oy
Cycle # 1 I
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 v Absorbance

d’ 1 A @ 1 1 9 = a
st a5 AINIIQANAUNEIVeIAI0819 (S1) wHwauluwag Taduedmanaunsaunuin
Wsmmnsaunuiindesas 70 Tamhminveswag laauedina) luinauguiigil 37

= d' S
DML ALY NLIAT 60 UIN
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L Untitled1. dat

CEEX

Samples Transmittance
Sample 1 1]

049

0.8

07

06

05
Parameters | Audit trail | Motes 04
Last save: 243/201414:52:30

. 03
Abscizsa nm
Ordinate A 0.z
First ¥ 188.042
Last 600,422 01
data paintsfoycle B01 0
Cycle # 1
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]

q » Absorbance

d’ 1 A @ [ 1 9) = a
3‘1]1’] 4.6 AINITAANAULTIVDIAIDYI (S1) uwmﬁuclamagTamm%mﬂwﬁuﬂimmuuﬂ

a 9 %’ [} = %} < a
asmansaunuiiniosas 70 Tasshwtinveuwag laduadma) Tuihnaugangi 37

DIFNIFAFIF N1IAT 120 UIN

L Untitled1. dat

Samples | Transmittance
Sample 1 1 . [&]

1A

'l

I 1.1

AP

=1 e

I 4 0.8

I 07

=

=: = e==e A 06

1A
Parameters | Audit trail | Notes | 08
Last save: 2/3/2014 16:06:00 ~ :l | 0.4
Abscisza nm f : 03
Ordinate A 12| .
First % 188,042 o) o2
Last £00.422 {7001
data paints/cycle A01 1 [ 0
Cycle # 1 1M
Origin Specord 5100

- 200 250 200 350 400 450 &0 Ba0 [nm]

4 » Absorbance

FEX

4' 1 A % ] ] 9 = a
31]1’] 1.7 AINITAANAULTIVDIAIDYN (S1) uwumu“lm«vaghmm«mmWﬁuﬂimmuuﬂ
a 9 901 [} = %’ ) a
(‘]ﬁiiﬂﬂ!ﬂimmui‘miﬂﬂﬁz 70 Tﬂt’mmuﬂmmwagiaﬁua«mm) Glumﬂauqmw;]u 37

= ti' S
DML ALFYT NLIAT 180 UIN
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£ Untitled?. dat

Samples
Sample 1 ]

12

11

1

0.9

0.8

0.7

0.6
Parameters | Audit trail | Notes 05
Last save: 2/3/2M4 16:06:54 ~ 04
Abscisza nm )
Ordinate A 0.3
Firat 3 188.042 0.2
Last % 600,422 01
data paints/cycle 5 0
Coycle # 1
Origin Specord 5100

- 200 250 300 350 400 450 500 550 [nm]

4 N Abzarbance

d' 1 A % ] 1 9) = a
3‘1]1’] 4.8 AINITAANAULTIVIIAIDYI (S1) uwumu“lmcvagiammmmﬁwﬁnﬂimmuuﬂ

a 9 g Y = %’ T a
Wsuunsaunuinisgas 70 TﬂElu11/ilJﬂGUENLG]mQIaETLLE]G]5!‘VWI) Tushnaugungil 37

~ ~ ~
DIFAUHALHFYE NLIAT 240 UIN

L Untitled?. dat (=[]
Samples Transmittance Ahsolhancei Values a
N —™D™™— ——————— S —
Sample 1 I | 8]
=1
I
I 0.005
I I
1 0.0025
a
| |-00025
— S—— |
Parameters | Audit trail | Notes | | s
Last save: 243/2014 145330 ~ || | |
Absrisza nm f : Q=
Ordinate A | s
First % 155,042 e~
Last £00.422 1A
00125
data pointsfoycle a01 I
Cycle # 1 154 0005
Qrigin Specord 5100
- 200 280 300 350 400 450 500 550 [nm]
q » Absorbance

s 9.9 AInsgandaunavesdledie (s2) wHwdnluwaglagueFmanaunsaunuin
a gy 1 o 3 o a
Asmansaunuiiniesas 70 Tasrminvesag laauedima) luihnaugungi 37

~ A ~
DIFAUHALFYE NLIAT 0 UIN
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L, Untitled]. dat EE®X

Samples Transmittanc
Sample 1 [a]
0.0125
0.0
0.0075
0.005
0.0025
]
Parameters | Audit trail | Motes -0.0025
Last zave: 27372014 14:54.27 « -0.005
Abscissa nm 00075
Ordinate A e
First 188.042 -0.01
Last BO0.422
-0.M2%
data paints/oycle 501
Cycle # 1 -0.ma
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [m]
q » Absorbance

4' 1 A % ] 1 9 =\ a
E‘IJ‘VI 4,10 AINITAANAULTIVDIAIDYN (S2) meﬁuﬂlawagiaﬁu@«nmmWﬁuﬂimmuuﬂ

a 9 %‘ [} = g o a
(ﬂ?NTmﬂiﬂ!LﬂHUﬂiﬂﬂﬁg 70 IﬂEJu'quﬂ"UfNL"]mQTaﬁLLEJ“mﬂGI) °luu1ﬂauqquu 37

