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ABSTRACT 

This research studied on photo-degradability of high impact polystyrene (HIPS) films 

incorporated with photocatalyst namely titanium dioxide (TiO). The factors affecting photodegradable 

of the HIPS film were investi gated such as calcination temperature of TiO z (300-S00°C), an 

incorporation of zinc nitrate into Ti02 and amount of catalyst loading (0.S-2 phr). The films were 

fabricated using solvent castin g to obtain a film thickness of SO-70 )lm The photocatalytic degradation 

of the films under UVA radiation (100, ISO and 200 hours) was preliminarily determined by hydroxyl 

index (H.I.) and carbonyl index (C.I.). Discoloration of the film and mechanical testing were also 

measured. It was found that TiO doped with zinc nitrate did not significantly affect toz 

photodegradability of the HIPS films. In addition, it was found that hydroxy l index, carbonyl index and 

color changes of those films were enhanced when Ti02 and exposure time were increased. This is 

because TiOz under UV could promote a formation of active hydroxyl radical on the surface that 

initiates chain sc ission 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 Ti02 . and irradiating time were 

increased. 
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3.2 Ifl~tl-:Jtl~\9Itl:lJ:iJ m!tl'lJ'litl{'V'li'U nltJfll'Vl 'j n lfllJ (Atomic Absorption Spectroscopy, 

AAS) 28 
" " 3.3 ~flEJill~ nl'j 11-:J;'U -:J1'U!W~'5::;tJ~ri1-:J'Utl-:J;'U-:J1'U n'lJ'I1~ tl<Pl UV 30 

3.4 'Vh~tJ{'Vl'j1'U!'Y'ltl{D'Uyj11'j<PlmtJfll'Vl'jnfllJ (Fourier Transform Infrared 
" 

Spectroscopy, FT-IR) 30 

3.5 Ifl~tl-:J'Vl<Plntl'lJtll'UfltJ'j::;n-:Jr1 (Universal Testing Machine, UTM) 31 
.d 

3.6Imtl-:J Thermogravimetric Analyser (TGA) 32 
91 <Ie:. c::: I 

3.7 fl[ltl-:J~~'Vl'5Hl'Utl!~fl\9l'jtl'U!l'lJ'lJntl-:Jm1<Pl (Scanning Electron Microscope, SEM) 33 

3,8 !f1~ tl-:Jl!ml~t1ihlfl~ tJ{U.JJfl!'U~ fll'j l'lill 'U 'Usf (Nuc lear magnetic resonance, 

NMR) 41 
~ Q.I old 

3.9 Imtl-:Jl<Pln (Colorimeter Spectrophotometer) 42 

3 . 1 0 fll 'j !tJ~ tJ'lJt'Vl fJ'lJ it 43 
:v 

4.1 ~ tJU'lJ 'lJ fll 'j!~ tJl!'lJ 'U 'U tl -:J f -:J it dJ flsf'lJ tl-:J Ti02 38 

4.2 fll'V'lI'l<Pl'Ull-:J'lJtl-:JVlci':lJ HIPS/Ti02 ritl'U!l[l::;'I1~-:J!~tl~ltJ Zn(NO)2 ~nl~-:J'UtJlfJ 
10000l'Vll 41 

4.3 mtJfl'Vl'j1'Utl-:JVlci':lJl'llmil-:J HIPSTi 1 ritl'U-'I1~-:JmfJlln-:JtJlltl 100 ill:lJ-:J 42 
" 

4.4 n:lJfll'jfll'jnmfJ19il'lJtl-:J HIPS 43 
~ 

4.5 ml:lJi¥m~'U1r'5::;'I111 ~ Al Hydroxyl Index n'lJllml'Wnl'jmm!n-:JQlltl'Utl-:JVlci':lJ 
OJ , 

\9IltltJ1-:J 44 

4.6 ml:lJi¥:lJ'W'\.!1h~'I111-:JAl Carbonyl Index n'lJnml'Unl'jQ1ml~'-:JQlltl'\Jtl-:JVl~:lJ 45 

I'lltlV1-:J 

4.7 A1fll'j!tJ~tJ'U!!tJ[l-:Jit 49 

4.8 fll'V'lI'l<Pl'lJll-:J'lJtl-:JVl~JJ~n1~-:J'UtJ1fJ 10000 !'Vll 50 

4.9 m1:lJi¥:lJ'W'Ulh~'I111-:Jrh Hydroxyl Index n'lJllml'Unl'jmmtn-:JQ~'htl'lJtl-:JVlci':lJ 

51 
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4.1 0 mlmr~~\J'lj'J~'l1'h:jfil Carbonyl Index n'lJnmhJnl 'J'Q lt'Ji!j;1'-:J~l!€J'UD-:JVl~~ 51 


~dDU1-:J 52 


4.11 fhnlmJ~t'J'L.!UiJ~-:JiY 53 


4.12 NMR miJf)'V1i'~'UD-:J HIPS nm..!mt'J!w-:Jt'JllD 53 

" 

4.13 NMR miJf)'V1i'~'UD-:J HIPSTi2 'l11:1.:Jnl'Jmt'JUj;1'.:Jt'Jl!€J 200 911 1~.:J 55 

~ , " 

4.14 1~14~d'UD.:J YM~nmw[j~'l1~.:J'Q lt'J!W.:Jt'J1W 200 91Jl~-:J 
" 

4.15 mJiJ~lo};-:Jf)~'UD-:JVl~~~lJiJ~:IJltU Ti02 0.5-2.0 phr nD14lW~'l1~N lt'Jllb1'-:JQll€J 56 


150 ~d1~ -:J 
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'U'Yl 'Yl 1 

'U'Yl'W 
o 

1 

, • I 'J} 

t{1tl-11l1 n~ 1'W 1'W ll:J:;;'lf1m Vit vhJ:lJlnoli'W 'I'11111~ n1lm 'JlJ I'iVl'l 
~ , , 

'lf1~:lJl noli'W t~mri:1111'Yl hH'Jl m 'Ii 'J 'JlJ'lf1~~<fI~~tlcil-1'J 1 <fit 51 ~~'J)~ nl'J A<fIr1 'Wu~:;;vr\?}j 'W1 iY -1 Vi ~1:lJl'J I:) 
, v 

'I'1<f1U'Yl'WYIi'Vl tJlm 'Ii 'J 'J lJ'lf1~'J)9i-1~tlVlm~~ n D1l 1lU~! ~b -1-11'W tl~ ~1'VI m 'JlJ Yl-1'U'W l<flt~ n 'U'W l<fl nm~, , 

U~:;;'U'W1 <filmy 'J)~il~~il~i1rucvll'il-1'l ~~Vlm~~m~ 'W ~h'Wll'J:;; n tl'Utn<fl~'WI~'W ~1'W l'Wl-Jl n t'\~ tl~ 1l:;; 
v ~ ~ 

Di''lJ'lh-1D~lJlrutl~:;;flrufllVlll1!~'WiY'Wr11'lflJ<fI19i1~'l IGJf'W I:)WI~l~~n 1~:;; dl1~ 1l11'J'W1 H~:;;'U1<fl'W1q. , 

:!II , 'j/ • • ,
'I~-1 'VI ~ 11'J Vi 1):;; In <fI oli 'W 5'W t{1 tl-1lJ 11l 1 n n 1 'J '1J 1<fI n 1 'J ~<fI n 1 'J Vi~! 'W J)1'W I9i 1-1 "1 1'lf'W 

nl'J <D<fInl'JJ)l'W ~ -1U l<fl~tllJ'VIr tl'Utl-1I~I'J~1l:;;tn<fl~'W [1 J 1l1f)fn'J~Vlm~~ ncitll'J~ml'JlJ)Vlnrcttl-11l1n 
1'I~ 1~~mh'Wlm1-it~'Wy.lm~~fr«~tm1:;;"fnil1l:;;titll'J'(1'ml'Jl~~n~ 1 300-400 11 ~n~-1'Vi~l~~mh'W 
lm1-i t~ 'W '(1'1'J D 'J:;; n tllJ lel 1<f1 'J fIl {'U tl U~ citll'J~ml'JlJ)1'J1nu~:;; l'~" 1'(1'~ n'Ul-1'lflJ <fI iJ~! ~tll'Jl'itl nl'J I n<flDfin~ 1'J1 

l,fllJ 'l'llll1~tlll'Jtl cilJ)'VIm I'JftlI'J1I~-1t~'WDrum~ tll1l ri ~~" m:;;'Yl'U'J 'WU 'J.:]1'i tl~ -1U l<fl~tllJ nl'J t~1'l'11ml'J 
q q,J U q 

'I"Im'(1'~n'(1'l:lJl'JI:)\1ncitJ(mml'JlJ)'VIml'Jl] tGJf'W [2J I . Vlm'(1'~ncitll'J'(1'ml'J'Yl1~n~ (Mechanical Degrada­

tion) 2. 'V'Im~~ncitll'J~ml'J!<fII'JDBn~l'JlleJ!<fI'Jl,,9i~ 3. Vlm'(1'~ncitJ(mml'Jl<f1I'JDfin~1'J1tltln9it<flotl'W 

4. Vlm'(1'~n~titll'J'(1'mI'J1J)'\'1l-19hfllVl (Biodegradable Plastic) 5. Vlm~~ntitll'J~ml'JlJ)J)lI'JU'(1'~ (Photo­

degradable Plastic) 

v , 

1'W ~1'W1<DI'JtJ 'I'11nl'JftnfnVlm'(1'~ntitll'J~ml'JlJ)J)1I'JU'(1' -1 (Photodegradable Plastic) t{1tl-11l1m~'W 

lTIrY'd~~IJ)i''UflJ1lJlJ I'JlJtl til 'WD il1)U'W U~:;;U'(1' -:J iJ~!~'W'Yl i'VlI'J1m 'Ii 'J 'JlJ'lf1~~IJ.J~l'W 'VIlJ<fIID ~n~~ iJ~~ 
" q 

v , , 

1l ;n~ Vl !<fI1'J1'W -:J1'W 1<Dl'JtJtti tln1%1'Yl'Yl1t tJl'JlJl<fltltl n 195~t~'W~ht~ ~Dfin~ 1'J1'l'11-1U ~ ~ rwtl'lhmVllJ 

D'J:;;ir'Ylll.fll'V~l'W nl'J citll'J'(1'ml'J'1Jtl-:J'I"Im~~nJ)lI'JU '(1' -:J t~ tl-11l1nl'Yl'l'11t tJl'JlJI<fItl tln195~~D 'J :;;ir'Ylllfll'V'l!'W 

11 i'J t~'Whn~ufI~ 1il~~1'W 'J:;;~lJ ~ ~ lJ'J 1flltl n iJflJ1lJt~'W~'l:l~ 1u,,:;;mlJ 1'J t1'W1n~'UlJll%1~ 'VIJ.J [3) 
'IJ " 

, , 

tl:;;'Wlt'Yl'(1'~llJl'J tl<fl<fl nti~uw -:J 1'WGJf1~flJllJl'JlJflti'W\9'hni1 384 'W l!'WtlJm U":;;IJ)'I'11nl'JDi''UDH~'WN1 
" q 

'1Jtl~I,\'1'YllttJl'JlJl<fltltl nl95~lPl'll'J9i~rltltl nl95~~l'Wm:;;'U1'W nl'J BlJn~ 'Jflt'Wotl'W (lmpregnation Method) 

t~ tll1h V'UI Vi I'J'UD'J :;;iY'Ylll fllVl!'W nl 'J titll'J~" 1V'U tl~'V'Im~~ n 

v 
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1tan 5~ l'VHl ~!JJa {~Hf11.J aciVl nl\:j~n1~ '\IW ~bf'llPl~1.J U\d1!~ 1.JYW ~!JJ a{'If'W~'I1d~~ 'W tJJJ'l~ 

11.J m5 N~IPlN~lPlilru q{1'11~"l !Yn1:;:;iim1JJU~~U~:;:;1bf' !!l'1iim1JJ!U51:;:;i'tJ!!5 ~m:;:;u'VI nlli~ ~~ii m5'WWJ1.Jl 

wa ~ bf'llPl~1.J '[11a ~'l1.J t U'IJ a ~1"l a~ bf'llPl~ 1.J'lf'W ~'VI1.J 1'1 am ~ m:;:;u 'VI n~~ (High Impact Polystyrene, HIPS) 

~~ !1I1.J m5'W 1tJ1~ ~~!m 1:;:; rH:i1'VI:;:; l~a1.JJJl vhuBn~ tJ1f11J wa ~ bf'll'}~1.J111t n~!lI1.J lf1 wtl ~!JJa{ 'Vl1l11ii 
v v v 

bf'JJtJ~'VI1.Jm ~ m:;:;u 'VI f) ~ ~~1.J!!~:;:;iim1JJ tl~'I1~1.Jl'f1~~1.J Ul'1iim1JJ~1.J!n~~1.J [4] 1'11tlci1~m5'W1lU 
• v 

H~11.J'I111U !'lI1.J 'lJl~ 1.JJJ!U~ tJl 1'll1.J!~tJl n1Jwmbf'~n~~!m1:;:;tfril1.J1m)) HIPS '[~Qru'l1JJm1.Jm5 

citl tJbf'm fJri ami'l ~ bf'., ~ u~:;:; nm'[1.J m 5 cia m'1'mtJ1.J 1'1-! 

V >' 

I'l~ 'I!1.J ~ 11.J 1~tJii ~~l'f1ftnln m 5 ciatJbf'mtJ'f111J!! bf' ~'IJ a~'Vw~bf'llPl~ 1.J'lf'W ~'VI1.J 1'1 aU5 ~ m:;:;u'VI f) bf'., ~ 

!~aftmnm5 cia tJbf'mtJ'f11 tJU bf' ~ (Photodegradation) l'Uyh)JJWai'l bf'll'}~ 1.J'lf'W~'VI1.J!!5~m~l!'VIf) 

~~ (High Impact Polystyrene, HIPS) 1~tJ'lilm~l!'wtJJJ1~aanlC)i~!~w;hd~uBn1tJ1'VI1~!lbf'~ 

• v • 
.c:::t cl ... I~t" 9J 0.:1 I 1I 9J 0 ~ d' G'::IlIf 9J 

Y1tllfYi 2 m5'IJ1.JtU'''l~JJ~ltJTlim5'11~aU1J1J~ltJm5~:;:;~lfJ (Solution Casting) l!~11.J1l"l~JJ'VII~ 

lumtJl!bf'~ UVA 

f1tll!~ 3 m51!m1~r1bf'JJtJ~'Ua~:W~JJ 
Q.I I cv d d' Q• 1~m~'lf1.Jm51Ja1.J~ (Carbonyl Index) 

• 1~ri11'l'lfi11tl~5 ant]~ (Hydroxly Index) 

• 
• 

• 5t\!~11.Jl'VlfJ1 (Morphology) 

• m5 !t1~tJ1.J!lU~ ~ir ­
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1 . !cU'1liJ ~.:) m'l!n~ f)1 'J! n~t1 fin1 tl1f)1 'J UD tlrrm tl'V\l.:)!!rr .:)!!~ ~1J ~ <Dtl~iJ t:-l~~ D f)1'J UD tlrrmtl'U D':) 

Vl £lJ 'W Dtlrr'1l9l~ 'U'lflJ~ 'Vl WI 'J':) f)'j ~!! 'Vl nrr.:) ~ t:-l{1'lJ 1Pl1tl!'I'1 'V\l!{1 tllJ!~ DD n!9!~ 
'U 

2. 

t1~':)'WDtl!lJD{'lflJ~~'U"l !~ml11'lhhtl~~1Jt1:! rnm1~1~ njD'U1'U D'U 1f119l~!n~~ 1nf)1'J cJDtlml1tlllPl!J1n 

'U D':) 'W Dtl!lJ D{~ iJ f)1 'J 1'*.:)1 'Ulw 1J1l 'i11!. 'U 

... 
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U'Yl'Yl 2 

2.1.1 't'i~f)f)l':i'UeJ,::jtliln1m1yffflllflvn1i:lclftl (Fundamental of Photocatalysis Reaction) 

m~lJJ'W fn'J lv11~U'f1~11~~n (Photocatalytic Process) t'LI'W fn'Jri ;')tl~n~tJll~tll~It'f1m­

~'rfl'l (Catalys t) ~;')mJJl'JtI'Yl1'11tJ1~lll'W\?lJd;')tl~n~tJl1<1l 1~tJn1'Jm~~'W Catalyst <IlJtlmH~;,)'il~ 

111rn! 1~'liJtI~~'W";,);,)1'Wm~~'W'\Jtl;,)fn'J!n~tl~n1tJl m'W~ 2.1 !I'rf~;,)fn'J In~tltln~l~i'W (Oxidation) 

'Utl;,)'rf1';jV'W'l'1~cJ~lj!l{j~1:Jlj Catalyst l~tlm'V'l~ 2.1 (n) U'rf~;,)'W";,);,)l'Wm~~'W (Activation Energy, E) 

'Utl,'jtl~ n1tJl~1:Jlj Catalyst ~ ;,)lj'fhJJln U~ ~'W";,);,)1'W'Utl;,)v-l~~i1W9"'il~~1 nl1'W";,);,)1'W'Utl;,)'rf1'J V'W'l'l~ cJ 
v , 

'V'l";,);,)1'W m~~'W-w 'il~~~~;')1'W tl~n~ tl1'ViiJ Catalyst (m'WYi 2.1 'U) G;,)UJJ11'W";,);,)1'W'Utl;,)'rfl 'JV'W'l'lJ cJ 
v , " 

iI Cl~ Yl~~ i1WcyftJ;,)'f1;')!'Yi1!~JJ Catalyst -W 'il~ I'WJJe)~ 'J1!~ 1'\Jtl;')tl~n1 tJll~ tlfn'J{j~'W";') ;,)1'W m~~'W Bm1,'j 

~~h iJ' W lO -,J ~;')~ tllJ (l'W tl;,)~ tl U'rf;,) ~;') n ~11 fltl 'il~ln~ fn'J m ~~'W1<1l1~tI fn 'J ri1m~ ()~'W";,);,)1 'W~iJJJl n nl1'W";,) ­

.:.I11mlJ1.ll'lllntl (Band Gap) 

>­ Initial organic 
~ Concentration 
c 
'" c 
9 
iii 
.~ 
ti Initial organic 
<{ 

Concentration 

Oxidation products Oxidation products 
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Q ~ I d Q,I a 

I) llfl\9l1m'(\9l 19fW i;ll,;)fl~\9lTW1 (Semiconductor) 

~ " 
Photocatalytic 'W'W 

I Y. ')I 

'V'l~~~1'W11'~\9l'D'W (Photon Energy) 1Jlfl'V'l'D.yj'il~'vhtlfif11!'Jl~'Wt~ cJi~'V'l~~~l'WlP1~flciTJ.w l~fJfll1 
y 

'V'l~~~1'W m~q'W (Activation Energy) (),11Jl,;)i:lf11'Wlru'1~'il1fl(),lJ fll';) 1'i'Dttl.w 

E hv he/A (2.1 ) 

'" ~ ."

