
3.1. '11'H Flii 

d 
\J'Vl'Vl 3 

1a~ m.Jn~ru LL1;l~1fin1~1'1ll , , 

3.1.1. t11.:J5";i";ilJ'tJ1~ (Natural rubber, NR) 

38 

EJ7.:!511ll'!l7~'!JU(;)E.11•mvi.:i STR SL (Standard Thai Rubber, STR ) iirn7ll'VltJ7LLU'tJ 

'thtmru 0.92 n 1cm
3 

fonm,j7'\JV1<11117'l1.:I~ 3.1 iiG'l!111Lf11.:JG'l{1.:iv1.:i";i,J~ 3.1 ~a!11L{;)tl'\.J~,;''Vl tlt'17 
~ ~ ~ ~ 

mmru~.:iG'in,J";in hJLn'tJ (%) 

,J~mruLC17LlJLn'tJ (%) 

,J~mruL'tJL!11Wil'tJLlJLn'tJ (%) 

U~l-.17ill~.:l'ltL'VIEJ LlJLn'tJ (%) 

0.04 

0.40 

0.60 

0.80 

1'17rl17llfltl'tJ~1L~lJLL";in (Po) 11J~1n11 (%) 35 

1'17rl17llfltl'\Jtll1'!ltl<lt17<1 (PRI) 11J~1n11 

~L vitJ'I.J(i)'J EJ L'11'\.Jtl'tJ(;)11JLn'tJ 

";i-XG'li'U1i~ 

3.1.2. v.e1ah'l1Yi~'I..I (Polypropylene, PP) 

60 

6.0 

L~EJ'Jfltl'\J 

L 'U'\JL 'Vlvi1m'i'17G'l~n~1 it un11L!1l~t1ll EJ7.:lfi";i";jlJ'!J7~L 'Vlvi1m'i'17G'l~n Lm(;)~1i~e:i 

Moplen HP SOON L'U'UfaLlJYrnaLlJtl{ i1LL'Vlrl~'HiLL'\.J'\.J Ltl L'IJLL'Vlfl~n (lsotactic) ~n~rutL'U'tJL~(;)'!J71 

~'1..1 i1vi'll'Un7";iL'V1'1 (MFI) LV11fl'\.J 12 g/10 min (230°C/2.16 kg) f\11lJci1.:J~7L~7tLV17fl'I.J 0.9 LL'1t 
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i1eiru"v1J;)lJfl1'Hltl'U~1 (Vicat softenins temperature N50) Lvi1n'U 153°C i1u~mru~~fl 

U1~lJ1W 41.2 - 62.5 % (Govorcin Bajsit et al, 2010; Liao and Tjons, 2010; Brzozowska

Stanuch et al, 2014; Tjons et al, 2014; Uthaipan et al, 2015) ~~(,)L(;)EJ'I.J~,;''\11 HMC 

Polymers Co., Ltd ~(,)1Lm..'.l?l~1..'.!LL?l\;1..'.l~..'.lL'Uiu~ 3.2 

3 .1.3. bAtrnihi.iili"llil.:!Vlel~bVl'a~ ~ 'ULel'Vl~'IJ (Propylene-Ethylene Copolymer, PEC) 

L th.IL '\11 €) fh.1vi "1 ?I~ fl ~1 ~ 'Ufl11 L(,)~EJl.J EJ1..'.!61'Sl-J'!l 1 ~ L '\11 e:i1Ll.JYl "1 ?I ~fl Lfl'S \;l~L 'ijf) el 

Versify TM 3300 ~fl~W~Lti'IJL~\;IL?I ilu~mruLtl'Vl~'IJ 12 %wt (,)fl~~fl1~ 16.4% U~'IJUfl1-S1"v1" 

(MFI) L'Vl1n'U 8 s/10 min (230°C/2.16Ks) 'elW"v1JJiifl"'1EJLLn1 (Ts) L'Vl1fl'U -28°C LL"~fl11lJ 

ci1.:i'\i1LYl1~L'Vl1n'U 0.866 ~~(,)L(;)EJ'I.J~,;''\11 Dow Chemical Co., Ltd U?l(,)'SLfl'S..'.!?1~1..'.!LL?l\;1..'.l~..'.!L'U'SU~ 
~ ~ 

3.3 

3.1.4. a1-a'V'leJa'V'lei{ (Phosphor) 

L tltH'\1-SL~tl..'.l LL?l..'.l'IJ'U(;)?lmm.1L VltllJtl~"1fotJ(,)L~eJBeJtl'UEJ L 'SLUtll.J (divalent europium 
~ ~ 

2+ 2+ q,d V d 

ions (Eu ) doped strontium aluminate (SrAl2O4); SrAl2O4:Eu ) l.J'IJel'\111..'.lfl1'Sfl1fltl PLO-8B 

LtitJ?11-su-s~flel'Utl'UtJ'Vl~EJ ~~(,)L(;)EJ'I.J~,;''\11 Lumins Technolosy Group Co., Ltd u-s~L'Vll"l~'U 51 

m1lJEJ11r1~u~m~~tJLL"~fl17l.JEJ11r1~'ULL?1.:i~U"\;IU~vEJ~.:i1u~ 3.4 LL"1~U?ll.J'U~~u~1u~.:i(,)1-s1.:i ' ~ .. 
..i 
'\11 3.2 
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-:itl~ 3.4 ?1tlrw1flJ'!JeJ-:irn1m~1>1'ULL'1~'Ui;1(jl,J~mJ'!JeJ-:i?111vleJ?1Yh:l'hJti\jl PLO (Lumino ~ . ~ 

Technology Group Co., Ltd, 2016) 

~1':i1.:!~ 3.2 ?llJU~'\~\.J}11'U'!JeJ-:i?111vlei?1vleii'lJ'U(jl SrAl2O4:Eu 
2
\ PLO-8B (Luming Technology 

Group Co., Ltd, 2016) 

Pro perty 

~'!J el-:!~ ,'.l?\ 11vl el?lvl eli 

tl'1\jltl~elEJLL?l-:1~ 

el-:ir1tl1mmJV11-:iLfli1 

d d 1.1 

l"n1lJEJ11i'l'1'U'Vlm~~'U (nm) 
• 

i'l11lJEJ11fl~'U~tl'1\jltl~elEJ (nm) 

'!J'U1(jlel'4i11fl (µm) 

i'l11lJ?l11-:l'Vl~-:l 'VIEJ(jlm~1>1'U (mcd/m 
2

) . . 

L'Vl~el-:l~el'U 

L'Vl~el,'.l L;E.11 

Values of PLO 

MeO-xAl2O3:Eu (Me=Ca, Mg, Sr; x=0.5-2.0) 

200-450 

520 

1-100 

100-600 

1~EJ~nmrn-:i'\J'1(jltl~elmL?1-:iV1~-:i'VIEJ(jlm~1>1'U ~ 12 i1 LlJ.:i 
• • 

i'l11lJ(;)1'U'V11'U~tlLL?l,:J ~ 1000 i1 Lm 

i'l11lJ L?lnEJ1'V11,'.JLfli1 

1'111 lJ \>11 'U'\111 'U ~ el 1'111 lJ { el'U 

~ruV1JJi1m-ff-:i1'U 

' 3 
i'l11lJ'Vl'U1 LL 'U'U ( g/ cm ) 

~L~EJlJ LL'1~ L~ellJ?l '11EJ'tl1L'Utl1 (~~~.nru'Yl?l1m1rinml1 

1Jf~t-uvnmh-un11Li'l~elu~1) 

m 1" L ,ff" LL?l-:i~tl '1 (jl,J~ el EJ '1 ~ '1 \jl '1-:J Li1 el M tum 1" { el'U i-:i LL~ 

250-600 ° C LL'1~ L~el 1~fu i'l11lJ{eJ'UL 'U'UL1'11'U1'U 

s:250°( 

3.6 
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3.1.5. 1~fhihm .. le:i{m:in16lJ~ (Dicumyl peroxide, DCP) 

L tl 'WG'f 111 fl rn 1 'W i ii G1 m 1mfl flfl Fi 'El C18H220 2 ii"' m1ru ~ L tl 'W Lil~ 1G1 J 1Vl'W fl bl.! Lfl fl fl 
" ' ' 

b'l'11fl'LJ 249 .27 o/mol \l~Vlfl'Ell.Jb Vlff'J'Uj~l.J1ru 39-41 °C iim1l.l'LJ~G1'Vli 99% ~~(,l b~tl'LJ~~'Vl 
:, ' ' 

Wouzhou International Co., Ltd 'U1~b'V1Pl~ 'W iiG1m1r11-:iG1~1-:JbbG'f(;l-:J~-:i1'W1'U~ 3.5 
" " 

3.1.6. 1\>l'H11vi6'16'lel6'11 'W';ib'W'U1\>l';ib11'1'11ri'ib6'1\>l (Trimethylol propane trimethacrylate, 

TMPTMA, SR350) 

LU'UG111~11J1'Ufl111'1fl11 'W"li (Co-agent) 1'U1~'LJ'LJ1'1fl11 'W"liJhmi.JB1'El'Elfl 161!~ ii"'fl'13ru~ 

bU'U'U'El-:JLVlm1G't iim11Jci1-:ii1L'V'l1~b'Vl1fl'LJ 1.06 ~~\>lb\;ltJ'LJ~~'Vl Sartomer Asia Co., Ltd 'U1~L'V1PI 

~'W iim,111r11-:iG1~1-:JLLG'f(;l-:J~-:i1i.J~ 3.6 
" " 

3.1.7. el6'1\>l';i1'W6'1161 vi~ 01 (Ultra-plast TP01) 

L U'U'111'1h tJ ~'11.J 1 'U fl1j L\>l ~ tllJ tJ1-:JfijjlJ'U1~ L 'V1 el TilJ'V'l'11 G1 ~ fl ii '€)-:J f)'U j~ flel'LJ L U'U flj \;] 

1 'UlJ'WLbfl~b'El 111~ "'fl'l3ru~ L U'ULD\;l~L VI~ m~'W iim1l.!Vl'W1LL 'U'W 0. 98 o/cm 
3 

'ElillVl.fliJVlf!'EllJL vi1nu , ::, , " 
105°C ~~\>lb(;ltJ'LJ~~'Vl Performance Additives Sdn. Bhd. 'U1~L'V1PllJ1L'1L~tl 



42 

3.1.8. 6'11~'\JeJ-3nUn1'H~eUJ6'1.n1'W (Antioxidants) 

a1·rueJ.:inun1·a~eJl.Ja.n1-wjj 2 'IJU~~1t1nu 'IJU~LL'rnAeJ IRGANOX 1076 Ltlua11 

U e),:j fl\J f)1';j L~e)l.J'U :Ol.J .nm \J n~l.JW'W e)~ nzj,:ijjzje)'Vl 1-:J Lflfr) 1 Octadecyl-3-(3,5-di-tert.butyl-4-.. " ' 
hydroxyphenyl)-propionate jj~mmJ~LU'Wt-J.:J~'1J11 jjfl11l.Jci1.:J~1L'l'l1~L'V11fl'U 1.02 ~f11VlJJm'W 

n11vi~eJl.JeJt1Li.Ji1.:i so-ss0 c jjam1F11.:iaf1.:iLLa~.:i(;).:i1'\.J~ 3.7 LL~~'IJD~~ 2 AeJ IRGAFOS 168 
" " " 

L U'W'111U e).:Jfl'W f)1';j L~e:ll.J'Vl ~tlJJi'.11 'W n~l.JW\J e)~ nzj.:im1tl'Vl1.:JLFljj11 T ris(2,4-ditert-butylphenyl) 

Phosphite jj~n,~ru~LU'Wt-J.:J~'1J11 jjm1l.Jci1.:J'11L Yl1~L'V11fl'U 1.03 eJruVl.nm \Jn1';iVl~e)l.JeJtlL mh.:i 
' " " 

183-186°C jj~m1F11.:ia{1.:iLLa~.:i(;),:iiu~ 3.8 J.:iaeJ.:ii:-J~(;lL~tl'U~,;-'Vl Ciba Specialty Chemicals 

Inc. 'U1~L'VlP1'11(;1L'lleJ1LL~\J\,l 

CH3 

H3C'-.... / 

C'-....CH➔ 
0 p 

~ ., 

JU~ 3.B 1m.:iaf1.:i'1Jel.:J'11';i IRGAFOS 168 

3.1.9. J1:uU'IJ11 (White oil) 

L ui.JJ 1ifo i1 ti 1 u n 11 LL tl 11 tl t1 1 .:i o 11l.J 'IJ 1 ~ L 'Vl eJ11l.J Yl~ 1 a~ n 1~ '11 ntJL(;l 1 L~ ti l.Jjj 
" 

eJ.:ir1tl1~ neJ'U~1'W 1 viajfieJ a11tl1~ neJ'U 1~ 1~1F11foeJiJ'IJU~ LL uv-Jviti nLL~~-w111wiin ~neJeJ n; L~-B'u 1~ 
1Jel tll.J 1n ~,:j hh tl~ tl'W~ bb~~n~\J'(J(U~bn'U Lb~~ 16U.:J1\J jj~n~ru~ b U'W'lleJ.:Jb Vl~11a tl1lJ'W'1J11~1 -ff 
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'Vllrn.JL'1'1l 15 (Grade A) i1m1l.J'Vl'UV11A'Wl.l1~fl (kinematic viscosity) L v\1nu 18.86 mm 
2
/s i1~vi 

11u1vhv\1nu 208°C i1~vi1'Vl'1L'VlLV1111\J -10°C i1~L61!tJL\Jl;l\J\ (Saybolt color) +30 lJfl1"if1Vlfl1tl'U 

