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Research title: Preparation and Property Determination of Photodegradable Film from HIPS/TiO,

Researcher: Chonlada Ritvirulh

Faculty: Science Department: Chemistry

ABSTRACT

This research studied on photo-degradability of high impact polystyrene (HIPS) films
incofporated with photocatalyst namely titanium dioxide (TiO,). The factors affecting photodegradable
of the HIPS film were investigated such as calcination temperature of TiO, (300-500°C), an
incorporation of zinc nitrate into TiO, and amount of catalyst loading (0.5-2 phr). The films were
fabricated using solvent casting to obtain a film thickness of 50-70 pm. The photocatalytic degradation
of the films under UV A radiation (100, 150 and 200 hours) was preliminarily determined by hydroxy!
index (H.1.) and carbonyl index (C.I.). Discoloration of the film and mechanical testing were also
measured. It was found that TiO, doped with zinc mtrate did not significantly affect to
photodegradability of the HIPS films. In addition, it was found that hydroxyl index, carbony! index and
color changes of those films were enhanced when TiO, and exposure time were increased. This is
because TiO, under UV could promote a formation of active hydroxyl radical on the surface that
initiates chain scission of the polymer matrix. Tensile strength and % elongation at break of the films
were decreased, whereas Young’s modulus was greater. Furthermore topography from AFM revealed

an increment in surface roughness of the films when amount of TiO, and irradiating time were

increased.

Keywords: Photocatalytic degradation film, High impact polystyrene (HIPS), Titanium dioxide (TiO,)
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WIUNTEUIUMTYDYTRULALINANIT IS EUDIT LN W‘U’JWVIﬂWLﬂﬂNﬁﬁﬂmcﬁ ‘ﬁumﬂ%zﬂumﬁ

AeAufe Zn(NO,),.2Zn(OH),

90500 JUNTA [19] ANEINMIWAILIESIPADUAITIO SnO/X szaumln TagmsAny
a v a A 2 Y = P s 1 P
guuAlMII Wugurginsnfgaliudwa iranlnnuiisulaoenledivnalvg iy vagh
gUUANNSIHT 400 LAY 500 °C nanslszaniaminlenzazlofnfiniiguvnil 300 °C @IudNTWa

A . =) £ A =3 a g < =
YpIEI5190 Si0, 130 SnO, Muafovuiardnvedlnnudunlavenladlivinadnas uaznsido

Y
Harulunsdadinisinananuadlnnuilow

¥ Y g & ’ =1 o s ) a Y
NVDYAVINGU HIPS ¥159 High Impact Polystyrene Wulawotuessenianoda asuny

= a a @ wva a a aa =4 ' 9 Ya waa
tamzladu inannmsUivlisanidueanweddlas unlanuaaus asils iz idudainauise

1
a a

os Y = = ’ g o Y a a a Y
usaldun uazlianuiaguuindu siliilunaradndnwiaidovldluilgiu vazanilym

¥
Y

Tnomaluveanargfnnedasaaelden  aoddanu  deiuluaniselsinmsdanymsdon
4 o y LY N A { . ¥
aaemouaaues  HIPS  Aimsingthiluidumanebimunissosaalfisiin  laoldlnm-
s @ ' aaa t g @ ¢ da q y = = a a
donlaeenladiludnswlyaso suiluadusaideulniowininnidoulaoonlaniilse dnsnom
o) a g @ a a1 < 2L o o @ q v
Tumaluldlauemdadluszauge Hsmgn Januduwsd  sazamnsodinduinlalnla
S aca Y = A daa gqya a s 4 qw a a q YA w
uonuInilds wlfasenenadnaieiidonldne Sewonlsa Faldsz@ntownlndiReaduinm-
¥ ¥
Wevlavenlesd lunuidenishnsdsulgaiuiveddnmiiolaoonlasdogeoenlsn Ingly

aga Y A =2 aca IS a o =) d @ o
’J‘ﬁ@NLW?ﬂLH%ULW@ﬂﬂEWﬂﬁ%&ﬁW‘ﬁﬂ’lWluﬂﬁl‘ﬂuiWI@uﬂ@Wﬁﬁ@W@ﬂ'ﬂVﬂLuUllvlﬂﬁ)@ﬂul“ﬁﬁ‘ﬁﬁd‘ﬂﬁﬂﬁ

