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ABSTRACT

The aim of this study was to design and develop the nano-ZnO and nano-TiO, for
photocatalytic properties, self-cleaning properties and anti-bacterial properties.

The miniemulsion polymerization was selected technique to modify the nano-ZnO and
nano-TiO, by encapsulating the nano-ZnO and nano-TiO, in polystyrene particles. The hybrid nano
polymers were coated on the cotton fabric by using Dip Pad Dry method. Moreover, the variation of
the nano-ZnO and nano-TiO , content from 1 wt% up to 40 wt% in the encapsulated — nano particles
of hybrid nano polymer was also investigated.

The hydrodynamic diameters of the hybrid nano polymer ZnO and hybrid nano polymer
TiO, were determined using DLS technique. It was found that the diameter of the nano hybrid
polymer was slightly increased with increasing polymerization time and with loading amount of
ZnO and TiO, from 1 wt% - 10 wt%. However, the maximum loading of ZnO and TiO, in hybrid
nano polymer were 10 wt% due to the break out of the hybrid polymer at the loading amount of
ZnO and TiO, more than 15 wt%. The FTIR and XRD confirm that the hybrid nano polymer were
presented on the cotton fabric. SEM micrographs demonstrated the morphology of the hybrid nano
polymer ZnO and hybrid nano polymer TiO, at different ratios on the cotton fabric. The
photocatalytic studied of the coated fabric with hybrid polymer significantly showed the
improvement of self-cleaning properties and anti-bacterial properties with increasing in the contents
of ZnO and TiO, in the hybrid polymer on the cotton fabric.

Keywords: ZnO, TiO,, hybrid nano polymer, photocatalytic, self-cleaning and anti-bacterial
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DA v 4 4 4 44 Ao
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159A8UEIV09 ZnO-Sn0, U1 TunoN INGnA2833015ANAZNBUIIY (Coprecipitation method)

[ ?x’l o vAa 1 4 Ia v
‘Hﬂﬂiﬂﬂuiﬂﬂ1ﬂ”liﬁﬂrkl"lﬁll‘ﬂﬁﬁ1\1°”] Naﬂ”liTlﬂﬁ’t’)iJﬁ)’Jmedi@QLﬂﬂ“ﬁliﬂﬂwuwiﬂGIfL! (X-ray

D

=1

. . ' 9 = A A 2 o A
Diffraction, XRD) NWUINANUUNUDINAISIN GllumaizElznaﬂuﬂ”lil,w”lmmm ﬂmﬁﬂﬂug‘ﬂ%
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2 Theta (8)

suf 221 31 XRD patterns Y94 (a) ZnO (b) SnO, (c) ZnSn (d) ZnSn 0.5 (¢) ZnSn 0.05 KN

600°C 15181 1 hr uag (f) ZnSn 0.05 W11 600°C 131141781 2 hr [35]

4 &} ia o a { 1 @
ﬂ'ﬁNﬁ 2.1 UFAIVUINBDUNIA WURRITUNIE ﬁﬁgﬂmg MSHLALIANLANAINY [35]

In0600°CMth  Snd: 600°C/1h  ZnSn400°C'1h  ZnSn60D°C/1h  ZnSa700°CH1h  ZnSnas ZnSnoos InSnnos
600=C1h 600=C/1h 600-Cf2h
Mean size of Zn0 (nm) 38 - ! 15 1046 21 155 30
Mean size of Sn0; (nm) - 12 1.5 2 1022 32 25 26,5
55A(m?/g) 6.5 287 95 523 325 40 205 105

MINN 2.2 el §nsen1sdesdalsved MB NQuugin N ILaznaiuana1eny [35]

InSnd00°C/1h Znsn600-C/1h ZnSn700°C/Th ZnSngs ZnSngzs ZnSng, ZnSnggs ZnSnygs
600°C/Th 600°C/Th 600°C/1h 600°C/Th 600°C[2h
K03 min ) 1 5 15 8 14 2 36 43
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Si0: colloid TiO: colloid
(Ludox SM-30) prepared from TTIP

Cotton lmmxiﬁ Mixture (1: 1) of Si0);
fabric r and Ti0O: colloids

v

Washing

v

Drying

v

Thermal treatment
(100 °C, 1 hour)

s 2.23 JUlumuraITNIINAQARI [36]

(th 4h fh 24 h

a & ¢ ) A A ¥ . LA o
TIJ‘n 2.24 3‘].]Llﬁﬂ\‘]ﬂ1§gﬂ"Ufl]ﬂﬂi’]ﬂ“l]@\?]lju!lﬂqUuWTﬂWﬂmQﬂlﬂaﬂﬂﬂfJﬂ SIOZ/TIO2 NONNIYIIF

U u

o v a I
ﬁnaf’]\ﬁnﬂwa\‘]\ﬂullﬁﬂﬂ1%@]ETL’]JUL’JQT 0,4, 8 118 24 hr [36]
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2.2.6 Sun azaue [37] 14MnsAnyIMsdunsiey zno amailalalasmesivea
(Hydrothermal) T¥ifivwa luTaswasuazlignswuvduuaswaaslugli 2.25 nunilgase
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Methylene Blue (MB) (NN 68.0%, 99.0% Lag 95.5% auaiay tazdszansnmmlumsman
o w 4 [ a a 4 1 {
TOC 43.2%, 59.4% L% 70.6% ANaRU ooy ZnO 1FIWAFINUI ZnO AN
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¥y = ) g A o aaa P A
waadIiuIINIseTeN Zno JUnswvvanatluasniudusal§asedlenas uaze1ade

] { g v 1 aaa o o 3 @ {
landuastiiudusalgnsedronaslumsiiaindennddon awaaslugdi 2.26

———
15KV <, X1.000. - 10um AN 40 SE|
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51 2.25 51 SEM ¥04 (a) - () ZnO AFUATIZH IdgUNsIVUTIILIA (d) ZnO [37]
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#5777 Decolorization with dumbbell-shaped ZnO
¥-777- Decolorization with commercial Zn0

B TOC removal with dumbbell-shaped ZnO
[TI1T] TOC removal with commercial ZnO
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Removal efficiency (% )

LAY MB CV+MV+MBE
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§1J°n 2.26 Naﬂ”linﬁfmL‘V]EJTJﬂ”liﬂﬁ]ﬂﬁfl’f)mmxﬂ'liﬂﬁﬂ TOC A3 ZnO gﬂmummmummz

ZnO [37]
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22.7 Chiu tazamz [38] lAiimsItenenunszuaumsmsvugluuiuvaoutay
Anwrautianennuouveudulewoansenau (PP) Heun Tio, vuiaoynau1 Tumas 1ag

o . { o 1 o w g/ o g I
MMSHAY TiO, uag PP NOAIAIU 1wt%, 2wi% Hag 3wt% mua1ay mnuumnsvugiilu
iduledae1n304 Single Screw Extruder NaMgil 200°C YuIAEUAIEUINA19Y0912 Die 0.5 mm
namsnadou lane Tio, vuiaeymau luinaulu PP finaniznuaon1 Elongational flow
waztilonaaeuauianiennudoudiomailn Differential Scanning Chlorometry (DSC) WU
gaurgllunsvaouad (T,) nagal Heat of fusion (AH) woudules PP/Tio, dniudule pp

I . o 1 : o a < 1 .
oy naziiierhial Heat Of fusion (AH) mdnmmnSuamanandnninuinduls PP/Tio,

~ = 5 ~ Y A =~ [ 9 @ ~ A
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1 wt % TiO,/PP AHm = 84.23 Jig
| WE 165.21 °C
2wt % TIOyPP AHm = 84.16 J/g
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=
=
= Tm = 161.63 °C
_ \fbﬂm =7925 lig
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: . ;
100 150 200

Temperature |°C]|
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A

<3 =] a A A 1 Y T Y o Y a1
HALTI NY5EANTMNWNANI PP/ZnO Llﬁﬂ\‘lalﬁlﬂu’)'lﬂ’J'lﬁJL"’lﬂﬂuulﬂ“ll’EN SEBS-g-MA na¢1®

. 1 A =~ v v v g Y 1 o A
Ti0, 410N ZnO HOINNNMIIVAINUY UNBUVOI ZnO Gl,uU'l\‘]ﬁ'Juﬂ\u!ﬁﬂ\‘lﬁlugﬂﬂ 2.29

Mmsei 2.3 uﬁmﬁuﬂ”ﬁmamm%’emm PP/TiO, tta¢ PP/ZnO [39]

Blend Tw (°C) FAVG) Enthalpy (J/g) X.(%)
Original PP 166.3 124.9 85.4 40.86
PP/1TiO, 165.8 122.9 82.7 39.57
PP/3TiO, 166.1 124.5 81.2 38.85
PP/5TiO, 166.5 125.1 83.1 39.76
PP/1Zn0O 166.6 123.1 65 31.10
PP/3Zn0O 165.9 1234 63.42 30.34
PP/5Zn0O 165.9 123.1 64.6 30.91

¥l Zn0 3 Fn0) %5 InD

3UN 2.29 31 SEM ¥4 PP/TIO, 1Az PP/ZnO [39]

57



229 Zhang uagamg [4] ladnyimsdunsied Tio, eynimvuiau Tumwashgn

[ 4 A aAaaa o o a 4 Y 4 A 1 a aan 1
mmswwﬁ"mmﬂuﬂuuam%u Wi’]au\lﬂi]lil,‘f]f"]fu Lﬁi’]LWNﬂ’JﬁJ’JENIl’ﬂuﬂﬁlﬂﬂﬂ@]ﬂimliﬂi;f?]ﬂ

v

[ 4 Aa Aaaa % a sol %} o aan
U3 Tio, E’J‘Ll‘lﬂ"lﬂ"]]u1ﬂ‘Ll1THLN@?%%QﬂﬁQLﬂiWZﬂ@%&MﬂL!ﬂllu@ avurtai luiiy ﬂ@]ﬂiEH

1 1 a 4
Li\iﬁ}’lﬂllﬁ\iﬂlﬂﬂ TiO, ’E)‘lélﬂ1ﬂﬂ]u1ﬂu11u!ﬂ@]ii}$ﬂﬂ°ﬂﬂﬁﬂﬂﬁ38ﬂ15868ﬁ618m1ﬂﬂﬂm5u%

a

a v o A

HAMIANEINDI TiO, aymau Tuwasimsoualedsiionasuiilszaninmgelumsaais
a J ' . . A ) Y asy A ddy Aa
WFA0BIIUNVINNI P25- TiO, ag TiO, NYAAIsNAI8ITLUL Taa-10a (HaINUNUNFIGY

= A d . ~ o 4 AaAa v v A Y 1 4 A
wazlyuaeyNIANE@n aUA1A Tio, NgndunszriuuTlaNasulvinadurIgudnalunay
@ H a Y] v W < 1 . {
15 wlwwas Imsnsznedrnduazinanistuainuaniios diuvnIneynIAves Tio, Ngn
[ 4 axy = 9 v o =\ @
dun3129 1A Isa-nalvinaduriguanals 40 1Tuwas - 60 U1 Tuwasuazin1ssIneg?
[ 1 < Yo o ~ 1 o w a 4 Y v A
nusdruiuldvadadaslugln 2.30 aaunismidaveuuiaoosunnieldnisniesd
o I < I A = a s A T =~ .
pani1 alean ilesisuadiuiasveuniaeosusitionatriull 200 uiives P25-Tio,
a g o w v . { @ 7 A Aaaa v o
uaz Taa-wanailu 6% uaz 40% awd1ad udeyna Tio, Ngndunsiziaiamaialioiadu

a o 3 o W a J o
ﬁqmﬁ{]umm%@u 550°C ﬂﬁgﬁ‘llﬂﬁ'lllﬁ'lﬁmﬁ@'ﬂ 100% Glumimﬂﬂ UDADBITUN muﬁmﬁlu

0.1 pm

' ' '
= E v a =

sUN 230 31 SEM fiduns1z4dae (a) TiO, Ngniaseudiemniin lwa-toa uag (b) Tio, ign
~

58



Cal
=h.

1K)

ui

Gl

40

20

PHOTODEGRADATION RATIO[%]

-
=

iy 40 B0 (20 1641 I
IRRADIATION TIME[min]

v 9

aan a 4 { a
2.31 URNTeusIAInaIveInIsaaIgNNasvs uNved Tio, symaul lunwsen 1aeds

utpNaFuNYUUYNNUANANNY (1) 550°C , (2) 80°C , (3) 750°C (4) TiO, DYNA

[ ] ]
~ ~ ay =

W TuNaI N3 8N Ia-wangungiin 500°C, (5) P25 [4]

59



VNN 3
EMIAUTUNUIDY

[

a L4 { [ a a a 4 $ [ 4
et laanuunerdu I Tauaa ladnvesun TulsauSanedmeinduasiziais
¥ "

matiaiiiodatu wodwes Isiwdu Tasldidenl¥ingaulunquueslanzeenled laun zno

{ J 4 I 1% . A a
uaz  Tio, Ml Taseadauuug Ing (Rutile) itiosniniduiaghiantiadiuivTauaai ladn

[

v 3 - CRER ) A D, ¢
ﬂﬂuu1UQ1u3ﬂﬂu ﬁ]\?jﬂiﬂﬂ\? ZnO 9Hﬂ1ﬂmu1ﬂu11utu@illagﬂq TiO V]NIﬂﬁQﬁiWQ!LUUE]‘lﬂa

2

a o

o o A a aa Y a 4 Y
(Rutile) ’f)lélﬂ1ﬂEIJLl”IﬂLlﬂunlﬁi?ﬂﬂ”lﬂ”liﬂi'ﬂﬂ?ﬂ?mUﬁﬁ}?}ﬂmﬂUﬂllu%] v waamasllwwu

]

A A

I8fuunTuleusaneawes zno  wazurluleusawedawes Tio, iierinliz@niamaiu

va 9 Y

TWTauaarlagn, auidaiumsiianuazeIndleaazauiadIuMIa U IuLuAnGy
g o a a J 2 a Jd . A o 9 ¥ =
vt Tulausaneawes zno tazululeuSaneawes Tio, NduaT1ed lauIgUIAADY
vufEhealemalia Dip Pad Dry [40] thedneiauiasmuaien 1wy auiasu i Iauaa ladn,

ua gy Y o o 9 Y A < 9
FUUAAUATUNITIIANNTEDIAAABALAAUMTAIUMIULUANG Y 11 uaAY

3.1 URUMSAUUHIY
= Y Y 9 a0 aA v
3.1.1 ﬁﬂmsé]uﬂmmau"auaw1ua ININYIVDN
3.1.2 'JNL&WUﬂWiﬁHﬁUNU
[ S [ a tﬂ' =1
3.1.3 VAUATINIAYAVLUASIATDIND
9y A A @ (% a
3.14 ﬂiﬁ%ﬁ@ﬂiﬂﬁﬂﬁi?\uwaﬂuEIUWﬁ'JGlQﬂ‘]J
o @ s a =) a a 14 a
3.1.5 ‘Vﬂfniﬁ\iLﬂiW%‘ﬂ’L!'lIuWﬂﬁﬁllﬁﬁu, uﬂu“lamﬂwaamm ZnO Llﬂ$u11u11€l‘l]'iﬂ
a A aAaaa v o a 14 Y
W’E)ﬁ!ll’é]'g TiO2 ﬁ?ﬂlﬂﬂﬂﬂﬂﬂﬂﬂa%u Wf]ﬁm@ﬁulﬁl“]f‘]fu
o A a a a 14
3.1.6 “anﬂi‘ﬂ@ﬁﬂﬂﬂuﬂﬁﬂl@iuTIuW@aﬁqﬂdﬁu, uﬂu"lamﬂwaamei ZnO g
a a 4 . A o <Y A Aaa v W a 14 @
uﬂu"l,amﬂmamai T102ﬂﬁﬂlﬂi”l%ﬂﬂ?ﬂlﬂﬂﬂﬂﬂﬂ@lla"lfu waamaﬂimu
a 7 ¥ o a A Ao N Yy A
3.1.6.1 'Jlﬂ51$1’f1’?1u1‘ﬁuﬂ13~lmf}aGlJi’J\iLl"IILl‘WBaﬁllﬁiu‘ﬂﬁ\uﬂi”lx‘ﬁllﬂﬂ?]ﬂmﬁﬂﬂ
Gel Permeation Chromotography (GPC)
a 4 a ~ a a 14
3.1.6.2 ’;miwwmmmﬂmgmﬂmmuﬂuwaaﬁllmu, uﬂullamﬂwaamm
a a s . Ao MY Y 4 . . .
zn0 uazululauSanedwos TiO, NFUATIZH 1A A01AT 04 Dynamic Light Scattering (DLS)
3.1.6.3 AnvanvazdugIv, vueoynaLaznsIaiieIaIvedululausa

wodwe3 zno uazu1TulauSanodmes Tio, Ao SEM



a 4 4 a a 14 a
3.1.64 ']Lﬂi”lgﬁﬂﬂﬂﬂizﬂ@ﬂm@ﬂuTTuqﬁﬂiﬂWﬂaﬂJﬂi ZnO uazuﬂu"lamﬂ
a g . Y A Ia o
NOAUNDT T102ﬂ?ﬂlﬂiﬂﬂlﬂﬂ‘ﬂ)’ﬁﬂﬂﬂlﬂ\liﬂ%u (XRD)
=2 1 d o a a 14 a
3.1.65  Anwmylansuvesu TulauSanedmes zno uazuilulausa
a 14 4
NoaLuvsT TiO, A181A304 Fourier Transform Infrared Spectroscopy (FTIR)
A a a 14
3.1.6.6 ﬁﬂ‘H'lﬁlJ‘Uﬁ‘Vl']\'iﬂ'J'lll%}f)usll@Qu’liullacﬂiﬂv‘lﬂﬁlﬂﬂi Zn0O uazuﬂu
a a 4 4
lavsaneamos TiO, #8154 Differential Scanning Calorimeter (DSC)
o A a a 4 a a 4 . ~
3.1.7 WTﬂTﬁ‘Igﬂlﬂa@ﬂu’liuhlaﬂiﬂ‘W@ﬁLN@i ZnO LLﬁ$u11ullanﬂW@aliJﬂﬁ TlO{VI
o o A Aaaa v W a 4 o a
TAUATIEHNNNNAUANUDUATU W’E)alllf]ﬁ‘lﬁlcﬁ%uUUﬁWﬁWﬂﬁjﬂmﬂﬂuﬂ Dip Pad Dry
o a9 A A Y = a 4 9
3.1.8 ﬂWﬂWiW@ﬁﬂUﬁNU@lW'lﬂ'lﬂ‘ﬂgﬂ“l):‘U!ﬂﬁ@ﬂﬂ?ﬂuWquanﬂW'ﬂﬁLN@ﬁ ZnO Iagm
A A Y a a o N/
fengnyuindeudieu Tulsusaneamwes Tio,
3.1.8.1 Anpanuazdugiy, vuiaeumauaymstaiEesiivesutlulauia
a 4 A a o M= 9 9
WOALNDT ZnO uazuﬂu"lamﬂwaamm TIO2 ‘]JHN'IE»I'IEJY”I'JEJ SEM
a 4 4 9 ~ A 9 a a 4
3.1.8.2 'JLﬂﬁWgﬁ’f]\?ﬂ‘lJﬁgﬂﬂ‘]JGUﬂ\?W"lﬁﬁlﬂgﬂ“ljﬂlﬂa@ﬂﬂﬂﬂu'ﬂuulﬁﬂiﬂ‘WfJaLiJ@ﬁ
A a 14 4 1< I o
zn0 uazwluleusaneawes Tio, Aemsoudnasdarumsndu (XRD)
= ' I w 9 A A Y} A a s
3.1.8.3 ﬂﬂi&l11(13;11ﬁ\?ﬂclfuslli’NN159\11EJ‘VIE]ﬂ“]qf‘]_lmﬁi’)‘ﬂﬂ’JEJUTIu]lmJﬁﬂWﬂﬁlll'ﬂi ZnO
a a 4 4
wazulu'leusanedwes TiO, #181AT04 Fourier Transform Infrared Spectroscopy (FTIR)
== A o (% 9y ~ = Y
3.1.84 ﬁﬂi&l1'ﬁiJ‘lJﬁﬂ"livl'lﬂ?ﬁ\lﬁgf]'lﬂ@')mﬂsuﬂﬂNTEJ"IEJ‘V]E]ﬂ%ﬂlﬂﬁ@ﬂﬂ?ﬂu?ju
lausanedwes zno wazurlu'lsusanedwes Tio, Ao
1) 1/]ﬂﬁ@']_I@9]}’3ﬂﬂ?ﬁﬂWﬂLLﬁQéjﬁ@ﬁfl’JIﬂmﬁ ﬂ’J'I?J!"ﬁ)iJ 11 mW/cm2
[ o
2) nAABURIINMINILSITAIADANgoBIS AIUA Blacklight
3) ﬂﬂﬁ@ﬂﬁlﬁﬂllﬁﬂllﬂﬂ

A Y

= v 9 9 A A
3.1.8.5 ﬁﬂ'iel1ﬂ?i’Jﬂﬂ'lﬂ’ﬂll!"lJllf’fsll’fNN”IF%I'IEJ‘V]E]ﬂ‘lj‘]JLﬂa@iJﬂ’Jﬂu"ITu]la‘Uiﬂ
a 14 a a 4 4
neawes zno wazunluleusanoawes TiO, PIGELN Spectrophotometer
= 9 A A 9 A A Y A
3.1.8.6 ﬁﬂ‘]eﬂﬂﬁ@ﬂuﬂ11!!L‘1Jﬂ‘ﬂL'iEJ"’UENPﬂt?hﬂﬂgﬂ%ﬂlﬂﬁﬂﬂﬂ’)ﬂuiiuqaﬂﬁﬂ
a 4 a a 14
WOAWDIT ZnO uazuﬂu"lamﬂwaamaﬁ TiO2 MUUIANTITIU AATCC 100
a 4 a L4 a o
3.1.9 AUATICHNALAZIVITUNANITIVY

aw [ o 1 A a 4
3.1.10 ﬁ;1Jwaminmmz%ﬂmgﬂmmwmuwuﬁ

61



M990 3.1 LRUMITAUTUOY

9
TUADUMIAUUUNU

N.A.2557 N.A.2558
a.a. | no. | a.a | We. | 5. | WA | 0 | Ua. | e, | W
Y Yy 9

LANHIAUANVDYALAL -

A v d‘d‘ 9 "
NTUIVYNNYIUDN
2. NURUMTA MUY <+—>

[ G (3 a A A
3.9ATININNAL, (ATDIND
L!ﬁgﬂﬁ’lﬁ]ﬁﬂﬂiﬂﬁﬁﬁ%ﬁﬁlﬁﬂ >

a

dusunaInnay

Q

[ r'd a
4 FunsizinTu'lansa

WoAwes Zno azulu

a

lavsanedwes Tio, Ao

A aAanaa v o

MAUANUDUATU

a 4 v
WoaNo3 15191

\ 4

5. MMINAFUANTAAG
a a 4

voun Tu'lavsanodwes

znouazin Tulausa

a J
noales Tio,

A

camsyunasuu lu
a a 4
leuSaneawoszno uas
a a 4 \
wlulensaneames Tio,
ndunszd lduuidhedae

mAHA Dip Pad Dry

A

v

6.4 NATOUTUUAN1N

Y A A
VIR INYNYUIAADY

A

7.3Lﬂ§1$ﬁﬂﬁl!ﬁ$i]ﬂi]ﬂﬂ1§

[

8

)

A

\4

8.ag1nan13Iveazaam

1T A a J
JiauIneinus

A

\4

62




U

a = A =) J
3.2 agal, a1itad, !ﬂiﬁﬁNﬂ!!ﬁ%Qﬂﬂim

M99 3.2 asainlelunisise

tﬂ' v a IS)
TDINYAULALTTLAY

INIA

1. Tndien laoon laq

(Titanium Dioxide,TiO,)

CAS #13463- 67

a o 4
2. ¥ 00N lua

(Zinc Oxide, ZnO)

CAS #1314-13-2

3. a'lasu TuTuwes Sigma-Aldrich AUV ENT 99%
(Styrene Monomer)
4. Potassium Persulfate Sigma-Aldrich mmafsq N5 99%

(KPS)

5. Aluminum Oxide

(ALO,)

Sigma-Aldrich

6. Haxadecane

(HD)

Sigma-Aldrich

'
ANVUIFND 99%

7. Sodium Dodecylsulfate
(SDS)

Sigma-Aldrich

'
ANVUIFND 99%

4 J
8. UInau

63




a A A 4
13190 3.3 Lﬂi’ammmz’qﬂﬂﬁm

I 1 739 e
yornsoalouazglnsainlelumsive

Sy
gnNe

U
1. 1304 Heater Stirring IKA"C MAG HS7
2. i3 aveamardIuRY - -
3. gou - -
4. gmesadsanhloan viaoa 14 Philips UVA oz
Blacklight
5. 93 pudnansdanilsnau (XRD) PANalytical X’Pret Pro MPD
6. Lﬂdil’e’N Gel Permeation Water Water 2414

Chromotography (GPC)

7.1A309 Dynamic Light Scattering

Beckman coulter

Delsa Nano C

(DLS)

8. NdpegansIAmiDIAnAToUILUADN JEOL JSM-6510 112z
1319 (Scanning Electron Microscope : JSM-5410LV
SEM)

9. mﬁém Spectrophotometer Datacolor 650

10. Lﬂdiii’N Fourier Transform Infrared PerkinElmer Frontier
Spectroscopy (FTIR)

11 w3 esdvilesisuFsaaunuii Netzsch 200 F3
AAOIIUNT (Differential Scanning

Calorimeter : DSC)

12. A3 0aTEMYENS IKA" RV 10 basic

64




3.3 AIEMIAUTUNU

a

MIATININDAL

Q

Tnitionlaoon'led (Titanium dioxide, TiO,)
a J 4 . .
FaA00N LA (Zine oxide, ZnO)

NATDUMIIATOI XRD

a J Y a J @
W@ﬁm@‘illﬁlclfﬁlfu W@ﬁlll@'ﬁllilcb"]fu

[ 4 [ J a @ 4 a
Funsizyiun Tu FunsiziunTu'lansa FuasiznTu'lausa
a ~ Y a 4 Y a g . 9
woad lasuae NOAWDT ZnO A WoAWDS TiO, A1y

MANANHDNaTY MANANN DN AT MANANHDNATY

a 4 ]
woawos sy

NATDUAIIATO GPC, DLS, SEM, XRD, FTIR ttag DSC

o A Q
mmwumaauuﬂu"lama
a J Y Y
WOALNDT ZnO ﬁ\'i‘U’LlWWEhEJﬂ’)EJ

mAHA Dip Pad Dry

o = 2
mmsyunaeu Tulausa
a 4
woames Tio, asuuiidheie

IMANA Dip Pad Dry

NATOUAY

Y A

SEM, XRD, FTIR, d41AN1571ANNAL019A104,
nageUiamAaNuTNEA8AT 04 Spectrophotometer L0

maeuauﬁamiﬁ’mmmmﬂﬁt g

=)

a d a t4 a o
AUAITICHUASINTUHNAITUIVY

9
%

3UN 3.1 Fuaeumsdniinay

65




3.4 Y5MInaaeg

[ 4 a = a a 4 a
3.4.1 msduasziunlunedalesy, wlulauSanedwes zno wazuilulausa
WO TiO, Aromadiaiiiiotatu wodmes lsimdu
[ 4 a ~ k) A aAaaa v W a 4 Y
34.1.1 msduasigiu Tuneda lasudrematiniiioasy wedwes bssu
o Y G s Y A v o v & a Aaan
mmsandlasuTyTuweide ALO, ieviadiduginsnal)nsen
?1’1 o 4 y o v e
ntuihmseanalasuTuTuwes, a15niineda (Co-Stabilizer) Taslunisnaasaiild
4 v P
Haxadecane (HD), MNAULAZETAALTIAIAD (Surfactant) Ao Sodium Dodecylsulfate (SDS) a1
Aa A o Y A g o A aan .. dy 9 .
wnas MmN a3 un3e1 (nitiator) Taglun1snaaeali1d Potassium Persulfate (KPS)
1% 1 { (% 1 g’/ ) <3
oasdIuvesdsninazmsazatei lgnaaasluaisied 3.4 mnuuiiinsniudiennuEIge

a =

9 v Yy o o Y 9 A A Y a Aan A
Wiﬁ]ﬂﬂﬂﬁlﬂllﬂﬁqi‘!j@]ﬂﬂu ﬂWﬂWﬁiﬂﬂ'ﬂNﬁﬂuﬂ@ﬂlﬁﬂﬂ 70 DAY ALKy !,Wfﬂﬂlﬂﬂ‘l]{(]ﬂiﬁl'luu

a v o a J @ @ A o aan a J % @
DUATYU Waamaﬁulitcwu (muﬁmﬁlugﬂﬂ 3.2) i$EJ$L'Ja111!ﬂ1iﬂ1ﬂ§]ﬂiﬂWW@ﬁmﬂil’lﬁlcﬁcﬁu N

A £ o aan o a ~ 1 ? < <
LLﬁﬂ\‘liHﬁWiN‘ﬂ 34 ﬁﬂﬂuuﬂ1ﬂ1'ﬁ°ﬁﬁjﬂﬂ{]ﬂ581 Tﬂamiumﬂuwaaﬁ"lmmw“lumwmﬂunm

=
I UM

a o , ~ Aq ¥ o ¢ a Ay
M1319N 3.4 uﬁﬂqamm’mmmmsmmazmsazmaw1%114mammswwuﬂuwaaallmuma

v

MAtANNoNaYY Woawes 151y

Styrene HD SDS H,0 KPS a1 luns

GEEY) (Twand) (Qyans) (M3) (wad) | duasesd
#T19)

2.5 0.0459 0.0104 10 0.0127 4,8,12,24
Loy 48

66



a v y A a a
3']]7] 3.2 uﬁmmﬂﬂﬂ’nmaqumwgu 70 DR ALY

UG

v o

[ 4 a a 4 Aa Aaaa a
3.4.12 FsmsdunszrunlulesuSaneames zZno drematinlioiiasy wea-
4 %
o3 1315
o ) ~ 7 2 \\& ~ P
mmsaea lasuluTumes mmivmmsnana lasuluTwwes, Zno,
A o0q9Y o 0. Aq v ¥ g
#1501 19989 (Co-Stabilizer) Taalunisnaaeatily Haxadecane (HD), H1nauUaEa15aa5
A4/ (Surfactant) A Sodium Dodecylsulfate (SDS) Iagons1a1uvyeea15iall, a15azaiouas
o Aaaa a o @ [ | ?x’/ o
szozna lumsinlnsomeames lnaduawaacluaisei 3.5 mnuuiinsnaaenu

v Y A A aan o Aaan a 4 o o
“IUoNn 3.4.1.1 LiJ’E]‘]JQﬂ’iEﬂﬂ%uull“]Jﬂuﬂi‘lﬁ%Elgl.’m"ls],uﬂﬁ‘ﬂ11J§]ﬂ§EJ1W’E]ﬁL1Jf]§hl’iL“]5“]5u NnIng

VN o a a 4 1 so’ < I =}
Wq@ﬂ{]ﬂiﬂ’l IﬂﬂﬂWiuWUTquﬁﬂﬁﬂW@aluﬂﬁ Zn0O wﬂumwmﬂunm 1 UM

67



d' [ U = ~ EY, [ 4 a a 4
M1319%0 3.5 Llﬂﬂ\1’E'Jﬂ31@1’31!%@\1@1’1ﬁLﬂ3JLlﬁgﬁ']3@5aWﬂﬂi‘KiuﬂWiﬁﬁlﬂﬁW%ﬁuTIuhlﬁ‘U'iﬂ‘Wﬂﬁlllf)'i

Y]

A Aaaa % a 4 %
ZnO AIeMALANNDI AT Y WodlDF 13T

Styrene ZnO HD SDS H,0 KPS | szeznianlu
(N3) (Wt%) (uand) (Tuand) (n3u) (uand) M3
Unsemea
wes lsiysu
#T19)
2.5 1 0.0459 0.0104 10 0.0127
2.5 3 0.0459 0.0104 10 0.0127
2.5 5 0.0459 0.0104 10 0.0127
2.5 10 0.0459 0.0104 10 0.0127 | 4, 24uag
2.5 15 0.0459 0.0104 10 0.0127 48
2.5 20 0.0459 0.0104 10 0.0127
2.5 30 0.0459 0.0104 10 0.0127
2.5 40 0.0459 0.0104 10 0.0127

v o

a, [ 4 a a 4 Aa aaa a
3.4.1.3 Asmsduangnun Iu'lsusaneawes Tio, Mmemaiiniiioatu woa-
4 %
o3 Isiasu
o Y ~ 4 2 o G 4 .
mmsanalasuluTuwes vinvusiimanaua lasu Ty Tuwes, Tio,
v 2 Y v
waza13N119¥AIa (Co-Stabilizer) Taslunsnaaeeil 1#149 Haxadecane (HD), ¥inauazais
AAUTIAIAD (Surfactant) Ao Sodium Dodecylsulfate (SDS) 5ﬁi1ﬁﬂuﬂlmﬁﬁlﬂﬁ, NGB RERGH
o aan a 14 % @ { g‘/ o
sraznalumsiilfnsomeawed sdu dwaasluas i 3.6 nniuihnsnaasniy
v 9 d’ o A

4 Aaan o aan a J o o
Witen 3.4.1.1 Welfnsenduiiullauasuszeznarlunmshilfnsomedwes lsiwsu viims

aan o a a g . 1 %’ < I =}
T‘iﬁlﬂﬂgﬂifﬂ IﬂﬁlﬂWiuWU']IuhlﬁUiﬂW@ﬁm@ﬁ TiO, uﬂummmﬂunm 1 4N

E]

68



d' [ U = ~ EY, [ 4 a a 4
M1319% 3.6 Llﬂﬂ\1’E'JGlﬁWﬁ"]HGU@QﬁW3Lﬂ3JLlﬁgﬁ']3@5aWﬂﬂi“ﬁiuﬂWiﬁﬁlﬂﬁW%ﬁuTIuhlﬁ‘U'iﬂW@ﬁlllf)'i

v o a

A Aaaa 4 %
TiO, AomalalioNa Ty woames lsadu

Styrene TiO, HD SDS H,0 KPS | narlums
(N3u) (Wt%) (uand) (uand) (n5W) (uand) | Fuased
2D
2.5 1 0.0459 0.0104 10 0.0127
2.5 3 0.0459 0.0104 10 0.0127
2.5 5 0.0459 0.0104 10 0.0127
2.5 10 0.0459 0.0104 10 0.0127 4,24 uag
2.5 15 0.0459 0.0104 10 0.0127 48
2.5 20 0.0459 0.0104 10 0.0127
2.5 30 0.0459 0.0104 10 0.0127
2.5 40 0.0459 0.0104 10 0.0127

ax A a a 4 a a 4 . d'
342 Amsyuaaovutlulasvsanedmes zno nazululsuianeames Tio,n
[ 4 a
FunszH ldasuuidhedemaiia Dip Pad Dry [40]

am A a2 a 4 A o g Y a
3.4.2.1  AMIYUIAa0U uﬂu”lamﬂwaamas ZnO NFUATIEUAWYNAUA

v @ a

NioaTu wodwes lswsyuasuuidhe

G 9y

o A ] A Y A a P
mmimmnml?hEm%zi%iumwumaaumauﬂﬂamﬂweamai

v o a

'zy 4 Aa Aaaa 4 [ [ a
ZnO NFuAHIInmaiaiioaty woawes lawsu Tasdar 1iuauin 5 suauag x 5

a =

a @ A g A < =
LFUALNNT (muﬁmiugﬂ‘n 3.3) mﬂuuuﬂﬂaqumwﬂu 80 oA uTAITEMYNIA1 10 UIN

U

A o v A A o 9 A ~ Qy A a a 14
WeMsvInaIeduoon mwmmumimmu%mmuWULﬂaauuﬂuhlamﬂwaamai ZnO

q

Y a . I A Y [ ) o ~
AAUNAUA Dip Pad Dry W1a1 3 IANToUNURINTNIUAADALIA (ﬂﬁ!tﬁﬂﬂugﬂﬂ 34 1)

g a3 A 3 a Y A A a o A °
AMNUUNINITTIAUT WD TUITIULNUDDNAIYATOITATIUINU (ﬂ\u!ﬁﬂ\iﬁlugﬂﬂ 3.49) Lla3u1‘lﬂ

a = < @

{ < @ { 2 {
oulduianguugi 80 essruwaFeaiunal 3 Wil (daasluzl 3.5) Aal3lmidudaan

U

a g I3 AN 1 A A A A
UNIUTOI L!aglﬂﬂﬁlu‘ﬂhluul!ﬁﬂﬁi@ﬁqmﬂﬂu@u

69



(2

ax A a a 14 . d' Y a
3.42.2 25MIYUIAQDU ‘L!'II‘L!“?.ITJS@]W@@L?J@? TiO, NAUATIZHAYNAUA

v @

NiovaTy wodwes lawsuasuuiihe

o = ) A )] A Y A a s
‘VI'Iﬂ'IimifJﬂJN'I%'IEJ‘VIi]gcl,“]fcluﬂ'liﬂfﬂlﬂaﬂﬂﬂ?ﬂu'liuhlE’liJiﬂW@ﬁm@i