(100°C. 3Hr) Lmvi 1 i:.J~\1lLV1tJU1,;'vi Maoming Fulida Chemicals Co., Ltd thtL'Vll'l~'U 

3.1.10. l'VIL'VlLilt.12.1l~e:ie:inl&V~ (Titanium dioxide, TiO2) 

i1m7l.l\J1~'Vli 93 % ii~n'l;rutLU'Ui:.J.:i~'ll71 i11'117l.l'Vl'U7LL'U'U 4.0 g/cm
3 

il'IJ'U1Vl 

tl'UJl1AD"itl.l1ru 0.405 µm lJ'1Vl'Vl '1tll.lL'Vl'11LV1111\J 1,843°C Lmvivfl-ff~v Ti-Pure™ R-902+ i:.J~\1l 
' ' 

1vivu~,;'vi Chemours Co., Ltd D"itL'Vll'l~'U 

3.1.11. 2.11irnmLv'Ulul~1~ (Malek anhydride, MA) 

1-ff i1'Vl'ru tJ-rutJ1.:i~1G'l7Wl tlG'l'Vhli L U'ULfl"iV11L\'l"i1t~ (AR-grade) il fl11lJ \J~~'VlB 

~99.0% i1G'l\1l"iLlJLl;lf)l;l~tl C4H2O3 i1tl1'Vl'UflLlJLl;lfll;lLV1111\J 98.06 nlmol ~fl'l;(\JtLth.JLfl~Vl~'IJ11 
\I , , 5' 

~'U i1fl11l.J'Vl'U1LL'U'ULV1111\J 1.314 n1cm
3 

i1'1Vl'Vl'1tll.lL'Vll;l1tltJL 'U~1.:i 52-54°C (:.J~\1lLVltJ\J1,;-'Vl , 5' , \I 

Sioma-Aldrich Pte Ltd. i1G'lm'im.:iG'l~1.:i'il.lL'1fl'1\1l.:i-s\J~ 3.9 
::, \I 'I \I 

3.1.12. L11<thmJ'Vl1fl~L61\1l (Methyl methacrylate, MMA) 

1 off L U'UG'l11\J-ru\J-s .:i ~1 G'l 1 "i'\'J tJG'l'W vi i1~ fl't;rut L U 'U'll t1.:i L vim 1G'I iiG'I m 1m'1 fl"~ t1 
' " ' 

C5H8O2 '11V1'UflLl.lL'1~'1LV11nu 100.12 g/mol fl11lJ\J1~'VliLvi1nu 99.0% i1~viL~t1vi 100°C (760 

mmHg) LL'1tiiA11l.l'Vl'U1LL'U'ULV1111\J 0.943 g/cm
3 

i:.J~\1lLVlEJ\J1,;''Vl Fluka chemical Co., Ltd 

D'StL 'Vll'IG'l1\1lL61!tliLL'1'UVl llifl"i.:iG'l11.:i Ll.lbl;lfll;l\11.:j"i\J~ 3.10 
' " 
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3.1.13. v::~~av::~i;it.1 (Acetyl acetone, ACAC) 

1 -ff L tlt.1'1Tn.lfu\J1-l~1'111vh:i'1vhi{ ii~ n~ru:: L tl t.1'l.ltl-3Vv1a11'1 ~ieJ QReC Lmvi , 

J,3Lm1::~ (synthesis grade) ii~m1ma~a~eJ C5H8O2 tl1V1'Ufl hJLa~aL v\1n'U 100.12 g/mol 

Fn1lJ'U~~'VliLvi1nu ~99% LLa::iim11JV1t.11LL\Jt.lLVl1tl'U 0.972-0.974 g/cm
3 

eJ~i;J'11fl Quality 

Reagent Chemical \J1::L'Vlf'lu1;uat.1~ ii~\Jl1Lr11.:i'1{1-lLlJLa~a~,3~,J~ 3. 11 

3.1.14. L'llL~EllJ av,fl iaLv-li;i (Sodium lauryl sulfate, SLS) 

L U'l.1'111,WILL 1-l~.:i~1\J1::Lfl'Vlii\J1::'1a'U (Anionic surfactant) 1 -ii1 t.1~t.1\JleJt.1fl11 , 

\Jfu\J1-3'1fl1'1'-le°l1'11'ivleJ'1vleJ{vi'1v MA ii~n~ru::Li'.lm~vi~'l.111 ii~\Jl'iLlJLa~a ~eJ NaC12H25SO4 

tl1V1'Ufl LlJLfl~aLvi1nu 288.372 g/mol iir1111J'U~~'Vli 96% 'lvlVl"1eJlJLVl"11L'Y11tl\J 206°C LLa::ii 

rl11l.JVl'l.11 LL l.lt.lL vi1 nu 1.01 g/ cm 
3 

eJ~\JI 1vivu~,;''Vl Thermo Fisher Scientific Inc. \J1:: L 'Vlf'I 

eJeJ'1L\Jl1L~tJ ii?1\Jl11r11-l'1{1,31mana~-3'i\J~ 3.12 
~ , ~ 

® 
Na 

3.1.15. 'llv{ULLVI\J LlJL\JLvihvVI (Sorbitan monooleate, Span 80) 

L tl'lJ?11 'i"1vl LL 1-l~-l~1\J1:: Lfl'Vl hJii\J'i::'} (Nonionic surfactant) 1-iit t.l~t.l\JleJt.lfl1'i 

\Jfo\J'i.:i'1m'l'-lej1?11'ivleJ'1vleJ{v11v MMA LLa:: ACAC ii~n~ru::Ltl'lJ'l.leJ-lLV1mV1tiv1~LVl~eJ.:iB1J~'\J ii , 

~mLlJL"1~1;'l~e) C24H44O5 tl1V1'UflLlJL'1~'1LVl1tl\J 428.6 g/mol '1vlVl'1eJlJL'\11'11LVl1tl'U -12.5°( iifi1 

I OJ Q I I tV 3 q,dj V d 

pH L'V11fl'U 6 LL"1::l.Jf'l11l.JVl'l.11LL'\Jt.lL'V11fl'U 0.99 g/cm lJ'lleJ'V11-3fl1'irl1rleJ RHEOOOL SP-O10 

eJ~\JI 1vivu~,;''Vl Kao Industrial (Thailand) Co., Ltd \J1:: L'VlPlL 'VltJ ii'1mLf'l'i-3?1{1,3 Ll.JL"1fl"1~-31\J~ 
~ . ~ 

3.13 
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3.1.16. Aaei1w-1t1fo (Chloroform) 

L 'U'U(;l1vi1r1:::r11 t1 MA 1 'W-rr'W~el'Uf111iJ-ruiJ1..:i'1.f11Yl~1,'11'S'V'lel'1Yhli zj.,:it-tl\mlil • 
1Lm1:::~ "~f1'1!/UJ:::L'U'W'1Jel..:JL'Vlrt11'1 nm,11L:1.JL'1f1'1f1el CHCl3 tl7'Vl'Uf1Ll.JL'1f1'1 L'Vl1f1'U 119.38 nlmol " ., ., 5' 

Fl11l.J'U~~'VliL'V17f1'U 99 .1 % LLrt:::nl'117l.l'Vl'W1LL'U'WL'V11f1'U 1.4 79 g/cm 
3 ~~~ Lliltl'U~~'Vl VWR 

International, Pty Ltd. '1'VIJ'\1Ylflh,J 

3.1.17. bel'Vl7'1Jela (Ethanol) 

L tl'Wt;11vi1r1:::r11 ti MMA Lbrt::: ACAC 1 'W-fr'W~el'Wf111iJ-ruiJ1..:J'1.f11Yl~1'171Wel'1Wel{ " . 
~n'1!1ru:::dJu '1leJ..:Jb'Vlrt11'1 Lmlil1Lm1:::~ ""'m1l.1Lrtf1rtf1el C2H60 t!1V1un1mr1nr1Lvi1nu 46.07 " . . 
g/mol 1'111l.J'U~~'VliL'V11f1'U 95.9% LLr1:::nm1l.lV1'W1LL'U'WL'Vllf1'U 0.789 g/cm

3 
~~\;\L\iltl'U~~'Vl 

Avant or Performance Materials Sdn Bhd. iJ1:::LV113\l.J1LrtL'titl 

3.1.18. btel11L1lbUf.ll.J bUlil'Selnb'll~ (Ammonium hydroxide) 

L 'U'l.1'171~1 -ui.J-ru~1 pH 1 u.fr'U~el'\.Jf171iJ{u,J~..:iMn'Vi~1'171Wel'1Weli"~f1'1!/ru::: L 'U'\.J 

'1Jel..:JL'Vlrt11'1 zj..:i1-uLmlil1Lrl'S7:::~ ifo~1Ll.JL'1f1'1f1el NH40H tl7'Vl'Uf1L:1.JL'1f1'1L'Vl1f1'U 35.05 nlmol 
" " ., 5' 

Fl11:I.J'U~~VliL'V11f1'U 25% LLr1:::nl'117:I.J'Vl'lJ7LL'U'WL'V17f1'U 0.91 g/cm
3 

~~el Merck KGaA 1,~,r'Uf17'S 

'1'U'U'1'4'\.J'11f1'U~~Vl Ll.Jelifl '1111\il i.J1:::L'V113\L'Vltl 

3.1.19. 1 'Vlail\J (Toluene) ., 

L 'V1'18 '1J L 'U'IJ(;l1vi1rt::: '11 ti 1 m '1Jf11'S'1f11il L Yl'1'1Jel..:J tl1..:J5'S'Sl.J'll1 ~1 u.fr'\.J\,lel'\.Jf11'S1 Ll'l'S7:::~ 
" 

t!1V1'Uf1L:1.JL'1~'1L'V17f1'U 92.14 g/mol Fn7:I.J'Vl'IJ7LL'U'Wb'V17f1'U 0.8669 g/mol "~lilL~ellilLVl7f1'U 

Q ' • 0 V ( 1/2 -3/2) A 'f A V • 

11 1 °C l.Jl'17 Solubility parameter L'Vl7f1'U 8. 9 cal .cm ~rtt11bliltl'U1'1!1'Vl Lab Scan Asia 

Co., Ltd. i.Jwb'Vll31'17571ru'1'~1.afam.1~ .. 
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3.1.20. 1"11a'lJ (Xylene) 

1"11~\J Lmv11 LR'i1~\.1 L tlui1~1fl~fl1t11 '81 unTrnnv1L vl '1'!Jti.:ivrn1'1~n 1 utu11rnum-s 

1 Lfl'i1 ~\-1« ClJ! 1\J1'Vl ti 1'1l€l.:J ti 1.:Jfi'i'il.J'1!1 ~ L'V1€lnl.JYifl 1'1~ n(i)1tJL 'VlflUfl SEM ij ~IJl'i Ll.J Lfl ~fl~€l C8H 10 

tl1-v1ti'n Ll.JLfl~flL vi1nu 106.17 g/mol fl11l.JU~'l'VliLvi1nu 99.83% ij~v1L~€lv1€l~"lmh.:i 138-

142°C ijfi1 Solubility parameter Lvi1nu 8.8 (cal 
112

.cm.
312

) t:-1f11J1 LvitlU~~'Vl Fisher Scientific 

th~ L Y1P1'1"1f !€l Ll.J~n1 

3.2. ~tln·rn1 

3.2.1. Lf'l~eJ.:i~mmuutlvi (Internal mixer) 

LU\JLR~€l.:JC--1'1l.JLLUUUv1diti Brabender/Plastograph EC PLUS iti.:it:-1'1l.J W 50 EHT 

,J-s~n€J1J(i)1tl L'iLVlel'S'tlUvl Roller 2 i1 ij,J~l.J1\Jl'irl11l.J~'!J€l.:Jiti.:it:-t'1l.JL V11 nu 55 cm 
3 

'11l.J1'iCI 

rl1Urll.Jrl11l.JL ~1 L'iLVl€l'SLLfl~€JC\J"1f1U'!JC\J~t:-1'1l.J 1(i) rl11l.JL ~11 'Un1'i'l'1l.J'U 0.2-150 min •
1 

rh~.:Jl.J€JLIJ1€l'S 
., 'I '\J 'I 

3.8 Kw 'li1.:i1um'i1viLL'i.:JUvi 0-200 Nm '11l.J1'imY.:i€lC\J'l'1f1i11(i)'1.:J'1vi 250°C t:-1f11J1LvitlU~~Vl 
'I '\J '\I " 

. 1 .. 'i" d .... ., " . 1 ... 
Brabender® GmbH & Co. KG uWLY1P1Lt1€l'il.J'U ~vitlLrl'iel.:Jl.Jell.Jfln'l~C\J~vi.:J'iuVl 3.14 LLfl~ 3.15 

" 

• I .,j ., .,I U i u'Vl 3. 14 fln'l~C\J~Lrl'iel.:JC-J'1l.JLLUU vi (Brabender/Plastograph EC PLUS; W 50 EHT) 
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1 Cam 

Sigma Roller 

Jtlfi 3.15 '1f1~ru~L'SL\,ltl1LLUU Sigma, Banbury, Cam LL"1~ Roller 

3.2 .2. Lfl~el.:ll!-Jfl2Jaei.:is1nnt.:i (Two roll mill) 
" 

LU'WLfl~e).:J(!.J"1lJLL'\.J'\.JLU(,1 ~"1f1f1i.:i'lJ'IJ7(,1L~'IJ~7'1Jl"l'lHJf1"17-!I 6 D1 EJ71 14 D1 e)\,117?11'\J " ~ ., ., 
fl17l-JL ~1'llel-!1"1f1f1~-!l'VIU7!,ltl"1f1f1~.:J'Vl~'1 (Friction ratio) LY17n'I.J 1: 1.21 (!.J~\,l b(,1 EJi1.:ii'IJ?11'1J'-ii7n(,1 

~ ~ . 