9
RS RIERITINT
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UNnn 3

MIANHUNUIDY

> =5 *
3.1 me;ua:m%muﬁﬂummmm

¥

1. woaalas uHANULTINGZUNN (High Impact Polystyrene, HIPS) insARAtug1l 486M

NVTEN A 1aea wiaFdn 31ne

2. Innuiienlaven’lad (TiO,), IN3A Degussa P25 YTEN Skybright-Chemicals 3119
3. danz@hunse Zn(NO,),, 1n3A 1271 UTHN Ajax Finecheme 31119

4. dhazaroingduinsamsni

5. msaraoasPIUdans Tudu 1000 ppm NTAANTIZH

6. nsnlalasngoosn (HF) INsAAIATIZH

7. lulaswiumal (Liquid N,)

@M15190 3.1 auUAUINUsZ N5V 9 HIPS

quif Styron' 486M HUY FEMmanaaou
ANUN UL (Density) 1.04 glem’ ASTM D792
, AsITHMI e 3.00 g/10 min ASTM D1238

) (Melt Flow Rate; MFR,(200 °C/5.0kg)

ﬂ’ﬂiJLL‘TJQLLD‘\‘IaQ WU YAUIN 25.5 MPa ASTM D638

(Tensile Strength at break)

AP0 U PAVIA 40.0 % ASTM D638
(% Elongation at break )

UNNNITODUAD 102 Lc ASTM DI525

(Softening Temperature)

AMUNULS A0 (Flexural Strength) 50.3 1 MPa ASTM D790

AITUNULIINTELUND 110 J/m ASTM D256

(Notched Izod Impact Strength ) [

Meme YoyannuiEn a1 inlinoa wldvn $1ia
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MmN 3.2 auliauelsemsves Tio,

e TiO, Degussa P25
ANBULNIINIGNN 35,
VHINDUNIA 21 nm
Gl M
nau 135
mmu?q*n%d 99.5 %
AufRas e 35-45m’/g
AN lumsazay N5 (HF)

MM Y0YAINUTEN Skybright-Chemicals $119

3.2 qUnsnl

J

1 U A odIuaywaaan

2. UNLUUUADNILINVUIA 16 % 24 ¢m

8.
9.

INTOIFICNILVVATAOE NATEY 4 @KUY 31 ED2248 ; UTHN Scientfic promotion
NNA

I3 09NIUEIT (Magnetic Stirrer)

15 0990A51 1B HA (Ultrasonic cleaner)

4

LAk

LY @

Aounadansililoen

I@UHNY (Furnace) iu F6010 U5HN Kerper boukvard INA

A0UAINTOY (Hot air oven)

10. lulpsiwmes

11.

13.

14.

inSoozaoulnuovwes nFumlnInsIWInsdiaos (Atomic Absorption Spectrophoto-

meter, AAS) S;u Solar M5 dual AA Spectrophotometer; Y5HN Thermo elemental 3119

a

R5eving (Colorimeter Spectrophotometer) ’D;'u Miniscan XE plus: UTEN Hunter lab

A

<o

A o o s A a s X
LﬂﬁENWMLSEJTVI‘5WHE’T‘N@SN@HW’]LSﬂﬁLﬂﬂI“VlSllmﬂ‘i (Fourier Transform Infrared Spectro-
meter, FT-IR); Perkin Elmer q'u FTIR Spectrum Gx
ﬂé’@ﬁ;am5sﬂﬁ§L§ﬂmammudaamm (Scanning Electron Microscope, SEM)

34 1455 VP;LEO
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15. 13 panATeueIny sz s (Universal Testing Machine, UTM) 3% LR 5K; US¥% Lloyd
Instrument 31119

16. Lﬂ?@dThermogravimetric Analyser (TGA) iu TGA 7 serial n0.519 N7031104 ; UTH%
Perkin Elmer 3110

17. Lﬂ?@\‘l Nuclear Magnetic Resonance (NMR) iu INOVA; UTEN Varian 3119

18. ﬂ%@ﬁ}ﬁ%i'ﬁﬁﬁuﬁ@z%@u (Atomic Force Microscrope, AFM) 2'1‘! AR MFP-3D

19. 1nTpuonH15oANWTnINTHABS (X-ray Diffractrometer, XRD) 31 D8-Discover; U5H"

