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Thesis Title Preparation and Electrical Properties of Epoxidized

Natural Rubber - Chitosan Blended Membrane
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ABSTRACT

Epoxidized natural rubber - Chitosan blended membrane was prepared
by in-situ epoxidation. Chitosan solution were added to mixture during reaction for mass
ratio of ENR:CS are 0:100, 3:97, 5:95, 8:92 and 100:0 respectively. After that,
membranes were immersed in 10% v/v of sulfuric acid solution for protonation and
crosslinking. Chemical properties, Morphology, Dynamic mechanical thermal analysis
(DMTA), Electrical properties, water uptake, methanol uptake, lon exchange capacity
(IEC) and Proton conductivity of various membranes were determined. From the SEM
result, it was found that blended membranes are dense membrane and increase T4 with
chitosan and cross linking. Proton conductivity of membranes increase with chitosan but
decrease with crosslinked. Expect, chitosan membrane which protonation with sulfuric
acid for 5 minutes, it was found that highest proton conductivity was close to that of

Nafion membrane.
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LNAIILASITWAILUNLNYAIVDY

v a o a
2.1 mwgmvlﬂmmnumaﬁsiuﬁfm
Addi a A a Al a . .
YITITNTIANTENILANAD sna-1,4-waavlaimwm (cis-1,4-polyisoprene)
@”@melugﬂﬁ 1 ﬁﬁﬂﬁdﬁiiu%ﬁﬁﬁﬁﬁﬂﬁﬂim&f}ﬁLﬂﬁﬂa%ﬂwﬁ’]d 200,000 719 400,000 &
miﬂszmw"’waaﬁmﬁfﬂimaqaﬂ‘m JauRUILIL 0.93 n%’miagnmﬂﬁmuﬁmm 7
gownndl 20 avmuaalds Jgmnndnisidfsuulasaniusadneuia (glass transition

temperature, T,) Uszanoh -72 a9rLTaL T (PUANT, 2549)

_[_CH2\ _CHy 1,

/C C\
H;C H

= v = a
E'].I‘YI 21 Iﬂi(‘l&i’]\‘mﬂd FANVBILINBIINTIG

3

2.1.1. Iz NauVBIRI895ITNTIG
4 NS A . Y & A A A =
WeasTTuTalansuesrgueaiviuy Juunassiidusesuds
nInuaTasa: 27-48 lasiduiilasnswiidszanasosas 25-45 wazaiud bilsend (non-
rubber component) Uszanmsasas 5-6 lagd@indIenauwadinenIsIINTIAuaalua19

2.1



A13197 2.1 §AudIenauvadsnIsITNTG (Blackley, 1997)

dmilsznau % (laginnsin)

A = <
1IN UV ILTINIRAA 27-48
LA NI LIRS 25-45
f1Iwanlasan 1-1.50
FITWINLITI 1-1.25
. .
M 4N 1
#10| 1
& ' A A
e fIUNLRAIWATY 100

13609 JRaNT nazpdiaglu 3 dunan 9u89TneNIfe
1. §IUVBIDRNIALI (rubber particles) fiszunos 35% lagtiawin
2. duiidudin (aqueous phase) U3zt 55% Tagsinmein
3. @UVBIAUNARNBYG (Lutoid phase) JUszunms 10% Tagvinmnein

%

1. dwpaIhagy Usullsznaunan 9aih

]
A v

1.1 aunALNg gﬂﬁaﬁwﬁaUmm"ﬁmnvl"uu”ul,l,aﬂﬂsﬁu Iﬂﬂiﬂiauﬂﬁaﬂ‘&l

1 a = 1 =1 oq: Ad 1 g’ 1 ai
agasidaTavunenaynaulaglszunm 25% maoiﬂimuwa%w@ﬂuagluuﬁﬂwa 8N
Al Tzumh 50% aza;}ﬁlu"ﬁ'uﬁﬂ uazdn 25% azagiumumaamigway@? SIUTU U
(Lipid)  agwzniniflagmanisuazlusin dulngiidussninealnlade odie
O-Lecithin  (w@a1 1agau) wazenadlanzursadia 1vu uuniiGoy lduasiGon uas
NBILA ﬂ:ﬂuagﬂ%mmﬁﬂﬁauﬂszmm 0.5% Imﬂﬂaagmﬂmwmmuaaﬂuﬁ’] i
ANMNAWILIULYINAY 0.92 NTNGBURARANT é’ﬂwm:a%mﬂmuﬂugﬂ@iauﬁwﬂaw%amﬁﬁ

gmm‘? fawaeymanand19nwuInagzning 0.04-4 lulasiuas (shans, 2549) uaas

qagun 2.2 lavaymamsdiulngjazdvwnalaiiv 0.05-3 lulasuas



. Rubber
Protein

Phospholipid

sUh 2.2 snwafidullldveseyuniauessus@ (Nawamawat, 2011)
2. dawilailzdee Badanen, 2553) daudsznaunan 9add
[ { @ & o<
2.1 dmndwitnIadsa (Serum)
edsznaumsaINaNTaaza i ladigsuaastinenslanunuuie
Uszanm 1.02 nTudadadans Usznauaruanishasiieg Aa
n. ls@uuaznsaazdly Swnsulusduuacninesilnazdnaroviacsn

Aa

a . . a . . i 1 ¥
LLElaW’l-IﬂaHau (Q-globulin) 3% (hevein) LAZNIANAAIUN (glutamic acid) mmsnawﬁ
efinadarulauaIsnIssINGfernlianumilonfany (stiffening) ANNUTILTIGENNT
ANT1@ (tear strength) MIAAANNTBUAZRN (heat build-up) LAZAMUAIUNIBABNITUAN

a <

4 [t a o . A A J '
Walasuusaginaia (dymnamic crack growth) Ua381ddITUTIALANNYL anNNIdNadany

il fisomasgtuazgaanuiuhlimifuuszminmodvasnnaduiiang

(2
o =

2. nslulaiasa ﬁwumnlumamsumﬁﬁammawaglfluﬂszmm 1% &9
ﬁwmadau‘lmyjLﬂumﬁ@ﬁwﬁﬂaa (Quebrachitol) T3TTan191aF31 2-0-methyl-L-inositol
uanmnﬁﬂhwuﬁwmag‘[ma (sucrose) ﬂgﬂﬂa (glucose) mMuanlag (galactose) ‘V\h;ﬂI@lﬁ
(fructose) WINA lua(raffinose) Wasinulag (pentose) ImUﬁﬂmal,ﬂmf:azgnLmﬂﬁl,%'ﬂ%
uemnafialfisomitessasdilwnialaanasuwiain g ﬁﬂﬁﬁwmmﬁamsgwﬁs
annuazsnaduton nsamaniidunsafissineing (volalite fatty acid, VFA)
Usznauds nsanesiin nsaazdn uaznsalwlnlofin iudu asiudr VFA Failuda
wfidsuaniisanusainsalumsinsanwueasiiens Immmgmmﬂamaoﬁﬂmaﬁu

fnualnden VFA LitAin 0.2 wing



1 s P
2.2 ﬁ?%ﬂﬂﬂgﬂﬂﬂﬂltﬂ%ﬂ’ﬁﬂ% )

& . A Y o &
g“namﬂ (Lutoids) Lﬁ%a%ﬂﬁﬂﬂﬂaum’lﬂﬂﬂ&l ?J%W@Lﬁquuﬂuﬂﬂﬂ’lﬂ

[
[

dszanm 0.5-3 lulasiuas VEVHUPHIUEMEND melufaune g Biniaacasuazansn

a A

wauaasddl pH iy 55  s@awlngsznaudisllydn I@ﬂﬁiﬂsmuwa:awalﬁwag
1Jszuw 3% LLa:ﬁIﬂsﬁuﬁ'hia:mUﬁnagﬂi:mm 2 % wanINHIINFIUVBIRITNIN
1 (24 a & 1 [] Qs {
WaalWladauwniuaenagdszanm 0.5% uazianslWiiuesdondias Sududrudmdnd
° [y AA A A a ¢ A o o o A & v v A A &
M9t FraaInIadaa Ll aFuNRNUaaNGLAw kAN anasannieudIuiaibat
W@easnansntian1Taalugs ladne @Tﬁﬁ%ﬂ’]ﬂ@&ﬁ’]ﬂﬂ%ﬁ’]Uﬁda@’%:ﬁ’liﬁﬁﬂ'aEJ@TU’JSJLLE]&:
\ A & a o o o o & P P A & A
LANINe mm:'ﬂg‘nazmm@mswaamwwami%mmmm’]wu@qumul,l,a:azamaama
6
aNaLauAn
aunANIE-1889 (Frey wyssling) Lﬂuﬁ’]iﬁvl,@ﬂ‘ﬁﬂ’]dﬁa‘t;m’lﬂslﬂfyjﬂ’j’]ﬁl’]d
LAAINRUIL I DENIN ﬁgﬂs’nﬁauﬁwﬂaw TN NTaUREIT JUSUI LININGN
U & A a (& o v ada v o e =1
Usznaudg 81ILdaANINANIAKaLa TSIV lReeTFTY RIN1TDTINAINULAN LNLTLILAS

