
1.1. P111mh�tybba::�111'tlv<1n1'j%'t1 
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U'Vl'U1 
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LLi;'l<l (Light) ihtlJiJ� L th.Jl�\ri �'ULL'1::cl'4i11rl L�e)fl ci11ri<1 LLi;'l <IL 'Url11:IJL tit.I rl�tl.J:: 

L�EJfl11 "rl�'Um1L'Vl�fl1'1'lvh" (Electromagnetic waves) 'Vl1flflci11i'i<1LLi;'l<1Lt.1m1i1Ltlt.1m�mr1 

..i:: L� tlfl11 "L 'l'l\JleJ'U" (Photon) zj,:i L 'U'UcJ'UJl1 ri�hJiim'1 LL\JI L 'U'Uw�-:i-:nt.1 1v1 tJLLi;'l-!l Lf1v'llil1fl f11':i 
, 

,J '1vnJ ci €l t1 w f{-:i-:i 1t.1'lJ ci-:i � L� fl ITl':ieJ'U L� e1ijn 1':i L ,J � EJ 'U -s:: �'U.ff t.1 w �-:i-:i 1t.1lil 1f1.ff t.1 w f{,3.:i 1t.1 l;'l .:iii 1 v .:ii 'U 
\J 

L ,Jci.:i LLi;'l-!llil 1 ni' ITl{11el'U (Incandescence) L tlt.1w n� fl'S'j:IJ 'Uel-:!1i.'I\Jl� i;'I 1m':i m ,J �tltJW �-:i-:i1 'U rl11:IJ � eJ'U 
' ·1 • 

hfo�i. t.1iu'Uel-:!LLi;'l<l�:1.1€l-:i Li1'U 1� (Visible light) LL'1tf11':iL ,Jci-:iLLa-:i (Luminescence) L U'UW(]�m-s:u 

'U€l-:!1i;'lv'l�i;'f1:IJ1':i m ,J� tl'UW�-!l-:!1'\.l�:1.11m::lii't.11 �€)ti i. 'U'SU'Uel<l LLi;'l-!l�:IJel<l L �ti 11ii' ru e)(U'Vlflii�ei.:i VI�€) 
" " 'U \J .. 'U 

(1)1€l�1-:i L 'lit.I fll':iL i.Jci.:i LLi;'l-!l'UeJ-:!1a� 1v1u1 -ui.Jfln�EJ1 Lrii'i (Chemiluminescence) f11':iLi.Jci.:iLLi;'l-!l'UeJ-!l 

1'1v11v1EJ H'fl1-sm::lii',.rvn-:in '1 (Mechanoluminescence) n1-s L ,Jci-:iLLl;'f-!l"!Jel-:!1"1v'IL�€lv'lv'l'llU LLi;'l-!l 
'I , , \J 

(Photoluminescence) mi tfll':iL ,Jci-:i mM'lleJ.:J1i;'lv'I Lv'1£J 1 i m:: LLa 1 'l'lvh (Electroluminescence) 
' 

L 'U'Uli1'U (Kitai, 2008) 

1 t.1i:l..i..iiJt.1f11':iL ,Jci.:i LLi;'l<l'UeJ.:J1av1L�€lv1�irnLl;'l<1L 'U'U16f11':i'Vl�-:i�ijm1mhri'n1 L �el-:i..i1m tlu 
"I 'I \I 

v� 

1 l;'lv1��1£J\Jl€lf11':i nwt11u�.:iij m':il11l.J1u':i:: EJn\111 'UL� eJCJ�ITI L 'U'UCJ �\1111ru,fo � 1.:JLL w�'V1'11 v 1� t11l;'I \11.J:: 
'I .. " 'I 

rifl m ::  lii't.1�1mLl;'l<1LL�1Ln\Jlm-sL ,J�t1'WLL \J'1<1-s:: �'U.frt.1w �.:i-:i1t.1'lJ€MB L� fl\Jl':iell.l\11f1l;'lmu::Y1t.1�t.11 uel� 
" , " 