(2 v W

{ A Aaaa a o & o {
Tio, AdunsgHnnmaiadiodatu weawes lswtu muasmsnaasaluriadei 3.4.2.1

ﬂﬁ 33 LLﬁﬂ\iﬂ'liLﬁﬁEliJWW’hElGlluW’l 5 1IHUALNAT X 5 LFUALAT

N2

‘]Jﬁ 3.4 UTAAIN) ﬂ'li‘]fllﬂ'lﬂ’.)ﬂmﬂuﬂ Dip Pad Dry %) iﬂlf]'lu'lﬁ’]ulﬂuﬁ]’ﬂﬂ

70



a

511 3.5 ugasmseud liuisNguvail 80 essiraGod

Y £l

v
v @

= wa a G A o S ¥ Aa aaa

343 AITANHITUUAUD uﬂuwaaﬁllmuvlmmsww"lﬂ AMNNAUANUUDUATU
a 4 @
NOAWDS I3t

a ' % @ .
343.1 miamﬁzwumuﬂimaqa (Measurement of Molecular Weight)
= =2 H @ a G A o I Y
ﬂﬂ‘]&l'lﬂﬂNaﬂ5$‘VI’LIu’l‘ViuﬂTﬂJLaf]flEIJ'EIQH'II‘HW’E)E]ﬁllﬁiu‘i/lﬁﬂlﬂi'lgﬂﬂﬁﬂ

AaaAa v o a (4

a o @ 4
MANALTONATY WoANDS 15 FUAUIAT DI Gel Permeation Chromatography (GPC) (L&A
A dy o a =] A o < Y a Aaa o o
G],‘L!gﬂ% 3.6) 1uﬂ15‘nﬂﬁ@‘uuu1uﬂuwaaﬁ"lmu‘naumwwﬂaﬂmﬂuﬂuu@ua%u
a P o o q Y Y A g o
W'ﬂalllf]ivlﬁl‘:]f%‘lt!ll17]']114“1’?\1@33]!?15@\133&“ﬂﬁ'lﬁllﬂﬂ'gﬂ]umu'lﬂ'lﬁ mﬂuuuﬂﬂmmﬂuﬁﬁ

Tetrahydrofuran (THF) nowi lnaaeu

71



g‘ﬂﬁ 3.6 1A304 Gel Permeation Chromotography (GPC)

Aax ~ a = A A s 3 @
smswsenu lunead lasuia iz iinminluana
t:' YA a = ti'd g Y]
1) d@sazaroninsgiuileae weadlasu (PS) MiWINN
Tutana 5.0 x 10°g/mol - 3.0 x 10° g/mol
o a Gy d‘d Y 9 1
2) hasazaemaIgIu weae lasu (PS) NlANuudua19Y
4 ) < . 4 | o Aa
TRaieri i ad1s calibration Curve tie IHilunsvunasguFouieunuu Tuneda lesu
o G =) G = = Qy
3) mssenun Tunead lasu Taglumsweseuaiseseung
[ I [ 1 a < Y o I
o970 2 92 Tuaua lanu 24 2 Tu4 Taglddrviazareily  THE 19uanmdudu 0.25
s 2 & o A Y} ' A A
wofidud shasazaten1d lUnsesdreurunsesiily Nylon Membrane ATgnzuvLIn 0.22
A ) A A A
TuTaswas Wiensealvarsn luazarsuazaudsiuoon
4) mmsaau Tuwedaledy U5z 20 mL — 80 mL
9 , 4 Y o
5) 911 11AT Retention Time 1JUszuranatiomianiimiin
{ 1 1 U g v
Tuana aamasuuuaIee LagAIMInTeeavedimin luana

a

LZN v a a 4
344 msaAnwauiauazdnvazvesn Tuneaa lasy, wlulauSanedmwes zno

AaAa v o a

a a 4 { o o a 14 @ A
uaxuﬂullamﬂweamm TiO, ﬁmmiww'lﬁ}mﬂmﬂuﬂuuam%u W@amailliwqmua:auum

a =)

o ) Y ~ a s 9 = A Y
LLE‘]%E‘IﬂHm%EU’ENW'Igj'lEJ‘VI’[Z]ﬂ"]ﬁJLﬂﬁﬂﬂﬂ’lﬂu'liu"laﬂiﬂv\l’ﬂﬁmﬁ]i Zn0O LLE‘]%W'I%'IEJTIQﬂ‘IjULﬂE‘]E]Uﬂ’JEJ

U Q

wlulavsanedwes Tio, Aemadia Dip Pad Dry

2

72



a J a a a J
34.4.1 miamswwmumaummmuﬂuwaaa%@u, uﬂu‘lamﬂwammi

AnaAa v o a

= a 4 { o 4 a a o Y
ZnO LLE‘]SHTIH“@U?@W@@LN@? TiO, ﬁmmiwwﬁaﬂmmﬂuua avu ‘Wﬁlmllﬁlihlil,"]f%u
a a a 4
‘VIﬂﬁ@‘U1415111!1@@1;!511?]‘116\1141I‘L!‘W@ﬁﬁvlﬁﬁu, ‘Ll'liullﬁ‘iJSﬂW’Elﬁmﬂi

a a 4 { o 4 Aa aaa Y a 4 o
ZnO uazuﬂu"lamﬂwaamm TiO, ﬁﬁﬂlﬂiT%Wﬁ)’Jﬂlﬂﬂuﬂﬂuﬂ avUY waamaﬂswwﬁ”m

1704 Dynamic Light Scattering (DLS) (Aauteraslugilii 3.7)

gﬂﬁ 3.7 19394 Dynamic Light Scattering (DLS)

ay = 3 1 d‘
NS TINAITANBIIUNDNATOU
o a ~ a a 14
D i Tuweda lasy, uTulausaneames zno azunlu
a a 4 . A o <Y A AaAa v o a 14 @ o Y A [
leuSanoamwos Tio, NduazHaIumalinlnotady woawes lasunyiliivensed
Y v
HNEANAGTNA Y
a a 4 a a J
2) weaunlulauSaneames zno vazunlulsuSanodmosd
{ [ 4 A AaAaaa v o a o Y 1 %} <
Tio, Nduasizimemataliodasu woawes lsmduilszuna 2-3 veaaounau 15 mL
2’, o o ] A A 9 4
3) UM IneaaIsazatealeganesonldaslunlend

¢ A Y o
LFaa (ﬂﬂllﬁ'ﬂﬂiug'ﬂ‘ﬂ 3.8) HAININMTNATDY

73



d‘ (2 1 A o Y A v
gﬂ‘ﬂ 3.8 Ll,ﬁﬂ\‘lﬁﬁ'ﬁ')f)EJ'N‘VI‘E]ﬂﬂ'ﬂﬁmﬂﬂN@ﬂNlWNT%ﬁﬂJ
@ @ = a 4
3442 ﬁﬂ‘]&l'lﬁﬂ‘]&lﬂ!3ﬁmﬁ'lullﬁ%ﬂlu'lﬂf]k!ﬂﬁ]“ll@ﬂlﬂiullﬁUﬁﬂW@aLN'ﬂi ZnO
a a 4 . A o S Y A aAamAa o o a 4 o =
LL@%HTIH“%U?@W@@LN@? TiO, “VIﬁ\‘llﬂﬁ'l%ﬁllﬂEﬂ'lﬂlﬂﬂuﬂﬂuf)ua“]fu W@alilf)ivlilclf“lfuuﬁ$ﬁﬂ‘hl'l
@ @ a a 4 = a 4
ﬂ'lifﬂﬂ!%fNﬁ')L!ﬁ35ﬂ'lﬁgﬂLﬂWZm@ﬂuWquﬁﬂﬁﬂW@ﬁluﬁi ZnO LLﬁ%uWTullﬁ‘]JﬁﬂW@ﬁlllﬂi TiO, YU

A g 1 [ !
ithedlendesganssmisianasenuuudedniie (SEM) (daaaaluzli 3.9)

d' Y ‘a3 1
31]7] 3.9 NADNYANTIAUDLANATOULVUTDINI A (SEM)

74



¥ '
’J%mswﬁ'au%mmgﬁa’Jms13ﬁaﬂymzﬁmgmuamumaumﬂmm
Ja I v o

ZnO uag TiO, ﬁ?ﬂﬂéjﬂﬁﬁaTliiﬁu@mﬂﬁiﬁ]ul!ﬂﬂﬁ@ﬁﬂi'lﬂ (SEM) Tagsins 15gra ZnO Loy
. Aa 4 @ A qy.; o A Y A

TiO, a3UU Stub ﬂﬁﬂl%ﬂﬂ'ﬁﬂﬁ]uﬂﬂl!ﬁﬂﬂiugﬂﬂ 3.10 INUUNINITIATDUNDIAIYLATOI Auto
. 1 ) Y o oA =) A o 4 o

Fine Coater 3Uu JFC-1600 L‘W’G‘VI11‘”9’]’3’6EJ'IQVI%%TI@]ﬁ"O‘]JﬂJﬁZJUﬁu'IllWﬂ'I LHDNIINNITNINIUUDN
Y Ia g 1 = @ 1 Yy A adg =<

NADPANTIAUBLANATOULUUADING A (SEM) unanmsmeninlaglynausianasous

o Yy A = @ v 1 °
N UABINMITIAAD VA NNBUNINTNATDY

37 3.10 LEAINITATINAIBDENUUDRIVEUATOI SEM
A 2 4 a d @ [
ATMIAITOUFUNWNDUATIZHUWIAOYMALAZANY UL TUFIUVDY
a a 4 a a 4 . Ao J Y A Aaaa v o
wTulsvsanedwes zno uaznlulsuSanedwes Tio, Nduas1zidremaiaiidiaty
a 14 o 9 9 ‘a [ o a
wodiwes IstyFudlgndesganssaidanasounuudednsia (SEM) Tashuilulauia
a 4 a a 4 o 1 o ¥ o
woawes Zno uazin Tulsrianeawes Tio, ynihldivenlmhnay Mimivihwveaauy
' 9 Il
suwb udilonldudedaansluzali 3.11 1iniusiinsnAoUN09A181AT03 Auto Fine
[ A o Y o 1 ~ =1 A o A o )
Coater §W JFC-1600 tiovihIdae19isznaaeuiiauiiai lah iesnnmshauvesndes
¢a o : Ao : Yy A aga < o & ¥
aNIIAMIBIANATOUIVVTDINTIA (SEM) Hnanmamennlagldaausanasoudssuiludes

IMIAA0UAI0819NOUNNTNATDU

75



310 3.1 uaaIMISeNAIREIIUA1TAZA18YDUATOI SEM
as = 2 A a 4 v A J 2 a J
BB euFUNURe AT NI TaEsadve s Tnlausanedves
a a g . Y Y Y Ja o !
700 uazwlulausanedwes Tio, vukifhediondesganssmisianasounuudoInsIa
(SEM)
o = Q a J A
1) mmsgundev Tulausanedives zno nazu Tulausa

@

a 4 . A o <Y A aaa o a 4 o Y [
NoalND9 TiO, NAUATICHANUNAUANUBNATU W@ﬁli]f]ill‘ilsﬁ“]ﬂ‘lﬁﬂﬂuWTﬁTﬂﬂTﬂﬂﬂllﬁﬂﬂalu
Y A

1o 3.4.2

2) MMIAaIRNUUIA 0.5 cm x 0.5 cm LALHINTAAAIUY Stub

a 9

= 14 @ A
ngnaadlamilasveuaaaadluzii 3.12
9 ]
3) 1INUUIINSIAADUNDIAI0IATDI Auto Fine Coater JU JFC-
I~ a =1 d‘ ) Y 1 dl =\ A o tﬂ' o
1600 11118130 Jwdi e lddredansgnageuiiantiaii i iesainmssiinuaes
Y Ja 3 1 a @ v Yy A adg =

NA0IFANIIAUDANATOULVVADINIIA (SEM) Unann1snigninlagldaaudianason 99

o Yy A = @ v 0 °
1 UABINMITIAAD A0 NNBUMINITNATDY

76



‘]Jﬁ 3.12 Llﬁﬂﬂﬂ'lilﬁiEJZJG]’J’E]%JNLL‘]J‘]JW'I"]JENL?]SEN SEM

4 < 'a @
3.4.4.3 M3anyeInilszneudilenseudnmssanunsnyu (XRD)

a

=2 J ~ a a 4
Anwieeallszaouveaui lunedalady, wlulsusaneduss zno,

Aaa o

a a 4 . A o Y a o a 4 @ =
uﬂullamﬂwaamas TiO, NAUATIEUAYNAUANUDUAYU W'ﬂﬁlllf]illil"’]f"lfu UaSANHA

2

4 Y ~ A 9 a a 4 a Aa 4 .
f]\‘]ﬂﬂigﬂ'f]UEUf]\‘]W'lgj'lfW]'L;]ﬂ“]qﬁJlﬂaﬂﬂﬂﬂﬂu’]juq@UﬁﬂWﬂﬁﬂJ@3 Zn0, uﬂu"lamﬂweamai Ti0O,

fMuonsoudnmsdanusndu (XRD) (Wanaaslugilii 3.13)

s 3.3 3eudnassaumsndu (XRD)

77



a ~ a ~ a a 14
ﬁmsmwuuﬂuwaaﬁ"lmu, uﬂu"lamﬂwaamai ZnO Lmzuﬂu
a a 4 1 o J (Y 1
Ulﬁ‘Uiﬂ‘WE]mﬁJ’ﬂS TiOzﬂE]‘L!‘L!'I]lﬂ‘Vlﬂﬁﬂﬂﬁ]ﬂﬂﬂizﬂ’ﬂﬂﬂ]@ﬂﬁﬁﬁ’]@EJ'N

1 Tuweaalesy, wlulauSeanedwss zno tazulu

]
v a

a a 4 . = <Y A aaaAa o 4 % o Yy Y 9 d'
‘lamﬂwaamai TiO, NFAUATIEUAIUNAUANUDUAYU waamm"lsgcwumwﬂmmqmmmm

g}/ o A 9 1 ~ le [ ~
sevemsuuugaame e Idnldadduiladunudwaadlugili 3.14

| Y] ]
sui 3.14 Llﬁﬂﬂﬂ'ﬁl@ﬁEJZJ%NQTHLLUUNQGUENLT’]%@Q XRD

U

ax = 9 d' = Y a a 14
’J‘ﬁﬂ'li!ﬁif]ﬂJW'lﬂ'lEJ‘VIgﬂif']_ll,ﬂaﬂUﬂ?ﬂH]THVlaﬂiﬂW@am@i ZnO oY
a a 4 p 1 o o v [} Y d' gda
uﬂu"lamﬂwaamm Tlozﬂﬂu‘lJ'lllﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬁzﬂE]‘lJ"U@Qﬁ'IiGI’mEJ'Nﬂ’Jfllﬂi’ﬂ\uﬁ]ﬂ@]ﬂiﬂﬂw-

uilsnFU (XRD)

o a a 14
) hmsguaaeumdesleunlulesuSanedmes zno uag

v o

A a ¢ A w J Y A aaa a 4 v o o Y A o
uﬂu"lamﬂ‘waamaiw NINTIEUAUNAUANUBDUD uwaam@i"lil,cwummmml 342 Tagii

A ) 2 o Y Ay o A ] v a
ﬂ'li"ljﬂlﬂﬂﬂﬂaQ‘UHW'IEI'IEJHJHQ'IH')H 8 mamqwammmmsajumaaumv’lwmauﬂullaum

a < ° g ' A o v A A Y a a J I
WE]E‘]LZJ’E)?L“JJH%'IH’J‘L! 8 ATIUNTIEIN mammr/’hﬂmgﬂcyumaoumauﬂu”lamﬂwaamai L‘IJ‘H

=1

o all o ] =1 Y A 9 a a 14
fwu 1 assuiimanageu ldnuiia  luddefgnyuindeudiouTuleusanodmesd
FIADANADINUIIUIIOUDY Yuranova Lazany [41] N1 Si0y/Tio, wviimsdSuilgunewi
autaduiianudzeadtesvesd lamnsihmimdeuumadon XRD  Tagsiin1sgy

A 3 o Y = ~ A Yo o Y o A Y a
Lﬂaﬂﬂlﬂu%1u’3u 4 ATIDIVEWUNA l!ﬁluﬂﬂ’]\‘lﬂjﬂElulﬂﬂ']ﬂ'liclgﬂlﬂa@‘llWﬂlﬂjﬂuﬂliuulaﬂiﬂ

78



a S Qo TR R A 2 o A A g g 0 v v
woaeluIUIU 4 ﬂi\iﬂﬂ\illll‘WUWﬂ iNVI'Iﬂ'Ii“IﬂJLﬂaE]ULWZJHJH 8 AT tazyimsou ¥

9 1
nnuuh linegeuduaaalugili 3.15

‘]Jﬁ 3.15 Llﬁﬂﬂﬂ'lilﬁiEJZJ"IfHQ'I‘MLL‘]JUN'I‘UENLﬂiBQ XRD

= [} Jd o o ] A ¥
3444 ﬂ'lﬁﬁﬂ]el'Iﬂgﬂﬂﬂ"]ﬂ!ﬂl’ﬂ\?ﬁ'liﬁ'mfﬂﬁﬂulﬂ
1 Jd o a
ANy 1W3;l,ﬂxiﬂ°lf UAINATA Fourier Transform Infrared Spectroscopy

(FTIR) (Aanaaalugii 3.16)

‘]Jﬁ 3.16 l,ﬂiﬂ\i Fourier Transform Infrared Spectroscopy (FTIR)

79



axy ~ =y A g
‘ﬁﬂ'IimifJ?J"]f‘lN'luiuﬂ'li‘VIﬂf‘T’E]iJ‘VllﬂuFN

1 i Tuwedaa lesy, wilu'lsusaneamwes zno uazuu

[
o

a a 4 . = J Y a Aaaa v a o v Y Y 9 d'
”lamﬂwaamas TiO, NAUATIEUAWNAUANUBDNATU ‘WE]Z‘]LllE]illil"]f"’lﬂﬂﬂLLﬂQﬂ’JEJLﬂiENi%WiEJ
asuuugyamaneuti linageu

an A 2 A & Y
’J‘ﬁﬂTiLGliﬁliJ‘Ifu\‘l'luGluﬂ'l’iﬂﬂﬁ’é]‘]J“VlL‘lJuN1

Y 9

3 a a J
1) imsyunaeuialou luleusaneawes zn0o uazullu

A v o a

lguSanedmes Tio, fdunanzigromaiiafifiviadu wedwed lswduasuuffhefon
190 3.4.2 flusuu 8 ada 417 nazii liuieneuri lnaaey
3.4.4.5 msanyauianannuiou
naaoUaNANIIANNS oUAIUNATIA Differential Scanning Calorimetry
(DSC) (ﬁmﬁﬂﬂugﬂﬁ3.17) W Tuweadlesy, 1 lu'lsuSaneamwes zno tazunTu'lsusa

a s . A o J 9y A Aaaa 4 v o Yy v 9 A
NoaLes TiO, NAUATITHAIUNAUANUDUATU Wﬂﬁ!,llf)'iul'iLGI)'Gb'uiJ'WI']GlT‘i!LﬁQﬂ'JEJLﬂifNiZ!ﬁEJ

asuuugyanmanowth lnagaen

g‘ﬂﬁ 3.17 1A304 Differential Scanning Calorimetry (DSC)
= @ [l ° s ¥ v o [l v Y @
NITLIATYUAIDYINNITINATDUY ‘VI']ﬂ']'iG]Nlﬂ'ﬁuﬂﬁ'Jf]El'l\‘]alW?JU'lﬁ'uﬂ

Y
szual 5-10 Haaniu ‘]J'iiﬁg%uﬂﬂﬁﬂﬂﬁﬂﬁluﬂ']%ugﬁﬁﬂﬂ%‘] (Pan) ﬁwmsamzumummﬁ"lu

ol ldudrvimsnaaeou

80



anmzmsnadey Fgunginldlunmsnadoune 25 esruvadod
=2 = [ < Y 9 . 1w = 1 =
4250 oaraBae 803132 1un13519A1u30U (Heating rate) 11111 10 998 U IFAADUIN
@ < a 1w
1azoaT 132 TUNTaRgUHnN (Cooling rate) 910 250 VIFUTAITOADN 25 VA UTAITE 111N
= ' = o @ [ <3| o
10 eeruvaFodaoui uaziimssu llnay iWudou 2 seu
3.4.4.6 MIANYIANTAMINANNALDINAIDY
naFoUANLANIMIAIUAZ01Ad DIR853 Toans1 11 Tolaa
o { 3 S
AL 11.6 mW/em” (Aanaaslugld 3.18) uaz ldhnwiduasnagon
Aax
ABNMINATOY
= ? 9 9 ¥4
1) wisennuaududY 11 %w/y luihnau 50 mL.
o s0’ 9y A A Y A
2) himsneaihnasudingngumdeudron Tulauia
a 4 a a 4 W A o J Y A AmAa v o a 14
woawes Zno nazin Tu'lausanedes Tio, Ndunnzidrumalalioadsy wodies 13-
Fuasiate 3.4.2 Yszanw 3 v tazrhmsmegnewmi liiindmenassanil Tean

LA ¢ Yy 9 v A o
3) %1ﬂuuLﬂ“]ﬂ!\1']11!!,6111@%']815\‘1’&1@@{5151ll'ﬂﬂlﬁﬂ

o ' 4 [ o {
4) shimsmegiivedaunamssin)asuunilas

9 [ [

3.18 gmesedoanillomen

o
.
=).

81



nadoudNTANITRIAINTZ01AA B RIegRI8T TR e a0
P H 3
Wgooisenaug Blacklight waz sthnuidluasnadoy
A
IFNMSNATL
~ ¥ Y g I
1) 938N MNANANTY 11 %w/v 1WHINaY 50 mL.
o o Y A A P A
2) siimsveatiinul aspudignyumdeudieululeuia
Aa 4 a a 4 . A o <Y A Aaa v W a 4
wodwes zno tazu lulauianedmes Tio, Ndunsziaumatiaiioiatu woawes 13-
Fuawiveh 3.4.2 dszanw 3 neauazsihiminigglnouth ldiihdmeudedansilToaadae
4
viaeaNgoos awud Blacklight
¥ 4 o & d’ o q Y A y ¥ Y 9
3) Mnuwihmsihyuaungnm nileudsinuiuignig
v A o 9 J .
Sadvans I Tomn Arevineavlgooisairud Blacklight
o 1 4 ] 4 {
4) shimsnegiimedunanmsai/asunilas
A ° o ) 9 901 I
nAAUANIANITIIANNATDIAR IR euaIuaauas 1¥1in Tl v
anaaoy
Ay
TMSNAdL
é ~ ¥ Y 9 I
1) MsesennulaNuERNIY 11 %w/v 1111084 50 mL.
o ¥ A A v Y A A Y
2) shimaneaiimudiieson 13 asuudngnyunaonaiy
a a 14 a a 4 - A o d Y A Aaaa v o
wluleusanedwes zno wazululsusanedwes Tio, NduaTziaIwmaiinliiviadu
a 4 v v o Y d' o 1 1 o
Wodwos lsruawiaden 3.4.2 Uszua 3 vea waziimsniegUnowih lanuea
H == v A T =
3) 1miuihruau lisnarudanuaaaadean
o 1 4 (Y] 4 {
4) msaegilivedunamssin)asuuilas
= [ Y A
3.4.4.7 DIIANEINITIAMANUINET
‘ﬁ"lﬂ"I‘J’Slﬂﬂ'm’J”IiJLGIS]JﬂJ?Wg]}’JEJl,ﬂg@Q’Tﬂﬂ”liﬂﬂﬂamlﬁﬂ (Spectrophotometer)
[ d' 9 d‘ A 9 a a 14 a
wanaaslugdd 3.19) voudngnyundeudrour Tuleusanedwes zno uazululausa
a I'4 { o 4 A Aaa v W a 4 % @ { o
wodwes Tio, NduAsIzHMmumAlalldNaTU wodles lsaFuauiiten 342 K3
= @ 1 Y ~ A Y a a 4 a
nadoufSouiiounuszniedngnyundeualow Tulausanedmes zno uazululeusa
a 4 . d'cu <Y A AaAa v o a 4 o d‘ 1 o 9;49' 9 %’
Wodwe3 Tio, Ndunzimematiaiisiatu wedwes ladun lignihldidoudqeriinwu
[ A A 9 a a 4 a a 14 . A o 4
nudngnyundeualou Tulausanedmos zno uazu u'leuSanedwes Tio, Nduns1zH
Y A AaaAa v o a 4 @ o Sldy 9 3 '
momaialuotady wodwed Iswdunazgnyi lddloudrethnulszum 3 nea noulay

naaMImenaeani1iileaa

82



gﬂﬁ 3.19 1A509 Spectrophotometer

ax = 2
FNITATIUYUNIUNATDY
o a a 14
1) msyuadeuimaieu Tulausanedwes zno wazuilu

[ 4 Aaaa v W a

lovsaneawes Tio, duaszvarumailaifioatu wedwes lsFuaiven 3.4.2
Y Y '
2) MmN uaMEuTY 11 %wsy Juiinau 50 mL.
o %’ Y ~ A Y a
3) himsneainiudl asuudngnyuinaeudie w1 lulsusa
a 4 a a 4
wodwe3 Zno nazu Tuleusanedwos Tio, Uszinm 3 woa
g}/ o @ ] a3 U Y] H
4) miurmsaaudsduiu 2 dau @aaaslugdi 3.20)
) [ { 1] o 1 I
5) hddaun 1 lddniessd awiaden 3.4.4.4 Wluna 48
] o 1 { =] { 1 A 4
¥ Tuaazihaiun 2 lTnulunlifivesvsoaudoudu
v . ] v
6) 1onsunal 48 91 1ud 1fna 2 arulineaeuienlsey
= %
Meunu
o Qy t:' = Y [ ] @
7) Tagsnisnadunaaeuiesoy 13 IuuuduseFuLaIvo

] 1 Y Y
Lﬂ%f]\‘] Spectrophotometer Lﬂ%@\i%%ﬂﬁ@El!l;ﬁ'\‘l’f)’f)ﬂlﬂﬂiﬁ’]‘Uﬂ‘UWduN’Jﬂlﬁ]\‘l%uﬂﬂﬁﬂﬂlmguﬁﬂﬂﬂW?’(

{ [ 3 o
nia'lddludauay Scale

83



d‘ ~ 2 A A Y
5UM 3.20 ueEaIMsIAsoNFUNWNONATOUIAMANUINT

U

=2 9 ~ A
3.4.4.8 NMTANHINITATUNIULLANLTY

= wa y A A A A Y
NITANHITUUANITATUNIULUANLITYUD 1TIﬂﬂ°Ij1JLﬂa®‘LIﬂ’JEJu'IIH

a o o 3
Wf]ﬁm'ﬁ]'ihlil“]f‘]fu Iﬂﬂﬂ$ﬂ1ﬂ15‘ﬂﬂﬁﬂﬂﬁ1ﬂu1ﬂﬁﬁ1u AATCC 100

=

ATNITATIUFUINUNDNATDUTUUANITATUNTULUANLTY

Q a 14
D yuadeumhedieur Iuleusaneames zn0 uazu1lu

o

a a 4 ) r'd A Aaaa @ a o % LYY {
leuSaneawes Tio, Ndunszidemalinliidatyu weawes Iswiuawinven 3.4.2

=

an = &K =
ADNIIATIULBDLUUANLTY
[ a A 9 til g‘;
1) N1 Cross streak LUANEIIANDUBDINITIUNWISLITD 31D UU
° ] A PR a ~ I @
lhiumzreluduuyeguugiidszum 37 esrwadomilumar 24 92 Tuq

Y A A A A
2) 14 Loop uaz Inlatiaerveuunniseaslueriismainie

a

j‘ ?,’, ) v ti’ Y L&’ VoA = I
53] ﬂ1ﬂuuuﬂﬂ“]JiJLWWLGIf’EJGluSﬂ‘]JiJL‘]S@LL‘]J‘]JL"IIEﬂ ﬂ@mﬁﬂuﬂi%u1ﬂl 37 eeAuyaised 11uan 24

219
At
IMINAToU
o A ,&’ A YA o ~ A
1) ‘I/I'Iﬂ1§tﬁ]€]i]'lﬂl"lf’0l!ﬂﬂ1ﬂliEJ‘I/IﬂE‘TE]‘].Ii"HiJiHu’JuLHJﬂ‘VILiEJ

Aa Aaa I o
15zt 1-2 x 10° CFU/iaaaas Iaald 0.85% Saline solution 11162129914
2 . - 4 v da 2
2) MFUNATDUIIUIWNIINDNITAAFUTI1TaZA18NTIFO
9

A Aa aa &} A o 9 c&’ Y 9 Y Y @ A @
uupnisgnaaed 1 uaaamuummwwwammumivn"l’mfmm’s Tﬂﬂ”luiwmauﬂuﬁiamauﬂu

v
=)

voohgea

84



a i‘ A A = A aa 1 Y
3) Muleasazaesouunniselsuias 1 Naaans laasuuasu
X 2 )
naaoy IMFeNIZNIUUTUNATOUDHNINID
2 - 2 o ;
4) Hevunadovioglusumiziyelaluvraudinnded
' o X A ' 4 o & .
A5 15ive Jadvaaldmiuietosnunsszive Tasasen 2 ya Ao 92 Tuad 0 uag
o 4
¥ 19N 24
] d’ Y o o S A v A [ 1 dy
5) 2 1ua 0 IHduvIunuaiiEeluvianunvasnnlae
' ] ~ Y o ] A A a = 3
nadou daud Tued 24 Tdhwaa lduumnzieNgaungiidszum 37 osrusaod 1Wuna 24
¥ Tug
a A J =y A Aaa
6) wuasazareMunaialsuiag 100 + 1 Yaaans asluvia
' 3 A A == Qy
wevailunal 1 w1 istenuaANiz goenNNFUNATDU
' I o w . . .
7) wiamsazareluvIneenuI9a il ua 18 (Serial dilution)
{ g o ] o . . ]
femsazareniunaie Taglszaunisvess 1ulanin15190919 (10° dilution) 10 1911 (10"
dilution) ta2 100 1911 (10 *dilution)
8) Mulamsazargnnesazaienaazizauns0919 Usuag
A Aaa 1 &‘ ~ &} [ 3’_, 9 i‘ A A k)
1 Hadans ldasuuaumiz@enlsiannde vasnniumesjumnzireiwsou 1iaely
c&‘ Aa aa 1 i’ 9)3 < o g ]
NUMIZIYT2al 15 Taaans undeanunize Iironszaienlau hanuwize Ty
A A PN = I3 &
e NgurgNszuna 37 oarumaied 1Hunan 48 931
o o ~ A 9 A o K
9) HudurulalativewuanFoune1113 JUwIZFe Junn
[ o =\ - A 1 o [ 1 =1 a A
adusiulalativeauaiGoaedl0g1e i liwu Ia Tatlveauuaniss (0 count) UUDINT
j‘ L g 1 [ ] o o
Jumnziie lumsazarenidlunalanszaunsines 10° dilution (l11dsimside19) Tdiiudin

L [
aniludosnii 100

85



UNN 4

a v
Nan133v8

= d" 1 =2 a v (% 4 a G a
luynin 4 Una1ide wami:mammmsmmswwuﬂuwaaﬁ"lmu, uﬂu"lamﬂ

a Y]

a 14 a a 4 aaa Y a J @ 4 A
WOADT ZnO uaxuﬂu”lamﬂwaamm TiO, ﬁ’wmﬂuﬂuuana%u Waamai”likumdmwu

A a 9 a o a < Y Aau 1 [ dytﬂ %} o
ﬂigﬁﬂﬁﬂWWQWHIV\IIﬂ!LﬂQW"lﬁﬁﬂLLﬁ$ﬂ1ﬂ1531ﬂ51$ﬂsll’EJiJﬁﬂWﬁ’JTlEl@NG] NU AD umuﬂimaqa,

U

4 @ 1 J @ @ = a 4
@Qﬂﬂi%ﬂ@ﬂﬂlﬂ\‘]ﬁﬁﬁ’mﬁﬂﬂ, 31JiNLLﬁ$"’UH1ﬂ, ﬂﬁi]ﬂld‘iﬂﬂ@?%ﬂﬁHWquﬁﬂﬁﬂW@ﬁLM@‘i ZnO uag
= a 14 a 1 Jd o @ I wa
wlulsusaneawes Tio, vudide, auianmeanuiou, Yy ManFuYeIaIalI081e, aniianis
o @ 9 A A Y a a J Q
‘V]1?]’313Jﬁ$@1ﬂ§l’31@\‘1"1163WWI’fhEl“VIQﬂ“ljULﬂﬁ@Uﬂ’JElu1IullﬂUiﬂW@ﬁm@ﬁ ZnO LLﬁ%uWIullﬁ‘UﬁﬂW@

a s . <
awos Tio, 1Hudu

=\

(Y 4 = a a d a
4.1 Nammam‘nzﬁuﬂuwaaa‘lmu, uﬂu"lamﬂwaamm V4:10] uazmiu"lamﬂ

a d A AaaAa v v a d [
NoALNDI TiO2 ANNNAUHANHBINAY U W@ﬁ!uﬂ‘ﬂ‘i!“ﬂ“ﬂu

v W a

o J a a aaa J LY
4.1.1 Wﬁﬂ13ﬁﬂlﬂi?$ﬂuWIUW@ﬁﬁqﬂ%UﬁﬁﬂlﬂﬂUﬂﬂJuﬂ avYu W@ﬁm@ill'ilclfcb'u

A AAaAa o @ a

% 'd a I'4 %
nnmsduazn Tuneda lasudramaiinliiviasu wedames Iy Tag
o d @ I { o o . ¥ <
mnmswana'lesy TuTuwesn Haxadecane (HD) 1Wua15nin13na67 (Co-Stabilizer), 1100 Y