LENAIDANAINEN mag’lumumaasﬁ{u

=) g’ a

2.1.2. ANMNLENYTVDIRIEISTINTR
s wsaidumsurusasidauniany (rubber particles) uzaunasaglu
danaafiiTonidin (serum) lainissumdsunsnassnnidusanaiag ldeas

adpdaty 2 Uszny

1. fuiﬂsﬁuﬁﬁaﬁuagmﬂma I m‘[ﬂsﬁnga%’uagiauﬁmgmﬂ 819

Waiue@InaRy (hydrated protein envelop) aunaun Ly TuRnidanuddydania

q o

BRIRLA AN I@mJaaﬁ’u"l&ilﬁmia::mql,mﬂmsw@”’;ﬁ'ml,azﬁ]”m‘i"sLﬂuﬁau (coagulation)
2. auYAALVAIAITUANTIAN (carboxylate, RCOO) GirialAifianiInan
nuszniveynaed lasaansniuanuaisszasiesTumddisnnduaiae

Y d Aal a Z’ = a 2K a
WIIAINT (Surfactant) ‘D’x‘liﬂﬂﬂﬂ@lluﬂqﬂ@“}?ﬂ&luqUWGN@NE‘W?L@‘I&I VWLANRITINALLIIAINT

v o A a a vo ¥ o : a & @ A o '
Lﬂuau@luuiﬂ LW?JLW;Jﬂ’J’]SJLﬁﬂEI‘ﬂ%ﬂUW]EI’N Vl’]l%ﬁ’]%’]iﬂl,@uﬁﬂiaus]vl,@ I(ﬂﬂ‘ﬂu’]ﬂ’]\‘]‘lw

a @ @ ~ A v 1 ' ° a a o [
WWognwauaduidaniaiduwnon VLML%&I’]ZLLﬂﬂ’Wi%’]&J’]I"Iﬂ%ﬂ’]SNﬂ@INﬂ@lﬂmgﬂ 87\11%

¥ v
o 4 o

Elq(ﬂﬁ’]%ﬂ‘i‘i&] annahedragadianuiaiiasdn eaesinisiingi El’]dﬁ@vl,ﬂ NIWAITUIWANT



& . { 9 o v o & a { o 3
LLEJTI‘W‘IQaﬂfIJ']\‘lﬁ?%Lﬁalﬂﬁﬂ’)’lﬁJL°IJNT%NWﬂ‘U%LLQZL@NﬁﬂiLﬂﬁLﬁﬂiﬂH’]ﬂ’]"l&lLaﬁﬂima\'mﬂ
o A g Aa Z/ v A qo, A va 1a d%/ 3’ b
El’]ﬂ“ﬁx‘i'ﬂzL?Uﬂ?qﬂizﬂﬁ%ﬂ’]iwﬂ(ﬂ%ﬁUWGT%‘INW‘IEJ’NV]%@]Nﬂ?NWML%aEJ’]\‘i 60% I(ﬂﬂ%’]‘lﬁ%ﬂ

= = ‘&’
LRSUAIMULRDYININDY

2.1.3 9195370 B1ADNON Loset

amﬁﬁwmaSw‘:aﬂvl,ém“lﬁﬁnﬂmm‘“@LLﬂaaIuLaqamaamoﬁﬁumﬁﬁﬁ%a
MILalAe Tx-1,4-wad lalowiu (cis-1,4-polyisoprene)  W1uUsulassadnslaslsansiadl
Fmannsawdaseand (peroxy acid) I@]Elﬁ]:ﬁ’]ﬂﬁﬁ?ﬂ’]ﬁbﬁ%ﬁ:@j”ﬂBGINLNQE\IU’N]SSSSJ‘E’]@
iAadwsumniifoandianagunud  TasdFAsenaAasesssumasienlad @9
uxaslugudl 23 TasSuusniunsafilfigunsanasBnidving §Asodulslasianles
aanloa LLﬁhLﬁmﬁuﬂmLﬂai’aaﬂ%Was’ﬁmLa:ﬁmﬁgﬂﬁ 3(a) nswnIaLlesaand-
Wasinazid il JIunnunuszduasnnisssumaudiianisdaiToadinduisuni

n

Wan'laa LLaWVL@ﬂi@]Waiwﬂﬂﬂulﬂﬂdill‘ﬂ 2.3(b)

? i
ll
H—C—OH + H202 — ™ H—C—00H * HZD

Formic acid Hydrogen Peroxy formic acid
peroxide
(a)
1
S=—_ /=, + H—C—0—0H —> _ + H—C—OH
[Fa ¥y
Natural rubber Peroxy formic acid Formic acid

(formed in-situ)
(b)

3uf 2.3 mafiadjAsndnentlawturasensssinnd

(%

a o & 4 @ A
aﬂ‘l‘ﬁ@u%aﬂ ANINLAIY &lvl(ﬂﬂdluill"lladuﬁ LRSI LD

a

GI8N95TININGD

v

ﬂiﬂﬂix‘]ﬁ&l‘]_l@]U'Nﬂ‘iq,ﬂ'ﬁ“lladf.l’]dﬁiim‘ﬁ']@]i%(ﬂ”llul. T V‘iﬂ%mwmﬂmﬂummmwu

v !
a va A

&
mmm‘ﬂumu@amuuua 178z a"IEI‘YIVL&ISJT'J AR wumaiw@uawaﬂmmjmwwu



ANRINITONUA D Lo Lo LLa:ms%wmwaommﬂ"l,ﬁﬁLWi’]xW”%ﬁ:@iMIﬂNaﬁ”n
pWITINTAARaUaY uazwuiigannines (25 ssraaidos) densfianuaunsalu

myindeld uazlanubanguunniwaadnaugnitinnzamnninadfsuaniue

o '
(3 A

adoufasdanduay uansinuindadsunmananlofAuduwazyinle Tg §nin

PNDIINTA

Aaa & 6
2.1.31 ﬂ'lil;@]iﬂ&d%'l&l']\‘lﬁii&l?j'l(ﬂElWE]ﬂI?iﬂ

1. Y9N iNeUsulaseaiedasin @ ussUsuanIw Aaynaieng

A 'y ~ a ' o o o ' - a A AN o
ﬂﬂuLWﬂl‘ﬂﬂ‘%ﬂ’]ﬂﬂ’NNﬂ’ﬂNLESmElS laivanaanuidnian 11w R1TANANNLRDUTTRAN L4

=3

fl3z3 (non-ionic surfactant) Yszinniansauaanlod G’fiamsf:a:gmvLﬁﬂamwm’mmﬁm
ﬁqmvxg gwuﬂswmm 40-50 aIFLTALToE

2. ssussazanonIatasoandwasin (peroxyformic acid) ialfln
nIgwandlagluianas9oswma maml,mmwuﬁvﬂsmwmmvl A6

3. Gussazaenialefeandnesin asldluihonefivnsdsuaniwia

% 6 a €A ni a &/ o aaa a a % o Aa s '

i niaiaseandwaiiniiiaduazind JATonawenBiatunueIsITumAa iU
dl a a a Aaa & (d‘d a 1 %

Namwnnil 60-70 aveiTaLFow m@Lﬂumaﬁﬁmmawaﬂvl,mmaaﬂsmwagsluimaama

PRI TITNTIG LA lanTanasINNaLALIN

wa aa &
2.1.3.2 @NUAVDILIISIINTIADNAN b6

1. FNWANULDULIVDILIDITNTIRDN aﬂv[,‘ﬁ@ﬁ] LWN&G“U%@]’]N?J?&I’]M

A s a & 4 0 9 » v PRt 0
‘HHI’JWQﬂVL"IT@‘YILWN”U‘H mazmlﬂmwmumu@amwuua:mmazmmﬂazlul,l,ﬂadvl,ﬂ

a o a a

WanlraNtIzaUUDINIIANN TLATWE- Q:Lﬁm”a@;ﬁﬂumu@iami

U

gIITITINTIAD
1alasasuan LaAIUNUNIBAIAITINAaNENHI192a089 8719 ENR-50 2:nunIuea
dnulnsiassnuenslulasanivsumezaslalu-lasatunans (medium NBR, 34%

acrylonitrile) LazaTNBNIUNINEIARELIWIU (CR) 39a13130 ket ENR-50 unuwadiuas

2
o

LRSI LA LI BN G aINITRNU A IUNWNINA D1 e ENR-50  2NWNIwaatinuh
Wawndinduwaanazeaiduasfisznay (alcohol-containing fuels) aninendbulasa
2. MITUHIUVBIAND (Air Permeability) nM13AadwanGLatuasyinliine

Turuen lasasad aresvasnstudusesislwesIsnm@dwen lodinsadie g 7
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a = = = a a 6 1 =1 =1 [
ganileng g WSy URIUNLENITITNTA LA 81907 Ind Wud1 ENR-50 An138up1wad
o v A o A & A& A o v =< ' o ° o
Aalnstfuinueisirlndgeziusal et luiunaaIn1s v i N3 upH vy aIn w6 ba
%anNaINHe9 ENR-70 ﬁmmmmmlumiﬂaan”ums%umumaaﬁwgoﬂdwmoﬁﬂm{

PV & A A o ° o o % '
3. wa@nmmmwawLmauIﬂquLaqa@asm'mzﬂu Jaua unIndanI
o ' A = = A X A Y ° . Aa A
Faulid 8199 0ANNITI LN N Luaomﬂimmﬁﬂmaqamamm’nmumuaaﬂmw
P3N LT U IR bl T 9039 1urdnazidaaanuaziiamadanlasuuunNwrzainas

a & :
LNAVY (ether crosslink)