1v1 tlfl1':if'l1UWf{-:i-:i1l.l€lelfl:1J1 L vleifl�'U� 'U�l;'lmt.1::'iff u (Excitation-deexcitation process) zj,:i 

wfl.:i-:i1u�rrn.1t1t1fll.J1 (Relaxed emission) v::th1fl!]L U'L!LL,1-:i1u'li1-:ir1�'U�l.JeJ.:JLi1u1� Vl�mn�m-a 

L ,Jci.:iLLi;'l-!l 1v1vfl11L ,Jci-:i LLi;'l-:J'Ut1.:J1l;'f v1L�t1v1v1-a'rnLl;'l-:1�Liii;if uiil;'f 1:1.11 -sn�1 LLl.l m tlt.1 2 ,J-s:: L.flYI ml.l 
' \J 

m ::murn-sm ':ifl�'U Al.I aam1:: �l.l'U el-:ifa�flmelt.1 � €l 'l'l "eim ':ii;'f L'1ft.1'1i (Fluorescence) 'Vf1€l 
\J " 

"fl 1':i111 LLi;'l-!l" L tltJ fl1 w.lci-:i LL"1<l'Uel-:!1 i;'lv'l�U'1 �,JcieJEJLli;'l-!l e)e) fll.J1 �uvh-1t.11�fl1ll'Vl�-!l 1�-s'U fll'j 

m::�t.1 a1t.1m-sLtlci-:iua-:i�fliJ-s::L.nY1 �el �m1'1'lm':im"<Jt.1'li (Phosphorescence) V11€l "fl1':i L�el-:i 

LLi.'1-:i" L tlu m1 L i.Jci-:i LLi;'l-!l'llt1-:i1a��tl'1 v1i.Jcimml;'l-:ie1€ln:1.11m U'Vl�.:i 1v1-s'U fl1':im:: lii'wihmLa-:i 1,JLLJ11 u 
, ' 

1::v::L1'11'UW:IJ1ru 10-
3
-10 1'U1vi (LL1J'U LL'1t elm, 2534) 1::u::L1"1fl1':irl<lel�'lJel<l fl1'jL�el<lLLa-:i

" 

'Vl�-:!VIEJv'lfl'Stlill.l.J::L1EJf111 decay time zj,:ii;'f:IJ��-:inci11..i::tt.1mJn'U'Vl'11UU\lrEJ L'Ul.J 1m-:il;'l{1-:i 
' , \J 



2 

t.J~fl ?11-SL~el (Dope) ?11'SL~el~1l.J (Co-dope) u~::m1l.lt111A~i.Jv1mm::~\J LU\J(;)\J (Clabau et 

al., 2005; Shin et al., 2012) Llilt11i.JU'1~U\J'V'l'\.J111?11i)L~el.:ILL?l.:l~'tlel'\.JL'tl\Jlfl1'S1-&'.:i1uvirrh.:in11 

1'11il111LL?l.:1 til1elV1.:ltJ~\JIJlC\J'i1L~el.:I LL'1.:I 1 \J'Vltl.:I \Jl~1\il L(i) Lbf1 '\/!~ellilAellJ LL 'V'l AW~ elelb 'S?I L'IJ\J'IJ ?11 '1 L Ulil 
, V 

UlilLW tl1m~el.:ILL'1.:ii1'V!fuL~uvn.:i'V!ffiw LL~::'1el'V'lm?lm LU\J(;)i.J 

'11'SWel'1Wel1'1l'Ulil'1\Jl'Sel\JLl1tll.Jel::~fa \J\JI L~elBelel\Jtl L'SLUtllJ (Divalent europium ions 
V V 

(Eu 
2
+) doped strontium aluminate (SrAl2O4); SrAl2O4:Eu 

2
+) LU\J'11'Sthtflel'\.Jel'U\JVl%v11(i)fo 

rl11l.J?I\J 1 '11 \Jfl1'S1~tl'1l.JmV11.:i LL'1.:!elV1.:I LL 'V'l ~'Vim tl L ~el.:1'11fl?l1'S'1J'Ulili1?11m 'SC1U~lilU'1€l tl LL?l.:11111 tl 