E fI'D 'VH1~~1'Wfll'D'W\9llJ (Quantum energy), ~n 

d I ~ Q.J d ~3 4 <::::it. d 

H fI'D fI1f1~'Vl'U'D~'V'ln~fI (Planck's constant) (6.625xlO · ~n-TW1'V1) 

v 

d d dt 8 Qc1 

e fI'D m1lJln'U'D~fln'W1l6l~ (2.997xl 0 IlJ\9l,;)/l'Wl'V1) 

~~i1fJl (fl1'V'l~ 2.2) 1~'W ~(),'W1 'ill'W m:;;'l.Jl'W fll';) 1~1\9l11fI\9ll'1n~ fl fl11lJ fJ11f1~'W 'U'D~lm~5n\9lf1'111m~\9l 
'" 

(UV) 'D~l'W Glh~ 100 - 400 'Wl1WlJ\9l ';) ~111f'l.Jm1lJfJ11f1~'W1l6l~~fI'WlJ'D~I,1'W (Visible light 11~'D 
" 1l(),~'U11) mil'W 'lf1~ 380 - 750 'Wl1WlJ\9l';) f~i1fJl.w U'l.J~'D'Dfl'1~I~'W 3 'lfl~ ;)'D

'" ~ '" 
I 

I) fI~'WfJ11 (Long Wave UV, UV-A) 'D~l'W'lh~ 320-400 'Wl1'WllJ\9l';) 

2) fI~'Wflm-.'J (Middle Wave UV, UV-B) 'Dtjl'W'lh~ 280-320 'Wl1WlJ\9l';)
'" 


, " 

3) fI~'W~'W (Short Wave UV, UV-C) 'Dtjl'WGlh~ 200-280 'Wl1WlJ\9l';)

'U 

" , 

~19l fl~'W1'W 'Dl flll1'il 'l-mlJ I9l1'1-I'lfl ~ ';):;; fJ:;;'V11 ~ ~'W"1 Yl Un' ~ l~ 'W Yl1 ~ 
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200 

'100 a o 315 

" 
'il~t1 ml1111'j;'j~n\-1tlcil-1JJlnl'W~'WiJ'J 'J tJlnlfl'illnnl'J tI n~~ n TI'Wt 1m: nl'J m~l~ -1'UtI-1IW-1Vi 

. 
~ ~ ~ 

ml:lJtJl1f1~'W ~ lnl1 320 'Wl1'W1:lJ\9l'J fl11:lJ1~:lJ'Utl-:JIW -:J'il~I;)~j;'j-:Jtlcil-:J'J1~1~11~tl-1'illnnl'J t1n~~nTI'W 
~ ~ 

"" .
l~u1tll95'Wl'WiJ'J'J tJlnlfl~'W ty\9l'Jl1mn'Ylu{ (ty -:J 'illn-w'W~bh n1'W'l51-:Jlh ~JJlt\j 10 - 35 1ml) lll;)~Viml:lJ