Bruker 911

= = ¢ ¥V a v ad a % .
33 ﬂ1§m®ul°ﬂ‘ﬂ1!‘uﬂ3ﬂﬂ®®ﬂulc'tiﬂﬂ'.JUClNGﬂ‘ul‘ﬂiﬂﬂ]ﬂ')ﬁﬂYS@N!‘Wiﬂlu‘ﬁu (Impregnation

method) [13-14]

P = 7Y a Y ad a a aw dyo =
mmfﬂ“ﬂwuuﬂm"l@aaﬂ”lcmmﬂcmﬂ“lumsmmmﬁmswzwamu%uimmntJu‘m‘vrmm

Wuduves zn(NOy), 4 % lavluaves TiO, laoyinade zo(NOy), 02817 03y agaiuly

v g

v
o @ a a I a aa Y = o
Winduudlsulsmasiu 100 danaasnnduvsaaiun Tio, 10 05y (Vuzvealinullaln)

a

& E ¥ X - g | o
IUNILIING TiO, HH%Y LLélauﬂﬂaqumwQu 100°C 1iunan 2 #lue Mniuveassazany

’ 3 oy Y K ") .S ' 1 @ Y o 1
Zn(NO,), sioraziolUeuiig ) suasagaignua gaviodwuutu 2 dauwne fu udairthlld

g a a y = a S O
Tupgmida iowlue wnigunnll 300°C Laz 500°C 1ua1s 4alue
3.4 M5AGLUONANHIVDI ZnO-doped TiO,
a ¢ v = "
3.4.1 M3UA1ZHINTIA51INANYDY ZnO-doped TiO, [20]

M3 3N18H 5985 198N D9 ZnO-dope TiO, A0IATDY XRD (NIWA 3.1) Tins1z¥lag
M3BIANTU[ATE ZnO-dope TiO, Uszanar 3 nsuldaslu Sample Holder fiimstheianii
y 5.2 3 ' o A o o
WEouuaznadaliniueniuilidefsd Analysis Station 9014 Cu, Ky 1flunmaaduiasd

< o a ' ]
BAG 11101330 512 W97 26 310 0-90 degree



MR 3.1 15 0uendsdanuvsalnsdines (X-ray diffractrometer, XRD)

3.4.2 M5 THMYT Vs ZnO Midelu TiO,

MR ERmYSImYes a0 Mifel Tio, TavldinTesnzaoufinue e wiuemln-
Tnsalnd) (Atomic Absorption Spectroscopy, AAS) ﬁWﬁ’JLfﬁﬂﬁﬁ%U’l g o= ‘ﬁﬁf@ Zn(NO:‘)2 ﬁm%ﬂu
annzanes LlSuaasitedionses Aas lagldaenslanuaodul (HC lamp) danwdi
3.2 Tnoldaanynaaoui

AszualWveanaea HC lamp 4 mA
ANVOIIH AN 0.5 nm
T1ue Emission
waa v Air-acetylene

ﬁwmﬁ%mﬁéﬁmu‘ﬁmﬁazawmmgmﬁ’aﬂsﬁﬁu%’u 1000 ppm_ 13en1eRaniingu
dsuanududwilu 050, 1.00, 1.25 118z 1.50 ppm JeMmsganauuaiazaian wmAIFIU
(Calibration Curve) 5¥MI19AIAMIAANAUITY (Absorbance) FuAMdNTUmTaza0TT R
nniuioumsazatoiaetlasiénsalelasilgessn (HF) Uszanm 50-100 mi ifludinazaiy
udlSuanududueglugia 0.50-1.50 ppm mm‘fuﬁwmiazawé’hashaﬁm’%’Um";’@mms@@ﬂﬁu

nera A lAifoufunsvine s grniemanudutuesasaga1oi10619
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q' A a Jd Y] = p s
MWN 3.2 105090 ADNNNLEVYD I WEUAUNINIalnT) (Atomic Absorption Spectroscopy, AAS)
g af d ad 1 b . N
3.5 mavusaalasiSvaonuumeasazare (Solution casting)