1 .. 1 •• 1 ,d"'. 1 "' "' ~ "" "' ' !"1 c1.., "" fl~ fl LL '\.J'\.J 1, el ?I 1, elL 'S?I L 'IJ\J'IJVllJ u 1::?1V11'i.fl1'V'l ~ \Jfl1 'SL 'Selll LL?l.:1?1.:1 LL~:: tl.:l'V'l'\.J11 L u\J?l1 'SVllJL?IC1 tl'S.111'V'l 
V 

Vl11lrl11l.J1el\J elV1.:I hnml.J~'Uelli1el tl~el L~m.rnm'V'l Lli1~1m~m,w1?1t1'\.Jfn1l.Jt\J f11'1Jelelfl'8 L '1\J LL~:: 

f11'1Jl'11foeli.J11ilelelflL'IJi;i° (Bern et al., 2009) \Jelfl'11fl'1hJ?11m1cituii.J1~LU\JtJ~\JIJ1UJ<n~1111 Lliltl 

1-ff '11'SWel?IWel1L 'W tl-!lel V1-!l L~tl"J L(i) ~,!)~1 L U\Jlilel-!lel1~tl1'11iltil"J fl~1-!l L ~ elUel.:1 fl\J?l1'SWel'1W el1'11 fl , 

i:,m1:: L~ell.!~1.:i 1 LL~:: L ~el-d1t11 um-stJ?ll.!?11-swel?iwBituiu L iJutJ~\JIJlru-n 

tl1-!l1'i'S'SlJ'1J1~LVlel1LlJ'V'l~1'1~fl (Thermoplastic natural rubbers, TPNRs) LU\J1?11i)v1L(i) 

'11 fl fl1 'SL '\.J~\Ji;i° 'St'\/!11-!l tl1-!l1'i'S'Sl.J'1J1 ~LL~:: L VltlTilJ'V'l ~1'1~ fl(i)') tlL Vll'l'Ul'lfl1'S L '\.J ~\J i;i°,J fl~ (Simple 

blend) LL~::LVll'l'Ul'lfl1'S1~1'11 L\JL'IJ'U\JLL'\.J'\.J 1i;imiJflJ (Dynamic vulcanization) 1'11i)v1Lli1~?1l.Jm 

m-s 1 eff .:i11.Jl'l'11 t1t11-!lLL~::i:,1m-se1 LL ,J-s-si.J1i11 tJ Ll'l~eJ.:i LL ,J-s-si.JL V1€l1Ll.J'V'l~1?1~mt11 UL(i) -s1l.Jci.:1?11mwi.!1 
V V 

fl"'umtmu1 'V!l.JL(i) vi'.:i '1:: L i-'1u 11i111 m ::mu m-s L\JI~ t1l.J1 '11ilt11.:i 5-sw'1J1~ L VIB TilJ'V'lm ?I~ fl L tlum-s 
V ' 

U~'\.JU'S.:11'1\;l 1 ~~'1l.J~L~\J~1l.J'lltl.:ltl1.:11'i'S'Sl.J'1J1~ LL~:: L Vltl1Ll.J'V'l~1 '1~ fl B fl~.:! L U\JlJ\Jl'S~tl~-!l LL ')(;1'1€Jl.J 
' ' 

LL~::~\JLU~el-!l'V'l"'.:l.:11\JUeltlfl11L~mvit1unum-sLLU'S'SUtl1-!lLL'U'U~-!lL~lJ (Coran et al., 1978) 
V 

fl 1 'S~ fl'\fl i ~ t11 \J l'lf .:id ~ LL \J') ~lilvi '1:: L\JI~ tll.!1?1 lil L ~el .:i LL'1-!l L\;l t11 'tl?l1 'SW el ?IW tl1'1J'U (il 
' 

SrAl2O4:Eu 
2
+ t.J'1l.J1 \Jtl1-!l1'i'S'Sl.J'1J1~ L Vlu'SLlJ'V'l~1?!~fl'11 flfl1 'SL '\.J~i.Ji;i°-s::'\/!11-!ltl1-!l1'i'S'Sl.J'1J1~ 'V'ltl~ 