" 1 ~ :iI • )I 

Ul1f1TI'W~hnl1 288 m1'Wt:lJ'fl'J li~-1~VillNJJl~-1-w'W1j;'jm!tlu ~-1U'Wllty-:J UV Viritl-:JJJlv~-w'W1j;'jn~-1ii 

~~~ltl~ 

" 
l'Vl'VlllUU:lJll~tl tln195191'ii'V'H1-1 -:Jl'Wll iJ'W~llmhl'J~JJlill 3.2 111;)1'1 ~-:Ju'W nl'Jl11'vHl-1HW tliJ'J ~iJiJ ~ -1l?l'tl-1 

111''V'l ij-1 -1 l'W:lJ In nl1 '\1 ~ tlrvl 1 tliJ 'V'l ij-1 -1 l'WUiJ'l-! 191'u mJ 'tJ Bn~Ul1"H'flllfI 'fllllI;)city~ -1 'il~l n~ ~'W1~ ;J -1 'l51-1'U tl-1 

uty-1 UV ~iifl11:lJtJl1f1~'W~lnl1 400 m1'W1:lJ'fl'J 'il~I11'ril'V'lij-1-11'W~JJlnnl1'\1~m'VhniJ'V'lij-1-11'W 
, .:v • 

II iJ'W 191'1ln'tJ 'U tI-1111 'VlllU U:lJ1~ tI tl n195191' u~!11 tl-1 'illnmr -1 tllYl'flvVi ri -1JJl V-1-W 'W ~111;) nlJ'l51-1Uty -1 Vi I~ 'W UV .. ". 
I'\.lJJ~JJlill,rtlfJJJln fitl m;~1~'l51-1 350 - 400 'WllWI:lJ'fl'JIVilu'W tl'il'il1r'W~-1lJ-:Jl'W1<UUYhJ-:JI,r'Wnl'J. . 

I) 1yj1'flllfl'fllhcitylliJiJtym'W~I~cn (Homogeneous Photocatalysis) 1~'Wm~iJ1'Wnl'J~H' 

Catalyst ;J-1lJtym'W~I~U1 tliJtyl'J V'W 'Vl~ v~1?l' tl-1 nl'J nl<U~ (1~ U~11'tJm)1 'il~I~'W'\Jtl-1l'\1m) 1'l5'W nl'J VtlU 

tymu 2,4 Dinitroluene l~uH UV/HP2 
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2) 1vn~llflmhcJi!;1'H'IJ'IJ!;1'm'W~~l.:J (Heterogeneous Photocatalysis) l~'Wm~'lJl'Wfn';i 

~1~1?11 Catalyst ~.:JlJ!;1'm'W~~1.:JfhHn1V'W'Yl~cJ~~V.:Jfll1n1~~ !'If'W vtHmmtl 2- Chlorophenol 1~CJ1~ 

UV/Ti02 

!;1'11 ~.:J1?1It'hlJlJl f1lJ1CJ'I1mCJGlfW~ 'Hit.:J 1'W ~1'W1'W !;1'11 ~.:J1?111hl1mCJ'l '1fiJ~~iJCJlJHn'W1'W 

llfin1 CJl11~1\9l Hf1~ -lhcJi!;1' ~eJ 1'1'1 'I'll!iJCJlJll~eJ eJfllqf~ ! d eJ.:J 'il1fl111 'Yl1l iJ tllJl~ eJ eJ fllqf~ lJ 11mhit!~.:J 

llll~'W VlEJ fIl1lJ!;1'llJ11 iJ 1'W fll 1~~mCJ~1 fIl1lJl~~CJ1!;1'.:J 'WeJ fl'il1 mfwl~lJfll1~flEJ1l11~ CJ'lJI11 tI'IJ !;1'11
'" 

l'l 'IJ i 1 fl1 ';i 1~ '1'1 'I'll! iJ CJlJ1~ eJ eJ fl1qf ~!! 'IJ 'IJ 

!!'U1'W ~ eJ tI !;1'llJl 1 mnmJfin1 CJ11f{eJ ti1.:J n~!~1 !!~!d eJ.:J 'ill fll 'Yl'Yl1!iJ tllJ 1~ eJ eJ f1 lqf~lJU 'IJ 'W~!! flll1l1 ~lJlUl 

3 02 b~ 1'1 ~.:JlJ 1 f1fl1Tff1 1~.:J 1?11111'1fi!~rl~! "1 l~tli:h'W l'11tY 'illlr1\'1eJ.:J '1 ~'I'~~.:J.:J l'WU!;1'.:J1'W'lh.:J'U eJ.:J!! 'f(.:J ~l ('A 
, ," 

< 400 'WlhHlJ\9l ';i) 1l~I'WeJ.:J'il1fll'WlW .:Jm~~cJ11rieJ.:JlJ1D .:JVJ'Wh f1liL!!;1'.:J CJ1UeJ tlfl11 1% 'ill1'H~MhJmlJntl 
- '" 

1~!!!;1'.:J1i ';i ';i lJ '1f1 &11 'W fll';i Yl1fll1'Yl~~ eJ.:J1~ !deJ.:J'il1 fl! 1~ 1111fll';i'Yl~~ eJ.:J~ ~1 n~ ~.:J ~1!~'W;{eJ .:Jl~!!!;1'.:J 'ill fl 


m;w~1.:J~tll!~'Wu'H~.:J nwum! ~.:J (1AI~ .:J.:J1'W) lY1eJV1! ';i~ tI~nm1'W fll';iYl1fll1'Yl~~ eJ.:J 
'" 

m';i~H!~'W Catalyst 1'Wllfin1CJ1 Photocatalysis 1f{wl 

eJ.:Jr1111~fleJ'IJ'UeJ.:Jlmf~1?11111u~~m1 ~.:J~T\.h 111~ fleJ'Uf{lU11!~'W 'liU'U 'W ~ (Valence Band) 

l!~ ~f1eJ'W~fli'W l! 'IJ ~I ~ (Conduction Band) 1'Wh '11 ~ 1'11111 'il ~ lJ1l!~ 'W 'liU'IJ 'W ~ !!~~ fI eJ'W ~floJ1'Wll'U 'W ~ 

&1~n'W !!~I'W m1 ~.:J1?1111111!~ 'W'liH'IJ'W~ U~~f1eJ'W ~floJ1'Wu'U'W~'il~1J.J&1~n'W l~tIln~1~'W'lfeJ .:Ji1.:J~.:JI~ Ufl 

11U'LI'W~uflll (Band Gcrp) lrleJV1~fl\9l';ieJ'W (Electron, eO) ~eJ~I'W111ml~U'IJ'W~'f{1'IJ'Y'I~.:J.:J1'Wh!\9leJ'W 

'il1m!~.:J (hv) V! ~ fl\9l 1eJ'W 'il~!f1~eJ'W~lllli.:JfleJmifloJ1'Wl!'IJ~1 ~ 1'W 'UUl~!~tlln'W~'lJ5nUl 111~'W~U'IJ'W~ 

'il ~!n~leJ~ (Hole) h+) ~.:J! ~'W1l1~ ~'U1flmlJl';i iJ!f1~ eJ'W~Bv1.:Jvn1~1 'W 11W'W~U'U'W <f1 ril'WflB'W~floJ1'W­

U'IJ'W <f1VI ~ f1~ 1 eJ'W ~ IfI ~B'W ~ lJl 'ill fll1 !~ 'W ~U1J 'W <f1!f1 ~ eJ'W ~BV1.:J l~ 'W 8~1 ~ri'1fl B'W ~ floJ1'WUU 'W <f1! 'l1'W n'W 
" , , 

1111f1!)fll1ruiJ 111111!n~~D!~ fl\?n B'W-leJ~ (Electron- Hole Pairs) eO/h+) !;1'llJlHHfI ~eJ'W'Vl111lJl1~'I111.:J 
d d Q.JQ.J ?"JI3J1 d

l1W'WnU'IJ'W~U~~f1B'W~fl'1f'Wl!1J'W~ !~.:J1(IU~:;;';jl~!11 
1U]1c! d ",I

!~';i1~11 !lJlJU'IJ'W~Uflu 
dC3d 991

l'\1~'W'il.:J!lI'Wml'\1~ b'l1 

" e-/h+ 'JllJI?11n'WlmJ1~~lU rl1'111'U1~'H:;;1'111111'Wm.:J~1 .:JnWD1lJlr'W fll1 1 1lJI'11 fl'W l'HJ.J'UB.:J e-Ih+ 1'W ~11 

~.:J~1111In<f11f{CJ1 m 'Y'I ';i 1d1lJU'IJ'W <f1Uflll~'W eJV 111111fl e /h + IWfl'il1 fln'W1~'W1'W <UeJU~fl~1.:J'UeJ.:J~E.:J.:J1'W 
'\J " 
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" ~lH.lVnlJtI'D~fJ'\1mEJ'U'D~fJ 1~llf-)
" 

U 5 n~ fJllvll~ Hfll'll1~c)jTI''ltnflu n fl tllJ~lfJllTI' ~~ ritl~ ~1'UJl1U O~1'llllflm ~"'~ ~~ihn1~­
~1'U1 vll'l tl 'U (hv) ~ '" ~ flll1"lGt~ ~l 'UlllJ'U ~HmJ'U tl~l'lltl fl I'll~ TI'~ ~~ ~it~ fll'l':i tl 'U 'D~ tl fl m~I'1''U 'D 1flJl!~ 'U ri'" " . 
bblJ'U~'l,rbfl~tl'U ~1UO~m)'U~fli'U\llJ'U~ N~~e)'vh'l,rln~ e-/h + ~~'D~~~m~ 'DltHlv~~h'Utl~"'l':i ~~ 

<u 

:lJ 'jJ • • 

u5n~fJl'D~bn~lJ'Uthfltl'U~fli'UlllJ'U~ bW~bn~~'U 'l'U m':i~~ mfJ ~~iH)b~ fll'l':itl'U 'D~bfltitl'U Vi 

'DlflfleJ'U ~fli'UUlJ'U<filUO~l'll~lJ~h~ fll'l ':ieJ'U (Electron Acceptor) l'U TI'l':i~~m!'J !nmJ5n~fJl~~fl91'U 

(Reduction) ril'UDfl~l'U'\1it~ ~eJ 11W'Uri'HlJ'U~~~1J h+ 'D~ln~u5n5fJltleJflc)jl~91'U (Oxidation) 

l~fJl'llTI' lH'~mfJ'vhmrl~ltl'U I'll'l,ral~ flm tl'U (Electron Donor) '1 'UTI' ml~Ufl~fllllJm:lJl':itl 'l'U fll':i 

!l~mU~fJ'UU':i ~ ~'U tl~ab~ fll'l':i eJ'U ~fleJ'U~fl91'UHlJ'U~1JJiir1flfJm1"l'l'W~'D~11l1.J'~m':ia'U'Yl~ oM ll~!~eJ~ 
" " 

'Dlfl '1m ~lJlJ 11 l1.J'~ii eJ eJflcJil 'D 'U ~~mfJ'W 1 tl ~ (0) eJ tl flc)j b'D'U i1 'D~! tI'U I'l 1~lJ e- ln~U5n~ fJ1 ~ ~fli'U 1~I'LI'U 

Superoxide RedicaJ (0
2 
'+) ~~ltl 'U1'11eJtl flc)jll~'U~~m ~:IJlfl m1J1':i tl VeJfJTI'1:1lfJm':i a'U'\'l~ tJ~l~~ 1~ 

H~l 'U I'll.:! I'l ':i ~ n'U'lj'llJ h+ ~ l ll1:1'U ri'UlJ 'U ~l tI'U1'l1eJ tl flc)jH ~'U~~m ~1J1fll 'If'U n'U 

A 

t 
I 

e 
Photo-Reduction 

- --00­ A-

ohv' 

t1'D~fJ~ii N~~ tl m~lJl'U fll':i1vlll'lllflmhc)jTI' 1~bln f11ViW'll' (pH) mllJl.ulJ.u'U'UeJ~eJ'4mfl 

1'Yl 'Ylll i1 !'JlJ1~eJeJ fl1"b~ -qtlm i,JJJ U51J1t1! tl eJflcJil'D'U ~~i:llfJ (Dissolved Oxygen) II1:1 ~mllJb.ulJ'U tl~llTI' ~ 

(Light Intensity) 
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'JI 'JI • , 

'I"Ia-l l'W 3.2 eV 1'flt'H!tl'U'lfrJ.:rh:l'w~~'UtJ1t1fl'hnJ1n~h.J!l1rJlirJ'4m'flu?('1 (Photons) \9lnm~'Vl'U cli'l~~ri'l 

1'4~lHD!~nm' e.l'W lhtJ\9l1!m-U 'I ~1 m1!~ 'Wc{lI'U'W'fl1iJ U'I'fl rJ'W I'1ni'WIt'U'W IP1 !rlrJ1'1 iltJi ~ 1nt!?( '1rJ1~\9l6\9l n 
'U 

rJl'4fl1'V'l1'W nl':l!iJ~ tJ'W m'JiJ'J~ nrJ'UD'W'Vl~ fJ (VOCs) ~:IJl!nl~~'flrJ ~'U'WN')lnJ1'UrJ'Im ~ ! ~ '1iJijn1 tJ1 

"" " 1l1tJII~' 'I (Photocata Iyst) 111nm t'H ~ 'W'f1111JrJ 'Wl'fl rJ rJ n191~U~~~!1 a n'l1 'I V'I'lf1tJn1>D'fl!95m!1J'flVi!~ tJ 111?( 
.. " ,

!9h)'n 1I~~!<}IrJ1~'f1'lf'W'flDW) 11lant'lf'Wtl'W !YI'flI'WI~V PCO (Photocatalytic Oxidation) 'lf1tJlh~'l1U'fl 

'V'la'l'll'W ~'flmtJnl'J1~'1 1'W U~~ ~'fl nl'J'limJtJ1H1fnJl!'fl~rJnl rJnrJ1nlf1'UrJ'I'f1 til 
q q q 

Ti0 111~ nVl1J:IJl'W 1'W 'l1mtJ'Vlf11'J'J1l !~'Wm'J~f>Dntl~wci1'1!l 'V'l~'l1mtJ !!~djiJ'J ~ItJ'lftJ2 

'11 1n'l1m tJ !'If'W Hi. 'W tJ1il Yl 'WII~ ~ il'Vl1rJ1'f11 'J Ti0 !~'W?(1 'J ~iJ 11 rJ'fl nt'H!~~ ~ n 1 ~ 'WI'f1 ~ rJ 'I ~lrJ1'1r12 

il iJ '(j' ~n 'f1~lJtl'W!!'fl'fl !!,J'I ?(~ 'l1rrJ1~m'1~\9lnruCl'i''U 'J'J ~rJ1'l11 'J l!~~N?(lJ1'WtJTQ1J Ti02 !~'Wm'J~ 
" , 

f,>Dnn'WrJo1'111'V'l1'l1mtJ1'WnntJ1D'fll'h rJlnlf1 lI~d)l91~'J:j !'V'l'J1~ Ti0 !~'W?(1'J Photocata lyst ifiii2 

lhdr'Vl1i m'V'l~ mlJ ntl?(mtJmnh ~ nrJ1JD'W'Vl~ fJdlrJ1J'Vln'lf'W'fl!rlrJrJ omtJ1~1I?( 'I mYi \9lfJ iiN~\9lnru Cl'i' 
q " 

, " 
1'Vl 'Vl1!11 tJlJ1'flrJ rJ n191IP1Vi 'V'l1J\9l1lJ'fi ~ 'J lJ'lf1~ 'l!'WiJ1m '1?(~1'I N~n 4 'If\1 'fl'l1a n fi rJ 

-rJ ~'W 1!'Vl?( (Anatase) ~'1iJ1m '1?(~1'1 N~ nll1J1J !'Vl 'Vl'J ~ In'W rJ~ (Tetragonal) 

Ii] " d, 0'1 3J <:l ~ "" 
-1J t 'f1 ~'f1\9l (Bj"ookite) 9I'IlJ !m'l?('J1'1N~nt !1J'UrJm !'fi'JEllJ1J'fl (Orthorhombic) 

Ii] " d, ""'1 3J <:l ') 
-~ ~1~~ (Rutile) 9I\llJ !m'l?('J1\1N11nU1J1J!'Vl'Vl'J~ !n'WrJ~ (Tetragonal) 

-1'Vl'Vl1111 tJlJll (TiO/B)) ~ '1iJ1m '1?(~1'11'1~nil 'U'U IlJI 'W'fl~\1'fl (Monoclinic) 

I • 'JI 'JI 

il m~ tJlJ?( rJ'I i)\,1 iJ'J ~ n'U n'W 'l11rJrJ El n 'Vl~ ~'fl'J El~ (Octahedral) l'fltJ1m '1?(~1'1 N~n11'1 3 'lflJ'fll1 1J'fl11lJ 

!ll'l n19i1'1 n'W !~ rJ '1:1Jl n'illn nl 'J 1I'fl ~1'U rJ '1ul9i~~ rJEl n'Vl ~~'fl 'J rJ ~~!~ tJ'Il9i El tl'WI! ~~ ~ 1mLl II1J1J nl 'J!~ tJ'I~l'UrJ'I 
" 

rJrJ m~~~'fl'J rJ~ l'fltJ1m '1?( ~1\1 N~ n rJ~m!'Vl?f!n'fl:lJl'il1nnl'J!~ tJ'I~ll9i rJ n'W1'fltJ1~ri1'WtJEl'fl'UrJ'I!lI9i~~ rJrJ n­

'Vl~ ~'fl'J El~ 1'W 'uru ~~Im '1?(~1'1 N~ m11~~!n'fl:lJl~ 1 n nl'J l~ tJ'I~ll9irJn'Wl'fl tJ1~ri1'W'UrJ1J'UrJ'I!!I9i11~rJrJ n'Vl ~-
" 
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(a) (b) 

(c) 

.d '1 3i "" "J d"J "J.I "J.I "J.ImY'll12.4 !f)'J,H-J)1-:Jy,j(1n 6\H.l-:J !'Yl'11!'WIJJJ !~H)tln !"li\PI: (a) tl~'W1I'Ylrt, (b) 'l !'Yl(l !l(1~ (c) iJ'lfl !fl'Yl [6J 

~JJ1 : l'1'Yl1!ijtJ\;1-:J!i-:J'LiBn~tJ1!!iJiJ1<ll!lrt-:Ji1JJ, '!l))JJ'litlJ fI'~'Yl~1-:JrY, 2550 

~ ,m:D111m -:J rt ~1-:J y,j~n 'IH.l-:J1'Yl 'Yl11'wIJJJ1\P1tl fJ n l"li'fliJ mll'! mIJ'15'11\P1\911JJ~1~nri 11 JJ1 !l1l1 
'U 

"" d ~ n I d '1 3i "" ~I "J .I ~I' '" '1 3i "" nl'J fl'nlJl!fW1 niJ nl'J!lJ (1 IJ'W !fl) -:J rt'J 1-:J y,j(l n1) 1 n fJ~'W11'Yl m lJ'W) !'Yl (lllJ 'W tl tJl-:JJJ1 n ! 'W tl-:J 1) 1 n !m -:Jrt )1-:J y,j(l n 
'U 

'U tl-:J1'Yl 'Yl11 ij IJJJ1\91 fJ fJ n1"li~11J 'W 1'11U'Li) ~ ~'hr1t1JJJ1 n1'11!l 'Li) '11 ~-:J~ 1l~ r11'11'W \PI 'Li) ~iY'Ylb J) l'W1'W nl nh ~ IJn~ 
u • 

1'W nlJ' 'LiJ'~ ~n~1~'YlYl1l11IJJJ1\P1fJ tl n1"lilP1t 'W m ~iJ1'W nlJ' l~ -:J'LiBn~ IJ111 iJiJ1<ll1l rt -:Ji1JJ 1m-:J­

rt~1~ y,j fl mf-:J fJ ~'W 11'Yl rt!l(1 ~ ~1'Yl ~I~ 'W ~'I1IJJJ111JJ1~mJ1 n'W1\PI tn~11'Li ~1'11 ~lI'LiB n~ 1J111 iJiJtoiill rt ~ ~1lJ1\PI IJ 

" 
'Li n~ 'W'W 1fl) -:J rt ~1-:J y,j~ n tl~ 'W 11'Yl rtlt1''Li J' ~ iY'Ylb J) 11"l1'W n1J' I~ -:J'Li B n~ IJ1 ~ -:J n1111'1 J' -:J rt~1~ y,j~ n~1'Yl ~ fJ V1-:J1) ~ 

19l1lJt'W iJ1-:J'LiBn~ (111m -:Jrt11-:Jy,j~ n~1'Yl~'I15fJ1m -:Jrt~l~y,j~ny,jrtm~'WJ1-:J fJ~'W11'YlTIU(l q1,'l ~ lGJi'W fJ~'W1­

1'1TI 70-75% 1l(1~ ~1'Yl ~ 30-25% \1 m1IJ-:J1'W ':hlt1''LiJ'~iY'1TIm~1 'W nl) d -:J'LiBiW tJl~ -:J f)",h1m -:Jrt11-:J 
3J Y" " I 

1\PI IJ~ -:J ij ~ -:J 'W'W iJ I'll II 'Li) 'I1mIJfJ VWVl ri -:J y,j(l m~'YliJ ~ fJ'Li )~iY'Ylbm'V~1'W nl) d -:J'LiBn~ IJ1 
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" 
 . 
'lJtl~l!I'i[j~ lfl'J ~l;1'fl~N~n'Utl~111'V11!tjolJl~tl tlnl'lilP1 llP1'un v:hrYi ~1 f1l'J m~'illO\9l1'IJtl~'J"~HJ. 'IJ'Wl~'lJtl~ 

!~ tl ~ 'ill n I111'11!tj OlJl~ tl tl nI'li~iJIP11ll '11 1.1 ~~ 'h:J 'U tl ~ tltl ncJf! 'il 'Wl-W1m ~l;1'fl~ N~n 1'V1 'VIlt'WOlJ 

1~ tltlnl'liIP1~~<D~llP1":I1!tI'W m'J ~Cj\9l1Ul'lrW~!a'W (N-type semiconductor) \9l1!:[ CjtlBn~Oll! 'lJ'lJ!~!!1;1' Cj~hlJ 
. . " " 

vittl'W 1;1'1'J nCj\9l1ult1''W 'il~iJmllJ 1;1'1lJl'J t11 'W f1l'J ~~~'lJm'J\9lCjJ{'WhI f1l'J !n~tlBn~ 01 2 'l511~ltl~ftllJ1 n'W 

~CjmlJl'J t1 ritll'11'd')~rfCjtlBn~ {JltltlncJf!~i''Wll[j~~ \9lni''W 1~Of1l'J m~~'W1P1'10f1l'J~~n~'W1'1"l\9ltl'W ~iJ 
"I'l~CjCjl'WL1~ln'lJ'I1~ tllJl nn 'hriw-I ~Cj~l'WU'lJ'W~!!ntl (m'WYl 2.5) mllJl;1'llJlHl'UtlCj[j'l'J ~~\9l1Ul~ 'il~ 

')J I ')J ')J 

~101tl'W ill~ n\9l 'J tl 'Wltl VCjl;1'l1' \9lCj IP1''W1'W f1l'J ln~tlB n~OlYl i:J n~~~'lJl1't1''W ~'W tl Qnml1!! '111.1 Cj'U tl ~'W~CjCj 1'W 

Lt'lJ'W IP1U ntl 'IJ tl ~ I;1'n ~Cj \9l1U1U[j ~ I'll!! '111.1 Cj 'lJtl Cj rln u'W-a~~1'W1'W f1l 'J ln~~ ~ tl n '; (Redox) 'lJtl~l;1'l'J ~ t1 n~~ 
" " 

~'lJ 1~ otl n~ll~1'J ~ \P1'lJ 'IJ tl ~ 'W ~~~ 1'W ~ ~ l~ b!~'IJ tl ~fltl 'W \P1 ni''Wl1'lJ 'W 1P1'il~! tI'W l' ~\P1'lJ'\Jtl ~rln6'W~CjCj 1'W ~Yll!'11' 

In~tlBiW011\P1ni''W ~J OD!~ n\9l'J tl'W ~ i:J nm~~'W 1'W'VI1Cjn~'lJ n'W 'J~\P1'lJ'UtlCj'W-a~~l'W~ ~~~ b!~'UtlCj111[j'Wc;-
.. ~I v 

H'lJ'W~1u 'W 'J ~ ~ 'lJ 

t1nm~J{'Wltlll~1" , 

('oLIIIII(IIOIl B;ulli 

Ele-drically conductive- ,tate 

". 
I 

11­:m II t.,.; ;lp 

tTICl:! : ~ t '~' ) 

\':tlrll r B,)!"I 

I , ", , 

fll'V'ln 2.5 m ~'lJ1't-j f1l'J.yj!n~~'WliJtll;1'l'j n~~lUll'V1'V1l! tjolJl~tltlnl'lilP1t1 nm ~1P1''WlP1'lmw Cj [6]" . 
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Li ght absorption Ti02 + hv e + h 
+ 

~ 

-
Recombination e 

cb + h+Vb heat~ 

Oxidation R + 
+ 

~ R 
+ 

h vb 

Reduction M
+ 

+ e 
-

cb ~ M 

lw 

-

e cb 

R 

M 

0 ­

0 z + HzO --4) HO z + OH 

.. 2Hp ) H20 z + 0 2 

HzO z + hv ) 20H 

)OH + h 
+ 

OH 

+ 
H20(nds) + h 

+ 
) OH + H 


-(CH zCH z)- + OH ) -( CH 2CH)- + HzO 


-( CH2CH)- + 02 ) -(CHCO"0)CH2)­

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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fl~1rnJ5 n~ lJ111Pl CJl'lilt1,'1' -1l~'U\9l1l ~ -1tl5n~ CJlfll~ 1,'1'm CJ\9l1'U eJ-1VH)~le:)'Yl~'U11PlCJii Ti0
2 

l~'W 

\9l1l ~ -1tl5 n~ CJl~-1 ~l11'W1'1l:IJ1,'1':IJ fll~ 1'l1'UD'U It 1,'1'1Pl-11t1l11'U-hrieJ eJ l1Jllfl Ti0
2 

~lPlcliDIt 1,'1' -1 uv 11llt1lnlPl 

fll~ 1,'1'~l-1S'l~ flr.l~ eJ'W ~ lfl~ eJ'U~ It ~~ Hole ~'U 'ill mr'U 0 2 'il~ 1l1"ltl~ fll~ 1,'1'~l-11,'1''lJ;~'UeJ-1eJ eJ flclil 'il'U 

~iiml:IJleJ-111 (Active Oxygen Species) l'll'U eJl1~~S'm~1tl'IPl~eJflcli~ (HO\ LleJ'U1eJeJeJ'WfleJeJflclil'il'W 

(0
2
.-) 1t~~ltleJ{eJeJfllCJi~ (H0

2
·) 1~'WI')'U 1~[J~ HO· 1~'U\9l1tleJflclill~'U~~1:hfltyl'UtlBn~(mleJflcli­

l~<Jr'U1~[Jl'lilm .:JL~'W\9l1d .:JtlBn1lJ1 ~.:JvhtlBn~Vln1J'YW~Ll,JeJ{U~~Ln~ fll~ 1,'1'mCJ\9l1'UeJ-11,'1'lV1"1iVl eJ~L:lJeJ{ 

"'" '1 !1J !1J 2.2 l'Hll(;TVlflI'Hltl'tHllti VWl1t1!!(;T-:J (Photodegradable Plastic) [1-2] 

~WJ'Ull1T~ -111 'il~ tJl:lJl111Pl1t 'Yl 'U'YlhWl m 'Ii ~ ~:IJ'1il~ ~-1~ -1~ll'leJeJ fl:lJl~tJ "Vlm1,'1'~ fl" l!~l'llCJ1,'1':lJ1T~11 

'Yl'W 'Yll'U iim ~fll~ 'l'li-1l'U 'W l'UL~'W ~eJ CJ'lJ'IJ eJ-1'V~m1,'1'~ fl ml1J1,'1'~1-1tJtyl1l '1my J''W~eJ'lJCJ~'VHll1,'1'~fl~ri .:JN~ 
, ~ ~ 

m~'YlD~'Um -1~eJE .:JU1~~mJ~'W:IJlU'Yl'U l~~l~ fll~ l~nVi1~ l[JOeJCJ1,'1'~ 1CJ~~ 11,'1'~ flmril'W'U neJlt1!n~:IJ~­

~'l:J!!n~ .:JLLJ~~eJ:IJ ,rfll'Yl [J1fl'l (l'r.l {~-1~eJ.:J11l'Yl1.:Jltfil'\JtJty111,:f'W ~Wlm(l'~ floml'ffmVll'l (Degradable 

Plastics) L~'WU'W 11'11-11111-1'l'W fll~~WJ'Ull1,'1'~trll1~Dfll~1'li-11'ULY1eJeJ'U 5' fl1J'~ -1 It llPl~eJ:IJ ~-11'U 1'l1'U lr.ltl­. . , 

.­
'illfl~r.lml1 m ~ :lJ1J1r.l ~ LfliiuDD~-1I~:IJ (Commodity Plastics) 11'l I~~l~ii1,'1':lJ1T~l 'W fll~'l'li-11'Wll'll11 CJD 

Day 50 D Y 1 

, .­
c2 d I Q.Q 9J (V Q..I ~ , ~ I 

CJi-1:IJeJ~l1m fll1mCJl 'Ii 1Pl1 Vfl'U 'U 'WfleJ fll ~ CJeJ V1,'1'm m'11.:J fl1:l (Mechanical Degradation) l"lm(l'r.l flVeJ[J(l'mCJ 

11'l1'l1[Jl~'Yl1.:Jlflii1~vtlBn1 VltJtJflclil~<Jr'W (Oxidatively Degradable Plastic) Vl1:l1(l'~ fl~otJ[J1,'1'mvl~lPl[J 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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Q' 11)9191
dable Plastic) !!61~'I"lbnC1'l9lntJ~tJeHntJ ~<fl<flJtJUC1'-:J (Photodegradable Plastic) 

1. 	 f)l'Jci~tJC1'bntJYI1-:Jn61 (Mechanical Degradation) 

y 	 " 

f)l'J ci~tJ("Im tJ'Yll-:J n61lllu nl"ilf1'lL1 mJ::;'l~ ll1r195U 'V'lmC1'~n 1~ llM':jfu 'tYJ'W1~jbnC1'~ nll~ mwn 

11J1-!~'W ~ 'H1lw 115 fill ~1'*1<flmr1'hl1~j f)lJI'l1111''V\1611(''1~ nul') mllu ~'UI,~ n1 I.fit.! f)lJI~JJ~'W ~t'h1.urll') 

ciflC:J fffll ul9i ~ellJ 

2. 	 '\Ajmri~ n civ tJrim tJl~~JtJl1j'Yll-:Jlflm<fl tJllBn~ tJ1VVnelll<fli'W (Oxidatively Degradable 

Plastic) 