= d' =
ML ALFYT NI S UIN

L Untitled1. dat

Samples | Transmiltance
Sample 1 ' v ]
1A
[ o1
If
|
i 0125
0.1
e s o VT
|
Parameters | Audit trail | Notes 1 i
Last save: 22014 145E3 || D05
Abzcizsa nm I :
Drdlinate A || ooz
First 185.042 I
Lastx B0 422 fi1 0
data points/oycle 501
Cycle # 1
Origin Specord 5100
- 200 280 300 350 400 450 &0 Ba0 [nm]
4 » Absorbance

H 1 @ ] ] 9 a
3UN w11 AMTQANaULAIYeIAI0E19 (S2) uHwdulowag TadueFmandunsaunuiin
A g 1 @ = ¥ ) A
(ﬁﬂTmﬂimmuuﬂiﬂﬂﬁ& 70 I@’IEJL!'IW‘LJﬂGU’EN!C]SﬁQIﬁﬁLLEICBWIGI) “lumﬂauqmwgu 37

~ A ~
DIFUHALFYE NLIAT 10 UIN
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K Untitled?. dat TEKR

Samples
Sample 1 [&]
0.35
03
0.25
0.z
Parameters | Audit trail | Notes 015
Last save: 2/3/2014 14.56:36 ~
Abscisza nm 0.1
Ordinate A
First 188.042 0.0
Last = E00.422
data points/cycle iy 1]
Cypcle # 1
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
Fl » Abzorbance

4' 1 A % ] 1 9 =\ a
E‘IJ‘VI 412 AINITRANAULTIVDIAIDYI (S2) meﬁuﬂlawagiaﬁu@«nmmWﬁuﬂimmuuﬂ

a 9 %‘ [} = g o a
(ﬂ?NTmﬂiﬂ!LﬂHUﬂiﬂﬂﬁg 70 IﬂEJu'quﬂ"UfNL"]mQTaﬁLLEJ“mﬂGI) °luu1ﬂauqquu 37

= d' S
DIMLBALFYT NLIAT 30 UIN

L Untitled]. dat [[[=1[E3;

Samples I Transmittance |
Sample 1 ' ' [A]_ . =7 )
i I [0.ES
f 06
I ' 055
=4 " o5
0.45
0.4
: e l. | o
Parameters | Audit trail | Notes | | I DD;
Last zave: 24342014 14:57:03 N :: | .02
Abzcizza nm I :
Ordinate A | 015
Fist® 188.002 et o0a
Last 600 422 {1 “ons
data paints/cycle | 1 i}
Cpels # 1 R 005
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 » Abzobance

51 913 Ansgandaunaveedledi (s2) ndwdnlowag lagueFimanaunsaunuin
WSuansaunuiindesas 70 Tamhminvesswag laauedina) luihnauguiigil 37

= ti' =
DML ALFYT NLIAT 60 UIN
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£ Untitled?. dat

Samples Transmittance |

Sample 1 8]
]

09

0.8

07

06

05
Parameters | Audit trail | Notes 04
Last save: 2/3/2MA 145744 ~
Abscizea nm 03
Ordinate A 02
First 188.042
Last ¥ 600422 0.1
data paints/cycle 50 0
Cocle # 1
Origin Specord 5100

- 200 250 300 350 400 450 500 550 [nm]

4 » Abzorbance

57 914 AnsgandunaIvesdiedie (S2) uhuidulusag Taauedmanaunsaunuin

WSmmnsaunuiindesas 70 Tashminveswag laauedina) luhnauguiigil 37

= d' =
OIA U ALFYT NLINT 120 UIN

L Untitled1. dat

Samples Transmittance
L
Sample 1 It | [&]
i1
I 1.2
| 11
|
fie 1
| 03
0.8
| 07
|
= [ | g
Parameters | Audit trail | Notes ]
- Il 05
Last save: 243/20141807:36 ~ || | | 04
Abscisza rim f : .
Ordinate A | 03
First 188.042 e oz
Last B00.422 15 04
data points/cycle 501 4
Cycle # 1
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nrn]
4 » Absorbance

51 915 Ansganaunaueeledi (s2) ndwdnloag TaqueFmanaunsaunuin
a 9 ¥ o ~ H < a
asmansaunuiiniesas 70 Tasihntinveusag laduadma) luihnaugangi 37

= -d' =)
DIFLALFYT NLIAT 180 UIN
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L Untitled1. dat 9[i=E)

Samples Transmittance |

Sample 1 1]
12
11
1
049
0.8
07
0&
Parameters | Audit trail | Notes 05
Last zave: 23204160526 -
: 04
Abstizsa T
Ordinate A 03
First = 188.042 0.z
Last B00.422 01
data paintscycle 501 0
Cycle # 1
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 » Absorbance