3.2.3. Lfl~el.:la(,lt'IJ1tlEJ1.:i (Compression molding machine) 
" 

LU'IJLfl~el-'.leJ(,1L'IJ7~tl11V1a1'1J (Automatic Insert cooling Platens system with LCD 

Touch Screen Control) Ll-JL(,1"1 LP-S-20 "11m1m,1.:it1ru'Vli'lUL~"1.:J?\(,lt1.:J 300°C fol-l17l-Jvl'IJL~ 
, " \I , 

~,:i~t,1 200 kN l!-J~\,lL\,lEJ'\.J1,;''V\ Labtech Engineering Co., Ltd. i.h~L'Vll"lL'VlEJ 

3.2.4. bf'l~ tl-1'Vl\1lae:ium'Un'U'j~a.:i~ (Universal testing machine) 

LU'IJLfl~t1'1'Vlt,1?\t1'1.Jfl17l-J'Vl'IJ'Vl7'1J!,ltlLL1.:J ~.:i ~ieJ Tinius Olsen Ll-JLt,1"1 HlOKS "17l.J71'1 

f'I.JLL1.:JL~"1.:J"1t,15.:i 10 kN ~'U1.:Jfl17l-JL~1L'lJfl71~.:J 0.001-1,000 mm/min !,111'11t,1'i~EJ~~t,1~1EJ 
~ . 

L"1L'llel1 Ll-JLt,1"1 HS0OL laser extensometer l!-J~\,l Lt,1EJ'\.J1i;'Y1 Tinius Olsen, Ltd. i.h~L'Vll"leJ.:Jf1~~ 

3.2.5. LA1v.:i1(,l'tJ\J7(,ltl'4i'l1flLL'U'UL,ILs!L'lltl{ (Laser particle size analyzer; LPSA) 

L U'IJLfl~el.:J1(,l'lJ'IJ7t,1eJ'IJi'l7fltl7FIEJ'Vl~f1f171 Li EJ1 L '\.J'W'llel-!I fl~'IJLL?l.:J (Laser diffraction) L~el , 

e)'IJ[l7 fl Lf1(,1 f171 f11 ~ '17 El ~1 el ~L 'W~1 f1"17-!1~7'W"7 LL?t.:i-rr11~ El~ L 1 "17'\ll~.:J L -if 'VI~ f1f111vi1.:i 7'1J!,17l-J , ~ 



:; ~~l t-LlAl.. t-L!t) ~~ 1lALl1 :;!,[U Lr Gt~~:;L!.611 ~ ~~ 1ri t l, t-L!t) l!l Ql!.~Ul t-Gll.()L~:;W !. LU M.Lllri!':111 

t-ll)~,, :;~,, ~ ~ 1ri t ~ Ult-Gil.TU L rt~f1.:;~,, ll) QR.L~~:;L!,l,!1 ~ ri Lt-n&rin.~ u f1.l!l ~ t-~ L~~ Ulll l)!.LrtL~ 
" . 

(V'J3S 

!ado::>SOJ::>!W U0J:pa1a Su1uue::>5) ll)L!.Ut-@~n.n.im@!.lllU~1@tJ,ldttlA.l;!~t-@~U '8"Z"£ 

~m~11}Gl:lm,~v.,:;!.f1. "A8 1e=>!lA)eue N'v'd lAf\~r\.ULl~ (y S"017S .. 1) D)I nJ 

G~ ri~61tL()rtLt61 (M>t£) aqni pa1eas ::>1weJa::> Al!Suaiu, l.l3!Lj Sd!)!l.ld UL~t-~11l!lQ1L1Jt-~~,,~ 

0dW lJad,X ri~ Sd!)!Ljd G~~ t-G~611H-t:;~t-G~l!llA!.LUrit ri~riQ, ~U~L!.ll,1 ~:;L!.611t-f~~1 £oJeJ 

:;~,, zo1.1 c-11 rip., rt!.W~L~lllan.~Ulll1 ri~n.Gu :;.r.f1.~ ,, :;~~1 raL!.IA. (Ae1J) ri~ ri~ rip., v.m:;.r.f1. 

" " . I) L~~~tt-LrGt~~:;u1,11 ~U!.LrtL~()l!ll (J.OOZ 1 ri~i [tt) t-~~LJ~ru G~~:;L!.611 ~U!.LrtL~t-Q~UL~UGri 

"{ 1 T\lLrt:;!.f1.l!lr3~1 :;~c-LrG~t U~t:lt-L}~t-!.611 ri trtGlll:;Gt-Gll.t~t-1)~ 1 l!l~!.LUl!l()~1:;~()L!.n.L!.lA~ t Ll4 

~£~t-~ ll)t l!lQP.U ~l':lt-Gll.~tA mi;, L~~t n.G~~t!.lll l)!.LrtL~ LrtUGGt-~ i:;w~rtftn.L!.lAGµm~t-~ n.v.:;w 

Ultl~t-.H1n.Lri:;.r,:;~1,u~11t-Gll.t-L}~t-!.61ln.~~Gril!::;~rin.,w~,rtrrnl!l1 rin.,rn~,:;~,, (Supaiie::>5) , n n n 

t-~ 1:;!,U !.LU l!l~1 t~11 ~~ pGll.t~ri:rin.n.v.:;w UlllG~~U ~t:l t-L}~t-!.611 riL~ t-~G µi 9'U G 1 ~ t-~ 

t-Gn. (uo1peJJ:1!0) rin. ,rnj1!.LU~rt~rut,m~LGr3Wl u~l':lt-L}~t-.r.1,11,~:;L.r.1,1, ~t-G~61mQ, 

(O~X !Ja:iawo:peJJJ!P Al?J-X) ~UG1~t-kL~t-@n.rin.itraJ1tLUlll!,t-@~ij1 'L'Z"£ 

rav.t~1A1:;.r.f1. pue11eL1.1 Ja)lnJ8 v.,ti~n.ralllllll~l':I 
1_w::> 0017 -000'17 

t-tp.rit (Jaqwnu aAeM) ri~1,1n.~1rt~61n.G!.61 cll-P!W t-tp.ritl!l!.1L!.tAri@t-~i,H-tr3l1ll a, Josua.1 

ri~ Ja>tnJ8 @~~ ~~1Ari~n.(W:;!.f1!.L~t-Gn.ruLrt~f1:;~11l!lQR.rn~t!.lll~:;L.r.1,1i~t-@~61mQ, 

(~1.1..:1 !Ja:iawsoJpads 

paJeJJU! WJ0JSUEUl Japn0j) }Glll1[!!.lA 1 Uf"U?lllt 1LttAr\@rt}GtAl?r\L!.IA.}():,1~t-@~ij1 ·9·z·£ 

()IA t~lA 1:;!.f1. 

·::>u1 'Jai1noJ uew>1::>a9 IA.f\~n. O£Z Sl Jai1noJ uew>1::>a9 ri~ JaZA)eue azis ap1lJed Jase7 

t-G~61,H-tr3l1ll r.ltlm .r.1,11 rtt ooo'z c-~ 170·0 !i1,,c-f ~t 1,1wn.@l!lLrin.l!l1u.r.LrtL~t-~ 1,1wh@c-@11.l!lu\n. 

n.~ri~u 11rit~m1; mn., rn j1rtrt!t),, l!lLrin.:; ~!tl,m t 1,1wh@ t-@n.ruLrt~f1.n.~~ri~rtf rtLt61~rin., rnj, 

tLUl!l~1~t-~i,c-@n.rta,irtLt61 G~ (uo1iew1x0Jdde JaJ04uneJj) }GtA rn1 ri@!.t,\t-Gll.riL[~rtrt~ 
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L"!l11iini VieJ~Ll.rni L"!lflMhi L"llf1'1"'(;11 LLfl::~1m1n~vi'1eJti1.:i~ilm1l.l:ffu~111~ t(,)vti'~"1eJ JEOL 

~\J JSM-5800LV e.J~(;l''17ntJ~,;''Vl JEOL USA, Inc. tJ1::L'VlP1'1~r\'imll~n7 . ~ 

3.2. 9. nae:i.:i~n'Vl77f11J'tiU(,) 3 m ::uvn\;\7 Vi~ellH 'Vl flUflW~ tlelL 7,Ml'U'll 1. wa flel'U'V171 avi 1.rn:: 

Ltl11.1.ff'HJ NIS-Element D (Bright field Microscope with Fluorescence, Phase 

contrast technique and NIS-Element D software) 
tJ ~Q '} II .J, .aid 

mrn.:i~fl'Vl77P1\J'll'U(,) 3 m::ueJnmmJ'lJL'llLL'1.:Jl'i77lJ(,)7 LLfl::LLM\ll'll1.:im1lJEJ11r1n\JeJ'U'l 

L'U\J 450-490 nm, 510-560 nm LLfl:: 465-495 nm LU\J\;l\J iln1~.:J'IJEJ7EJ 4x, 10x, 20x, 40x, 

60x LLfl:: 100x '17l.l7 7!1'U\Jvinm'Vi1~ "11Lrl~eJ.:!~\J ECLIPSE Ni e.J~(;lt(,)EJU~i;''Vl Nikon 
' 

Instruments Inc. 

3.2.10. Lfl~e>.:iaLtln L'V17W~elel 11ii1.~e1{ (Spectrofluorometer) 

LU\JLrl~t1.:iileJ~1~foiLm1::'l-1fl(\J~l.J'U~'!Je).:J'177 1~LLn 1Lrl77::'\-1'\117f11fl17l.JEJ71rl~\J~ • 
m::~\J rl17lJEJ71rl~\J~hJf1(,)U,'ltlEJ ri1r1.:i~'!JeJ.:J wavelength synchronous LLf1::n77'1LLn'U'Vl7 

I d CV I d .cl II ' 

r11r1.:iYl'!JeJ.:!Vi"M.:i1u synchronous spectral LLf1::'17l.J7W'1LLn\Jrl7rl11l.JEJ71rlf1\JVlm::\ll\JLLn::rl7 

rl17l.J EJ11rl~\J~Un(,)U'1tJEJ1 \JJU 3 ii~ 1~(,)EJ n7W1PlEJn77~(,) n~ur.:i~ ~i~ci.:i e.Jfl 1 llil.JLn~fl~n 

m::(;1\JLLfl::ilm1iumt11utlJLflnf1"17m::~ui'IJVi~.:i.:i1u'1mu:::u (Ground state) 1tJci1::~u.ffu . . " 
Vi~.:!.:!1'\J~'1.:iii'u (Excited state) vi11"1Lf1(,)m,Jn(;lrlJ1u'1i1.:iyjf1eJeJL7'1L"!f'U'ij ru f11'W~.:!.:!1\J~m::(;l\J~ ., ., . 
'11 L Vi1::'lJel.:1'11'rnlJlf1::'1lil(,) Lrl~tl.:l~L ,Jn L 'V\7-Wfltlel hiiL\;ltJ{m 'U~\1€) JASCO ~\J FP-8200 ')(,)f11 ., . 
'Wfl tltlL 7'1L"lf'\J'ij 1 \J'1!1.:!rl11l.JEJ11rl~\J 200- 750 \J1 hJLlJ\;\1 e.J ~(;lt(,)EJ'l.J~,;''Vl Jasco, Inc. UWL'VlPI ., 

3.2.11. Lfl~el.:11Afl17l.Ja';h.:i (Screen brightness/luminance meter) 

LU'\JLrl~tl.:J1(,)fl11lJ'111.:I (Luminance) 'lJeJ.:11'1(,) Ll.JL(,)fl SM208 '11l.J71n(;l11"11(,)fl11l.J 
' 

I I ~ I 2. 2 I 2 I '1 
'1tl.:!'111.:J(;l.:JLL~ 0.01 cd/m n.:i 39,990 cd/m (LLrl\JL(,)f11vltlvl171.:!LlJ(;l1; cd/m ) 1::EJ::\11-h'Un77 

1vt s: 1 Ll.J\;\7 e.J~(;lt(,)EJU~i;''Vl Shenzhen Sanpo Instrument Co., Ltd. tJ1::L'VlP1~\J 
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3.2.12. '1116\v~vlavm·HMl'U'U (Fluorescent lamps) 
V 

LU'U'Vli;leJ~vlmrnL'H'IL'lf'U'll 'i'U Actinic BL n1~-:i1vlvh 15 w 1-r:rnrn11'Vli;lel~LV11f1'U 
" . 