1:~JW fl61"U~-:J'I"lvilllJV{~ -:J C1'11Jl'J mn<fl~'Wl~1V-:J1 'W'li 'JJJJ'lfl~~cil-:J,*11 l<fltJJJvvn~1 'il'W U61~mlJJf~'W llri-:J 

Q1 l1~Vm -:J'Yll-:J n6111l'Wih~tJehf111! In<fllll'W m'Jll'J~ n~1Jl~1m11lV{~vnl91<r1 (Hydroperoxide, ROOH) 

1u 'I"lm("l~n~IJJJJ n 1'J l~m(l'J I~JJU~-:J~111mrl~I~JJmlJJW~tJ'J llri -:J1161~flJ1JJ~VU (Stabilizing Addi­

tive) 1'l1111' ROOH 11l9l n ~JnmtJllluV'\..p,j61aC1'J~ RO IW~ OH) ~lJJW~tJ'JII61~I{h~lllBn~tJl 

~ '\'~U1i ~lfllJ 1J'\..J I'llllm.1 -:JfIl {1J vu1u ("Ill')1CJivwillJJV { 111111'1 n<fl f)l 1U19l fl11fllW ~mu I~ tJC1'JJ'JJ~19f -:Jfl61 Vcil-:J 

ci VtJri611 tJrllullB n~ tJl VVflelll<fli'W nmleJ flelll 'ilUl~1~ J~UfllV1mh -:Jl JmVl n 1<fl tJfll'J I~JJ C1'1'J l~ JJ­

'V 0 

" 
'JJ<fll~ J 

.
1119i~JtJl'Vifi11..1 h tJf)l'J Nil\9lVll~~1J f)l'J 1~ml61~'0(iJJl,Il~u1Ullu~tr'W ~1111''I''l~illm&IVluln<flf)l'J 

" . 
111U <fl 

1119i-:J~llll,ltntiV"U V-:J hl1~11'J ll.l Eiu ~-:J~ 11114'l~l!fI~lilri<r1l~ -:J f)l'J ll\9lfl~J'U~-:JellJll'J ~flv1Jl~1m11lV {­

V~ fl"l9l<r111lml'\...!JJ 61 am ~ (Free Radical) 111111'ell tJ1CJi'l"l VillJJ V{ln<flfll 'J Illo1fl11nlW ~ ritul~ tJC1'JJtr~I9f-:J n61 
q 'V 	 QJ (J 

'" .
fll'JcimJ("fmtJ'''UV-:J'I''lDilIJJV{VllJl1JJlVril'Yl~{ 11~V1V1JJ<r1I'liU U{j-:J 'I"l~ilLDC1'I'Yl~{ 'I"l~illlVUle1 

'V 

<fl'J 1tJ<r1 'Vwilfll{1J VI 'W \91 ll61~'I"l Dil ~~ 1'Vi 'W N1Ull Bn~ tJltl ~l11'ln<fl fll 'J 1l\9l fl11fl'U V-:J C1'1 tJ lCJi'l"lVillJJ V{ 11 r;n~ tJ 1 
." .

le11<fl'J161ellC1'vhn<fl~u 1<flm1Jl1l11'!J-:J~~fllll'W 2 ll 'J~lfl'Yl fi~ llJ~lfl'Yl~1,*llfl\9l1ilC1'1'1 (Catalytic 

\Jj '191 = d' 	 dl "I ", ' II) 91 ~I
Hydrolysis) 1161 ~ ~JJ "lHlfl\?ll61C1'19l (Non-Catalytic Hydrolysis) 91-:JlJ'J~lfl'Ylm ntJ-:JIl1J-:JDvn ~<flllJU 2 111J1J 

fi ~ 1l1J1J~HIl fI \911 il ("11'1'U 1n flltJ'\..JD n1lJ!61 fl61"U D-:J'I"l vil t:ll V{l ~ -:J 111'ln<fl fll'J ciD VC1'bn tJ (External Catalytic 

Degradation) IW~ lb 1J 1J~H511fl\9l1il C1'1'1'illn 'U 1n m tJ1'W1JJ 161 fl61 'U~ -:J'I"lD illJJ~ {LD -:J 1u fll 'J 11-:J111'ln<fl fll'J civ tJ­

ribntJ (Internal Catalytic Degradation) 1<flVlbfl\9l1ilC1'I'1'UlnflltJ'WVfllJ 2 'lfU<fl fiv llfl\9l1il("lI'1~lllULDU"19l~ 
" ~1-:J1 (Enzyme) 1'li'W Depolymerase lipase esterase 1161~ Glycohydrolase 1'Wmwi1li<fl11l'Wfll'Jci~tJ 

("ImtJI11-:J~ihfll'W 1161~llfl\9l1il[(I'1~"bJ1'1iLD'W19l~ (Non-enzyme) l'liU 16111~ILD61f1l161<r1 (Alkaline Metal) 
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1hrd' lJ1J~ n~ tJllef1~1)h ~ ['(u 'lJ'lJ ~1i'u1'l1'l1i1['(1'1'ill nmvIt.!lu~ fJ~ 'U V-:J 'Ywi1tlJV{,ft.!1i'YY~m{'lJ Vf)~~ 
(Carboxyl Group) 'Ua'lYY~ltJm'Yw{ yy~ mvllJ<,.hJ~nUlDmV'UV'l['(1VlCJivwi1tlJ a {It.! nl'Hi 'lD~n~ CJl 

f)1':i vvv['(mv~ht.!D~n~V1!el lmh~['( 

. 
, ~ 

f)1':i VV v['(m V'll V'l'V'ltli1tlJ a {'ill f) f)1 ~n11'l1t.!'U V-:J 'ili1 t.!'Il~ 61\9l mr11D:W m ~ 'lJ It.! f)1':i 2 'iTt.! I'l at.! 
, ~ ~ 

t-W V-:J 'ill f)'U 1-Jl\9l 'U V-:J ['( 1V1' jV i111W{U'l:W 'U 1-Jl\9l1my tt~ ~ !lJ~ ~m voW 1 It.! 'iTt.! I'l at.!!! 'j n'Ua-:J'U V-:J f)1 ':i VV ml'~ 1V 
~ , y 

~-:Jtn\9l~tJj11 tJt.! a f)! C))~ ~1\9l tJ f) 1'j D~ \9lD ri vmBt.!lCJj~'U a-:J ~i1 t.!'Yl ~ 6;;-:J! n\9l1~~-:Jtt'lJ'U Ii' Endo-Enzyme yy ~V 

!e:lt.!lCJj~~ 111hytf)\9l f)1':i UI'l f)<,?)1 'U a-:J~t.! li ~ m vlw ['(1 VlCJiwai1!lJa{ V V1-:J!lJt1Jt.! ':i ~ l'U tJ'lJ !! ~ ~ tt 'U'U Exo­

Enzyme yy~mat.!lCJj~~ 111111'tn\9l f)1 ':i UI'l n'l1f)'U V-:J~t.!li ~ l1 ~~ yyti 1 tJ'il1 f)'Yni 1 VJ1~!~ f)~ ~\9l ~ a ~~1 t.! D m V 

'U V-:J['(lVlCJiw Vi1!lJ V { !riaw Vi1!lJ a {UI'l n<,?)1 'ilt.!:W'Ut.! 1\9l!~ f)W V'il ~ !!wi ~1t.! Nt! -:J !CJj~ ~1.u11DlwC))~ ~ !w~!n\9l 
", " 

f)1':iciav['(mtJl'lolt.!'iTt.!l'lvt.!l1 2 I~Ni1l'lilUlcYllt.!'iTt.!\9lVt.!~\9l~ltJ (Ultimate Biodegradation) flv W~-:J-:J1t.! 
"I d d <OJ 9 CO> , d " \Ii \Ii" d 

!!~~['(l':iu':i~nV'lJ'Ut.!l\9l!~f)'Yl!['(lIV':i It.!1i':i~lJ'lf11'l (Mineralization) !'lft.! !!f)['(m':i'lJat.! l\9laaf)!CJj\9l Uf)['( 
~ 

:W!'Ylt.! 'Il1!n~V !dli1\9l1'l1-:J'l tt~~lJl~;lm'V'j(Biomass) 

5. 'Y'Im['(~f)civv['(mtJ!~~" ;)(J!![,(-:J (Photodegradable Plastic) 

f)1':i ci vv['(m tJ1\9l tJ!!['( -:JiJmn\9l 'ill f)f)1 ':i !~lJ[,(l'j !~lJ!!1'l -:J~:wm llJla-:J111'l V !!['( -:J~ -:J It.! VI m['(~ f) 

yy~ml-:J!m 1 ~ YY11'lwai1!lJV {111':wyylJV1-:J ni't.!YY~ V~t.! li~I1'l:w~'lJU~-:J!!H Ul'l f)'I1n~lvmvll9i'f-:JiY uv !'l1t.! 
'" 

~WU1111D Bn~CJlI'l V V V1-:J':i 1\9l!~ 1~~t.! 1i ~ !1'l:W'Ut.! \911­
" y

umi 'lm{'lJ Vt.!It.! ['( 1tJ lCJi'V'j Vi1!lJ V{ 111111'! n\9l f)1 ':i 'U 1\9l'U V'l ['(1 tJ1CJi UI'l f)1':i ciel mr~ 1tJl:i 'il~I1i!n\9l~t.! m VI t.! 
• • I 'jJ • 

Llv N'l n~'lJ'Uv~ nv 'l1'l VlJh'HlI9i' 11~my ml~!n\9l~VlJ~t.!l1jJ\9l yy~V!!i1m~1r'l;t.! Vlm['(~f)l1:W f)1':iVllJ1~~lV 
I ').1 4 • 

yyiJ f)11111-JllJl f)'lJ t.! 1~ t.! ~1 't-w V'l 'ill nw~ 1['(~ f)'iJ ~llJ'~i:llJ N['( n'lJf'liY tJl l\9l tJl'l ':i 'l 
'" 

" " , 
['(m vil~t.!Il'UiJ'il<DV11m tJV t!1-:J 1'l1t.! tl~f)1{'j EmJUl~'Yl1'lJJijm['(l'l{ 1'l11lJ ['( nD'j f) LjJvVjm['(~ f)'~f'lJ 

DBiWCJlV a f)~!\9li't.! (Photooxidation) ri 'lN~ 111'[,(lJtr~L<}j'lf)~U~~ f)1tJfI1V1'Ua'l'l'"~m['(~ m~vlJ~'l U~~ U'l 

! lit.! f)1 'j 'l11V111''il i1'W'Yl ~ 6ciel V['(~ 1v'Wm['(~ f) l~~1tJ~ 
" 

m1'lv 111111'~J
y 

1YY t!nllJ!~ n~ 'U V'l W V i1 IlJ V{~\9l~ 'l !!~~:W. , 
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" ~~I'II'I ni1\lll 'CI' ~'lh~ c)~ I9l 1 1 111m~ 19l'Vl1111'd'll'l tltl n~ll'li'W ~llJ~'W 
" 

" 'CI'mlJ1J{~ llJ~ 'W E/CO Copolymer (ltlYl~'W -m{'lJ tl'W lJ tl'WC)f)19iir'lm~ tl~l:lJ tl{) rl~19l 'ill n11m tJ'lJ ~EJ'YI 1 1lJ 

~~ E.I. Dupont ~~rl~\?I~111'l11lJl'W1J f1.fI. I970 t!11J1Ul'Uf)~m{'lJtl'WlJf)'Wtlnl9iir'1'W'VHl~llJtl{'i1lJl~'W 
19l1tl111'WI'I'CI'lJ'l'J~'Utl~'V'Hl1'C1'~nm'j~m1lJltl~11~f)U'Cl'~ f)1 1iJ'l11l C=O l~ m!f) tJ'I11111'm1lJ11'WlU 'l1'W'IJ tl~ 

" 
I " I 'JI " :v 

'V'Itl~llJtl{l~lJ~'W 'l11n C=O l~lJ~'W 16% 'V'If)~llJtl{'ilml1 1'Cl't:ilJ1fll'V'l'YI1~f1l1lJftl'W~'Wf)'lJt!~lJ1Ul C==O 

o '" " n ICopolymer ~1'I~~'UUl~'Vl1f)11'U'W~u 

'l1~m{'lJtli1~~1'I ni1'U!w ~1l~11~1hi'Li11'1t!5n~ tJ1 Norrish type I 'CI'mtJ19l1111'm{'lJtl'WlJtl­

'W tl n 19fir' (CO) ~~iJ f) '4 fllfl i3m ~ 'CI'tl~tl'4lq!~ 'l1~m nl'! Norrish type 11 lnl'l 011 ~l'!llJl~ fJ~1'l11l1:Y ~ rl~111' 

l'lim,n'U11'1 lnl'lllJYl ~;;n19l 'Uu~~t!m tJ'CI'ltJ1'li~ iJ~'W'!j ~fi \Pl~ 'CI'lJ 011 
'U 

Norri sh type I 

Norrish type 11 

OH 

, , " 
f)1 1I iYf)lJ 'CI' .fll'V'l'U tl ~ Vl ~lJ E/CO tilf)lJ{~1JH 'CI' ~.flltJ'Wf) n11lQJ'W n'lJf1l l:IJ11'W 1'Uf) ~Vl~:IJ l!~ 'l11nlJ{~'lJH 'CI' ~.flllJ 

1'W D1'W 'il1n'\l'l ~ tl f)n 'CI'l9i'W W01'.i 1~tl:IJ 'CI' fll'l'~ ~'W f)'lJf1l 1:IJ'l1'W 1'Utl ~ Vl~:IJ 
" 

I 'jJ , d 

2. f)l'.il~lJ'CI'1'.ilf1iJ'11ll'Cl'~ (Photo-Initiator 'l1~tl UV Absorber) 'ViiJu1'l1tTnl:IJl~Q~~l 9f~ 

'CI'11J1'.i til 'i ~ 01 'j Vtl tJ'CI'm lJ 11'1lJl! 'CI' ~ 19l1tl V1~ 'CI'l 1mri 1tfl~llri 'CI'1 '.it! '.i ~ nf) 'lJ 1~'l1 ~'Y1 '.i 1'W~i1~ 'CI'l 1 t!'.i ~ n tl'lJ 

leJl<f1'.im{m)'W wiJ'W y,l'Wf)~ lW~l~<fI~ l~'W~'W l~m~:IJ~~1'W'V'Im'Cl'~n'Vl1111'1"lm'Cl'~niJf)1~01'.i1~~1'W 
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m ~ 1J 1'W 011 'Vl1..:J mUfll~'Vl1..:J U,[(..:J 'IJtl..:J ~DilUJD{fiDO1mJ~ U'W!l D~..:J'U D..:Jl'~ DilllJ D{'l1 ~..:J ~ n m~­

~'W~1 till '[( ..:J~-:jmm11:1 TI ':l!n\9li~ l'li'W 011 lD~ U'W!l D~-:j'UD-:j~ 1\9ltllrlDi)l~ n\9l 1 D'W ~ 1:1 nm~Jl'W ~lV!l'[(-:j
q q 'U ~ 


Y ~ • 


f)~1JmtJ-:j'[(m'W~Vi'W'i)~ln\9lO11DcitJ(J~~-:j-:j1'W~'W clf-:jli1\9li~ 3 !l1J1J i~llf) O11I:hu1D'W'ynl-:j-:j1'W (Energy 

I~ d I ~ 

Transfer) O1mN'J..:J,[( (Radiation) ll~~01mNm1lJ';jD'W (Heat) 

I 3J I , 

(Intra-Molecular) 'l1~ tJ';j ~'l111-:j1lJl~ n~ (Inter-Molecular) YimJt'WVi'W Yil~ U1 n'Wi~ ~~ -:j ..:J1'Wfl~'WIW..:J. '" 

-5~iol';i1i11m~\9l D1'i)~n~\9lf)~'W1\9lU'l1~1fl11m~D{ (Chromophoric Group) ~DQ1'W1lJl~fl~'UD-:j1"willlJD{ 

uv 
Impurity -------4) 1mpuri ty *' 

Impurity* + polymer ----~) Impurity + polymer* 

~-:jl~DD'W'l1~D,[(11 l~lJU~-:j'i)~d -:j 011 cJD u'[(mu'U D-:jvwilllJD{1\9lUll '[( -:j-5~\9l11i11DW\9l 1'li'W IrlD111 

Di1n~ til n1J DD f)~l'i)hll 'W 1J 1 1 U1fllf(Dti1-:jI~U1 'l1~ Dfll11 i1\9lI~'W '[(11 1;-:j~D'W n1J~DilllJD { l~hlJl'W 

fllU I.wni~ ~..:JD1'i)l'111t1'1i1\9lm1lJW(1U1i~\9lUfll11~lJ'[(111~!1JV~~-:j-:j1'W (Quencher) ~-:jiDlY;Dti1U1D'W 

VH' N1'W~mfll n'WiD~..:J ,[(lJ 011 

.. 
I uv 

Polymer -------4) polymer* 

polymer* + Quencher ---------4) polymer + Quencher* 

" 
l'Vlr1l1fl.w iJD'J~1U'lf11l'111t1' ~Di'l1DilYl'W '[(1m1 1:11-A 1 i D1<li-:j1'WfllU1.W ni~\9lUJJ '[( 111'[((1 U 1 fll~'li1 U1~~1J 

~~-:j-:j1'W'il1flll(J-:je)~\9l11i11DW\9l 

, 'JI , • 

1\9ltJ111iD m ~1J1'W f)l1 flli'Jfll~'Vl1..:Jll'[(..:J il-:j,[(\9l~-:jI{JDDciDU~~-:j..:J1'W!'W ,[(l:Il'W~ m~Jl'WYi iJm1lJ. . 
U11fl~hl1:J: -:j mr1JiDtJ-:jV~~-:j -:j1'W~iJm1lJV11fl~'W~11\9lU1~~1J~~..:J-:j1'W1'W '[(m~!~l~tn (Singlet State) ~\1 f) 

m~~'W (SI) 'il~D~DU~~-:j-:j1'WDDnmDV1..:J11\9l1~11'W'li1-:jn~1IVlv..:J 10-
9 

- 10-
6 

l'W1Yi l~Uf)';h'li1-:jfl~'W 
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u~wl~tlDl'HH"1l''W~ (Fluorescence) ri1'Wl'W~m'W;:;mlJ (Triplet) \lflm;:;~h! (T') tll'U'il;:;L1cimJ'V'l1:1-1-11h! 

f11:1'lJlJli'1f)114'ltlcilWii1-1ldm 10"3 D-1 20 1h!l~ L~rJf)11fll~~h!~;:;1'~tlWL'lJm1lJlh! (Raman Vibra­
'" 

fIl~ ~h! ~;:;I'V1 tlh! 'ilh! f) (1 1tIL ~ h!Y'1 1 1lJ f tlh! 4'l 'V'l1:1'l'l1 h! m;:;~h!~ LI ci mJtJtl f)lJl n rl~v111titil'fl fIl~ <um~ tI'l~1 

mtllh!1m 'l~h:J '\Hl'lllJt'a ~(1m~~h!1'l1JJI~WI'lJ'lJVl111V1llJtl~Y'1 (Tautomeric) 4'l 'il;:;mlJl~ I:INh! f)1:1'lJL~h! 
11'1 ~ 'l~fl-1 ~L1l!'lJ'lJI~lJ ntlh! fIl~ m;:;~h!1J{i1m11 ml1f1mtll~h!m1lJ ~tlh!L~tlih! '1'f1L1Df11 lI1 4-1f1l'l 

, , " 
L1ci tl tI'V'l1:1'l 'l1 h! ~ 1:1 fI f) ~ ;:;~h!1h! ~ L1'UtlWI1:1'l 'l1 h! iY'W ~;:;I'Yi tlh!U~;:;f1 1 1lJ~tl h! lh! 'Ul-1f1 ~'l tl 1'iln Nm111 tilf1'f1

'" . '" 
L1Df1~ tIl~I:Ilh!;:; vth! ~tlh! (Hot Ground-State Reaction) ~'l<D'fIL~h! fIl~ !~lIr:!rum'V'l1'f1t1m1:lJftlh!~ 
!n'fl'il1flfll~ m;:;~'Wl'f1l1f1 ~WW'lB(1'f1~llJ1tJL(1'f1 4'l L1Dn~ tl1~1:Il'W;:; ~h! f tlW~h!L1D f1~ tIl~'li'l'lJ tlf)m1lJ 

!lfl f11'l1'l ~;:; '1111-1 m;:;'lJ 1h! fIl~ Vl1'l fIlllm'V'l'U tl'll! ~ 'lLW m;:;'lJ 1h! fIl~ Lf1lJVll-1U ~ 'l1J{ 

" , . 

m;:;'lJ1h! fIl~ lf1lJYll-1U~ 'Hf1'f1~'W!lJtlTIl~ Dh!VI~ ttJ{~'lJ'V'l-a'l-11h! f) 'l;:;~h! 'Vl1'l1!~ 'lB(1f1 ~llJ1tlmfl 

vl1ltiTIl~ Dm'l~ 6lJ ~;:; 1'l'lJ 'V'l1:1-1'l1 'W ~.:J~h! 4'l 'V'l-a.:J .:J1h! m;:;~h! ~1J{~'lJnlJJ L Y1V'l 'V'ltl~ v111t1'1 f1'f1 fIl~f1lll'V'l-a'l­'" . 
, " 

.:J1h! L'~ tl f)1:1'lJlJl ri~\,) 1'W;:; ~ 'W1J{ ~.:J 1111t1'TIl ~ lf1lJn 1"J-a.:J 'l1h! ri1W nh! ri 'l N~1t1'1 n'fl fIl~Ufl f1'Utl.:J'~h!1i;:;
'V 

1f1!11~h!~ lJN~vl1ltim~ In'fl fIl~ ILl~ tlh!11'1 ~ -1~fl-11'l1'l!f1lJtl rh'l1:l11~ ~'l'111tiln'flfll~ citl tI~mtl 1'f1vi11L1 

~h! 1i;:;1m1wh!~Ih!llJ!~ f)~'Utl WI tliiLlJtl{I~h!~h! 1i;:;~!l~'l1l ~ .:J~TIllJl~ \')~1h! 'V'1-a.:J'l1h! m ;:;19l'h!~1 n'fl'il1f). . 

1~h! 'Ii;:;11'1 I11~ h!~nri1U'tl V~.:J 4-1 lJ N(1v111t1'ln'flLlDn~ lI1Lf1lJ tl'lJtl;:;fI tllJefJ1-1If1V.:J ~19i tl tl'lJ ~h! 'Ii;:; 11'1111~ h! fI'J{ 

1'l1tl Ul-11'lfh! ~h! 'Ii;:; C -H ~ \,) f1m;:;19l'h! 1h! TIl V1CJf'V'l tlii!lJ tl {cildh"J1:1-1'll h! ~tlV f)111~DI~ lI'lJ tl'lJ fIl ~ m;:;J{h!'" . . 
, " 

'il1f)1'11Ll'l1'1-i.:JB~'Vh~JtJ.:Jf)cilJ1JJD:lJ1'l11h!1h!~lV1CJf'V'ltliil:lJtl{ L'lfh! C=C !!~;:; C=O L~h!I9l'h! J{1t1L'I1f1tJ. . 

llJl~ ~(1'U tl.:J 'V'l tliillJ tl{UfI f)~h! 'Ii;:; In'fl fIl ~ l:i -1L1 Dn~ tIlJ{1 lIlW.:J l'f1l1'il;:; ri -1 N(11'l tll'l tl m;:;'lJ 1h! fIl~ !f1ii'Vl1.:J 

ll~ 'l ~'il ;:;'\.111L1 tifll) citltl~mvlh!~'1'f1 ~'lm;:;'lJ1h! fIl~ !f1nl'll'lu~.:Jii N~v111'111lJl~~~ln'flfll~ ILl~ Vh! 

llLl~.:J1J{'I1mllulJ'lJ 1J{un fIl~Uflmrh!'Ii;:; (Cleavage) fIl~fhD'fI1lJl(1~~L~f)'l (El imination of Small 

Molecule) fIl~ In'fll,rh!1i;:;lJJ~m11'Utl.:J l:lJW ~~ (Unsaturation) fIl~ <um~ tI.:J~JLl~;:; fIl~ In'fll~h!1.:J (Re­

arrangement and Cyclization) fIl~ l~tllJ1v.:J'Utl'llm 'l:i 1'lfl1~lV (Cross-linking) fIl~ Ln'flLlDn~ tIltltlf)­

cJjl'flih! (Oxidation) !!~;:;hnfl1!!11'f1~l~cJj~ (Photo hydrolysis) 1~h!I9l'h! fIl)' d .:JLlD n~ lI1J{1t1Ll~.:JL~lJ'il1fl 

~h! 'Ii;:; lf1!1!~ h! fI'J{~'lJ'V'I-a'l.:J 1h! m ;:;~h!. 'ill f)f1~h!1l ~.:J B~fI), 111 1tl! ~fI v111ti! n'fl fIl)' llfl m~h!1i;:;!l'lJ'lJ1e11lJ­

1~~f) (Hemolytic Cleavage) 
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R R 

- -'.-.- 2R 

f11)!!~ O~'W 1i~ll 'lJ'lJttltlJh~0 (Hemolytic) Yl11t1'tllflqJGlVm ~rf-1 ble)-1 f11)lfl~e)'W~WJf)e)e)O 
1110 n'Wu Gl ~ n'W mh -1 1)11)lJJ In'fl f11)) llJI911 n'W I'l1JJ if{1 tJm~ ife)W 'l1.f1:lJU Gl~ 01) U'\"j ~~-1lll 'W'tJ 11 ~tJ~ ~h'flill 

q q 'U u 

qa. d 
1) W,"l~'We)))'liU'lJ'lJ'Vl 2 (Norrish type II) 

2.5 'Wf)il~'Vl1'U'lii!VI'Yl'U!!1-1f1'a~!!'Ylf)~~ (High Impact Polystyrene,HIPS) [10-12] 

~ ~ ~ I 

9J 'W v1-1f111lJ lb1 U~-1 llGl ~ 9J 'W al1if{~1tJ 't~ e)~ bll~~ 'Wlll'W '\"jtl ~llJ e) {Vili tlW 'l1.f1:lJ'l1 Gl e)lJl'l1 Glllll'W'il-1 0 ~1-1
'" . '" 

" " , 
Yl11t1'~1 tJl9l tl 01) 'l1ri e)9J'U nMl tJu:lJ ~lJ yf bl11J1) tHi1 tl 0191-1 e)W r1.f1:lJU Gl ~ fI 1 llJ 'f1'W'Utl-1lfl ~ e) -.l <D m 1 if{~ 1tJ

'" . '" 

" -lim1lJll~-1 UI9ll'l.h1~U~of11~lfJ t'hm!mU1 ,:)lfl1t10
'" 

-lJJli~ l11lio~'W JJfll1lJlb1 Nll~fJU ibi~l~lJUI9l-11if{~lv u(,"I~fI-:Jm1lJttJj-:Jim'lf'Wl~lJ 

- 'Vl 'W 'Vl1'W I9ltl bI1) lflli ~~1ltJ Ul9l 
h 

lll'Vl 'W I9l e) bI1 ':) If!tm fl1 {U tl'W U(,"I~1911~11(,"1 ~m fJV'W 'Vl ~V 
- 111 'W'u 'W J 'W1 'Ylv,h 

1. 'YH)~bll~~'W'litJ'fl1i),:)lJ'fl1 (General Purpose Polystyrene, GPPS) 

" ,
tJ':)~on1t1'~~'W 1'lf'W '\"jeJ~bll~~'W'litJ'fl'Vl'Wl!Hm~U'Vlo1:J:-:J (High Impact Polystyrene, HIPS) l'i1eJ-11110 

UJJ11'\"j eJ~ bll~~ 'W l1~JJ bllJ 'lJ~1 'fl'W mn tJeJV1-:J 1'lf'W II~ -1lLGl~1bI UI9l JJ bllJ'lj~ if{eJV~ eJ lJJu'fl'l1 Q'W ~-1U~ 0 UGl ~ 

ItJ,:)ld1V ~-1li 01':) tJ ~utJ~ -1b1lJ'lJ~ 01,:)'Vl 'Wm -:Jm ~ll 'Vl O'IJe)-1'\"jeJ~bll~~ 'W t'fl tJf11,:) l~lJV1-1~-11f1 n~ri ~e) 

1Jl'Vl11'fl~'W 1'W 01':) In'fltJBn~ tJ1tfl'\"je)~ l lJeJ1) IC'Jfi'W n'tme) ~ bll~~ 'Wl1l'W ~"jeJ~bll~~'W 'litJ 'fl'Vl 'WU ':) -1 m ~ u 'Vl 0 
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!m,nrh:J : cHr\)!~lhl (Amorphous) 

fl11:IJYfhllnUhI : 1,04 
~ 

B\?l'Jlfll'Jl?ll?li'U'Wl (%) : 0.1 

'" 


- 'Vi 66 psi: 90.56 

- 'Vi 264 psi: 128.89 

tl\)!'l1.fljJfll'Jl~-.1l'W (OC) : -5.56 - 60. '" 
~I?lYfl~Hl:IJ!YfCll (OC): 85 

t:Y:lJl.hdl'Vlffll'~'UtJ1t1\9l1 : 0.000042 

'" ~ fllHJI?l\?ll (%) : 55 

"" (psi): 4000fll'J'I1'WU1-.11?l-.1 

fll1'11'Wm-.1tll?l (psi): 7500 

fll'J'Vl'Wbb1.:]m~l!'Vlfl (IZOD ft. Ibslin) : 2 
d d a. 

fl11:IJn'U-.1'VlNl : R65 

Dielectric Strength (kVImm): 18 

ml:IJhJ~-.1lbrf-.1 : lrf 

fll1 'Vlhl111hl vi mJl :lli~ 
'" 

fll1 '11 hi ~tl rfl1 bf)iJ 

- ml?l: ~ 

fl11 'I''ll1Yf1Cl Yf~ m ~ ~ 1 tI\9l1tl V'UhI \9l11 tl-.1 l''U1hi fl11 b\?l ~ tI:IJ\9l1b ~ -.1D f) f)~ tll!1?l tlvr 1 hJiJ Btl 2 113 ;)tl
~ ~ ~ ~ 

fll'J\?lfl\?l~f1tlhl (Precipitation Method) Ul:1~fll1~-.1\9l1 (Impregnation Method) ~..ji13fl11rl-.1\9l1btJhI 