4' 1 A % ] 1 9 =\ a
E‘IJ‘VI 4.16 AINITAANAULTIVDIAIDYN (S2) meﬁuﬂlawagiaﬁu@«nmmWﬁuﬂimmuuﬂ

a 9 %‘ [} = g o a
(ﬂ?NTmﬂiﬂ!LﬂHUﬂiﬂﬂﬁg 70 IﬂEJu'quﬂ"UfNL"]mQTaﬁLLEJ“mﬂGI) °luu1ﬂauqquu 37

= ti' =
DIFMLFALFYT NLIAT 240 UIN

L Untitled]. dat CEX

Samples I Transmittanc
Sample 1 ' , 2]
1A
| oo
|
| 1]
]
|| -0.0025
-0.005
;; | -0.0075
il A _ WAL Y
|
Parameters | Audit trail | Notes | {if oo
Last save: 2432014 14:58:22 - :: 00125
Abscizza nm I :
Ordinate A l | 00
First 188,042 el
Last® B00.422 VIO
data paintz/epcle a01 i 0.0z
Cycle # 1 Il
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 v Absorbance

51 917 Ansgandauuauedledie (s3) udwdnlowag lagueFimanaunsaunuin
WSuansaunuiindesas 70 Tamhminveswag laauedina) luihnauguiigil 37

= ti' =
DML ALFYT NLIA1 0 UIN
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L Untitled?. dat

Samples Transmittance

Sample 1 [a]
0.01
0.0075
0005
0.0025
]
Parameters | Audit trail | Notes
Last zave: 24342014 14:53:00 - 0.0025
Abscissa nm 0.005
Ordinate A
First 188.042 -0.0075
Last BO0.422
data pointsfoycle )| 0.0
Cpcle # 1
0.012%
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 » Abzobance

4' 1 A % ] 1 9 =\ a
E‘IJ‘VI 34,18 AINITAANAULTIVDIAIDYI (S3) meﬁuﬂlawagiaﬁu@«nmmWﬁuﬂimmuuﬂ

a 9 %‘ [} = g o a
(ﬂ?NTmﬂiﬂ!LﬂHUﬂiﬂﬂﬁg 70 IﬂEJu'quﬂ"UfNL"]mQTaﬁLLEJ“mﬂGI) °luu1ﬂauqquu 37

= d' =
AU RLBYE NIIAT S UIN

L Untitled]. dat [[[=1[E3;

Samples I Transmittanc
Sample 1 ' v 8]
| | ow
I 01z
I o2
I o
01
0.09
I 008
o 00e
Parameters | Audit trail | Notes | (Y
Last zave: 24372014 14:59:40 - :: | 0.04
Abscissa nm N i ]
Ordinate A l . 0.0z
First 188.042 | om
Last 600.422 fla1 0
data paints/cycle | |
Cypcle # 1 | ooz
Qrigin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 LIJ Abzorbance

51 919 Ansganauuavedledie (s3) udwdnluwag lagueFimanaunsaunuin
WSuansaunuiindesas 70 Tamhminvesswag laauedina) luhnauguiigil 37

= ti' =
DML ALFYT NLIAT 10 UIN
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I Untitled1. dat FEx

Samples Transmittance
Sample 1 [&]
0.35
03
0.25
0.2
Parameters | Audit trail | Notes 015
Last save: 2/3/2014 150016 ~
Abscisza nm 0.1
Ordinate A
First¥ 186.042 0.03
Last = E00.422
data paints/cycle iy o
Cycle # 1
Qrigin Specord 5100
- 200 280 300 350 400 450 500 950 [nm]
q > Absorbance

51 9.20 ANsgAnAuLEIYRIRI19619 (S3) nHwduloag TaqueTFmanaunsaunuin

a 9 ’é [} = %} < a
asmansaunuiiniosas 70 Tasshvtinveusag laduadma) Tuihnaugungi 37

DIFNIFAFIF N1IAT 30 UIN

£ Untitled1. dat

Samples I
Sample 1 i1 7 )
154
"
I 07
11
i
I 06
05
= | 0.4
[
Parameters | Audit trail | Notes I { | D
Last save: 2/3/201415:00:52 ~ :‘ |
Abscisza fim f | 0z
Ordinate A (9 |
First = 188.042 I a1
Last 800422 11
data points/cycle a0 Il | 0
Cycle 1 I
Origin Specord 5100
- 200 250 300 350 400 450 500 550 [nm]
4 » Absorbance

51 9.21 Ansganauuaueeiledie (s3) udwdnlowag laqueFimanaunsaunuin
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ORGANIZING COMMITTEES

Chairman
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Phra Nakhon, Thailand
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Potjanart Suwanruji, Ph.D.

Assoc.Prof.Khemchai Hemachandra, Ph.D.

Assoc.Prof.Chintana Saiwan, Ph.D.
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University of Leeds, UK

London Metropolitan University, UK

Nottingham Trent University ., UK

Chonbuk National University, South Korea

Hannam University, South Korea

Soongsil University, South Korea

Chungnam National University, South Korea

Sangmyung University, South Korea

Yonsei University, South Korea

Kookmin University, South Korea
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Ms. Piyaporn Kampeerapappun, Ph.D.

Asst.Prof. Khemchat Surakul
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Asst.Prof. Sineenart Laedpriwan, Ph.D.