43.7 cm L~'U~1W'l'UVfli;l1-:J'\lli;lel~Lvi1n'U 2.8 cm 1\1LL"'-:i1'U'll1-:JA11l.JE.111A~'U UVA (315-400 
" 

'U~,;''Vl Philips Co., Ltd. th=::L'Vll'lL'UL15eJ{LLi;l'U~ 

% 100 

80 

60 

40 

20 
\ 

) \I 
JOO 400 500 600 ·100 l nm 

d ., 
3.2.13. tr1·rn-:ivi~'6'1t1\JR11llWU.:I (Shore Hardness tester) 

L tlmA~a-:ii1B~1 i'Vl~"'m.Jm1mL ~-:i'llBw1-:i 1~c.11 off LL 1-:in~'11nm.J~,:izj,:i,1wt11 EJl~L tl'U 

Shore A fac.1i1mn"1'11fl 0 Shore A ci-:i 100 Shore A LU'ULA~B-:ii'U Di~ital hardness tester SA 

~~\;11~1:J'U~,;''Vl Toyoseiki Co., Ltd th:::L'Vll'l~~'U 

3.2.14. tR~el.:11LR':i1 ::\1fl1':iLtl~mrntla.:i i11m!nmv1~f'l11l.J~eJ'U (Thermogravimetric 

analyzer; TGA) 

LA~ a.:ii LA 11 :::~n11 L '\J~ EJ'ULL '\J Mtl1V1'1 nm EJ 1iil m 1l.J{ eJ'U L ~ a-:i'11 n n11 "'l;l1 EJl1l1'llel -:J 

a-:ir1'\J1:::flel'U1'U"'1111l1el~1-:i 'i'U STA 6000 ~~\;11~EJ'U~,;''Vl Perkin Elmer '\J1:::L'Vll'l"''\ll~~ml.J~fl1 . ~ 
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3.2.15. Lfl1v.:i1v1m.J~n11l'Vl&'!U.\J\Jfl1U&'l&'l11 (Capillary rheometer) 

L'UtJLl'l1v.:i1vn'1l.lu~n11h11'1LL\J'ULO€ltJ'!J€l.:J'V'l€l~hirn1 ~tJ RHEOGRAPH 20 'i~\J\J , 

U11L'i'1R '!JtJ1vl 2 x 12 mm ii'li1-:im1m~11umw1v1~€l\J€lUvi 0.0001 mm/s (0.006 mm/min) 
'U 'U 

- 40 mm/s (2,400 mm/min) ~1lJ1'ifll'l1\Jl'll.J€lUJ'Vli1in~~-:ifi-:i 400°C LvlEJiil'l11l.J'1~LflEJvl , , 'U " 

0.01 °C iivl'ntJ~~1L'l!v1i'v1f'i1m1l.lv1tJLtJ'll'N 20-2,000 bar LL'1~iiVl'i1tJ~~hL61!€l1i'v1f'i1LL 1-:i 20 

kN CJ~IJILvlEJ\J~~Vl GOETTFERT Inc. th~LVli'lLEJtl'il.Jtl 

3.2.16. i;leJ\Jfl1111ieJtJ (Hot-air oven) 
" 
l]'!JtJ1vl 40x60x48 "1fl'U11'1f1L'l!tJ~Ll.JIJl'j ~1lJ1'iCll'l1\Jl'll.J€lUJ'Vli1m~~-!I LL(;l 25-200°C 

'U 'I , " 

ih~u\J~vl'1l.JLi4t1m\Jl'll.Jl'l11l.J~J1L~l.Jel'!J€l-!l€lUJ'Vli1ij CJ~IJILvlEJ\J~~Vl Fisher Scientific Co., Ltd. 
, , 'U 

i.h~L'Vli'lel-!lfl~~ 

3.2.17. Lfl1v.:i 1u111~lmtimivi'l'tifl~tJfl11l.l~a.:i (Ultrasonic homogenizer) 
" 

L U\JLl'l~€l-:ivi'l 'U~tJCJ~l.J Li4t11 ,~\nv1m1m~v1EJvi'1'!Jtl-.l~11L tJvi'1f1"1-!I LL'1~CJ~l.JL \1L UtJ 

Ldm~EJ1fltJ iu sonic ruptor 400 ~l1€l Omni International ~1l.l1wtli\1n1~-:i1.~fi-:i 400 11111,1 

1ummm 250 µl fi-:i 1L CJ~IJILvlEJ\J~~Vl Homogenizer Co., Ltd ~'Vlf~ml.l~f11 

3.2.18. Lfl1v.:i1vifl11l.lLVtJmvivh.:i (pH meter) 

LUtJLl'l~v-:i1v1!'l11l.JLUtJmv1vi1-:i'!J€l-.l'!Jt1-:JL'Vl,n iu Eutech pH 700 ~1m1ri1v1R11'l11l.l 

Ltlumv1 vi1-:ittJ'1i1-:i pH -2 fi.:i pH 16 iim1l.l"1~L~EJv1 0.01 LL"1~ill'l11l.JLLlJmh ±0.01 ~~1111viv 

\J1~'Vl Eutech Instruments Pte Ltd. U'i~L'Vli'1~-:il'l1,.H 

3.2.19. Lfl~el-:IV1~aeJ\J1'11'1l.l~a ( Contact angle measurement) 

~l.le1~LL'U'ULvimijni LL1-.1~-.1~1 'V'l"•:i-.11'\Ji'\J~1 ~l.lu~m1l.lLtltJi1 LL1-ieiv1Lf11~ LL'1~m1v1v1iu 
'U 

'1)€),:j L'l!'nijn LLn1 m~vi,~ ~~l.J e'.!1 'Vl~€lCJ-:Jvi'1€lU1-!I Ll'l1v-:i'Vlvl~€lU-ffi'U Ll.JLv1'1 OCA-15EC ii'li1-:i 

f1111vll.ll.J~vivielv1f1 0-180 el.:Ji'11 l'l11l.ll'l'11v1Ll'l~el'U ± 0.1 €l-.li'11 CJ~IJI LvlEJ\J~~Vl Data Physics , 

Instruments GmbH U'i~LVli'lLEJml.Jil 
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3.3. 1fi~1Li'itA.:11'U1~EJ 

3.3.1. nT~An1:t1~11lliidf t1.:i~tA'tlt1.:lit17Wt1itwt1i 

• ' -- •• 1 •• 1 ' .. ., 1 .,j n111 Lfi117:i\.1LLn:i'Vlvl '1elU'11JUvi'!Jel.:!'11'h ,mh, tl1 17Eln:i LtlEJvlvl.:ILL'1vN 'UIJ1717.:!'VI 3. 3 

~ .. ~ -.-, .r 41.AQ I ~ 
111771.:l'VI 3.3 n111Lfi1-S7:i\.1'1lJUvlV'l'U!7'U'V17.:lfl7EJfl7Vi '1lJUlll'V17.:I LL'1.:ILLn:il'l17lJ'Vl'U'V17'UvlelU1'!Jtl'1'17-S 

vJel'1vJt1{ 

., 
■ '111mim.:in1t1mV'lvimnu ... 
-n1 -s:S Lfi117:il1Lfi11.:i '1~1.:ie.i ~ n'!lel.:J '111vJ el '1vJeJ{ 

-i ru~1'U1Yl EJ1'!J tl.:!'111vJ t1'1vJel{ ... 

-n111Lm7:i~'!J'U7vlel'Ufl7fi1 
' 

.,j .I ., .,j .,j 

-l'l17l.J v11 filn'UYl m:i i;iu LLn:il'\1711 EJ111'ln'UY1 
' 

u nv1ucieJEJ'!leJ.:J'11-svJ eJ'1vJeJ{ 

-1:i EJ:i L 1m n111'l.:i el V'!lel.:J LL'1.:i~unviucieJ EJl-1~.:i 
" 

., 
■ l'l17l.JYl'U'Vl1'U~ml1 

-m1Lu~EJ'ULLUn..:l'!JeJ.:ir11 pH '!leJ.:itl1 v1ne.in 

m1'1n1 EJ(ll1'V17.:i 1m .:i '1~1..:l'!l el.:1'17 -svJeJ'1vJeJ{ 

-n 111Lfi111:il1Lfi11 .:i '1 ~1.:i e.i ~ fl'!l t1.:i '11-svJ eJ '1vJ t1 { 

.,j .,j " .,j .,j 
-1'11711 EJ71fi1n'UY1 m:i v1'U LLn :i 1'11711 v11 fi1 n'U'VI • 
unv1ucielEJ'!lt1.:i'111vJt1~vJel{ 

' ..I. I . I' "' -1~ EJ~ L 1'11 f11'H'l.:ltl~'1Jtl.:JLL'1.:J'VI unvl untlEJ'\1~.:J 

\.1EJv1n-s:i~'U'!lt1.:i'111vJt1'1vJt1{ ' . 

► X-ray diffractometer (XRD) 

► Scanning electron microscope (SEM) 

► Fourier transform infrared 

spectrometer (FTIR) 

► Laser particle size analyzer (LPSA) 

► Spectrofluorometer 

► Luminance meter 

► pH meter 

► X-ray diffractometer (XRD) 

► Spectrofluorometer 

► Luminance meter 
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3.3.2. n1'aAn'l~t1e'Vlcr'V'la'tleNb'Vlflilfln1'ab\JatJ~~mUJ\J~'tltl -:!V1-:13'a'alJ'!l1~ b'VltlTilJ'V'la1a~ nvi 

i:.i ai.Ja1 <av-lt1avl ti{ 

nT~Ll>l1t1:1.Jt11-:i5•rnJ'll7~L 'Vl€JTI:I.JV'l n1?t~m:;vd1-:it11-:i511:1.J'll1~ V'l v~L V'l"S-W~'ULbn:; LriV'lv~ 

Llrn{•1m-:i 1 V'l'S'W~'I..IL€lvi~'U~'i)\,l'S7~1'1..1n7WJn'l..li;!L Vl7fl'U 40/30/30 L(;)t1'11V1un 1 'ULVlrl'U~n7'SL 'Un'l..li;l 

Lb 'U'UUn ~ LLn:; L VlrlUrln7 'S1nrl71 tJL'1l'U'I..ILb 'U'U 1(;)tJ7ij n'1 ?17 'SLrlii LLn:;i.J~m ruvtl 'ULLG'l(;)-:i~-:im 11-:iv1 3.4 

~'l..ll>l€l'l..ln71~?1l.J Lb?t(;)-:i~-:i1i.J~ 3. 17 '17 ni!tJi Lm1:;ihrn:;V1(;)G'l€J'U?tlJU~'1J€l-:it11-:i511lJ'll7~L Vlvfil.J 
" 

V'ln7?t~n~e..i?tlJ?t7-sY'lv?tV'lv{ 11t1n:; LBti(;)~,:i LL?t(;)-:i 1 tJm11-:i~ 3.5 

l>l7":i7.:iv1 3.4 ~l>l1n11 Ll>l1tll.Jti7-:i511:1.J'll7~L V1€JTI:1.JY'ln7?t~n~e..i?tl.JG'171V'lv?t'W€l{ 1 'l..l~'Ul>l€l'l..ln71 LL i.J1 

LV1r1tir1n11L'Un'Ui;l 

Ingredients 

Natural rubber 

Polypropylene 

Propylene-ethylene copolymer 
TM 

Ultra-plast TP0l 

IRGANOX 1076 

IRGAFOS 168 

White oil 

SrAl2Oa:Eu 
2+ 

Quantities (phr) 

Simple blend 

100.0 

75.0 

75.0 

5.0 

1.0 

1.0 

10.0 

16.0 

Dynamic vulcanization 

100.0 

75.0 

75.0 

5.0 

1.0 

1.0 

10.0 

16.0 

(6 wt% of the mixture)* (6 wt% of the mixture)* 

TMPTMA - 2.0 

DCP - 2.0 

*wt% of the mixture '\/ll.J1t1~-:i LU€l{L~'l..ll>lL(;)t1tl7VIUn'1J€JW7-:i511lJ'll7~ V'l€J~LV'l'S-W~'I..I 

LrlVivfal.Jv{'1Jv-:i 1 V'l1-w~mvvi~'I..I LLn:;?t11-w mnfo{ 



"" C ·x 
i 

0 

2 

6 

8 

10 

12 

Simple blend 

Internal mixer 55 cm3 

at 170°C, 60 rpm and Fill factor = 0.8 

..J. -Plast ic -,.._ ___ __, 

+j._ ___ ST_R_S_L __ _. 

Antioxidant 

.i ... __ w_ h_lt_e_o_ll __ _. 

-l Ultra-plast 

4 SrAl2O4:Eu2+,~• 

-+J Dump 

m'li'"rn 1 'UL'1!'tltrn tn.J 1~'U1iin~ 

54 

Dynamic vulcanization 

Internal mixer 55 cm3 

at 170°(, 60 rpm and Fill factor= 0.8 

0 ..J. Plastic l..__ __ ____, 

2 .-,._ ___ ST_R_S_L __ _. 

c 
] 

4 
QI 

E 
:;:; 

...._J Antioxidant 

.....,:=====:::; 

...._J White oil .....,....._ ____ __, 
6 

~.___T_M_PT_M_ AI_D_C_P_....., 

8 

-l Ul tra-plast 

10 4 SrA~O4:Eu2
' ,Dy3+ 

12 -+J Dump 
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i;i 111~vi 3.5 n111 Lm1 ::,.faf!:: n, 1V1 ~ ~eirn.:u.1u~'!Jei~ m~ 611l.J'!l1 ~ L 'Vlei Til.J'Vi" 1~ ~ n~c.J ~"~ 11 

vlei~vlei{ 1 ur111Pl n~1~V15'Yifl'!JeJ..:i L 'Vll'lUl'lf111L UfltJvi 1ir111c.J~l.J LLfl::e!m1~1tJf111LL UfltJvi 

d .., 
Lfl'rn~l.Jtl 

S., 1 4 4 .J 
-l'l11l.J \Jl1tJ'Vl1'U\JltlLL 1..:i~..:i 1::t1::EJ~'Vl~~'!J1~LLfl:: ► Universal testing machine 

f111~~1Url111LL 'U'U~-l 
\I 

tl
.J tl .,.. .. 