, , ~ 

1TI fll1 b\?l~ (J:IJ'Villi q-.1 tJ1 f1i'Ucti'tlhllhi fll1 b\?l~ tI:IJ\9l1d -1 Ll5n~ til UCl ~bll 'W11Hl \l fib ti tl f11~hI-.1 lhl111tl11 

Vll!I'l tlfll1 b~ :IJ\9l1'J tl-.1 ~'U1h1 rf11 Cl~C11t1'U tl..j!fl~ tl!C1 Yf~ b'll'W !fI~ tllhi b m \?l !fIti tl!l:1 Yf~ ~~lb'W ~ 

m ~'illtlri\9l1J"tJ-.1~'U 'ill mi'W 'I'11111bf1~ tl1m1~ rtlhlb~ tll11'!fIti tl!ClYf~ ~ I'l~ tl V'U'W \9l1 'J tl-.1~'UrfCl'l (J\9l11Yf1Cl Yf~ 
'" '" 
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~1'l1-rlJ m~ 'lJ lh! f11'J l! 'lJ'lJ ~~~';)11h! bI'llJl'HHID ·:JerE) n'~!'llw 2 1~ fiV f11'J ~~~111'lJ'lJ II '11'~ IIQ ~ 
nl'J ~~~1 ll'lJ 'lJiU tI n 

~I ~ y ~ 

n . f11'J rI~l']lUUUI!'l1~ (Dry Impregnation 'I1'J V Impregnation to Incipient Wetness) 

~ , 

1~ il1~'V11'Li1h! 'I'll~ ~I'] 1:1'l'l1m 'J lJ ~J'J V~ ~U 'il~ ~ n'l'111'11'm ~ 'illtl~lUQ~ 'Wh! ~lt1b1'l'J Q~Qltl 

~iJmllJl 'lllJ 'll h! ~ I'I1lJ l~ bllJ 11'wLi~ lJ 11'] 'J 'U V~ bI'l'J Q ~Ql tI~1~~V ~l 'Vi 1fl'lJ Li~lJll']'J 'U V~ 'J" '1"1 'J.h! -i~'I1lJl'1'U V~ 
~l'JV ~ -rU'I1 ~mJmJn--)ll~ nl!VtI cJt ~11l h! f11 'Jm'lJfllJLi~lJlW 'U V~ V~'f1Li 'J~ n VU ~ --) V~,1~ If11~Uh! ~1'J V~ -rU. 

" vl~vcil~1'I nJ{V~ u~Li~ lJlWbI ~ 1:1'1'1'UV~f11'J 1f11~llI'lQ~fI~':)1'I n~lfll'1~lt1mllJbIllJl'j I'llh! f11'JQ~mtl'UV':)1:1'l'J
~ ~ q ~", , 

'l1~.:) 'illm!h!~11~ ~Lifin~ tll-Yl'~'il~ ~ m~11'11'll'l1'':)llQ~'l11'Lilrn-Yl~W 'I1.lJiJ~.:) 

" ,"
l~fhllf11J l~lJ~J J V ~-rUQ':) lh! bI'l'JQ~mtl'Uv~tntlvh'l1~-YliJLi~lJlWlJl nlnh! '1"1 V 1'1.:)t!h!Li~-

, , 

lJlW '\JV':)lntlvh'l1~-Yllnl~Uh!~l'J v.:)-r'lJ'il~ 5dJV5Li~lJlWlntlVh'l1~ nVh!lIQ~'I1~':)11']~VlJ HQl'll':)'UV~
'" " 

Li~lJlWln~Vh'l1~ nVh!IIQ~'I1~':)I~~ VlJ'il~!llh!Li~lJlt\1 'UV~ln~vh'l1~~lnl~Uh!~l'JV':)~U f11'J~11'11'1l'l1'.:) 
" " ~ 11'11'1 n 1'1 f11'J~ n H~n'U V~ln~VUh! ~J'I1l!l'UV~ 'J 'I"I'J h! cUh! ~ Vh! -w -D1'ti 'J ~1~m'il 'il~ 1~ 11'11'f11'J m ~ 'il1t1~l'UV':)'" . 

1:1'1'J1h! 1, 'I'~ ~h!'ti 1:1'~111:1'lJ V -D1f11'Jlri11'11'1l'l1'':)~1Inh!'Li'il~~11'11'bl1'J Q~mmfl~Vh! Q~'Liv~I']Vh! ri1':)'U V.:) 1, ­

'I"I'J h! nVh! f11'J Inl'1l']~ nv'W ~11'11'H~n~'Mvcilll'l~Vh! ri1':)'U v~'J'I'nh! 1 mll':)I']'J ~flh! 'llllJ -D1~11'11'll'l1'':)1~1
q q; 'U q 

" 
Inh!'Li1:1' l'JQ~ Q1V'il~~ 1'1 Vcil '\1 ,\"il~ I'] Vh! 'lJ h! 'UV~ 'J '1"1 'J h! ~11'11'H~nlnl'1~h!l '\1 'I"I1~'lh.:) Uh! 'U v.:) J '1"1 J h! nlJ ~11 '11' 

q; 'U q 'U q 

ll'l1'~1h! e)1'] J 11~1~'V'W!'I1lJl~ 'il~~11'l1'~'Uh!lI'1'UV~H~f)~I'Vi 1'1 flh! U1'l111V.:) 'il1nm1lJ'I1mn'l1mtl'UD~'Uh! 11'1 

llQ~J Li~l':)J'I"I'Jh! ~~11lh! f11J til n~'il~'\1l1:1' m'l"l~!'I1lJl~ bllJ~ bll'1'UV~ Hnh!l!I'lQ~l!U'lJ J{V~~lf11J'I'lI'1QV,:)
'U 'U q q <u q 


, ,. )I I, 


I'I'1V'\1l e)1'] Jl-Yl !'I1lJl~ 1:1'lJ-Yl ~1'1 nlJ'i'lQ'9iUlllh! '1.1h! I'] Vh! m1~-Yl ~1r1t)! 1'1"1 J 1~ -D1~';ll ~ ~ Li fin~V1'~-rUm1lJ 
')I Sol I I 

9fh!himf11'f1' H~n 1 m 'I"IJ h! Vl'il'il~'t1~ Q1v1h! 'l11-Yllnl'1'il1nf11'J'fIJ'lJIlU h!'~ f11Jr1't1'9iUlllh! f11J !Li~ Vh!ln~V'" . 
lQ'I1~111'Vci1 h! J Li 'U v.:)1't1 '11 ~'11 ~V V vn'9i'f1II't1~'il~'I1 tll'1 nlJ nJ ~ 'il1V'U V~bl1'J Q~Ql Vl~

" " . 
I '" 
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f)'ilir:lJl fill 'I'll !!"~ 'Ii~lm'l':i eJTW1ml':i [15J IMftfl'l:ll!~ln01J fll':i tltltlblmtl1~tI!!11'l 'Utl'l 

VW~!tlili~'W'liU~flll11I1'Wl!ni 'W~1 (LDPE) ~ ~blll'Wl1Wi'lfltltl fll'li'fl l~tlftm':llblll1J~h~ l'lflll11~tl'W 

!!"~ blll1J~!~'l fl" 'U tl 'l fll ':i tltl tlblmtlmtlll'i~'l TI tli 'W1Jl1 fll ':i !~ll ZnO "hh11111'nJ tl{I~'W 'flfll 111!~ 'W ~~ fl 
" 

" 1 c: "1 "''''' d "" ::71 <1' " 1 <1' d <1' "" '" 
'Utl'l LDPE IlJM'WUlJ"'l ~"fll':i'Yl~bltl1Jblll1J\9lflll11!!'U'l!!':i'l~'l'\Jtl'lY'l"ll !1" ~ llJtl':iI'li'W\9lfll':i~'ltl~ ru 

~~'tJl~"~"'l lritl!~ll ZnO U,,~m1'l'ill fl'W 11U~1'W fll':iUlt1Ubl WI1Jl1Iritll~llU~:IJlru ZnO U"~~l'W l'Wl'W 

1'W fll':i U ltiUbl 'l :W~lliJ blll 1J~!~ 'l fl ""~" 'l~ 'll~ 'W ~mJl'il 1fl fll':i tltl tlblm tI'U tl'l:W ci'll 

" 
U ':i~ ir'Vl ~m'l''l fll ':i I~ 'WI'111 ~ 'l 'U tl 'l I 'Yl'Vll!'wtllll~tltl fll'li'fl~'W tltlO1J I1mtlD 'il;ijtI !'If'W 1m'lbl ~1'l ~~fl~fl1:J ru~ 

" 

, 'jJ I I 

~hd'l~iJtll-Fllfll~ fl'il~iJVl'W iii ~l~ll ~bl:lJlmi 'l~"l11'iJ~lu111-1'l~ltl'lll~Clfll':i dl~uBn~ tll:1Jl flfll1 '1'11111' 
I , 3J I 

iJU':i~ir11~m'Wl'W fll':i tltltlblmtlbl 'lfllWlll~ 'l~iJtl'Wmfllm:u9i -1iJVl'WiIi~l~ll ~mrtltl 1'lf'WI~ tl101JD'il;ijtl
" • u 

" , :v 

I~Cl'lp'q 'W ihd -1uBiWtllYiiJ~fl1:JU!~fIl1111~'W i'W~ 'W~ -1'il~Yll111't1'il ':i fll':i dl~uBf)~tI1tltlfl9f!~~'WlVill~'W 
, " 

I'W ':i l~iJ~ l!!111-1 -11'W fll ':i In'ilt1'W 'il ':i n~ tllll'l!'Wll ~'W U ':i~ ir'Yl~m'W1 'W fll ':i tltltlbl m tI~ -1~ fll1 

Parres !!"~ flru~ [16] ftfl1:J 1':i~~1J fll ':i timmmtl'Vll-1Ubl.:J'U tl 'l'l''l tl~lll tl{'I''l Cl~bll'il5 'W'litJ ~'Vl 'WUJ 'l 

m~!!'Vlflbl-11~tl1~'I"l hlCl9fblunbl1m:lJll'ilJ ml~lullblmUfl1\9lJlm~5 l~tlftfl1:JlfllJ !U~tI'WuuCl'llm 'l­
" 

I 'jJ • I • 

bl~l'l m til 'WI!Cl::; fll ':i!U ~ tI'Wu U "'l'U tl'l'l'~ 'W ~hm tI'lJ Cl fl 'W1Jl11f1 tl'W1lUftfl1:J1l'll tllfl ~ Cl-1 ~ vhvl tl! ':i 'W!~tlCl-

blUfl'WU'lHflClCl~iJl\9ltl{ (DSC) II"~ IfI~Cl-1 Thermogravimetric Analyzer (TGA) 11lbll:lJlJm::;11 
, I ')I , 

fll':i IU ~ tJ'iHlU Cl 'lYi dl~~ 'WII'ltl til'l~~1 'il'W !!~!f1 Cl'W 11Ul!fI ':i l~"jI'll til 'Vlfl tJ flU m~ I1~ 'W 'W!tl'il!'Yl'il1'Yl 'Yl tlCl~ ­
" " ,

n~':i m'Yl\9l1j!~tI{'Yl Jl'W blvltl{llB'W vlJ1IJ~ (ATR-FTIR) U ':ilfl{JY1f1'UCl-1I1~m {1JtlU"~'W lf1tlnm1'W fllJ 

11 , 3J I 

Vl'W thm tJ'W tl fl'Utl 'l 'I''l tl~!ll tl {iJ~fl 'E] Uj~Yi 'U ':i 'U J~ ~ 'W 9i ,n11111''Wtl~lll () {blW ITI tlbl 111J~!~ 'l fl" 
• " u 

Zhao IICl~ fI ru~ [17] fifl1:J 1fll J titl tJblmtJ'IJ tl-1'Wm bl~ fl'Wtl ~!tlYl~ 'W~bllll'Vl ~~ l!-Wtlll1~ tltl fll'li'fl 

1~ tJ flJ~1J 1'W fll':i I ~ 'lU~n~ till'll tJI! bl 'lflltJll'il!bl 'l ~i11"~ !Ibl 'l tllYl 'il61~ tJ fll ':i ~bllll'1'Vll! i1 tJllI~ tl tl fl1'li'fl 

" 
'ill m!'W 'W l:lJll1fI J l~"jfll J I n~'I1ll'\il'l ni'W I'll til 'Yl flU fI fll J m ~1'i'W b1'1 J 1'l1tJ'W~'l-11'W" . 

, , " 
Ubl 'l'lfl'lU bl -1Bmh 1!':i~ (FTIR) 'I'\I1JllU~:IJltu 'UCl'll~~'Ylll-WtJll'l'W :wci'll'WCl~W~~'W~n-;';ll~'W HCl ~nm 

, " 
1'W fll JU 1 til lbl -1~ 'Wl'W ~'W 

" " 
'ill m!'Wfifl1:J1 i1'ru ~l 'W 1''1 tJl'U Cl-1:W ci'll 1'l1tJ fl~tl 'l ~m'1 ':i ':i flUB!~ fl'il Jtl'Wu1J1J ri tl-1 m l'il (SEM) 'W1JlliJl~'W~l 

• ~. v 

iJfIllll 'U~ 'IJ J ~ IV;ll:lJl fl~ 'W 9i 'lYll111'ln~ fll J titl tJblmtJI~!~ l~ 'W 
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Malecka U~~fllli~ [18] fYf1'l:J1mD fl\9lf:lJ1Jl~ ,\)lflfll'Hjtltl'(j'mtl'Vl1\lfll1lJ~ tlI-J 'lJtl\l Zn(NO})2. 

') 0 991 91') 991 ~::7tQ ~9 f;)I odd 

nHp (n=4 ~1~~6) ,\9ltlO11'1'11 Zn(NO}\.nHP ,tum\l ,~tI ,'lfm~'1i~Vn1fl \9l11,\)1~ ,W11'1im~tllJ 

~W~tnillI1U '11''1 Vlllt1d:;~DBn1 tl1~11-J m~'U1I-J O1 1'V1mtl~'W\9l tJI-J lrlml11Dl~ri1011 vtJtI'(j'mti1~tI 
l'Vlfl1JfI TG, DTA 'I,ml1 Zn(NO)2.6Hp ll-Jtn01l1llt1\l lJ~\9l11011citJtI'(j'mCH'\Il1n'U 0.1 mg/min lJ011 

" . 
citJtI'(j'm(.nI-J~'Vl1\9l,\)1f)m1lJ~tJl-J 50-80% lJ0111~mtl'\JtJ\Jl.htJtJf)'\)lm~'U'U IlI'lU'1:IJ Zn tJci 1~tI'VI-a'1,\)1f)Vi

" 

, 9J 'jI , 

BtU 'VI nil 011 ~N1 'V~ 'U l1tJlli 'VI nil 011 lN1Vi'(j' \l ~mY'1 N~1'11'N~ f)1 '1'1 'I'll~ i1t1lJl~tJ tJf)l'1ilPllJ'IJ I-J 1~1mU~I-J II~~ Vi 
" qJ q 'tI 'lJ I.) 

"" '" 11J 91 "" "" 11J d 11J 11J ad C; "" 'lJtl\l'(j'111'\)tJ Si02 'VI1tJ Sn02 l~N~fltl'IJm~N~f)'lJtJ'1l'Vl'Vll~l-JtllJ l~tltJf) l'1i~lJ'lJm~~~f)~'1 ll~~011~,\)tl 

" 
li rill-J 1 ~l 011 U'1 fj'1 011 ~ n~ N~ f) '\.1 tJ'1l'l1 'Vl1~i1 tllJ 

~ 91 <J1 ~ ~I 1 ~ a , Q 111 d Q.I 

,\)If)'lJtJ:J,J~'lJl\l\9l1-J HIPS 'VI1tJ High Impact Polystyrene ~LJI-J ,fI'VH)~~JJtJ11~'VI11\l 'VH)~'(j' l\9l'jI-Jf)'U 

iJl'Vl~l~~~! 1n~ '\)1 f) O11D f'U D1 \l '(j'JJ1J~'IJ tJ\lVI tl~ '(j'1\9l~I-J ~lJm llJl!~\lm \llll'l~D11~ lt1lJ mJ1J~~mJJl ';it). 
" .

"''LJll1\ll~JJlf) L!~ ~ lJ mlJJ n~VI-J JJlf)~ I-J Vll1'11'111 I-J vlm'(j'~f)~ f)'lf1J ~ Vi 1J tlJJ H1I-J II '\)'\) 1JI-J !l~~ '\)1 f)llru'Vll
• • u 

1~tlrr11D'lJtJ \l 'W ~ 1'(j'~ f)fi tJUtJ tI'(j'm (J1~til f) ~ tJ \ll~llmml-J ~\lJI-J ll-J '11I-J1~tI~ \l1'l1 ill 1fYmn 011 ci tltl 

nmtl~lCHlm'IJtJ'1 HIPS ~1'l1 011 ~mD!1II-J Vl~lJ'lJl'1l'\4tJlt11t1 I-J011 tltl(Jfl'~1t11~!~h~1-J 1~tlli1'Vl'Vl1 -
" 

I{:l (JlJl~ tl tl f)l'1i1Pl11lI-J I'l11'i \lDBn~ til ~ '1 111 I-J I'l11'i \l~UtllJ HI~ tJ\l1Jlf) 1 '1'1 '1'11 !i1t1JJ1~tl tl f)l'1ilPllJD 1~TI 'Vl ~mow 

ll-J O1111lI-Jhn\9lllfl\'ll~ fl''fll'W 1~~m,. \l lJ 11m\:) fl lJflllJJ~1I1-J Vl'l:J~l Il~~ fl'lJJl1 fI'I11 fl-a'UJJlliimJl~ 
" " 

I-J tl fl'\) lflt1I'lld \lDfi n1 tll~l til! fl''1 ~ fl'lf1J ~~1J tllJ l~fitJ ~ \l tltl fll'1i~ ~ \llt1D 'j ~ TI'Vl ~mow1fl~l~ tI'1 n'U"I'Vl'l'll­

" " 
li1 tllJl~ tl tl fll'1i~ ll-J '1l 'W 1~tli1~ '11'llO11 Df 'UD~ \l ~I-J~1'IJ tl\ll'l1 'Vl11i1 tlJJ"I~ tl tl f)l'1ilPl~l tI~ \l tl tl fll'1ilPl 1~tIH 

l~ ~lJ lOW 1f1ll-J i'Wl~ tlfYfl'l:J lD1 ~ TI'Vl ~mowll-J O11! 11 I-J 1vl1\9ll! fI\9l1~ '(j''fl'IJ tJ'11'Vl'Vllli1 tlJJ1~ tltlf)l'1i~'VI-a'11'l1 011 .. 
" , 

Df'UD~ \l'\~I-J~1 
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, 
<:\ 

lJ'YI'YI 3 

" 
1. 	 'Wtl~~11'l~'W"lrw~~nm';j.:jm:;;tl'I~f1 (High Impact Polystyrene, HIPS) im~i!~.u'W~li 486M 

'illf1'lJ~JJ~ 'f)ll lfl:IJfltl1:1 llliSiwn ~ltl'f) 

2. '~~lli1tJlJl~tlf.)f119f~ (TiO), lm~ Degussa P25 'lJ~JJ~ Skybright-Chemicals ~ltl~ 

]. ~.:jf1dn'Wlml'l Zn(NO)2' lm~ 1271 'lJ~JJ~ Ajax Finecheme ~ltl~ 

4. 1'11vhl:'l:;;mtJl~1:1D'W lm~f1l'H~l 
" 

Q) d 3J g.J 	 ~ rI 

5. ~l';j1:1:;;mtJ:lJlI'l';j~l'W~.:jf1:;;~l'\JlJ'\J'W 1000 ppm lm~llml:;;'11 

6. m~1eJl~H~~tltl~f1 (HF) lm'f)llml:;;rf
" 

,TM 
't'i'W1tlStyron 486M 

3 
fllllJ'I1'Wlll'l1 'W (Density) 1.04 g/cm ASTM D792 


m ';j 'If-W fll';j1'11 ~ 
 ].00 gil 0 min ASTM D1238 


(Melt Flow Rate; MFR,(200 °c/5.0kg) 


oj d 

flJllJll'\J.:jilJ .:j'f).:j UA ~'fI'lJ1~ ASTM D6]8 


(Tensile Strength at break) 


25.5 MPa 

ASTM D6]8 


(% Elongation at break) 


t,J U!'I1 JJ iJ f1l ';j ~ tl 'W I'll 


40.0 % 

102 ASTM Dl525 

(Softening Temperature) 

fnllJ~'Wl[';j.:jlf{.:j.:jtl (Flexural Strength) 50.] MPa ASTM D790 


fl JllJ~ 'Wll ';j.:j m:;; ll'\~ f1 
 110 ASTM D256 


(Notched Izod Impact Strength) 


Jim 

"--_ ____ -"'--_ _ ---=___ _ _ _ '--_ _ ..___ '--_ _ _ _ _'-___ _ -----1 

'I1:lJlI:.H111'l .utllJ~'illn'lJ5JJ~ ~lllfljJflf)~ llliSiwn ~ltl~ 
, " 
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Vc> 

'il'l-JUVI Ti02 Degussa P2S 

~f)fl tll ~ 'Vll -:J f)1 tlfll'l"i N-:J 

'U'W1~0'4fllfl 21 nm 
d 

tI' 'U11 

'" f1~'W [liiJ 
" '" '" fI1 1 JJ iJ'H'f'Vl1i, 99.5 % 

,J de:. 0 

'VfW'VlN1'il11'\Al1~ 
? 

35-45 m-/g 

fI11JJtI'lJJl'Hl 11.1 f)1':i~~mtl m~ (HF) 
9J O (l..f 	 ocv 

11JJ1 CJl111'l 'UO~~\)lf)'Unn~ Skybright-Chemicals \)1f)~ 

3.2 ~'l.Jmw 

" 	 2
2. !LJJ!L'U'U11~om::::'ilf)'\J'W1~ 16 x 24 cm 

, '" '" rw 	 ED2248 ; 'U':ifl'Vl Scientfic promotion 

IflH)-:Jf)1'WtI'l':i (Magnetic Stirrer)4. '" 
5. 	 Ifl~O-:J5~I'l':il1'll'WfI (Ultrasonic cleaner) 

6. 	 li'O'UtI'l':i 
" 

8. 	 1l'l1lNl (Furnace) i'W F6010 'U~1J'Vl Kerper boukvard ~ln~ 
~ ~ . 

9. 	 I!]O'Ufl11JJ':iO'W (Hot aIr oven) 

10. lJJ1m lJll'l o{ 

II. 	lfl~O-:JO::::l'lo ~ii f1!!o'U"lw {'\Ali'Wm'I.Jf11'Vl':i l~1'V1':ilJII'lO{ (Atomic Absorption Spectrophoto­

meter, AAS) ~'W Solar M5 dual AA Spectrophotometer; 'U~1J1'1 Thermo elemental ~ln~ 

12. 	 lfl~O-:Jl~iY (Colorimeter Spectrophotometer) i'W Miniscan XE plus: 'U~1J'Vl Hunter lab 

~ln~ 

'" 	 0.1 d " 0.1" "".1 "I '1 = " l3. 	lfl':iO-:J':jl~tI':i'Vl':il'WtI'nO':iJJO'W1"ilIHlmlJf1 (1~HHI'lO':i (Fourier Transform Infrared Spectro­

meter, FT-IR); Perkin Elmer ~'W FTIR Spectrum Gx 

9J ole::..). ~ I 

14. 	 f1~O-:J~~'Vl':i':if1'Wm~f1I'l':io'Wu'U'UtI'O-:Jml~ (Scanning Electron Microscope, SEM) 

~'W 1455 VP;LEO, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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15. 1'fl~tl'l'Vl~bltl'lJD!'Wfl'l.b::;bI'Ir1 (Universal Testing Machine, UTM) i'W LR 5K; 'lJ~El'Vl Lloyd 

Instrument ~ln~ 
,d 

16. 	!mtlHhermogravimetric Analyser (TGA) i'W TGA 7 serial no.519 N7031104; 'lJ~ElI'1 

Perkin Elmer ~ln~ 

17. 	l'fl~tl'l Nuclear Magnetic Resonance (NMR) i'W INOVA; 'lJ~El'Vl Varian ~ln~ 
9J " 	 ,

18. 	 f)(1tl~~(1'Vl':l':lfl''Wll':l~tl::;\9lmJ (Atomic Force Microscrope, AFM) ~'W AR MFP-3D 

19. 	 !f1~tl~ltlf)ci'!':l6~~1l'Vhf)1'Vl':l:OI\9ltl{ (X-ray Diffractrometer, XRD) i'W DS-Discover; 'lJ~1J'Vl 

Bruker ~ln~ 

"I \IJ "" \IJ \IJ' ~ "" o!Ir] ~ """" "" v3.3 fll-a!'iHl m'YllI'l-WlI IVleH10 !CUV1V11fJ<·lf~V1 !'Wl'Yl-aVlV11fJ11ifll-aeJlIl'W-arH'W'lf'W (Impregnation 

method) [13-14] 

. 
fll':ll~ tl11'1 'Vll!UU:IJ1~tltl f)19i<f1~1 ucJi ~f1i~H'Vl':l \9l ~1 Ul~ fll ':l V:IJlVl ':l f1! 'W i'W1'W ~1'W l:il'UU 

~ 

vllYiflll:IJ 

!~:IJ.u'W'\Jtl'l Zn(NO)2 4 % 1~u1:IJ(1'IJtl~ Ti02 1~Uvllfl1':li~ Zn(NO)2 0.2S17 f)1:IJ (1::;mul'W 
y 	 , y 

tJlf)~'Wll~T1H'lJu~:IJlml~'W 100 :O(1~~\9l':l'Ulf)'!!'W1ltJVl(1~'lJ'W Ti0
2 

10 f)1:IJ ('lJw::;l1u~l~f1'WIU~lU) 
, I 'JJ I 	 ,'JI 

'U'Wm::;'Vl'lv-l'l TiO? !~:IJ~'W 1l~ltJ1IUtl'lJYitlWl1fl:O Ioooe !~'Wnm 2 il1:IJ~ 'il1f)'!!'Wl1U~bI1':l(1::;mu-	 . " 
" Zn(NO)2 ~tlll(1::;!tl11Utl'lJvllqfl"1 'U'Wbll':l(1::;mUl1:IJ~ 'l~I?{lU~'l!lD~I~'W 2 ril'W!'Vll"1 n'W ll1;lltJllulri 

l'WfI':lcJi!1J(1 !~D!v-l11'WL\9llLv-ll~tlWm1:O 3000e l!(1::; 5000e 1~'W!lm 5 il1:IJ~
" 	 . " 

"" ~ 9J "" 	 9J,d ~ ~ ~ 
fll':l l!m 1::; 11 !m'lbl':ll'lv-l(1f)'lJtl~ ZnO-dope Ti0 ~l(J!me:J'l XRD (mVO'1 3.1) l!ml::;l1 I~U2 

fll':li~1911d~uiln~tJ1 ZnO-dope Ti0
2 

U':l::;:IJlW 3 f)1:IJlri(1~1'W Sample Holder l!]lfl1':lUl~~ 'm,rl 
~ y , 

l'H't~U'lJll(1::;f)m)~l~U1..i'W'·.'Ulf),!!'WtJlltJ~~I91~'Vl Analysis Station 1~ul~ eu, Ka !~'W!!11~'lfhiJ~1~TI 
c:: 	 of 0 Q .,.. I I 

ltlf)9i 'Vllfl1':l1!ml::;11'l11'lfll 28 'Ulf) 0-90 degree 
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c1 "" 0'0'"",.1 I 1 "'" 0'ill'V'l'Yl3.1 !fI'H)'lwn'll'!'JtI~'Y~l!'V''JfI 11'J1J!19Hl'J (X-ray diffractrometer, XRD) 

.fI1'J l!m l::;-MrnJ~mru 'Utl'l ZnO ~!~tllw Ti0 l~tlH!fI ~tl'ltl::;\91 tllJ1Jnl!tl'lJ'll'tl11''l':li'\.HHU n­2 

l'Vl'J~lntJ (Atomic Absorption Spectroscopy, AAS) ihl?1'·-;H1'luBn1t11 Ti0 ~!~tl Zn(NO)2 ~!\911t1lJlw2 

~ml::;~l'l'1 m'\1lD~mtl!~l'J!~tl<l{ltHfI~tl'l AAS l~tll~rn1tl~enlJ;l!'il'\.Jfltl~lJ,.r (HC lamp) il'lm1"l~ 
3.21~tll~~mlnl~~tl'lJ~ 

4mA 

0.5 nm 

Emission 

Air-acetylene 

~ ~ , 

l11f11'J l!m l i-Ml~tI'I11m'J ~~mtlm\91'J ~ l'\.HY'I n:dl !~1J'\j'\.J 1000 ppm ! ~ml1'l<l{'":ltJ'I11n~'W 
n 1 '" 9i 9i ~I '" , "" 9i n.1
u'J'lJfll1lJ!'UlJ'U'W!u'W 0.50, 1.00, 1.25 U~~ 1.50 ppm 1~fI1f11'J~~n~'W!!~'lU~~~'J1'lnnl''llJ1\91'J~1'W 

"..t! Q.J 31 9J .J d lrj9J
(Calibration Curve) 'J::;'l111'lfl1f11'J~~n~'\.J!!~'l (Absorbance) n'lJfll1lJ!'\JlJ'U'Wm'J~ ::; mtl'Vl!\91'JtllJ!~ 

" 
'D1n'l1'\.J!\91~ tllJm'J ~::;mtl l?1'ltlci 1'l1~ tlHm ~l~l~'JyJ~tltl~ n (HF) D'J::;mtl! 50-100 m! !~'W 1'1lYi1J;l~mtJ

" ~ , 

