
.,j 
'U'Vl'VI 2 

2.1 fl~'Uu.1kv1an1~vh (Electromagnetic waves) 

5 

LLa-l (Light) L U\J'Vi "-l-l1\JitJ LL 'U'U"1~-lzj-liim..1m L U'Ui-lFl~'ULL'1::el'1f11Fl L~elfl~1'1'1-l LLa-l 1 'U 

f117l.JL U'UFl~\J'1::L~tlfl17 "A~'ULLl.lm~n1 vHh" (Electromagnetic waves) mnn~11ci-lLLa-l1u 

rn1m tlueJumri '1::L~vn11 "L ~ (;Jel'U" (Photon) zj-lLU\Jel\Jf11Affil-liim'1U.IJ\L U\J'Vi"-l-l7'U LvlcJ • • 
A~'ULLl.lL V,~fl 1 ~vl1ii"n~ru::~.:i1,J~ 2.1 zj-ltJ1::flel'Ulil1cJa\J7l.JLLl.lL V,~fl LL'1::a\J7l.J 1 yjvJ1vi1l.Jl.J i-lu1n 

'U • 

nu LL'1::iif111l.JL ~11 'Ufl11Lf1~el'U~L Y11fl'U 300,000,000 Ll.J(;J1/11.J1Yl Vi"-l-l1\J'!Jel-lLLa-l'1::tun'U 

f111l.J~ (frequency) "1~elf111l.Jtl11f1~\J (wavelength) LvlcJl'l1i-lael-l'1::LLtl1e.Jflerun'U 

Electic Field 
A= Wavolength 

i t1~ 2.1 f1~\JLLl.lrn~n1~'W7 (Shenoy, 2014) 

LLa-l~L 11a1m1ril.JeJ-lL i1u 1~ L iJu~1uv1~.:i'!JeJ-lA~'ULLl.lL v,~n 1 ~vl1 iir111l.Jv11l'l~ui-l LL~ 400-

700 nm LL'1::'1::f11el'Uf1'1l.JLtlci-l~'Uv11n~\~cJ-llil1tlflel'U~L1ru near-ultraviolet "1~el UVA (315-• 
400 nm) LL'1:: near-infrared (700-1,000 nm) r1~umJLv1~nhlvhvliir1111J~a-lv1~tJiir1111Jt111 

'U 

l'l~mru'1::ii'V'l"-l-l1\Ja-l fl11~Fl11l.J~ ~1"1~tl Fl11l.Jtl11f1~'Utl11 zj-l L 11a1m 1ri LL U-l'tli:ivl'!Jel-lf1~\J 
'U 

LLl.l rn~n 1 ~'W1 L\11(;Jll.J'U1.:!f111l.J~v1~tlf111l.J tl11f1~\J 1 'ULL~'1::Fl17l.J~v1~elFl11l.JcJ11Fl~\J,r\J'1:: m ::vh 

~el Ll.J L'1fl'11~~1-lnu ~-l'11.J~-ltl1 hfli.:11'ULL(;Jfl~7-ln'U ~-la1t11 it u1tl~ 2.2 
• • 'U 





(;11~1.:ivl 2.1 '1lijli1'1JeJ-:J f111tlnli1'UcimmG'l-:i (Pandey et al, 2012) 

Luminescence type Excitation source Applications 

Cathode luminescence Electrons TV set, Monitors, FED 

Fluorescence lamps, PL-LCD, 

Plasma display, LASERs, LSCs, 

Paints 

Photoluminescence 

Radio luminescence 

Electroluminescence 

Son luminescence 

Lyoluminescence 

Chemiluminescence 

Bioluminescence 

Triboluminescence 

Photons 

Ionising radiation such as X-ray imaging, Scintilators, 

X-rays or Gamma rays. 