2.1.3.3 N7 1290
- lﬂuq@m%ﬂﬁmauﬁﬁ Tagvinninnidwn1ivnsassiaae
- lﬂuq@amﬂimmiﬁwﬁ Mmlmnan1iadad

- lﬁuqmaﬂ%ﬂiswﬂﬁdsn HUG YN IANUNIUADNITNHIUIDIDINA LA

2.2 lalaau

&

lalaoudunadiuas ﬁaglu'ﬁssumﬁﬁ%amuﬂﬁﬁa poly[[3-(1-4)-2-amino-2-
deoxy-D-glucopyranoses] @T@melugﬂﬁ 2.4 %dm’%w"tﬁmﬂmsﬁﬁ'@ﬁyjazﬂ?jﬁa
(deacetylation) °uaavl,ﬂﬁwﬁaﬁ'ﬂ’%mml,ﬂué"u@”uaaaiaamméﬁagiaa Taswunnnluiddan
74 wdenyuaznszaesdainiin drodradudu vildlassairamisadvesledu
wWasuuasly I@amyja:s'ﬁﬁaLﬂﬁUuLLﬂad"l,ﬂl,ﬂuﬁyjazs?imﬁi@] (NHCOCH,) uazilagmidu

wijazilu (-NH,)
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CH20H

Cellulose

CH20H

NHCOCH3

Chitin

CH20H

NH3

Chitosan

U 2.4 lassstramaadvasaaglas laduuazlalaau (N.V., 2000)

u

2.2.1 mMsuaalalasin

mInAe lalauann laduanansninle 2 35aa3n19aduazatn9FinInw

ad A & Y & =2 ' aa a A o ' a
I(ﬂ EI’J‘E‘Y]’]\‘Vlﬁ.ﬂ’]‘W%%Lﬁ%ﬂ?ﬁi‘ﬂﬂ%ﬂ‘ﬁlﬂ%ﬂ'ﬁ@dﬂHﬂt‘ﬁ‘ﬂﬂaE]ﬂ"ﬂ’]ﬂvlﬂ@]%‘ﬁ\‘i HAND] lemu

v

a an L ad d adAd) v o \ % Y Ay A 4
padiAn1s sauITmaefiiduitnlenuetendsrnaludantu udddadaluiasvas

N

a A A A g o : o A P Y
@JMﬂqwcluﬂ']iNa@]ﬂﬂ'JU@lﬂJﬂqﬂ Lﬂia\‘]3Jaﬂlﬂjaﬂﬂ@ﬂiauauLuaﬂu’ﬁ]’]ﬂﬁ’]iLﬂu'ﬂLTNT%LLaz
=

@ A

nfagfaTaslynidaiiwiasay
(%) a v a s = -] ¥ o dy
NANA LAlATIUINN LARWAILIBN AN AINITON LAAITH
1. nszuansuanldsfn I@ﬂmm‘mﬂﬁaﬂﬁﬂu 4% NaOH 131673 270
§mﬁqmwnﬂﬁ Yo91duinan 24 Tl
= v v

2, ﬂ?zﬂ')%ﬂ'ﬁuﬂﬂll‘iﬁ’]@! %éy\‘i"mﬂﬁﬁ:l’]%ﬂizﬂ’l%ﬂ’]SLLUﬂIﬂi@]%LLa’J "ilzl,“ll’]f,j

ﬂitﬂ’)uﬂ"l‘iLLﬂﬂLLi‘E’Wﬂ(ﬂElﬂ"l‘.iLL"ﬂu 4% HCI 133105 270 8a3 ﬁqmﬂqﬁﬁauﬂunm 18
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2 lag niudsinanle pH 1dwnans ﬁlzvlﬂvlﬂﬁwﬁaﬁimoa%"’m@”\iLLamlugﬂﬁ 2.4 9 4
g193z1h lUm9ada28 KMnO,

3. nazuIwnIInIandasgna lulasssisvedladulasnisusladul
ssazanelodenlaasenlos wisldamGonlaasenlodidutu (40-50%) ﬁ'qmmgﬁ 100

=) = 1 o v 1 aAa 1 A & A [ A
ANFLDRLT R ‘Iﬂiﬂiﬁﬂﬂ’]’] m‘l‘v\‘vsgafzsﬁmmamumamv\wngﬂLﬂaﬂuvl,ﬂ L‘]‘ju‘V\HGZQJI‘H

2.2.2 aNUANWNIEANLasnISalvas lalasnin

1. Msazany (Solubility) talaoulaazansluiin @19 wazarvinazaisdunss

wigwnInazaeldluniadunidiieunnafiiand pH  deonin 6 lawvialdaziinald
Aaa €A o =%
nyaazdanuaznsanasinlunisiiuiazanslalasiw snvazanslalaawazianwmsls
uwazwila dwg@Anssuwuuueuiiilnaion lussazasngeziluvedlalaswazuands
1 Q a QE‘ Qo A’ 1 1 =) U

lapddaudszninisuands (pKa) Iuednuanunwiuinsedlzzaiwefwailane
pKa vadlalamuddatlugag 6.2-6.8

2. A19EALUNIITNIAKAIazBNA (Degree of deacetylation) LIUAILITAIY
Wwla@auuazlalasin ihasn ladunaslolaaudulanadivasiznitsgasnanaluas
284 N-acetyl-D-glucosamine Waz D-glycosamine ﬁ’]ﬁ'@d’mﬁa%in";&lﬁ'umaduaual,&laiﬁﬂ
mﬂﬂdwzﬁ@hmsﬁw‘"@%yjaz%ﬁa@‘h ATUFIRNUALAUUDILAAY LATFAFINVAINAUD
L;Ja%ﬁaadmnndw:ﬁnﬁumsﬁﬁwyjax%ﬁaqa ALUFAIFNIALAUY DI b LT

o ¥ e

3. @Nwubka (Viscosity) ananitavassnsazaslalasuluagnu dnns
o 01 1 AaAa g’ b a ) a & 04'
RECVRRELATD uwwuﬂIwLaqa aNuLdunIa-LuaueIdIiezay gunyil F9laanall

= J ~ v v
mingannfigiluananilavasmiazalalamufitzaass uazwinanududuuainse
~Aq o o o & ° o A £ o ' ~ o
alidudrvhazaisainiuazvildanunilaveslalomugiudis udlunsdivasnisls
a A v o X ° 'y A A
nsabalasaaasn (HCI) winnsadanudutuinnduazyinlianuniiaanasiitasannnia
o [ v ) wg’ L A =<

ﬁ):@mmﬂISﬂNLaqamaovlﬂIWmulmm ml%m%unimaqaama ANURILATIAART

4. @aAFNIIDIUNIIANAENaRK (Coagulation ability) N3N balasIudl

1 al [ o = a > A [ d'd

%Hﬂt&li‘tﬂ%ﬁ’]UITI&JLEIQM]’]WJ%&J’]T] Jafamauandnasidudezauangsaziuasnd
Uszgauigulisdu fdanuaznefimaiaugldd lalamuisdudiaiiuazaianaznam
(Flocculent and Coagulating agent) N6 uaﬂmnﬁwudﬁ%yja:ﬁluiuvlﬂimsﬁﬁuﬁ
ﬂi:?{ﬂ%ﬂﬂwiuﬂﬂsa”uﬁuvlaaaumaﬂam"l,@i”ﬁndmy;aze?jﬁaluvl,ﬂau At lalaawniden
sm”umsﬁwa‘i’wyjaz%ﬁangﬁé'@mm‘:glwﬁ'uﬁammmmmlum‘:ﬁ‘uﬁ'u"l,aaamlaa
Iamga

5. Tassasalaana (Molecule conformation) lalamudunaddiaalasiarn

U3zLANUAN (Cationic  polyelectrolyte)  tihadanluasazarslalaaunazanslunsa
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' a s ' + [ < '
nyjazdluazivliaeuuazaglugy NH, lassadsvasmaazaslalamuinazianens

2

v @
@ e A

nunsidinetnuanuuissadleaau A1 pH amnndl shwdnluanauszd1szauniitiig
%yj’az%ﬁa
6. n1sL§andany (Degradation) lalasuiiniszansalindaununadiues
A A A o< A A A A ° 'y ' &
wIanaduzaa lidaugnalude Luam@]mil,aammm:ﬂﬂﬂa’lUisﬂmaqammmzaum
a ¢ A A & ' ' A& A A A ' &
nanuiduladlnwas wialadlnusaanlsa wazidunibhntanfianfiganiuniwauaiues
nIavauausaa lsawuadlalasiuda Chitooligosaccarides RIuNanalNaTHIanauauLTa -

alsevadlalaauiia D-glucosamine

2.2.3 msdszgnaiznulalazmw
1. eawn1sunnguazindnnysa thasanlalaauwawnsadesaasle
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2.4.1 nalnidilaanavesarsidlunivine (Vehicle mechanism)

At a low water content:

8 S0, H* @ H0 —— Polymer chain L ]l nm
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Proton transéort by “hitching a ride” on H‘)O