L 'V'l -s~iii.JLL~:: Ll'l'V'l €1~ Ll.Jtl1'1lu.:I L 'V'l-S~iimeJviiiu Llil t1'1::~ m~1BV15'V'l~'llel.:115fl1-St.J?!l.J L Vll'l'Ul'lfl1 -SL u~ui;i° 

0m1ci1um-sL u~ui;i° ,J~mru?11-swel?1W€li ,J~mru 1 VIL VIL i1t1l.J L\;ltltlfl L'IJi;i° LL~::m-si.Jfoui.:i?lm'V'l ~1 

'tl€l-!l?11-sw €l'1W el i ~ eJ ?!l.JU~'tl €1.:1 tJ 1.:i 5-S'Sl.J'1l1 ~ L VI elTilJ 'V'l ~ 1 ?I~ flv1 tJ ?!l.!?11-SWel ?IW Bi 1i;i t15H \JI ~,J-s:: ?I .:i Fi 
l.J.:iLuum-s~fli;1m1m uu 1 UL(i1'1J€J.:im-sl'i1tJ~\JIJ1ru<nL~€l-!lLL?1.:i B1vi L-U\J LL~um.:ii.JV11.:1L vi1 tl1m~B.:i 

' V 

LL?!.:! L vi elm 1l.JU ~tl lilJl tl L \Jl1l"Jel1 l'l1 'S LL~:: elU m ru,J-s:: li1'\.J \JI flLL~-!l L 'U\Jlil\J v1ifo 1.:11'i'S'Sl.J'1J1~ L 'U\J 
' 

eJ.:irii.J-s::flB'I.J 
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1.2. 'J\,lrl'U'i::~.:ifl'!Je){l{l1'\J1',ij£J • 
1.2.1. L ~mc;i1c1:1.Jc.11-:i511:1.J'll1~L 'Vlvfh.1V'IG'l1a~n~ L~v.:i LL'1-:i 1~i1Vl'S'\J m'ii.J'i:::c1 nc;i1 off-:i1'UcJ1'W 

' 
, .J1,1 Q.Jq,,dl 

cl'Ut11'Vlt11el-:J n1'i'1:l.J'\Jt11 L 'iel-:J LL'1-:J 

1.2.2. L~vPin~10V16V'IG'l'Utl-:J'U'1~c11111-:i11~LLri L'Vll"l'UAnTH'\JG'l'U~LLG'l:::15n1'it:.J'1:1.J B'V15V'IG'l 

'Uv-:iei't1111~1'Um'iL'\JG'l'W~ iJ~:1.J1rua11vJvavJv{ LLG'l:::U~:1.J1ru 1 'VlL 'V1 L ilc1:1.J 1(;\vtl n 161!~ \,ltl'1:1.J'\J~'UtJ-:ic.11-:i 

6'i'i:l.J'll1 ~ L 'Vlelft:1.J'V'lma~ n L~el-:J LL'1-:J 

1.3. '!JelUb'tl\,l.:11'U1-.5'£J 
V V 

1.3.1. m-sPi n~1a:1.Ju~V11-:i mc1m'V'l~'W]1'W a:1.J~V11-:i LLa-:i LLG'l:::m 1:1.J'Vl'W'V11'W\,ltl\J1'Utl-:J'111 

vJvavJv{ 

1.3.2. m-sPi n~10'V15V'IG'l'Utl-:J L 'Vlrl'Urlfl1'iL '\JG'l'U~LL '\.J'\Ji.J n~ (Simple blend) LLG'l::: L'Vlrl'Url 

n11·for111 m61f"tl'WLL'\J'\J 1(;l'W1iini (Dynamic vulcanization) \,ltl~n~ru:::V11.:iaru]1'U1'Vlc.11 1:1:1.JU~ 

L '8-:inG'l LLG'l:::'1:1.JU~V11-:iLL'1-:J'Uv-:ic11-:i511:1.J'll1~ L V1vft:1.JV'IG'l1a~n'11 n n11 L '\JG'l'Wlil'i:::Vl11-:ic11-:i511:1.J'll1~ 

'V'lv~1 V'l-s'Yi~'WLLG'l::: 1r1'V'lv~ L:1.Jv{'Uv-:i b 'V'l1'Vi~'WLvvi~'W~e.Ja:1.Ja11vJvavJv{ 