1 Q) o
9197 3.3 paRdseneuveIiay

; © | HIPS | Toluene Tio, ZnO
qns IR
() (& (phr) (2) (phr) 4
HIPS o' 67.9 0 0 0
HIPSTi0.5 2.1 67.9 0.5 0.0105 0
]
HIPSTil 2.1 67.9 1 0.021 {0
HIPSTi2 4 67.9 2 0.042 |0
HIPSTi1(300) 7 67.9 | 0.021 |0 Calcined 300°C
F |
HIPSTi1(400) 2.1 67.9 1 0.021 |0 Calcined 400°C
HIPSTi1(500) 8.1 67.9 1 0.021 |0 Calcined 500°C
HIPSTi1Zn(300)* N\ 67.9 0.97 | 0.0204 | 0.03 | Calcined 300°C
HIPSTi1Zn(400) * 2 657.5 0.97 10.0204 | 0.03 . | Calcined 400°C
at y -
HIPSTi1Zn(500) * 2,1 67.9 10,97 ] 0.0204 0.03 | Calcined 500°C

aa S ¥ .
MuIEve  gashnidl © 11151 ZnO-doped TiO,
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1. MRS IUET Oz IINDRNOT

v g ¥
Fasia HIPS mumss urlugaiiazainlngdu 30 n3u ilunai 20 $2lus 91niiu

o y | s < ' o g =y
WinstluniumsazaiedianieanIuaIsniinaus 159 300 soudo IR 15 WA
MINIMG  gA3 HIPSTi0ZnO 1%Ingdu 67.9 nSu

2. mawmsondusagnsonlulngau

Hara Tio, aslugaiiazarnlngdu 37.9 nsu danmauz dewdarsdlaliinsg

v Y A Y a IS p=}
NSLAUAINILIATBI0AAT U NTUIAT 15 WIN
a J @ 1 aaa
3. FHSNETN’CHﬁﬁ%‘,fﬂEJ‘WE]@LIJE)Sﬂ'U@'.]LﬁQ‘L'QﬂSU"I

o Y Yy o 6 A ¢ Y ' vy Y o
Wasidandedn 1 masludnneiidensten 2 og lnemedda aurua udala
) o ¥ v A v 2 a = ) a g <
MUz AU I U UAEIATEINIULUMANNAWS 1501 300 SoUADMIMIWIA) 24 214
o o 4 @ a I~{ = ;’f Qy < p=} U o o
whesazaenldlidnasegans laintiunal 15 WA danalitdunar s wd nsuiillviins

WADLUU
v a)
4 mMsviasluuNay

v q Y = o = Y 1 Yo

ﬂaul%awsazmwsamswammmmsvmaaa ﬁ?ﬂhﬂ@ﬂ@1ﬂ1ﬁﬂ1ﬂﬂu1ﬁfﬂﬂﬂ@@ﬂ
] ' ) S d oA v ' = (LY v
fow menswavaslusiuuuvaeylfriouiviinnnizenudildosingsuszivoediemns lug

a

o g @ ' VoA ° o
aaniuduna 24 1l lduinvuvaodidduudnildevlugdeviigunni 100°C 1unm 8

&Y

#2709 uA¥IMTUNE LA AN DN INLN LU
Var o3
3.6 Manaaoslasmanieuainolassd UVA

fauruauareialilivua 15x12 em’ ldaslundes UVA Gihaues) Taondesdivuia
nAaxe1axg 1 34x72x30 cm’ Moluinaensad UVA 40 Watt 817 60 1u@iag 195031y 4

@ P o I @ : oA '
naen awaasluning 3.3 Tashinsaiouaatluna) 100, 150 uag 200 F2109 GauEuAdan 1 uHy

2185 ULAI9INYAaDA UVA 91191 4 ¥a09 100l 2 oy 193eniausuiduiuvasn UV 6 cm
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v v v
MW 3.3 ANHUYNITINTFUINULALIZIZNNUDIFUIIUNLWADA UV