31U 2.7 muadeufivaslisnaulushdrsnalnuuudluanawinus (Jiao, 2011)
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2.4.2 nalnmsnszlan (Proton Tunneling or Hopping)
o [ AA |a 4 A [ A & A P
fnuwnuswffivTnaihlusuoungeauaadlugdn 25 dunaefaun
1 . + 1 1 :l A a 1
vasliinautaglugies ;0" aziadaunanluanavasihluananiludaluanagug
g’ A ] U Q g’ A 1
vasinldlasass Goldlddanziulaanazesihluagalaluananislasianis ud
A < A A a A A &
wWasuudasnisiainngldises g Gasannalnnisiadeuiuuufiinnalnnninszlaa
i i [ { P2 o 4 { '
(hopping mechanism) @431 2.8 FaugadunurIzasnainfianiivasllinauiinluiana
vasilaanadng g lasmudfsudunibivasliineuazildifianisesuandulosau
A ' o A A A = Pz o & @ A
fuandnenu Aelunsdinlalanivalesauniainzivluanavesinluanadiados 3
a > + ] 4 a { o '
luanaaziianiswasudndu HO, (Eigen-ion) udiliaiiansidouduniivasialas-
a a a R s 3’ £Z = a
oaleaauldainidu wazfiawuszlalasaunvluanaiidades 2 luanaaziionts
o + . A A { ' + . .
Wasuandu HyO, (Zundel-ion) Famstianaiuasuluaunszning HeO, (Eigen-ion) Way
+ qq; a L > %
HsO, (Zundelion) %HWAAINAITUANYBINWEE ITlATIARLAZANTNATNAIVDIN WD

vLE(I@iLﬁ]WIJ?NIMLﬁQﬂ“H aaﬁnﬁag;i'ml,ﬁmvl,aiml,ﬁw"laaau

H,0,'
(Zundel-ion)

H,0,"

undel-ion)

¥r: Breaking and formation
of hydrogen bond during

proton transfer

317 2.8 unuIzaIMBadsunvedllsaenlwindisnalnnisnszlaa (Jiao, 2011)
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2.5 antian19 MW vasnadnas (Elias, H-G., 1997)

a 6 1 1 = A ¢ [ ¥ A = 1
WaRaLd asamlmy%uauwmumumﬂmmwaom:LLavl,WW’lmme’]mw

Wuanin (w3aladiaanin) lasfaranuiniedsialuwn (electrical conductivity, ) stag
1 -9 -1 1 = U a 6 o a a o v a 6
A1 100 S cm  wamninINaENTzAT e AasnuasadL1Tia v linefiuas
[N ¥ { § o o . A '
a9 Iwrdasuananuduawinluiduasnoa1n (semiconductors)  Gafian
A ° o ' -9 -1 K ' -2 -1 a
ANunRe IWWeInnd 100 S cm wddesndn 107 S om uazu9TRaenlRY
o o A ' { ° ' e 2 -1
aaotduaai Wil (conductors) GeRdaMITIwitetiNAndIwSawinAL 100 S com

Tasm lusrsutianma iwnhvaswafwasziutnutstagaan lanaroagiglaun

2.5.1 AN LADLAANIINKIAANIND WL DNTNANS

luﬂifﬁfﬂ AIWDRLN ﬂﬂﬂﬁﬂiz?ﬁ%&ﬂﬂ@ﬁﬂ%ﬁ]zaQi?ﬂﬁ%@id?@ﬂ%gﬂﬂ’]dﬂl giasaad

o o & o '

a A s/ 1 A { v [ Y
wisfafvadsluiuszlanaundaiulngjddinnaseunaunusnuazaaudrsaglnany

@
e 1

A a A a a P \ A \ A
PIILARYFNINNIN smmmanwuaa:nmﬂLfluaumnm’lmamﬂmnmmuagw"[miwa
ci U .&/ 1 d'l = U ¥ 1 a a
g nainl LmLwaumﬂmmuvlwmmNﬂlﬂ”’lmiwaLﬂ@nﬁiﬁyu@wuﬂﬂﬂﬁamao
¥ oq/' & o @ 1 o a “ 1 1
s d T moﬁ]zmlﬂﬂqwﬂszﬁg‘mﬂgﬂwaﬂvl,ﬂsluﬂﬂmwaaamw"l,wmmuﬂqwﬂs:ﬁ;-

> =Y > U o a A/ Qs
angﬂNﬁﬂ"[ﬂluwﬁﬂwamuﬂumﬂu mlﬁTmaqamaamim@vlﬂiwaiuquﬁmumgﬂ 2.9

Unpolarized

Polarized by an applied electric field.
+ + 4+ + + 4+ 4+ + 4+ 4+ + +
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AN WLaNYaIIRG (permittivity,€) Nazliiaanumannlumiiialnarlsduas
o ¥ A v o o = Aa el
TaglusswwiWwhiuiianuduiusivdnnugluniafivdszgzeswefneigedinnag

= A = o A @ \ o & .o <
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mwmmmlummﬁuﬂszqmam‘"mﬁuﬂizﬁ; ﬁaﬂ%mmﬂizﬁgvl,ww]ﬁﬁﬂﬁé"sﬁ’lﬁ@h
(% ¥ QI J 1 Qs o ¥ 1 v v ¥
And NN ANTUATAARS 1 BibY muﬂ@ﬁmmﬁﬂwmmﬂ LLamawmaﬂ“ﬁﬂizﬂwm
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Frmanunlunsinlwang AW LN L LL@]@I’J%’]SL@]ﬁﬂ’J']&IQVLWW']uBEI andlWWInas
n' J a £ v 1 ™ 6 % =3 (% % '
WndnInauNn dldanudwdndniudiiudszg C ud Uiz Q wdudadiulasnss
' ' o ¢ ~Aq o o ') = £ o A o<
dannue1Idng V Nlg LLazLﬂua@muI@U@mﬂ‘ummmuﬂs:ﬁ; C GIIUFAFTINAIN b
fa

Q=CV 24

e  Q Ae SwudszgWvhdivhldiAadndlunn dnisdugasud (C)
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C fa Anwyiwhaasaah dnheoidu gaaud/liad (C/V) wia Wsa (F)

' & v & [ Y &
Aranuidszgveasdiivlzadnediuaninean  (permittivity,€) 284389 la-
BLaANIN NuNveInliulszl (A) uwarszsewiavasunwniedin (d) asudian weay

ﬁ'um’mLﬁuﬂszﬁga:ﬁuw”uﬁﬁ'umﬁuaufm‘

C=g(A/d) 2.5
1 a a dl ¥ <3 1 o
winnladimaninfilfidugyyimannuiiuldszgasviin

Co=Eo(A/d) 2.6

4 ' @ -12
Wa  €o Aasn woanvadgyaIMa ( iy 8.85x10  F/m)

AnInladiannin (k) U NIIUVIFNNEBNVBIIEG (€) ABINTWLDNDDY

FYYINNA (€o) Ad

k=€/€o 2.7

4 . @ -12
e €o AoANWHANTBIFYYINA ( AALYIIN 8.85x10 ~ F/m)
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’Jaqlwmmmﬂ%amﬂmﬂm I ngaund IlwWIddranIatiaua NI
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A o A = a a P = o
AMULTUAUINNG mma@;mmmwvlmmaammgw:mamwanmmmzazmuﬂizﬂﬂm
& o L ~ = 1 o & =3 v aa

89 mmm:aulumimtﬁummuﬂs:?g ﬁaungﬂlﬁu%mUm’mmmmwagamma
slugmmwaaﬂi:fg

o et 1 a (ni =] qq; 1 a ada a ad

fniudwefwesnlddinsu welinaszWgaaleidn (PTFE) uaz wadiofiau

< A a a ' = v A A a X A '
(PE) nueaafi ladiaaninazanasatnainldtaidagmnndinndu (ainizuziizad
. &
az@aus:%awaIwLaqauwnmu
1 o = a 6 qq/' uq: ] dl a a &’ di a J

LAFINTUNDALNATHTIWAIAIN LABLAANITNATNINT LA D WRATRITU LWINE
X

9 U U

a a

A A A o A x>
lalnaaziianisiaRaun lauindn lagiawizninanuamnnan1stls

9 U

HUFDIUSARIL LA
A oq: an = a nid oq: a 6 ) v ni a a J 2
wia Tg Meminiinadusnsniitasidlunefiwesazilddaladinaningsliudqe

\ ~ A & A a¥ \ a ¢ A ~ A o
LT NI D9 LA uNLD o NTUDG magiuwamuai wIanIaIn L aN G Twen

lalawSuntFanw119uan wialuntdinindunslanzlumaslunaigdndaialatuas

(Elias, H-G., 1997)