Asst.Prof. Ravitep Musikapan, Ph.D.

Mr. Koraklod Kumsook, Ph.D.

Mrs.Uraiwan Paradee, Ph.D.

Mrs.Jarupatara Archawasmith

Asst.Prof.Sompit Fusakul, Ph.D.

Ms. Somlak Wannarumon, Ph.D.

MTEC: National Metal and Materials Technology Center,Thailand

Rajamangala University of Technology Krungthep.,

Rajamangala University of Technology Krungthep.,

Rajamangala University of Technology Krungthep.,

Rajamangala University of Technology Thanyaburi,

Rajamangala University of Technology Thanyaburi,

Rajamangala University of Technology Thanyaburi,

Rajamangala University of Technology Phra Nakhon,

Maejo University,

Maejo University,

Silpakorn University,

Srinakharinwirot University,

Srinakharinwirot University,

Srinakharinwirot University,

Srinakharinwirot University,

Srinakharinwirot University,

King Mongkut's insfitute of Technology Ladkrabang.

King Mongkut's institute of Technology Ladkrabang.

King Mongkut's institute of Technology Ladkrabang.

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Naresuan University, Thailand Technology Center,Thailand



PLENARY ADDRESS

KEYNOTE SPEAKERS
28 October 2013
16.00-17.30
Vachiranusorn Building, Kasetsart University

ROOM 204
TIME TITLE PAGE
16.00-16.30 SILK: THE STRUCTURED, THE LUSTROUS AND THE TRANSPARENT 1
Sherry Schofield™”
YInternational Textile and Apparel Association (ITAA), USA
16.30-17.00 SHADOWS ALONG THE SILK ROUTE-THE SILK IKATS OF CENTRAL ASIA 2
Michael A. Hann*?", C.Wang?, S. Clarke?
! Ars Textrina, UK.
2 University of Leeds, UK
17.00-17.30 MODERN THAI SILK DEVELOPMENT PROJECT 7
Suttinee Poopaka®”
Thailand Textiles Institute, Thailand
GUEST SPEAKERS
29 October 2013
09.00-16.00
Vachiranusorn Building, Kasetsart University
ROOM 201
TIME TITLE PAGE
09.00-09.20 DEVELOPMENT OF ERI SILK IN THAILAND 11
Tipvadee Attathom*
'Kasetsart University, Thailand
10.20-10.40 THE TIN CHOK TEXTILE AND*WEAV|NG OF MAE CHAEM, THAILAND 17
Orra Serewiwattana’, lan Padgett'
London Metropolitan University, UK
ROOM 203
TIME TITLE PAGE
09.00-09.20 THE ASIAN FASHION ARENA 23

Ena Brown""
'Notthingham Trent University, UK



ROOM 201

ORAL PRESENTATION SESSIONS
29 October 2013
09.00-16.00
Vachiranusorn Building, Kasetsart University

THEME: SERICULTURE, SILK PROCESSING AND FINISHING
MODERATOR: PROF.KAHFIATI KAHDAR

TIME
09.00-09.20

09.20-09.40

09.40-10.00

10.00-10.20

CODE

E30

E31

E37

TITLE

DEVELOPMENT OF ERI SILK IN THAILAND

Guest Speaker

Tipvadee Attathom"

!Kasetsart University, Thailand

CHALLENGES AND PROSPECTS OF SERICULTURE IN KENYA

Ann Mburu*

'Kenya Industrial Research and Development Institute, Kenya

ERI SILK FOR GREEN MARKET

Nittaya Mahachaiwong""

'Chiang Mai University, Thailand

THE COMPARATIVE STUDY OF SILK PRODUCTION IN TRADITIONAL AND
CONTEMPORARY NIGERIA AND THE NEED TO REJUVENAT AILING
INDUSTRY

Bridget Itunu Awosika'"

!Adeyemi College of Education, Ondo, Nigeria.

PAGE
11

28

34

39

THEME: HISTORY, CULTURE AND ARCHEOLOGICAL OF TEXTILES

MODERATOR:
TIME CODE
10.20-10.40
10.40-11.00 016
11.00-11.20 E35
11.20-11.40 011
11.40-12.00 01
12.00-12.40
12.40-13.40

1. PROF.DR.MICHAEL HANN
2. PROF.IAN PADGETT

TITLE

THE TIN CHOK TEXTILE AND WEAVING OF MAE CHAEM, THAILAND
Guest Speaker

Orra Serewiwattana®, lan Padgett®”

!London Metropolitan University, UK

PRESERVING THE SILK TEXTILE HERITAGE OF INDIA: A SUSTAINABLE
APPROACH

Kirti Manek, Amita Pandya®"

The Maharaja Sayajirao University of Baroda, India

SILK EMBROIDERIES OF THE OTTOMAN EMPIRE

Cigdem Cini**

"Marmara University, Turkey

COSTUME OF MUTVA: SILKEN DREAM IN DERELICT BANNI

Amita Pandya'”, Vibha Kalaiya®

The Maharaja Sayajirao University of Baroda, India

TEXTILE DESIGN AS SOCIAL FABRIC, INSPIRED BY "4 LAYERS OF SARI" &
THE MATERIAL CULTURE OF

SILK. APPLIED DESIGN THINKING LAB (ADTL)