AT ANTAALTIAIAI (Surfactant) A® Sodium Dodecylsulfate (SDS) 35Msnaasatandluiven

o A

A aan o aan a 14 @ A
3.4.1.1 quJ;]ﬂiEn@uuu"hJﬂuﬂiu'izEJmaﬂumimﬂgﬂimwaamm"lﬁl,wu 0 4,8, 12,24

o o aaa o a ' 2 lld
uaz 48 2 Tug imsngal§nsenTaemsrihnn Tunead lasunsluiuduiunar 1 i

A AAaA v @ a

(% d a 4 o J
wamimmﬁxwuﬂuwaaﬁ"lw’%uﬁ'wmﬂuﬂnu@m%u waamm”lﬁ!,cwuwum
a A Ao S Y S\ Y 1 &‘ = v AaA 1 A o 4 U
1!111!1/‘!’8]?1?7]19]5141/]E‘T\iLﬂiTg‘Villﬂ‘L!u Tanvaziluieomeany Hav1IYU !,Lazmammi’mm'la
I o 1 1 a Z { 4 o o
Wuan 7 U ‘W']J'J”I]llll,ﬂﬂﬂ”liLLﬂﬂ%uﬁﬂﬂﬁﬂTJ%iuﬂ"ﬁﬂﬂaﬂﬂ Lﬁﬂﬂmumzaxnaﬂumim

H 9
Ugnsemeames Iswduagiudwaaddugii 41 duivennsaagy1an unluwedalasu

v 9
=\

=y d v = 9 (% Aa v A 9 [ 1
NAUATICUUUNUANUITDYT Tﬂﬂﬁﬂﬂﬂaﬂﬂﬂﬂﬂ"mﬁ]ﬂ"u@ﬂ Zhang HazaMe [42] w"l,ﬂﬂan’n

a v

(Y] J a aa Y a 4 [ ?z}z o (% {
mMsdunTIzHmemaiaiidiatu wedwes lssutiu anzlunsnasedinnudidy oz
\ v a s YA o ' o ) 2 A 7 A
el Tunedwosn lauanuades wanzunmsii ldldau vensniinisden TuTuwwesn
< U o a 7 A ] 3 .
I¥Anuntaiuliinannuades lasTuTuwesnlgvzdosliniu lureuiin (Hydrophobic

A o s ¥v? 3 o o A P o
Monomer) L‘Ll?Nﬁnﬂiuﬂﬁﬁﬂmﬁ%Wﬂ%i%u”llﬂuﬁ?ﬂﬂ”lﬂlmxENLW?J?‘I’N?JETHJ”Iiﬂluﬂ”li‘ﬂi]%‘l/]”l



Aaaa @ a 14 a o 1 . a 14 a Aa A
Ufnsenuasoueesuniin vldnsvedu (Encapsulation) e15oueniuniiniilsz@nsning

[42] ansoi llvimsanuddeas 1

d' a A A d Y A Aaaa v W a 4 Y A aan
gﬂ‘ﬂ 4.1 !.Lﬁﬂ\1u'lIHWfJiﬁﬁhlﬁ'iuﬂﬁ'\‘llﬂi'l%ﬂﬂ')flﬁlﬂﬂﬂﬂuﬂilﬁsﬁu W'E]ﬁl,llf]'i"l'ﬁl"‘lfsl)'u L?Jf]ﬂ{]ﬂ'ﬁfﬂ

auiiuasudluna (m) 4 139, () 8 $Tug, (M) 12 52104, (3) 24 32104 uaz (9) 48

¥ T34

87



v o a

[ 4 = a 4 A aaa 14
4.1.2 wamsmm31xwuﬂu"lamﬂwaamm ZnO ﬁ"mmﬂuﬂuu@ avY W’E]ﬁlll’t’)illﬁ-
B

[ 4 = a 4 a a v a 4
mﬂmimmswwuﬂullamﬂwaamm ZnO @’hammﬂuua a%uwaamai"lﬁ—

{ 1 ¥ &
ey Tagyimsweaya lesuluTuwes, Haxadecane (HD), ZnO N9031871 1-40wt%, UINAY

=1

iazSodium Dodecylsulfate (SDS) #3385 snaaedluyinven 3.4.1.2 Tasldszeznarlumsim

d‘a}qw A

Aan a o v A < o aaa
ﬂ;]ﬂiﬂ']WﬂaliJ@illile’“ﬁUﬁ 4, 24 g 48 511’3111\3 ﬁnﬁﬂﬂﬂjﬂﬂ!aﬂﬂﬁgﬂgna'ltl‘l‘lﬂ’lﬁﬂ’]ﬂgﬂiﬂ']

U

'
v A

a J o 4 [ J a
W’E]ﬁmﬁ]'ihlilcb"]fuﬂ 4,24 uag 48 ‘If’ﬂll\‘]!ﬁf)\ilﬂﬁmﬂWﬁﬂ1§ﬂﬂﬁ@\1ﬂ1§ﬁ\uﬂ§1$ﬂuWIUW@aﬁulﬂdiu
A Aaaa v o a 4 % Y] { g’/ v [ aan
ﬁ?ﬂlﬂﬂﬂﬂuuﬂﬂa‘ﬁu Wﬂalu@iqilcﬂ%uﬁluﬁ’l"ﬁlﬂﬁ 4.1.1 WUNUN §$8$!3ﬁ11uﬂ151’nﬂ§]ﬂ581
a J v A @ a A A YA = A
wodmes 15w Tud 4, 8, 12, 24 uag 48 ¥21ug wTuneaa lasun laianuatesinnaniaglu

NITNAADN

@

@ J a a 4 A Aaaa o a 4
wamimmmwuﬂu"lamﬂwaamm ZnO ﬁjﬁﬂLﬂﬂuﬂuu@ AvU Wﬂﬁli]’é)ﬁhli-
Y ' = a J { o o { o J
wrrunU vl lausanedmes Zno NFUATIEN IENOATIAIY ZnO 1wt%, 3wit%, Swi% LAy
=y, 3 zi’ =y v Aan ] A o 2 Y I [ 1 1 a
10wt% Uanyauzuiiomednu 3J’c’f"’UTJ“liNMﬁ$L1JE]°VI'Iﬂ1i’)N‘VNUl’JL’l]u!’Jﬁ1 7 AUNUN Ullllﬂﬂﬂﬁ

g @ { { 1 a a < g
uengu sanaaslugl 4.2 30 4.3 31/ (M naasinnTulauSanedawes zno Taruiuiie

v @

[} [} [ 4 a 'q/ J a Aaaa
mernuaeandoInUNanIsFuaI1zHU 1 Tuneda lasunduasizialemaiaitioasy

9 1
v W

a 14 @ ) A Y1 a a 14 =
Waamai"lwwuiummaw 4.1.1 muummma;ﬂ"lmw uﬂu”lamﬂwaamm ZnO "N

[ ! = N YA = U o 9 1 1
93189 IU ZnO 1wt% - 10wt% ﬂﬁﬂlﬂi"l%‘ﬁllﬂuﬂ’ﬂmﬁﬂEJiLTiZJ'Iguﬂﬂ"Iiuf’lﬂcl“]N"lu [42] uarnu

A a 14 { o U 2 v v v 3 1
uﬂu"laumwaamai ZnO ‘ﬁﬁ]@]ﬁ'lﬁ?u ZnO 15wt% lﬁuﬁﬂ1§@ﬂ@]$ﬂ@uua$ﬂﬂ@]?ﬂulﬂuﬂ@ﬂﬁjﬂu

(% 1

s 2 [ 1 Y \H H
Laﬂfl}@ﬂ L!a%ljllﬁfni@]ﬂ@lgﬂﬂullaxgl]‘U@YlﬂjUﬂquﬁ}ﬂuu1ﬂﬂﬁﬁuﬁ9@]§1ﬁau ZnO 20wt%, 30wt%

uaz 40wt muday awaasluzili 43 31 () WesnniSinaves zno ATfFamamu

= ' ~ = 1 \9/! Y o Y a (J v o v d vy Y

Wenaemsid lesuazreula mldiRansuandnazsudrnuilunguiou Tasdoandes
Y

[ aw J a a 4 {
AUNUITUDS Zhang wazaAmz [42] senudunsadgzllan uiluleusanedmes zno 0

9
AT IU ZnO 15wt%, 20wt%, 30wt% Las 40wt% wulilinnuados

88



v
g

gﬂﬁ 42 uaaanlulaisanedwes zno AduasiziIdnnmaiiaiiiviadu wodwes sy
szozna lumsrijasemeames sisdu 4 92739 (7) ZnO 1wt%, (V) ZnO 3wt%,
(A1) ZnO Swt%, (3) ZnO 10wt% szoznarlumssljnsermeawes lsadu 24 2 T34
(3) ZnO 1wt%, () ZnO 3wt%, (%) ZnO Swt%, (%) ZnO 10wt% LaLszeLIal N1
UjAsemeames lamdu 48 $2734 (81) ZnO 1wi%, () ZnO 3wt%, () ZnO Swi%

A L 9 3 @
uae (g) ZnO 10wt% ‘VIE]ﬂ']'N‘VN]’hLﬂuHﬂ'I 7 U

v o

d‘ a a 4 A o S Y A aAaaa a 4 @
sun 4.3 LLﬁﬂQHTIu"laﬂiﬂW@ﬁlﬂJﬂi ZnO Tlﬁﬁlﬂi'lgﬁulﬂi]'lﬂtﬂﬂuﬂ%u@ ay¥u waamaﬂim%u
Y

U

{ 1a v o g v 9 { a v o g 1
(M) ﬁ"lmﬂﬂmiwm!,ﬂuﬂquﬂau wag (v) Minanssuanunguiou

89



v o a

[ 4 a a 4 A aaa 4

4.1.3 wamsduasziu Tuleusanedmes Tio, Aremataiiiidiiatu wodwes 1s-
LYY

[ 4 a a 14 . Y A AaaAa v W a 4
vinmsduasizrn Tuleuianeames Tio, Aremaiinitioiaduneames ls-
Y o 4 . { o 1 %‘
wau Tagsimsnanelasu TuTuwes, Haxadecane (HD), TiO, NOAT1HIU 1wi% - 40wt%, U1
AAULASodium Dodecylsulfate (SDS) Aa35MInaand luiten 3.4.1.3 nmsnaasdlurizve

{ (% L4 a A AaAa o o a 14 o 1
N4.1.1 ﬂ15ﬁ\1&ﬂiW%‘ﬁu111:!1’\!@ﬁﬁqﬁ%uﬁjﬂ!ﬂﬂUﬂuu@ua%u W’EJﬁLiJfJ'ihlﬁLG]SGHUWU'N IS0

~ d'ulsl

o aan a 4 o { < a
lumsvgnsemedmoes lawdui 4, 8, 12, 24 uaz 48 91 Tus wTuwedd lesun ldlianu

aa v o

o ¥ f o @ L4 = a g . a a
L0e3 ﬂﬂuuiuﬂWi‘ﬂﬂaﬂﬂﬁ%\‘l‘ﬂ1ﬂ15ﬁ\1lﬂ31$1’iu11u1a‘UﬁﬂW’t’Jﬁmei Ti0, ﬁl’lﬁllﬂﬂuﬂﬁ\lu'ﬂ aYU

a 4 % o aan a 4 % < g
W’E]ﬁm’ﬁ']'illilcb"]fu i%ﬂ%&ﬂaWﬁluﬂWi‘ﬂWﬂgﬂiU1W@aL3J@3hliLGﬁ“UHﬁ@ 4,24 uag 48 2139 Hon Nl

A aAaaAa o o a

@ J = a 4 4 Y @ {
GluﬂTiﬂTiﬁﬁ!ﬂﬁWgTiUWIullﬁUﬁﬂWﬂmilﬂﬁ ZnO ﬁjaamﬂuﬂuuauaﬁvuw’e)al,m)'i"liwnu W'J“lsllf)ﬂ

Y o

Y o A o aan a 4 % =) [ A
4.1.2 ulﬂ“lfﬂfﬂi‘ﬂﬂafN“Vli$8$Lﬁﬁ11ﬂﬂ1§ﬂ1ﬂ§]ﬂiﬁﬂwﬂﬁ!u@illilclf‘]fulﬂilﬁﬂu LUBIVTINNIVY

U

9 =} wa a a 14 a a 14 . Y
ﬂ’fNﬂ'lil'l]difl‘UL‘ﬂElﬂﬁllUﬂm@ﬂuTquaﬂﬁﬂW@ﬁlNﬂi ZnO llag uWIuhlanﬂW'ﬂalll@'i Ti0, a7Y

v W a

A Aaaa I'4 @ ~ Y a1 = 1 v Y 1
WNAUAUUD a%uwaamaﬂﬁw%u ﬂ"lﬁ”lumuﬁumﬂmm Gﬁﬂ%$ﬂa131uﬁ’lﬂl@@lﬂqﬂ

v

[ 4 a a 4 a aaa &Y a 4
pamsdunsiziu IuleuSanedwes Tio, Aromaiiniiidiatu wealwos-

o 1 a a 4 { Y] 4 ?1’/ y [ 1
TsiFunun uTu'lsusanedmed Tio, NdunT 12 IauNSAT 1A TiO, 1wi%, 3wi%, 5Wi%

A o I i‘ = v A 1 A o 2 Y3 o 1 1 Aa
1az10wt% Tanvaziluiemednu Mﬁﬂl”l’ﬁglluamll@‘iﬂ'lﬂ”li’s”lﬂTN"I,’JL']J‘HL’JQW 7 AUNUN ulll!ﬂﬂ
F

Y v & Y1 a a J 4 A o d v A = v
NITHYINTU muummmagﬂﬂm uﬂullamﬂwaamas TiO, NAUATICHUUNANULTDYTAN

naalugd 4.4 wagd 4.5 31 () awnsosh ) 1Fauld Tesdeandeeiuauiseves Zhang

[
=

Y Y @ o 4 a ~ Y a
uazame [42] TﬂﬂWﬁﬂTTV]ﬂaﬂﬂ%qﬂﬁ@ﬂﬂaﬂﬂﬂ‘ﬂﬂ'liﬁ\uﬂ§1$°ﬂlﬂiuw@aﬁklﬁﬁu@ﬁﬂﬁﬂﬂuﬂ

D.

Y v 9

Aaaan @ a J o g @ o (% 4
Husasu woawes lnwsuliiiven 4.1.1  uennUIaeAnaoInUNTFUATIZHU U
a a 4 9 A aaAa v o a 4 % ) ~ 1 [
leuSaneamos zn0 dremaiinitioary woawes Iy uluiden 4.1.2 uanuin u1lu
a a 4 { o 1 A ] v W I ]
leuSanoames Tio, NoAT1EIU TIO, 15wi% Fulimsanaznouuaziudnuilungudon
3 9 A A v o d Ty A 2 do ' i
BNPY AT UINMIANALNDULAZIUANT UNGUADUIINTIVUNTATIAIU TiO, 20wt%, 30wWt%
uag 40wt% aanaaslugdi 4.5 51 () ilesanifumaes Tio, nHUSanmulliweinde
~ = 1 Y Y o Y a % v v v [ Y
msnalasusgreduld mldinanmsuanduazsudanuilunguiou [42]
o & Y1 a a J . A o J .
aviugunsadazllan uTu'leusanedmes Tio, NoAT1EIU TiO,15Wi%,
g’; ] ] @ Y] 4 a a 4
20Wt%, 30wt% tay 40wt% 1 liTaNwades wReIfumsduas iz lulausaneawes

o

A Aaaa o a o % % 4
ZnO frematialioiiasu woawes lssuliniidon 4.1.2

90



e B [et——

‘-A% oo P

51U 4.4 namanTulevianedwes Tio, fidunsizdldnnmaiiadisdasu nedwesls-
Fuszozna lumshilisemeawes laadu 4 42109 (n) TiO, 1wt%, (V) TiO,
3wt%, (A1) TiO,5wt%, (3) TiO, 10wt% szozina1lumsiignsowedmes lsdu 24
$2T14 (3) TiO, 1wi%, (R) TiO, 3wi%, (%) TiO, Swt%, (%) TiO, 10wt% az1diarlu
msdunsgdszeznarlumsvilfasemedwes lsimsu 48 2T (21) TiO, 1wt%,

(@) TiO, 3wt%, () TiO, Swt% 1ag () Ti0, 10wt% Agnnans 1Aifluna 7 4u

91



A
2

Tjﬁ 4.5 LL’dﬂQ‘MTTu]laiJiﬂ‘W’f)mll@i TiO, GAIGERES wllﬂmﬂmﬂuﬂuﬁ@ua%u Waamai‘limu

v v [ R Y
() i liRamssudaiunguion uas @) Hdamssudaiunguion

Ao N Yy A
4.2 Nﬁﬂ15?!?]51:»141411411114ﬂIﬂJ!ﬂﬂﬁ‘llﬂ\‘luﬂHWﬂﬁﬁllﬂiuﬂ Q!ﬂ§1$‘ﬁ“lﬂﬂ7]ﬂ!ﬂiﬂﬂ

Gel Permeation Chromotography (GPC)
a L4 %’ Y a s o I ¥ ES a dy
Gl,uﬂTﬁVIﬂﬁ'ﬁ]‘U'JLﬂ'iW%ﬁﬁ"lu'quﬂIiJmQﬁ‘U@Q‘Wf)'dlllf)iﬂﬁ\‘]!ﬂ'i'l%ﬁhlﬂuu NAUAU
?,’ @ a = 9 A a =) 3 4 a
mmmmumunimaqammuﬂuwaaa"lmullﬂ Lummﬂuﬂuwaaﬁ”lmmﬂummmuﬂuﬂ
1 ] sol o a a o a a I'4 .
Llﬂ"lﬂJﬁ"]ﬂJTiﬂﬁ']u'lﬁ'uﬂTNLﬂQa“ll@QUWIuUlﬁ‘]J‘iﬂWf)aHJﬂi ZnO g UWTHVlﬁUiﬂWﬂaLN@'S Ti0O,

¥y A - a | 0o QY o o A
ulﬂ IHDINDUNIAVDY ZnO Lag Tio, “B\ilﬂuﬁ"liﬂu’é]’é]iﬂ'luﬂmx‘l%%Ul‘]J‘V]ﬂ‘ViﬂE]allL!“ll’ENLﬂ'ifN

Y
AR

@ [ 3’1 a o Y o 1 %1 Y] a =1 9
GPC gaau aviulunultetiveldmimsmeaniminluanammizun Tuwedd lasu uaz 149
$avalumanaanaae 'l

a s Y @ a {1 I
mﬂmimﬁammﬁwmumuﬂmaqammuﬂuwaaﬁ"lm‘%uﬁwmmiizmai}mﬂu

[ A 1 %1 LY a ~ A o Jd Y a Aaa
mmuﬁmiugﬂw 4.6 NUN umuﬂhmqammuﬂuwaaa"lmuwmmiwwmﬂmﬂuﬂuu

a o L% a 4 = (] 1 [ ] a =1 dl 9
BUATU Waam’as”lsm%uam1"lm¢mmmumﬂuﬂ TﬂEJ‘L!111!W@ﬂﬁ1@]5u1[l1%nﬁ'liuﬂ1i

9
o

Funs1en 4 42 Tuad Animinluana 312,649 gmol, wilunedalasuinldinarlunis

a3

o P & ™ A A Aq 9
dunsigd 24 ¥aTuedianiminTuana 284,449 g/mol uazun Tuneda lasuildnailuns
[ 4 & a1 %,' o [ dl d'
dunsien 48 ¥ Tualanimin lumna 295,262 gmol Adnaadluasnain 4.1 uazgilin 4.7
I A v oA A o Aaa Aa o @ A 2 H @
vazilluinawiuan Weszeznarlunmshlgnsemeawes lssumudiu dmin Tuana
a @ A X ¥ 0w o ¢ a P .
o3 woarwesvzmuIuaylildre dmsunalansduasizyinedames iy Free radical

1 3 A o Aaan a 4 % 1 [
polymerization [43] ualunmsnaaesiinszeznarlunmsilgnsermeames lswFuaisgnu

92



1 %’ 7 a G A P 1 1 @ o 1 o
wu i TwanavesnTuwedd lesun Idia lduanarenuuiniin uaasinlunisi
aan a 4 Y 4 o Aaan 1 <3
Ufnsemeawes Ismdu a'lasuluTuwesgnldlumsihiljsenediesiaia
@ ¥ o a A Aq Y

HAN13N32 108290911110 Twiana (PDD) veau1 Tunedad lasuildaarluns
@ 4 < o ¥ o o w
dUNTIZH 4, 24 uaz 48 ¥ TuaUMINTE BRIV Tuana 3.52, 5.86 LAE 4.66 MUAIAL
Aaaalumsnan 4.1 naggln 4.7

¥

A o v J 1 sol ] a 14 A A 9
mﬂgﬂ‘w 4.7 llﬁ@Qﬂ'naJﬁilwu‘ﬁﬁgﬁ'n\‘]u']WuﬂjjJlaf!aqlf)qwaalil’f]i Iﬂﬂwu‘ﬂﬁlﬂﬂi']w

Y
=Y v v A A

\ o 501 7 1
ﬁ]%iJﬂ’NiJﬁlJ‘Wl!‘ﬁﬂUﬂ'lﬂﬁﬂi%ﬂWElﬂ’JsllleﬂﬁuﬂIﬂJlﬁf].ﬁ (PDI) 910MINAANWUNNUN Gallﬂ'i'li"l

[ 4

' A 2 4 ' @ ¥ @ o a 4
%ﬁmmwﬁmﬁammiﬂig%wmmmumuﬂimaqam Gluﬂahlﬂﬂ']iﬁ\i!ﬂ’i'lg‘ﬁw’E]ﬁlllf]il!‘]J‘U
ES 1 @ %’ Y] 1 4 ]
Free Radical Polymerization HUAIN1TNTZ910A1v091Mmin Tuanavziinga tieeninlalal
1 @ 3 v 4 [ (9% J ..
ﬂTiﬂTUﬂiJﬂ'lﬂTiﬂi%ﬂWﬂﬂﬂﬂl@QHTﬁuﬂINLaf}a Lﬁﬂlfﬁﬂ‘ﬂﬂ‘Uﬂahlﬂﬂ'l'iﬁ\‘]Lﬂi'lzﬂll‘U‘U Living
v 9
Polymerization (¥4 RAFT Polymerization Tagh RAFT Polymerization HUILANITIAY RAFT
3 ¥ . o 3 o o
Agents tenuau1min Tanavh e msnsznesveninnin luanas [43]
Y Y = ¥ o1 3 o ¥ o
AMMNAANTTINAADIUVNAY ﬂ\‘lﬁ']ll'l’iﬂﬁ’g'ﬂ"lﬂ’ﬂ mumuﬂimaqaiﬂﬂumuﬂ (MW) uag
(Z g Y] a G ~ 9 o aan
miﬂszmammammuﬂimaqa (PDI) Gumuﬂuwaaa"lmuﬂﬁmwznaﬂumimﬂgﬂim
a 4 v d‘ ) = d‘ Y A [ [ 1 % I 9 d'
Waamai‘lsw%um 4,8,12,24 1102 48 “If’JI?NiJﬂ"ITIiﬂaLﬂENﬂ‘Ll ulﬂJl,MﬂGlNﬂuiJ'lﬂuﬂ INVBYAN
1 9 9 ya v K A @ ' a = Aq ¥
ﬂﬂ'l’JﬂJ'l‘]J'N@]‘Ll‘VHQE;IJ’Jﬁ]EJiNLa’E)ﬂffﬂTJSIuﬂ"liﬁ\il,ﬂi1$WH1THW@E1’€T[1¢]§HTI1“HL’JE]'Ibluﬂ'li
@ 4 o o 1 I o 1 1 o
dunsizd 4 11 lunihimanaaesde I mszidlumsisendadunualdaronazlsgudanar

Tumsdunsrzdt maunzuamsiinli s

a

n:’ a = A o J Y a Aaa o a 4 @ d’
ETJ‘YI 4.6 LLﬁﬂQ‘Ll'lIH‘W'ﬂﬂﬁllﬁiuﬂﬁﬂlﬂﬁ'Igﬂﬂﬁfll‘]/lﬂuﬂﬂuﬂ avyu Wﬂﬂlu@illil"]f‘]fu 1o

o

szognanlumsinl§isermedwes lawdunsu (M 4 $alue, ()8 Falug, (@) 12

& & & o I~
$ 9, (9) 24 527049 1az () 48 $ THINAIUMTTEMBUTIUT] LA

93



d‘ SO} -7 o 90’ -7 a = l:'
msei 4.1 uaauiminTwanalwanalagsiuaunay Tagtiminvesur Tuneaa lasui

@

@ 4 A aaa Y a @
ﬁ\ilﬂﬁ"lgﬁﬁlﬂﬂlﬂﬂltlﬂwu@ avyU W@ama‘iﬂliwmu

L'JﬁWiuﬂ'lﬁﬁQLﬂﬁWgﬁ' Mw Mn PDI (Mw/Mn)
(ﬂ?ﬂiﬂ) (g/mol) (g/mol)
4 312,649 88,696 3.52
8 302,827 58,926 5.14
12 326,697 102,026 3.02
24 284,449 48,541 5.86
48 295,262 63,331 4.66

o

d' a A Ao J Y A aaa Y a o ]
31]7] 4.7 LLEWNﬂﬁTV‘IGUfNu'IIUWfJaﬁvl@]'iuﬂﬁ\‘]lﬂ313“@381,‘1/]?]1!?]“1!@ avU W@ali]@illﬂ“b“]fu

10LAT84 Gel Permeation Chromotography (GPC)

94



a d a a a d
4.3 Wﬁﬂ1§3!ﬂi"I%ﬁﬁ"ﬂlu“lﬂ’t’)‘léﬂ"lﬂ"llﬂﬁuﬂui"lﬂﬁﬁ"lﬂ%u, uﬂ‘l»!"l?l‘UiﬂW’t’)ﬁ!Nﬂi Zn0O

U W

a a d a aaa a d [ y
!!ﬁ%‘l»!“liul’l?l‘]JiﬂWi’)ﬂ!Ni’)i TiO, nnAUANUINAT U waasuas"lswmue’hmﬂ?m

Dynamic Light Scattering (DLS)
a 4 a 4
43.1 HAMIAATIZHIVUIARYNIAYDIU Tunoad a3 uA281AT89 Dynamic Light
Scattering (DLS)
a 4 a = Y dl .
VNHANTAATIZHIIVUIADYNIAYDIUT TUNOAH AT UAI8IATOY  Dynamic
Light Scattering (DLS) WU Nwuaoyn1nvodu lunedd lasunszeznarlunsingasen
a 14 % < 1 [
wodwes lsiwa 4, 8, 12, 24 uaz 48 ¥ luslvuiaeynIneglusIa 69 14 148 1 Tuwas Tay
a = ~ 9 o aaa a 4 @ < =\
vaeymavosu lunedd lasui ldszeznar lumsilgnsemeawes lsadu 48 92Tl
|d' A a = d' 9 o
vnalugigano 148 wiluwmasuazvuaeyninvesul lunead lesunldszeznarlunsm
aan Aa 4 o < <3 { !
URsemedwes sy 4 37 Tnlivuaoumannigano 69 U1 TumAsHAZ AU NUVUIADYAN
a A A y A X o aaa a J v
o Tuweaa lasulinun Tumvdumuszezna lumsinl§nsemeawes lsiwdu dwudag
Tuzii 4.8 Mnmgradinandeduieazl1an uTunedda lasunszeznalumsihlgnse

wodwed 1wy 4 52 lusianummneauunnsii 1 Fauazminzunnsiin luneas e 11

160 -~

140 -
_ 120 4
g 100 -
% 80 -
5 60 -
[=)

40 -

20 -

0
8 hr 12 hr 24 hr 48 hr
Styrene miniemulsion polymerization

v a 4 o
‘lJﬁ 4.8 Llﬁ'ﬂﬂﬂluW]@uﬂWﬂﬂJ@QuWIuW@ﬁﬁqﬁiu‘VIiwElwlﬂa'IGlUﬂWTV]'I‘IJJ;]ﬂﬁﬁlWW@alﬁJ@iVlilcﬁ“Bu

AN

95



a 4 a a 4 4
432 wamsuaszimvueeynia vesu lulsusanedwes Zno dre1n509
Dynamic Light Scattering (DLS)
MAHAMIATIZHMUIReYn1A Yo Tulsusanedmes zno Honsiaiu
o aaa a 4 Y { &

Zn0 Iwt%-15wt% uazszeziarlumsiilgnsemeames lsiwsui 4, 24 uaz 48 %1 Tusdae
! 1 = a 14 {
1A399 Dynamic Light Scattering (DLS) Wuuuiaeyninvesut lulausaneawes zno 1l

° Aan a 4 Y < = 1 1 =<
sragnarlumshilgasermedwes lsmdu 4 92 Tue Hvwaoynneglugig 155 urTuwasn
~ a a J a9 ¥ o
175 wTwwas luvazivuaoymavesu Tulsuianedwes zno Aldszeznarlunisi
aan a J @ o 1 1
URse1 nedwes lawdu 24 2 Tuslivuinoynineglurig 144 w1 Tumasne 196 wr Tuiwas
a a 4 ~ 9 o Aaan a 4 ]
uazvmeymavesu Tulsusaneames zno Nldszeznarlumsinlfnsemeawes lsiwdu
48 %7 T3 Buinaeynineg luae 156 W Tumasng 238 w Tuwasudaalugili 4.9
a a J { o 1 4
Taguuiaeyninvesu lulausanoduos  ZnO NOATIAIU 15wi% 13D
= (% o aan a o @ 1 v A ld‘ A d'
nfieuieunszeznarlumsiilgasomeawss Isduaiee dulivinaeymaluyigade 0
o aan a 4 % )
szeznarlumsiilgnierwedwes lswdu 4 ¥ luslivuiaoynia 174.5 ur Tuwuasuay
o ann a 4 Y o
szezna lumsinlnsomedmes Iy 48 51 Tuslivinaounia 237.7 u Tuwas
. a a 4 { o 1 4
TuvazfvuaeyninvesunTulauianediues Zn0 NoAT1AIN Twt% 110
=} % o ana a o & J v A 3 A A Aq ¥
neuiunszeznalumsinlnsemedmes lsmduaieg nulivinasymaaniigane iy
o aaa Aa 4 @ < = Aq ¥
sraznalumsinilfnsemeawes swdu 4 92 Tuallvuiaeynia 1552 wilumasuaz i1y
o aan a J Y &)
szezna lumsiilgnsoweaes lawdu 48 ¥ Tualivuiaonnin 156.9 uTuwas 9nwa
a J Y Y =R Y a a 4 = Idg!
minszrieauIsasaazllan i lulevsanedwes zno Hvuaeymalvaauaiy
o aaa a o &Y = Y ldg! [ 1
srazna lumsinlgasewedwes Iswsunazvuiaeynialuvd Iy lvgauausasidin
A A 49! [ ~ = 9 (% a o
Y94 ZnO Muvuaaalugln 4.11 §3e00anaeanUUITIVOI Zhang azaANe [42] HazaIn
~

9 Y 9 Y 3 Y1 A Y o a ~
GIJ'E)?JaVIllﬂﬂEIT’JEJWﬂ\iﬁuﬂgﬁ’iuIlﬂ’l111ﬂ]TNﬁ@ﬂﬂﬂﬂﬂﬂUNaﬂl@ﬂ@uﬂ1ﬂmﬂﬂuWIuWﬂﬂﬁllﬁiublu

Y

91::

Wivon 4.3.1 ‘V]ﬂﬁﬂ’)’h ﬁ ﬂﬁﬂTJwGluﬂﬁ‘ﬂﬂﬁﬂ\i mamwum &JL?ﬁﬂﬂﬂﬁﬂWﬂgﬂﬁﬂWW@ﬁmﬂi

=

Ulil“l)’“]ﬂmNG] fT‘In!d ﬁjﬂ ’E'J“Vl S naﬂumimﬂgﬂimwaameﬂimw 4 “If’ﬂiN L‘LlfNﬁﬂﬂiJ

ounnfianiiga uazinzdwnaldaudd T Tauam ladn, aufadiumsihanudzeiadies

Y
= =2

wa Y a Aad
LUAZANUANITATUNMULLUANLIINAYIVU

96



250 1 ma4hr
225 -

200 -
175 A
150 A
125

W 24hr

W 48hr

100 -

Diameter (nm)

75
50 -
25

1 wt% 3 wt% 5 wt% 10 wt% 15 wt%
%loading of ZnO (wt%)

4' a a 4 ~ 9 o aan
E‘IJ‘VI 4.9 L!ﬂﬂ\‘lelluW’]@HﬂWﬂ%@ﬂuWquﬁﬂiﬂWﬂﬁmﬂi ZnO “lflﬁlclﬁgflm'lﬁ'laluﬂTi“ﬂ'lﬂ;]ﬂiﬂT

a J Y @ U { @
Waam’e)i"l'il,cwuuawmmauﬁmqﬂu

a J a a 4 4
433 WamsuATIzdmIruIneynIa veaul luleusaneames TiO, A101AT09
Dynamic Light Scattering (DLS)
a 4 a a 4 { [} [
MIRaMIAATzRmvLIneymauesul lu lsusanedames Tio, NoasidIu
o anan a 4 % { o
TiO, 1wt% -15wt% tagszognarlumsmilfnsemoames lsadun 4, 24 uag 48 %1 Tusdne
] 1 a a 4 {
1309 Dynamic Light Scattering (DLS) W11 wu1aoynnvodu1luleusanoawes Tio, 9
(% 1 d‘ ~ [ o anan a 4 @ 1 v A
ga31au 15wt% onfSeuiisunszeznarlumsinilgnsemeawes laaduaisg nulivua
ld‘ A dl o aan a 4 @ & =\
ayumalugiigane Nszeznanlumsinlfizemeawes lsadu 4 ¥ Tuslivunoynin 205.14
A ° Aaan a 4 @ < =
wTuwas, Aszeznanlumsinlisemedwes siwdu 24 92 Tuslvuaeynin 246.54 w1 Tu
~ o Aaan a J % o =)
wasnazNszeznar lumsilfnsemedwes lsadsu 48 92 Tusliauaoynin 229.57 urlu
= 2 a g . A o 1 A = 1Y
was luvaztvneeymavesu Tu'leuSaneames Tio, NoasidIu 1wi% WefFouieunse
o aan a 4 o J = 3 = A A o
szna1lumsilfnsemedawes lsmduaie nulvuaeymadnigane Nszezna1lumsii
Aaan a o o o § o aan
Ufnsemedames Iswdu 4 s liedivuinoynia 149.5 uiluwas, Nszeznarlumshilfnze
a 4 o & { o aan a
WodAwo3 l5wdu 24 ¥ lindivuaeynia 163.4 w Tumasuaziszeznarlunmslfnewed

4 o <
wod lsiwsu 48 ¥ Tuslivuineynia 164.4 U1 Tuwas

97



¥ =

v IRl 9 a a 4
mummmsﬁgﬂ'lmw LLL!’JTH?J"]JEN"]JH'I@E]HJTI?W@QH'IIHIIEI‘]JiﬂW@Z‘]LlIE]i

. = Y A 3 o aaa a 4 Y Y = 1
TiO, mmﬂumwmummzﬂznaﬂumi‘w11J§]ﬂimwaamm"lsmmuuazﬂqwuamw UYUIA

a a 14 . = Y A 3 [ 1 . [ d'
aummmuﬂu”laumwaamm TiO, T THUW MU UAINEATIEIUYD TiO, ﬂmﬁﬂﬂug‘ﬂm

v
=3

: o aw 1 [~ 1
4.12 FaapAndeINUIUIToV09 Zhang tazamz [42] 1indoyan lanandeduezmiuland