2.5.2 Ltﬂntma§n1s§mutﬁﬂ ( Dissipation Factor )
=) a Qq: dl Qs ¥ e 1 dl

lalwazasladiaaniniunomunaznyudiiasluswuiWwnszuassdy udide

- - ¥ o x4 e i g o
maldsuulasfianisvasswialiiiiizu (Meanudgegiu) mavyusaslalwaiald
] A a o, & [ '
nudanisidasuudasfanisvesawin iwigenandu WRZWAIITULIIRINIZYN
waswldiduanuion (goifowasnn) uazgyidsldivingiuwasnuszay dadiu
FURUTVBINRIUFYLRBALN I URzRIRUAT ldanyaignaladiaanin (dielectric
phase angle) ¢ = 90°-0 szwinianszuauazAne IWn 1ila O = loss angle WaIUFLFY
(P,) 2ziilu 0 Waynipmaladiaaninivinny 907 daudiwasauszan (P,) vziilu 0 i1
nazuauazdnd vhaglwipmeninsiwasnuliiminuegndfowduanuiouasgy

i 2.10
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=

é’mwmmaawé’amugmvﬁﬂ@iawa"oomamwﬁaLmlmms‘m‘sgm!,aﬂ (dissipation

[

factor %38 loss tangent) LROIAIRNNNT

P, Ulcos (90°-0) sind
—= = =tan O 2.8
P. Ulsin (90°-0) cos O

a

k AL

X

31N 2.10 anuduRusIznivnszuassunudnd W luizg ladiaansn (Mills, 1993)

ao A A k3
2.6 LANENILLAZIIWBIVUNLNYAVDY

Av A A [ 'Y 1 [ a ¢ A A
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lalavanadinaiugrznitmysidusaswefwesuaudnnulisuysolilauds faw
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v
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a X ' <3 v o v ' . a o A '
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5. NIANBIIN 16A 16 LTWRITTNEIANULRD YT IAINYIITITNTA LWNITRILATIZHA
279 ENR NAelayu319n CCM Chemicals Sdn. Bhd.
6. NIATANIIA (H,S0,) [WuTusasa: 95-98 LHugnsnluriuniuswinaliiia
& QI v 1 a a v
N321U7% Protonation G9aztdwnisinuldsaanliiniiuuiuse waalaguSen J.T. Baker
Neutrasorb.
a 6 a 1:6’9/ L%
7. lmdoylaasanlod (NaOH) uigndiasaz 99 Iidusnsuasgiulunmsnasey
mMInantUaswlosauvaiuuiuTn NEalasUSEN Merk KGaA, Germany
8. lWMuan (CH;OH) Wudusauaz 94 lFlummaseunisgaduiuniueaad
LWNLIHINIUNB LALUSEN LaRLAUN lrandna 310a
9. n1alalasaaain (HCI) Wutuiasas 94 14 lninsanuansazany NaOH 7N
miwﬁmumeﬁ‘ammmwglummaﬂLﬂﬁﬂu"laaau nRalasuSHn  JT. Baker
Neutrasorb.
10. ¥aanlasan Iﬁlumsm‘%wLLN%LWmsmﬂamaaum@hmmﬁﬂums
ni wa o A a A v a 3
wanifuulszg wazaNUan1sinlUsnan mwa@ﬂ@ﬂgmma]umﬂmﬂmaﬂmamumiu

L‘YlﬂI%IE\] ﬁLﬁﬂﬂ"l‘iW AI91% ATUINENEN ET@]{ NANINLAERIY E\l"l%ﬂ%%“ﬂﬁ(
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3.2 gunsntuaziaasiiofildlun1iive

1. UUMITWIALFURIUAUEINANI 10 4. 1N O S LA LTI
2. fintnasaua 4000 aA.

3. TANIWNENUI RW20 NAGlasUSEN IKA Labortechnik

3111 3.1 mmuwauﬁwmoﬁumsmﬁ

a

4. dwiheuquamnnd (Water bath) lddwilaiuquagmnadluninaioueng

U

FITNTIRANAN L6 WA La8USHN Merit Tech CO.,LTD.

a

gﬂ‘ﬁ 3.2 dﬂdﬁﬁﬂauquqmﬂnu

U
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5. ﬁaumw%auﬁuﬂsmm YU 200 AT FEEIARTUDLLAILNNLLITY

gﬂﬁ 3.3 ﬁauﬁuﬂsﬁwmmm 200 8§13

6. LATIIAANNTAUN (Thickness meter) AMVAzLBEA 0.01 N, MTIAAMUAU

A a @ wn it
°I.|8\1L&INL']Jsu‘nL(ﬂsﬂuvl,ﬂﬂauﬂ’]iﬂﬂaaua&lu@ﬂ’mvlwwq

311 3.4 1A38970ANNRIN
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7. 19309080 ohe f%a Elma 3% E30H 1 lawasarmealuwingrsnauwaS o[

LWNLIUHAR A8 USEN Elma-Hans Schmidbauer GmbH & Co. KG

31 3.5 1n3asdaaloiia

8. ﬂﬁ’adﬁgaﬂiiﬂﬁﬁLﬁﬂ@iauLLuuda\‘mi’m (Scaning electron microscope, SEM)

% FEI Quanta400 l1EMasauanmsmen e uamigIninguadiusiy s

311 3.6 ﬂﬁaoﬁg‘amiﬂﬁ&,ﬁﬂ@lsaw,l,uua&aamtm
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9. Lﬂ%ia\'i Fourier Transform Infrared Spectrometer (FTIR) ﬁ A8 Bruker i;'u Tensor
27 masaumumaia ATR lasnasavulugioiauaan 400-4000 cm”  ldasi9seu

Iﬂidﬁ%’]dﬂ’]dmﬁﬂladm&ltﬂiu

b |

A

3‘1]17; 3.7 m‘%iao Fourier Transform Infrared Spectrometer (FTIR)

10. LAJ4 Precision LCR meter ju Agilent 4285A lg3aautianislnwvasinw-

bW

31/11 3.8 LAT84 Precision LCR meter
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11. 10304 LCR meter 3w HEWLETT PACKARD 42638 l#iasus@dumssiy

Iﬂmaumaammmu

3141 3.9 1A3849 LCR meter 31 HEWLETT PACKARD 42638

13. Lﬂ%iad DMTA ‘éu Rheometric Scientific DMTA V, USA ’L“ﬁﬂmﬁi}ﬂa%‘"&%dﬂa

LULWRIAUDILNNLLTY

3171 3.10 1a389 DMTA
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3.3 25N1IALBBNITNAaDY

3.3.1 mMawassaaaInlalasin

1. w@3onanIazans balaoudutu 2% wiv lunsanasinidudu 10% viv lasniu
7913 1 Auudrinaunnsssugngui liazanpasn

2. wansazansla laoulagudunszandSua 15 nsu

3. ﬁ'}"l,ﬂauﬁqmﬁnuﬁ 70 svauoardoainaa 5 12l

4. urluanyazans NaOH 1Tudw 10% wiv 1waan 1 5alusg

5. SIaUTHEInawIR infa1edenIunansudanaliuis

6. W lualunsasafasndutu 10 %viv 1uan 5, 10, 20, 30, 60 WTiLas 24
7.

7. SawaUswsinawanida pH unans

8. ﬁﬂvlﬂaulﬁuﬁaﬁﬂﬂ%ﬁqmﬁgﬁ 70 pvenuraLdoRL Iz 1 T2la9

9. UL I luagiaiaasannitazinld lgdaly

& aa & 6 aa & I3
3.3.2 L@I%EIN%”IEI']\‘Iﬁ‘i‘i&J’lﬁ"l@l@Wﬂﬂ1%ﬂtLﬂ$LNNLﬁi%ﬂﬁdﬁi‘i&l“ﬁ'}ﬂawaﬂl?jﬂ

Aa

1. HIEITITNTIANAUS U I e gL RITaua: 60 NG ILTNAWIRE
USu bl e 1IURITaLaT 20 LRALANENTINHIFAIWAD b

2. WeInLasINaNT D 1 "lﬂmuﬁqm‘mﬁ 50 2IANLTALTERDWLIAT 30 UIN

u

3. auntanasindutw 10%vyv  adtdlutinerelasldiialunisidutszunns 1
ER BTN

4. \du'lalastaueseanladaslulfisenlagliasmmoadszanm 3 5alus

' a

5. Udesliifadjiondaludn 1 Hlus antungadjise udrnagmunnd

u

=)

:’ d' a £ =S a v U ] 1 1 d! = v &
unmommw"lmumqnmgwaa waauLaLn 2 mﬂmmu%mmﬂﬂug}wu 1 A
' ° ¥ A & o v o o v A ' & o ~
Aaniunld Ansrunisiinluauadr s waausdIaLduipwu19a NNl aun 60
asenmafoamduiaa 24 Tu. uaunuliiwesih luneseusutdaunguliouieude 1y

6. ﬁnﬁﬂmaﬁssuf’maEﬁaﬂvlemfduﬂugﬁﬁumnﬁa 5 yunlsuEunIzanus10uN
amnnd 50 29N DAL T RLTWIRT 12 3. N LUSusN N8R IATa NS NT

10 %v/v I8 5, 10, 20, 30, 60 WAL 24 4.
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7. LRI 8BNawIndaN pH Ldunand

8. ﬁﬁvlﬂaulﬁuﬁaﬁﬂﬂ{aﬁqm%nﬁ 70 aventralgor Uszunos 1 T2l

U

9. InuLaLLTW I lwadiaiaasanninaziin ld 16 ald

a

3.3.3 LOSINANTHANITHIW LALAT IRV LIS IINBIADNON bas &)

1. 1@38NRN5azan s A lawtuTy 1, 2, 3, 4 % wiv lsnsanasAnEiNTw 10%viv
Taanuiald 1 Anudrsunnsesnsnaui liazansasn