3.7 MsAanzHauRvesvlan
a 3 1 < a A
3.7.1 MINANZHHUADYY ZnO-dope TiO,

M3ARTIEANTIAFY ZnO-dope TiO, TnamadaWiSosnsnuvesdsuwnsaanlnins-
o101 (Fourier Transform Infrared Spectroscopy, FT-IR (miNi?i 3.4) il uies sulduidmszd
wimyilaiFuveams Tnonyilaiduve dansioenladasindinn 450 om’ Fuilnufinves zo-0
Stretching [21] Laglnnuiisilnoantadatuding 1097, 1031 em’ FuihiNaves O-Ti- Stretching

' 5 P AL 5 P
HazNavAaN 469 1az 538 em FUNAILDIRINMITUVOINUEY O-Ti-O Bending [21]

M 3.4 YBosnsuresourusamalninsalnd
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3.7.2 M3TAMABHAII VDI (Carbonyl index) Moz MA¥H 1ansonFa (Hydroxyl Index)

o o) & zd' Y a o [ o s o =Y ;’,’ U d'
Wildunldninisinsizimvygilanduvesnsvoaila Nnoumsud waziion o
v @ o a Yy A ) a v
UvAlduds 100, 150 uaz 200 %2lus Iaeshmsinszileolfinios FT-IR Wumatiansdziou
YOIA WS IR FIUAVAAU 500-400 cm ' MIneAnNSUNISYANAN (Absorbance) Inaidoniai 1715
- 8 o o = ' a a A B = T a ' S A
cem’” Fefudinmisdavesnyasueia uazfinh 1452 em” 1 Wuiindenis vees) C-H uaziind 3445
< g a [ = Y oA a ' v o« a
cm’ iufinvoamsdeusnylansenda mwisommasiiasueia (C1) uazmawiilensenda
(H.L) Al

__absorbance at 1715 cm™?t __absorbance at 3445 cm™t
~ absorbance at 1452 ¢cm~?! " absorbance at 1452 cm™!

3.7.3 MINATOUMISUNIINN [21]

o o & = 9/3 ' @ =) . Y A
‘mﬂaummm‘lﬂmﬂ@uuawwaamaum‘lﬂ‘nﬂaauusam (Tenstle. test) ﬂ’JULﬂiEN

wﬂaauamﬂﬂs aad (Universal Testmg Machme UTM) MUNIAIZIU ASTM D882 (m‘vm 3.5) Tng
!GlﬁEJllGIle'I‘LlLLawﬂ?ﬁi&ﬂﬁﬂ']?“’tﬂiﬂﬁ‘ﬂﬂﬁ@ﬂﬂﬂu

YUY Y 15%80 mm’
< =3
A lumsag 5 mm/min

AIINYIAUND (Gauge length) 25 mm

ALsegagannIoesvla 100N
. X\ % 2
S nuineaou 10 3

MAN 3.51A509NATOVBIUNYIZ TR (Universal Testing Machine, UTM)
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3.7.4 Qmﬂgﬁﬁuamv&h (Decomposition Temperature) [21]

o s 4 a -y o a o aa o A i X
Wauiesonldgnillinsizdmeuuniisuaaiods laoin3es  Thermogravimetric

)

=) =)

= & o @ :‘ @ 4 P Yo 4 8
Analyser (TGA) (mw# 3.6) Faazshimsimbminiguydeliiioldasuanuiou vaznananaly
v ' ¥
a £

Y [ ' b4
sivouhmiinfigdoiuguuginmuiu Taeshnsiinsiziiianiizeail

v

o v a) d

Wninwdu 7-10 mg
RN 25-700 °C
[ q Y v s
9A51MT IANNT oY 20 °C/min
SRTINMTEUA 20 °C/min
uiernld N

WA 3.6 17504 Thermogravimetric Analyser (TGA)
A

3.7.5 g IUING (Morphology)

g .