Y A

ANuAeAndeInuravetaynInvesul lunead lasuluiiden 4.3.1 Ina1271 an1izves

i ]
A A A

° Aaa o 4 < { 1
sraznarlumsilgniseimsnadeuiangane 4 51 Tua esnnteymaianiiga uaziiig

Y wva

danaldauiia v lauaar lagan.auiiaaiunsiiniuazeiadloaazaniianisd1uniu

S A

A ds! A o = a a 4
UUANLTIAUIVU Llagluﬂﬂ1ﬂ15lﬂdﬁﬁlﬂLﬂﬂUﬂIUW@]@HﬂWﬂﬂJﬂQuTquﬁUiﬂ‘W'ﬁ]ﬁLllf)ﬁ ZnO iy

= a 14 1 [ 1 1 Y o
wlulsusaneawes Tio, wueymaivuialndifesny luuanaianuunin

275 -+
W 4hr

250 -
W 24hr

225 -
W 48hr
200 -
175 -
150 -

125 -

Diameter (nm)

100 -
75 -
50 -
25 -

1wt% 3 wt% 5 wt% 10 wt% 15 wt%

%loading of TiO, (wt%)

4' a a o . A o Aaan
E‘IJ‘VI 4.10 L!ﬁﬂ\?GU‘LlW’]@HﬂWﬂm@ﬂuWquﬁﬂi?ﬂW@ﬁm@i TiO, mzﬂzwaﬂumimﬂgﬂim

wodwes 19 iz sasdIUNA 19U

98



a a d a a d y
4.4  wamsyumasunulausanedmes Zno nazinlulaudanedmes Tio, #

[ d A Aaaav v a [ [ a
AU HINNINAUANHONATH waama‘s"liwwvuﬁﬁmé’wmﬂuﬂ Dip Pad Dry

v o

a a 4 { o 4 A Aaaa
4.4.1 wamwumﬁaumiu‘lamﬂwaamm ZnO NduATIEHINMANANHONaTY

woawes sssunuifhedemadia Dip Pad Dry

A 9

{ a a 14 {
vinmaaseuddenazlslunmsyumdovdieur Tulsusaneawes zno 0

g

o 4 A aAaaa Y a 4 Y (Z a a
AUATICHINNAUANUDUAT U waamaﬂnwu Tﬂﬂﬁﬂﬁ}ﬂﬁ}ﬁﬂlu'lﬂ SIEUALNAT X 5 LB UALUNT

a =

g A 3 A o Y A = 2
mmum‘lﬂaumqmwnu 80 ONGAL IC R (ST 10 N WIHINRITUNITATINFUINUNIYU

U

= a 4 a [ o
wdeuu Tulausanedwes Zno dremaiin Dip Pad Dry 35n3naassaaandluiive 3.4.2.1
pamsyunaouu Iu'leuSanedwes zno AduasIzHIINMATIALTDTATY
a 4 o Y Y a . 1A Y A A
wodwes lsduuuddediomaiia Dip Pad Dry wua dvesiidenrumsgumaoun Tu
= a 4 A [ A A o
leuSanodwes zno Havawaaslugili 4.1 (n - v) vaziiierhimsnageuanuawsnlu
= Bo‘ zi’ Y 1 = = o %‘ Ax "9 v 9 A 1 A
msFnhludesdunnn Imssudinanenrsuadosnindidhen lugnmsgundey Tag
9

'
o =] = o

a a a J a 1 4
ﬂahlﬂﬂ'l'iﬁﬂﬁﬂéll@\iu'liullﬁ‘UiﬂW@ﬁmﬂi Zn0O ﬁ']iﬂiﬂ@‘ﬁ‘]ﬂﬂ'lﬁﬁ'l Lﬁ@mwmmumsmsaumw
Y -Q a 4 ~ a 14 =< v 9 9
ﬂ']iG]g‘]Jﬂ'JEJU']Iuvlﬁ‘Ui?’IWf]ﬁmﬂi ZnO aumﬂmmuﬂu%umwammi Zn0 WYANIZNUANINY
a a 14 = v A o A Y =

115 Van Dar Waal [44] ﬂumﬂmmuﬂu"lamﬂwaamm Zn0O CUNITIALTYIAINAVUNT HBI9Y
il 1 A Y d‘ Y 1 A a v Y ) %
ﬁ\?WﬁﬁﬂﬁNUﬂﬂlﬂ\‘]WTﬂVlﬂ LBU ﬁ?J‘]JﬁIV\lI@ILLﬂGI'Illﬁﬂﬂ,ﬁll‘]Jﬂﬂ'luﬂ15%1ﬂ31ﬂﬁ$@1ﬂﬁ3l@\1lla$

wa 9 A < 9
FUUANTMUMULUANITY 1T AU

= | A

v H a a 4
sUf 4.11 uda (n) Ao lignmsgunden (v) Mngngumasuaieu Tulausanedmes

a El u Q

A Y

Y A

A 9 a a 4 Y ~
Zn0 1% , (M) wmgﬂﬂgmﬂa@umauﬂu"lamﬂwaamm ZnO 3wt%, (3) INYNYL
A 9 a a s 9 A A Y )
naouaeu Tulansanedawss Zno swi% tag @) wmgﬂﬂgumaﬂumﬂuﬂu"lamﬂ

WOAIDS ZnO 10wt%

99



@ 4 v o

a a 4 { A aaa
442 N’dﬂ'liGIfULﬂﬁﬁ)ﬂu'liullaﬂiﬂ‘waamﬂi TiOZﬁ AUATICUIMNNAUANUDUATU

woawes sssunuifhedematia Dip Pad Dry

A Y

{ a a 4 {
vinmsmsouidenszldlunmsyundeudroululsusanedwes Tio, 0

g

@ 4 A aaa @ a 4 @ @ a a
AUATICHINNAUANUDUAT Y waamm"lﬂcwu Iﬂﬂ@]ﬂﬁﬂﬁ}ﬁmu'lﬂ SIBUAINAT x 5 IEUALNAT

a =

g o A I = o Y A 1 ~ 2
nindwih ldeuiigungil 80 esawaFemiumal 10 Wil hdAsumseSeuuauug
A a a s . Y a . as [ v 9
waouw Tuleusanedmes Tio, dremaitia Dip Pad Dry 35n1snaassandasluiide 3.4.2.2
a a a 14 a
Tagnalnnisdaaavesurlulevaneames Tio, uudide Taveyninvesurlu'lausa
a 4 @
Wodwes TiO, 91 ANNUAAB1TI Van Dar Waal [44]
d' o = sol dy 9 1 = = Y 901
sazieshmanagouanuaisalumsduih ludesdunun Imsduguii
A 'Y Y Sy v A 2 Y YA A a
nanenasuattosn e lignmsyundey dvesimenmiumsyunasuu Tulsusane

a s . A [ A
awes Tio, Navnaweaailuzin 4.12 (0 —v)

]
= A

3 ] { a a 14
sUf 4.12 udas (n) Ao lignnmsyunden (v) Mngngunasudieu Tulsusanedmes

G a u El

9y A

. A 9 a a 4 . 9 A
TiO, 1%, () wmgnﬂgumaaumauﬂu"lamﬂwammi TiO, 3wt%, () AINYNYU
a a 14 ! a
ndeuAIeu Tu lauSanedues Tio, Swi% wag (3) AMngnyundsualow Tu'laysa

a 4
Nnoales Tio, 10wt%

100



(Y] o (Y] Y] A a d

4.5 ﬁnmaﬂ‘ymzﬁmgm 6111416]@1;!5]1?1!!%18ﬂ15ﬂﬂ!%EJ\WI"JGIIE’NNﬂu"le‘fl‘lJiﬂ‘V‘I@ﬁ!Nﬂﬁ
a a J . v 4 4 ia & v

ZnO uazuﬂu"lamﬂwaamm TiO, ‘]J‘MWWTIUﬂ?ﬂﬂﬁﬂ\‘lﬂﬂﬂiﬁﬂuﬂ!ﬁﬂﬂﬁﬂu!!ﬂﬂﬁﬂﬁ

n31a (SEM)
451  wWamsANBIaNEULAMTIU YUIMOYNIA tazmMsdaizosnivesululausa
a 4
NoAINBS ZnO
A Y o 4 2 a J A o < =
zn0 MFlumsduasziunluleusanodmes zno Hanvuziiuniazidoa

dv1 awaaslugili 4.13

sUfl 413 UAAININDIBNS ZnO

4.5.1.1 NﬁﬂWiﬁﬂBWﬁﬂHm%ﬁmﬁTu HAZUYUIABYNIAVDIN ZnO ﬁlﬁﬂﬂgﬂﬂ
Ja g 1
ANITTIAUDANATDULUUTDING 1A (SEM)
ﬂWﬂﬂ'liﬁﬂ‘HWﬁJﬂ‘]elﬂ!%ﬁﬂlﬂ']ulm%ﬂluWﬂﬂHﬂWﬂﬂlﬂﬁFN Zn0O ?%)’Jflﬂ'éij@\i
’a & 1 {a s '
ANITTIAUDANATDULUUTDING 1A (SEM) Iﬂﬂﬂ'l’iIiEJFN ZnO aNUU Stub ﬁﬂﬂmﬂﬂ'l'iﬂf]uWU31
= 1 ~ [] 1 =) v I 1 9 =
W3 ZnO uaﬂyngﬂﬁm"lmmuau uﬂmmzmumﬂmﬂuﬂ’quﬂeuuazmmﬂwmﬂﬂizmm
= o = =2 o A Y 9 '
250 uﬂfummm 600 uﬂummmuaﬂﬂugﬂw 4.14(N—) FIANHUSNNANIUIVNAUDIITING

Iauaia I Taunan ladn, auiiaaiumsmanyazeiadieuaz auiansmumuuuanizen

= Y A Ao o o & 19 A [
“hJﬂiJTﬂ‘L!ﬂ IHINBUNAVDING ZnO mumﬂmﬂuﬂauﬂ’e)uuazaumﬂmmumiﬁﬂujmmwa

Q q

<19/d¢§} a o Y v R A a

] ] Y 1
AHNUNAIUMIZNT 08 [35, 45] AITUNNAIEINUUIAANIZI ZnO WTIIMTAauIlasdie

G
v o a

A aaa 4 v A o a9 ! YA da!
MNAUANUBDUATU W@ﬁlll@illﬁl“b’sb'u LWE]‘]J?TJTJ?Q?T?JTJ@@WU@]NG]1?79]8\151]1!

q

101



SEl 18K
MKE RMU

SEIT 13K
IKIE RKL

3UN 4.14 719 SEM 90314 ZnO () MA49818 5,000 111, (¥) AMEIv818 10,000 111, (A) A6

V18 20,000 (N1 4a2 (3) MAIVLIE 50,000 (N1

@ o a a I'4
4512 wamsAnuianvasdaugiu vesulluleuianeames zno A1endnd
‘a3 1
ANIIAUDANATOULVUVTDINT A (SEM)
=y [ [ a a 4 9 Y
nnmsaneIanyazdugIuvesun I leusanoawes zno arendod
‘a g 1 o a a 4 o Y A
JanssmidanaseuulUdeInsa (SEM) Taginnluleusanoawes zno uihlineselu
%1 < 9 o g’/ Y Y 1 a a 4 =
WINAU UAMMINEAaIUY Stub 3nueu liuranu wiTu'lsusaneawes Zno Uanya
1 I A ] Y Yy o 1 a a I'4
sUilunsananniimsveduouniaves zno  13delu sazdanuan winlevSanodos
~ v A v A& ~ = ] 1 @ A =
znO IMsvaizeaaMiusziisunazgamnizaniusaunaanaaslugln 4.15(n-v) &9
A0ANAEINDNUITEVDI Lu Hazame [44] M1 Zn0 W15Vl 5eauia Auanuduniuuds

AaaAa o L3

v a a 4 Y J va
aamﬂﬂam@]ﬁ'wmﬂuﬂuu@m%u waamm”limmuwum ﬁauumﬁ’mmiﬁ'mmu

U 1 g . % 1 1 1 o v ) A
dans1 I Teraanavy Fadnvaznnanuvduiszdawarm veauia I Tavaa laan, auaia
Mumsianuazeiadnes, avianmsaumusiasansiilomanazaniianisdiuniu

=) v

v ] Y Y
HUANFeNABUY 1a 1UUITeT Iz NI NAa VAL AAILATIIANNAZDIAR DI AR

102



9
v @

o v o o a a 4
ﬂ'liﬁl'luﬂ'lullﬂﬂﬁﬁﬂ @N‘Llu%ﬁi]g‘ﬂ'Iﬂ'IiﬁﬂH'mﬂ]elﬂ!‘é’,ﬁ'mﬁ'lusll’ﬂﬁﬂ'liu'lu'liuhlE’l‘]JiﬂW@ij’ﬂi

zn0 fgnyundevvuiiheluidoas

[

51U 415 n sEM vesunTulauSanedmes zno Nduns 1z 14 (n) Midsvers 10,000 111

Hag (V) MaIveIy 20,000 11

=2 v A @ a a 4 Y 9
4513 wamsanwimsdaizesdivesn Tulausanedmes zno vudidedie
a g 1
NADIYaNISANIBIANATOUIUVADINGIA (SEM)
=2 v A @ a a 14 Y
nnMsAnINsIaGesavesvesun Tulausanedwes zno vudde
Y 9 P ' v Y Ao "W Yo 9y A
AendeeganssmiBianasouLLUdeINs1A (SEM) Tagnisaadindd i lavhmsgunazdingn
a a 14 3‘, o a 1 4 o
guindoudrou Tulausanodwes zno vintuhinsAnasuy Swb Wy Wehnsnlie
ieunuszrneddhen i ldgnnmatneaieg dudaueaaalugali 4.16(n-0) fuddhengnan

A Y 2 a 4 o U A v =
waeualeun 11 lausaneames Zno 8a31aIun 1wt%, 3wt%, Swit% awaaslugdn 4.17(n- )

=1

Y A Y a a 4 o U A [ A
L!'ﬁ$W']ﬂ']ﬂ“l/lgﬂij‘]J!.ﬂﬁ'é]‘]Jﬂ'JElu'lqulﬁ‘]J'iﬂWf]ﬁL'JJE]'i Zn0 9AINTIUN 10wt% muﬁm“lugﬂw 4.18
=% 1 o Y A A Y = a 4 [ <
(") UANHUSUANANNU TﬂfJW'Igj'lﬂﬂgﬂ‘ljﬂlﬂﬁ@ﬂﬂ?ﬂu'ﬂull@“]Jiﬂ‘Wf]ﬁLiJﬂi ZnO S AUNAUNU
Y1 a Aa J A 1 Y A [l 9 9 s 2
Ilﬂ')'] uuﬂu"lamﬂwammi ZnO Lﬂaﬂmguumrfhmmzmaﬂmguumuﬁlﬂmmmﬂwmm
1 = U I = R a o g U = v v d = o = 1 Y
LUNU ug‘ﬂimﬂumqnau umsgaaanuduiavuazimsaantuszidey tazdanuanin K
A A Y a a 4 = A A = @
ﬂQﬂG]qf‘]JLﬂﬁ@ﬂﬂ?ﬂUWquﬁﬂiﬂW@ﬁmﬂi ZnO UNITLADUNA stw‘luumﬂmnmmmuﬂu
A a o A A A o J A
levsanodwosawanslugidi 4.17(x, 9, uazn) uaggili 4.18(3) uazNons1dIU ZnO 1NNNN

dﬂ{ a a 4 Y A A R a o d U = v A o A A dsg
UU uﬂu"lamﬂm)amai ZnO UuW'l%Tﬂﬂ\iwﬂ']iﬂﬂﬂﬂﬂulﬂuﬁ']\ulﬂ UNITIALTYIAINANUTINYIVU

103



1 v v v 3 1Ty @ Ao o 1 ~ &
LlagUllIiJﬂ'li%Uﬁ?ﬂﬂlﬂﬂﬂqNﬂﬂuﬂﬂllﬁﬂﬂiuﬂ'lw SEM nnadvaey 10,000 L‘VI'IE‘]J‘VI 4.18 (V) %3

Y 1Y a v dl YR 1Y A 9 a Aaa
HOAAADINUITUIVYUDN Lu Uazame [44] Vlllﬂﬁﬂiel'lﬂ'liﬂillﬂgiﬁllﬂﬁsllﬂi ZnO AYNAUANY

v o a

a 4 LY 4 A oA v v g’/
BUAYU ‘waamai'lsmeﬁmw3Jfmmﬁ’mﬂﬁﬁ'mmuumaamﬂﬂmam muu%ammmﬁgﬂ
Y

! Y

-dl A 9 a a 4 1 =1 LV
A ml?hﬂmﬂqmma@umauﬂu"lamﬂwamms ZnO 10wt% H1TUTUUA T Taun

G q

p——

wa Y o Y Y v

arladn, auiiaumsmanuareindued, aulinaumsaiumuiadsansilleaauas

a Y AA Aa 1 a o ,;I ya o Y o wa 9 o
guyamsaumunuanizena ualuaulded AR EJ"l@Wnﬂ'l'iﬂﬂﬁf]ﬂﬂﬂﬁﬁ]ﬂﬁﬂﬂ@lﬂ'luﬂ'ﬁ“ﬂ'l
&

9
ﬂ’J'liJﬁ%’é]']ﬂﬁ?LfJ\‘lLLﬁ%ﬁlJ‘Uﬁﬂ'l‘igl}'luvnullﬂﬂﬁﬁ'ﬂ!ﬂ'luu “B\?%&ﬂﬁ'l’)ﬁluﬁﬂelall’é]ﬂﬂhlﬂ

SE| kv [ AEWD
MME RMUTT

SEI f5ky &0 %5.000 - SEJskY
MMERMUTT el 3 MME RMUTT

sUf 416 2w SEM voaddhen Tildy (n) didevers 50 w1 (v) Mideves 1,500 1

(M) MAgVEE 5,000 (N1 1A (3) MAIVEIE 10,000 (N

104



28kVU K1@a,0888

280kV X5>8880 Skm 21171184 7 a8 1km 211114

—_—
28kU ES;EBB. ' Sem 141114

o

A Y

Ui 4.17 aan SEM vesmdhegnyuindeualeunTuleuSanedmes zno 1wt% (n) f1a3

= A

Y19 5,000 111 (V) Ma9vee 10,000 1, Adehgnyundeudleurlulausa
NOANDS ZnO 3wt% (A) AAIVEIE 5,000 1111 (1) MSIVEE 10,000 1911 taz Fden
gnyutnaoualoulTulauTanodiues zZno swi% (1) F1899818 5,000 191

(R) MAIVLIY 10,000 1917

105



L

V18 50 19171 (V) MAIVLIE 1,500 4911 (A) AIV818 5,000 111 (3) A1AIVEIE 10,000 LN

452 wamsfAn¥IanyusdugIY VIaeYNIALazN1sIAGEoaIveu Tulausa
WORAWDITIO,

. ~Aq Y (% L4 a a 4 . = 9 J

Tio, N1dlumsdunsiziululavSanedwes Tio, HlassadnuungInd

[ I [ {
(Rutile) anvazilumiaziveadvd awdaslugii 4.19

106



sUfi 419 uaaInIMEIERe TIO,

452.1 NaMIANBIANHAEFUTIULAZVUIADYNIAVDING TIO, A2UNR04
‘a3 1
ANIIAUDANATOULVVTADINT A (SEM)
MNMIANBIANEULAUFIUVOINI TIO, WU W TiO, Tigiinadie
= = =\ v v o ] 1 U =l
faeuuaznInay  Instuanuwilunguieutazivialssia 200 W1 Tuwas — 600
% tﬂ' = g’J ) tﬂl v A1 = v a
wluwes  awwaaslugilh 4.200-9) dnnedningunua P25 Jauia v Taunarladn,

auiamumMIMaNuazeIaIed, auiamsmumusiasanst i laaauazanianisdruniuy

AA AaA A = o 4 9 . £ J
L!‘Uﬂﬂliﬂﬂﬂﬂq@tﬂﬂllﬁﬂﬂlﬂﬂﬂﬂﬂ TIO2 Iﬂ'ﬁ\‘]ﬁi'lﬂllﬂﬂﬂu'llﬂﬁllﬁg Ti0O, Tﬂ'ﬁ\‘]ﬁﬁ'l\‘lllﬂﬂgllﬂﬁ
A . Y =) s A v Yy v A 2 o A 1 9

[10, 32] Tﬂﬂ‘l/l TiO, Iﬂ'i\?ﬁ'ﬁ'l\?l,!‘]J‘]JgulVlﬁiJﬁﬁJ‘Uﬁﬂﬂa']'JiJ']L!ﬂ'Jﬂf]leq@ FIANHUSNNANINULAD

Y
% o

) ) Y o A a A ° ) P s o o A
VYNAUUU “I/I'IGlWﬂNPJTIGDEJNLLu’JﬂﬂVl%%u'] TIO2 Tﬂ’i\iﬁi']\1&!‘]J‘]J§11/1E13J'Wl'lﬂ'liﬂmlﬂﬁx‘l IN®

va

YSudyeauiallaunairladn, autiddiunmsiinnudageiadnosasauianisduniu
=

v @ a

=1 dl A g Y a Aaaa 14 &
wuafisen e uaamaialisiasy waamoi”limu

107



SEl  5kV ¥000
MKME RMUTT . 0 MKME RMUTT

SEI 15KV WD1Smm  §$30 x20,000 1pm Bl
MME RMUTT D00 Es 10 ] MME RMLTT

20,000 111 LA ) AAIVEIY 50,000 (N1

v 2 a2 a 4
4522 wamiﬁﬂmaﬂymmm;@mmmuﬂu"laumwaamm TiO, @g])’JEJﬂE?])@Q
A g 1
i]ﬁﬂiiﬁﬁﬂlaﬂﬁiﬂullﬁﬁﬁﬂﬂﬂﬁﬂ (SEM)
=3 [ o a a 4 . Y Y
mﬂmiﬂﬂymmgmzﬁmgmmmuﬂu"lamﬂwaamm Ti0, AYNAD

Ja U o a a g . o Y A
PANITAUDANATOULUUADING A (SEM) TﬂﬂUTNWquﬁﬂiﬂWﬂﬁmﬂi TiO, 1 14e ey

=

%’ v ? o o ' a a 4 .
Wnau niuthureaasuy Swb  taaitldenlduwianua unTu'lsusanedmes Tio, i

H
=1

@ 1 3 = v A R = [ A 2 o
ﬁﬂ‘Hﬂ!zEﬂﬁ’l\‘llﬂUﬂﬁ\‘lﬂaﬂJuﬁ33Jﬂ'|'§%ﬂl§fl\1ﬁ'3lﬂuﬁzlﬂﬂﬂﬂﬂllﬁﬂﬂﬁlugﬂﬂ 4.21(N-v) BIaNHULN

panuIveduizanai liauiia I lauaan ladn, avdiasunisiaiuazeiadioas

A A va 9 [

v ' Y 9
ﬁﬂJ‘]Jﬂﬂ'l’i@all'luﬂ'luL!UﬂﬂL ﬂﬁﬁaﬁu ua I uITeRIZIIMSNage UANIAAIUNITHIAY
9
ﬁ$’é]'lﬂﬁ’)!.f]\il,mgﬁ'ﬂJ‘Uﬁﬂﬁ{gﬁuﬂ'luu‘UﬂﬁﬁEl @Nuu%ﬂﬂ$ﬁ1ﬂ1§ﬁﬂ‘kﬂﬁﬂ‘Hﬂl%ﬁﬂlﬁWHﬂl@\iﬂﬁﬂT

wluleusanedawes Tio, Agnyundeuuuimiheluidods 1

108



V818 20,000 (N1

=2 v A (2 a a 4 . Y k)
45.13 wamsanwimssaisesdrvesululausanedwes Tio, vuideaie
ia 1
NB099aNIIMIDIANATOUILUADINTIA (SEM)
=2 [ = Y a a 4 . 9
nnMsAnINsIaBesivevesut lu lausanedwes Tio, uuiide
9 9 ‘a 1 1 d‘ o ~ 1 [ 9
A10N3099aNIIAMIDIANATOUILUADINT 1A (SEM) nud lohmanfSeuiieunuseniedide
' . o o H D H a a 14
lildvimsguasandlugd 4.16 (0-9) nuddhengnyundeudrou Tulsusanedwes
. @ 1 A [ A Y A = 9
TiO, 6AT1AIUN 1wi%, 3wt%, Swi% asuanasluzii 4.22 (0 —n) uazdidhengnyuindoudle
2 a (| o U A [ A A o 1 [
wlu'leuSanedawes Tio, oas1dIun 10wt% asnanslugii 423 (n - ) Tanvuzuanaeny
{ A a 4 o < 1 a
TagfdeNngnyuindeudlou TulsuSaneames Tio, szdunaiiulain HurTulsvsa
a g . A 1 9 S 1 I = v A v 3 ~ A
woawes Tio, IndeveguuiithauaziisUsiailunsenan Iimssaisesdnilusziiouuazindon
1 9 9 s 2 ' = A Ax A 1 o A
sguudulevesiithemnumunaziinandouia wewnn lilinsuandrvesun Tulsusane

v A

a 14 . o <3 Y a a 14 3 A A Y 1 I
awes Tio, avziulannlulaysanedmes Ti0, ‘I/I'E]ﬂlﬂaE]‘]JaQUHW"I&I'IEJ&NNE”]JTNL‘]JHVWQ
[~ ' o A 1A o ' . 2 X = [N
AAULAZIVAIN WY UT LY 1Az dIDNNUI BI8AT 1T TiO, LAY UMTIAINIZ AU U
' = a s . Y A~ v A o Ao 4 2 1A v o
Faunesu Tulevusanedwos TiO, vuidegelinsiaizoedanauingadu linanstudn

Auilunquieuduaalunin SEM fifidsuens 10,000 11 317 4.22m)uaz31i 4.23 (9)

109



q

F )
N, Sy | AL

{ — 1 g
S drn 2Ll g

#5, 0080 Sem 211114

= A

Y1y 5,000 1M1 (V) Ma9ve1e 10,000 11, FdeignyundeudlsurTulausa
a 14 o w 1 o W [ {
NI TiO, 3wt% (A1) NANVYIY 5,000 N1 (3) NAIVYIY 10,000 maziden
a a 14 o [ 1
ang‘umﬁanﬁ'wuﬂu'laumwaamm TiO, 5wt% (3) N1aIVy1y 5,000 (N1

(®) AMaIVE1Y 10,000 111

110



]
A o v 1

A Y J @
i]'lﬂqﬁlﬂ‘ﬂ 4.23 (0 -3) naaelvmun NNV IYUANANNUNTT YD

Y 9

A 9 a a s . = A o = v o o
maaumﬂuﬂu‘lamﬂwaamm TlO2 10wt% Nﬂ1i¢§ﬂlﬂﬁﬂﬂﬂ?%ﬂlﬁuiﬂlla$llllllﬂ'lii]']J?ﬂ’Jﬂ‘L!

3 U

A ¥ oa o A v A d ~ AR = T = )
L‘]Juﬂallﬂ’ﬂu E]ﬂ‘VNfNiJm‘Ji]ﬂljEN@]’J‘VIL’]JH‘J:LUEJ“JJLmzﬂJEJﬂLmzﬂunJuiNl,m iNﬁﬁJﬁﬂ’d?ﬂ"lﬂ’ﬂ

q
]

a a 4 [l Y a A
mdhengnyuindeuaieu Tulausanedwes Tio, 10wt% unzliauia W Tauaa ladn, auiia

U Q
(2

MUNITMANNALDIAAIBY, aulansa1unIusiadans1lhlsmavazauiinnisdaiuniu

v
a A A

9
UUANLIINA Lmﬁlu\1']1!’J%EI“E!“VI'NEﬁ%ﬂ%gﬁ']ﬂ']i“VIﬂﬁ'ﬁ]“]Jﬁll‘]Jﬁﬁ']uﬂ']iﬁWﬂ’JTJJﬁgf)']ﬂGl’JLﬂQLm%

2

=

antamsfumunuaiize Taegivev: lanandemsnageuduiasiunsiianudzoln

o o 9y S A v 9 [
mmmazﬁwﬁﬂ13mummmﬂmﬁaium%m"lﬂ

5b"v_||‘| 2111 F4S 20kY X1@8,000 1km 211114

V18 50 111 (V) H1EIVEY 1,500 1911 () MAIVLIY 5,000 (N1 (3) HIIVEIY 10,000 (N1

111



A’ o =1 [ 1 a a 4 a
ngL3J’EJ‘I/ITﬂWiLlﬁEJ‘]JLTIEJ‘]JﬂLli%‘W’JN‘Ll111!13‘“5&%1/‘!951&11’05 ZnO uazuﬂu"lamﬂ
a s . 1A v J I = =< v g J a v A v A
a9 Tio, W‘]J'J11]ﬂﬂ1%lﬂ!$§ﬂi1\1lﬂu1/liﬂﬂau Imsgamenulusauriazinsdaizeenin

= A [ d‘ o =1 9 d‘ A a a 4 Y
ANUBDUNU Lmzmamﬂmﬂ%aumﬂumﬁhﬂmgﬂcymﬂaauuﬂu"lamﬂwaamas ZnO LLﬂ%NW%hEJ

=).

A 9 a a s . 1A v A v ~ = = @
Qﬂ%ﬂmaﬂﬂﬂflﬂuhﬁuqaﬂﬁﬂWﬂalll@i TiO, WuN 3Jmiﬂmimml,ﬂuﬁzmﬂu, UNITYAINITNHU

Q

aQ

1 1 Aa % a a 4 a a 14
Wusrun, liRamsuandavesun Tu'lsuSaneames zno tazuTu'lsuSanedwes Tio, uu
Y A A s & 9 D) a Y aoygra v o o d " Y Ao '
wduleuaziimsndeunmudulovesdnfhe dnnads lumanistudanuilunguieunsasidiu
o 1 . A = 9 Y Y = Y1
Y9I ZnO 10wt% 11Ag DATIAIUVOY TiO, N 10wt% Fanndeyadisau Jeemisoaglldn
au1ia I Tauaa ladn auiaaiumsmanuazeindiee,auiamsmumussdsansi 1 Tean
A 9 == ] Y A Y A [ 1 Aa o dy ya o o
gazauamsmumuuuanzeulaz lvauialndmesnu ualuauldsuniagitessiing
va Y o @ A 9y A A ya o 9
nagouaNtARIUMITIIANUdZeIadNeazduTAN A IuMuLDaiiGe Taodidoaz 1a

AAMDIMINATUANTAMIUMTTIANUAZ DI NDIa ANTAMIA UMULUARG sso 1

a d d a a d a

4.6 wamuaztiesnlsznevvssuIulsuSaneawmes Zno uazinlulausia
a d d' da Y]
weaNes Tio, aennsaadnmsgaunsn¥U (XRD)
a 4 o a a 4
4.6.1 wanmsnnzvieenlsznovveau Tulausanedwes zno
a 4 o a a 4
4.6.1.1 HamInnzesndlszaauvesunlulsusaneames zno
MnHanMINnIzHedadsznovvosu Tulausanediues Zno Nk1u
a3 @ ~ ?x‘l ) 9 A I A

mMyszirisdilumaaanalugiin 4.24 (0 -9 Nt madeuasnsoudnasdanumln-
1 (XRD) WU W4 ZnO HAAVUN 31.7°, 34.4°,36.2°, 47.5°, 56.6° uay 62.8° [1] Aauanaly
514 4.25(n) Tuvazifinvosun Tuneda ladunandluzii 4.25(v) vazaziiuldin ualu
lavSanedwmos zno  Huavuluduniuderdusuu lunoad la3su uasINAVUA N
RINUNDHI ZnO Ao 1 31.7°, 34.4° 18z 36.2° Awdnalugln 4.25(a — n) tazdanna aAnw

v 1

9 N A ¥ A 2 ) ' 42 X A o
LGUIIGIJ'E)\TWf"I‘JJLLufJILlllLWNQQ%H@]1N@@]5]?[?U%@Q ZnO NNV Iﬂﬂ‘ﬂ M319IU ZnO 1wt%

uaaslugii 425@danuduvesiindiganazions1diu Zno 1owtaandaslugiing.25m)
tanuduvesiingsiga andoyanldnanudeduisawisoagllan ululsusanead

4 { o 4 Aa aaa a J Y 1 a
W99 ZnO ﬁmmﬁwﬁ”mmﬂuﬂmua aYU W@alllﬂillilcﬁ%uﬁﬂi;‘!ﬂWﬂﬂlﬂﬂ ZnO ’E]EJ“L!”ITHIla‘lJiﬂ

WoAWDS Zno

112



H a a 4 . I a
s 4.24 uaaanTulavSanedweizeo Niunisszmevntun n) urlulauia
a 4 2 a J 2 a J
WOAINDI ZnO 1wt%, ¥) W TulguSanedmes Zno 3w, ) w1lulausanedmes

ZnO 5wt% tiaz 1) W lu'lausaneames Zno 10wt%

®)
A Ao M

Q)
—~ T A A A
)
S )
> A ™ A
=
n
c ; Q)
GJ T
-
£

T (V)

et/ _©

10 ' 20 30 40 50 60 70 80
2 theta (degree)

51N 4.25 naasesdlszneuves (n) we zno, (V) Wi luwedd a3y, (m) wlulsuianodwes
a a I'4 a a 4
Zn0O 1wt%, (3) wTulausanedawes zno 3wt%, (9) wTulausanedwes zno

swit% taz (@) w1 lu'lsusaneawes Zno 10wt%

113



A Y

a 4 4 Y a a
4.6.1.2 Nami’uﬂiwwmﬂﬂizﬂﬂ‘ummm7911ﬂﬂgﬂifmﬂaﬂumﬂuﬂu”lamﬂ
NoAWDS ZnO
a 7 s ] A A v
5]1ﬂNaﬂ153!ﬂ§1$ﬁ@ﬂﬂﬂﬁ$ﬂﬂﬂﬂlﬂﬂN”Iﬁ”lflﬂgjﬂifﬂlﬂa@ﬂﬂﬁﬂuWIu

a a s g o 2 A Y o A ] Y a
ll%i‘].liﬂW@mll@i Zn0O rﬂummu 8 AT L‘Viﬁ]Wa‘ﬂ@]’ENT]"IﬂﬁQ’iJLﬂﬂ’EJTJN"II?hEJﬂ’JEJ uﬂu”lamﬂ

Y

a J < o ? ' A, A = 9 a a o
WOAWDT ZnO 1WUTIUIU 8 ATUNTIZN !lJ’EJHWWWEJ'IF.W]Qﬂijﬂlﬂa@ﬂﬂjﬂu'ﬂuqﬁu‘iﬂwiﬂalu@ﬁ

3 o ¥ o T ~ Y ~ A 9
ZnO 1 uauIu 1 ﬂiﬂﬂJWﬂWﬂWiﬂﬂﬁfJUllNWUWﬂ“U@Q ZnO GlutNWEhﬂ‘ﬂgﬂ‘lfiJlﬂﬁﬂUﬂ')ﬂu']Iu
Q a 4 < @ aw { o . . o
Ula‘UﬁﬂW@ﬁlllfJi ZnO %Qﬁﬂﬂﬂg@\iﬂﬂﬂ1u’3%ﬂﬂlﬂﬂ Yuranova Hagaue [41] ﬁ‘lﬂ Si0,/TiO, 41N
=

mslFvlyuiomumniaduinnuazoiaduesvesd lainmsiiimnmasuunagey XRD

[

o 3 o g VA o
Tagvhmsyundouiluiiuau 4 assdeegnuiia uailoniesdide ldhnmsgundeudalou Tu

=~

a a 4 I o g’/ =Y ' = o A A I g‘/ =®
hlEl‘UiﬂWf]ﬁLiJfJi ZnO 11 uT1uI 4 ﬂ‘i\‘]ﬂENUhJW‘UWﬂ WMM YU VNI U 8 ATIVIVENY

q

9 = Y

=} [ A 1 A = a 4 A
Wﬂﬂ\il!ﬁﬂ\iﬁlugﬂﬂ 4.26 () Tagagnun Wﬁhﬁmgﬂ“IﬁJ!ﬂﬁ@ﬂﬂ’)ﬁluWIul‘lﬁﬂiﬂW@mN@‘i ZnO M

q
9
o

o Y Yo A aa X Ao oA v o @ A
mmaww"lﬂmuaﬂﬂugﬂm 4.26 () UHNNAVUNAUUNRUUAIINUNUNL ZnO ﬂﬂl!ﬁﬂﬂiugﬂﬂ

4.26 (n) Ao 31.7°, 34.4° uag 36.2° [1]

=
L (f
>
=
[72]
c (v
o)
]
£
il » (M

10 20 30 40 50 60 70 | 80
2 theta (degree)

~ A Y

51N 4.26 naasesdlsznovves (n) we Zno, () Mdhe, (a) MhehgnyundendiouTu

G q

leuSanodwos zno 10wt% uaz ) w1 lu'lsuSanodiwes Zno 10wi%

114



a 4 J a a 14
4.6.2 wamsaaTIzesnlszneuvesun TulauSanedmes Tio,
a 4 J a a 4
4.6.2.1 wam3sinszvodlsznovvesn Tulausanedmwes Tio,
a 4 d a2 a 4 . A
NnWan1sIAsIzHesnlsznovvea TulauSanedwes Tio, NHu
I [ ! S 0 4 <] Ja

mMaszmeaiumaaaasluzin 4.27(n ) nininimageusensoaudnassanilsn-

Y ' A a s . A o N Yo a =
Fu (XRD) wun wilulausanodiwes TiO, ﬂmmiwﬂﬂmuﬁm"lugﬂw 4.28(A-N) ICNUNA

. [ A A = a =
Y03 Tio, asnandlugzii 4.28(n) Av 27°, 36° uaz 55° [46] naznuiinvesu Tuweds lasu

=1

1o 9 ) ¥ Y Y = PR A a s . A o o
LBUNU %’]ﬂGUf]?Ja1/]llﬂﬂa’]'JiJ'lsll']\‘]ﬁuﬂ\iﬁ’]ll’]ﬁﬂﬁ?ﬂtlﬂ'ﬂ uﬂu"la‘lﬁﬂwaamﬂi T102 NAUNIIEH

v W a

a aaa 4 @ 1 = a 4
Aremaiiniiiioiadu weames lsiulioyninues Tio, ogluwnTulsusanedmes Tio,

H a a 4 {1 I a
s 4.27 vaaanTulesvSanedwes  Tio, Niunisszmerniune n) urluleusa
a o a a 4 a

woawes Tio, 1wt%, ¥) uiluleuiawedmes Tio, 3wt%, a)wilulsuia

a 4 a a 4
Noales TiO, Swt% lag N) uﬂu'laumwaamm TiO, 10wt%

115



()
(a)

Intensity (a.u.)