2. HIneesTsNmanduSun sitasnuefosa: 60 N 13eansdaninnanld
USinamitasnsutsosas 20 udadvansinmaniwasly

3. sinenefitesounda 2 "lﬂmuﬁqm%nﬁ 50 a9eLaLTaRIDWEIaT 30 W17

4. wenansazanslalao g 1, 2, 3, 4 % wiv lunTaWasuNLINTR 10%viv 89
vLﬂquIwmwaLL@iazgmﬂ@]Ulﬁamlumilﬁuﬂszmm 1 571w

5. ianlalasauaseanlodaslul fAsenTasldameatszanm 3 $alus

a a

6. dasslfiindisendeludn 1 $alaus andungad e udrangunndl

U

v

?,’ A a v = a
%’]EJ’NVIL(V']SEINVL@‘GMENQM‘HQN 23

3.3.4 LA UALNNLLTWHAN TN LAl AB WAL 195 IINBIA DN N b6y

1. e suauangda 3.3.3 sanangiduudinwangmrndvinnugungiives

2. InlFUH®NTEAN

3. ﬁﬁiﬂauluﬁauﬁumn@ﬁqnmﬁﬁ 50 24ALTALTERLDWIAN 12 T4,

4. aanuuuuIHLaIN lUUsURMNG BnTaTa RIS NTYR 10 %viv tTuaan 5,
10, 20, 30, 60 WINLLAZ 24 T

5. SILUTHE BN NA IR AT DA dwnans

6. ﬁﬁ"l,ﬂaulﬁl,l,ﬁaé‘ﬂmaﬁqmﬁqﬁ 70 adentral e RUsENs 1 Tl

7. inuatuTw i lwediaiaasauninaziin 1l 16 a1y
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37 3.11 LWALUIUNEUMTBUURT (a), aIauuid (b) uslunsasaiaSniduian 60 wifi
(C) WAz 24 Tw. (d)
Y 1 Y aAaa &
3.4 msnﬂaauqmanumsmumsunamzmﬁalﬂfwmunumoﬁisummwanlsﬁﬁ‘
3.4.1 NMINAFIVANUANIILAN
NNINAFAUFNUANIILATVAILNNLLTLINWAIT LT LATIINITNAR D UT WA ENIN

wisaduwsiuung daoia3ad FTIR %8 Bruker ju Tensor 27 lavltinasia attenuate

total reflectance (ATR) ﬁ’m’lﬁmi”}xﬂuﬁ’NLMﬂsu 4000-400 cm'1

3.4.2 NMINAFDUANTAA BT IUINE

(2
v A (2 '

‘lum‘i'ﬂ@aauwmLﬂums@ﬁuﬁwaa%mﬁazhomm‘m AATUAIDLNIVUNIA
Uszanm 1 0. x 1 TU. SIBNTHVININATOLUNNAAVINIVDITUAI 8196 898 Th

d208191UuT I I laTaut e LaIRNTHA0819Aa% INNHRINTUAIaL1INFINT
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NARDUAAUULYIINBIRADY NBUIINITaUAIsnaddlaslsinSad sputter  coater
FUIB 1 A%9 vuLa 120 3u1ﬁLLﬁaﬁ’1"Lﬂﬁiaag@T’sﬂﬂﬁaaﬁ;amiﬂﬁﬁLaﬂmamwudao

N31@ (Scanning Electron Microscope) 34 FEI Quanta400

3.4.3 NMINAFDUANLALBTINANAIA

TEnsneseuautaBonanaiasasia3as Dynamic Mechanical Thermal Analyzer
g’u Rheometric Scientific DMTA V, USA lagldinasia Dual Cantiliver hi Dynamic
Temperature Ramp 7107108 1.0 Hz A2ULASHA 0.1% gmannd -90 - 90 avALTALTYE

é’mﬁmmﬁuqmwgﬁ 5 aIANLTRLTRA DU

344 ﬂ'ﬁ‘nﬂﬁ@ﬂﬁ&ﬂo‘a‘n'}\ﬂﬂﬁ'}

%

MInaga U9 INWI TN TWl W WITE R lanagauA1a1I gaadie a1a9

b

ladiaan3n draasunaiaas wazan skt W sasnuiuswlasltiaIas Precision
LCR meter ju Agilent 4285A (3Uf1 3.4) 7112402780 75 kHz f19 30 MHz lasvinnsdinm

ﬁamvm“ﬁ A89 @Taashm"'@LﬂugﬂaaﬂauLﬁuqug{uinawa 2 @y, NNITAL laa1nT

q
6 a

wnheiNaudae g aunnaessuLRe (tan O) LLa:mmmﬁg"LWWW (Cp) I@Ummma;

q ¥

Tl a NN FUNWENUAAIN LaBLaANSNAIFUNITA 3.1 N3

€= EE 3.1-n
t

E=— Cp 3.1-%
A
t><Cp

€ = 3.1-a
AxE

t><Cp
E=—"—"7—7F 3.1-3
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o € = dnefiladiaanin Svaaiu F/m
€& = amwﬂﬂ;ﬁ'ﬁﬂ'}ﬂﬂﬂﬂaaqzyfywmﬂﬁ@hwhﬁ'u
8.854x10 " F/m
€ = @hmﬁ"l@Smﬂw%ﬂmaﬁaqmaau
C, = fANNIRNQA parallel Iwieidu F/m
t = anwnwadisanasauiiniodu m
A = Wufinsnaauasan v Swiedn m’
d = Lﬁumuguﬁﬂmwawgﬂw#qﬁ Inuroidu m

3.4.5 ANLANIAATUIN

Y o

AALUNLLTUWUWIALTEN L 2 3. x 2 3. LAt MmN e 8LaIaITINaie s

(2
oA a 1

4 @R TUWANTINRTENYaITUe 0819 1Y annwwindualad i lgmanagauniasoyly

v o '
> A A

uRILANENNABUSNII 25 A, nnudaduarasnaliduiian 24 . INa bAaN1S

[ [ ' [
oy o 1 o a

AATUHIDLIILANT INNBWINTUA D INLTIUTINATY 24 TY. LAINITUINNRIYDITU-

2

s 1 v a

mamamUﬂizmwwmﬁﬁuﬁaamﬁmL%q LAITIUWBLATAITINARYY 4 LRI LN

FRTNTUA N9 1Y LLﬁaﬁﬁ"lﬂﬁwmmmm%’aﬂa:"uaqn’ﬁgwﬁ'uﬁmmauﬂﬁﬁ 3.2

d
% water uptake = — x100 (3.2)
Wd
th Ws = TABNTWA 8 E19MRINITUTEN

RPN TUAID LI DWLTIN

Z
1

3.4.6 ANLANIIAATULANIHAA
msi’@msg@‘fmumuaam AILUNLLTHIN M DN TIALUULALINUNITIARNLANT

@@%’uﬁﬂ WAL RUUAITNAZALINNINNA BN T WLNNIWAR
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3.4.7 n’nm@i’rmmq‘lummamﬂﬁﬂuv[aaau

1. SaruauswusisIiiwingszanos 20 Sadnsu

2. urlug1382818 NaOH Afanuitudi 0.01 wasuas Usuas 15 Saaans 1
nan 24 $alus e liiAnd fAssmsuandsulasauassauysol

3. gasnIaza1s NaOH lutia 2 unlninianu HCI idudu 0.005 uasuaa lasqa-

pAvzdiaud pH 1Ay 7 wardmImAIANNRIIN T lukanURsulaaan adauNT

lon Exchange capacity = (3.3)
m
\a N; = AT U289 NaOH (Wa3uaa)
N, = AT U8INTA HCI (KasNaR)
V, = U3u197089 NaOH (JaffaT)

V, = U3u19 7189030 HCI (ValfaT)

V; = YSuna3289 NaOH A lninia ((afaas)

3.4.8 anUanN1wlsnan

v
o A (o '

ATUA2L19We 3 Y. x 3 Ty, wa ldusluindsaanteaan iwaan 24
A3, PMNUWWTUINAR IAURS LRIIAAMURUIVDITUA DI LASHIINIINAFAURIAIAIN
AUNI% R NANND 10 kHz §281a389 LCR meter 34 HEWLETT PACKARD 4263B Tag

o o , I & & o A o ,
sl:ﬁmmmemugﬂi’mﬂamaumug{umma 2 3. INWWINAT R 716 bd1w ernen

myldinen ( O, Twuddaloufiuas) auaunn 3.3

= — 3.3

\a | = @NNRAWIVBITHAIDEN (LTUALNGT)

R = anudunmu (laviu)

¥ ]
= =

S = NWNWINAAVBITUEIDENI(A1TLTUALNAT)
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wamswﬂaaal,l,az"‘aﬁrmﬁwanﬁﬂmaao

ﬂ??ﬁﬂ‘ﬂﬁﬂ‘izﬂ?%ﬂ?it@%ﬂ&lLNNLU?%’%’]T]VLFII@I‘D’W% #1819 ENR Waz1i1e19 ENR 71

&

ﬂ%’uﬂgﬂmaa%ﬁaﬁ'm"l,ﬂimm Tasn13a9LATIZWINe19 ENR Waziingns ENR BIRFTHES
[ (% o X A ' (Y . &
lassadedislalamuudrdugdiduinniususdaunudaunizuiun1s casting 3w
) =S wa = wa s 6 A A a 6 5 =1 1 o
NN RN ANIILAE FUUANITIAAN IWTLazauUALBINANS IINNIANBIAINITHN

ﬂszﬁ; LR ANLANI NI LT UALAS DN L6

4.1 MIANBINTTUIRAIILATENNRIE19 ENR Uazi1a19 ENR ﬁﬂﬁ&dﬁ?ﬂ1ﬂt@l°ﬁ1%

Taginana Fourier transform infrared spectroscopy (FT-IR)

4.1.1 nMsAn¥lasIas19vaIes ENR
0 o a o 9 @ . . =
ML TTTNTA N ALUSIATIETIINIIARAIBNTZLIUNNT epoxidation G
ﬁ):ﬁﬂﬂmaqamaamaﬁﬁw’mama@‘hLmum‘"uﬁzﬂLﬁ@ﬂ'ﬁmﬁﬂml,ﬂmvlﬂmﬂLaaf[@m:ﬁ

A o

ﬂyjaan%mmfnmuﬂwuﬁz@; TaggrurIndntdwlaaion1TlSaunsuatdnasuya
Aa [ (>3 o A % YR o o

ATR-FTIR 2898195330 T10 A0 N300l SUaznadin1Iaanlls Ga8uaw lainnadirinnis

@T@LL‘JJ?I;JLaqamuﬁﬁwm@l@zlmuﬂi:mumi epoxidation @“’dgﬂﬁ 4.1 NANANA LRI
-1 -1 14 a .