Ruth Mateus-Berr™", Cornelia Bast?, Klaudia Kozma®, Laszl6 Lukécs®, Marie-Theres
Wakonig®

YUniversity of Applied Arts Vienna, Austria

LUNCH BREAK

POSTER PRESENTATION

PAGE
17

43

50

55

63



13.40-14.00

14.00-14.20

14.20-14.40

14.40-15.00

15.00-15.20

15.20-15.40

15.40-16.00

028

E7

E6

08

ES0

OK5

019

ROOM 202

THE MEANING OF LIPPA SABBE (SILK SARONG) FOR SOUTH CELEBES
PEOPLE

Kahfiati Kahdar'"

!Institute Technology Bandung, Indonesia

AN ACCOUNT OF WOVEN SILK AND GOLD IN THE INDIAN IMPERIAL
WARDROBE OF BARODA STATE

Anjali Karolia™, Gurvinder Gundev', Garvita Sharma®

The Maharaja Sayajirao University of Baroda, India

SILK, SILK ROAD AND A SILK CITY IN TURKEY; BURSA

iffet Pala', Saniye Fisgin®

Y1stanbul Technical University, Turkey

THE USE OF SILK IN INDIAN ROYAL COSTUMES

Vibha Kalaiya', Madhu Sharan'

1The Maharaja Sayajirao University of Baroda, India

FROM MODEST TO MODERN: DRESS ALTERRATION OF MUSLIM WOMEN

IN THE SOUTHERN BORDER PROVINCES OF THAILAND
Thanyatorn Saipanya'”

Thammasat University, Thailand

ANALYSIS ON CHINESE TRADITIONAL PADDY FIELD CLOTHES
Zhang Shunai”and Dangi Tang

'Donghua University, China

THE HANDCRAFTED TEXTILES OF GUJARAT: A CLOSER LOOK AS SINGLE

IKAT AND BROCADE WEAVING

Shruti Tomar' and Madhu Sharan®

'Department of Clothing and Textiles, Faculty of Family and Community Sciences,
India

75

80

87

93

100

106

111

THEME: TEXTILE SCIENCE AND TECHNOLOGY
MODERATOR:

TIME
09.00-09.20

09.20-09.40

09.40-10.00

10.00-10.20

10.20-10.40

10.40-11.00

CODE

E39

E53

E47

06

012

014

1. DR.CHANCHAI SIRIKASEMLERT
2. PROF.DR.NATTAYA PUNRATTANASIN

TITLE

APPLICATION OF LAYER BY LAYER DEPOSITION (LBL) OF OPPOSITELY
CHARGED POLYELECTROLYTE ON SILK FIBRE

Rungsima Chollakup", Wirasak Smitthipong®, Rattana Tantatherdtam®

'Kasetsart University, Thailand

ENERGY EFFICIENT REDOX-SYSTEM INDUCED IMPROVED DYEING OF
SILK SUBSTRATE

Bipin J. Agrawal®”

'Department of Textile Chemistry, Faculty of Technology & Engineering, India
OBJECTIVE ASSESSMENT OF UNIFORMITY OF FIBRE COLORATION
Uzma Syed ", R. H Wardman?.

! Mehran University of Engineering and Technology, Pakistan

2 Heriot-Watt University, UK

MICROENCAPSULATION OF PSIDIUM GUAJAVA LINN. LEAF EXTRACT
Jiraporn Ketvarporn®, Arunee Kongdee'

'Maejo University, Thailand

3D PRINTING ON SILK SUBSTRATES

Amanda J. Thompson'

The University of Alabama, USA

THE DEVELOPMENT OF THAI WOVEN SILK FOR SEAMLESS BEDDING
PRODUCTS USING A LOOM WITH WIDTH POTENTIAL OF 110 INCHES

Sakorn Chonsakorn'”, Rattanaphol Mongkholrattanasit?, Siriwan Teepoo®, Kitiyaphan

Pholam*, Benjawan Bungthung®

'Rajamangala University of Technology, Thailand
’Rajamangala University of Technology Phra Nakhon, Thailand
*4Rajamangala University of Technology Thanyaburi, Thailand
*UDonThani Vocational College, Thailand

PAGE
117

123

133

138

144

150



11.00-11.20

11.20-11.40

11.40-12.00

12.00-12.40
12.40-13.40
13.40-14.00

14.00-14.20

017

027

E20

E45

P3

APPLICATION OF UV-VIS DIFFUSE REFLECTANCE SPECTROSCOPY ON
NATURALLY COLORED COTTON FIBER

Zhirong TANG?, Xuefeng HU*, Dong ZHAO? Wenlong ZHOU"

1Zhejiang Sci-tech University, China

2 Silk Inspection Center, Zhejiang Entry exit Inspection & quarantine Bureau, China
‘INVENT - REINVENT ITAJIME’ DIGITAL CREATED BOARD CLAMPING
Kate Wells""