(V)

()

10I20I30I40I50I60I70I80
2 theta (degree)

57 4.28 naasesdisznouves (n) Me Tio,, (v) Wi lunead laiw, (a) nTulsusanedwesd

UG

. a a J 4 a a 4 .
TiO, 1wi%, (3) nlulavSanedmes Tio, 3wt%, (3) wlulsvSanedmes Tio,

a a 4 {1 <3|
Swit% Lag (R) uﬂu'laumwaamai TiOZIOWt% ﬁN”IUﬂ”Iii%L“HEﬁ]UHJHWQ

A Y

a ' 4 9 ~ a
4.6.2.2 Nﬂﬂ"lifllﬂi”l%ﬂi]ﬂﬂﬂi%ﬂi’)iJleENNWI%'IEJ‘VIQﬂﬂ;ﬂlﬂﬁ@ﬁﬂ?ﬂiuqﬁﬂiﬂ

WoRIB3 TiO,

=1

a I'd 4 Y A 9
ﬂ'lﬂWaﬂ’lﬁ'lm'inﬁf]\?ﬂﬂigﬂﬂU‘Uﬂ\‘]W'lﬂWEI‘VIfIﬂGIf‘]JLﬂa@TJﬂ'JEIU'IIu

u Q

A

a a 14 . < o 2 S o Y 4 < Ia @
”la‘um‘m@amm Ti0O, WU 8 AFY [41] NUUIINATRUAYAT oD NATIAN LW T DU

1 Y A A Y a a 4 \ A o 4 9/3’/ a A da! =1
(XRD) WuMNM NWSJWEJ‘V]Qﬂ“Ij‘Ulﬂaﬂ‘Uﬂ’JEJuﬂull%‘UiﬂW@ﬂm@ﬁ TiO, wmmﬂw"lﬂuuuwmu

A A g 9y A

=) [ Y . A [ ~ dé’ = 9
RYINUNUANN TiO, AB 27°, 36° AL 55° mzmﬂﬂugﬂﬂ 4.29 (7)) UANANVUUUUANVUUUNUDY

[46]

116



S5 @)
S
=
2 — (v)
"O_‘J
£

(n)

e A

10 20 30 40 50 60 70 ' 80
2 thata (degree)

51U 4.29 uaasesdlsznovves (n) W Tio,, (v) Mde, () MfhehgnyundeudiouTu

= a J = a 4 {0
louSanedwes TiO, 10wi% uag () u1lulauianedwes TiO, 10wt% NAIUMS

I
FLIHIVUIT UMY

= v d v a a d a a d
4.7 wamiﬁnmﬂgﬁaﬂwmmuﬂu"lausﬂweamm Zn0O uazuﬂu"lausﬂwaamm

ey Yo A "
TiO, e384 Fourier Transform Infrared Spectroscopy (FTIR)
= (] d o a a 4
4.7.1 wamsanwrylenguvenTulsusanodames zno
= 1 Y a a 4
4.7.1.1 wamsanymyilenguvesinlulenianedes zno

nnransanlenFuvesu Tulsuianedmwes zno frdunis
szma%mﬂumﬁmaﬂﬂugﬂﬁ 4.24 mﬂﬁuﬁmmmauﬁ”wm%d Fourier Transform Infrared
Spectroscopy (FTIR) 114434 650 cm” — 4000 cm ' WU Benzene ring 11 696 cm ', C-H U849 Benzene
ring N1754.5cm’ tlag C-C U094 Benzene ringhl 1492 cm 1@ 1601 cm | ﬁ’mﬁﬂﬂugﬂﬁ 4.30
(m- ) Tasa)nasuued Benzene ring tag ZnO luwnTulauTaneames luiimsn)asuulas
uanualnasu c=0 7 17123 em” uaznuanasuved COO-Zn Al 1452 cm’ Fea0ARRIAY

[

a @ A =2 g aan 1 ] 14 =
NIV Zang [47] Aquaadlugali 4.30 (v - 9) Fudlulgnseseninanymsvenuag Zno

9
[ Y

wiutsamnsoa;l1an eyanves zno gavieviulava laiuluTuwes

117



A)

D ke
I

Ty U‘
W

ST
PR

% Transmittance

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavelength (cm'1)

H T Jd v a = a J
sUf 430 vaaangilanduves n) wluneddlein, v) wnlulauSanedwes zno 1wt%,
a a a a J
a) wlulauSawedmwes zn0 3w, o wilulauSanedwes zn0 Swi%,
a a J A I
) wlulausanoawes Zno 10wi% AWM szmerTuM

A Y

= ] d v 9 A a a
4.7.1.2 W’ﬁﬂﬁﬁﬂ‘]&lWi'y.ﬁQﬂclfu"’llf)\‘lWTEIWEW]QﬂGIJULﬂafJ‘Uﬂ’JEJHWIuhlEl“]Jﬁﬂ“W’ﬂa-

03 ZnO

=

a d J 9 A Y
ﬂWﬂWﬁﬂTi’JLﬂi13ﬁ@ﬂﬂﬂ’i$ﬂﬂﬂﬂlﬁ]\‘lw1fﬂ1ﬁlﬂﬂﬂ‘]f‘Ulﬂﬁ@‘Uﬂ’JEl‘LﬂIu

U L

]

A a I o ¥ ¥ o .
lousanodmos zno 1Hlusiuau 8 ass [41] 911Ul MAAOUAI0IATON Fourier Transform
' -1 41 1 9 A A Y
Infrared Spectroscopy (FTIR) 114239 650 cm’ — 4000cm” WU mﬁwmgwyumaaumauﬂu
1 Y N v
levTanoames zno AFuAT1¢4 IA1IU WU Benzene ring 696 cm_l, C-H v®4 Benzene ring #l
754.5cm’ 1@z C-C UD4 Benzene ring 71 1492 cm™ 118 1601 cm’' ﬁ’mmﬂugﬂﬁ 431(n —19)
uaznualnasy C=0 1 1712.3 cm' uaznuANNATUUDI COO-Zn 91 1452 cm”’ Fedoandoen
aw @ A 2 g aan 1 ] 4 =
UV Zang [47] fanaaslugii 4.31(v - 9) Fuilulgaserszrnienymsvenduas Zno
v v H Y
Tuyagh lunwvalnasudsnanludiden luldagnnsgumaeudwaalugili 4.31(n) daiy
Seensoagllaan ddhegnyundeudliou TuleuSanedwes zn0 uagmamsnaaou

U q

Y v o Y A
T9AAADINUNIVON 4.7.1.1

118



% Transmittance

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavelength (cm™)

~ A Y

H ] Jd v = a 4
sUT 4.31 waaanyilenduaes n) dide, ¥ Sdengnyundondieunlulevsanedmwes
{ a a 4 {
Zn0 1wit%, A) MihengnyuaasualsurTulausanedmes zno 3wi%, 1) Mdeh

a a o {
gnyundeudsu Tulansanedwes zn0 swi% wazs) Mdeignyundoudin

wu'lauSanedwes zno 10wi%

= T J o = a - (o
472 wamsaneylsnguvesun Tulsusanedmes Tio,
= 1 Jd o a a Jd .
4.7.2.1 wamsanemyiendusesunluleusanedwes Tio,
= v Jd v a a 4 . A

naransanyrylensuvesun Tulsusanedwes Tio, KU

I @ 1 A ) § .
izm&lﬁ]mﬂummuaﬂﬂugﬂﬁ 427 NNUUINATDVAIBIATO Fourier Transform Infrared
Spectroscopy (FTIR) 11979 650 cm” — 4000 cm ' WU Benzene ring 11 696 cm ', C-H U949 Benzene
ring 1 757.6 cm ' 18 C-C V94 Benzene ring 11 1492.9 cm ' 1182 1600.5 cm aanaadlugili 4.32

[ a a o ] {

(M —1) Tagalnaiuueq Benzene ring tag Tio, Tuuilulausaneawes lutimsulasuuilag
uanualnasy =0 11 1712.5 em” taznualnasuved COO-Ti A 1405.6 cm” FeapARRDIAY

[

a [ A 2 g aaa J ] J = .
NUIVYUDY Zang [42] muﬁﬂﬂugﬂ‘w 4.32(v - 9) ‘iNL“lJL!“]J;]ﬂiﬁl’ligﬁ'ﬂ\‘lﬂw‘]ﬂWi‘U@ﬂG}f uag Tio,

o & = Y . Vg ~ s & Yy o
Quummmiaﬁgﬂ"lmw UNTANUD TlO2 Qﬂﬁﬂﬁﬂiﬂﬂﬁ"l@]iujﬂjumﬂi BFIADAAADINUNA

=2 1

J o a a 4 v Y ~
ﬂ”liﬂﬂ‘]sl"IW‘J;}Iﬁ\‘]ﬂGKHGU@QuTTHllﬁﬂiﬂ‘W@amﬂi ZnO Tuitadien 4.7.1

119



% Transmittance
:)j

T T T T T T T T ' T T I
4000 3500 3000 2500 2000 1500 1000

Wavelength (cm'1)

H [] J o a a a 4
sUf 4.32 uaaanganduaes n) wiluwedd lesy, ) wluleuSanedwes Tio, 1wt%,
a a 14 a a 14
a) wluleuSanedwes Tio, 3wi%, 9 urluleuiawedmes TiO, Swi%,
Aa Aa et A Y g
) uTulavSanedmes Tio, 10wt% NruMsszmouraullung
1 < v { a
4722  wmamsanyyienduvesiidengnyumdonalsouilulausa
WoRIB3 TiO,

A Y

a ¢ ¢ v <
nnramsuaTIzienilszneuvesidengnyundoudlou Tu
A a I o 2 Y o . .
levSanedwes Tio, iWuduau 8 A%e [41] niuimaaoU@1AT09 Fourier Transform
' -1 -1 1 9 A A Y

Infrared Spectroscopy (FTIR) 11529 650 cm” — 4000 cm” WU mﬁwmgwyumaaumauﬂu
1] Y H ]
levSaneames Tio, NFunT121 14U W Benzene ring N1 696.6 cm™', C-H 494 Benzene ring A
757.6 cm’ WAz C-C Y0 Benzene ring 1 1492.9 cm” 4ag 1600.5 cm ' aanaadlugili 4.33(n - 1)
waznuadnasu c=0 N 1712.5 cm™ waznuanasuues COO-Ti N 1408.6 cm” FeaoAAZDY

[ a o (% A =2 g aan v ] 4 =
AUNUITEVON Zang [42] aauaaslugiin 4.33(v - 9) Fuilulgnserseninamimivend uag

Tio, Tuvazilunumnasuasnanludidenluldgnmsgundeuawaaclugli 4.33(n)

120



A Y

v 3}/ ! = a 4
aaiudsemnsaagddn mdhegnyunioudieu Tulsusanedwes Tio, tazwanmsnadow

U L]

@ Y v o Y A
PNADANAVINUNIVON 4.7.2.1

% Transmittance

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavelength (cm'1)

= A Y

H ] Jd o = a 4
sUT 4.33 waaanyilenduaes n) didhe, ¥) Hdengnyundondieunlulevsanedwes
. B A A v a a s . B ~
TiO, 1wt%, ) fdheignyundoudrouTulansanedwes Tio, 3wi%, ) Adheh

A 9 a a 4 - v = A FY
gnyundeudrou TulauSanedmes Tio, Sswi% uazy) Mmdeignyundoudie

wlu'lovsanedawes Tio, 10wt%

wAa a a d a
4.8 #amsfanyandanInNuIeuvesulilausanaames zno nazunlulansa

4o ¥ 4 \ ) { .
WOAINDS TiO, 038 1594 Differential Scannig Calorimeter (DSC)
= A vy a =
4.8.1 HamMIANMIANTANINANNSoUveI TUneda laTu
= A 9 a = A I
NNNANMIANEIFNIANIANUTOUVBIU TUnead aT 1 NHIUMTTLIMEaIT) U
] Y ] 1
paaauanslugii 4.8 vimiviwinagenaeiA3e Differential Scanning Calorimeter (DSC) 7
] Adq Y A o = o (% Y
annzmsnadey Iagsgunginlglunisnageuns 25°C 89250°C o lunsliay
[ [ < a
Fou (Heating rate) tn10U 10°C/min LLﬂxﬂ@]iHS’ﬂHﬂﬁﬂﬂQﬂ&ﬂ{]&l (Cooling rate) 1D
250°C 14 25°C 1A 10°C/min - 910A15197 4.208231/9 4.34 (n- ) waasauiianeaNuiou

vosu Tunede leisulugagamgil 25°C 83 250°C wun gaimgilasuaniuzadiond (1)

121



a =l 1 1 o =2 o a ) Hq ¥
ypau1 Tuweda lasu ogluwi 80.0°C 8490.0°C TasurTuweda lasuinldiailunis
v ¢ Y e A b a . < sy 2 dow
duasizd 48 ¥ lualia T, difigade 80.0°C Tuvmziui luneda lasunldinarlunis
o ¢ & A a4 A . a (4 v )
dunsIg 4 92 Tualia T, geiigane 90.1°C Tasgangiasuaoiuzadiound (T) vou Iy

a A A Y ~
wodda lasuliuua Tiiunanas
9 Y Y R o q 9 Y a o dq 9
nndoyateduivildazd1dn mTunedalasunldszezinarlunis

o ¢ o = ° av 10X [Y o wa 1 Ay Yo
dunsizd 4 5 Tualianumuzaulumsihuideas Feaeandesnuduiianien i laiing

NATDUMIULIAD

MI9N 4.2 uaasauianianuieuvesun lunead lasu

W luneda lasu T, (*C)
o ¢S O
TLYLINNITAIUATISH 4 "]f’ﬂllﬂ 90.1
3$H$L3ﬂ1ﬂ15'5\1m518ﬁ 8 "‘BI'JI?JQ 89.1
o 4 &
FEYLINNITAIUATIEN 12 "'D"JI?N 87.7
o 4 @
TEYLINNITAIUATIEN 24 GD"JT?N 87.8
o 4 @
FEYLINNITAIUATIEH 48 GIf'JIiN 80.0
EXO q)
.......... q)
, v - -— -— - v - -— < - o v -— -— -— -— -—
1 P s
- = \ A)
)
../.'_.l—.l—oo—oo—on—
n)
J
5% e ¥ 3 852285 %8 %8s 8 2R
Temperature (°C)

H A a 4 Aaan o A I
sUf 4.34 vaasauianeanuiouvesn Tunedalasu elfnsodutdunsuiunal (n) 4

UG

F T4, (V) 8 B2 11, (A) 12 B2 134, () 24 %52 119 1ag (2) 48 %3 114

122



482 wamsanmauananudouvesunluleusaneames Zno
wAa a a 4 H [
nanamsanuauanieanudeuvesn lulausanedwes zno AWIUMNT

I @ { 9 o 4 . . .
szimevwilumenananlugui 4.24 9anduihuimaaeudle1AS 04 Differential — Scanning

a

. = ' Aq Y A =R .
Calorimeter (DSC) fidn1IzNINadoy Iagyganginlylumsnagenns 25°C 83 250°C
) I~ . 1 % ° . % a .
ammﬂumﬂﬁ’mm%’au (Heating rate) tW10U 10°C/min uazamﬂumiaﬂqmwgm (Cooling

rate) 910 250°C 89 25°C 1NAY 10°C/min WU gavgidsudniuzadionds (1) voaunTu

lovFanedwes zno Hguugiioglusi 72.6°C f982.5°C danaasluamsei 4.3 uaygili 4.35

£l U

IS a

' a a 4 { A 2 4 @ U
WUN uﬂu"lamﬂwaamaﬁ ZnO mmwﬂmﬂaﬂuaamzﬂ’5’1ﬂuﬁ’agwnﬁmﬁaemmaumm ZnO

A 2 & < ~ ) o ' = a 4
WU C]f\ju'mglﬂuWau']%']ﬂﬂ']ﬁﬂ@uﬂ’l'ﬂm@q Zn0O lell']llﬂsllﬂ‘;IJ'J']\jﬁ’IﬂIG]fINlaQaﬁ"lﬁiu NOALNDT
= a

= 0o q ¥ N a s A v y A X
ﬁ]\?ﬁ'\‘lﬂﬁ“ﬂﬂﬁlﬂiuul@l“]JﬁﬂWmeiJ@i ZnO HoauunadlaguaniusnaIgun ANNUY [48]

q Ll

M 4.3 uaasauianianudeuveaun ulsuSanediwes zno

wulavsaneawos zno nldarlu T, (C)

MIFUATIZH 4 32 T04

Zn0 1wt% 72.6
Zn0 3wt% 78.3
Zn0 5wt% 82.5
Zn0O 10wt% 79.7

123



EXO 9)

127
135
167
175
183
191
199
207
215
223

~N O M - O N~ o M - O @ = O
< O © M~ N~ o OO O - < 0w

Temperature ("C)

d‘ A 9 a a 4 a
sUfl 4.35 vaasauiiananuiouves n) w1 lulausanedes zno 1wt%, ¥) w1lulauia
WoamesS ZnO 3wt%, ) i lulanuSanedwes zno swi% uaz 9w lulausa

WOAIWDS ZnO 10wt%

o a a 4
483 Naﬂ15ﬁﬂ}l"lﬁlm@‘ﬂNﬂ'J"IZJ%I’E]M"U’ENL!"IIullaﬂiﬂ‘Wﬂmll?)i TiO,
v a a 4 {
mﬂwams?iﬂmzmum1/1Nmm%'mﬁumuﬂu'lamﬂwaamm TiOZﬁNTLlﬂﬁ
I @ { S o : . . .
spmigvudumeaanansluzali 4.27 sanduhuimadoualoin5ed Differential — Scanning

Calorimeter (DSC) @n192N15NAA0Y TAss19guunin ldlunisnadonaes 25°C i1 250°C

Rl

@ <3 1w p (% <3 a
oa3152 umsldniudou (Heating  rate) 1M10D 10°C/min tazdns U3 lunsanguugi

1w 1

(Cooling rate) 910 250°C D4 25°C 1M 10°C/min WU gaungili/asuaniuzadiouds (T,

a ]

a a J 1 [ {
vosu Tu'lausanedwes Tio, iguugioglusae 77.0°C 09 86.2°C asuaasluaiinei 4.4

U U

' a a A € =~ A A Y Y A o v .
WUN uﬂu"lamﬂwaamm Ti0, NQ’L?L!WﬂlﬂfﬂﬁﬂuﬁﬂWHgﬂﬁﬁllm’Jaﬂﬁﬂlu@ﬁ]ﬁiWﬁ’JuﬂJﬁN Ti0

gy 2

A 2 & g = ! 9 o 1 = a st
INNUU Gﬁ@lﬂuwau']%']ﬂﬂ’]ﬁﬂ’ﬂuﬂ']ﬂmaq TIO2 L“lﬂulﬂﬁllﬂslnNﬁwicﬂmaQaﬁvlﬁiu NDALUD T

a

J o Y a a g . = ~ Y Y o
ﬁﬂWﬁﬂTiﬁuWquanﬂW'ﬂﬁLN@i TiO, lJQﬂlﬁﬂﬂlﬂﬁﬂuﬁﬂ’]ugﬂa']ﬂllﬂﬁﬁﬂﬁ\‘] [48] L!,ammgﬂﬂ

U

4.36(n —3)

124



3 wa a a J
ﬂ]ﬁ]\?ﬁ 4.4 uﬁmﬁuummmm%’aummuﬂu"lamﬂwaamai TiO,

a a J {
wlulausanedmes Tio, nlHalu T, (°C)
o 4 @
MIAUATIZH 4 52T
TiO, 1wt% 84.5
TiO, 3wt% 86.2
TiO, 5wt% 80.4
TiO, 10wt% 77.0
EXC
9)
..........Ol L) = ﬂ)
1)
. / ¢ ¢ enmmme o o emmms o
n)
————
s 8 (S TG & 5 8 & 8 §
Temperature (°C)

4‘ A Y a a 4 L a
sUn 4.36 LHEAITUUANINANINTOUUDI N) uﬂu“lamﬂwaamai Ti0, 1wt%, ) uﬂu”lamﬂ

_Y

a 4 a a 4 a
WodAwes TiO, 3wi%, aululauSanedwes Tio, Swi% uwaz ) wrlulauia

a 14
Nnoales TiO, 10wt%

125



4.9 WaMSANMIANTAMNINIANNALBINAUBY (Self-cleaning) VoIFheNgny

masuisnlulausanedmes Zno nazinlulauSanedmes Tio,
49.1 HAMIANEIAULANTIIANUAL1AADY (Self-cleaning) maqﬁw’haﬁgﬂw
ndeudreunTulasaneawes zn0 §remaiia Dip Pad Dry tazIthnurlifusmagen
4.9.1.1 Wan1sNAAaUaNYANITHIAINALDIAAILEY A28N1TRET 9T
gans1 1 Teann gy 11.6 mW/em® 1Hunan 48 $2 714
HANITNAARUANYANITHIAIINALD1AAILDIRIUNITRIETIT

o 2 & H 3w '
pans1 1 Toman Uty 11.6 mW/em® Hunal 48 $11ue Tagldihnuvhitludmaaon wuqn

aid'l o

=y I o = = a Y Y A
AMArunIn1esidoans I Teaailumat 48 ¥ Tuslinisdansvesdiin Tagdngy
A 9 a a 4 = =) = %’ d' = [
waoumeu Tuleusanedmes zno 10wi% Inmsgaavesminuiuiniga TuvuziReiny

9 ~ A = Y a a 4 =\ = = ’o‘ Y ~
mfhenguindoundoudeu Tulausaneawes zno 1wt% imsdarvesdimuvidesiaa
9 =~ = %’ = 9 A dal Y] 1 A A d%’ [
uazuu 1NN BEA9V0AT AN T THMNDUYUAINOATIAIUVDI ZnO TNNVUAULAA
Tuasnedn 4.5 TaglumsnaaevauiiansmanuazoindeidrensniesiaoaniiliTome
ansoasllain manmsnadeuauianisiinnuazeIaa10IiANNAEANRDINUNANTS

Ay Y ¥ ¥ 1 A o o 7 A a 2
‘V]ﬂﬁ@\i“ﬂulﬂﬂﬁW?iﬂLLﬁT’llNﬂu’N LIUBDUINT ZnO lJW]1ﬂ1iﬁﬂlﬂﬂ$‘ﬁ'LﬂuUWIUVlanﬂW@aLNfJi

gad X

A a A o o a 4 a a 14
ZnO mmimwnﬂizﬁmmwmimmmazmﬂmgmllﬂ?mwu Lﬁ@ﬂ%WﬂuWquaﬂﬁﬂW@ﬁmﬂﬁ

Y A

=~ < Y = = [ ' @ ' Y
zn0  Hveeumavinadnluszauu luwas dnsgamiznuwiusisumainannluiiden
é [ [ U 1 9 a a J = A o % d'd
4.5.1 BaanvazasnandwaliululeuSanednes zno Hauiansanuazeindiena
uagngive ldmnsnaaeuauianitinnuazeiadesdlenisnies doansi I Toan
' a2 g 4 < = ' v A A A
ao ldnilunamaue 168 5 Tus Favzuaa 3 ludiuvosnmanuan uaiiosnniidentiaas
1 Tuad 48 aunguianaghimssufenautianisinnudso1ndeidieraoaigeolsa-
4 @ A o (. 1 .
iU Blacklight nUANIAN1THIANALDIAADIRIGLAIUAAAZHAVDIAIAVIMTNTHIDZ

nanluiidens 11

126



M3

=).

4.5 LLﬁ?NNﬁﬂﬁﬂﬂﬁﬂﬂﬁﬂ‘ﬁaﬂﬁﬁ1ﬂ’ﬂﬂﬁ$E)WWET’JLENﬁ}ﬁﬂﬂﬁﬂ'lﬂ%’\iaﬁlﬁﬂi'lll’ﬂﬂmGl

9 A A v a a 7
Gumwmgﬂﬁ]qmmaaumﬂuﬂu'laumwammi Zn0O

Mthei 18 | Méhefignay | diheiignyy | didhefignay | Méhefignay

9NNy IANOUAIY IANOUAIY IAOUAIY IAOUAIY

iAdOU wlulevsa | wmlulevsa | wmlulewsa | miulsuia

WoAes ZnO | Wodwes ZnO | wedwes ZnO | WedAwes Zno

1wt% 3wt% Swt% 10wt%
nou
"0
uv
naq
"0
uv
48 hr

4.9.1.2 WAMSNATRUAVANITNANNAZEINAIDIRIINTNIYSITAIB1ADA
14 I o
Wgoois ey Blacklight 1111171 48 42114
(V=N o % 9 v A Y
HAMINAADVANTTANITINIANINALD1AAUBIAIENINIYTITA8TIa0A
4 I o ' {1 o
Wgooisawua Blacklight 11una1 48 ¥ Tus nunMikiumsnieiiddlenasavlgoorsd-
s & & 2 { {

U Blacklight (Tunar 48 %1 TualimsFassvesdinnul TasidngunaoudisuTu
a a s ~ a a3 A a v 9 A
leuSanodmes zno 10wt% Hm3davvesdihnuvniga luvazi@ernuddonegy

A Y A a s = =t a3 Y A o
wdeuaeu Tulausanedmes zno 1wt Iimssavsvesdinnudesiga dadaaluais
N 4.6 Feemnsoagllan wamsnadevaianshianudzolnaueslinuaenndoInUNa

T Yy 9 9 o ¥ A A, ~ v 9 oA
ﬂ'li‘i/’lﬂﬁ’ﬂ\i‘i/’lllﬂﬂﬁ'l')u'llm']"IJ'I\WIL!Gluﬁ’)‘UE)‘i/'I 49.1.1 Llﬁzmﬂ‘ﬂ'lﬂ'lilﬂ?ifJiJme‘Uizﬂ’J'NW'mgﬂ"lj]J

]
v A

A 9 a a 4 A v A o 9 2
maaumauﬂu"lamﬂwaamai Zn0O ‘ﬂgﬂﬂ'lﬂiﬂﬁﬂaﬂi’lvhiﬂlﬂﬁﬂ')'luﬂlll 11.6 mW/cm™ NUN
o a % . oy oA A Y N a s
'L;]ﬂﬂ'lﬂi\‘iﬁinﬂﬁﬁﬂﬂwgﬂﬂﬁﬁl""ﬁu@ Blacklight W11 AINYNYUINADVANIY uﬂu"lamﬂ‘waamm
~ v A o P 2 a ~ a ¥ '
ZnO Tlgﬂmﬂimﬁ]amﬂﬂma@]mmmu 11.6 mW/cm llﬂ'Ii"“]fﬂ‘t]'l\?"]]'ﬂ\?ﬁu'lﬂ'll!wu'lﬂﬂ?'l

d' 9 v A d' 1 [
LUDIINANMVNVDITITANUANAINNY

127




M3190 4.6 !.Lﬁ@NWﬁﬂ']’iﬂﬂﬁflﬂﬁilﬁaﬂ1iﬁ']ﬂ’l'lilﬁ%ﬂ"lﬂﬁ’)!@\iﬁ?ﬂﬂ1iﬂ1€l§ﬂ%ﬁjﬂﬂﬂaﬂﬂ

A Y

4 { a a 4
V‘lgﬂﬂliﬁlcﬁuﬂ Blacklight “UfNPT'I“I?IE]ﬂ‘lﬂJlﬂﬁﬂUﬂ')EJuWqulaiJiﬂW@ﬁﬂJﬁ)i ZnO

U Q

=

mihenluld | ddhengnau
A kY
9NNy INADUAE
A a
a0 nTulausa
a 4
WOAWOS ZnO

10wt%

noUNY

HaIN1Y

48 hr

wAa o o I
4.9.1.3 HAMINATOUAVIANITIIANNTLDIAAUDIA0UAIULAATI LA 48
¥ Tug
A o o I
HANINAARUANIANITINANNALDIAAIDIA B aILAAT] 1A 48
] 1 o A o @ I ]
109 WU ANFUMITNATB LA NTAMINIANUELIAG D IR I8 aIAAT] AT 48 32 T1e
=\ = = %,‘ d' Y d' A Y a a 14 =\ =
limsgaagvesminu Tashdnguadoudieu Tuleuianeames Zno 10wt% Un13HAS
a Y ~ ~ o Y A o A Y] S a '
yosFimuduniga luvazi@eanuddeniinsgunasuaisur Tu'leuSaneames zno
=\ = = %} Y dl [ -d' é 9
1wt% Imsdangvesdiinuiesiige awaaslumisien 47 Feensoagdlan wams
NAAOUANITANITIIANNALDIAADINANUTOAARDINUNANTNAADIN IAna IR 19d U
o ] : o ' H A Aa 4
Tuaded 4.9.1.2 mazleimanSeuiisusznnehngnyumasudieun Tulsusanedes
~ v A o 9y 2 9 A v A 4
ZnO Ngnmessdoans1 hTeaannuidy 11.6 mW/em’, MAgnaesidnniasavligoosdiaua
. Y A v Ty A A Y a a P
Blacklight ttazffignnadoudionaauas wu Magnyunaoualeu Tulausanodwes Zno

A Y =) = a ¥ 1
NYNNATIUAIYLFILARN UM IFANVOITHINLALINAN

128



Ay Y Y Y o q ¥ yi A o
"l]'lﬂNaﬂ'li‘Vlﬂ’ﬁE]Qﬂllﬂﬂa'I’JZJ'I‘U'N%NVI'Iiﬁﬁ'I?J'Iiﬂﬁj‘]JVlﬂ’J'I LUBDUINN

o [ J 3 = a 14 A a a o
ZnO mmmimmiwmﬂuuﬂu"lamﬂwaamas ZnO ANTOUNVYTEANTNINNITTIANWY

o yad X A A a 4 = < Y
ﬁzﬂ’lﬂﬁjlﬂﬂnlﬂﬂﬂﬂ"uu Lu@qfl]']ﬂu'liullaﬂiﬂ‘wealllﬂi ZnO Nmu’lﬂﬂuﬂ’lﬂﬂlu‘lﬂlﬁﬂiuﬁzﬂﬂ

= =2 v 3 1 = v A o A g ~ 1% 1 v Y A
uﬂumm 3Jﬂ'liEJﬂl,ﬂ1$ﬂulﬂui'l\1!,m!,m$uﬂ'lifl]ﬂ!,iﬂ\iﬁ’)%!ﬂuigmﬂﬂﬂﬂﬂa'l’ﬂuﬁ’J‘UFJ‘VI 4.5.1

= o [ v [ 9 a a I'4 =\ o o @ Al }
“]NZ’Iﬂ‘hliu%ﬂ\‘]ﬂﬁ"l’JfNNﬂiﬁuTTu]’lﬁﬂﬁﬂWﬂﬁlﬂﬂi ZnO UFUUANITNIANNUTSDINAUDINAYIVY

MIef 4.7 uaaswamsnadouauian1TAuAz0 AR IeIRITIALAAYOIRINIgNY

a a 4
nasuseun Tu lausaneawes zno

mtheiliilg | Mihefignay | Adhefignyy | dithefignay | Mdhefignay

PNMIYL IADOUAIY IADOUAY InAOURY InAOURY

AR wlulevsa | wlulewsa | wmluleusa | miulsuia

WOAWDS ZnO | WoAWDS ZnO | WeAWES ZnO | WedAmes Zno

1wt% 3wt% Swt% 10wt%
nou
1Y
{GN
1Y
48hr

129




492  WamsANMIANTANIHIANUAZ01AA0Y (Self-cleaning) VoI oNgnI
a a 14
ndeuaeu Tulausanedawes Tio,
49.2.1 wamsnagouauANSIIANUAZ1AAeIRIENTNIESIdoans1 -
< o
Toaan Ay 11.6 mW/em® Hurnan 48 421
HANIINATOUANTANITHIAINTLDIAAILDIAIONTITRIOTIT
o 9 2 <3| @ ' Y A o
vans1 I Teaaanudn 1.6 mWem® 1Wual 48 ¥2Tug w1 ArIunsaesad
@ I ) ¥ { { a
oaas1 1 Temaillunal 48 s lindimsdarsvesdimul Taendngundoudlourlulausa
a g . IS = a3 = = v 9 = = Y
WodAWeS Ti0, 10wt% HnsFarsvesdmimumnige luvnz@ernuifenguniouaie
A a < . = = = 3 Y = Y IS
wlulsusanedmesd Tio, 10wi% ImsBarisvesmimuiesiiga tazuua Tdunsdang
a3y = y A X o ' . a4 2 o ~ =
VoI WH L TR NTUAINEAI 1INV TIO, MANIUAMTAITUAI13199 4.8 &3
ansoasllain manmsnadeuauian1siinuEz01AA10INANNAEANRDINUNANTS
Ay Y Yy 9 Y A o [ o @ J 3 = a 4
naaee ldnauidiinedudn weiws Tio, wihmsdaasiziiuunulssanoawes

J

TiO, wwanninmulszaniammsianuageiaaieslaa iesninuiluleusanedmes

D.