■ f111L fl EJtJLL fl-l~l.J'U\JlL'!l-lflfl 

-l'l11l.J(l11tJ'Vl1tJi;imL1..:i~..:iLLfl::WEJ::~~Vl~~'!J1~ ► Universal testing machine 

-~rui1'U1'VlEJ1'!Jel-l'Viel~ Ll.Jei{~c.J~l.J~11vlei~vlei{ ► Scanning electron microscope (SEM) 

-r111m::'iil1EJ\il1'!Jel..:i~11vleiavleifltJYiel~Lmi{~ ► Bright field microscope with 

c.J~l.J~11vleiavlei{ fluorescence and phase contrast 

technique 

4 .,J ti d C11 

-l'l11l.J EJ111'lfltJ'Vl m:: \Jl'U LLfl::l'l11l.J EJ111'l fltJ'Vl 
' 

► Spectrofluorometer 

• "'u tJ • ., -1::EJ:: nmr111!'l..:ieiEJ'!Jei-ma..:i'Vl "~ fleJEJ'Vlfl -l 
\I ► Luminance meter 

3.3.3. n11fln~1ii'VlG'rl6\'lltl-l1 5f111i:-1'1lJi;J tla:uu~ 'tltl~V1~611l.J"tl1~ L'VltlTil.J'rl611a~nvii:-ia :u 

a11'V'lt1a'V'lt1i 

L\Jl~EJl.JEJ1~611l.J'!11~ L 'VlelTil.J'Vifl1a~n'iiJ1 fl fl11 L 'UfltJvl1::'Vl11-!IEJ 1-!1611l.!'!11~ Vi elm 'Yi1~~tJ 

LL'1~Lfl'Wtl~Ll.Jtl{-ua.:i1-w1vHhmi~~'U vitJ(Jl11"'1'Ufl11L'Un'UviLVhnu 40/30/30 L~t1'11'VIUfl H' 

L'Vll'lUl'lfl111fll'l11'UL'1f'U'ULLU'U1~'U1lin~ LV!EJLLU115f111c.Jal.J 415 ~i;i1-:in'U fiti 

15~ 1 Step mixing - E 

15~ 2 Step mixing - I 

15~ 3 Precompound mixing - E 

LLfl:: 15~ 4 Precompound mixing - I 

1~EJl'l1UF)l.Jtfimrua11vlei~vlei{'!lii~ SrAl2OfEu
2
+ ~tl1mru 6 wt% of the mixture ~-:i 

11 EJf111~11Ll'li1 LL fl ::tl1m ruvlt ,ff LLavi-:i 1 'Um11-:i~ 3. 4 LLfl:: ci'1~u'!Y'Ui;i eltJfl11 c.J~l.J~,:j LLa~-:i 1 'U\Jl111~~ 
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3. 6 ~-:i 1 tJ15fl 1 ·rnm.Jvi '1:: ll1cM 1-ut11-:ir1 m.1V'l 11tJ vi '1:: 111,i-:i L(,l~ m.1 t11-:ir1 mm 11tJ vi ri vtJ fl1 'iL(,l~ m.1t11-:i 

tffn.J'!J1 ~L 'Vlelnl.JV'l"1'1~ fl 16fl1'i~'1l.Jtl1-:lfl ell.JV'l11tJvi\il-:i LL'1~l-:i 1 \J(Jl1')1-:!v1 3. 7 

., 
'11fltJtJVhfl11 

1 Lfl11::\.1LL" ::V1i;JG1 elU'1l.J~'tlel.:J tl1-:llinl.J'!J1~ L 'V1 vnl.JYrn1" ~ fl~~'1l.J"11Ylv"Ylel i 11 tl":: L~ tl i;J\il .:J 

LL"i;i-:i1tim11-:iv1 3.5 

v1111-:ivi 3.6 .ff tJ(,le)tJ fl11 L(,l~ tll.Jtl1-:lli11l.J'!J1~ L 'V1 vnl.JV'l"1'1~ fl~~'1l.J'111Ylv'1Yl el i Li;) mL U115fl11 

~"" 
Mixing time Preparation method 

(min) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

------------------------
Step 

mixing - E 

Plastic 

l 
STR SL 

l 
Antioxidant 

• White oil 

l 
TMPTMA/ 

DCP 

l 
Ultraplast 

• 
SrAl2O4:Eu 

2+ 

l 
Dump 

Step 

mixing - I 

Plastic 

l 
2+ 

SrAl20 4:Eu 

l 
STR SL 

l 
Antioxidant • White oil 

l 
TMPTMA/ 

DCP 

l 
Ultra-plast 

l 
Dump 

Precompound 

mixing - E 

Plastic 

l 
Compound* 

l 
Ultraplast 

• 2+ 
SrAl20 4:Eu 

l 
Dump 

Precompound 

mixing - I 

Plastic 

l 
2+ 

SrAl20 4:Eu 

l 
Compound* 

l 
Ultraplast 

l 
Dump 

Total (min) 12 14 12 14 

~ - m,lJhat'l~o~i:.ialJu.uutl(;)'IJ'U1\ll 55 cm ' ,iru"11J"n1walJLYi1nu 170°C f'l11lJL~1W\J'UO~'lm1oiLYi1nu 60 

rpm u.m: Fill factor L'Vhnu 0.8 

- ~O\J\lli:.l<'llJL<'l~,lLLii1t-.,imm1-ivl,iru\.l/J"'11!N 24 i1'll!~ no-uu1ltJV1\ll<'IO\J 

- Compound* RO !J1~i:.l<'llJ<'11iLf'ljj mim,Ll'l~!JlJ~~U.<'l\ll~t'Ul'l1i1~v1 3.7 



57 

d ~ Q ' 

1Jl111.:i'VI 3.7 'lJ'W\9\'El'Wf111L\Jl1tJ:1.JtJ1-:!Ael:I.J'W11'W~ 

Mixing time (min) Ingredients 

0 STR SL 

1 1 
2 Antioxidant • 3 White oil 

t 
4 TMPTMA / DCP 

t 
5 Dump 

'Vll,J1EJL'\,j\,l 
' 

- ~?l:1.JL'WLA~el-:!~?l:1.JLL'U'UU~'lJ'W1~ 55 cm
3 

e)(\J'\llfllJf111~?1:1.JLV11n'U 60°( A11:I.JL;11'El'U'llel-:!L1L\9\'EJ{ 
' " 

L'V11n'U 60 rpm LL'1~ Fill factor L'V11n'U 0.8 
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3.3.4. n11f1 n'lfl ii'VI cr-w a '!Iv ,:i i \i1 'a1 ,11 un 11 Lu au l>l ~el ""U~'tl v-:i v1 -:i 011"'111 ~ L 'VI vi1" 

-wa1'1~n~~""a11~v'1~vi 

L(,l~m.m1.:io·fil.J'U1~rneifll.J'l'la1G1~n\l1 nm-sL ua'U~1'itV111.:i N RIPP /PEC (,l1l.JL 'U~1-ii'ei 

3.3.3 ~.ff'U(,leJ'UflTH-H'llJLL\J\J Precompound - I vi1fl1'aLL'\.heJm1~1'Ufl1'iL\J'1'U\;lLV11fltJ 

40/60/0, 40/40/20, 40/30/30, 40/20/40 LL'1t 40/0/60 Lli11:.1'11V1Ufl L\i11:JL'UG'l1'ibl'l~\il.:J(il1'i1.:J~ 

3 .8 \l1 m!'Ui Ll'l 'i1t~ LL"1t'Vl\i1"' eJUG'll.JU~'UeJ.:J 1:.11.:i o'i'il.J'U1 ~ L 'VI eii1l.J'l'l '11G'I~ n ~eJG'll.J G"11-svlm,Yl eii 

.. ., 'l .J 
'i11:.1'1t Leli:J\i1\i1.:J LLG'l\i1.:J b 'U(il1'i1.:J'VI 3.5 

Quantities (phr) 
Ingredients 

40/60/0 40/40/20 40/30/ 30 40/20/40 40/0/60 

Natural rubber 100 100 100 100 100 

Polypropylene 150 100 75 50 0 

Propylene-ethylene copolymer 0 50 75 100 150 

Ultra-plast TP0l 
TM 

5 5 5 5 5 

IRGANOX 1076 1 1 1 1 1 

IRGAFOS 168 1 1 1 1 1 

White oil 10 10 10 10 10 

SrAl2O4:Eu 
2+ 

16 16 16 16 16 

(6 wt% of the mixture)* 

TMPTMA 2 2 2 2 2 

DCP 2 2 2 2 2 

*wt% of the mixture V1m1:.1n.:i LUel1L'ij'U(,lL\i11:.1tl1VIUfl'Uel.:J1:.11.:Jo'i'il.J'U1~ 'l'lel~L'l'l'ivl~'U 

Ll'l'l'lel~ Ll.Jel1'Uel.:J 1 'l'l'ivl~'ULelvi~'U LL'1tG'l1'ivl eJG'!YleJi 
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3.3.5. n11f1 n,;1 iiVl i-w a 'tleJ .:itl~l.J1 nrn11vle1 avl e:ii9ie:i ai.Ju~'tlel .:i v1 .:i5nl.l'tl1 ~ L V1e1{li.J 

.. d •• 1 • . 1 ' -wa1a~nV1i:-Jai.Ja11ne1ane11 

m-sL(,)~EJl.JEJ7.:ii:i-S'rn'1l7~iL Vltl'SLl.JYH'17G'l~mnnm-sL tJ"1'Ui;)'St,,,11.:i NR/PP /PEC (,)7l.JL 'U 

l11'Utl 3.3.3 iit'U(,)e)'Un7'Si:-JG'll.JLLtJtJ Precompound - I LvtEJ'Vi1n7'SLLU'SU~l.J1ruG'l7'SvltlG'IYla{'l!uvi 

2+ ..i. 1• 'i 'I " .. ., .J 
SrAl20 4:Eu 'Vlu'Sl.J1ru 0, 3, 6, 12 LL'1t 24 wt% of the mixture* ~vtEJ~'1lG'l7'SL!-1l.Jvt.:ivi1-s1.:iV1 3.9 

~ 1 n ,1 'U i Lf-1 'S 1 t i.1 LL" t VI vi"' au G'llJ ,r~ '1J v--1 v 1 -,15 -s-s lJ'll 7 ~ L VI a {tlJV'I "1"' ~ n ~ i:-J "' l.J"' 1-svl a"' vi e:J { 
.. ., 'I .J 

'S1EJ"1t LtlEJvtvt{I LL?fvt{I ~ 'Uvl1'S1{1VI 3. 10 

d 
vl1'S1{1'Vl 3. 9 ?f (,)'S n7 'SL(,)~EJ l.J EJ 1-:li:i'S'Sl.J'lf 1~ L Vle:Jnl.JV'l'11G'I~ n~ i:-JG'll.J G'l7'S'r'le:J?!Yl e:J { LvtEJLL tl-stl~l.11 ru 

" 
G'l1'SvltiG'!vle:J{ 

Quantities (phr) 
Ingredients 

0wt% 3wt% 6wt% 12wt% 24wt% 

Natural rubber 100.0 100.0 100.0 100.0 100.0 

Polypropylene 75.0 75.0 75.0 75.0 75.0 

Propylene-ethylene 75.0 75.0 75.0 75.0 75.0 

copolymer 

Ultra-plast TP0l 
TM 

5.0 5.0 5.0 5.0 5.0 

IRGANOX 1076 1.0 1.0 1.0 1.0 1.0 

IRGAFOS 168 1.0 1.0 1.0 1.0 1.0 

White oil 10.0 10.0 10.0 10.0 10.0 

SrAl20 4:Eu 
2+ 

0 .0 7.7 16.0 34.1 78.9 

TMPTMA 2.0 2.0 2.0 2.0 2.0 

DCP 2.0 2.0 2.0 2.0 2.0 

*wt% of the mixture vimvn-:i L tlv{L~'U(,)Lvt EJ'U7,,,Un'1Jti-:IEJ7--li:i'S'Sl.J'll7~ ·,-rn~t V'l'S~~'U 

L!-1V'ltl~Ll.Jtl1'!Jtl{I t V'l'S~~'ULtlYi~'U LL'1tG'l7'SvltlG'lvltl{ 
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v1171.:i~ 3. 1 o f11')1 Lf171::i.1LLr1:: f11'IV1~avtH'llJU~'IJvw1.:itfiW'!l1~ L 'YltlTilJ'Vir11a~n~t.1alJa1') 

vlvavlv{ 1~mL t.htl~mrua1"Ivlvavlt1{ LLU')\.l~mru 1 'YlL VIL iitm 1~vvn 1-n\;) LLn::LL tl·rn1"Ivlvavlv{~ii 

rn7tl~utl7~Mn'Vi~1 • 
d "' Lfl'Iel.:!lJel 

II I .. .. d 
-m1lJm'UV11\JtlltlLL 'I~~~ 7::EJ::EJ~'Yl~~'ll1~LLn:: ► Universal testing machine 

f117cJ~')Ufl71'ILL 'lJ'lJ~~ 
" 

► Shore Hardness tester 

II I .. 4 cJ ► 
-f111lJm'U'Y11'UllltlLL 7.:!~~LLn::7::EJ:: EJ~'Yl~~'IJ1~ Universal testing machine 

■ iru~nu1V1EJ1 .. 
-i ru :01u1V1 EJ1'1lv~Y-l v~ LlJv{~ tJ alJa1"Ivlt1 avlv{ .. 