YUniversity of Derby, UK

IMPACT OF STRUCTURAL VARIATIONS IN HOLLOW YARN ON THERMO-
PHYSIOLOGICAL COMFORT OF SPORTSWEAR

Arunangshu Mukhopadhyay **, Devanand Uttam?,

S. M. Ishtiaque®

!National Institute of Technology, India

’Giani Zail Singh Punjab Technical University Campus, India

*Indian Institute of Technology, India

LUNCH BREAK

POSTER PRESENTATION

WICKING PROPERTIES OF CONVENTIONAL RING AND VORTEX SPUN
VISCOSE YARNS

Nazan Erdumlu®”, Canan Saricam’

Yistanbul Technical University, Turkey

ENHANCING THE UV PROTECTION PROPERTY OF SILK FABRIC DYED
WITH LAC DYE BY USING PAD-BATCH TECHNIQUE

Rattanaphol Mongkholrattanasit”, Chintana Saiwan?, Nattadon Rungruangkitkrai®,
Nattaya Punrattanasin®, Kamolkan Sriharuksa®*, and Monthon Nakpathom®
'Rajamangala University of Technology PhraNakhon, Thailand

“Chulalongkorn University, Thailand

*Kasetsart University, Thailand

*Thammasat University, Thailand

*National Science and Technology Development Agency, Thailand

155

160

167

179

184

THEME: ECO TEXTILES AND INNOVATION
MODERATOR: PROF.DR.KHEMCHAI HEMACHANDRA

TIME
14.20-14.40

14.40-15.00

15.00-15.20

15.20-15.40

15.40-16.00

CODE
E16

024

E42

E46

02

TITLE

NATURAL DYEING-AN INIMITABLE TECHNIQUE FOR DESIGNING
AYURVASTRA

Jyoti V. Vastrad"", Shameembanu Byadgi', Geeta Mahale®, Rajashri Kotur*
*University of Agricultural Sciences, India.

GREEN PRODUCTION OF NATURAL BAMBOO FIBERS FOR TEXTILES
Suteera Witayakran'", Maliwan Haruthaithanasan’,

Prajak Agthong?, Techathum Thinnapatanukul*

!Kasetsart University, Thailand

“Thailand Textile Institute, Thailand

UTILIZATION OF AGRO BASED FIBRE FOR DESIGNING FASHION
ACCESSORIES

Jyoti V. Vastrad®, Rajashri Kotur'", H.B. Babalad" R.K Dhanalaxmi*
YUniversity of Agricultural Sciences, Dharwad, India

NATURAL DYEING OF SILK WITH TRIDAX PROCUMBENS

Kshama kalpa®”

'Central College Campus, India

DYE-ABILITY, COLOR STRENGTH, COLOR COMPONENTS & LIGHT

FASTNESS CHARACTERISTICS OF SOME NATURAL DYES ON SILK FABRIC

Ferial Tera'", Mohamed Marouf?, Amal. El-Ebissy", Ameera. Mazen?
"National Institute for Standards (NIS), Egypt
2Sohag University, Egypt

PAGE
191

198

204

211

219



ROOM 203

THEME: TEXTILE AND FASHION CONSUMER BEHAVIOUR

MODERATOR:
TIME CODE
09.00-09.20
09.20-09.40 OK1
09.40-10.00 E9
10.00-10.20 E19
10.20-10.40 E43
10.40-11.00 E27
11.00-11.20 E52
11.20-11.40 E56
11.40-12.00 04
12.00-12.40
12.40-13.40
13.40-14.00 OK2
14.00-14.20 020

1. PROF.AMANDA THOMPSON
2. PROF.SANGMOO SHIN

TITLE

THE ASIAN FASHION ARENA

Guest Speaker

Ena Brown'"

!Notthingham Trent University, UK

A STUDY ON THE CLOTHING SELECTION CRITERIA BY PURSUIT OF
CLOTHING BENEFIT GROUPS AND THE PREFERENCE OF CLOTHING
COLOR BY MOODSTATE

Ji-hun Yu?, Min-kyung Kim**

'Sangmyung University, South Korea

2Jangan University, South Korea

ASSESSMENT OF CUSTOMER EXPERIENCE AND FRAGRANCE FINISHED
FABRIC WITH CORRESPONDING AND NON-CORRESPONDING PRINTS
Muhammad Anwaar Nazeer", Tabassum Aamir "

'National Textile University, Pakistan

PERCEPTIONS ON AN IDEAL BODY FIGURE OF A MALE IN THE
CORPORATE SECTOR IN SWAZILAND

KebatlhokileTshepang N.?, Zwane Pinkie E."