(3

. = < @ = = (] U = v A
Tio, Hvumoymaviamanluszauu Tumas ImssamenwiuinuiazingiaEesnan
I ~ o [ v Y ~ 2 o [ 1 [ Y a a 4 . =
WusziBovasnanluiden 4.5.2 seanvuzainandwwaliurTulsuSanodmes Tio, i
auiaMIHIANNEZIA109NA tazn1egIve lavimsnadeuauiansiANNaZ01AR 1D

[ o 1 < ?X’J < v [
Femantesaacansi i leanae ludmiunamanua 168 $2Tuadazuaas 1 luaiuves
A A A & A ° = wAa o
MARUIN uitiosaInidenuaassa lueh 48 dunauinnzihmsnieuieuduianism

Y] 4 A o (%

ANuAzoIAR0IRIenaAgoERITdIsUA  Blacklight UazaNLANITIIANNAZDIAAID

ueanaaaaaznanluiivoas 11

130



M3 4.8 HFAIHANMINATOUANIANITIIANUTLDIAAENIRIeMIRIesIToans1 1 Toma
Y Ay - a g
wosfngnyunaeuseu Tulausanedwes Tio,
sem | mdhedlu'la | ddhengnyn | ddhengnyn | ddhegnay | ddhefignag
A 9 A 9 A Y A Y
9NNy INADUAE INADUAE AU ARV
a0 mlulsvse | nTulense | wnTulensa | wnlulensa
a 4 a 4 a 4 a 4
Wodwes TiO, | weodwes TiO, | Wodwes TiO, | WodAwes TiO,
1wt% 3wt% Swt% 10wt%
nou
1aq

4.9.2.2 WAMINATOUAVTANIINANNAZEINAIDIRIINTNIYTITAIB1IADA
14 I o
Wgoois ey Blacklight 1111171 48 42114
HANINATOUANIANTINANUAZ01AANBIAIINTNILSITA A0

4 I o ' {1 @
Wgoolsewud Blacklight 1Juat 48 ¥alus wunMnriumIniesidarenasalgonisa-

Y A

s & 3 2 {

U Blacklight (Tunar 48 %1 TualimsFassvesdinnul TasidngunaoudisuTu
A a s . ~ ~ a ¥ A a Y] A
leuSanedwes Tio, 10wt% Hnsdasvesmimudmniga luvazimernuiidonagy

A Y A a Cad a ~ 1 Yy A ™
wdeuaeu Tulausanedames Tio, 1wi% Imsdarevesdhnuiosiiga awudalumisg
N 4.9 sensoagllan wamsnagevaianshianudzolnaedlinuaeAAdoINUNS

Ay vy Yy 9 v v 9 A A o a oy oA

mynaaodd lananuudidesduluiidon 4.9.2.1 uaziesinnmsnseuneusenneingnay

A Y A a s . ~ v A W ] 2w Ay
indeuAIow Tu lauSanedmes Tio, Ngnmessddans1 1 Teaan 1wy 11.6 mW/em® AU
A A Y 2 a g . A [ 4 .
ngnyundeualou TuleuSanedwes Tio, Ngna1esednnaoalgoolsaaua Blacklight

v A o

oy oA A ) a a Jd . A 9
NWUN wmgmg‘umaaumﬂuﬂu‘lamﬂwaamai TiO, ‘VIE]ﬂﬂ'lﬂi\iﬁﬁ]ﬁ@li'lll’ﬂﬂm@]ﬂ’J'IiJL"llﬂJ 11.6

2A = = %’ 1 A 9 v aA 1 o
mW/cm INMTFA1VOITUINWNLINAIT 1HBINANUIUVNVDISITNUANANY

131




v a2 Y

M99 4.9 !.Lﬂ'ﬂ\iWaﬂ'l'ﬁ“l/lﬂﬁ’é]‘]JﬁﬂJﬁaﬂ']’iﬁ'lﬂ’J'liJﬁgﬂ"lﬂéhlﬂ\‘]ﬁ}’wﬂ']'iﬂ'lﬂiﬂﬁﬂ’wﬂﬁﬂﬂ

=1 A 9

4 a a 4
‘N’gﬂmimmu@l Blacklight GUTENF?J}"IVI‘E]ﬂ“]f‘]JLﬂﬁﬂﬂﬂ?ﬂUWTuqﬁﬂiﬂWﬂﬁmﬂi TiO

¥ a 2

idhenluld | ddhengnyu

U £

MY 1ADOUAIY

A a
A0 nTulausa
a 4
Wodwes Tio,

10wt%

noUNY

HaIN1Y

48 hr

wa o @ <
49.2.3 Waﬂ’lﬁ‘ﬂﬂﬁ@ﬂﬁﬂ‘ﬂﬁﬂ’]ﬁﬂ’]ﬂ'ﬂllﬁg'ﬁ]'lﬂﬂﬂl@\?ﬁlﬂmlﬁ\‘lllﬂﬂlﬂuwﬁ'] 48
SN
wa o @ <
Wﬁﬂ']iﬂﬂﬁf]‘ﬂﬁﬂﬂﬁﬂ']ﬁﬂ']ﬂ')']llﬁgfn@ﬁ'lm\?ﬁ)ﬁﬂllﬁ\illﬂﬂlﬂunﬁ'l 48
o U {1 A o % I o
"]f')IlN NUN F?l}'lﬁN'Iuﬂ'li‘ﬂﬂﬁ@ﬂﬁﬂﬂﬁﬂ'li‘ﬂ'lﬂ')'lllﬁgE]Tﬂﬁllﬂﬂﬁ}?ﬂllﬁﬂLlﬂﬂlﬂuna'l 48 ‘if'JIlN
= = a Y A9 A A Y a a g . = =
UNMsFAINVDITHINILN IﬂEJTIN'chlj’]_llﬂﬁﬂ'i_lﬂﬂﬂu'ﬂuulE’lﬂiﬂW@alN@ﬁ Ti0, 10wt% UNITHA
= %} A = v 9 A A Y a a 4 . =)
"]JE]\‘]ﬁu'lﬂ'ILL‘V\IiJ'IﬂVIQﬂ Glu‘l]ﬂlgLﬂfJ'JﬂLlN'lﬁ'lﬂﬂ“yﬂlﬂaﬂﬂﬂﬁﬂu’ljuq?J‘]JﬁﬂW'E]ﬂLll@i TiO, 1wt% U
A a3 Yy A o ~ & o = vy
ﬂ'liclfﬂfl]'lﬂsllflﬁﬁu'lﬂ'lllwu@EJ‘V]'Q’ﬂ ﬂﬂl!ﬁﬂﬂiu@]'ﬁ?\i‘ﬂ 4.10 ngLiJE]VI'Iﬂ'IiL‘lEfJ'UWIfJUig‘H'J'NN'I
~ A Y Aa a 14 . A [ 9
‘Vlgﬂ‘yﬂlﬂa@ﬂﬂﬁﬂu’liuqﬂ‘]JSﬂW'ﬂﬁLll@i TiO, ‘Vli;Iﬂﬂ'lfliﬂﬁ'ﬂﬁgli'lllﬂjﬂlaﬁﬂ'ﬂumlu 11.6

2 ¥ A A v A a s . A o o
mW/cm’, N'I‘VI’L;]ﬂ‘lﬁJLﬂaE]‘]Jﬂ’JEJH'IIullaﬂiﬂW@mllﬂi TlO2 ‘VIQﬂﬂ'lfli\iﬁ'i]'lﬂﬂﬂflﬂ‘i/\lg@ﬂﬁﬁ!‘]fu@]

$ A a o ! !
Blacklight wazifignyuindeudreu Tulausanedmes Tio, Ngnnageudisuaian Wy

£ Q

Y A A Y = a Jd . A Y = = a ¥
IN'I‘VIi‘]ﬂGIqﬁJl,ﬂaE]‘]Jﬂ’JEJu'ITullmJiﬂW@amﬂi TiO, NYNNATDUAIYLUAILAN UNITHAVNUDIFAUN

Mulnnn

132



Fegmsoaglld wansnagevantanisiinuazeladaell

Y @ Ay Y Yy 9 Y J A o . o [ J 3
ﬂ')'lﬂJ’dﬂﬂﬂﬁ’ﬂQﬂUNﬁﬂ'li‘ﬂﬂaﬂxi‘iflnlﬂﬂﬂ'l’nﬂlm’J"]J'Nﬂu']'l WoUINA TiO, BIMMsaaUnsIzdu

a a 14 . A a A o (% Y A g
uﬂullaumw&mmm TiO, ‘t]gﬁ'lﬂJ'lii]LWEJ‘lJizﬁTlﬁﬂ'lWﬂ'li“l/]'Iﬂ’J'lﬂJﬁzﬂ'lﬂ@]’Jle’lﬂﬂﬂ\i‘Uu

A 2 a J . = < [ = = o
Lummﬂuﬂu"lamﬂweamm TiO, mmﬂmgmmmmaﬂmmuuﬂumm UN1TYANISNU
I [ =Y = R = o [ v Y A = o @ [ [ ]
Wustumuaziinistaisesantussdouasnanluniven 4.5.2 eanvauzainadinalv

a a 4 . = A o % Al d’!
mTu"lamﬂwaamai TiO, HFUUANTNANNTESDIAAUDINAYIVY

M31afl 4.10 uaaswanIsnageUdNTANITINANNAZeIAA IR ILTIAAYDIAI NN

a a 4
naeudout TulauSanedmes Tio,

tdhonluld | ddhenanyy | ddhenanyy | ddhenanyy | ddhenonau

U Q U Q G El £l El

PNMSYL 1ADOUAY IAROUAIY inAoURIY inAOURY
AR wlulevsa | wmlulewsa | mlulewsa | miulsuia
WoAWes TIO, | WodAwes Ti0, | WA TiO, | wedwes Tio,
Iwt% 3wt% Swt% 10wt%
nou LS
pald
{GN
pald
48hr

' o H a a 4
sazilehimsulSeuieuddengnyudrouTulsuSanedmwes zno

= Y

a a 4 J wa [ (Y
uazviﬁv’hﬂmﬂ%umﬂuﬂullamﬂwaamas TiO, WuUN guUANIINIIANEZD1AALBINAY

U L]

@ 1 ' [ o 4 o . o o d a
Glﬂéllﬁﬂﬁﬂu ‘lmgmmaﬂumﬂuﬂ Lﬁﬁ]ﬂi]1ﬂﬂ1iu1w\1 ZnO uag Tio, NT%TﬂWiﬁﬂlﬂi'lzﬂﬁj’Jﬂmﬂuﬂ

v W a

Aaaa 4 v R o I 9 a1 Ay Y 9 Yy A Y Y
JUauaryu waamai"li!,m%u fl]\iVl'lGlﬁllﬂﬁiJﬂﬁ@n\‘l"‘]Tl]’lﬂﬂa’l']M'I‘U'l\iﬁuuﬂ')'luiﬂﬁlﬂﬂﬂﬂu

133




Al
= A [%

=< v ' Yy A k%4 a
4.10 Wan1IANHI ﬂTi’Jﬂﬂ1ﬂ’J13J!°llNﬁ°llﬂx‘lW1ﬂ”lfJ‘i’lﬂﬂ“]i‘U!ﬂaﬂﬂﬂﬁﬂuﬂul’lﬁlﬂiﬂ

U Q
a d a a d . % A
WoaINe3 ZnO !!ﬁ$u1iu“l€lﬂ'iﬂ1"|ﬂﬂ!3~l@5 TlO2 QRHIRERN Spectrophotometer
= o 1 Y 9 ~ A Y] A
4.10.1 wansanyinisiaannuudvesiifengnyuinaoualoululeuia
a 4 o &’ g
Woawo3 Zno tazliloudorin
TagmafFeumeussrinenaunazdInIsaissaasansi i lotan 48
o [ [ a 4
#1104 tazl¥udannsued L*, a*, b*, C*, h uag K/S taauigumiulaa91na19919as (D65 10
] Y o [ 1 é’ = P Ao Y < &’ s % I
Deg) laga1 L* lgmviuamanuaineveuiled (mnildueunuilomaudaszitlunaieg
Y o v A A A J 9y A 1Y v A A A 1 9 1 A o
Uszua 50-60 1IN NUHBTILADUV LA HADIFINN U TILADUTAINKIDINIAT) N
' 3 3 ' 3 I ° oA 3 '
Ao a1 +L* azueunuwiluduniay a1 -L* azueurwdluda dranldilu +a* uaaan 7l
= L= S A L= = A L= = ?‘)‘
NNAUAY, -a* uaaand 1 lun @@, +b* uaaand ln1admaes, -b* uanana lnedin
a [ 1 I % ] dyd cﬁ’ = U I @ o 1 =\ 1
A daua *C iludrisrteanuaa laveuiiod, a1 h ludnavszyd i uaved uagal K/s
A 9 =
ADAIANUTNUDIT
A ?:’ A EIR Y == 3 1 = o =
iweanninudnlsaludinaaeuiauaadluaiuilsenen 991n15ANE
a P ] Ay v A o < ] ) ~ '
ANTIZHAT +a* wu Wedgnniesidsanst i Temailunar 48 42 Tue wud Adhed lign

b
Y o v A v

A ° v & v o A A
%ﬂlﬂa@ﬂllazgﬂﬂ11ﬁlﬂﬂuﬂ’]Elu'lﬂ']l,W‘lﬁa\iﬂ']ﬂiﬂﬁ@aﬂi'lvljiﬂlaﬁ 48 6]5’]11]\‘]1]?]’] +a* unnga

=

A ~ Y A 9 a a 4 A o 1 [ o
a0 0.76 Tuvmzdfhengnyundeudlowr Tulsusanedmes zno Noas1AIUAIN LA NI
9/:3 9 90’ [ [ = a1 9 1 9 ~ A
Iddeudroihmunnainmsmesidoansilalomalin +a* doonin Taedfhefignyuindon

v A a 7 A ¥y A A Yy 1y =
aounTulauianedmed Zno 10wi% Tia1+a* veeNgane 0.14 uaasldimundidengnyy
A 9 a a 4 =) =S = ~ A U
waouareu Tuleusanedmoes Zno 10wt% InIFAUBITUAINTTA LazionadoUA
ANUANE (K/S) nun mdhed lugnyundeuiin K/S wniigadensuniesidsansi i loaa

[ v A o ) = d' Y dl A Y
3.3665 uaznaaniesedoans laToan 48 32 Tualian 2.4555 luvmz ddeignyunaoudls
a a 4 = Y d‘ A 1 v A @
wlulauSanedmes Zno 10wi% ls1 K/S fesnganensunisssdsansilaToma 0.8216 uay
o v A o & A ) Y1 o ¥
naamesedoans laToian 48 %2 Tuadian 0.7167 astiudsansoagdl 1891 Tnsanasvesdin
A 9 A 9y a a J (=% I
nuvliiledngnyundoudieu Tuleusanedmwes zno gnaiessdsansillemmilunal 48

F Tyaaanaaaluaisan 4.11

134



A Y

M1519f 4.11 vaaswanisnadeumiaNutuFvesdifeignyuadeudlourluleusa

WoaWes Zno
minidloudetiinul | L+ a* b* C* h K/S
i llag nagu 7406 | 639 | 9.95 | 11.83 | 57.36 | 3.3665

v 9

NOUNY M9NYUAIY | 1wt% | 76.00 | 5.17 9.95 11.21 | 62.53 | 1.0732

£l

ssauv | nuleusa | 3wi% | 7646 | 489 | 667 | 827 | 53.71 | 1.1212

48 . wodmes | swi% | 7667 | 494 | 626 | 798 | 51.75 | 08161
ZnO 10wt% | 76.98 | 487 | 857 | 9.85 | 6038 | 0.8216
i 1 lag nagu 152 | 076 | 265 | 2.66 | 0.72 | 2.4555

9 vy

NIy MONYUAWY | Twth 0.59 0.53 0.73 0.89 -0.13 | 1.2925

a q

seauv | nuleusa | 3wi% | 096 | 071 | 072 | 1.00 | -0.14 | 09612

48 hr. GGG Swt% 0.81 0.38 -0.67 | -0.26 | -0.73 | 0.9224

Zn0O 10wt% | 1.18 0.14 -1.24 | -098 | -0.78 | 0.7167

A Y

= v 9y 9 = A
4.10.2 wamiﬁﬂy1m'5’mmmmmmammmé’hwgﬂﬂ;umaaumﬂuﬂu‘lamﬂ

WoRB3 TiO,

A Y

=2 v ' 9y Y =1 a
wamiﬁﬂymﬁmmmmmummmé’lmmﬂ%mﬂa@umﬂuﬂu"lamﬂ

EY Q

a g . o SIJ Y 1 o = 1 ' o
Woawes Tio, uazmineuarsiinmun TaghnanfFsumeussninsuuasnaInITng
fadvanslhToan 48 ¥ Tua nazldnanmsved L, a*, b*, C*, hitay K/S uauguminuuas

a J [ 9 o [ 1 ,i’ =) VAo Y <3 L&’ =
1NANBINAY (D65 10 Deg) Taaa1 L* I¥muuannnuaevodiod (mnmlvvounuied
1 Y] <3 9 :; 1 dy g =) 1 9 A () 1 dy 4” = [ 9
ugaziuna1elszua 50-60 NN T IZABUYINNA UADIZINN N TILADUI

' A & A 3 Q = ' 2 I Ao Y 1 ARV
ANINIDINAY) WUABAT +L* dzupuduI U A1 —L* azuouiuiluad s Iy
+a* yuaaan dlnaduag, -a* uaaand ) luned@@er, +b* vanandlinadmaes, b+

1A = %’ a [ 1 I o ] dyﬁ g =) v 3 o
uaaend luneminku dauat =C Hudusrtieanudalaveuiiod, a1h Wudnavszy
o ! =) 1 A 1 9 =
AMUMUIUDIT LazA1 K/S AonnNuiuuead

A %} Aq Y I Y == I 1 = o =
iweanninudnlsiludinaaeuiauaadluaiuilsenen 999n15ANE
9

a L ' A g v A o < < ' Ay
AUATIZTHAT +a* WU HJ@W'IQﬂﬂ1ﬂﬁ\1ﬁ@a@]iﬂlﬁi@iaﬂ!ﬂuma’] 48 GD"JI?J\‘] NWUN W']ghflﬂvlllgﬂ

A o yti’ Y 3 (% v A v o A A
“Eﬂlﬂaaﬂllaxgﬂﬂ'lal‘ﬁUJ@uﬂ’]Elu1ﬂuW‘lﬁaQﬂ'lﬁlﬁ\‘]ﬂ@ﬁﬁi'lvhjﬂlﬁﬂ 48 2 Tl +a* unngea

135



A d‘ Y = = Y a a 4 . d' [ 1 1 o
A0 0.89 Tuvazidfhengnyuindoudieu Tulausanedwes Tio, oasidiuaisquazgnih
9/&’ k4 g [ v A w a 9 1 Y A A
Tddoumeinunaimsmessdoansilalemadian +a* Yoonin Taefmdeignyumdon

Y a a < . A Y A A Y3 19 =
meuTuleuSanedmes Tio, 10wi% Hia1+a* teshgane 0.43 naasliundidengnaguy
A Y =Y a 4 . =\ = = d' A' 1
waoualu TulsuSaneawes Tio,10wt% IN13EANvedUAININAga Laziionadoun
ANUANE (K/S) wun Mdhe lugnyumdeuiini K/s wniigadensuniesidsansililoan

[ [ =Y o a0 td' Y t:' A 9
3.3665 uagraIn1esIdoans1laToraa 48 42 Tualinn 2.4555 luvmghdfhefignyuindondie
a a 14 . A Y A A 1 v A v

wluleuSanedmes Tio, 10wi% lif1 K/S tlosNganonsuniessdsansilaToma 1.1747 uay

o o A o @ a1 v ¥ = Y1 o a Y
naamessdoans1 I Toian 48 92 Tuelinn 1.0446 astiudsausnagdl 1 Tnsanasvesiin

A 9y A A 9 = a g . v A v I

nmuriiefngnyundeusieunTulsusanedwes Tio, gnniesedsansi lemaluna 48
AaAaluA1319N 4.12

A Y

M99 4.12 udaswanisnageunianududvesdideignyuadeudteurTulausa

WORBS TiO,
P z
mlnaleusetiinum | L* a* b* C* h K/S
i 1 lag nagu 7406 | 639 | 9.95 | 11.83 | 57.36 | 3.3665

Y

NOUNY Pilmﬂijﬂﬂilﬁl Iwt% | 77.35 5.00 12.76 | 13.70 | 68.60 | 1.1973

a

sevuv | nuleusa | 3wi% | 77.96 | 419 | 1272 | 13.40 | 71.78 | 2.3144

48 hr., wodmes | swi% | 7827 | 524 | 1023 | 11.50 | 62.88 | 1.6064
TiO, 10wt% | 76.80 | 5.03 | 1121 | 1229 | 65.85 | 1.1747
il Tdgnay 152 | 076 | 265 | 266 | 0.72 |24555

Y Y

nAIRY | /AQNFUAY | Iwi% 0.89 0.53 -1.34 | -0.95 | -1.17 | 1.2463

£l 9

ssauv | nuleusa | 3wit% | 009 | 046 | -224 | -1.93 | -1.23 | 1.9073

a 4
48 hr. NoaDI Swt% 1.10 0.26 -1.87 | -1.48 | -1.17 | 1.4052

TiO, 10wt% | 0.43 0.19 -0.78 | -0.62 | -0.51 | 1.0446

A v

A o = ' Y = 9 A =
L!ﬁ$L1J@°I/11ﬂ1ﬁll|difmmfmﬂ1ﬂ’ﬂu!fUiJﬁéllfNNW%WEJ%Qﬂ‘];ULﬂﬁE]Uﬂ’JEIHWIHUlEI‘U‘iﬂ

a ¢ A o q ¥ A vy ¥ ) A A ) a a @
NOALUBT ZnO VIQﬂﬂ'lclﬁlﬂﬂuﬂjﬂu']ﬂulwllag Pﬂahfﬁ’]ﬂﬂGIﬁJ!‘ﬂa@u@')ﬂu’liuhlaUﬁﬂW@aluﬂi

a Q

. A o Bldy Y 3 1A = ~ Y [ 1 % ]
Ti0O, VIQﬂﬂWiﬁlﬂ@uﬂjﬂu'lﬂnlw‘WU'J'l 3Jﬂ1ic]fﬂﬁn\1°|/]61ﬂalﬂﬂﬁﬂuuagllﬁﬂQW\iﬂquNWﬂ

136



A k4

= % a A v ~ A
Wﬁﬂ"l’iﬂﬂ‘]fﬂﬂ1’§ﬂ1‘t!1’]Tt!!!ﬂﬂﬂ!iﬂﬂlﬂx‘lﬂ‘lﬂ"m‘i’lﬂﬂ‘gﬂlﬂﬁﬂﬂﬂﬁﬂuﬂunla‘]]iﬂ

Y

4.11

a d a a d
Woames Zno nazinlulausanedmes Tio,

A Y

=2 Y A A 9 ~ a
4.11.1 wamﬁﬁﬂy1m§mu‘mummmismmmé’hﬂmgﬂsymﬂaaumauﬂu"lamﬂ

WoAWes Zno

= Y

= A Y A A Y A =y

WafﬂiﬁﬂH1?(11Uﬁﬂ1§ﬁ1uﬂ1uuﬂﬂ‘ﬂﬁﬂﬂlﬂﬂWW%Qﬂ“yULﬂﬁ@Uﬂ?ﬂuTTuqaﬂﬁﬂ
a 4 g

WOANDT ZnO 10wt% AUUIATIIU AATCC 100 Taeld¥o Staphylococcus aureus (S.aureus)
iag Klebsiella pneumonia (K.pneumoniae) éﬁuﬁmiugﬂﬁ 4.37(n ) WU a1 0 52 T4

° = & & . A o 5 5 o w
312U IaTatlueuyeS.aureus 1AZITO K.pneumoniae ¥91UIU 1.4 x 10" 1oy 1.6 x 10° AL

A 1 < 1A o = X A Y X
uazﬁmanammllﬂ 24 5]57]111\1'1/‘“_]')1 3Jmsaﬂawmmu’miﬂTaummwmmﬂmmm 2 1¥9

X D) ~ A P A a s '
Tﬂﬂlﬂfﬂ S.aureus ']_IHWT%AI?J‘VIQﬂ“]qflllﬂa@‘ﬂﬂ:]ﬂu’liullSﬂiﬂWﬂﬂLMﬂﬁ Zn0O 10wt% aaaduINnNIN

3 ‘ 0 &
93.93 1lof1dud (3UN 4.37(v) waza15197 4.13) wazsrrulalatvesnnaiiGeie
. Y A A Y a a J 1
K.pneumoniae Uuifhengnyundoualsu Tulausanednes zno 10wt% anaauinnii 93.94
73 2 4 | ; '
Wedidua (31N 4.37(0) 1aza1519 4.13) [49] Feewsoayllaan dMdhegnyuindeudie

a a 4 =1 Y A A = 9
uﬂu"lamﬂwaamm ZnO 10wt% Mﬂ’JﬁJﬂ’Hﬂiﬂ1uﬂ1iﬁ1uﬂ1uuﬂﬂ‘miﬂ PITDAN D

[

H [ 1 9’v [ o [ 4 a
uEanIsnagouNNaIIN ﬂﬂuﬁﬁﬁﬁﬂ'l HA1NNITUINY ZnO MWﬁQLﬂiW%WﬁI'JEJWIﬂUﬂ

Y]

aaa @ a 4 @ [ A a wa 9 [
JUDUATU Wf]alll@illﬁlf“]ﬂ! ﬂ$ﬁ11|TiﬂﬂﬁUﬂiQﬂMUﬁIWI@LLﬂ@anﬁﬂ, TUUAAIUNITNININY

q

Y
= =2

A201AA04 LALAUTANMIAUINULUANEINANINTIVU

= Y

d' =2 Y == Y A a
AN 4.13 Waﬂ”liﬁﬂ‘]el'lﬂ"Ii@]'lLl”V]'I‘L!LLTJ?"IVIL?EJ"UENN10911EJ“V]Qﬂ‘]ﬂJLﬂﬁmJﬂ’JEJu"ITu]lEIUiﬂ

WOAINDS ZnO

AATCC 100
Time (hr) Staphylococcus aureus Klebsiella pneumoniae
ATCC 6538 ATCC 4352
@waulalatvesuanise | @waulalatvesuuanise
AOAI0813) AOAI0813)
0 hr 1.4x10° 1.6x 10°
24 hr <100 <100
1w lalailveg >99.93 > 99.94
nuaiideiiana (%)

137




Intreofed Gmtvol =
Saurus L83 8 A\ ROOH-1/8%
1 X SO0MUS b8BT

SRR

h.o 107 |

sUf 437 waaanisAnumsdiumunuaiiGevesdidheignyuindeudrsu Tulausa

G Q

a d&‘ 3 L% d' 0'1 d'
Woawes zno Taeld1¥e S.aureus Hudmadon (n) 531199 0 (v) 2107 24, Tag

X o & A & A
14130 K.pneumoniae 11 udmaaon (n) 52 1uah 0 (v) %2 Tuai 24

A Y

= Y A Y =1 a
4.11.2 Wﬁﬂ1§'ﬁﬂ‘]el1ﬂ'l’iﬁ1uﬂ'lulmﬂ‘miﬁlﬂl@ﬂﬂ'lﬂ1ﬂ ﬂgﬂ“]gﬂ!ﬂﬂ@ﬂﬂ’)ﬁlu"liullﬁﬂiﬂ

a 4
noaloesg Tio,

= A Y

pamsfneIanan A umunuaiGevesdngnyundoudieut Tu lsusa
a 14 ¥
WoAWes TiO, 10wt% AWIATTIU AATCC 100 TaolHi¥e Staphylococcus aureus (S.aureus)
tag Klebsiella pneumonia (K.pneumoniae) Adua@Adlugln 4.38 (0 —1) W1 113810 ¥ 103
9 9
31uu I laiiveadeS.aureus 1AL K.pneumoniae H311IU 1.4 x 10° 1Az 1.6 x 10° gua1a
A 1 < 1A o = X A Z X

waziiora1riu 1y 24 ¥1Tueanua InsanasvessiudulalativeuFenuaiizons 2 1¥e

g Y = Y a a g . 1
Ta81%o S.aureus TJ‘L!N'IF%I'IEJ ﬂﬂ"lf‘]JLﬂaE]‘]Jﬂ’JEJU'IILlIl%I‘Uiﬂ‘]/‘lﬁ]al,llﬂi TiO , 10wt% QaAaININNI

G q

138



3 { ‘ 0 &
93.93 1lof1dud (UM 4.38(v) naza15197 4.14) uazsrurulalafvosnnaiiGeide

{ a a 4 1
K.pneumoniac Uuifefignyuindoualoutlulauianeames Tio, 10wt% aaaInInnal

G q

93.94 1Wlof1dud (317 4.38(3) uaza1519# 4.14) [50] Feannsaagyl & Mihognyunden

= Y

a a 4
s Tulausanedwes Tio , 10wi% lanuawisalumsaunmunuaiite Fsaeandoq

[

{ ' 1 ¥ (% o . [ J a
uranIsnagouNNaIIN ﬂ@uﬁﬁ}1ﬁ31 Had91NNITUINA TiO, 3J1ﬁ\1lﬂi1$ﬁ@g]}ﬁﬁllﬂﬂuﬂ

AAaAa v o a J @ A @ A a va 9 o
JUDUATU W@ﬁ&ﬂ@ihlcb"]fu LWfJﬂiUﬂ?ﬂﬁﬂﬂﬁiﬂjﬁllﬂﬁ1qa@lﬂ, AUUAATIUNITINIAIY

IS8=}

v v Y
ﬁg’fﬂﬂﬂ’llﬂx‘ll!ﬁ%ﬁuﬂﬁﬂﬁgﬁu‘ﬂWULmﬂ‘ﬂLiﬁlﬁau1ﬂ8\‘]$u

A o =~ wa 9 Y dy A A Y =
tLﬁ%!ﬂJ@ﬂWﬂﬁLlﬁ'ﬂULﬂﬂ‘Uff(iJ‘UGlﬂTLJﬂTWITLJ“VI11!!‘]5@&L‘]Jﬂ‘l’1li€lsll’6\m1ﬂmﬂgﬂij‘U

4

A Y ~ a 4 v Y A A 9 2 a .
Lﬂﬁ@ﬂﬂ’)ﬂu1iu1ﬁﬂiﬂ1ﬁl@ﬁm@i ZnO ﬂ’UWW%WEW]Qﬂ‘IjULﬂﬁ@‘Uﬂ'JEIUWIHLIﬁ‘UﬁﬂWﬂam@i TiO,

v A Il < 1A o = ,&' A A ko j’
NWUN HJ’E]L'JQWWTH%J 24 ‘B'JT?J\‘]W‘U'N 1Jmﬁa@awmmmuiﬂTaummwmmﬂmiam 2 1% Iﬂﬂ

=

g 9 A 9 = a J 9 ~
1%¥® S.aureus Uupﬂghﬁlcﬂﬂﬂ“lﬁJLﬂﬁ@Uﬂ?ﬂHWquﬁﬂiﬂWﬂaLNﬂﬁ ZnO 10wt% LLﬁZWWE\hEWIQﬂGIj‘U

1) q

A 9 a a Jg . A 1 o oA J I J o
Lﬂa’aumauﬂullamﬂwaamai TiO, 10wt% AAAINININUAD 93.93 Wodidud uagd1uIu

¢ o ¥

=~ aa &K . A 1 oA J < =2
TaTauveuuANs oY K.pneumoniae aAadNININUAD 93.94 SIGHEAIT muummmiaﬁ;ﬂ

= A

Y19 = A Y a a A v Y ¥
llﬂ?n NW’hEJ‘VIE]ﬂ‘];‘]Jl,ﬂaﬂ‘]_lﬂ’JEJ‘L!"II‘L!blaﬂiiﬂWi’Jmilﬂi Zn0O ﬂUN"Iﬂ”IEJT]ﬂﬂ%‘]JLﬂﬂ’E)‘Uﬂ’JEJNWIH

G L

a a 4 . = Y Y g == d' [ Y
ll%i‘].liﬂ‘W’fJal,iJﬂi TiO, HFAUUANITANI UM ULYBLUUANLIYNININU

A Y

d‘ = Y S A 9 = a
19190 4.14 Wﬁﬂ1iﬂﬂh1ﬂ1ﬁ¢lTL!‘VHHL!‘Uﬂ‘miﬁlﬂlENWWI’/QhEJ‘V]Qﬂ‘];‘]JLﬂﬁ’E)‘]Jﬂ’JEJlHIuhlﬁ‘Uiﬂ

a 4
woalosg Tio,

AATCC 100
Time (hr) Staphylococcus aureus ATCC 6538 Klebsiella pneumoniae
@uula lalueaunNisenan10e18) ATCC 4352
0 hr 1.4x10° 1.6 x 10°
24 hr <100 <100
9w lalailveg >99.93 > 99.94
nuaiideiiana (%)

139



Untreoted Gmtrol ROO'“3 -/ 5%
savrs 53 8 \ JOUMRUS b33t

h.o 40" Weds s

a = ¥ a A ) a A v a
SR 438 waasmsAninsaumunuaiiGevesdidheNgnyundeudisunTulausa
a 4 21' [ % < { & {
Wodawos Tio, Iaal#¥e S.aurcus Wludmagou (n) %2 Tush 0 (v) F21uah 24, Tae

X o & & & d'
19130 K_pneumoniae 11 udmaaon (n) %2 1uai 0 (v) %2 Tuai 24

140



A
Unn s

asiwanmsIdauazdoiauoniz

v
Aav A J

o [ a a a 4
Tuaudseitldimsduasigiun lunedalesy, wlulausanedwes zno uas
a a 4 A AaAa o W a 4 @ g‘/ o
wlulauSanedwes Tio, Aromatialiiolaty weawes laFuIniuiInITnadouale

¢ A

9 o a a 4
GPC, DLS, SEM, XRD ,FTIR 1tz DSC nnuushimsgunasvuddearou luleusanedmos
a a Jd a o
znO wazu Iu'leuSaneames Tio, aumatia Dip pad dry ¥1nsNAaoUA28 SEM, XRD,
FTIR, fin¥iauiiansmanuaseindieadlsnsnienaisansi i loannnusy 11
wAa o % [ 4
mW/em’, AnB1dU1IAN15H 1A Naz01aA09A0N15R1859@ A8 aoagools disua
Y
Blacklight, An¥1auiANsANNazeIad e dduan 11ANUIIMIANEIMIIAmA NS
Y A ° = D) A A D) A A P
A281A30Y Spectrophotometer HAZIINTANBINMIAIUMULUATEsvoifheNignyuindoudle
a a 4 a a I'd %
wlulavSaneawes zno  nazurlulsuSaneawes Tio, MUNIATTIUAATCC 100 &9

Y
amnsnaglnanmsise laeail

5.1 ayUwamsIvy
] 4 a = Y A AaAa v o a I'4 % v

5.1.1 Wamimmiwwuﬂuwaaﬁ"lmu AINAUANUDUATU W’EJﬁLiJfJill‘iL“]SG]qu‘U'N
A aan o A ) aan a 4 @ =
Lll’E]“lJJ;]ﬂﬁEJW]HuuUl‘iJﬂUﬂﬁ‘U‘igﬂgl’JﬁfluﬂWﬁﬂTﬂé;]ﬂ38111"1@@1&@515&%%14 Ao 4, 8, 12, 24 11ag 48
] U a A Ao N Y oo 2 I &‘ - v A ] A o
‘B'JI?J\‘] NWUN 1!111!1"1@@1’6’(“1?5]51‘!1’1’6’{\1&?]313??Ulﬂuu Tanyazluiameiny HAUIYU LAt