.., •• 1 •• 1 !'I 4 ,..I 
-f11')f1')::'17 Ellll1'1Jtl~a77 nva ntl'I L 'U'VitlflL)Jtl')YI 

t.1alJa1"Ivlvavlt1{ 

0 d\.] U O 
.., -'):m::L1n1f11'If1~tl~'!Jtl~LLa~YI fl~ rltlEJllrl~ 

'1'1EJ(;)f1')~~'U . . 
■ alJ'!mL '8.:Jf111lJ1tl'U 

-f111)J La~ EJ'IVI 1~ f111)J 1tl'U 

► Scanning electron microscope (SEM) 

► Bright field microscope with 

fluorescence and phase contrast 

technique 

► Spectrofluorometer 

► Luminance meter 

► Spectrofluorometer 

► Luminance meter 

► Thermogravimetric analyzer (TGA) 

► Capillary rheometer 
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3.3. 6. n1 '!iA n~1ii'Vl5Wl;l"l.lel .:immru l 'Vl L 'VIL ilm.11~e1e1n l 'll~~mliJ~"l.lel.:ltl1 .:15'!i'!il.J'll1 ~ L 'VI el fll.J 

Wl;l1a~n~~a1.Ja1'!i~e1a~e1i 

f11'!iL(i)~EJl.JEJ1.:!51'HJ'll1~LVleli1l.JV'H\1?f~ml1nf11'H'IJ"1'Uvl'HlVl11.:I NR/PP/PEC (1)1l.J 

,rr'U(1)eJ'U1'Ui1-Vtl~ 3.3.3. i1-8'U(1)eJ'Un71i:.J?fl.JLL'IJ'IJ Precompound - I vi1n11 LL\htl~mru1VlLVlLUEJl.J 

1~e1t1n 1'!fvi'~tl~mru o, 10, 15, 20 LL"1:: 25 phr 1~EJ1'V?t11Ll'lillil.:im·n.:i~ 3. 11 ;.:it 'U,rr'U(i)eJ'Un71 

L~l.J ?1111 Vl L Vl Lil Ell.J 1~t1el n 1'1f v1'1:: L~l.JVi~m.J fl'U?f 11ti el?fti el { '11 m1'Ui Ll'l11::~ LL"1::Vl~?f el'U?fl.J~'lleM 

Q !'i' Q .J •. 1 •• 1 ' .. ., 1 .J EJ1.:1511l.J'll1(1)LVltl1 bl.JVi"11?f(1)nWJ?fl.J?f11Yitl?tn m 11EJ"1::Leltl~~.:ILL?f~,:j 'U(i)111.:!Vl 3.10 

.J 
?I mn11 L(i)~ Ell.J tJ1\)511l.J'll1 ~ L Vlt1i1l.JV'l"11 ?I ~n~ i:.J?fl.J?f 1 'ltiel?ftieJ{ 1~t1 LL tl'ltl~l.J1 ru i;t1'!i1.:l'Vl 3.11 
" 

?1111 VlLVlLtfol.J 1~e1e1n hvi 
Quantities (phr) 

Ingredients 
0 10 15 20 25 

Natural rubber 100.0 100.0 100.0 100.0 100.0 

Polypropylene 75.0 75.0 75.0 75.0 75.0 

Propylene-ethylene copolymer 75.0 75.0 75.0 75.0 75.0 

Ultra-p last TP0l 
TM 

5.0 5.0 5.0 5.0 5.0 

IRGANOX 1076 1.0 1.0 1.0 1.0 1.0 

IRGAFOS 168 1.0 1.0 1.0 1.0 1.0 

White oil 10.0 10.0 10.0 10.0 10.0 

2+ . 
SrAl20 4:Eu (12 wt% of the mixture) 34.1 34.1 34.1 34.1 34.1 

TiO2 0.0 10.0 15.0 20.0 25.0 

TMPTMA 2.0 2.0 2.0 2.0 2.0 

OCP 2.0 2.0 2.0 2.0 2.0 

*wt% of the mixture Vll.J1tJ~,:i L tJtJ{L.iJ'U(1)1~ tl\J1Vli!n'll t1.:it11.:i5'l1l.J'll1~ Vit1i:i1 Vi'l~ ~'U 

11'1Yi t1i'i Ll.JeJ{'lJtl-:11 Vi1~~'ULtll1~'U LL"1::?f 7'l'VJeJ?flfo{ 
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3.4. nTw1~m:n.1m..1u~'Ue1.:ia11~e1a~e1{u.~::v1.:icr11l.J"!l1~L'Vlel'fluv-1~1a~n 

3.4.1. 1Lfl'i1::Vlbfl';i.:ji;l{1.:i~an'Ut1.:i'11'i'Wtl'1~t1{ 

n1'i1Lfl'i1::'VILfl'i.:i"1f1.:ii:.i~n•1rn.:i,nwlmrrle1fl-uLfl~tl.:i X-ray diffractometer (XRD) 

1(;)EJ\;l';i1'11(;l~vi1LL'Vl\.1'1 2-theta ~.:ILL~ 5° ~.:i 90° 

3.4.2. 1 LA11::\1t1.:iAtl1::nm.JV11.:iLF1ij'Ua.:ia11~e1a~e1{ 

n1'i v111 '11 Lm1::~V11'1l'U(;l LL~::,J~,n UJ'U el.:! "11 'i\h:: nm.J B'U'Vl~ 61-u Lfl~el.:i Fourier 

transform infrared spectrometer (FTIR) Lvl~t1l.Ji'U'Vl(;l"1el'U 1(;)EJ'U1"11'i'W el"1vlelf1.tli:.i"1W~'U KBr 

'11m7tJeJ(;)LU'ULL~'U LL~1tl11 U'V1(;)"1el'U 1(;)EJ 1 'tlLVlA'Ufl Transmission 1 'tlLL"1.:JB'U'W'i1L ':i(;l 1 tJ'lj'J .:JL"1'1Jfl~'U 

-1 
400-4000 cm 

3.4.3.1. a11~e1a~u{V11.:in11A1 

n1':i1 Lfl':i1::~'1l'U1(;lel"4Infl'1Jel.:i"11':ivlel"1'Welfl 'ULA~el.:i Laser particle size 

analyzer (LPSA) 1'Un1'i'V1(;)"1eJ'U'1::1-ffi1n"11-:1Ltlm11 

3.4.3.2. a11~e1a~e1{~~1un11tlfoth./J~hV1'imL'litl1 • 

n1':i1 Lfl ':i1::~Fl1l.jl.J~l.J~"1'1Jel'1'11n'Ui:J.:J"11';i'Wel"1'Wel41-B'Lfl~el.:j Contact angle 

measurement 1(;) EJ n1':i'V1(;)"1el'U'1::tii'el'1eJ(;li:J'1"11':i'Wel"1Ylelfl ~L tl'ULL~'U\;11 EJ LA~el.:leJ(;} (Hydraulic 

press) f1el'U~'1::'Vh L U'V1(;)"1el'U 

(Scanning electron microscope, SEM) 

3.4.5.1. '11'i~e)i;l~e){ 

n 1 'i'Vl(;l "1eJ'UJ n~ru::'V11 .:i ~1'U~ ru~1'U1'Vl EJ 1'1JeJ.:J"11 'ivl el"1vl el{ fa t1tl1"11wl el'1vl el { .. 
l.J1'Vi1 n1':iLfl~el'U~1EJ'Vlel-:IA11(;)EJ'U1i1eJ ~1-:111.:i 1 'ULfl~el.:J Sputter coater zj,:im ti 1 'ULfl~el.:JL U'U"1m1:: 

G'l'\JqJ1n1Pl 'U'1elEJf11'1lel14neJ'U (Ar) L 'U1l.J1LL"1::tl-rum::LL"1L vlvh n1'1l'1:: Lf1(;)LLvlni1L tl'UBL~nvl':iel'U 
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~-:i hl'1l'WLLe.J'UVleNLL'1tMlJ7 LFl~mJ~'8wi11m.h-:iL um:::EJ::: L 1"1 2 'U1'Vl LL'11cit1-!llil1Elfl'1tl-!1'1'1Vl':i':il'l'W , 
.c::a.d , dov , , 

tlL'1flmt1'ULLU1.Hrn-:im1v1 Vlf11'1-!1'1JEJ1EJ 200 LVl1 LL'1t 1,500 LVl1 

3.4.5.2. v1-:i5':i':i11'!11~L'Vlui111-wa1a~flLL\J\JLijatif!LWa 

fl 1 ':iVl v1 G'lt1 uJ fl~ru::: 'VI 1 -:i 1i11 'U~ru~1 'U1VlEJ11v1 EJ fl 1 ':il-1 fl '8'U i 1 t1 cl 1-:i1 'U .. 
L 'U 1m L'1'UL'\11'11 L ~ti 1 mlile'.i1V1v1G'lt1\J1 'Vil.I V1J-:i'11m1'Uvhm ':iLFl~t1ue'.i1V1u1~Ltlv11 V1l.l1i11EJV1t1-:ir11L U'U 

.-::i1 11 1 1,1 1,1 '10,. a I do.., • 
':itEJ:::L1'11 2 'U1Vl LL'11G'ltl-!l\111Elfl'1tl-!1'1'1'Vl':i':il'l'UtlL'1flmt1'WLL\J\JG'ltl-!lfl'S1\11 Vlfl1'1-!1'1JEJ1EJ 200 LVl1 , 

LL'1t 1,000 LV11 

3.4.5.3. V1.:!5':i':i11'!11~L'Vltlfill-W'&'l1a~mL\J\J'11l\1lbW'1 

1) mrul i L 'VIFlUFlf17':iL\J'1'Ui;i LL\J\JtJ fl~ fl7':iVl\11?1t1\JJfl~ru:::vn-:ilil 1'U~ru~1'U ... 
1 'VIEJ1 L\11EJf11':il-1fl'8'Ui1t1ci1-:i1 'U 1 'U L\il':iL'1'WL '\11'11L ~ti 1 mlile'.i1V1\1l?lt1\J 1 'Vll.l V1J-:i'11 m1'UVl1f11':iG'ln\11 LV'l?I 

EJ1-:it1t1fl L\11EJLL'llL 'U 1 Vl'1B'U (Toluene) L'U'UL 1"11th:::mru 24 i1 h1.:i t1u1 ~LL ~-:i~mim.riiJ 40°C L U'U " , " 
L1'11 24 -B'11m '11flt1m•hfl1'HF1~t1\Jlil1EJ'Vlt1-:ir11Lum:::EJ:::b1"11 2 mvi LL'11cit1-:ilil1EJfl'1t1-!1'1'1Vl':i':il'l'U , 
e.d I cJocv I I 

tlL'1flmt1'ULb\J'IJ?le)-!lfl'S1\11 Vlf11'1-!1'1JEJ1EJ 200 LV11 LL'1t 2,000 LVl1 

2) mruHL V1FlUFlf11':iL \J'1'U(;l LL \J\Jfl1':i1'1Fl11 'U61JLL \J\J L\1l'U1iJfl ~ f11':iVl lilG'ltl\J 

J fl~ru:::V11-:ilil 1'U~ru~1'U1V1 EJ1 L\11 EJfl1':il-1fl'8'U i1 t1ci1-:i1 'U 1 'U 1m L '1'U L '\11'11L~t11 mlile'.l1Vl\11'1eJ\J1 'Vil.I .. 
V1J-:i'11fl'1'Uvhn11?1n\11LV'l?1Yim?l~flt1t1fl L\11EJ\i1l.J 1 'U L'll~'WL~t1\11L U'UL1'11th:::m ru 15 mvi t1\J 1 ~bL~-:i 

~e)(\J'\11.fliJ 40°( L'U'UL1'11 24 i1111-:i '11flt1'UVl1f11':iLFl~e)\J\il1EJVle)-!l\'11L'Um:::EJ:::L1'11 2 mvi LL'11 
, " 

I V LI 'Q. d I ~ O CV I 

?ltl-!llil1EJ fl'1t1-!llij'1Vl':i':il'l'UtlL'1flmt1'ULL \J\J?ltl-!ln':i1\11 V1 fl1'1-!1'1JEJ1EJ 2,000 L Vl1 

3.4.6. m.1'U~b;).:!Lb'1.:! 

3.4.6.1. '11':iWuawu{ 

1) f11':iPlfl~1Fl11l.JEJ11Fl~'U~m:::~'U (Excitation spectra) L\il~EJll'8'U\911eJV1-!I L\11EJ 

1i~-:i?111v-l0?1V'lt11me1lilL 'U'WLLe.J'Ulil1£JLFl~t1-:ie1v1 (Hydraulic press) rit1'U~'1:::vi11 UVl\1l?lt1\J fl1 ':i 

Vllil?l€l\J'1t 1 iLFi~eJ-:im tJfl 1m'VJ"1eJt111fa\ilt11 1v1EJ1 'tl'\'i111fa1,milil-:im11-:ivi 3.19 
" 

- d d 11 
'\ll'&'lflf11':iVl~'1el\J~11llV11~"'U'Vlfl':i:::~'U 

fl1 ':iV!1Fl11l.JEJ 11Fl~'U~ m::: v)'UL 'U'Ufl1':i'\111 Fl11l.JEJ11Fl~'Uvl L '\lllJ7t?ll.J L ~ti 1 tJm::: \i1'U 1 ~')G'llil . , , 

U'11ilU'1tlEJLL?l.:!?l.:!G'l lil Llil V f11':if11'\ll'Ulil Fl11l.JEJ11Fl~'U~\il':i11il11il~ 1V!~-!I 1 'U~i1'1::: 1-u Fl11l.JEJ11Fl~'U " , . 