875 cm , 1105 cm U8y 1248 cm fmLLamﬁamiﬁ@maaaansmamlmaLLmu oxirane

) 6 A ' . . a A
TIUNTUAZANE, 2544 ) Luamﬂﬁﬂmaqamaa cis-1,4-polyisoprene LNANTLUREBLLURI
luidulasaiaihives cis-epoxy (Nicholas, 1993) WaTN1IAARITAINY R1IR2C=CHR3 71

(3 H A 1 P o 1 -1
LAY 3030 LLﬂZﬂ’]‘iﬂ@ﬂx‘i“D@dﬂ(ﬂ“ﬂ@d%ﬂ =CH- NanAud 835 cm (Noor et al.,, 2010)

=)

T fAsenaiiiany epoxide tuuaaslinizun 4.2

U
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ENR

[

W

}9@6

[ ol

A
3030 W
s

3800 3400 3000 2600 2200 1800 1400 1000 600
Wave number, cm™

NR

Transmittance, %

3111 4.1 ATR-FTIR s1Unaiu2e48195550@ (NR) riaumm”ml,ﬂﬂumqauamé’ami

@T@Lmﬂmaqmﬁuma ENR

&)

HCOOH + I-§202 H—C—O00H + H20

Formic acid Hydrogenperoxide Peroxy formic acid
O o)
H
H—Q—OOH + — WAW + HCOOH
Peroxy formic acid Natural rubber ENR Formic acid

31 4.2 UA501MI89ATIEHE1S ENR 9IN81FI5U9A (Gan,1986)
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v A L 1 1 & = o o 6 o

56EJE%‘IJax‘]ﬂﬁil,ﬂﬂUHLLﬂ@OT@GW%ﬁ&QVLﬂLﬂuVHH epoxy uuummauwuﬁﬂﬂm

o v a A o Qs
mmmmmm"l,mnmﬁmaa Davey and Loadman %Gﬁ’]&ﬂiﬂﬂ’]%’]m?ﬂﬁﬂaﬁi’m’li@(ﬂﬂﬁu

URIBUWTILIA (Ar) AIRNNNIN 4.1

8g70
Ar=——m 41

Ag35+3ag7

' ° ' -1 ] {
1ot ag, AoAINIQANAUULIING LRI 870 cm UAZ ags ABAINIQANALLEIN
o 1 -1 o o 094' ) 1 { v o { 2
Funikd 835 cm - ANNAIGL NN Ar Aldanduimanuannisi 4.1 ldnnsesas
289%4 epoxy lABNTINURAIANNFNNUTTLRIIFAFIUNIIQANARLEIBUNTIIANL TR
' o A A o ' A a a
nz283luaaIny epoxy @I3U7 4.3 TanmadmiidNamNaNn1IN 4.1 uazdSouifisy

AunTWluglf 4.3 wudiens ENR Aasoaldiisasazuaslua epoxy Uszanmsauaz 40

0-7

log A/B
log A/B + log C/D

"Absorbance ratio =
0-6 +

05 +

04

0-3

Absorbance ratio

0-2

0-1

60

Mole %, epoxy

31N 4.3 niSeuiisuanusuusveIdIanomy epoxy 189819 ENR ildainnis

Jaeralunaila FTIR (Davey was Loadman, 1984)
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4.1.2 nsanulaseadsasens ENR finanadralalanu

ﬁnﬂgﬂﬁ 4.4 $ldnmyesvdomafia ATRFTIR wuindmsvlalaaswin
usasNananvasnyozdlu uaznyjialud (O=CR-NH Adusnemsiugasianinglodn
fidunits 1581 cm ' waz 1652 cm auEALU dmnwéﬁﬁmamﬂ OH &z NH, \fiaf
@UrTd 3356 cm | (O-H stretching) waz 3277 cm  (N-H stretching) I@U%&qu O-H 1
dwldleddnduses ¢ dumibedi 3 uaz 6 luluwanavadlalasu wueAinsiiaiad
GIUWWTS 2874 Uaz 1420 cm ifuuamﬁamié;mamg CH, stretching 4az OH/CH 73
WA pyranose AINAIAU d’suﬁﬂﬁ@ﬁ”nmuﬁuﬂ@ﬁm 1150, 1059 waz 1027 cm  WaAd
f9n13quB89 C-O-C B84 glycosidic linkage lulwanalalasu

HaRansanlassafomaaizasens ENR ananlalasin ludagiudsunowes
lalaausasas 3 (ECS1), 5 (ECS2), 8 (ECS3) uaz 10 (ECS4) wuinfansdasuutas
ldanidu ﬂamﬁaLﬁ@muﬂﬁﬂuLLﬂadluﬁﬁLL%ﬂama\‘myj epoxy 819 ENR @336
875 Cm-1 1dvdun 871, 872, 875, 875 Cm-1 lufﬁ@]i ECS1, ECS2, ECS3, ECS4 ANNANAU
waziilafarsanludimvesluanalalasudinuidnsdsuudssasdunisnddgy
LTUAUATIGIUNIS 3356 cm sfial,mmﬁmy; OH MAamstasuulasliidu 3461, 3400,
3390, 3400 Iugm ECS1, ECS2, ECS3, ECS4 anugay wazm il auudaddiumibad
usaInY N-H 910 3277 em” lilu 3275, 3276, 3270, 3273 cm” lugm ECS1, ECS2,

A v o R A @

ECS3, ECS4 arudau andayanndnandidudsdudulainfianudulyled
=) aaa QI 1 > A =) 4 1 1
lalamuifad JATeniuens ENR szwiamidaianzidauiadonlosszwinamg epoxy
o ' [ { A [y o o a
184879 ENR 1iuny CH,0H 2aslalamuaazdil 4.5 Gellenuasoadsnuiunaianis

\auleduadsns ENR nuudsiudiuznasnagui 4.6 (ITuniuazame, 2544)
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Cs

ECS4 -‘vh

< | Eoss N\ W\
2 | ecsz P WA\
:g ECS1 W v
§ ENR W Vv
W W\ W
.

3800 3400 3000 2600 2200 1800 1400 1000 600
Wave number, cm™

311 4.4 ATR-FTIR sitnasuva9zns ENR, 819 ENR uanlalaouidSunos 3%

(ECS1), 5%(ECS2), 8%(ECS3), 10%(ECS4) uazlalaau (CS)

TH
/ 0
e——¢ HC—C\ + /m HO
el “cH, Ny e
3 o 3 NI, NH,
WCI\P H,C CH, H,C CH, H,Corvvw
7 \ ¢
c——cC CH C HC—C
/ N | NN
H;C CH H CcH CH
Nl
H,C Hy,C
0 0
o o)
~~ HO HO
NH, NH,

s 4.5 anaduldldvasmafieiusziadszninoes ENR nulalaamu
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CHg (|3H3
e CH— :|3= cH— CHy——F CHZ—(|3— TH— CHy I~
O OH
(|3H2
0
OH P
OH

Ui 4.6 anuduldldrasmafanuszadszniiees ENR ﬁ'uImLaqamaa

wINuEUsras (ATSunSuasauy, 2544)

4.1.3 andnazaslalasiwaalIunadosazuaslaa epoxy 209819 ENR
ni v & a ¥ 1 dll = a
13U 4.7 usaaliiAudInnmsasazvaalus epoxy wuindafimafuasazany
lalaouaslUlud §ATenzndrsnmssaaeziieny ENR  wuilddSumsosszaaslus

. O R I 2 ¥ y
epoxy aaadlugsuInuazaziiudulatsinalalamuinntwdusosas 8-10

50 -
? 40 - fommn] raimcm ommimcim)
8 o Y W
@ e o mn 2 oo
fommmn] aimmm fommimmim]
s ] e Ry
= T SR e A
@ o] o e ety
2 20 - b hommn) [rmcm bormmimsm)
33 o] P b ety
@ oy P [ AT
x b Zm ] [ fommn] [mmm ommimcm)
@ 10 - A b Fomn b ety
e A AT SRR AT R
fommn] [recmmd fommm] raimcm ommimcim)
b frmomi b [ et
foimnimnd [rmimnec fommmima] [rimmim fommimmim)
0 T S T S SR
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Abstract