mi'lD~'lJm1lJ!.ulJoU'WtlQl'W'lh'l 0.50-1 .50 ppm 'il1n1!'W'I11~1'J ~~mtlI'11tlci1'lYi!\91~ tllJl~ri1f11'J~~ni1'\.J 

! l~ -1 'I11f1 l~l<l{!Yi tI'lJ tl'lJ n 'J 1 'Y~lJ 1\91 'J ~ 1'\.J!1~ tl'l11f111lJ!oUlJoU'W '\J tl'lm 'J J;l::; J;l1 tlI'11tl ci1'l 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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ci.d = <I • I 1 1 ~I
w
ill'Y'I'Yl 3.2 lmtl'ltl::;19HJlJlJflUtl'IJ"lftl'J'Y'I'lI'Wmufl 'V1'JbY flu (Atomic Absorption Spectroscopy, AAS) 

. HIPS Toluene Ti02 ZnO 
(YVIJ 'lUll tJ!'\WI 
'" (g) (g) (phr) 

. 
(phr) (g) 

HIPS 2.1 67.9 0 0 0 

HIPSTiO.5 2.1 67.9 0 .5 0.0105 0 

HIPSTi I 2.1 67.9 I 0.021 0 

HIPSTi2 2.1 67.9 2 0.042 0 

HIPSTi 1 (300) 2.1 67.9 I 0.021 0 Calcined 300°C 

HIPSTi 1 (400) 2.1 67.9 1 0.021 0 Calcined 400°C 

HIPSTi I (500) 2 .1 67.9 I 0.021 0 Calcined 500°C 

HIPSTilZn(300) ' 2.1 67.9 0.97 0.0204 0.03 Calcined 300°C 

HIPSTi IZn(400) : 2.1 67.9 0 .97 0.0204 0.03 Calcined 400°C 

HIPSTi 1 Zn(500):< 2.1 67.9 0.97 0.0204 0.03 Calcined 500°C 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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, , " 
95-1t~~ HIPS 1911lJl?ll)"l-1 u'lilw~'-rvh-a::;mllh]'~~'W 30 n~lJ 1~'Wnm 20 9511lJ-1 'il1m!'W 

vhnntJ'Wm'Wm)"-a::;mll~ltJlfl~tl-1m'Wm)"tfliJ~m1lJt~lH)1J 300 )"tl1Jl9itl'WlYit~'Wllm IS 'WlYi 

oJ1-1Vl-1 Ti02 -a-11'W~1'1'11-a::;mlll'Vl~~'W 37.9 n~lJ il~m'l5'W::; ntl'W'l-h;r1'j~vl¢)h.h11m)" 

m::;'il111~1~111tfl~tl-1D-aI91':i11CJrwm~'Wnm IS 'WlYi 

t.'hlJ1'jl~'il1noUtl~ 1 1'Vl-a-11'Wllmntl1~iJlJ1)"oUtl~ 2 tl~ l~lJl'Vlmh-1~l"1 'il'Wl1lJ~ u~lil~ 

m'lJ'W::; ntl'W'l-hltlD'W m'WlPll mfl~tl-1m'Wtt:Ut11~ n~m1lJt11':i tl1J 300 ':i tl1J~tl'WlYit~'Wllm 24 oJ111lJ-1 
, " " 

tJ llJ1':i -a::;mllYil¢l1tltoU1tfl~ tl-1U-a191 )"11CJ!umll'Wnm J5 'W1Yi ~-1 <i1-1"Ht~'Wllm 5 'WlYi ntl'W tJ11tlvhm':i 
. 

11 f,\fJ tt'lJ1J 

n tl 'W HlJ 1)" -a::; -a 11111~ tl m':i VllJlJ mY] 1m':i 'Vl ~-a tl-1 111niivl tl -1tl1 mff~l 'W1J'W1t1fhu~ tl tl n 

nm:.! 1'Vl m':i VllJlJ-a-1 hm:utt1J1J11 ~tl~tl~ t11~ lIlJ~y]1'il1nm::; 'ilnU~ltl~ tllll111'Vl~~m ::;m{Jtlci1-1~1"1 1'W~ 

~~fl1'W1~'Wnm 24 oJ111lJ-1'il::;1IPltl:UU1J1JI1~tl~iJV1rflJtt~ltJ11tltl1Jl'Wl'ltl1J~tliU11i1JJ 100°C t~'\.jnm 8 
'1..1 'U q cu 

~~U~'WV1rflJ~ltl"~1-11t1iJ'\J'W1~ 15x12 em21d-a-11'Wn~tl'l UVA (~y]l~'WW-1) 1<fwn~tl-1iJ'\J'W1~ 
nl1-1xlJllxlJ-1 t~'W 34x72x30 em} mtll'WiJl1-atl~~-1iY UVA 40 Watt lJll 60 tCJ!'W~llJl91':i l1-1t~1I-1n'W 4 

" 
l1-atl~ cp)'1lw~-11'Wm1'j~ 3.31~lJ'Yhm':imllUlJ-1I~'Wllm 100, 150 u-a::; 200 oJ111m ~-1u~'WV1rflJ 1 U~'W 

'il::;1~~1JUlJ-1'il1nl1-atl~ UVA ~l'Wl'W 4 l1-atl~ 1~lIiJ)"::;1I::;t11-1':i::;1111-1ttH'WV1rflJn1Jl1-atl~ UV 6 em 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



30 

,. / , ,. " , ..' 
, .. ' ,. , , .. ' 

/ . /. " . , , . ,
/,_._ . -.-._._ ' /._._.-.- . -.-' /._._._.-.-.-' /.-.-._.-._._' 

.::::.!, Q.I .::."::I." I Q " Q) 

fll'YHl 3.3 (;\ nfJ UI~ f)1';j 11-1 'l5'U.:j 1'UH(;\~ ';j ~ lJ~ l11-1'U V-1'l5'U -11'U n1J'\1~Hl\p) UV 

~ d ' ...c:1 dv
3.7.1 fll11!fl)1:;;'t'iYi1;fn'lf)'II'W ZoO-dope Ti02 

f)1';j l!m l~rf'\1~Vl-1 ni'U ZnO-dope Ti0 l\p)lJ!'Vlf1iJf1~!~ lJ{m 1'U!'l"1 V{f)'U yh!';j\p)miJn 1m­2 

TIln1J (Fourier Transform Infrared Spectroscopy, FT-IR (m~~ 3.4) '\.hwci'lJ~!\?l1lJlJllPllJll!m1~rf
", , 

'\11'\111 -N -1 ni'U 'U V -1 TI1';j 1\p) lJ'\111-N -1 ni'U 'U D-1 rY -1 n~TIV VnlCJiI'1'D:;; ~'U Ylf1Y1 450 cm -I ~ -1! ~'UYlf1'U D,:j Zn-O 
~ ~ ", ,

li] d li] li] d' "" d d -I "" ~I <OJ

Stretching [21] U(;\~ !'YlYl1!'UlJlJ b\P)VDn!CJi\P)'D:;;'U'U'Wf1'Vl 1097,1031 cm CJi,:j!u'U'Wf1'UV-1 O-Ti- Stretching 
" -I " , 

do .c!:I. d1 ~ at Q) Q.I 

!W~'Vll(;\'Uf1(;\'U 469 U(;\:;; 538 cm CJi,:j!f)\P)!'UV,:j'il1nf)1';jTI'U'UV,:j1~'U'jj~ O-Ti-O Bending [2l] 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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. ". 
11 1:W"1J111#l1J lm51!ml:ni'H1'l1~Yl-l ni'W'IHl.:Jm{'UtHl{l~ v1-lnEl'W ~ ltJ!!'i:'f' .:J!!~:::;lijEl~ ltJ!!'i:'f'.:J 

'U 

UVA1Lll!~1 100, 150 !l~:::; 200 i111J.:J 1~m-llfl151!f151:::;'l11~tJ1~!f1~El.:J FT-IR !~'W!'VIfI{lflfl1Hl:::;.nEl'W 
'UEl.:JthUbI.:J IR 'l51-l!~'UfI~'W 500-400 em" 'Ulflbl!Llfl'VI~1Jfl15~~fli1'W (Absorbance) 1~tJ!i1ElflYlfl~ 1715 

'U 

em" ~-l~'W¥l'flfl15(j~'UEl-l'l1~m{'UEl{l~ !l~:::;¥lfl~ 1452 em" !~'WVifl~Elfln-l 'UEl-l~l C-H l!~:::;Vi'fl~ 3445 
'U 

cm' l ! ~'W .wfl'UEl-l fl1~ ti~'U El.:J'l1~l ~~ 5 El flcJl~ bl11J15 tl 'H1~ l\P)'))\J m{UEl{l ~ (C.1.) II ~:::;~ll'1'lJ\Jl~~ 5 El flcJi1:l 
'U 

" 
(H.l.) ~.:J\J 

absorbance at 1715 cm- 1 absorbance at 3445 cm- 1 

H.I. = -------- ­
C. I. = absorbance at 1452 cm-1 absorbance at 1452 cm- 1 

<V "" "-i
3.7.3 f111'Y1mHl'Uf1111'U!!1'iVl'itlVl [21] 

~11:W"1J~!\?l~ tJ1J'M~.:J n'D'W!!~:::;mr.:Jmm!'i:'f' .:J1Ll'VI~bI'DUII H~.:J (Tensile test) #l1mfl~El-l 
'~~blElUEl!'WflLl5:::;bI.:Jr1 (Universal Testing Machine, UTM) \?l11JlJl\?l~~1'W ASTM D882 (rll'W~ 3.5) 1~tJ 

')J ."
d Q 0 ~ Q.Jd 

!\?l ';i IJ1J,))'W.:J 1'Wl!~:::; fll'l1 'W ~ bI f111:::;!f15 El.:J 'VI ~ bI El 'U~.:J 'W 

2
15x80 mm 

5 mm/min 

f1111JtJ11!fl'U (Gauge length) 25 mm 

100 N 

" . 
~ 1'W 1'W ~'W -l1'W Yi 'VI ~ blEl'U 

~ dt n I " flWIl1 3.5 !f1'JEl.:J'VI~blEl1Jm'Wfl'U5:::;bI-lfi (Universal Testing Machine, UTM) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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3.7.4 f,lW'I1.Q:Uthltfi;11tlI>i'1 (Decomposition Temperature) [21] 

I, ;v, , 

Analyser (TGA) (mv'l'Vi 3.6) cJ1.:J 'il::;ri1fn:il'~'\.hrn!frVi ~tyltY dhJd:jtll#l~'lJmllJferu llCl::;ml~.:J ~·m11.! 
'J}. • I 'J,J ,'J,J 

':iD'IJ tln'll'I-n!frViblwliY lIn'lJtlUfr! flilYiI VllJ~1.! l~lIYllf)1':i 11m l::;t1'YI blml::;~.:Ji1
'U 'lI U q 'lI 

7-10 mg 

20°Clmin 

20°C/min 

~ d 
JIll"l'YI 3.6 Im'O.:J Thermogravimetric Analyser (TGA) 
~ 

3.7.5 'tlW511'W1'Y1t11 (Morphology) 

lU.:Jl1.!l~lIifl#l1~ SEM fimJllflHblfl.:J'Vll.:J~ClmfllY1tl~f)1':i m::;'illlll'll'IJtl.:J~lli .:JDBn~lJ1 
1~ lIf)1':iUll!~1.! VhflJ~l~~ lIlJl~1.!l!~Cl::;bll'l ':ilJll'l~1'Vi'#l'IJm~ Ix3 cm 

2 
!l'li1'ul 'U11'l ':i I'il1H'ViCllI~1.!nm 5 

'V 

"" " mYi 'illfl'l!1.!Yll nl':i11fl911.! Hum 1I11'il1.!1'fn 1'il1.!!'ViCll Ul'l11.!.:Jl1.!lDYllnl':i lfl~ tl'lJ'Vltl.:J (Gold Sputter)
". . , 

l!~lUl9f1.!.:Jl1.!YlllPilDllml~t1'#l';lVlfl~tl.:J SEM (ilwrVi 3.7) #lllll~fh~.:J'lJlIlli 10,000 Ivi11~W~il1fll'l~-

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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~ I ~ 91 o'Q d I 

2lJ'Yl 3.7 fl~tJ~~~'Vl~Hn.HlWfli9l)tJ'W!l'U'U"tJ~ml~ (Scam1ing Electron Microscope, SEM) 

" ,
l'WHwl~c.J'wl¢ll~bfl~tJ~ Nuclear Magnetic Resonance (NMR) ~flfd1Gli11~'Utl~1:'1'1~ 

~bn~'illflfl1~ cJfJCJ1:'1'mtJlPlltJbb1:'1' ~l~lJ'I'llfl1~1:'1'n~1:'1'l~'DlflVlrf:IJ~~hw fl1Hl1tJU1:'1'~bbf{rHtJ'Wnm 200 ~11:IJ~ 
" " IPlltJfl~tJ h'V~tJ{:lJl~nmhjfl1~1:'1'n~bYltJ~b~mrmJ (2-] 1'WlY1) ~l'WTW 2 fl~~ 'Ulnir'U'I'llfl1~cJtJlJ~lrf:IJ . 

~mi'lml~l'l'llfl1':l':l~mtJilll~l~~mtJbb~ ~ t'hl'lltJ'U~mU'l1.fllJ 60 O( btJ'Unm 6 ~llm !If{TI.'hl'll~~l'U. '" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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3.7.7 fll'mHitl'U!ltJtl~il [23] 

111:W~lJ~I\?l~ (JlJll'i'~-1ri e),W!l~~'l1~-1ll1(J!!i:Y -1 UVA lJ11Im1~11f1l'mJ~ (J'Wutl~ -:) il'Ue:J-:):W~lJ 
1'i'1mf)~e:J-:)1'f1~ (Colorimeter Spectrophotometer) ~-1!li:Y'fI-11'WJ)1'V'I~ 3.9 l'f1(Ji:Yml ~ cn°, L*, a*, b* 

. 
11m 1~'l11'f1 (J'fl1 tll) 1'f1~1P11lJ1\?l) 'Ii l'WU~~ TI'U 11lJ Wl':i!ij 1'W 'U1fl m ~!ti 

~ 

e:J -1 IVie:Ji:Y~1-:) ri 1lJ1\?l) 'Ii 1'W (S tandardi­...., .. 
y y ~ 

zation) 'il1flir'W'l!]ltll)1'flTIm·i'WVl~lJ ill 'U~nill!~(Jltlml-:)rie:J'WU~ ~'l1~-:)lll(J!lm UVA 'U1flir'Wf11'Wlill 

'l11filmllJU\?lflI'iN'Ue:J-:)~l'f1(J)llJ (Total Color Difference, ~E) 'Ulfli:Y1'l) ~E = (~L2 + ~a2 + ~b2)l r2 
" 

c:! ~I dO G ~I d 

L = 0 'U~lJe:J-1m'Wtu'Wi:Y'fIl L = 100 'U~lJe:J-1m'W!u'Wi:Y'Ull 

d' d "ltl9 "" d C\

a* lJfll - i:Y'U~ b b'W 'V1I1'Yll-:)'Ue:J-1TIt'U(Jl 

~ 

b* liril - ~'il~ltll'W'1~rt'Yll-1'Ue:J-1~'lh~'W 

, , 

m'Wl1 3.9 1f)~e:J-:)l'f1TI (Colorimeter Spectrophotometer) 

L::= 100 

L= O 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



q · 
'lJ 11 11 4 

,nwl:ijtJli'!lJ'W O1'J !1'l1 tJlJ~~lJ HIPS ~mlJ1HHjtlmHntJl~~1tJ!!(l' 'H'll'W m ~'U1'WO1'J1~tJli'vl1! 'i-l 

tJfin~tJl'Vll-l!!(l'-l~1tJl'Vl'Vll!ijtJ:JJ1~tltlf)1'1i~ (TiO) 1~tJJJ01'J'li' Ti02 ~iJf1!vn~Qru'l-HJjJ~l-l"l f)'W (300­

500 DC) O1'J'li' Ti02 'l'W tJ~JJlru \?il-l"l f)'W (0.5-2,0 phr) !W~01'JH Ti02 ~iJf1!~tl~1tJ Zn(NO)2 (ZnO­

doped TiO) ~1tJ1TI01 'JrJ -lvl1!!'U'U!!'l1'-l (Dry Impregnation) 1~1tl!1'l1tJ:JJ~~:JJ Nl'Wl'Vlfl tJfl O1 'J'I1 cim!'U'U 

'll \1 'll:;:l if _ I ... d 
~1tJmH'~mtJ (Solution Casting) ~-n~:JJ'I1'WllJ1~JJlru 60-62 [lm ~-l 1'l1'Jl-l'Vl 4,1 

t:l'fl1 
'U 

TiO z 'l.J'hnO! TiOz (phr) rl1unnn ()l m) 

HIPS - - 62 ± 0,71 

HIPSTiO.5 0.5 60 ± 0,79 

HIPSTil Non-Calcined 1.0 61 ±0.61 

HIPSTi2 2.0 60 ± 0.72 

HIPSTi I (300) 1.0 62 ± 0.53 

HIPSTi I (400) Calcined 1.0 

_. 

62 ± 0.45 

HIPSTi 1(500) 1.0 62 ± 0.25 
_. 

HIPSTi I Zn(300) 1.0 61 ± 0.64 

HIPSTi I Zn(400) ZnO-doped Ti02 1.0 61 ± 0.36 

HIPSTi 1 Zn(500) 1.0 61 ± 0.33 

<1...":::::::. ,1.1 21 

4.1 t:l'lJ'UfI'YI1~fl1UJ1()'W (Thermal properties) 

~ Q.I d 
tfl'Jtl-l Thermal gravimetric analyzer (TGA) ~-ll'll'Jl-l'Vl 4.2 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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Td (0C) 
Sample 

onset peak 

HIPS 375 407 

HIPSTiO.5 382 408 

HlPSTil 393 412 

HIPSTi2 393 414 

HlPSTi 1(300) 385 409 

HIPSTi 1(400) 390 409 

HlPSTi I (500) 389 408 

'illfWll'Jl,:j~ 4.2 '\AIiJ "h~~1J HIPS ~llfn'JIA1J Ti02 llqw'I1.!JiJl~mHntJi11 (onset T
d

) mnnl1 

~~1J~uhJ llf)l'J I~1J Ti02 m~11In~'illnD'4mf1 Ti02 ~~cUiJ'\AI ~,:j,:j 1'Wml1Jfm.j11'fi1't.J'I1rt,:j 'ihlt1'ln~ 

fn'J'I1U l,:jIT~llU~~ qUI'I1.!JiJi'W fn'J L~mi1m;,(.fll'\AIlt1'~l~,:j tlth-11'J n\?ll1Jf)l'J l~mH1Jlw Ti02 1'W'Jil,:j 0.5­

2.0 phr lli'fi.:)~'m~m11r.;]W'I1.!JiJ!~mlmtJI911 l~tJl'Win'\AI'Jl1J~"1J HIPS ~llfn'J!A1J !l~~llillfn'J!~1J Ti02 

DtJw'I1.fliJ~llD\?l'J lf)l 'J"('(m(Ji11(H"('(~~lm~)lfi(J,:jn'W aOl'W'Jil-1 407-414 °C 
"II 'U <u q <u 

d ~ ~v
4.2 f)l1flf)1:l1f.l~'U€l~f.lru'Y'LiJlJ !'WHHNl TiOz U~~f)l1!'l5 Zn(N0 )z-doped TiOz3

~iif.l~vie)(llJU~'U€l~YJ~lJ HIPS 

. . 
'illnfn'J!\?l~tJ:lJ Ti02 !l~~ Zn(NO)2-doped Ti02 Yi~l'Wfn'J!mYiQW'I1.!JiJ 300, 400 !W~ 

500 0
( 'Wl1Jl\9l'Jl'il~"(,('ilt1'ltln~m-dW#{lm'Ylf1iJf1 XRD l#{N~I'1.:)m'\AI~ 4.1 'illnm'\AI~ 4.1 (n) nJUiJiJ 

~ ~ 

f)l'Jli(JlliJ'W'Utl.:) r.:)i1 I ~n91'tu tl,:) Ti02 IljiJl1 Ti0
2 

~lli~l'Wf)l'JlmllV1f1~rllflt1Jtl~~ 25.3° ~':)I~'W 
V1f1'11~n'UD':) Ti02 U"(,(~':)l~mf1N~mliJiJtl~'W1I'Yl-;;r u~~V1f1~ 27.4° ~':)I~'WV1f1'11~n'Utl':) Ti0

2 
IW~.:) 

. ~ 

l~mf1N~mliJiJ~I.'Yl" m'\AIYi 4.1 ('U) ~tlUiJ1Jf)l'JI~tJlliJ'W'Utl.:)r.:)i1I~nc{'Utl-1 Ti02 calcined 300°C 
" ~ . 

'V~iJllV1f1'l1~n'Utl':) Ti 02 11,:)1~.fllf1 N~mliJiJtl ~'W1!'Yl"('( u~~l~mf1N~mliJiJ~l 'Yl" r;':)f1':)~'W YiI'11U'I1't.1 -11~1J 
•• • v 

~-11~(J tl n AtlJtltlW'I1.fliJi'W nl 'J!Nl!~1J~'W. 

. " 

~ 

UiJiJtl~'W1IYl-;;r'il~!~1J~'W [18] l!"(,(~-1 ';hl~mf1tlEt1J~l'W'UfJ-1 Ti02 nmm~'W l~.fllf1N~mLiJiJtl ~ 'W1I'Yl-;;r 
" .. 

1Jln~'W tlOl-11. 'J n\9l11J nm1'W fn'J IN ll~ 'W Dnll'il~(JYirllflt1J1'W fn'J ltl~ (J'Wl!tl~ ':)l~mf1'Utl':) Ti02 1'W ':)1'W 
y T' , 

l~tJm~nml'Wnl'Jlm 5 ill1J.:)~.:)m~11tll'il'il~mmn'Wltl 'ihlt1' l~mf1N~m liJiJtl~'W1I'Yl-;;r'fil'W'I1'W':) 

ltl~ (J'W!~'Wl~mf1N~ nUiJiJ?,l'Yl" ri.:) N~lt1'ml1JI.u1J'Utl.:)V1f11~mf1N~ mLiJiJ?,11~"~ ':)~'W JHV~~ 4.1 (1'1) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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')I ~ d 51

t1.JmJiJfll'Jt~lJlliJ'U'lJD;l'r~~tVf)qf,\H)'1 Ti02 'VH'ilD~llJ Zn(N0
3
) 2 YilN1Yi 300 °C (HIPSTilZn(300» 

~ ~ 

'WiJ 'hV1 'fn1~ f)'lJ D'I Ti 02 '11'11[]fl1'f1 NilmtiJiJ D~ 'U 11'Vl'ff tt?\~1[]fl1'f1 Nil mtUiJ t 1'Vl ~if'l'fl '19J' 'U ~'htt'l1ti '1t~lJ 
, d '" 

!'b' WmJ1 f)iJ Ti0
2 

~llirh'U fll'J tNl tl?\~'WiJl1'fll1'JJ l~lJVl'fl?\~?\'1~lt1 1~tilli'WiJ~qJqJlwVl'fl'lJD'I ZnO 

~'1 ijVl 'fl'l1~f)~ 36.2 [15] m~11ttl'UI'W'Jl~c1f'lf1 '1DDD'Utt'Vl'Jm.ul'1tJD~1'U1m'l'ff~1'lNilf)'lJD'I Ti020 

~I I '" "" '" q n I"" 'J} 0 9 'J}d '"nln l9l llJ 'W 'ffl'JlJ'J ~f)DiJ'UD'I ZnlTi0 'I1'J D!f)~'illf) nl'J I'ilD Zn(N0 \ A'WlJ'JlJ1W 'U DlJ'Vll &'I1lJnl'J m~ 'illlJ<nl2 3

300 

250 

200 
(i) 
C 
::J 
0 150 
~ 
c 

:.::J 100 

50 

0 

10 20 
r -

30 40 50 

2-Theta 

60 
I 

70 
I 

80 

(I) Ti02 

300 

250 

200 
(i) 
C 
::J ., 
0 150 ~ 

S 
c 
-' 100 

50 

0 

I I I 

10 20 30 40 50 60 70 80 

2-Theta 

(2) Ti02 calcined 300°C 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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~ 
::J 
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(3) Zn(NO)2-doped Ti02 calcined 300 °C 

, 	 " 
.fll'Wfl 4.1 ~LJU'U'Uf115l~trmn!'Ua-:Jr'l~h~nCJf'Ua-:J Ti02 

" 'illn~LJll'U'Uf1151~ cJJ I'U'W 'Ua-:J r -:Ji'fl~nCJf'lJ a -:J Ti0
2 

TI'l:1Jl5 f1mTI'flrid'WmllJl.um~rdl-:J 

1~m'fH·r~ntl'U'Utl~'Wl1.'V1TI'U(;l~1~mflN~ntl'lJ'U~111~ CI)IR) 1¢11'l-:J\911n:j~ 4.3 1l(;l~iJ~TI'l:1Jl5mhlnrum 

'Um'flN~n'U tl-:Jl~mfll¢1'illnTI'lJf11 'H'lfm5 tl{ (Scherrer Formula) N(;l f11H) 1'W dtl! 1'l-:j\91151-:J~ 4.4 

d 
Q'~fl1'Hllf)!'H)'l (Scherrer Formula) 

O.94/l 
t=---­

(Jl/
2 

COS f) 

t 

fla mllJtI1JfI~'W'Utl-:jr-:Ji'flt1nCJf (CuKa = l.5406 ml'WllJ\915),. 
", ' d 

fla Full width at half maximum height (15 !'fltJ'W) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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Calcined IA In I)In 

Temperature Un-doped Doped-Zn Un-doped Doped-Zn Un-doped Doped-Zn 

Room Temp. 294 - 46 - 6.39 -

300 285 161 54 32 5.28 5.03 

400 291 164 49 36 5.94 4.56 

500 295 175 65 47 4.54 3.72 

Temp. 

~ 

'U'WWlf·Hlfl (urn) 

el:;; 'W 1l'fltJ J'fI~ 
Un-doped Doped-Zn Un-doped 

" 
Doped-Zn 

Room Temp. 39.7 - 52.3 -

300 37.1 39.4 62.1 53.3 

400 41.6 37.4 64.8 59.2 

500 41.2 37.7 92.0 87 .7 

d . v v 

'illfWllH.:J'Vl 4.3 ll~:;; 4.4 'W'l.J':hdJ~H,lW 11 JJilhl f)l~ lNl~ .:I6\j'W'l'1,r)~mI'1NgOtl 'lJ'lJtl:;; 'Ull'Vlb\' 

ll~d'~mI'1NgOtl'lJ'lJ~l'Vl~iJrilml:IJl{J:IJ~I'1l1i:IJ~'W ll~:;; Ng fllJ'U'Ul~1mli~'W tlQ'l'W'1I1.:1 37-42 nm ~.:Il~(J 
I , , I :oJ 

1ifl~dJtllYl:IJf.lw 11 JJiilw f)l~ INl'il~lJl~V.:lljJmI'1NgOtl'lJ'lJtl~'W ll'Vl~l"VilYl:IJ6\j'W m~lltll'illf)~'illflf)l~Hi' 

nm1'Wf)l~lNl~'Ul'Wlf)'Wl1i (5 i11m) <Yh1rrlJl~mflNgOtl'lJ'lJtl:;;'UlI'Vlb\''lJl.:lri1'W l1i~V'Wl~'Wlnfllfi 
~ 

N~Otl'lJ'lJ~l'Vl~ ll~:;;lrltl ~~tl TiO, #11V Zn(N0 3\ 'Vftdlml:IJl{J:IJ~fI'Utl.:ll{]mflN~Otl'lJ'l.Jtl~'Ull'Vlb\' 
ll~:;; l{]fI1l'1 N~Otl 'lJ 'lJ 11'Vl ~iJri 1~ ~~ .:Ill~:;; NgflJJ'U'W l~l~ fl ~.:I m~lltll1Jlf)~ 'ill flci .:IfI1tltl tl'Wl-Dlhl'YllmV 

ml:IJl~'WN~ flll~:;;.u~'U11.:l f)l~ l~'l.Jl~'Utl.:lN~fl Ti0
2 

'Yll'lrrlJml:IJl~'WNg fl 1l~:;;fl11:IJb\':IJ\!HU'Utl.:lN~ fl 