L vi1nu 515 nm L~eJ-!1'11flL'U'UF111l.JEJ11Fl~'U~?l7':iV'leJ?l'VJt1itJ"1v1tJcieJEJ?l.:J?llil LL'111 ~Fl11l.JEJ11Fl~'U " , 
1'U'1j1.:J~L':i1G'l'Ut'1LtJ m:::\i1'U 1'U~ffi'Ui.:JLL~ 300-500 nm L~tllil11Fl11l.JEJ11Fl~'U11il~n':it\i1'U?l1':i , " , 

v-leJ?1v-l0fa~11 ~fl11tJ"1v1tJci0EJLL?l-!!'1Jt1.:J?111V'lt1?1V'l01vlm111EJ11r1~w,111'111il 515 nm LlilG'!-!!vl?1v1 " , 

~-:it1'U f111Vl lil?I eJ\J fl1':iVl1 r11111 EJ11r1~'U~ m::: \i1t.Ji1 m 1vl '1::: ~11 ?11 ':i'llU v1'1'UtJ '1 lil tJci t1 EJ LL?l-:ivl ri 1111 EJ 11 , " 
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l'l~'UL~nv'U L ~vvi"lt n1V1'U~l'l11lHJ111'l~'Uvim1"l1~ 1vi'tifl\1ltl.:J v1.:i\!'UV11fl 1lJV111u11'111'1'Uiifl11 
\J 

U'1~tlcimJ LL'1.:ivim1lJEJ111'l~'U 1~ 1,Xmm1lJEJ111'l~'Uvltl'1~tlci tlEJ fltl'U 1~ EJ 1 'til'l11lJEJ111'l~'U 1~n1\ii'vi 

1,x'111'1'ULn~n11t1'1~tlcivmL"'.:ivvnm L Yi11tm1lJEJ111'l~'Uvit1"~t1civ EJ"lt L u'U~ m1rut Li:1Yi1t'1Jtl.:i 
., 

'111u'U 

2) fl1'i~fl'l111'111lJEJ111'l~'Uvitl'1~tlcivEJ (Emission spect ra) 1-ff:S'U'V1~'1'€JU 

L~EJ1n'Unum1~m11m1lJEJ111'l~'Uvimt\1l'U fl1'i'V1~'1'€JU"lt 1 'tlLl'l~tJ.:J'1L tin L V11vJ'1vtl L 'i~Lvmi 1~EJ1-ff 
• \J 

Yi1'i1faliltl1v1.:J(,11'i1.:Ji1 3.19 

V!~nn11'Vl~~vu~11lJEJ11~~'Uvitl~~tl~vEJ 

n11V11m1lJEJ111'l~'Uvitl'1~tlcivEJ vh 1\ii'L~EJfl1V!'U~l'l11lJEJ111'l~'Uvi1 ti fl'it\1l'U eS.:im1vi"lt . 
LU'Ul'l11lJEJ111'l~'Uvh ,Xm'itl'1~tlcitJEJLL'1.:J 1\ii'~ 1 'Uviil"lt L'til'l11lJEJ111'l~'Uvi1 Ufl'it\1l'UL vi1nu 365 nm 

' 
L ~tl.:J"l1 fl L 'U'Ul'l11lJ EJ11 l'l~'Uvi L~tl fl'it \1l'U'11'ivJ €l'1'Y'lv fa~1'11'i'Y'I tJ'1vJ€l 1'11lJ1'i'1U'1~tlci tlEJ LL'1.:J 1\ii'~ 

' 
vi'1~ "l1 n\!'U n1V1'U~'1i1.:im1lJEJ111'l~'Uvi'1'U h L ~€lm1"l1~ 1 'Uviil"ltlil'i1"l1~vim1lJEJ111'l~'U 450 

• 
nm ci.:i 600 nm LYi'i1t'Vl'i1ULL~111'11'i'V'ltl'1'V'l€l1tl'1~tlcitJEJLL"'.:Jtl'itlJ1C\J 515 nm 

1i11'i1.:ivl 3.17 m11falilvTI'Ufl1'i?lm11m1lJEJ11!'l~'Uvimt\1l'ULL'1tvitl'1~tlcivEJ'1l€l.:J"'1'i'V'lv"'vJtJ1 
' 

Parameter 

Mode 

Ex bandwidth 

Em bandwidth 

Response 

Sensitivity 

Measurement range 

Data interval 

Em wavelength 

Ex wavelength 

Scan speed 

Auto gain 

Light source 

Filter 

Blank correction 

Excitation spectra 

measurement 

Excitation 

5nm 

5nm 

0.1 sec 

Very low 

300 - 500 nm 

1 nm 

515.0 nm 

500 nm/min 

Off 

Xe lamp 

Not used 

Off 

Emission spectra 

measurement 

Emission 

5nm 

5nm 

0.1 sec 

Very low 

450 - 600 nm 

1 nm 

365.0 nm 

500 nm/min 

Off 

Xe lamp 

Not used 

Off 
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3) 'i::: tJ::: L 1n1n7'if'l-:!t)Fl'lltl-:! LLa-:i~tln~tlciti m.-1~-:!'VIV~fl'i::: tii'\J 1~ m111Na1'ivltiavltii 
'Ii ' ' 

'11V1un 0.0840 ± 0.0020 o 1tlm:::tii'wihvua-:i'11nV1nt1~vlt1m'im'lf\J'lj (UVA, 315-400 nm) LU\J 
:, ' " 

L 1'11 5 \J1vi '11n11\J1~n7'iL tl~V\JLL tln-:!'lltl-:!!'111lJL 'UlJLLa-:i~tln~tlcitiV'Vl~-:!'VIV~fl'i:::~\J~'i::: v::: L 1'11 
' ' 

~1-:l'l lii1mf'l~t1-:i luminance meter 

d " ' 
Y11n'l!u::i'IJ1'Viun~{lfl11rJu'1nuifil'VlY011Y10€Ju\J 

- mmm-8\J'Yl~am.J (V1-:!i5'i'ilJ'!l1~LVltlnlJVin1a~n) LV1117\J 1.6 cm 
3 

f'l11lJt11-:!~1LVn:::'IJtJ-:!'8\JVl~atJULV1111\J 
., ., ., 

.ru..w t11V1Un'llt1-:i:V\JV1~at1uLvi111u 

phr 'i1lJ (V1-:!i5'i'ilJ'!l1~iLVltlnlJVin1~~n) LV1111\J 

phr 'llt1-:ia1'ivlt1avlt1iLvi111u 

0.94 

1.504 g ( 1.6x0.94) 

287 

16 

i;l'-:i~u '11V1un'l1t1-:ia1'ivlt1avlt1fl \Ji'lm~atiu (v11 -ffa1'i 

vltiavltii 6 wt% of the polymer) LV1117\J 0.084 g (16x1.504/287) 

3.4.6.2. t.J1'35'i'ii.1'!11~L 'Ylt1i1i.ivrn1~~n 

1) n11Pln~1!'111lJV11f'l~\J~fl'i:::~\J (Excit ation spectra) LLn:::Li;i~vlJ{\J~1mh-:i 

~1L~VU'tl\J1~ 17x40 mm 'VI\J1tl'i:::mru 1 mm 1~VL'tlLf'l~ti-:imtln 1 Vl'ivlntitl hfoi;itii 1~vH 
" 

Q '" cJ Vi1'i1lJL\;ltl'i~-:l\;11'i1-:!VI 3.20 

2) n11Pln~1m1lJV11f'l~\J~tlM1tlcit1v (Emission spectra) Lrn:::1-ni\JVl~aau 

L~v111\Jnun11Pl n~1 m1lJ v11f'l~\J~fl'i:::tii'\J 1~v1'1lLf'l1ti-:im tin L Vl 'i vlntitl 11ii LtJltii 1~v1 -ff 
' " 

Yi111fotJ1t1iv1-:itJ1111-:ivl 3.20 

1 mX1-u t1n11rl n~1 ~V16Vi n'llt1-:itl~m ru1 VIL VIL 'UVlJ 1~ ti tin 1'lf~ n11n1::: tii'u 
' 

) 1" d .. ., "" .,i 
(Ex wavelength '!! 2 f'l11lJV11f'ln'U f'ltl 375 nm LLn::: 420 nm LLn:::tJl'i1'11~!'111lJV11f'ln'UVI 

tln~tlcitiv1u'lh-:i (Measurement range) 450-650 nm L~VVi1'i1fatJ1t1i~'U'leJ-:!f'l-:!L~lJ 



Parameter 

Mode 

Ex bandwidth 

Em bandwidth 

Response 

Sensitivity 

Measurement range 

Data interval 

Em wavelength 

Ex wavelength 

Scan speed 

Auto gain 

Light source 

Filter 

Blank correction 

Excitation spectra 

measurement 

Excitation 

5nm 

5nm 

0.1 sec 

Low 

300 - 500 nm 

1nm 

515.0 nm 

500 nm/min 

Off 

Xe lamp 

Not used 

Off 
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Emission spectra 

measurement 

Emission 

5nm 

5nm 

0.1 sec 

Low 

450 - 600 nm 

1 nm 

375.0 nm 

500 nm/min 

Off 

Xe lamp 

Not used 

Off 

~1L~mJ'!JtJ1v1'\Jwmru 40 x 40 mm ~u1'\J-s~mru 1 mm 'lum~t1l'\.Jli11EJLL?t.:i'11n~"1t1vivlt1m-s?1 
' " 

L'!f'\.J'11 (UVA, 315-400 nm) LU\JL1"11 5 mvi ·•.nnJu1v1m-sL'\J~t1'\.JLL'U"1.:l'!Jt1.:ifl11m-ulJLL?1.:ivi 

'U"1vl'U'1t1E.1~'1.:i~t1vim~tJl'\.Jvi-s~t1~ L'l"11~1.:i <1 v11mfl~t1.:i luminance meter 
' ' I 

3.4. 1. Ft1 1i.i'Vl'U'V11'U~mh,.m.:ia1"av1t1a-wt11 

3.4. 7.1. n1"a"Ltl~E.J'\.JLLtl{ls!'Utl.:IR1 pH 

nTH '\J~E.J'\.J LL '\J"1.:i'!Jt1.:ifi1 pH tl1'11m,rnm "a?l"11 t1\il1V11.:i 1m.:i?1~1.:i'Ut1.:i?11"a 

vlt1?1vl el{ Lv1E.JU1?11'ivlt1?1vlt1n 'ULL 'llL uJ1 'll.:iiit1m1~1'\.J'S~~11-3?11'ivlt1?1vlt1i~t1tl1L Vl1fl\J 1 :20 

'!JnJ~LL'litl11miLLVl-3LLl-lL~~nmmm1 (Magnetic bar) IJ1"1tlv1L1"111'Wm'i1vlf11 pH '!Jt1.:!tl1vi 

L 'U~E.J\J 'l 'U~'1.:ln1-SLL '1itl1'1~ 1 'ULFl~t1.:i1v1m1lJLU\Jmv1lih.:i (pH meter) 1v1fi1 pH 1 u'li1.:in"11~1.:i1 vi 

?tuh 
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., .. ,r 
3.4. 7 .2. a11uv1-W'UJ1'UV11~n1wnw 

?111~V11.:iLL?1.:i lm-:i?1-s1.:i~~n '1nHi7tJ1'VlEJ7 LLm: m11 Lr111 ::"1'1J'U7vltl'Ufl1rl'1Jti.:i .. ' 
?111l'Jt1?1l'Jti{v\~1um 1LL '1itl1 Lt111EJ11(;11tici1-:i lv1v tl1?111l'JtJ?1vJtifl tl LL 'llL t.1'11 zj,:iihi'\,)11~1m::vd1-:i 

?11':il'J'el?ll'JtJ{liltJtl1 L V\111'\J 1 :20 'lJnJ~ LL'11tl7 LW. 'ULL Vl-:1 LLlJ L'Vl~nn'J'UL 'U11 \,l"''elvlL1"'1 L~'elm'UL1"'7~ 

f11'Vl'Uvl 1 '!Xtl1?111l'Jt1?1l'JtJ{111mtJ-:i LLi11 tl'el'U 1 ~LL ,X,:i '11 m!utl1?17':il'J'el?ll'Jti{v11~ tl'Vl vl?l'el'U?l11tJ~ 

3.4.8. a11u~nT"I~~ (Tensile properties) 

n7':i L\,11 EJ11'8tt'Vl vl'1'el'UL ~tl'Vl vl'1tl 'U '1l.JtJ~ n7 ':i~-:1 L 'U LL~'UEJ1-:11"'fl11 'U'll~ij rl1711'Vl'U7 1 

""'fol.Im tl1111(;1v1LtltJ'8tJ'Vlvl'1tl'U':itl~11L'U'1G'i Die D m11111m~1tJ ASTM D4 12 zj,:ii1'1Jmv1m111 
" ... 

ti I/ t I 

EJ11 100 ""'~Ll.Jl,l';i ff11-:I 3±0.05 ""'~L11\,l'l '8tJ'Vlvl'1'el'U'Vln-8w,1ti-:!1vlrl11l.J'Vl'U7'Vl'U~L1nJf1.:in"'1-:I 3 
' 

II I II t O c.: V d Q, di .: 

'1vl LL"'1'Vl1rl7 n"'1.:i 'V'l ':i'el11'\ll-:in7'Vl'Uvl';i::EJ:: L 'll.Jl,l'U'lJtJ.:i n7':i'Vlvl'1'el'U L 'V'l'elvlvl mm~EJ::n7':i Elvl'lJ'el-:l'll'U 
' 

n7':i'Vlvl'1'el'U'1~L'ULrl~tl-:l'Vlvl?l'el'U'111tJ~n7':i~.:i (Universal testing machine) LvlEJ'8tJ 

..._,~11cv d .e1v d ,o::i,,..=,, ci,d cv 

'Vlv1'1'el'Uflnt11v1111-:iL'lJ1nu Lrl':i'el-:l 'Vlvl?l'el'U LL"'::f1nv1.:iv11vm1m ':i1 500±5 11"'m11m/tJ1'Vl r11'Vlm1'11v1 
" " 

flt) 1l'elvl~?l~';i::EJ::8v1 Xo/o rl1111\P11'U'Vl1'Ulil'elLL ';i-:1~.:i LL"'~';j~EJ::8viv1'1vl'lJ1vl LvlEJL 'U'1l.Jn7':i~.:ilil'el 1 tld 
' ' 

nT"IA1'U1ru 

Modulus at X% strain (MPa) = F/A 

LvlEJ~ F flt) LL':i.:im-ff~.:i~':i::EJ~vvi x LtltJ{L~'U~ (U'J(;)'U) 

A fltl v1u~'VIU7(;1vJ'lJtJ-:i'8u'Vlv1?1tJ'UL~111P1tJ (m':i1-:iiJ"'~L:i.Jm) 

X flt) ';j~EJ~Vvl (%) 

Tensile strength (MPa) = F/ A 

1v1v~ F flt) LL':i-:im-u~.:iEJ1.:i'1'U'lJ7vl <u1~u) 

A Ati Y1ttv1V1tt1(;1v1'1Jti.:i'8u'Vlv1'1ti'U'1Jru:: 1l.l1~ejv1 ( 1111':i1.:iiJ"'~L11m) 

(3.1) 

(3.2) 



Elongation at break (%) = [(L1-L0)/L0] x 100 (3.3) 

L\i1t1~ L1 Atl 'l:mti,h-:i·H'.Vl11-:JLJ'U~;\i1U'U'8'UV1\i1?1t1'\JL~t1v\i1~'U'1J1\i1 (L'1f'U~Ll.Jm) 

L0 Atl 'lt t1tvh:i'ltV111-:iLJ'U~;\i1'U'U'8'UV1\i1G'lt1Uf1t1'Uf11'lVl\i1G'lt1'\J ( L'1f'U~Ll.Jm) 
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3.4.9. n7'l~~Jtltl11'lLL\J\J~.:J (Tension set) 

f11'l'Vl\i1G'lt1'\J?1lJmim'lcj\i11'\Jm1'lLL'U'U~-:i1\i1t11-ffmt1mnu ASTM D412 (2005) 1i'8u " ... 