Bio-polymeric membrane obtained from the blending of chitosan with epoxidized natural
rubber (ENR) in latex state was studied by dielectric spectroscopy. The dielectric
properties of membrane were investigated in two anisotropic directions — longitudinal
and cross-section at frequency from 75 MHz to 30 GHz. The dielectric spectra of the
membrane exhibit large dielectric dispersion. The longitudinal direction with high content
of chitosan showed the highest activation energy. The chemical structure of the
membrane was confirmed by ATR-FT-IR spectroscopy and found the peak at 1315 and
1155 cm_1 indicated ether linkage was formed between epoxide group and chitosan.
Such novel polymer blends that undergo thermally induced crosslinking have been
termed “self-crosslinkable polymer blend” and found that the mechanical properties
were improved which was observed using dynamic mechanical thermal analysis
(DMTA). Moreover, the dielectric constant of the membrane after treatment with sulfuric
acid was increased due to the crosslinking of ENR with sulfidic linkage. While the
membrane treatment with sodium hydroxide, the dielectric constant was decreased with
the degradation of ether linkage. The surface properties and morphology of the
membrane were also investigated using atomic force microscopy (AFM) and scanning

electron microscopy (SEM).
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Abstract

Bio-polymeric membrane obtained from the blending of chitosan with epoxidized natural
rubber (ENR) in latex state was studied by dielectric spectroscopy. The dielectric properties
of membrane were investigated in two anisotropic directions — longitudinal and cross-section
at frequency from 75 MHz to 30 GHz. The dielectric spectra of the membrane exhibit large
dielectric dispersion. The longitudinal direction with high content of chitosan showed the
highest activation energy. The chemical structure of the membrane was confirmed by ATR-
FT-IR spectroscopy and found the peak at 1315 and 1155 cm™ indicated ether linkage was
formed between epoxide group and chitosan. Such novel polymer blends that undergo
thermally induced crosslinking have been termed “self-crosslinkable polymer blend” and
found that the mechanical properties were improved which was observed using dynamic
mechanical thermal analysis (DMTA). Moreover, the dielectric constant of the membrane
after treatment with sulfuric acid was increased due to the crosslinking of ENR with sulfidic
linkage. While the membrane treatment with sodium hydroxide, the dielectric constant was
decreased with the degradation of ether linkage. The surface properties and morphology of the
membrane were also investigated using atomic force microscopy (AFM) and scanning
electron microscopy (SEM).
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Introduction

Modification of polymeric membranes in order to obtain higher permeability and
selectivity as well as good thermal stability is currently one of important topics. A number of
publications [1-4] deal with incorporation of hydrophilic biopolymer such as chitosan with the
epoxidized natural rubber (ENR). Generally, chitosan is biocompatible and biodegradable
with wide range of applications in cosmetic, pharmaceutical and medical industries. More
importantly, in reactivity point of view, it possesses two nucleophilic moieties namely the
primary amine (-NH2) and hydroxyl (-OH) groups. Incorporation of chitosan with ENR has
been done via solution blend (homogeneous reaction) and dry blend (heterogeneous reaction).
Solution blend of chitosan with ENR was found that chitosan was grafted onto the backbone
of the NR derivative while dry blend showed good interfacial interactions. The membrane
properties of the obtained bio-blend were found that the both of permeation flux and
separation selectivity of water-isopropanol mixtures were increased with increasing chitosan
content [3].

In this study, the membrane was prepared from incorporation of chitosan with
epoxidized natural rubber (ENR) using in-situ epoxidation reaction. The obtained membranes
before and after surface treatment with acid and base were characterized of physical and
dielectric properties.
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Experimental
Preparation of membrane

Epoxidized natural rubber (ENR) latex was synthesized by using in situ epoxidation
reaction of formic acid and hydrogen peroxide. Chitosan solution was slowly added into the
ENR latex, while gently stir at room temperature for 1 hour. The membrane was prepared
from mixed latex by casting on a glass plated and followed by drying at room temperature.
The membrane was immersed in water bath at 50°C for 1 hour before dried at 80°C in oven
for 15 minutes.

Characterizations

The dynamic mechanical properties of the obtained membrane were performed using
Dynamic Mechanical Thermal Analyser (DMTA; Model-V, supplied by Rheometric
Scientific). The shape of test sample was rectangular, 25 mm long, 10 mm wide and 1.5 mm
thick. The single cantilever mode of deformation was used under the test temperature range
from -90°C to 90°C with a heating rate of 3°C/min.; the test frequency being 1 Hz. The
cooling process was achieved through liquid nitrogen.

Surface morphology of membrane was studied using atomic force microscope (AFM),
Park System XE70. The surface roughness average (R, ) and root mean squared (Ry) were

calculated from Nanoscope software by using the following equation:

1 n
Ry=— Zl|zj| )
J:

1 n
R =,[-2Z @)
=

Where Z i is the difference between the height and the mean plane cuirent, and n is number of

points.
Dielectric measurements were caried out in the frequency range 75 kHz up to 30 MHz by
using Precision LCR meter (Agilent 4285A).

Results and discussion
Dynamic mechanical thermal analysis (DMTA)

The properties obtained from the dynamic mechanical thermal analysis are the storage
modulus (E’) and loss tangent (tan ) of the incorporated membrane before and after surface
treatment with sulfuric acid that is recorded as a function of temperature from -100 to 90°C
and showed in figure 1 and 2, respectively. Figure 1, the storage modulus is found to increase
with incorporation ENR with chitosan below the glass transition temperature. This indicates
that ENR compatible with chitosan via in-situ epoxidation reaction. The incorporation of
chitosan has improved the stiffness of the ENR around the glassy region. The damping
property (tan 3) which is the ratio of the dynamic loss modulus to the dynamic storage
modulus is found to increase with incorporation ENR with chitosan. Since chitosan is rigid
with it dissipates energy and thus the height of damping peak increases. The tan & peaks
observed correspond to the glass transition temperature (T,) of the matrix. The T, of the
obtained bio-blend is increased indicates good interaction between ENR and chitosan.
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Figure 2, the storage modulus is found to decrease after treatment the bio-blend
membrane with sulfuric acid while the damping property is increased. The occurrence of
separated tan 8 indicates the phase separation of the blend due to the crosslinking of the
chitosan with polar sulfonate bonding. The molecular movement of acid treated membrane is
decreased and the stiffness of the membrane is improved.
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Fourier transform infrared spectroscopy (F T-IR spectroscopy)

The FT-IR spectrum as shown in figure 2 is found that the chemical structure of ENR
was changed after incorporation with chitosan. In generally, the absorption peaks of ENR
occur at 876 and 1252 cm™ can be attributed to the epoxy group. The major characteristic
peaks of chitosan are found at 3450 em’ (O-H stretch), 2875 cm’ (C-H stretch), 1650 cm’
(C=0 stretch of carbonyl group), 1375 cm’ (C-H stretch of methyl group, and at 1092 cm
(C-0O stretch) [5]. The new bands occur at 1154, 1089, and 3400 cm™ revealed with the good
interaction between ENR and chitosan and corresponding with DMTA results.
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Surface Properties
The micrographs in figure 5 clearly showed that the ENR membrane incorporated with

chitosan formed the aggregate structure with high surface roughness due to good interaction

between ENR and chitosan.

(a) (b)

Figure 5 AFM images of ENR-CS2 membrane before (a) and after treatment with H,SO4 (b).

(a) (b)

Figure 6 AFM images of ENR-CS2 membrane after treatment with NaOH:
(a) top and (b) bottom surface.
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Table 1 Surface roughness values of membrane on mica substrate.

Membrane R, (nm) R, (nm)
ENR 31.7 42.6
ENR-CS2 60.5 48.6
ENR-CS2-H15 227.9 183.9
ENR-CS-NaOH- Top surface 167.4 139.0
ENR-CS-NaOH- Bottom surface 50.0 40.5
Dielectric properties

The permittivity and dielectric loss of membrane were measured over the frequency range
from 75 kHz up to 30 MHz at room temperature. Dielectric constant of the membrane with
higher content of chitosan was increased as shown in figure 7. Blending of ENR with
chitosan, the ether linkage was formed, replied that ENR-g-chitosan was occurred and
decreased conductivity of the membrane. These results are similar with the crosslinking of
membrane with sulfuric acid. Dielectric constant of crosslinked membrane is higher than non-
crosslinked membrane as illustrated in figure 8. On the other hand, the membrane surface
treatment with sodium hydroxide (NaOH) results in lower dielectric constant due to chain
scission of ether linkage as shown in figure 9.

The sharp increase in dielectric loss (¢”) in lower frequency range of membrane with 4%
chitosan is attributed to the increase in contribution of both interfacial polarization and
conductivity due to high positive charge of chitosan. After crosslinking of membrane with
sulphuric acid, the positive charge of chitosan is decreased results in decreasing dielectric loss
as well as the surface treatment with NaOH.
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Conclusions

The membrane obtained from the incorporation of chitosan with ENR was found that the
mechanical property is improved. The dielectric constant revealed with interfacial polarization
and conductivity of membrane is mainly changed with chitosan content. Chitosan can be
grafted with ENR and crosslinking after surface treatment with sulphuric acid results in
higher dielectric constant at lower frequency.
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