Tuaudseilldld  sEM  #nwilaseadameganiaiegningzaiodvedus slgnse
Tnomsihurudlauies vldlundazgasmndaldilduun 13 on’ uslululaswumaaiune s
Wi mnummsinsununeldlulasaumay hauaulliinsndeunes (Gold Sputter)
phiuaiidlUSins s annies SEM (nmil 3.7) dreldsidevens 10,000 11 laggminada-
mwwm%mm;ﬁ@@mﬁﬂszmﬂﬁwmﬁmﬁaﬂﬁﬁ?m uazly AFM @ﬁuﬁwaaﬂﬁuﬁaﬁmmms

v Y o & y v o & v oja ¢ Y &
TANYNINIBLLE Iﬂﬁ)ﬂﬂ“ﬁﬂ\ﬂﬂ‘ﬂﬂjﬂ 2x2 cm HadHIvUHIIUY lﬂ?LﬂﬁTZﬁﬂjﬂlﬂiaﬂ AFM
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511 3.7 ndoaganssmitianasoULLUEDINT 1A (Scanning Electron Microscope, SEM)

3.7.6 MINATHINTITI9 [22]

a e d’l YV d’ <2 =
TuauIteilalenses  Nuclear Magnetic - Resonance (NMR) #NHIBUAVDITT
o a 1 kY o a ay o ar Y . @
Wlﬂﬂmﬂﬂ'ﬁU@Uﬁﬁ']ﬂﬂ?ﬂuﬁﬂﬂﬂﬂ?ﬂﬁﬁﬂﬂﬁﬁﬂ”tﬂ“v\lﬁll“ﬂﬂ?‘uﬂ’lSﬂTULL’dQLL’d’JLﬂ‘L{L’]ﬁT 200 ‘H’JI’MQ

¥ < 9 % =} < Y a a o ﬂ’ll n’!’ o ] a &
ﬂ?ﬂﬂaﬂiiﬂaﬁui%na'ﬂuﬂ'ﬁﬁﬂ@!WUQLaﬂu@U (2-3 1UIN) VIUIU 2 A5 mﬂuuﬂimiﬂﬂﬂﬂau.

1 o v o o = = 3 @ o
Imdoudninmssumedaingmuazhldonfiguugi 60 °C Wunar 6 $lus udnililase
JIATIZHAAT DI NMR (210 3.8)

:; A a g a a J a o
NN 3.8 LﬂsE)Q’JLﬂ‘i'l‘éi?iu’JLﬂﬁﬂﬁLLNﬂLUﬂﬂLSI“MLuu‘H
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3.7.7 mstagunilasd 23]

' ¥

Tilduiins onl@enounasndmiouas UVA w13nsizdmsaoundasdueaiidy
&10938930F (Colorimeter Spectrophotometer) fanaasluniwii 3.9 Tagan1iz /2o L*, a*, b*
3m’5wzvﬁ@fwhms‘iﬂﬁ@‘immsgmuazﬁmnmmgmmﬂﬂmﬁ’yaa iNoa$19m11A 5§10 (Standardi-
zation) MM S ALY o UnaRnfuTRo g ndIRIouas UVA 1mTus i
MIAIANUIANA1989T 10590 (Total Color Difference, AE) 31ngns AE = (AL’ + Aa’ + Ab")"”

d’ c; =) A =1 ] é v d’
mogMsdoulowesdnioiounnmues L*, a*, b* a3gldainaini 3.10 g
< [~ o o < I~ =1
L = 0 9zupuAwmiuda L = 100 9z w0 aruau
B 1 =1 =9 =1 =l =1 =Y o 3
a* 3a1 + dzldlunamaveadung a* A7 — a1 Iuirmaveadive)

¥
b* DA + a9zl lunemiavesdinges  b* a1 - dogldlunemisueadinduy

MuA 3.9 19500300 (Colorimeter Spectrophotometer)

L=100

MNN 3.10 MsilSouioud 23]
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UNN 4

NanN15 Ik

audtvihdumamsenildy  HIPS  awnsodovameldmionasiiunszuanmslngldaons
Ugnsemanasdrglnnuiionlasenlad (Tio,) Taoiinsls Tio, Agnisniigungiiaiee fu (300-
500 °C) M3 1% Tio, ludFuma1aq /i (0.5-2.0 phr) wazmsly Tio, HYNNBAI8 Zn(NO,), (ZnO-

aa | a = a o 1 a 1
doped Ti0,) #2835 MIHIAMUDLNY (Dry Impregnation) Ineia3oufay HiLmALAMTHEDLLY