Vl\i1G'ltl'IJ(i)1lJ-fft1 3.4.7 lJ1~'\JV\i1tlt1n1mvi'1tt1t 100% L\i1tlV\i11'W'lttlttLtl'UL1"11'U1'U 10 u1vi L~tl 

!'l'lmtt1tL1"11 10 'U1vi 1i'\J~t1t1i1~'\J LL"1~1i1~t1tL1"11'8uV1\i1?1t1'Un~'UAm'I.JLtluL1"11 10 u1vi 
" 

L~t1i'l1'Un1V1'U\i1L1m 1 o 'U1vi 1 ~1\i1'ltt1tvi1-:i'ltV111-:iLiu~;\i1 Hi-:iLL(l)IJ1'U m1fi1u1ruL'\Jt1{L.-auv1m'l 

cj(;j'j'LJ~t 1 i"1l.Jf11'j~ 3.4 
" 

n11fl1'U1CU 

Tension set (%) = [(L-L0)/L0] x 100 (3.4) 

L\i1tl~ L Atl 'ltt1tvi1-:i'ltV111-:iLiu~;\i1'UU'8uV1v1?1t1'\JV1~-:i~1ni-:iH 10 'U1'Vl(iJ"1~LlJm) 

Lo Atl 1tt1tvi1-:i1tvi11-:iLJtJ~;\i1'U'U'8'UV1\i1G'ltl'UL~lJIJ1'U (iJ"1~LlJ~'l) 

3.4.10. '11J~fl11lJLL~-:i (Hardness) 

Vl\i1G'ltl'UG'llJU~v11'Ui'l11lJLL~-:JL\i1t11i Durometer LL'U'U Shore A ~1lJlJ1~'l_;j1'U ASTM 

D2240 i1 e:iv 1-:i~V1\i1?1t1'U'8tJ'Vl\i1G'lt1'Ui1!'l11lJV1U1'\J1tmru 8-1 o ""'~ Ll.Jm n11-:i hhie:it1n11 20 

iJ"1~LlJm n\i11iLLU'U'1Jt1-:JLi'l~t1-:i'Vl\i1?1t1u«lJtr?1viu1t11-:i L\i1t1~"1t1\i1 vhm11\i1 5 ~\i11irhn"11-:J'1Jti-:i 
' 

3.4.11. '1lJU~V1~-:in1-a,fa.1d-:i~1t1fl11l.J'~eJ'U (Aging properties) '1JeJ-:Jt11~5'l'llJ"t11~LVled 1lJ 

vrn1a~n 

3.4.11.1. GllJ'U~L~-:infl 

vi1f111Vlli1G'lel'UG'llJ'U1ii'l11:I.Jl111'\J'Vl1'U(l)e:Jf11'a,JlJL ~-:J(1)1:1.JlJ1~1~1'\J ASTM 0573 ... 

L\i1t11i'8tJITl1€lV1-:JLL'U'UL~tl1fl'Uvrl'U'Vl \i1G'l€l'\Jf11'j~,:J1U~1-fft1~ 3.4.7 L~~tllJtl1-:J\Tl1€lV1-:J 2 '1J\i1 Atl '1J\i1 
' ' 

LL 1n 1~,JlJd-:iL Yl€l 1 iL '\J~ti'UL vit1'UG'll.Jmi'1J€l-:J~ t1~L:1.Jt1{L 'U"1tJvi~L '\J~mm '\J"1-:i 1 '\J ~1'\J'1J\i1~ 2 vi1m1iJ:1.J 
' 

L~-:Jv11tl\J1€l'Ui'l11lJ{tJ'U~tlruVl.niJ 100°( Ltlurnn 22 -a'1 Ll.J,:j V1~-:i~1nn11iJlJL ~-:i1i~n'8tJi1e:iv1-:iH 
" ' " 

L U'UL 1"11 1 1'\J f1tl'U~~ttl11 'U'Vl\i1G'ltl'UG'l:1.Jmn11~-:i LL"1ti'l11lJG'l1lJ1'j(11 'Uf11'lV\i1 LL~1A1'\J1ru{€lt1"1t 

m1i'l-:i€lv'1Jt1-:i?1l.Jmi1'\J ii'-:i?1:1.Jm1~ 3.6 
" 



hwvl Xa Rel G'll.J~fltl\Jfn'j,Jl.JL ~,:i 

xb Rel G'll.J~'Vl~.:im'j,Jl.Jd.:i 

3.4.11.2. al.J~L;).:iua.:i 
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(3.6) 

vi7f11Wl(;)G'\el'UG'll.J~fol17l.J (;11\J'Vl1'W~elf11'j,Jl.J L(;) ti 1-rr:ff w,11el v1.:i LL '\.J'\.J L~ tl'lfl'\.J 

fil 'tl'Vl(;)G'\el'\.JG'll.J,j'~'Vl7.:iLLG'l./11 \J\11-Velvl 3.4.6.2 vi7f11<j,Jl.JL ~.:i~1tJ\J1el'Ufn7l.J{eli.Jvltlt\JW1iJ 100°( 
V \ V 

LU\JL1'11 22 i'1Ll.J,:j 'Vl~.:i'17nfl1'j,Jl.Jd.:i1~vrn:a'\Ji1elV7-!!Hd'.lm1"11 1 1\J flel\Jvl'1::ih1tl'Vl(;)G'\el'U 

..- 1""..,j G'll.J'UCil'Vl7-!ILLG'l-!I \J"11'Uel'Vl 3.4.6.2 

3.4.12. ~n'\;ru::n1'jm::'11t1~1'tlel.:ia1'j-wela-wel{ 

f11'j?!n"1;1~n"1;ru:: fn'jm::'11 t1~1'Uel.:iG'\7'j'WelG'l'WelTI 'tln~el-:i '1 '1'Vl'j'jl'!U'1Jti(;) 3 n'j::tJeln-
' 

m1l.JG'l::tJ1(;)€1.Ji1t1v1-:i LL~1tl11tl~t1-:iv11t1n~t1-!l'1'1'Vl'j'jl'!U'1J'W(;) 3 m::uelnm vlri1~-:i'l.lt11t1 4 LY17 • 
L(;)tl 1 iLLG'l.:ivli1m1l.!t111r1~\J 450-490 nm 

3.4.13. alJ'U~R11lJLa~tl'j~e)R11l.J~el\J~1tlL'VlRilR TGA 

f17 'j1 Lr'l'j7:: '\.hrn,1~ rl11l.JLG'I~ ti 'j ~ tlrl17 l.J { tl\J L(;) ti 1 i Lf'l ~tl-!I Thermogravimetric 

analyzer L(;)tl 1'tl:ffi.Ji1elv1-:ivli1'11V11Jnel~L \J'l!'N 12-16 mg 'Vl(;)G'\tl'U 1 \JG'lfl71::f11'1f 1 \J LCilWil\Jzj-:idJ\J 

f11'jG'\'17t1i1'1m-:ii1t1v1-:i'17f1B'Vlfi'Yi'1'tltl-!lfl17l.Jfa\J (Thermal degradation) 1v1t1ri1V1\Jv1G'lm1::m'j 

'Vl(;)G'\t)'I.J(;),:jd e)(i)'j7f1111 'Vl'1'1Jtl-!ln1'1f 1 \JLCil1L'1\JLY11fl'U 20 mVmin 'Vl(;)G'\tl'U 1 \J'U1-!I tlN'VlfliJ 50-550°( 
• V 

1'ff eJCil17 n11L ~l.J,fi\J'Utl-!ltlN'Vlflfo vi1nu 5°C/min 17tl-!17\Jt-J'1 L U\J Fi1 L i.Jtl{L<ij\J~\11'Vli1nmt11~ 
• V 

tlN'VlfliJ LL'1::eJCil17 f111L tl~tl\JLL U'1-!IA7 L tlv{ L;\J~J1vii1nvlG'ln 1'Vl7tlfl1 ti 1\;ltJN'VlfliJ 
'I " "-~ 'I " 

3.4.14. alJ'U~ n711Vlil~1tlLR~el ./l Capillary rheometer 

vi1n11'VlvlG'ltl'UG'll.J,r~n711m1'1Jt1.:i:ff\J'Vl{;)G'\€l'\.J~1mr1~t1-:i Capillary rheometer vl 
Q. ~ I -., ... I t.l -1 

tlN'VlfllJ 200°( LL'1::Cil-!lf'l1€lCil11fl11Lfltl\JL'Vl7n'U 50, 100, 250, 500, 1,000, 1,250 LL'1:: 1,500 s 
• V 

1v1t11iv11t1vli1L~\Jf.J1\Jl'l\J~f1'11-!I 2 mm fol17l.Jtl11 32 mm LL'1::lJl.J1VlrtL'LJ1 180° 
V • 
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3.4.15. n1-SV11'1.h::a'Vl6fl1Vl'!Jel-:la1-svlvavlv·frm.1'Vl"'.:tn1''a'l.lfo'l.lcs-:ith • 
n11V11tlcs::~'Vl5fi1W'!Jil-:1~1-s~ il~~ il{n1EJV1"'-:in1-stl'iutl-s-:i~1'Vl11~~1nn11~1::EJ::L1a1 

• 

rn-sfl.:iilci'llmLL~.:i~tlavitlciilEJ'Vl"'.:i'VIEJv1m::t,1'1J rn111v-:i1u~::11v-:i1uLtl'Lll'l1 Lil~EJ 1viv;jrn-srhmru " . . ., ., .. 
vl.:l'IJ 

n1-SA1'1J1N 

Efficiency (%) = [(lc-I0)/lo] x 100 (3.7) 

1~w~ 10 Ail fl111JL<n1JLL~-:i'Vl"'-:i'Vlvv1m::t,1'1Jvl-s::mina1 x 1u 1vi '!J il.:1~1-s~il~~ il{rfourn-s • • 

'l.lfotl-s.:i~1 . 
I, Ail fl111JL<nmL~.:i'Vl"'-:i'VIEJv1m::t,1uvl-s::v::nm x 1,nvl '!Jil-:i~1-s~il~~il{vl~1urn-s 

• • 

tl-sutl-s-:1~1 
• 

.., ,, .., ., 
3.4.16. iJi;i11nT"aa9la-:i'!Jv-:iA111JL 'IJ1Ju.a-:i'Vla-:i'VIEJ9lm::91u 

• • 

eYm1 n 1-savi a.:i'!JeH fl111J L <nl.l LL~.:i 'Vl"'.:i"" EJ vi n-s:: t,1'1J'Vl11vi~1 nm 11J-U'Ll'IJ u -:i n-s1~ . . 
-s::EJ:: L 1a1rn-sfl.:iilci'!Ju.:i LL~.:ivltlavitlciuEJ'Vl"'.:l'VIEJvim::(Jl'IJvlL ;EJ'IJ 1 mLn'IJ Looarithm '\J , , ::, 

n1'SA1'1J1N 

tl9l'a1n1'rn9la-:i'!JeJ-:lfl11lJL'UlJLLa-:i (Slope) = <Yr Y1)/ (Xr X1) (3.8) 

3.4.17. L'l.leJ{L'ij'IJ\Jln1'afl-:lele1'1Jel-:lfl111JL'U1JLLa-:i'!JeJ-:la1-svleJavleJi 
" 

LUil'SL~'LI\Jlf11-Sfl-:lilV'!Jil.:ifl111JL<n1JLL~.:i'!Jil.:i~1-s~il~~ili~~1urn-sLL'l!tl1m1~~1nm1~ 
" 

' .Jtl U ' "' ., :'J ' .J 'i .. -s::EJ::L 1a1rn-sfl-:iilEJ'!Jil-:I LL~.:i'Vl avi auEJ'Vla.:i'VIEJvim::(;)'IJ rn111EJ.:i1u~::11EJ.:i1uL u'Llfl1LilaEJ bv'IEJl.l " . . ., 
rn-sri1u1ru~-:iu 

n1-SA1'1J1N 

n1-Sfl-:leltj'!JeJ-:la1JU~ (%) = (Xi/Xa> x 100 (3.9) 

LviEJvl Xa Ail m11JL<n:ULL~-:l'Vl"'.:i'Vlt1v1m::(Jl'IJ~-S::EJ::rnn x 'LITvi 'llu.:i~11Ylu~Yluinil'Uf11-SLL'lltl1 • • 
xb Au m11JL<n1JLL~.:i'Vl"'-:i'VIEJv1m::(11'1Jvl-s::t1::na1 x uTvi '!Jil.:i~11Ylil~Ylui'Vl"'-:irn1LL-dtl1 . . 