Electric field 

Ultrasound 

dosimetry 

LEDs, EL displays' Diode lasers 

Chemical reaction energy Detectors, Analytical devices, 

Lyoluminescence dosimetry 

Chemical reaction energy Analytical chemistry 

Biochemical reaction 

energy 

Mechanical energy 

Analytical chemistry 

2.2 1vfi(;l~ikum'lJ'IJ'ij (Photoluminescence) 

7 

hfl\,lnikuG'!L'lli.Ji 'Vll.rn.J~-:i m1tln1i1tlcimmG'l-:i'lJei-:i1G'lli1fl1tlL(;)f111mt(;)'lJ~1mLG'l-:i -5-:it 'W 
\I ' ' 

U'iJ'iJ'U'Wf111Unli1UcicJt1 LLG'l-:J'lJtl-:J1G'lli1 Lri elli11i1'n'\.J LLG'l-:J L U'W15f111'Vlil.:iviih•n1iii1~n I L ticJ.:i'iJ1 n L U'W'JG'l(i)vi 
'I "I " -~ 'I 

~, ti (JI ei m 1 n 1t tii''U~-:iii n 11tl1m'IJ 1t t1 n \,11 'tl L ~ eJt-J~\,) L tl'W t-J~\,)nru~fo eJ 1-:i LL~ ~'Vin 1t1 11i1 t11G'lli1'iJtC1 n 
'I , "I " 

mttii''W~"lt1LLG'l-:JLL~1di1i1f111L'IJ~EJ'WLL'IJn.:i1t~'U,5'W~~-:i-:i1'U'IJtJ-:JBL~n\,)1eJ'W -;;i1m!'WLil(i)f111'Unli1i.Jcivt1 
' 

LLG'l-:Jvvnmiinn 1nvi-:i1'1J~ 2.3 Lli1tlf111Unli1tlcieimLG'l-:J'lJeJ-:J1G'lli1'1lijli1~'iJtii 2 mt'U1'Wf111vi~1~n1~v 
\I ' ·~ 

mt'U1'Wn11f11t~tJ (Excitation process) 

process) 

LLntmt'U1tJn1W~'U?iG'lm1t~tJ (Deactivation 
\I 



Gwund 
state 

l'riplet excited s1a1,• 

_\, Internal \'ibrnlional 

.\, convrr~ion rcla.xntion 

..J. I / 
l tl l l!l'S)''ill!'Jll 

J J, / 
J,- ls~ing , 

J_ 

S1 J,. 

- ) 
.\., 

,l 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

Internal I I I I I 

and 
I I I I I 
I I I I 

Absurpti,m Fluorc,..:l·ncr 
c:,'(1l'rnal Pl_1,lsphoresc_enc~ 

c,,nvcrsion 
I I I I I 
I I I I I 

I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I .!, 

J,. I I ' ~ 

\. -- Vibration~ I -...,._ ' ' ,!"' rc.laxation 
~ ~ 

'!I, "' .],. 

Jtlvi 2.3 LLe.J'Ufl1'V'ILLG'lv1.:i1::~'IJ'V'l'1.:i-nu Jablonski (Fereja et al, 2013) 

2.2.1. m::u1um~m::lii'u (Excitation) (Luj'U u~:: vlJ~, 2534) • 

8 

1um::,.nun11m::~m1::L~En'llt1.:it1'1.JlJ'1~'V'l~'8~ (Multiplicity) '!Jv.:i L1JL'1~'1 n11 ,x M ~tl 

lJ'1~'V'l~'8~'1Jtl.:i LlJL'1~'1 zj.:iLLavi.:in.:i L1JLlJ\J(;llJLiB.:il.jlJ'!Jtl.:ive:iiu~'1 (Orbital ansular momentum) 

'IJv.:iLLIJ1'1::mnu:: (State) LL'1::LMEJ1ie:i.:intJatlu (Spin) ~.:ia1Jn11~ 2.1 

M = 2S + 1 .......................................... (2.1 ) 

S ~tl L'1'tlf'l1tl\J(;llJ'1U\J (Spin quantum number) '!Jv.:iLlJL'1~'1 zj.:iLU\Je.J'111lJ'llmatJu 

'!Jv.:iBL~n~1'rnu1uLlJL'1~'1 ~1V1ftJLlJL'1~'1'1Jt1.:ia11B'U'Vl%ci1uh,aj s Lvi1nu o L'V'l'n:: LlJL'1~'1il 

~1u1'U~JL~n11l'rn'UL U'UL'1'tlfi (Pair) ~.:iiTu amtJ::viil'V'l'1.:i.:i1'U~1av1 zj.:i L'iEJffl7 "am 'U::~'U" 
" ' 

s = ( + ¼ - D = o ......................................... (2.2) 
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L~el S LV11tltJ O ~t1v1 M = 2(0)+ 1 =1 L~mr:h singlet electronic state m i t1~ 

ground singlet state LU\J S0 LL'1t singlet state ~ 1 LL'1t~ 2 LU\J 51 LL'1t 52 (;11l.J'11~tJ (First 

and second excited singlet state) 