AEN5ALATY (Solution Casting) IANAUNUIYT LU 60-62 um 9 A151471 4.1

o g al d
M519% 4.1 1131903A13ENB VAT VAY

gas TiO, U330 Tio, (phr) ANUKUT (um)
HIPS 3 ; 62 +0.71
HIPSTI0.5 05 60 +0.79
HIPSTil Non-Caleined 1.0 61+ 0.61
HIPSTi2 2.0 60+ 0.72
HIPSTi1(300) 1.0 62 +0.53
HIPSTi1(400) H Calcined 1.0 62 + 0.45
HIPSTi1(500) 1.0 62 +£0.25
HIPSTi1Zn(300) 1.0 61 +0.64
HIPSTi1Zn(400) ZnO-doped TiO, 1.0 61 +0.36
HIPSTi1Zn(500) 1.0 61 +0.33

4.1 auvAmeaNi3ou (Thermal properties)

=Y @ a Lt v [l ] ol [ i aaa @
msAnmIguvgiimsaatedd (T) vosdduilduazhild Tio, Wudnsslfnselaely

11384 Thermal gravimetric analyzer (TGA) AIM15199 4.2
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M99 4.2 QuUNNMIAa10§IV0INAY HIPS

T, (°C)
Sample

onset peak
HIPS 375 407
HIPSTI0.5 382 408
HIPSTil 393 412
HIPSTi2 393 414
HIPSTi1(300) 385 409
HIPSTi1(400) 390 409
HIPSTi1(500) 389 408

a 1 ay d A a “ =] aa @ 1

91NA15190 4.2 wNHan HIPS My Tio, Jgamgiisuaaisd (onset T,) 1100

Wawnlulinndy Tio, madiufaaineyma Tio, aadundiuanusoulidiumie ildife
v aq a p--} g ' < 2 a '

mswulawazgunllumssudvannldings ednlsheawmsimvdSue Tio, luw 05-

2.0 phr lidanaromguvniisuaaisdd Taolunmswilay HIPS Hilmsidy waglilins@u Tio,

)

QUUANNT AT INTAUAIGIgARINAIREITU 0f w21 407-414 °C

4.2 M5ANVINAVDIQUUITIUMSIN TIO, Wazn1514% Zn(NO,),-doped TiO),

e ) sy a) ¢
NinaneanUAUDI AN HIPS
=) < lu < ) <Y a
4.2.1 msaangabenanbaivedlnmisisilavenlwaaiumaiin XRD

MNMIATEY. TiO, 1Az Zn(NO,),-doped TiO, NHIMNITIHINQUNYE 300, 400 LY
500°C wasvigItiendnpaidimalia XRD ldwadaninh 4.1 anamA 4.1 () gUuvu
E4 s 3 ' ' [
MIBouDUVRITIFDNG YT TIO, WO Ti0, RiWrmwmsmiAafidfyegn 2530 iy

=) @ @ o o & o =) @

AAndnued TiO, uaasigmardnuuUesiIme uaziad 27.4° Fuiluinvanues TiO, uanag
@ = J v g

Fgmawdnuuuging mwil 4.1 () UuuuMsAriDNYesIF@ioNGuDa TIO, calcined 300 °C

¥V 8/ T
WONAANTNDI TiO, NIIgMANTNLUUBEWINE LAz IgMARTNLUUFING Sansduidwmuuay
) . v ' b4
uananaNiuinudNvesin  JlavdnAaeguunlumsrnuiy - anuduvesiinigna
' 4
HUUDZUUNTVIRLTY [18] uaasigmnedygiuues Tio, nataillu Tgniandniuyezuuna
d%’ ' < q o oA o Ao w A @ . ¢

wmnn eolsimuna lumasdudniliieidwglumsnldewnlasigniaues Tio, Tuawm
a o dﬁl Y @ = ] a o Y @ =K [l &
Wotlldarlumswt 5 Fluedemanolaezinnnuly il Tgaiasanuuvezuumadiuni

= 8w = < Y Y A o = s 4 =
Waswdluigmandnuuug nd danalianuduvesiaigniandnuuug Magalu 2w 4.1 (a)
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& o =g o o ; )
JlnuMsiBenunveesefiondves Tio, MIoAIW Zn(NO,), MHIT 300 °C (HIPSTi1Zn(300))
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b = H_.-__-{ 1
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