~~~.:I 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:1ifl~dJtllYl:IJf.lw
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~l';j 
:II :II 

f11nJ!'IJ~'IJ'\.,! ZnO %hm ZnO 

Zn(NO})z-doped TiO z calcined 300 0.055 4.09 ± 0.06 

Zn(N03)z-doped TiO z calcined 400 0.052 3.88 ± 0.03 

Zn(N03)z-doped TiO z calcined 500 0.050 3.74 ± 0.07 

'illfWll~Tl~ 4.5 'I111r1''Vl'J1'1..111lJ Zn(NO)z DQlw TiOz'il~~ l~fhl'Q~lJ %hrtl Zn(NOJ)z D~11.! 
<il~ 3. 74-4.09 ~~UTI'fl~11fll'J'I11fll'J I~D~llJlll fll 'J ~~~lU1J1JUr1'~ TIllJ1'J t)'v'hfll 'J I~D Zn(NO)z 1~ 

1n~ l~lJ~n1J1HlJ1ru~fh~1.!'fl 

Impregnation 

'illnfll'JftmmY\l!~l1.!l'VllJl'\JD~ HIPS ~NTI:lJ TiOz 1'fllJ'~!'Vlfl{jfl SEM ~fh~~'UlJ1lJ 10,000 

l'Vh UTI'fl~~~m'V'l~ 4.2 1Aj1Jl1Yhi':lJ~lJfll'JNTI:lJ TiOz ~~riD1.!H~~~~~I~D~lCl Zn(NO)z:lJfll'Jm~'illCl~l 
'\JD~D'1mfl TiO DQmCllwlifDyhi':lJ l!191!~D'Hl1n TiOz I'U1.!D'1mfl ~lJ'\J1.!1'fl!~n lJml:lJIU1.!~l U~~z 

'J,J I • Y 

TIm'V'l'llTViI911~n1.!'J~~11~ TiOz n1JV~Dij!:lJD{ HIPS cJi~l:uiHIl 'I11'r1'tl'1mfl'Utl~ TiOz mtlfllmfll~n~lJ 

nmj'l~ nmf~95 -:JfllDD tl1.!~!<lhltJ11.!1m -:JTI~l~ TiOz v-:J!'I~:lJml:lJlJ~11r1'1J1 n~1.! ~ -:J'I111r1'1f1'flfll 'J lfll~ 
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H ....1111'1. _~.....a......._.fIIII......n,..,.~'" _ 


HIPSTi 1(400) HIPSTi 1ZnO(400) 

HIPSTiJ (SOO) HIPSTil.OZnO(SOO) 

fll'j ftf)1JlfllHHllV\?l1'\JD,:jyl~1J~1ri Ti0
2 

1~ lJ'W1l1HW 11l1f)'fil~'li{Jfl1{'UDl1 ~ u~~'fil 

~'lii11~mDf)~~ 1~Vl.'hVl~1J~1nvu-rr,:jm1JnmltJ1!ml~111'l'1V!1~fll1fl FTIR vll'l'mtJf)~~1J~,:jm'W~ 4.3 
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111 fI bittI frvf~:lJ '\.ItJ -:J HIPS ntJ1..J Q lliH 1:1' -:J l1 ~ !111-dl~ 'Wfl11~fI ~ ril'f1tyfitJ Vifl~ 1400-1600 cm-
I 

~-:J!ll'WVifl'UtJ-:J C=C 'UtJ-:J1-:J!'U'Wq!'W Vifl~ 3100 cm -I !tJ'WVimJtJ-:J C-H stretching 'UtJ-:J 1-:Jb'U'Wq!UH'fI~ Vifl~ 

2900 crn - I btJ'W'Wfl'UtJ-:J C-H stretching 'UtJ-:J'Vl'W1j~b~lI11~V11~-:J111flfll'J QlllH1:1'-:J'V'l'Ul1~Vifl 1715 cn/ 
, , " 

btJ'WVimJtJ-:J C=O stretching bl'fl ~ Vifl~ 3400 cm-
I 

btJuVifl'UtJ-:J O-H stretching !'I~:lJ;U'W b!1:1'~-:Jl1li 

fIl 'J 1:1''fIlllil1'Vll-:JH1:1'-:J'UtJ-:J HIPS tJTI'UllllJi'!1JU1:1':lJfIl'JfIl'J1:1''fIlVil1'UtJ-:J HIPS U1:1'~-:Jil-:J.fll'V'l~ 4.4 1~w 

1 ~ .fllm~ tJi11:1'll'l~ 'W l~.fllfl 'V'l tJi11hVlll~~U b!'fI~ 1{).fllflfll'J!~tJlJll1-:J'UtJ'l 'l"l tJ i11:1'll'l~'W f)'U'V'ltJ ~D1'V1l"l~~u 
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Ln'flnTHyf l ':I'Vh..lli::; nUleJ l'fl 'H iJ tl{tltl n 19lrl !LIt ::; nTHL'fl nl9l';HtJ'W tl'WlJIt VIf''J ::; LLlJf11m LLtlItfi tln9f (Macro 
, ..,

" , , 

alkoxy) '01 n'l!'W'1l::;L n'fl f)1 'J 19l'fl'U1'fl 'IHl":) If'1 tll9i.yj~lu 'I1t.l..:) LU~TVIl1'111'fi'rl~'flilill cv1.yj!L'fln~l..:)n'W (21) 

PB phase 

o~ , IHI
+CHL~+ 

C'H=CH2 

vinyl-1 .2 isumer 

0 ::, 1<1 1 .. + 

OOH 

CH,C H=CHbH -

Cis-1 , -1 and trans-1 , 4 i c rner$ 

PS phase 

-CH-CK .­
I -o 

Grafting points PS - PB pll;:lSCS 

'aH
(:oH 

o~

-CH,-CH-CH =CH -CH, - (J, Y II I 
- I --eKe. " C- CH=CH ' OJ., _•. . I • 

Q-\z-CH 'CH,'CH­a l-:r' I I 
~~ 

"" <VilWfYl 4.4 If'lJf)1'Jrn 'J If'mtl'fl1'Utl":) HIPS (21) 

Q,.I " d ~ ~ _I c:I. I , d 

Index , HI) 'Olntl'fl'JIf'l'Wmf)1'J~'flnItWUtl":)'V'lf1'Vl 3445 cm ('V'lfl'Uen O-H stretching) 'fltlmf)1'J~'flnIt'W 

c.:I. d ~ ! ..:::j d Q.I <j} I 

'Utl":)'V'lfl'Vl 1452 cm (VlfI'Utl":) C=C 'Ut)":)l":)LiJ'W9I'W) 'fl..:)If'lJf)1'J'fll'Wm..:) 
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1'1IftJ fJ 11~'U D-:J:Wcl''jJ\1:~ 'H~ en ihdJrll!'Wll<U'U El~1Jltl1#l':hI'UEl':}'il1m~(.I~nml'U f11:i 'Q 1t1U&l' -:J'U 1'U<U'U ')ill1'11' 
, ~ ~ 

I, nl'l BI~ n~:i El 'U B&l':i ~I'Wll<U'U 'ill m!'U BI~ fl~:i El'U D&l'~ ~ 'il~lnf!tJ fin~ til n'U El a n9f1 'il 'U 'W 11tJ ~ f11 ~ &l'~1-:J 

&l'1J9hY'UEl-:JElEln9f!,i)'U~lEl~~1 (El'4~[lD&l':i~1eJf!~Dn9f~ -OH !!~~El'4J,J~D&l'~ ~ CJ1tJ!tJEl{ElEln'l91~ -0) !!~1 

~n l'ltJ fi n~ (.11 n'Ul eJ If! ~m{'U El'U1'U m tllCl1'\fj ai1III El { 1111t1lnf! f11 ~ ~I'I'U 11'1 'U D-:J &l'1 tilClI'\fj El i1 III El :i1#lNi1~­

nru cvl~tJ':}'UEln~ ':}f11~ &l'mtl~I'll D-:J HIPS ~':}Elvlw~ tJ'UEl-:Jl1JJVl.:}noJr'Ul#l~-:J·leJl'I ~ El n9f~ !![I~m{'U D'W[I
'" '" '" 

~':}N [I f11~ l!m 1~ rf FTlR !![I~ I~ElltJ~ tI'lJ!Y! tI'U:W cl'll~ iJ f11 ~ r~&l''jJ Ti0
2 
~':}INJ~ f.Jtlm ZliJfl1-:J n'U '\''I'lJl1 

lriD1~f.Jrul1ZliJf11~!N1 Ti02 ~ 400U[l~ 500 °C lt1rl1~'liurl1~'lim(i)"mElncll[l!![I~m{'UEl'W[I\1:-:Jnl1~ 
• I Y 51 I Y 

300°C I'U D-:J'il1nf11~ ImY! f.Jru 11 J;JiJu')ihlt1rl1 I A \1: -:J<U'U!! &l'1'I-:Jl1In~l"1U m'f1~TI n!!'U'UEl~ 'U1n~m1~lllJln.u'U 

~-:Jlum'f1NTI n!!'U'UEl~'U 1!~&l'ii'f111111El-:J11l'U f11~ Inf!DI~ n~~ El'U D&l'~~'Yl11t1lnI'lDI~ n~ ~ D'UD&l':i~1#llJl n 
" " ,.u 'U ri -:J N[I lt1f11 ~ VEl tI&l'mtl~.u 'U !![I ~ liJ D~N[I 'UEl-:J f11 ~ I~ El Zn(N03\ 'V'I'U l1N[I f11~ cJ DtI&l' m tliJrl 11lJ!!~ nfl1-:J 

• • Y I 

n'U:W cl'll'Yill1 tl fl!~D eli -:J1'I1#l'ill nrl l~'lii1m {'U El'W [I!![I ~rl1~'lim (i)"1'1 ~ El ncll[l 'UEl-:J:W cl'll Yl-:J &l'~ ~'Yi!~El !![I ~lJJ tl n 
q) 'U '\J 'U 
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" 
l~tl Zn(N03)2 ~-:j'l!'l-H'.j~ f11~1~ tl~-:j':uri -:j N~rltl fll'~ ~tl lJbnnlJ'\Jtl-:jVl~lJtl ~l,:dJ 'l!tnhrlt1J e:Jl'ill~'Wl'V-l ~1~ 

f11~li'nml'W f11~ lN1~'Wl'Wln'Whl~1:kJ~fl~rJmll~1.u1-:j1'i''W ll~~lrlmtJ~ lJ'lJVl~lJ~lri Ti02 nuvhllJ HIPS 

~':ulri Ti0 'V-lUl1fh~'l1i11e1~~tlfl9!~'\Jtl-:jVl~lJ~lri Ti0 1J~lbJ>:Jfll1Vl~lJ HIPS ~':ulri Ti0 llrl~l~'l1i12 2 2 

fl1{Utl'W~'\Jtl-:jVl~lJ~lri Ti02 1J~1~lfl11Vl~lJ HIPS ~l:ulri Ti02 l~cWil1nf11~I'1~'\J1~bI'lvl9il'W HIPS 

1'W'l51-:jll~ fl'il~11Pi~~\9li)ru envQl'W l tJ'lJ v-:j'VI~:W-:j ni'W '\Jf)-:jfl1{U tl'W ~~-:jln~ 'ill nf11~ ~f)VbY~1V1'W l!)il1fl'V-l v~ 

lhYl11~~'WlPilv ~-:jbYlJf11~ 

PB phase 

() .. Il l!
+CH,C+ 

. 1

C'H=CH, 
vinyf-1, 2 iso tr l I 

O•. IW+ C H"CH:: CHCH,t CH,CH =C HCH­

cis-1,4 Gnd Irans- l ,4 ;som ers 

, " . 

ll~~liJm~lJ Ti0
2 
~ -:j I'WY~~lJ'il~'I'l1111ln~f11~ ~m.Jb1mvl'W ril'W'U tl~l!)mfl'V-lf)~bY'~~ 'Wm fl~'W IPilCJl'VI1'l N~ 

~11rl1ll'Vlt1-:j'\Jtl ~fl1{Uf)1Aln~tJ5 n~ lJltltlfl9!l~ihll~'W tertiary carbon ~-:j1Jfll1lJ1tl ~llrl tl f11~ ln~tJ5-

n~ lJl lrl tl Qfl tl tl fl9!'~'1illPil~ 'W bY1 ~ tJ ~ ~ fltl UltJ tl{tl tl n1'1i1'1'il ~ ln~ f11 ~ ll~ fll'11 1~Vr-,h'W tJ5 n~ lJl f11~ bYm V 

, 
<V ')' "" "' "I 9i ~I c: d , "' "" ~I "'0 I'V-l'W 1i~'\Jtl~bI'llJ !'1i'V-ltl~llJf)~ (Chain scission) !~lu'W bI'lH1lJ'VIlqJfl1~Utl'W ~lu 'W tl-:jfl u~~ fltlU l'l1'W 

OOH 

~ + I 

lltl~~'eJl'1 ~1~'W ~~J'W1'W'l5J-m ~ fl~~ll1'W f11~ ltJ~ [J'Wll tJ~-:j'Utl-:jfl 1~'l1i1 fl1{U f)'W ~~l~lJ~'W 
bI'lm ~ 1:1l n~ f11~ f) f) n9!l~qfrlm~ hi v'4 -w'W,j'\Jf)~fl1{Uf) fl9i~ fl~1J'VI~l~m vn9!~l1J'W f) ~rltJ ~~ nf)U 

, • I • v 

liJf)l1mr-,h'W'tJ 'iI~ll1'W 11fi1~'l1i1fl1{Uf)'W~!~ lJfl-:j Vlllrlfl 1~'l1i11~~~ vn9!~l~lJ~ 'W ~~ bYlJ f11~ 

o 

,-/ 

. " 
tl~'tJ n11'1!'W1'W l!)Jllfl'Uf) ~'V-lf)~lJ1'1'11l~V'WV~bI'llJ1~ 1:Hn~ flU tltl n9!'~qf'l'l1111lnm1J'W l~ ~'V-l f) n1'1i1'1 

ll~~ln~ nUltl~l~'IPiN~\9li1ruenl'W ~tJ'\Jf)~'~f)f)~ ~':)bYlJf11~ 1Pi1'W~ 1,:) ~-:jri ~ N~111~ l~'l1i1' tl~~ f) n9!~ 
'U 

6 ~'" 
~ 

PS phase 

". 1.:11 

",:.':---",. 