L2University of Swaziland, Swaziland

CONSUMERS PERCEPTIONS OF APPAREL QUALITY AND PRODUCT
EVALUATION

Fatma Kalaoglu', Yasin Sercan Ozduygu®, Hulya Orun',Canan Saricam’
Y1stanbul Technical University, Turkey

ADAPTATION'S POTENTIAL OF BRIDE'S FLORAL DRESS AND
ACCESSORIES FASHION

Kosit Khumsap®”, Anothai Cholachatpinyo®

Kasetsart University, Thailand

FACTORS INFLUENCING LUYENGO FEMALE STUDENTS’ DRESSCODE
Beatrice Mantyi-Ncube'”, Welile Langwenya®

YUniversity of Swaziland, Swaziland

ILLUMINATING TRITIK ON WOMEN’S CLOTHING

Bintan Titisari*", Kahfiati Kahdar" Intan Rizky Mutiaz*

YInstitut Teknologi Bandung (ITB), Indonesia

STUDY OF THE RELATIONSHIP BETWEEN SYMBOLS IN IDEAL LOOK
TOWARDS ATTITUDES, TASTES AND VALUES OF EACH MALE
HOMOSEXUAL GROUP

Somphong Kongrungruangsakun **, Anothai Cholachatpinyo®

Kasetsart University, Thailand

LUNCH BREAK

POSTER PRESENTATION

COULD CONSUMER’S ETHICAL BEHAVIOR BE A SOULUTION TO FAST
FASHION?

Ju- Young Choi*, Mi Sook Kim"

Kyung Hee University, South Korea

FASHION TREND EFFECT IN FASHION AS MEDIA OF COMMUNICATION
Vania Aqmarani Sulaiman®”, Kahfiati Kahdar*
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Abstract: Electrospinning of cellulose acetate (CA) was performed from neat acetone and acetone-water mixture. The
effects of solution parameters (e.g. CA concentration and solvent system) on solution properties, morphology, and
diameter of CA fibers were examined. The morphology of the electrospun CA fibers from neat acetone was gradually
changed by increasing CA concentration. The bead-free CA fibers were observed from solution of 15%(w/w). In the case
of acetone/water solvent system, all electrospun fibers exhibited a ribbon-like structure. The diameter of the electrospun
fiber increased with increasing ratio of water. In addition, the porous structure on the fiber surface was found when water
was added in the CA solution.

Keywords: Cellulose acetate, Electrospinning, Solvent system

*Corresponding author: visan_xx@hotmail.com

Introduction

Electrospinning is a simple and versatile technique using electrostatic forces to produce fine fibers.
Because of their larger specific surface area and smaller pore size compared to commercial
nonwoven fabrics [1], electrospun mats are used in variety applications such as specialty filters,
functional coatings, composite reinforcement, medical devices, tissue engineering, and wound
dressing [2-4].

Recently, electrospun fibers based on cellulose and cellulose derivatives have been studied as

a great opportunity for new application especially, in a pharmaceutical field [5]. Cellulose acetate
(CA) is one of the most important organic esters derived from cellulose which can be electrospun into
fibers by using single, binary and ternary solvent system [6-9]. The selections of polymer
concentration and solvents affect electrospun fiber morphology [10].

In this study, the morphology of CA electrospun fibers in acetone and acetone-water mixture was
investigated. This enabled suitable solvent system as a more environmentally-friendly solvent
system for electrospinning of cellulose acetate.

Materials and Methods

2.1 Materials

Cellulose acetate was purchased from Sigma-Aldrich, USA with reported molecular weight
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of 30,000 kDa. Acetone was obtained from Ajax Finechem Pty, Ltd, New Zealand. Acetone and
distilled water were used as a solvent to prepare solutions. All materials were used without any further
purification.

2.2 Sample preparation

Cellulose acetate (CA) concentrations were prepared in the range of 7 to 21% (w/w) in acetone

by constant stirring at room temperature until a homogeneous solution was obtained. The suitable
concentration was selected based on spinnability of the resulting polymer solution (bead-free). Then,
the selected CA concentration was prepared in single and binary solvent systems that were acetone
and the different ratios of acetone/ distilled water. Each solution was subjected to viscosity and
conductivity measurement using Rotovisco 1 rotational rheometer (Thermo Fisher Scientific Inc.,
Singapore) at shear rate of 200 s and Cyberscan 500 conductivity meter (Eutech Instruments,
Singapore), respectively.

2.3 Electrospinning

The major portion of electrospinning set-up consists of a spinneret (a 3 ml syringe equipped
with 21 gauge stainless steel needle), a high voltage power supply (Gamma High Voltage Research,
USA), and a target plate covered by aluminium foil. These solutions were electrospun to obtain fibers
at voltage 15 kV. The flow rate and spinneret-collector distance were fixed at 10 ml/h and 15 cm,
respectively. The morphology and diameter of fibers were investigated by scanning electron
microscope (SEM).

2.4 Characterization

The morphology of electrospun fibers was obtained using a 4510-Jeol scanning electron
microscope (SEM, Jeol Ltd., Japan). All samples were sputter-coated with gold before SEM
observation. Fiber diameters of electrospun fibers were measured by means of the ImageJ software
from the SEM micrographs in their original magnificent.

Results

3.1 Effect of CA concentration on morphology of electrospun fibers

Prior electrospinning, viscosity and conductivity of CA solutions in acetone were measured and
the results are shown in Table 1. Moreover, Figure 1 shows SEM micrographs of CA fibers
electrospun with various concentrations at a fixed flow rate (10 mi/h), voltage (15 kV), and distance
(15 cm).