2 < @ J 1 a 2 { d o
mmnm"liﬂunm 7 U W'U'J'IhllllﬂﬂﬂTiLLﬁlﬂ“ﬁuﬁ“V‘]ﬂﬁﬂTJgGluﬂTiﬂﬂa@\i Lﬁ@ﬂ1ﬁuﬂi$ﬂ$!3ﬁ1
o aaa Aa o % v o o Y a A A w J
GluﬂWi‘V]1ﬂ§]ﬂiﬂWW@ﬁL§J@iVliL%GﬁuﬁNﬂﬂu muummmﬁgﬂ%’n uﬂuwaaﬁ"lmuﬂmmiww
g =
HUUANULTDYT
a J ¥ @ a A Ao N Yy 4
5.1.2 WaﬂWiﬂLﬂi1$ﬁﬁ1u1ﬂuﬂINLﬁQﬁ‘llf]\‘]lﬂiﬂ“l"lﬂﬁﬁhlﬁﬁu‘ﬂﬁﬁlﬂiW%Wulﬂﬂ'JﬂLﬂi@\‘]
a J 3 @ ' v 3 @
Gel Permeation Chromotography wammmﬂwwmmuﬂimaqawum mumuﬂimaqaiﬂﬂ
%} o (J %’ o a = Aq ¥
HINUN (MW) Lla$ﬂ15ﬂ5$EUWEW]'JGU’E'NuWWHﬂINLﬁQﬁ (PDI) Gumuﬂuwaaﬁ"lmuﬂﬁmzﬂznaﬂu
o Aaan a 4 v A & A A YA [ 1 ' [

ﬂ”l'ﬁ/nﬂaﬂifl”lW’f]ﬁLllﬂﬁuh!“]f"ﬁuTI 4,8,12,24 11ag 48 GIf'JINQllﬂ”I‘V]lﬂamfNﬂ‘Ll ]'IJJLL@]ﬂﬁNﬂ‘Llll"Iﬂ
o ) A Yy v Yo 2 A o 7 a A Aqy
Un ﬁnﬂsll’f)?gatﬂﬂf‘]”l’J?J”IGIJN@]1!‘1/]NIZ\IJ'Jfl]EJﬁNLa’EJﬂﬂﬂ”I'J%GLHﬂ”Iiﬁ\ilﬂinﬁuWIuW@aﬁllﬁiuVliﬁlfﬂﬂT

Tumsduniigs 4 ¥ luauiimnaaesas l) mazidlumsdsevndadunuarldiionay

szndanarlumsdunsizy munzuanmsiinlyldau



[ 4 a a 14 A aAaaAa o o a o
5.1.3 wamsdaasiziunlu'lausanednes zno aramaiiaiioiasy wodmos 13-
& 1 4 o aan a 4 [ o
wFunUN Weszeznarlumsinljnsemeames Isdunsu 4, 24 uaz 48 2 Tue urlu
a a 4 { o 1 @ I &‘ )
lausaneduss ZnO NOATITIU ZnO 1wt%, 3wt%, Swt% Hag 10wt% Nanyazituiinmeiny
== [l A o Qy Y I @ 1 1A 3’/ @ ?x‘z U
Ndvmyuuazdornimnen Aidunar 7 Junun ldmeamsuensu duiudunsoagdlan
a a I'4 { o [ 1 v a a 4 {
mTu'leusaneamss Zn0 NOAI1AIU ZnO 1-10wt% tanu w1 Tu lauSanedwes zno
@ [ A 1% Y 3 [ 9 < A
oA518IU ZnO  15wi% 3uiimsanaznounaziuainuiunguiowaniios uazisuiinig
[ v 1 9 A 3 { [ [ o w
ANAZNOULAZIUAITUNUADUNINGITUNOATIAIU ZnO 20Wt%, 30wt% LAz 40wi% AudIAY
Y] 4 a a o A AaAa v o a 4
pamsdunsiziutlulausanedwes Tio, Aromatiniiioiadu woames ls-
Y ' = a Jd . Ao J . A o S Yy =
wFunu wiluleusanedwes Tio, N6ATIEIU TIO, 1-10wt% NFUATIZH IalANEADYS

[

! o 9 A ~ I ,i’ = v an ] A o 2 Y3
muwmeﬁuﬂﬂ“l%ammmmﬂn nyuzituiemeINy Nﬁ"’lﬂi)"’lgutLﬁzLiJfJ‘VHﬂTi’JN‘VNll’JL‘IJu

H
' o 1

@ 1 a g - A v v v & 1
na1 7 Juhimamsuendu uaNoas1dIu Tio, 15wi% Hulimsanazneutaz sudnuilungy
v 3 v A~ v o & "y A X do ' .
NOUANUBY LAz NNNTANAZNOULAZIUAMTUNQUNDUVINBUUNDAIIAIU TIO, 20Wt%,
30Wt% Lag 40wt% AUaIa1

Y
v W

= Y a a 4 a a 4
ﬂ\‘ll!ui]\iﬁ”lll"liﬂﬁjﬂllﬂﬁ1 uﬂu"laumwaamm ZnO LLﬁ%‘LﬂIu"lanﬂWﬂmllﬂi

AaAa v W a

{ [ J a a 4 a 4 Y 4
Tio, Ndunsizriur TuleuSanedwes zno drematindidiatu nodmes lswsu oszoy
) Aaan a 14 % & { o J
narlumshilgnzermedwes lsasuns 4, 24 uag 48 32 TuaNOATITIU 1wt%, 3wi%, Swi%
~ = 1 o 9 1A A a 14
Hag 10wt% uanuanesuuzunn1su il lsau uanu Tu'leuSanoamos zno uazuiTu
a a I'd o 1 v v o I~ ]
leuSanodmos Tio, NOATITIU 15wt%, 20wi%, 30wt% Az 40wt% Hnmsvuaanuilungy
Y 1 = =~
Aouuaaan litianuades
a 4 a 4 1
5.1.4 HaMIAATIHMUVUINDYNIATDIUT Tunoad a3 uA201AT09 DLS WU 9u1a
a = a o aan Aa 4 o o =1
pyninvesu lunedd lasunszezna lumshidfniomedwes lswdu 4 s luslivuia
] 1 a = d'
punnedluraa 69 urluwas — 148 urTuwas Tagvuraoyninvesur luweda lasun
o (ana a s o & a 3 A = Y
szeznalumsinlnsoiweawes bawdu 4 ¥ Tusdivuia@niga seawnsaagdlan wlu
a = d’ o aan a 4 o @ = 1
wodd lesunszeznarlumsinfnsenedmes sadu 4 92 Tualianumuzauunnis
il Fnuvazmnzunmsiilineaseso T
a 4 a a 4 1
Han1sanTIzHmvUIaeymavesul lulausanedwes zn0 WUl YUIA
a a 4 ~ o aan a 4 @ o ~
symavesu Tu'leuSaneawes zno Rszeznarlumsilgnseweamwes lsasu 4 32 1ueh

@ J A v A g A 2 ' ' =
R3189IU ZnO NANNU 3J611u1ﬂ’é]1§ﬂ1ﬂmﬂﬂ?jﬂiﬂﬂwﬂluiﬂ@uﬂ1ﬂﬂgﬁluﬂﬂﬁ 155 uﬂmmim 175

o v [ U 1 a a 4
W THINAT 1aZdInDI1 OASITIUVON ZnO flWﬁGI@ﬂlu1ﬂﬁ]1§ﬂ1ﬂiﬂﬁlu11uqaﬂ‘iﬂv‘|ﬂ'ﬁllli?)'i ZnO

142



< ] 4 ° a 4
1wt% Hvnaeumaanigalunnanizlumsnaseslotmuaszeznarlumsnedmes -
v 1 (% @ ?x’l = FIA a a 4 A o aan
Fuaee fu astudsansoasdlan ululsusanedwes zno Nizeznarlumsihlgnsen
a s o & = ' ° ]
wodawes lsiwsu 4 ¥ luedinnumngauasmsin l ldau
a 4 a a 4 1 [ 1
HAMIAATIZHMYMIRYMAveIuT Tu lausanedwes Tio, WU oA IAIU
. = 1 a a g . =~ 3 A
Y93 Ti0, Hnanouuinoynialasurlulausanodwes Tio, 1w% Juuasymaanigalunn
4 o a J Y 1 [
annzlumsnaseuiiomnuaszezinalumsneamwos l5adua1eg nu yunoynInvesul Tu
S a 4 { ° aan a o v < { o ' .
leuSanodwes Tio, Nszeznarlumsshilgnsewedwes lswdu 4 91 Tuehdas1aau Tio,
= A ° Aaaa a g Y o ~
1wi% Huuaeymn 149.5 uTumas, Nszeznarlumsilgnsemeawes lsmdu 24 2 Tuah
=\ A o aan a 4 ] o =
Hvwaeyma 163.4 wTwwasuaznszeznarlumsnlgisemedmes lswdu 48 ¥2Tued
@ 1 a 4 @ 1
PWIABYNIA 164.4 11 TumATLAZEINUN szeznarlumsneames lsdsulinasovuinoynia
° Aaaa a ' o @ o ' 5 {
Tagszeznanlumsinlgnsemeawes lawdu 4 57 Tualuyndasidiu Jvuneeymam@niga
[ g’z = FZ a a 4 . ~ o aan a 4
asiudeamsoagdlan wluleusanedmes Tio, Nszeznarlumsinlfnsemedwes ls-
B 4 52 Tuadianumngauaomsii l I
v ?x‘z =2 Y a a 4 a a 14
asiudsensoazl 14 i Tu'leuSawedwes zno uazu Tu'leusanedmos
. A o aana a o o o S 1 o Y
Tio, Nszeznarlumsilgnsemedmes lswsu 4 3 Tuslianuminzauasnisiia la I

a a 4 a a 4 {
5.1.5 wansgunaeuu IulauSanedames zno wazuiluleuSanedwes Tio, #

Q

%

o 4 a aaa LY a J Y a 1
AUATIEHININAUANUDUAY U W’e)amai"limuuuﬁ’wl?lmﬁ"mmﬂm Dip Pad Dry WU GERH
=

Y A a a 4 a a 4 . =
Pﬂﬁ’hﬂ‘ﬂWTL!ﬂ”liij’]JLﬂﬂi’]‘]JU'lTulla‘]_liﬂWE]ﬁlll’f)i ZnO uazmiu"lanmwaamaﬁ TiO, ¥aunLay

A o = % g Y 1 = = [ so' A "9 1
L?JﬂﬂTﬂTiﬂﬂﬁﬂUﬂ?TNﬁTﬂTiﬂiuﬂ?ﬁ%NHTIHLU@Q@]uWU’N UNTTHUSUUINANDAITUAUBDYNIN
Y A 1 =~
mdhe lignmsyuindon

5.1.6 WAMIANEIANYUZAUFIU VUIAOUMALAZNITIAG BIAIv0IU TulauTa

a 4 9 1 a Aa 14 A o 1 I A
WOALNDT ZnO AIY SEM WU uﬂu"lamﬂ‘waamm ZnO 3J'€1ﬂyﬂlggﬂi1ﬁlﬂu1ﬂiﬂﬂﬂﬂﬂﬂﬂ1§
[ Yy = o R = = =T 4
HOHUDUNIAVDN ZnO hlf]"’ll'l\‘]ﬁlu umsaiGesnImiussidoutazgamzaaluseun uaziie
o = [ = % Y A A 9 a a I'4 v
1’11ﬂ1'§ﬁﬂ‘]&l'laﬂ‘lslﬂ‘lgﬂTiﬂﬂlﬁﬁl\Wl’JGUﬂ\?PﬂEﬁﬂ“l/]Qﬂ"]qﬂJLﬂﬁﬂﬂﬂ?ﬂHWquaﬂﬁﬂWﬂamﬂi ZnO WUN
=\ a a 4 A 1 9y A 1 ) 9 o g’/ ] =
uuﬂu“lamﬂwaamm ZnO maauaguumﬂwuamﬂaauaguumu%mmmﬂmﬂamuwu y
A Ao

J < 2 2 a o d J = v o 3 ~ = 1
gﬂim‘ﬂummau umsgaaanuiusursazimsvaaatusziou Insnaeuna m‘iwklw

@ a a J
fﬂilmﬂ@l?ﬂl@QUWqulﬁUiﬂW@aliJﬂﬁ ZnO

143



]
S A

= a a J . ' D o J I
NaﬂﬁﬁﬂieHuWIull%I‘UiﬂW@mﬂJ@S TiO, WU mﬂyngﬂsmﬂummawu
' 9 . vy = v A o A = = o &
NTHINUBUNIAVDN TiO, ll’JGUNQl‘Ll Imsvaisesn I usaideuuazaameanilusium uag
A o =2 v v A o Y = A Y = a 4 .
L?JE’J‘VHﬂTiﬁﬂH161ﬂymzﬂﬁfﬂmiﬂﬁG]’J“]J’BQN”II;hEJT]Qﬂ‘IjiJLﬂﬁ’E)‘LIﬂ’JEJu"IIu]laiJSﬂW’f]mllﬂi TiO,
1 = a a 4 . A 1 9 = ] 9 Y o ?x‘a
WUN uuﬂu"lamﬂwaamm TiO, maa1J’e)g‘uumﬁmuaxmaamquumulmmmﬁhﬂmm
] = J 3 a 2 a o g J = v o & ~ 2 A Aa
U ugﬂimﬂum@ﬂau umseaaanuiusiuvuazinsvaautusziieoy UnsAdauna
= (J A a s .
wmz"l,mJmmmnmmmuﬂu"lamﬂwaamai TiO,

a a

v & = Y J = a Jd . =
auiudsagllan unlulsusaneawes zno nazurTu'leuSanedmes Tio, i

@ ' < =~ v A (] ~ = (=] ' A
aﬂyngﬂimﬂummau Un1svaisesaImussitevuazaameantusiauy  taziio

=

o = o v A o 9 A 9 a a J 9
‘V]1fﬂiﬂﬂ‘]&l'lﬁﬂ‘]alil%ﬂﬁﬁ]ﬂlﬁﬂﬁ@]’ﬁlﬂﬁW1ﬂ18‘ﬂ§]ﬂ“§ﬂlﬂﬁ@ﬂﬂﬁ]ﬂu11uqEI‘UiﬂW’E]aHJ’Gﬁ ZnO HagW
A A Y a a 4 \ U =) a a 4 A 1 9
ﬁ’iwwgwmmeumauﬂuﬂamﬂwaamai TiO, WUN 1I°L!1I‘L!11€l‘U‘iﬂW’E)ﬁ!3J’ﬂilﬂﬁﬂ‘U’ﬂ§‘UuN1
A ' Y] 9 g & 1A v ' 3 = =2 a o d
ﬂwuazmaamguumu%mmmﬁ’hammzmu naﬂyngﬂﬁmﬂummau umsaaaanuiilu
J = v o J ~ =~ A Aa A (J a a J
snurtazumMsIaantusziey unsinaauna LW§1$113J3Jﬂﬁlmﬂﬁ?ﬂl@ﬁlﬂiuhlﬁﬂiﬂv‘l@amaﬁ
a 4 4 9 A a a 4
5.1.7 WanmisuAs1zHesnlsznaualenIed XRD éumuﬂu"lamﬂwaamas ZnO
A s a a s B = A Y
WU UeeAlsenouved Zno 11!1!111!‘1@1J3ﬂ1/‘lﬂﬂl1193 ZnO LLﬁ%GLIJN”IV?I"IEJTIQﬂ‘iijﬂ’E]‘Uﬂ’JEJ
a a 14
uﬂu"lamﬂwaamai ZnO
a 4 o a a 4 . 9 A
wami’;mﬁzwmﬂﬂizﬂaummuﬂu‘hmﬂmamas TiO, LLE]%W”IV%hEJ‘I/IQﬂ“Ij‘U
A k4 2 a S oA J . a a 4
maaumauﬂu"laumwaamas TiO, WuUMN Heendszneuveg TiO, GLMHWIMLIEIU?@W@E]LN’E)?
. v = Ay A a ¢ .
Ti0, wazfihengnyundovdroun Tu'leusaneames Tio,
= 1 o Y 4 a a s )
5.1.8 Naﬂ15ﬁﬂy1ﬁmvﬁﬂﬂsﬁuﬂ?8miﬂﬂ FTIR maquﬂu"lamﬂwaamm ZnO agh
~ A 9 a a 4 T 1 LY a
fhengnyuindondiou Tulauianeawes zno wud Inyledduves zno lumniulausa

G L]

a 4 9 d' A Y = a 4
wodwes zno nazludfhengnyundeudroululausanedawes zno
{ 1 Jd o = a 4 {
TuyaginamsAnprylenduseanlulensanedwes Tio, wazddengn
A Y = a Jd . ] d v 7 Q a 4 .
gundeualeu Tulausanedwes Tio, nunylenduves Tio, lumnTulauianedwes Tio,
9 = = Y a2 a dud
uazithengnyuindeudie Tulausanednes Tio,
= wa ¥ Y 4 1 a A Aqy
5.1.9 wamsfnuauiananuioudsnies DSC wu wiluweda lasunld
° Aaaa a P v A @ = ] 3
szezoa lumsihigisemedmes lawdun 4, 8, 12, 24 1az 48 ¥ Tualimsanasvesdn T, 11y
Y A ° Aan a d v a A X
u TduNaaasmnuszezna lunmsvinlgasemedmes lsduinmuay
~ a a 14 a1 3 ¥ A A dy [ 1
Tuvaziun TuleuSanedmes zno i T, Wuuud Tiumuua a1y

44 2 % g A v o 1 =
VDI ZnO NMWUUU Gﬁﬂlﬂuwau']%']ﬂﬂ'ﬁﬂ@uﬂ']ﬂmﬂq ZnO lsll']ulﬂellﬂsllj'l\‘]ﬁ'lﬂicﬁilllaQaﬁvlﬁiu

144



a =R [ ° ) a a 4 = I 9 A A 49! @ 1
wodmweivedawarh i lulsusanedmes zno a1 T, Wunud Tiuwinvumusasdiu
44 X
Y99 ZnO NN
{ a a 4 1 [ 1 {
Tuvazfin TulevSanediues Tio, 1T, anaamusaTIdIUYed TIO, N
A 2 & g A . ) o 1 = a IR 1
mvduFailuswaunnmsioynia Tio, W llvaveme s Tuanad lesu wodwosdedama
o Y 2 a Jd . A
il Tuleusanedmes Tio, Ui T, anad
v
auiudsansoagl a1 ensiaiuues ZnO uazoATI@IUYRN TiO, NAAD
auianannudon
= va Y o @ Y A A Y
5.1.10 mamsAnyIauiasIuMIIANUdzeIaA0IveIR I eignyUIndoRIY
a a 4 o & g [ [
wlulausanedmes zno gninldideudizimul Tasmsnieiidoansilalean, msne
o o J . @ I
SedvanstlaTeraaainvaoalgooisdasud Black Light tagmsnadounuudaaiunai 48
] ) ~ A P a a 4 = = a Y
%2 Tus nun ddhefgnyuimaeuaieun Tulausaneawes zn0 10wi% Hn1sFANVRITIN
4 4.
muvlnninga lunnaanznmmnaaey
= ua Y o % Y A A 9y
pamsAneIauiasumItinnuazeIasesiifengnyundeudloul Tu
a a J . A o Slj' Y ¥ v A o [
levSanodwoes Tio, ngninldieuarninu Tagmsniesidoansi i Temn, msnesad
[ 4 @ I
oans1lTeranainvaoavgeosaiwud Black Light nazmsnadounuuauaaiilunal 48
o 1 9 d' A 9 a a 4 . =1 = = ao’
%2 Tue wun ddengnyuinaeudieululausanedmes Tio, 10wt% In15FA919DIFIN
4 2
muniga Tunnanngininsnagou

9
LY

aaiuvsasnazl1dan manmsenyiauiadiunsanuazeiade s

~ A Y A Aa I Y A A k4
E\hfﬁ/]ﬂﬂGIﬁJLFIﬂi’]llﬂ'JEJH"IT'LlIla‘]JiﬂW@a!lli’)i ZnO 10wt% LlagNT%T&WQﬂ‘IjULﬂﬁ@UﬂUﬂHTTH

G Q

a a 4 g { { o
TevSanedes Tio, 10wt% Hinsdaevesmhnumuiniga Tunnanzimhmsnagon

= o Y Ay A vy =
5.1.11 WHaN1IANEINITIANIANNIUVNTAIYAT DI Spectrophotometer WL N”Iﬂ"lfmﬂﬂ

a a 4 { o &’ %’ [ [
gundouseu luleusaneawes zno  10wi% ngnildiloudretiinuindiniesd
@ 3 @ A Y = = A = 9 o
oaas1 1 Tewmadluna 48 ¥ 1ue Imanududuesduatanaunnigadiaeandosnunans

=

wa o o A Y1 9 { A ¥ a
ﬂﬂﬁ’ﬂﬂﬁhﬂ@ﬂWﬁﬂWﬂ’ﬂNﬁ%’Eﬂﬂﬁ'll!,@\i“l/lﬂﬁTJll?’J'l Pﬂl?hﬁlﬂQﬂ‘]gﬂ!ﬂﬁ@ﬂﬂ’)ﬁll&'liullﬁﬂ‘iﬂ
a J ~ = a3y A
WOAUNDT ZnO 10wt% 1!ﬂﬁ‘ﬂ)’ﬂi]N"llfNﬁ'lﬂﬂ%W\llﬂﬂﬂtjﬂ
=2 [l Yy a9 A 19 =
NANITANHINITIAAIANUINTAIYLATON Spectrophotometer WU’J1N1I§118“VIQﬂ
A 9 a a s . A o Bltg Y 1 (% v A w

“]qS‘ULﬂaf)‘lJﬂ’JEJHWqul@UﬁﬂW’E]ﬁ!N@'i Ti0O, “VIQﬂ“lflﬂﬁlfﬂﬂuﬂﬁﬂu1ﬂ1ll7‘lﬁaﬂﬂ18i\1ﬁ@ﬁ@]‘i']ll’ﬂ’ﬂlﬁ@

3 < A 9 = A = ] o wa
Lﬂu!')ﬁ’l 48 “H'JIN\‘] ANV UFUDITUANAAIUINNFTATITOAAQADINUNANIINATDUANUA

145



A Y

o o { 1 J { a a 4 .
msanuazerasnesina1 13 mdengnyuindeusieunTuleuSanedmes Tio, 10wt%
= = a Y A
3Jmswmwmammuﬂmnwqﬂ

v ¥ = Y1 = v 1 Y oy A
muummmsaﬁgﬂllmw NANITANHINITIAAIAITULVUNTAIYIATON

Spectrophotometer HANVABAAABINVHANINATDVANIANTINIANNAZIAANBINAA1 1IN

A Y

9 A A kY = a 4 Y A
WWI?SJHJ“VIQ‘ﬂ‘lg‘ULﬂa@‘Uﬂ’JEIHWIuUlél‘lJiﬂWE)ﬁLﬁJ@’i Zn0O 10wt% L!ﬁzN1ﬂ18ﬂgﬂ‘ljﬂlﬂﬁ@ﬂﬂ’]ﬂu11u
a a 4 . =\ = = %’ A
UléﬂJiﬂW@alﬂJE)i Ti0, 10wt% lJﬂﬁcﬁﬂﬁ]NﬂJfNﬁHWﬂHW\IMWﬂ‘ﬂijﬂ
= 9 A A g X
5.1.12 WamIanEINITAIUNIULUANITIAIVNINTTIU AATCC 100 Iﬂﬂﬁl)%lﬂ)’@

Staphylococcus aureus (S.aureus) 448s Klebsiella pneumonia (K.pneumoniae) Wenatula 24

] 1A ° = & = 9 =1 A [
“B'JIIJQW‘U’N 1!ﬂTiaﬂ'ﬁ\'iélJENi]TL!’JHIﬂiauﬂ]ﬂ\‘]!%@uﬂﬂﬂliﬂﬂuWWEINW]QWI!UL?]?I@‘U@'JEJUTIH
a a J a g o w
”lamﬂwaamm ZnO Aatlu 93.93% L1ag 93.94% Mua1ny
=< 9 A A 9 &

WaNITANEINITATUMULUANIIIATNUINTIIU AATCC 100 Iﬂﬂalslﬂflf@
Staphylococcus aureus (S.aureus) 448g Klebsiella pneumonia (K.pneumoniae) Wenatulyl 24
] 1A o = 9 A A 9 a a A
‘H'JI?J\‘]W‘U'N NﬂTﬁaﬂaQSII?NﬂWH?HIﬂIQHUHWWﬂWﬂ‘WQﬂ%ULﬂﬁ@ﬂﬂ?ﬂﬂ?jullﬁ‘UiWWfJaLllﬂﬁ TiO,

ATl 93.93% taz 93.94% gy

v
=1

A o ] a9 Y &’ A A Y
!,Lazm’f)‘ﬂiﬂ”lil,lﬁfmmEJTJET?JTJGWHLIﬂ"li@l114‘1/]WHLSBBLLUﬂTILSEJGIJ?JQNWF%IWEJV]ﬂﬂ“lf‘]J

Y q

A Y a a 4 (% Y d' A 9 a a I'd .
wdeudrow TulauSanedwes zno nudidheignguadeudlsululauSanedmwes Tio,
A ' o 1A ° A X aa 3 X
wun o1 24 1 Tuawud Inmsanasvessuanlalafiveusounaiizens 2 1o Tag
&’ { a a 14 {
%0 S.aureus ULMG1oNgngUIAGoUAIsU T TanTaneawes Zn0 10wt% uazdifhongnay

A Y a a AN f A 1 oA J 3 J o
maaumﬂuﬂullamﬂwaamm TiO , 10wt% @aAaINININUAD 93.93 1Wosidua agd1uIu

9
J o

= aa &K . A v oA J 3 =
TaTatlvosuunnisoo K.pneumoniae aAQNININUAD 93.94 SIGHEAIE muummmmﬁgﬂ

= A

Y19 = A Y a a s v 9 ¥
llﬂ?n mv’hwgmfumaaumauﬂuhlamﬂwaamas Zn0O ﬂ‘]JN"Igj"IEJ‘V]ﬂﬂGIf‘]JLﬂﬂ’E)‘Uﬂ’JEJNWIH

G L]

a a 4 . = A Y ,-j( == d' [ DY
ll%l‘].l’iﬂWi’Jal,iJ@i TiO, HFUUANITAIUNMULYDLUUANLTYNININU

5.2 VolaUDIU

A o

5.2.1 nadeuduliasIuMIiIANNa 1A 098 18N15R 185908051 11 Teraahdl
ANUITNGI)

522 mmsdsudsanTuleusanedmwes zno wazunluleuSanedmes Tio, Taw

|'yQ9J

a 4 4 v
1douniaves Zno 1ag Tio, BaMzegniiuAId uuenvosa las unodwes tloauLiAAIY

146



=

T Tauaalafn, amiiadiumsmanuazeiadestazauiiaaIunsduuuanFenann
A2
GREAY
o A Y v A o
5.2.3 MmsnageuaNiiansaumusiasani lean
5.2.4 fimsnaaeuaNfAaIUnN1TIIANNaLe1ad10d Tagldaisnadeudung
A ¥ ' ¢ A ¥ o )
waniienminul wu 1l vieshdaan Wudu
) a a 14 = a g . 42‘ [ <
5.2.5 i TuleuSanedwes zno wazuTulsuSanedwes Tio, MAugUiula
- P Qv A quyy y A~ wa 9 a wa ¥ o
wodmosvugihiihudule meld IdidulenTauiasu I Tauaa ladn, auiadiumsviinn

=

Az01AAeA ANTAMUMIAIULLANS Y

147



UIIIYNIN

[1] Elamin, N., and Elsanousi, A. (2013).Synthesis of ZnO nanostructures and their
photocatalytic activity. Vol.1 : Journal of Applied and Industrial Sciences
(pp.32-35).

[2] Ohno, T., Sarukawa, K., Tokieda, K., and Matsumura, M. (2001).Morphology of a TiO,
photocatalyst (Degussa, P-25) consisting of anatase and rutile crystalline phases.
Vol.203 : Journal of Catalysis 203 (pp.82-86).

[3] Pelacz, M., b, N. T. N., C.Pillai, S., K.Seery, M., Falaras, P., G.Kontos, A., S.M.Dunlop, P.,
W.J.Hamilton, J., Byrne, J. A., O’Shea, K., H.Entezari, M., and D.Dionysiou, D. (2012).
A review on the visible light active titanium dioxide photocatalysts for
environmental applications. Vol. 125 : Journal of Applied Catalysis B:
Environmental (pp.331-349).

[4] Zhang, S., Yu, Q., Chen, Z., Li, Y., and You, Y. (2007).Nano-TiO, particles with increased
photocatalytic activity prepared by the miniemulsion method. Vol.61: Journal of
Materials Letters (pp.4839—4842).

[5] Fujishima, A., Rao, T. N., and Tryk, D. A. (2000).Titanium dioxide photocatalysis. Vol.1:
Journal of Photochemistry and Photobiology C: Photochemistry Reviews. (pp.1-21).

[6] Advanced Nano Technology The power drives the future,Mechanism of Photocatalysis,ﬁ VAU
10http://www.tipe.com.cn/library/kb2502 . htm.

[7] Wang, Z. L. (2004).Zinc oxide nanostructures: growth, properties and applications.
Vol.16 :Journal of physics: Condensed matter. (pp.829-858).

[8] Linsebigler, A. L., Lu, G., and John T. Yates, J. (1995).Photocatalysis on TiO, surfaces:
principles. Vol.95 : Journal of Mechanisms, and Selected Results Chem. Rev.
(pp-735-758)

[9] Pelacza, M., Nolanb, N. T., b, S. C. P., Seeryc, M. K., Falarasd, P., and Kontosd, A. G. (2012).
A review on the visible light active titanium dioxide photocatalysts for
environmental applications. Vol. 25:Journal of Applied Catalysis B: Environmental.

(pp.331- 349).

148



UIIUMIYNIN (D)

[10] Bakardjieva, S., Subrt, J., Stengl, V. c., Dianez, M. J., and Sayagues, M. J. (2005).
Photoactivity of anatase-rutile TiO,nanocrystalline mixtures obtained by heat
treatment of homogeneously precipitated anatase. Vol.58 : Journal of Applied
Catalysis B: Environmental. (pp.193-202).

[11] Meilert, K. T., Laub, D., and Kiwi, J. (2005). Photocatalytic self-cleaning of modified cotton
textiles by TiO, clusters attached by chemical spacers. Vol237 : Journal of
Molecular Catalysis A: Chemical. (pp.101-108).

[12] Nazar Elamin, and Elsanousi, A. (2013).Synthesis of ZnO nanostructures and their
photocatalytic activity. Vol.1: Journal of Applied and Industrial Sciences. (pp.32-35)

[13] 99035 3@INUANIYL. unil 3 n3zuIUMsFUATIzHNeawes. luenmsilszneumsaon
21 Polymer Characterization and Analysis.

[14] ous lwedad. (2556). unuImvesasaausananlumsdunszrinoamesuuudiary, Tu
'mmﬁﬂﬂms‘immmﬁ@%mwm%ﬁﬁﬁ 18 (1.240-248). 13- UN1INGIATYTN

[15] K.Ganguli, A., Ganguly, A., and Vaidya, S. (2010).Microemulsion-based synthesis of
nano crystallinematerials. Vol.39 :Journal of Chemical Society Reviews.(pp.474-485)

[16] Nishiyama, N., and Kataoka, K. (2006).Current state, achievements, and future prospects
of polymeric micelles as nanocarriers for drug and gene delivery.Vol. 112 : Journal
of Pharmacology & Therapeutics. (pp.630-648).

[17] Tiarks, F., Landfester, K., and Antonietti, M. (2001).Preparation of Polymeric Nanocapsules

by Miniemulsion Polymerization.Vol. 17 : Journal of Langmuir.(pp.908 - 918).

[18] Kickelbick, G. (2007) Hybrid materials: synthesis, characterization, and applications.
Weiheim: Wiley-VCH Verlag GmbH & Co.

[19] Chromatography,de VAU http://www.sci.sdsu.edu/TFrey/Bio750/Chromatography.html.

[20] 9T g@ﬂuﬂmmﬂﬁ.umﬁ' 3 mﬁmﬁwﬁﬁwmﬁﬂimaqawaamai Tuenasiszneums

aou 21 Polymer Characterization and Analysis.

149



UIIUMIYNIN (D)

[21] Burchard, W. (1993).Static and dynamic light scattering from branched polymers and

biopolymers.Vol. 48 : Journal of Advances in Polymer Science.(pp.1-124).

&)~

Jd o o LN da a
[22] ANNIYIU mm’ﬁuazumﬁm STUYYTNUA. (2544).i;amﬁﬁua!ﬁnmammummum ﬂi%?ﬂl

-

Tanszdaugamea. Unusiil: qudmaluladlanzuagdaquismnadninauwan
Inenenansuazima Tuladurana

[23] Goldstein, J., Newbury, D. E., Echlin, P., Joy, D. C., Jr., A. D. R., Lyman, C. E., Fiori, C., and
Lifshin, E. (1992).Scanning electron microscopy and X-ray microanalysis. (2nd ed).
Newyork: Plenum pressress coporation

a o

J J o 4 a d a d a
[24] ANTUUN WIHWHITNUINY. (2013).ﬂ1§3!ﬂ§1$ﬁiﬂ§ﬂﬁ%1ﬁﬂ]@ﬁwﬂﬁlﬁlﬂﬁﬁlﬂ!ﬂﬂuﬂﬂ'ﬁ

De

v A J = o a Y
sammmamanmuazmﬂﬂimiﬂnﬂmiau, 1uﬁ1iﬁ153%1ﬂ157‘|i$‘ﬂ’t)iJLﬂﬁWW‘iguﬂi

A ¥ A a ) ~ ) A
INUDATIN23 (u.219-231).ﬂ§\1!ﬂ7‘|"|:NWW'J“V]FJ']?I?JL‘VW]IHIQﬂWigﬁ]@N!ﬂaW‘Wﬁguﬂiqu@

a,

[ a

a J @ Jd a @ v d a d
[25] UNUT eNAUIYINHLAZAA PNAMIYINY. (2547).ﬁ!‘lJﬂiﬂiﬁifﬁléﬁuﬂ1ﬁ]!ﬂﬁ1$ﬁ. (WU

q

Ed v
aTah 1).ngamna: dninfiniumInedeinvasmans

¢ o g

g ¥ o 3 o ¢ & a {
[26] aas5aul Muwauta Tadn. (2556). matiamsi@eauuSsdendidosdu. (Wunased 1),
NFUNNA: ANIANUWLUHIWIBINTUNIINIAD.
9 a £ v a a ¢ a A = a s & A
[27] uafu oUTANT HAZAMY. (2554). HADMSHAZMANANIIATIZFITuAIole. (WUNA5IN 2),
a o a 4 o w
NFUNNA : USHNBIUNUN 50 T,

28] q AUy wwaﬁﬁwu Lflﬂﬁ"ﬂ‘ﬁ ummuwa' YRR E:(’]Jﬁ AYY U 9YTET, NOULTY ‘H’d’t)“ﬂ’t]\iﬂ1

%9

ana o J

1% maamﬁﬁummxﬂgm ﬁq‘ﬂ‘ﬁ‘WVIﬂH Q. (2548)3%1’61?[1ﬁﬂ§!!ﬁu3ﬁ3ﬂﬁﬁﬂd3ﬁﬂ
wumu nFaUNNA : UiEndniniiuvied Sina.