1.3.3. n11Pi n~1 B'V15V'IG'l'U el-:J 16fl1 'it:.J'1:l.J \,1 el~ n~ru:::'V11-:J a ru,i1'U1'Vl cl 1 1:1:1.JU~ L '8-:i n G'l LLG'l::: .. 
'1:1.J'\J~V11-:i LL'1-:J'Uv-:ic11-:i611:1.J'll1~ L 'V1 vft:1.J'V'lma~ n'11 n m-s L UG'l'U~1:::V111-:i c11-:i611:1.J'll1 ~ 'V'l tl~b 'V'l'i'Vi~ u 

LLG'l::: 1r1V'lv~L:1.Jv1'1lv-:i 1 'V'l1~~uLvvi~'W~t:.Ja:1.Ja11vJvavJv{ 1(;\mL i.J116n11t:.Ja:1.J 4 ii ~1111-:inufiv 15~ 

1 Step mixing - E 16~ 2 Step mixing - I 16~ 3 Precompound mixing - E ·LLG'l::: 15~ 4 

Precompound mixing - I 

1.3. 4. n11Pin~18'Vl 5V'IG'l'U e)-:Je)c;)'S1~1\J n11 L '\JG'l\J~\,l el~ n~ru:::V11-:iaru,i1\J1'Vl c.11 '1:1.JU~ L '8-:i nG'l .. 
Lrn:::a:1.J~V11-:i LL'1-:J'U v-:i c.11-:i611:1.J'll1~ L 'V1 vft:1.JV'IG'l 1a ~ fl '11 nm "SL '\JG'lU~ 1:::V111-:i c11-:i511:1.J'll1~ 'V'l v~1 V'l1-

~~'WLLG'l::: Ll"l'V'ltli9 Lirn{'UtJ-:J 1 'V'l1~~1.JLtlvi~uv\t:.Jal.la1':ivJm,vJtJ{ 

1.3.5. n11Pin~1BV16V'IG'l'Utl-:JU~l.J1ru?11':ivJtJavJtJ{ (0-24 wt% of the mixture) \,ltl 

~n~ru:::V11-:iaru,i1U1V1c.11 a:1.Ju~L-8-:inG'l m1l.lLL~-:i n11~mumTrn'U'\J~-:i ?tl.liJ~V11-:iLLa-:i al.lu~V11-:i .. ~ 

r111:1.J{vu al.JU~ n111 VlG'l LLG'l:::fl1':iL ,J~c1ULL iJG'l-:i?t:1.JU~L'll-:inG'lLLG'l:::a:1.Ju~V11-:JLLa-:i.n1c1V1~-:in11tll.lL ~-:i 

'U v-:i c11-:,511:1.J'll 1 ~ L 'Vltl i1:1.JV'IG'l 1G't ~ n '11 n n11 Lu G'l\J ~ 1::: V111-:i c11-:i61 'il.!'111 ~ 'V'l el ~1 'V'l1~ ~u LLG'l::: 

bf1'V'ltl~ Ll..m{'Uv-:i b 'V'l1~~ULvvi~u~e.JG't:1.JG111v.Jm'!vJv{ 

1.3.6. n11Pifl~1B'V15V'IG'l'Utl-:JU~mruG1111 'VlL 'V1 L 'Wcl:l.J 1(;lvvn 161!~ (0-25 phr) 111v~ n~ru:::V11-:i 

6"ru,i1U1V1c11 G't:1.JU~L'll-:iflG'l m1mL~-:i n11e1mum11LLU'U~-:i G1:1.JU~V11-:JLLG1-:i G1:1.JU~L'll-:im1:1.J~vu .. ~ 

G't:l.J U~ fl1 'i 1 VlG'l LLG'l::: fl 1 'i LU~ cl\J LL U G'l-:JG't:l.J U~ L '8-:i n G'l LLG'l :::?tl.J U~ 'V11-:J bb?l-:J fl1 cl'Vl~ -:J n 11U:l.J b ~-:J'1J el-:J cl1-:J 
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