404



28-29 October 2013, Kasetsart University, Thailand

Table 1. Properties of CA solution and the resulting electrospun fibers

Concentration |, ,. . Conductivity . Fiber or bead
(%wWiw) Viscosity (cP) (LS/cm) Fiber morphology diameter (Lam)
7 11.65 3.42 Beads only 10.87 + 3.70
9 30.87 3.62 Beads only 12.77 + 3.93
11 65.99 3.69 Beaded fibers 1.26 = 0.35 (Fiber)
13 163.0 3.59 Beaded fibers 1.88 =+ 0.42 (Fiber)
Ribbon-like
15 311 3.61 bead- free fiber 247 = 0.71
Ribbon-like
17 646 3.66 bead- free fiber 404+ 0.71
Ribbon-like
19 1432 3.49 bead- free fiber 4.40 = 1.38
Ribbon-like
21 2074 3.66 bead- free fiber 571+ 155

"~ 15%(wiw) " 17%(wiw) S 19%wiw) 21%(wiw)

Figure 1. SEM micrographs of electrospun CA fibers at different solution concentrations

From Figure 1 and Table 1, it was found that the morphology of the electrospun CA from neat
acetone was gradually changed by increasing CA concentration. An increase of CA concentration
resulted in increasing viscosity of solution; however, the conductivity of solutions does not change
significantly (Table 1). In the case of viscosity data, these results were explained that there were few
polymer molecule chains in solution at low concentration resulting in too low entanglement of
molecule chain to prevent the electrically driven jet from breaking up thus the discrete spherical
droplets were formed. When concentration of polymer solution was increased, bead formation was
suppressed due to enough chain entanglement to form a fiber. The measurement of conductivity is a
way for determining ionic content in solution. Increasing the number of ions in solution will increase
amount of charge causing increasing the counductivity. Nevertheless, concentration of CA in solution
did not influence a number of ions leading to slightly changed conductivity.

3.2 Effect of solvent system on morphology of electrospun fibers

Acetone was used as the main solvent to dissolve cellulose acetate into homogenous solution
for electrospinning process; however, its low boiling point can easily block the needle tip, which
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ceases the electrospinning process [11]. To solve this problem, water, a higher boiling point solvent
(Table 2), was chosen to mix with acetone as binary solvent because it is cheap, abundant, and safe
for environment. The electrospinning of CA solution with different solvent compositions was carried
out at a fixed flow rate of 10 ml/h, CA concentration of 15(%w/w), voltage at 15 kV and 15 cm in
distance between needle tip and collector shown in Table 3 and Figure 2.

Table 2. Physical properties of solvents [2]

Solvent Boiling temp Viscosity at Hildebrand solubility Surface tension at
(°C) 20 °C (cP) parameter (cal/cm?3)Y/2 20°C (dyne cm™)

Acetone 56.29 0.36 9.77 23.32

Water 100 1 23.5 72.8

Table 3. Properties of 15% (w/w) CA solution and the resulting electrospun fibers

Solvent Visgg;ity C(z:fgfgrix)ity Fiber morphology Fist;;: (()L?E?d
Neat acetone 311 3.61 beZ;ij-bf()r S;el;‘ii(k?er 2.47 + 0.71
90/10 acetone/water 370 8.89 belz;jb_bfor 2: ;‘i?k?er 3.00 = 0.74
85/15 acetone/water 450 9.38 bezg’_bforgé' ;fi‘ger 2.58 =+ 0.93
80/20 acetone/water 567 10.45 beF;'db_bforQ;' :fi(ser 5.34 + 151

%,

Acetone 85/15 Acetone/water 80/20 Acetone/water

Figure 2. SEM micrographs of electrospun CA fibers at different solvent systems

The viscosity and conductivity of CA solutions increased from that of the CA solution using
acetone as a solvent with an increase in water composition (Table 3). The solubility of CA in solvents
ranges from the Hildebrand solubility parameters between 9.5 and 12.5 (cal/cm®)Y? [12] thus, acetone
can dissolve CA, while water is not (Table 2). Addition of water into CA solution gave more charged
species causing an increase of solution conductivity with increasing solution concentration. In
addition, it was found that the formation of flat ribbons was obtained in all conditions (Figure 2). This
IS because uneven evaporation of solvent between the skin and the core of the charged jet resulting in
the jet to collapse [11]. The SEM images of electrospun CA fibers with higher magnifications are
given in Figure 3.
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AX Foom of Criginal Tmage

3X Zoom of Original Image

Acetone

AX Zoom of Original lmage

85/15 Acetone/water 80/20 Acetone/water
Figure 3. SEM micrographs of electrospun CA fibers with higher magnifications

From Figure 3, it was observed the higher the content of water in the solvent system, the more porous
structures was obtained. It is concluded that the porous structure was due to different evaporation
rate of solvents.

Conclusion

In this study, CA fibers were obtained by electrospinning from their solutions. The effects of
viscosity and solvent system on the morphology of fibers were investigated. The morphology of
electrospun CA fibers was impacted by polymer solution, solvent system, and acetone/water ratios.
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