[29] Sperling, L. H. (1992).Introduction to physical polymer science.(2nd ed). Newyork: John
Wiley & Sons

[30] Ebewele, R. O. (1996).Polymer Science and technology.United states of america: CRC press

[31] AATCC. (1999).Color technology in the textile industry.(2nd ed). Newyork: John Wiley &

Sons

150



UIIUMIYNIN (D)

[32] Lin, C.-C., and Hsu, L.-J. (2013).Removal of polyvinyl alcohol from aqueous solutions
using P-25 TiO, and ZnO photocataysts: A comparative study. Vol. 246 : Journal
ofPowder Technology.(pp.351-355).

[33] E. Yassitepe, H.C. Yatmaz, and Durana, C. (2008).Photocatalytic efficiency of ZnO plates in
degradation of azo dye solutions. Vol. 198 : Journal of Photochemistry and
Photobiology A:Chemistry.(pp.1-6).

[34] R.Y.Hong, J.H. Li, L.L.Chen, D.Q.Liu, H.Z.Li, Y.Zheng, and J.Ding. (2009).Synthesis,
surface modification and photocatalytic property of ZnO nanoparticles.
Vol.189:Journal of Powder Technology.(pp.426—432).

[35] Hamrouni, A., Lachheb, H., and Houas, A. (2013).Synthesis,characterization and
photocatalytic activity of ZnO-SnO, nanocomposites. Vol.178 : Journal of Materials
Science and Engineering B.(pp.1371-1379).

[36] T.Yuranova, R.Mosteo, J.Bandara, D.Laubb, and J.Kiwi. (2006).Self-cleaning cotton textiles
surfaces modified by photoactive SiO,/TiO, coating.Vol.244:Journal of Molecular
Catalysis A: Chemical.(pp.160-167).

[37] Sun, J.-H., Dong, S.-Y., Wang, Y.-K., and Sun, S.-P. (2009).Preparation and photocatalytic
property of a novel dumbbell-shaped ZnO microcrystal photocatalyst. Vol.172 :
Journal of Hazardous Materials. (pp.1520-1526).

[38] Chiu, C.-W., Lin, C.-A., and Hong, P.-D. (2011).Melt-spinning and thermal stability
behavior of TiO, nanoparticle/polypropylene nanocomposite fibers. Vol.18:J
Journal of Polymer Research.(pp.367 — 372).

[39] Altan, M., Yildirim, H., and Uysal, A. (2011).Tensile properties of polypropylene/metal
oxide nano composites. Vol.1 : Journal of Science and Technology. (pp.25-30)

[40] Gupta, K. K., Jassal, M., and Agrawal, A. K. (2008).Sol-gel derived titanium dioxide
finishing of cotton fabric for self-cleaning. Vol. 33 : Journal of  Fibre

Research.(pp.443-450).

151



UIIUMIYNIN (D)

[41] Yuranova, T., Mosteo, R., Bandara, J., Laub, D., and Kiwi, J. (2006).Self-cleaning cotton
textiles surfaces modified by photoactive SiO, /TiO, coating.Vol. 244 : Journal of
Molecular Catalysis A: Chemical.(pp.160-167).

[42] Zhang, M., Gao, G., Li, C.-Q., and Liu, F.-Q. (2004).Titania-coated polystyrene hybrid
microballs prepared with miniemulsion Polymerization. Vol. 20 : Journal of
Langmuir.(pp.1420 - 1424).

[43] Odian, G. Principles of polymerization.(4th ed). Newyork: John Wiley & Sons

[44] Lu, H., Fei, B., Xin, J. H., Wang, R., and Li, L. (2006).Fabrication of UV-blocking
nanohybrid coating via miniemulsion polymerization. Vol. 300 : Journal of Colloid
and Interface Science.(pp.111-116).

[45] Hong, R. Y., Li, J. H,, Chen, L. L., Liu, D. Q., Li, H. Z., Zheng, Y., and Ding, J. (2009).
Synthesis, surface modification and photocatalytic property of ZnO nanoparticles,
Powder Technology. Vol. 189 : Journal ofPowder Technology.(pp.426-432).

[46] Hu, W., Li, L., Tong, W., Li, G., and Yan, T. (2010).Tailoring the nanoscale boundary
cavities in rutile TiO, hierarchical microspheres for giant dielectric
performance.Vol. 20 : Journal of Materials Chemistry.(pp.8659-8667).

[47] Zhang, J., Gao, G., Zhang, M., Zhang, D., Wang, C., Zhao, D., and Liu, F. (2006).ZnO/PS
core—shell hybrid microspheres prepared with miniemulsion polymerization. Vol.
301: Journal of Colloid and Interface Science.(pp.78-84).

[48] Ianchis, R., Corobea, M. C., Donescu, D., Rosca, I. D., Cinteza, L. O., Nistor, L. C., Vasile, E.,
Marin, A., and Preda, S. (2012).Advanced functionalization of organoclay
nanoparticles by silylation and their polystyrene nanocomposites obtained by
miniemulsion polymerization. Vol. 14 : Journal of Nanoparticle Research

[49] Sharma, D., Rajput, J., Kaith, B. S., Kaur, M., and Sharma, S. (2010).Synthesis of ZnO
nanoparticles and study of their antibacterial and antifungal properties.Vol. 519 :

Journal of Thin Solid Films. (pp.1224-1229)

152



UIIUMIYNIN (D)

[50] Cheng, Q., Li, C., Pavlinek, V., Saha, P., and Wang, H. (2006).Surface-modified
antibacterial TiOZ/Ag+ nanoparticles: preparation and properties.Vol. 252 : Journal

of Applied Surface Science(pp.4154—4160).

153



154



MANUIN N

a2 A d v
WA HANWNWNINELNS

155



N9y 1 s BINTIZAMALEZUIUINIA (National and International Conferences)

1. Panutumrong, P., Metanawin, T. and Metanawin, S. (2014).The effect of nano-titanium
dioxide on the self-cleaning properties ~ of TiO,-PP  composite fibers. The 3"
International Symposium on the Fusion = Technologies (ISFT2014), Jeonju, Korea, 30
July — 3 August 2014

2.Panutumrong, P.Metanawin, S. andMetanawin, T. (2014).The effect of carboxymenthyl
cellulose in PP fiber for dye absorption ability. The 3" International Symposium on the
Fusion Technologies (ISFT2014),Jeonju, Korea, 30 July — 3 August 2014

3. Panutumrong, P., Metanawin, T., Metanawin, S.and O-Charoen, N. (2015) The effect of
nano — Zinc oxide on the self-cleaning of cotton fabrics for textile application. The 4"
International Symposium on the Fusion Science andTechnologies (ISFT2015),
Ayutthaya, Thailand, 12 — 16 January 2015

4 Metanawin, S.,Metanawin, T., Panutumrong, P., Hathaiwaseewong, S. and Chaichalermvong,
T. (2015) Thephotocatalytic activities of nano-titanium dioxide on the cotton fabrics for
self-cleaning properties. The 4" International Symposium on the Fusion Science and

Technologies (ISFT2015), Ayutthaya, Thailand, 12 — 16 January 2015

156



TR DN . Ayutithaya , Thatlamd

Szrence & 7ectmotvgres

157



The 4" International Symposium on the Fusion science and Technologies 2015 (ISFT2015)
Jan 12-16, 2015, RUS, Huntra campus, Thailand

THE PHOTOCATALYTIC ACTIVITIES OF NANO-TITANIUM DIOXIDE
ON THE COTTON FABRICS FOR SELF-CLEANING PROPERTIES

Siripan Metanawin"’, Tanapak Metanawin”, Praripatsaya Panutumrong"’, Sunee Hathaiwaseewong"), and
Tirapong Chaichalermvong"

"Department of Textile Engineering, Facultv of Engineering, Rajamangala University of Technology Thanyaburi,
Pathumthani, 12110, Thailand.

2’Depanmcm of Materials and Production Technology Engineering, Faculty of Engineering, King Mongkut's University

N of Technology North Bangkok, Bangkok, 10800, Thailand
Corresponding author. Tel. +66(0)2-549-3450 Fax +66(0)2-549-3452, siripan.m@en.rmutt.ac.th.

ABSTRACT: The study of photocatalysis of nano titanium dioxide on the cotton fabrics have been investigated
through self-cleaning properties. The mini-emulsion technique was employed to prepare the encapsulation of
titanium dioxide nano particles in polystyrene beads prior used. The mini-emulsion was coated on the cotton
fabrics using Pad-dry method. The loading amount of TiO, particles into the mini-emulsion were various from
1%wt to 40%wt. The particles sizes of the TiOz-encapsulated polystyrene (PS) mini-emulsion were investigated
by dynamic light scattering. It was noticed that the particle size of the mini-emulsion was in the range of 100-
200 nm. The morphology of treated cotton fabrics were investigated using scanning electron microscopy. The
crystal structure of TiOy—encapsulated PS mini-emulsion which coated on cotton fabrics were examined by X-
ray diffraction spectroscopy. In order to investigate the photocatalytic activities of TiO, through the self-
cleaning characteristics of the cotton fabrics, colorant stains were created on the samples. Coffee stains were
used as colorant organic stains. The result shown that the coffee stained on the cotton fabrics significantly
showed the improving of the self-cleaning properties under UV radiation.

Keywords: nano titanium dioxide, mini-emulsion, self-cleaning, encapsulation, photocatalyticoxidationline

space.

1. INTRODUCTION

Hybrid polymer nano materials have received
considerable interest from the academic and industrial
researchers because of their outstanding properties in the
wind range of high value industrials, foods and medicals
applications such as anti-microbial, anti-oxidant, anti-
bacterial and selfcleaning properties.[1-3] The
combination of multidisciplinary technologies such as
nanotechnology, biotechnology and polymer technology
can offer a multi-functionals, versatiles, stable, resistant
and non-toxic products. They are difference process to
make novel products such as films, sprays/coatings and
fibres, to maintain quality, extend shelf-life and deliver
hygienic surfaces.[1, 3]

Many attention has been focused on the new
materials that can demonstrate photocatalytic behavior
under the proper illumination conditions for applications
in textile technological fields.[4] For this reason, nano
titanium dioxide (TiO;) has atracted great attention as a
semiconductor photocatalyst due to its widely used
materials, low cost, good stability, and ecase of
preparation.[5] One of an interesting application of TiO,
is self-cleaning ability.[6-8]

Titanium dioxide is present in three crystalline
phases: rutile, anatase and brookite. Among these three
forms, rutile is more stable than the other two forms.
Anatase and brookite, on the influence of heat, would
change to rutile. Rutile and anatase structures are
tetragonal while brookite structure is orthorhombic.[9]
Although some applications such as normal solution
filtering do not require the crystalline phase, crystallinity
is essential when biocompatible, photocatalytic or semi-
conducting properties are desired. Both anatase and rutile
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have accessible band-gaps; their photoactive nature
means that radical species are produced at their surfaces
in the presence of sunlight and water. The incorporation
of titania nanoparticles with cellulose or cotton surfaces
has been reported to produce a self-cleaning
phenomenon.[10]

The development of permanent self-cleaning
cotton textiles with a life cycle of 25-50 washings or
more is an objective sought by the textile industry in the
framework of new products classified as technical
textiles.[11] Several studies have reported that TiO,
coating of cotton textiles could be performed using
different pretreatments and techniques such as RF-
plasma, MW-plasma, UV-irradiation, dip-pad—dry-cure
and dip-coating to improve the adhesion of the coating
and the life cycle of washings. [10, 12, 13]

To explore the potential of the encapsulation of
TiO, with styrene monomer by using miniemulsion
polymerization and then coated on the cotton with this
hybrid polymeric material. We also further studied the
photosensitivity of this hybrid material afier it has been
fully polymerized and coated on cotton.

2. EXPERIMENT

2.1 Materials

The styrene monomer (Sty), hexadecane (HD),
sodium dodecylsulfate (SDS) and potassium persulfate
(KPS) were purchased from Aldrich at the highness
purity. Titanium dioxide (97%) CAS# 13463-67 was
supplied by Tronox. All samples were used as received.
All other chemicals were used as supplied by the
companies.



The 4" International Symposium on the Fusion science and Technologies 2015 (ISFT2015)
Jan 12-16, 2015, RUS, Huntra campus, Thailand

2.2 Preparation of encapsulated-TiO,/polystyrene
miniemulsionpolymerisation (hybrid miniemulsion)
The mixture of titanium dioxide (1-40%wt),
styrene monomer (2.5g) and hexadecane (0.104g) was
added into the mixture of distilled water (10cm™) and
sodium dodecylsurfate (0.030g). The mixture was stirred
under nitrogen gas for 15 minutes. The mixture was
sonicated for 15 minutes. After that the potassium
persurfate (0.042¢g) was added into the reaction and the
temperature was raised up to 70°C for 0-48 hours.

2.3 Hybrid miniemulsion coated on cotton fabrics

The cotton were cut into the dimension of 5x5¢m®,
The cotton were treated in the oven at 80°C for 10
minutes to remove the surface impurities. The coating
process is called dip-pad-dry method by immersed the
cotton in the miniemulsion for 3 minutes with stirred in
ambient temperature for 3 minutes. The coated cotton
fabric were dried in an oven at 80°C for 3 minutes.

2.4Characterizations
2.4.1 Dynamic light scattering (DLS)

Dynamic light scattering was performed on
Delsa"™Nano C particle analyzer from Beckman Counter,
USA. Delsa™Nano C particle analyzer equipped with
30mW 658nm Laser diode operated at the angle 165°

2.4.2 Scanning electron microscope (SEM)

The SEM images were recorded by using Jeol
JSM-6510 or Jeol JSM-5410LV from Jeol, Japan. The
samples were coated with gold prior observed.

2.4.3 X-ray diffraction (XRD)

The XRD pattern were recorded on PANalytical
X Pert Pro MPD model pw3040/60 with Cu-K, X-ray
source (the Netherlands). The diffractometer was
scanned from 26=5°-80° with a scanning rate of 0.02cm™.

2.4.4 Fourier transform infared (FTIR)

The FTIR measurements were conducted using
PerkinElmer model Frontier at the resolution 4em™ in
wave number region 4000-650cn1.

2.4.5 Self-cleaning Test

In order to investigate the seclf-cleaning
characteristics of encapsulated-TiO»/polystyrene mini-
emulsion, colorant stains were created on the samples.
Coffee stains were used as colorant organic stains.
Aqueous solution of coffeei stains was preparation by
mixing 5.5g colfee in 50cm” of deionized water. Stained
samples were irradiated using 11.6 mW/cm™ UV-A lamp
(365nm wavelength, Philips, the Netherlands). The self-
cleaning property was evaluated based on the colour
removal of coffee stains on the cotton fabric.

3. RESULTS AND DISCUSSIONS
3.1 Characterization of styrene miniemulsion
3.1.1 Dynamic light scattering (DLS)

The encapsulation of TiO, in polystyrene
nanoparticles were synthesized via miniemulsion
polymerization for 4 hours and 24 hours. The loading
amount of TiO, in polystyrene were investigated from
Iwi% to 40%wt. The result show that the maximum
loading of TiO, in the polystyrene miniemulsion were
15%wt due to breaking out of the miniemulsion particles
at the loading amount of TiO, more than 20%wt. The
hydrodynamic ~ diameters of the encapsulated-
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TiO,/polystyrene miniemulsion were determined using
DLS, as seen in Fig.1. It was found that the diameter of
the miniemulsion particles was slightly increased with
raising the polymerization time and with loading amount
of TiO, from 1-15%wt. The hydrodynamic diameter of
PS miniemulsion was in range 102nm-168nm for 4 hours
of polymerization time and 113-180nm for 24 hours of
polymerization time.

250
| __Ei
il
200
180 |

Diameter (nm)
a
g

E0 H

1% 3% 5% 10% 15%
% Loacing amount af TiO, (w1%)

Fig.1 Diameter of encapsulated-TiO»/polystyrene
miniemulsion with loading 1-15%wt TiO,

3.1.2 Scanning electron microscope

The morphology of the encapsulated-TiO,
/polystyrene miniemulsion were investigated using of the
scanning electron microscope. The hybrid 10%wt
TiO-/polystyrene was prepared on the SEM stub and
dried in the oven overnight. The result shows that most
of the particles were well-define structure and had sphere
shape, as presented in Fig.2. The diameter was about
170nm. This is corresponds to the DLS measurement
(Fig. 1).

ey

Fig2. SEM image of encapsulated-TiO,/polystyrene
miniemulsion with 10% TiO, loading.
3.2 Characterization of cotton coated with
encapsulated-TiO»/PS miniemulsion
3.2.1 X-ray diffraction (XRD)

The crystallinity of pristine TiO, powder and the
encapsulated-TiO; in the PS miniemulsion on the cotton
fabric, XRD technique were employed. As seen in Fig.3,
peaks of pristine TiO, are presented at 26 = 27°, 36° and
55 representing the titania rutile structure.[14] However,
the XRD of the miniemulsion on once time coating
process was not able to see the TiO; peaks due to the low
loading amount of TiO, in PS miniemulsion. Although it
was coated with miniemulsion 8 times, this peak still
dominated with amorphous structure, as demonstrated in
Fig.3.[12, 13]
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Fig.3 XRD spectra of pristine TiO, and cotton coated
with encapsulated-TiOy/PSminiemulsion.

3.2.2 Fourier Transform Infrared Spectrophotometer
(FTIR)

To confirm the TiO, on the coated colton, the
Fourier transform infared was investigaied the
functional-group of the pristine cotton fabric and the
encapsulated-TiO»/PS miniemulsion coated on cotton
fabric, as presented in Fig4. The absorption peaks at
696.6 cm was attributed benzene ring folding. The
peaks at 757.6 em™ were attributed to C-H bending of
benzene ring. The C-C stretching of the benzene rin,
absorptions vibrated at 1492,9 cm” and 1600.5 cm™,
respectively. All the absorption bands of the benzene ring
and TiO; in this hybrid particles remained unchanged but
the C=0 bond vibration at 1712.5 em™ deteriorated to
the shoulder part in hybrid particles. The absorption band
of COO-Ti at 1408.6 cm™ demonstrates interactions
between carboxyl groups and TiO,.[12, 13] These FTIR
confirmed that the TiO; was found on the surface of the
coated-gotten
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Fig. 4 Shows the FTIR spectra of the pristine cotton
fabric and cotton fabric coated with loading 1-10%wt
TiO,/PS miniemulsion.

3.2.3 Scanning electron microscope

The morphology of the encapsulated-TiO-/poly-
styrene miniemulsion was investigated using of the
scanning electron microscope. Fig.5a-5b presents the low
magnification of the cotton coated with the hybrid
TiO,/polystyrene with 5% loading of TiO, and 10%
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loading of TiO,, respectively. It was noticed that the
surface of the cotton fabric was smooth at the hybrid
10%wt TiOJ/polystyrene (Fig. 5(b)) than the lower
concentration of the TiO» (5%wt) (Fig. 5(a)).

59

Fig. 5 SEM images of cotton fabric coated with
a) the encapsulated-5%wt TiOy/polystyrene
miniemulsion at 50x and
b) the encapsulated-10%wt TiOo/polystyrene
miniemulsion at 50x.

zekl %10.e2e

LA R
Fig. 6 SEM images of cotton fabric coated with the
encapsulated-1%wt TiO/polystyrene miniemulsion (A-C)
and the encapsulated- 10%wt TiO,/polystyrene
miniemulsion (a-c) at 1500x, 5000x and 10,000x.

As seen in Fig. 6, the SEM images of the cotton
coated with encapsulated-TiO»/PS miniemulsion with
TiO; loading 1%wt and 10%wt. The results show that the
higher loading of the TiO, (10%wt) demonstrated the
higher density and smooth surface of the coating film
while low loading amount of TiO, (1%wt) had higher
porous coating film. Suggesting that the self-cleaning
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properties and life cycle of washing should be improved.

3.2.4 Self-cleaning test

The self-cleaning function was compared through
monitoring the removal of coffee stain on fabric under
UV-A 1.6 mW/em® radiation. The photocatalytic
mechanism of discoloration of coffee stain on the
pristine cotton fabric and the encapsulated-TiO./PS
miniemulsion coated on cotton fabric at the difference
concentration of encapsulated-TiO,/PS  miniemulsion
were presented in Fig.7.

Fig. 7 The photography of the self-cleaning test under
UV-A 11.6 mW/cm™ radiation for 84 hours. (Before test:
A-E, after test: a<) when A) Pristine cotton fabric, B)
coated with 1%wt TiO,, C) coated with 3%wt TiO,, D)
coated with 5%wt TiO,, and E) coated with 10%wt TiO,.

Figure 7 (A and a) were the control, no TiO,
coated on the fabric. The hybrid polymers were coated
on the cotton fabric by dip-pad-dry method at the
difference load of 1%wt TiO,, 3%wt TiO,, 5%wt TiO,
and 10% wt TiO, Figure 7 (B-E) and Figure 7 (b-e). After
the energy of UV was employed to trigger the
photocatalytic decomposition of stains by titanium
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dioxide particles. Through exposing the stained samples
to UV, the photocatalytic properties of titanium dioxide
altered the molecular configuration of stains turning
them into colourless products (Figure 7b-7¢). The results
shown that the colursless of the coffee stain on the fabric
significantly correspond to the percent of loaded titanium
dioxide in the hybrid polymers at the 84 hours of UV
radiation.

4. CONCLUSION

The aim of this study was to development of
designing and modifying of nano-TiO, particles for self-
cleaning properties. The miniemulsion polymerization is
the selected technique to modified nano-TiO, particles
by encapsulation the nano-TiO, particles in polystyrene
particles. Then the hybrid polymers were coated on the
cotton fabric by using dip-pad-dry method. The Variation
of the TiO; content from 1%wt up to 40%wt in the
encapsulated of hybrid polymer was study. It was notice
that the synthesis was successful. However, the
maximum loading of TiO, in the polystyrene
miniemulsion were 15%wt due to the break out of the
miniemulsion at the loading amount of TiO, more than
20%wt.  The hydrodynamic diameters of the
encapsulated-TiOy/polystyrene  miniemulsion  were
determined using DLS. It was found that the diameter of
the miniemulsion particles was slightly increased with
raising the polymerization time and with loading amount
of TiO; from 1-15%wt. The hydrodynamic diameter of
PS miniemulsion was in range 102nm-168nm for 4hours
of polymerization time. The photolycatalytic studied of
the coated fabric with hybrid polymer significantly show
the improving in self-cleaning properties with increase in
the amount of hybrid polymer on the cotton. The FTIR
and XRD confirm the present of the hybrid polymer on
the cotton fabric. SEM micrographs show the
morphology of the hybrid nanoTiO, at different ratios on
the cotton fabric.
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ABSTRACT: The self-cleaning properties of nano-zinc oxide on cotton fabrics have been investigated.
The cotton fabric has been prepared by pad-dry method. The nano-zine oxide was encapsulated in the
polystyrene particle by mini-emulsion process prior used. The loading amount of zinc oxide particles into
the mini-emulsion were various from 1%wt o 40%wt. The particles sizes of ZnO-encapsulated
polystyrene mini-emulsion were determined using dynamic light scattering. It was showed that the
particle size of the mini-emulsion was in the range of 124-205 nm. The topography and morphology of
ZnO-encapsulated polystyrene which coated on cotton fabrics was observed using scanning electron
microscopy. The crystal structure of ZnO-coated on cotton fabrics was explored by X-ray diffraction
spectroscopy. The photocatalytic activities of zinc oxide were present through the self-cleaning properties.
The presents of the zinc oxide on cotton fabrics significantly showed the improving of the self-cleaning

properties under UV radiation.

1. Introduction

Hybrid polymer materials are increasingly
attracted scientific and technologically interested by
virtue of their unique structures and significant
advantages over many existing materials science.

Particularly, hybrid polymer materials at nanometer scale,

the design and synthesis of nanoscale objects require a
good deal of control over interfaces in order to build up
and organize the nanostructures.[1] Furthermore, the
combination  of  mult-technologies such  as
nanotechnology, biotechnology and polymer technology
can offer multi-functional, versatile, stable, resistant and
non-toxic products which results in outstanding
properties in the wind range of high value industrials,
foods and medicals applications such as anti-microbial,
anti-oxidant, anli-bacterial and self-cleaning
properties.[1, 2]

Recently, much interest in new materials that
can demonstrate photocatalytic behavior under the
proper illumination conditions for applications in textile
industrials.[3] For this reason, metal oxide such as
nanotitanium dioxide (nano-TiO,) and nano zinc oxide
(nano-ZnO) have attracted greal attention as a
semiconductor photocatalyst due to its widely used
materials, low cost, good stability, and ecase of
preparation.[4] One of an interesting application of metal
oxide is sell-cleaning ability.[ 1, 5, 6]

Nano zinc oxide (ndno Zn0) exhibits low
dielectric constant, large electromechanical coupling
coefficient, high luminous transmittance, high catalysis
activity, intensive ultra-violet and infrared absorption,
and etc. Therefore, nano-ZnO can potentially be applied
to self-cleaning ability and UV-shielding materials.[7]
The features of large volume to area ratio. However,
Zn0O nanoparticles are prone to aggregate due to the
large surface area and high surface energy. In order to
improve the dispersion, it is necessary to modify the

surface of ZnO nanoparticles.[8-10]

The development of designing and modifying of
nano-ZnO particles for high protection against UV
radiation (both UVA and UVB falls into the regions of
the solar spectra of 315-400nm and 280-315nm,
respectively) is an objective sought not only by the solar
cell industry but also by the textile industrial in the
framework of new products classified as technical
textiles. Several studies have reported that ZnO coating
of cotton textiles could be performed using different
pretreatments and techniques such as RF-plasma, MW-
plasma, UV-irradiation, dip-pad—dry-cure and dip-
coating to improve the adhesion of the coating and the
life cycle of washings.[11]

In this investigation, cotton fabrics were coated
with the hybrid polymeric material of ZnO through mini-
emulsion polymerization using dip-pad-dry process. This
study was set out to investigate the synergistic role of the
encapsulation of nano-ZnO on cotton fabrics and to
elucidate the impacts of this hybrid polymeric material
on self-cleaning ability.

2. EXPERIMENT

2.1 Maierials

The styrene monomer (Sty), hexadecane (HD),
sodium dodecylsulfate (SDS) and potassium persulfate
(KPS) were purchased from Aldrich at the highness
purity. Zinc oxide is CAS#1314-13-2. All samples were
used as received. All other chemicals were used as
supplied by the companies.

2.2 Preparation of encapsulated-ZnO/polystyrene
miniemulsion polymerisation

The mixture of Zinc dioxide (1%wt-40%wt),
styrene monomer (2.5g) and hexadecane (0.104g) was
added into the mixture of distilled water (10cm™) and
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sodium dodecylsurfate (0.030g). The mixture was stirred
under nitrogen gas for 15 minutes. The mixture was
sonicated for 15 minutes. After that the potassium
persurfate (0.042g) was added into the reaction and the
temperature was raised up to 70°C for 0-48 hours.

2.3 Hybrid miniemulsion coated on cotton fabrics

The cottons were cut into the dimension of
5x5cm’. The cottons were treated in the oven at 80°C for
10 minutes to remove the surface impurities. The coating
process is called dip-pad-dry method by immersed the
cotton in the miniemulsion for 3 minutes with stirred in
ambient temperature for 3 minutes. The coated cottons
fabrics were dried in an oven at 80°C for 3 minutes.

2. 4Characterizations
2.4.1 Dynamic light scauermg (DLS)

Dynamlc light scattering was performed on
Delsa" Nano C particle analyzer from Beckman Counter,
USA. Delsa™Nano C particle analyzer equipped with
30mW 658nm Laser diode operated at the angle 165°

2.4.2 Scanning electron microscope (SEM)

The SEM images were recorded on Jeol JSM-
6510 or Jeol JSM-5410LV from Jeol, Japan. The samples
were coated with gold prior observed.

2.4.3 X-ray diffraction (XRD)

The XRD patterns were recorded on
PANalytical XPert Pro MPD model pw3040/60 with
Cu-K, X-ray source (the Netherlands). The
diffractometer was scanned from 26=5°-80° with a
scanning rate of 0.02em ™.

2.4.4 Fourier transform infared(FTIR)

The FTIR measurements were conducted ucmg
PerkinElmer model Frontier at the resolution d4em™ in
wave number region 4000-650c¢m .

2.4.5 Self-cleaning Test

In order to investigate the self-cleaning
characteristics of encapsulated-ZnO/polystyrene mini-
emulsion, colorant stains were created on the samples.
Coffee stains were used as colorant organic stains.
Aqueous solution of coffee stains was prepared by
mixing 5.5g coffee in 50cm’ of deionized water. Stained
samples were irradiated using a UV-A lamp (Philips, the
Netherlands), with 365 nm wave length radiation and
light intensity of 11.6 mW/em® The self-cleaning
property was evaluated based on the colour removal of
coffee stains on fabrics.

3. RESULTS AND DISCUSSIONS
3.1 Characterization of styrene miniemulsion

3.1.1 Dynamic light scattering (DLS)

Zinc oxide was encapsulated in polystyrene
nanoparticles via miniemulsion polymerization for 4
hours polymerization time. The loading amounts of ZnO
from 1wt% to 40%wt were explored. It was found that
the ZnO were encapsulated in polystyrene miniemulsion
at 15%wt maximum. This is because of the broke down
of miniemulsion after loading amount of ZnO more than
20%wt. Fig. | demonstrated the hydrodynamic diameters
of the encapsulated-ZnO/polystyrene miniemulsion from
Iwt%-15wt% of ZnO. It was found that the diameter of
the miniemulsion particles were slightly increased with
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raising the polymerization time. The hydrodynamic
diameter of hybrid PS miniemulsion were in the range of
165nm-180nm for 4 hours of polymerization time.
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Fig.1 Hydrodymamic diameter of encapsulated-
ZnO/polystyrene miniemulsion with loading 1%wt -
15%wt of ZnO.

3.1.2 Scanning electron microscope

The scanning electron microscope was employed
to observe the microstructure of the encapsulated-
ZnO/polystyrene  miniemulsion. The encapsulate-
ZnO/polystyrene with 10%wt loading was prepared by a
dropped of the miniemulsion on SEM stub and dried in
the oven overnight. Fig.2 presents the SEM image of the
well-defined structure of the miniemulsion.

Fig. 2 SEM image of encapsulated-ZnO/polystyrene
miniemulsion with 10%wt loading of ZnO.

3.2 Characterization of cottons coated with
encapsulated-ZnO/PS miniemulsion
3.2.1 Fourier Transform Infrared

Spectrophotometer (FTIR)

The functional-group of the pristine cottons
fabrics and the encapsulated-ZnO/PS miniemulsion
coated on cotons fabrics were investigated using the
Fourier Transform Infarcd as seen in Fig3. The
absorption peaks at 696 cm’! was attributed benzene ring
folding. The peaks at 754.5 em’ was attributed to C-H
bending of benzene ring. The C-C ';lretchmg of the
benzene ring absorptions vibrated at 1492 cm "and 1601
em’, respectively. All the absorption bands of the
benzene ring and ZnO in this hybrid particles remamcd
unchanged but the C=0 bond vibration at 1712.3 cm™
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deteriorated to the shoulder part in hybrid particles. The
absorption band of COO-Zn at 1452 cm™ demonstrates
interactions between carboxyl groups and ZnO. These
FTIR spectra confirmed that ZnO was integrated into the
miniemulsion

%Transmittance

2500

2000
Wavelength (cm")

1500 1000

Fig.3 Shows the FTIR spectra of the pristine colions
fabric and cottons fabrics coated with loading 1%wt-
10%wt ZnO/PS miniemulsion.

3.2.2 X-ray diffraction (XRD)

To compare the crystal structure of pristine ZnQO
powder and the encapsulated-ZnO/PS miniemulsion on
the cottons fabric, XRD technique were employed. As
seen in Fig.4, peaks of pristine ZnO are presented at 26=
31.7°, 34.4°, 36.2°, 47.5°, 56.6° and 62.8° representing
Zn0.[7] As presented in Fig.4, the XRD spectrum of the
encapsulated-ZnO was found very tiny peak at 26=31.7°,
34.4° and 36.2°. This is because of the ZnO encapsulated
in PS miniemulsion. Thus, these XRD spectra confirmed
that ZnO were encapsulated in PS miniemulsion and
found on the cottons fabrics.

Zn0O coated catton fabric
3
LA
>
=
2 Pristine cotton fabric
E '
ZnC pawder
. N
T T T T T T
10 20 30 40 50 60 70 80

2 theta (degree)
Fig. 4 XRD spectra of pristine ZnO and cotton coated
with encapsulated-ZnO/PS miniemulsion.

3.2.3 Scanning electron microscope

The microstructure of the ZnQO hybrid nano polymer
coated on cottons fabrics were observed using SEM
(Fig.5). The SEM image indicates that the particles
presented well-define structure and having spherical
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shape. The hybrid miniemulsion had a good adhesion on
the fibers of cottons fabrics. The ZnO hybrid
nanopolymer prepared using miniemulsion
polymerization which was coated on cotton fabric have
the small size and high surface area. The small
crystalline  size attained is  beneficial for the
photocatalytic induced discoloring of the coffee stain.

.
Led Gipii4

G5

Fig.5 SEM images of loading 10%wt of ZnO a) 50x, b)
1,500x, ¢) 5,000x and d) 10,000x

3.2.4 Self-cleaning test

The self-cleaning properties of the encapsulated-
ZnO/PS miniemulsion stained with coffee solution were
examined under 11.6 mW/em?® UV radiation. The result
shown that the coffee stained on the cotton fabrics were
decreased when increased loading amount of ZnO from
1%wt to 10%wt. As demonstrated in Fig.6, the coffee
stain on colton coated with hybrid ZnO miniemulsion
containing 10%wt of ZnO were relatively removed under
11.6 mW/cm? UV radiation for 84 hours,
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Fig.6 The photography of the self-cleaning test under
11.6 mW/cm~ UV-A radiation for 84 hours. (Before test:
A-E, after test: a-e) when A-a) Pristine cottons fabri¢, B-
b) Coated with 1%wt Zn0O, C-c) Coated with 3%wt ZnO,
D-d) Coated with 5%wt ZnO and E-e) Coated with
10%wt ZnO.

4. CONCLUSION

In this work, the development of designing and
modifying of nano-ZnO particles were investigated by
using miniemulsion polymerization. The self-cleaning
properties are also concern. Then the hybrid polymers
were coaled on the cotton fabrics by using dip-pad-dry
method. The variation of the ZnO content from 1%wt up
to 40%wt in the encapsulated of hybrid polymer was
study. It was notice that the synthesis was successful.
However, the maximum loading of ZnO in the
polystyrene miniemulsion were 15%wt due to the break
out of the miniemulsion at the loading amount of ZnO
more than 20%wt. The hydrodynamic diameters of the
encapsulated-ZnO/polystyrene ~ miniemulsion  were
determined using DLS. It was found that the diameter of
the miniemulsion particles was slightly increased with
raising the polymerization time and with loading amount
of ZnO from 1%wt-15%wt. The hydrodynamic diameter
of hybrid nano-ZnO were in the range of 165nm-180nm
for 4 hours of polymerization time. The photolycatalytic
studied of the coated fabric with hybrid polymer
significantly show the improving in self<cleaning
properties with increase in the amount of hybrid polymer
on the cotton. The FTIR and XRD confirm the present of
the hybrid polymer on the cotton fabrics. SEM
micrographs show the morphology of the hybrid nano-
Zn0 at different ratios on the cotton fabrics.
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