.'". J '
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PB phase 

OH 

H20 

OH 

", , 

mJ ~ ~iY I~DOth (J ~'W V'W fll'j 'f(m (J19l1'U D~:W ~1l1#l1'll'W n't.J ~~'I! 'W ~~ 'Ill Vl ~ll.y] ll?l~ tilll#l"lllll?lrl1fll 'j 11l~ (J'W 

!!1l~ ~ iY ntl'W!!~::; '\1~~ fll 'j Q 1t111'f(~ !! 'f(1?l ~ rln~~m'V'l~ 4.7 
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• I Y, Y v 

!1Pl''illnfll b* 95.:)!t1'Urilnl':i!tJ~(J'Wilh'!!'Q~ilm~tl.:)-'I11!~'U (fllOWli 4 .7 (f1)) 11.:)'f1!t1'UN~1J1'il1f):WTI)J 

!n~f)1':i ~tl (J(1'mCl if)).:) TI'11.:)'Utl':):WTI)J\1 f)'I'11m(JUtl1!n~if)).:) (1'11,:) l'U ~tJ'Utl.:)if))im~tl{ (Chromophore) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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50 

11 111~~hljJil f)1'j"~~fl~lHlbl'1U~"J'rr::;1i'en...!'lh'1HbI'1~~1'\1~tI'1 ul9lrh L* ll~::;rh a* ilril lLi~tJ'WHLi~ ,njtltJ
" 

, " 

'jJ lfll -W fl\l 'il lnl-WtlvhllJ'\AItI~llJtl1 HIPS iI~'Ull 


" 1l.i19l1'1tl'Wtlcil'1i11!mhrlty ~'l1-1'W~'1'1'11fl1'j"ftmnfl1'j"1~lJ Ti02 l'WLi~mUl 0,5-2,0 phr ll'il::;}jv.t~l9ltlfl1'j" 

ci tI tJ blm tJ tl ci 1'11 'j" 

4.4.1 fl1':if)'J::;'l)1t1il1"11tl.:jtl~.fllf1 Tio21'Wf.l~l..Il~1tI1'111'Ylf1i!f1 SEM ntl'W<Qltl!!~.:j 

1l1flfl1'j";,lml1irUl~1'Wl'VW1'UtI'1 HIPS ~v.trrlJ Ti0 1~tJH1'Vl'fliJ'fl SEM ~nl~'1'UtJltJ 10,000 
, , 

2 " 
1'l'h llbl~'1~'1Jl1'\A1Yi 4.8 'V~1JllVl~lJYiilfl1'j"v.trrlJ Ti02 ilfl1'j"fl'j"::;1l1tJI9l1'UtI'1t1'4Jl1'fl Ti02 tI~Jl1tJl'Wl'dtlVl~lJ 

I • 'j/ • 

HI9l1-Wtl'11l1fl Ti0211l'We)'4Jl1'flYiil'U'W1~1~fl 1l~ ::;mnwihYiI9l1'1tl1J'\AItI~llJtI{ HIPS 'I'111r1t1'4.fl1'fl'UtI'1 Ti02 
, , " 

ii1afl1'CHfl1::; fl~lJtl'W d1~fl1'j" m::;1l1tJI9l1'UtI'1 Tio21'WVl~lJ1~tJlfl l~tJl'Q '\AIl ::; uJtlLi~mUI TiO !~lJ~'Wz 

(fl) HIPS ('U) HIPSTiO.5 

('fl) HIPSTil (.:J) HIPSTi2 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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nl'~l~nlllm~~mtJ~l'ULJ-:jVlcl':IJ~l-d Ti0
2 

~'lH:IJ1w' 0.5-2.0 phr l~tJYl'\ll~w'l'U1nrh~'lfi:l 

'~~~LJncli~!l~~1'11~'lfi:lfl1{'lJLJ{j~ 1111'11~fhl-nw"~:IJ1~rl-:jml'l'~ ~-:j~t1~ 4.9 u~~m~~ 4.1 0 ~1:IJ~1~'lJ 
'" 

0.05 

-+-HIPS 

--HIPSTiO.5 

HIPSTi1 

~HIPSTi2 

o r·.~~==-­
o 50 100 150 200 250 

Time (hr) 

X 
OJ 

0.3 

0.25 

-g 0.2 

IO.15 I 
o 
-e 0ra .1 
u 

0.05 

o 
o 

-- ----­

50 100 150 
Time (hr) 

-t- HIPS 

HIPSTiO.5 

HIPSTi1 

~HIPSTi2 

200 250 

~ , ~ 

'\llnVl~ m~'I'WI~LJ-:jm~Yl 4.9 u~~ 4.1 0 ~-:j1'11~'lfi:lfl1{'lJLJ{j~U~~1'11~'lfi:l'~~~LJncli~'\JLJ-:j 
I 'j.J I 'j.J 

Vlcl':IJ~fI~ l~tJ1 n\JJJ 1'1 11 Yl:IJ~:h-!I{lLJli'nmlw m~'Q ltJU ~ -:j'Wl'W ~:h-! ln~'illn m~ tJLJtJ~mtJ'ULJ-:j HIPS ~-:j'~
'" 

• 'Jl 'Jl I V 

n~ :IJ:IJ1fl~'W 'W LJ fl'Ill n i'1111 'W'~111'11 ~'lfi:lh~~ LJ ncli~JJu 'W 11,r:IJ1Yl:IJ ~'W LJ tJl-:j~~1 '\l 'W 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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4.4.3 f)l'HtI~l'nmtl~~if 

'W f) fl 'illfliftf·:n'l'llJl'J t11~fhfll':i l'll~ (J'WU'lJ&l.:JiYl'~f)G)h(J£j'W tf~! fll'j ,((&l1(J~1'U eJ.:JVj &l1Jl~l'lf'W n'W 

1~(JthVl&l1J~l<?l1 (J1Jl~JhJl~filfl1'j l'Ll~ (J'Wll'll&l.:Jilritl'Wll&lg;'\1&l~fl1Hnml'((.:J U'((~.:J rl&l~.:J.fl1'V'l~ 4.11 

10 


5 
 ~HIPS 

-li- HIPSTiO.50 
b* 

200 250 
HIPSTi1-5 

~HIPSTi2-10 


-15 

Time (hr.) 

~ 

(I) fl111J~:lJVr'W1h~'\111.:JfiliYm~EJ.:J-~bl~'W (b*) ntll1ml'Wfl1'j~lmw ,wl 
" 

I I30 - -- ­

25 -
HIPS 

20 
HIPSTiO.5 

E 15 
HIPSTi110 

0 50 100 150 200 250 


Time (hr.) 


5 HIPSTi2 
I o ~ 

.' " 
I 3J I I 'J1 

'illfl.fl1'V'l'Vi 4.11 'V'llrhw&l1J HIPS :lJiYm~EJ.:J~'WliJtll1ml'Wfl1'j111mw.:Jl~1J~'W'\1~EJ:IJ'll~lJlUl 
I ~ ,'J1 , 

~ .cS 1Jj9J I c::I. ~ ~ Q I 9J 


Ti0 l'W:lJ'U'W ~ l~'illflf11 b* (.fll'V'l1~ 4.11 (fl)) 'Q~'U~! l'WEJ.:J'illfHfl~fl1'j(JEJt)'((m(Jl!&l12 
:v I 'J1 ) 

l'W'j'lllm l:lJvlEJ{1Jlfl~'W ~.:J:lJfl1'j!'LI~(J'Wll'Ll~niYlJlfl~'W~'illflfil L\E (flWI'Vi 4.11 ('U))
" " 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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'ill n N"'U tJ_:lri1~'liUl eJl91 ~ tJ ncM"um;ri l~'liU rl1{11 tJU" 'V'I 11 1 1'111:\_:I m ~ 'Q 1m![1' _:I I'Jlwii m ~ VtJ I'J 
'" 

" " [1'mmnl91~'W ~_:l1!'W~ _:11'11 m~ffmn1m _:I [1'f1_:1'UtJ_:I:Wr%lJ HIPS ntJ'W!W ~'I1 1:\ _:I m~ vtJI'J[1'mI'J 1191I'J<vhm~ [1'nl91 

:Wr%lJ¢l1I'JfI" tJ 1~ yj tJ{lJu~1t.hlUl!fI1 1 ~rf¢l1m'VlflUfi NMR U[1'I91_:1 vnlmU n'Vl ~ l~_:lm'V'l~ 4.12 !!~~ 4.13 

, I 

1.\ 
! 

• I : 
.f 

,,"-,,_.:.__~___l· . ~f~ __1 

-~------.--,---

, .
j: ­

" ..-,...--..,.-,.......,---.. - -- -,-----r 

i 4 I ) I . • :0 

... 

m'V'l~ 4.1 2 !~'W NMR mun'Vl'flJ'\JtJ_:I HIPS ntJ'Wm~'Q1I'J!l[1'_:I 'V'I1I11ii~f1~u'j ~ lJltU 7.0 

ppm ~_:I !~'W~fl'UtJ_:lleJ 1191 'j !'il'W~1_:1tJ~hlJl~ n'UtJ_:I'V'ItJil[1'11'l~'W ~f1~u 'j ~ lJlW 5.5 ppm !~'W ~f11el1191'j !'il'W~ 
I'ltJn1lfl1{1ItJ'W ~!nI911~'W 1i~~'1'Wm tI1"li'UtJ_:I'V'I tJ~iJ1'VllII91B'W ~f1~U'j~lJlW 1.0 ppm !~'W ~f11eJ1191'j !'il'W'UtJ_:I 

CH ~tJ~'1'W[1'1I'J1"li U"~~f1~U'j ~lJlW I.S ppm !~'W~f11iJ1191'j!1l'W'UtJ_:I CH 2 ~tJ~'1'WmI'J1"li 1I91mrlmhv~r%lJ 
lU~l'Wm'j'Q1mm _:I~lW 200 411lJ_:I lJlll91#i'1m11f1UfI NMR ~_:lfI1'V'1~ 4.13 'V'I1I11111'V'111Ylfl~U'j~lJlW 
5.5 ppm 'UtJ_:II®" 1191 'j! 'il 'W ~I'l tJ n1lfl1{11 tJ 'W ~ <f11!l '1111_:1 ~'W 'Ii ~~hj 'V'I tJ ilih 'Vll119115 'W !l [1'191_:111 D! ~ nl'l 'j tJ 'W D[1''j ~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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l.u11'11DB01 tJ1~ ~lUtn.i -:)~'W 1i ~ ~lm'l tJi11iJ'Vll11'l B'Wy'hlt1lol'lf)1~ I'lI'l'Ull'l'U tJ-:)~l tJ lCJi'Vl tJ~hJJtJ{ ~-:) I'H'1 'h1' 
:w~lJtOI'l f)1 ~ ci tJ (J~m tJ1'W ~ 'I1'l 

o " 

1l1nf)1~ ftfnJ1f)1~ tD~tI'WuD];l-:)Vi'W~J'Uil-:):W~lJ II'l tlli't'VIfl'Wfi AFM U1J1J non-Contact 
o 0 Y 

f)1~tfliltJ'WVl'l1J\9l~J1l1I'lU1J1J tapping mode Il'ltl1'11f)1~mtn'W'1f'W-:)1'W SxS ).l.m. U];l'I'l-:)N];lIPl-:)fI1'VlVl4.14 

non 
." 

:~ ~1II'A~;}l~. 

-/~ 
\, ' \~i".,1 "--- .....10 ! 

• J \ 
o , .::, . ;"~'v' r'­

_/ 
\ . ~/\\. . 

::'I '--- / ~ / .-.-. .j'; 
~----~----------~----~----~ 

U 

~ I: L::' 1I 
o /0.' ' J _,:"' .-_;0 , . I 

. I~ .J • 
. -,..' 

.~------~--~----~-----o 1 
11111 

" , 

('U) Vi'W~J'Uil-:):W~JJ HIPSTil ntJ'Wu];l~tHi-:)mtJu1,"(-:)tllttJ 200 ~J1JJ-:)
'" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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,., 
,~~ 

·
<. 

t 

I ' (' 

j \.'1 1
·l ... ' VIi . 

----.....­

o () 

/ 

;d..-....­ ~---

v , 

(fl) VhjNl'\Jtl-:JVl~1J HIPSTi2 ntl'W!l~::;11~-:JQ10!!bt'-:J01W 200 il1:JJ-:J 
'V 

. ,~ 

ill'Wf14.14 Vi'WN1'\Jtl-:JVl~:JJf)tl'WI!~::;11~-:Jmtll!bt'-:JtilW 200 il11J-:J 
'V 

il1nm~~ 4.14 1"l'lJ11~'W Nl'\J tl-:JVl~1Jntl'WQ1tJ1! bt' -:J:lJm11J'\J1'\J'j::; Ue:Jtlnl1V~~1J~ v-h'W m 'j 

il Wllff "j l~OVl~1J~ vh'W nl'j mtlu bt' -:Jil::;!il~ m'j bt'm o(ill'Utl-:Jbt'1t1195~tlil!1Jtl51'W'lJ1nw~:fJ Ti0
2 

m::; 'U10 

(illD ~ !!~::;'U::;!~1J! n~m'5 bt'mtl(illil1 n'lJ~! lwi'WN1'U D-:JVl~:JJ ntl'W 'VI11r1~'W Nl'U tl-:JVl~1J:fJm1:JJ'\J'j '\J'j::;
'V q 

d ~ ~ d ~ OJ 9 .J~d' 
'Jj 1n'lJ 'W "1l' -:Jfll11J'U 1'U 'j::; ll::;l'I"j1J 'U 'W 'il11J1h mW!l~::; m'j m::; 'U101'1l Ti0

2 
~ 'W! 'W tlV~ ~ 1J 

4.4.6 ~nnJ~l!;U'lfHI 

, v v 

1l1nN~nn !tJ~ tI'Wl! tJ~ -:JVi'WN1'U tl-:J~~:JJl1~-:J rm Q1t111bt' -:J~'lJl1Vi'WN1Vl~1J:fJm11J'\J1 'U'j::; 
v , , 

JJ ) nlh.j Cli-:J-d-:JN~I'iD?nJ'lJ~!;-:Jn~ ~-:J'VI1m'j'y1~bt'tl'lJbt'1J1J~!;-:Jn~'Utl-:J~~1J HIPS YiNbt'1J Ti0
2 
l'WtJ~mw 

,~~ 1-1 t~l,j ntl'W!l~::;l1~-:J Q 1 tJlW -:J~1!tl 150 il11J-:J !!bt'~-:JN~il-:Jm~~ 4.15 1l1nN~ m'j'Yl~bt'tl'lJbt'1J1J$1I;-:J n~ 

'Utl-:J~~1J HIPS nm.m1t1!i{Y-:J IrlD!$11J!l~::;llJ!~1J Ti02 ~'lJl1Vl~1J HIPS ~1~1J Ti02 :fJr111JD<fl~bt''Utl-:JU-:J 

fll11J!!~-:Jm-:J~-:J !l~d/tltl~::;m'j(j~ W ~~'U1~:fJr111n~I~O-:JnlJVl~1J HIPS tl11l11l'W1~'j1::;m'j!~1J Ti0
2 

1'W tJ~mw ~Utltl lrl D! tJ'1 OlJ!Vl tI'lJ bt'1J1J~I; -:J n~ ntl'W!!~::; 11~~Q 1 tJlW -:Jtl1W 'I'~lJ 11r11fll11J1!~ -:J II 'j ~~~ 
'U 

m, :;; ftlo~::;m'5U~ w ~~'U1~:fJr11~~~-:J IctD-:Jil1mrlD~1'W m'jQ 1t1!W-:J'VI11r1ln~m'j(il~'\J1~'UD-:Jri1o195 

ri -:J N~"ir1YI~1J:fJm11J V~'l1~'Wl!~::;m11Jbt'lm'j \:l1'W m'j -r'lJU 'j ~~-:J~~~-:J rl1'l1-rlJr11 Young's Modulus ~ 
• 'jJ, 'jJ 

IVl1J~ 'W tl1ll!n~ 'U1n m 'j I~tl1J1t1~'U tJ-:J bt'1 tll95~ tlill1J tl5 [30) ri~ N~1rrVl ~1J:fJ~n1:J w::; U ~~~'W 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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1500 
rn ICl. I I
2 ;r; I 
Vl 1000 
::J 

::J 
"0 

~ 500 
,Vl 
bll 

C 

::J o 
~ 

Sample 

HIPS HIPSTiO.5 HIPSTi1 HIPSTi2 

(n) Young's Modulus 

-5 10
bll 

~ 8 
'­
,j) 6 
~ 4
'Vi 

~ 2 1­
o . ­

± - E -­
1 

I -­

HIPS HIPSTiO.5 HIPSTi1 HIPSTi2 

Sample 

('11) Tensile Strength 

o 
HIPS HIPSTiO.5 HIPSTi1 HIPSTi2 

Sample 

(1'1) % Elongation at Break 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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, 
uyrn <:! 

5 

" 
'l1'W 1<[UilL ~'W f1l~ ~frEl1f1l~ ~eH'Jmnu#l';H'Jm1' 'l'Utl'l ~~:lJ HIPS lflu'li' Ti02 L~'W1'l11~ 'l1Jfifl~U1 

'Vll'lllbi'l 111m~~flEnI~UltlmJUJl1fJm'Wfn~IHl Ti02 ~ 300, 400 ll[l~ 500 °C f1l~I~tl#llU Zn(NO))2 

ll[l~f1l~'li'D~mUJ Ti0 2 '11 0.5-2.0 phr 

'il1f1f1l~~fl1J1t:-l[l'Utl'leJUJl1fJiJhJf1l 'Ht:-l1 Ti02 ~eJUJl1fJiJ 300, 400 ll[l~ 500 °C ll[l~f1l~I~tl#llU 

Zn(NO)\ 'V'Iur:l1trltleJUJl1 fJiJ fl1~ tt:-l1\( ':)~'W 'il~111111'1~fllfltl~UJ~1'WLD~ U'WI ~'W l~fllflt:-l~ fill 'lJ'lJ tl~ 'W 1­

'" " 
I'Yl bim fI~ 'W ll~ Li1 eJ 'l 'ill fll 'W f1l ~ 'Yl fl[l tl 'l il'li'lJ[I 1 'l 'W f1l ~ LHl'W l'Ulfl'W1 D 111'l11'l~ fllfl t:-l~ fillUtl~'W1m bi 

, I 'J1 , 

ril'W l1\J 'lID~ U'WI ~ 'W lfJfllfi t:-l~ fIll'lJUl,l 'Yl~ #i''l11''W1:iJeJ111f1l~fl ~l'illfl#l1 lJl 'Ylflilfl XRD ~'l'V'l'lJ11ml:lJI.u:lJ 
, " " 

'WflrUtl'llfJ fllfl t:-l~ fill 'lJ'lJ tl~'W 1L11 bIll[l~lfJfllfl t:-l~ fIll'lJ'lJ 1,111 ~ljfl11~:lJ~'W~'l~ lflu t:-l[l'Utl'lm~ ~tlUbimtJ 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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