2534) 

[II] 
ground 

singlet state 

l 
I 

excited 

singlet state 

I 
l 

excited 

triplet state 

-s1u;,a'u ~1n,rn1ut~uhl~G'!C11t.1tmt~\J (50 ➔ 51 'Vl~el 50 ➔52 ) ~iim-siu'Vl'11EJl-11 LL~1LL~ 

'l!1~fl11l.JEJ111'1~\JVfh .Jmt{;)\J (Aexl mttJ1\Jf11'S~~mh1L~EJf111 "fl'SttJ1tJf11'Sfl'St(;1\J" f11'Sfl'St(;1\J 
' ' ' 

1~ EJ (;l'S~ L ~eivi11 ~ Ln~ G'I mu::m:: {;1\JVl1L yj~(;l Ln~ EJ1 f1 L ~el~~1 f1 mttJ1tJf11 'Sd (;1 ei~ii f11 'SL ,J~ EJ\JG'I (11\J t 
' 

~1n;~Lf1~(;11 UL UtJVl1LYl~(;1 (L i.J~EJ\JlJ'1~Yl~in~) 

1:u L'1 ~'1el ~ 1 tJG'\'11\Jt m:: ~\J ~L~f1(;1'rn\J\•11'Vl~~meif11G'I L ,J~EJ\JG'ltltJf1"'tJV11~ LLG'I~~~~ 1v1~~d 

1 1 
S = + -+-= 1 

2 2 

M = (2 x 1) + 1 = 3 L~EJf1 mnu::Vl1L~~(;1 (Triplet state) 

2.2.2. m ::u1um-smfo~~m1::t'IJ (Deactivation Process) (LLlJ'IJ LLil:: mn, 2534) 

~ L~ n (;l'SeJ\J~ ~nm:: ~utu 1 i.Jei~ 1 \JG'IC11\Jt mt~\J~t 1l.l LG'l~EJ-s~~(;)eJ~'1~-s::~tJ'&t.1Yl"~~1,rn~ 

l..111 ~L vi1 L~l.J 1~ EJ f11 'Sl'11 EJYl"~~1tJtlelf1l.J1 L ~el f1"tJ~tJ~G'lmtJ::~tJ (Excitation-deexcitation ., 

process) zj~~"~~1tJ~l'11EJelelf1l.J1 (Relaxed emission) G'l1l.J1'SC1LLU~1v1LU\J 2 iuLLtJtJ~~d 



S.LU~l1lill (0s) n.z:;;nLll~~f"\ tMmLN·»M.11Lle!S.LUl!l~, l!l~L~rl.f S.LUrl.Lt-t-»M.n.1;:s.~ (t .l) rtL~;;mll~ 

uu~n.cwiiu~,g~s.Lun.rn;;wnQ,c-~ (17£S"Z 's.rtG ;;~,, n.~ii) ~Ln.~ 01-,_01 ruw;;s.[1L~ti;;11;;s. 

n. L e,~i,[1 t n.~;;s.us.LUrl.f !f tt-»v1.11wu1uGBc-~,, 11B~f1l!l~f1~~~ pBll.t-~irnB~f"\l!l~f"\S.LUn.Q, "c-~,, 

t-%1S.LU,, G~vt (a)u;;nsa104dso4d) q.n.R.rns. rnt,1,~Bt,1,l!l~is.Lun.rn;;w • 

~ (1S) rn~ic-e:i;;n.Lll~UL~n.GtlllU~,g~s.Lun.w;;wn.r,:,c-~ ~Ln.~ L_0I-6_01 ruu1;;S.[1L~ti;;11;;s. 

rl. L n.~;; W S.LU rl.f !ft c-»v1.11LLJlilLrl.~~n.~LrtU GGt-~i, 11G ~f"\l!l ~f"\~~~it-Bll.t-~,, 11 G~ [1l!l~[1!. LU rl.Q i 

"c-~iit,Lt,tLU,, G~L-1. (a)ua:::>sa10n1:1) q.n.R.rns. rnB~t,l,l!l~itLun.tn.;;w • 

Glelrl.Ul1ll!lS.LUrl.t,rl.;;S.U 
.. "' " 

I\ 

z ~~t-f 11B~f1l!l~f1;;~11l!l1 n.Gs.lllu~,@ t-Bll.n~;;e,w~~n.»us.Lun.rn;;w 
" 

(uo,:i.e"!peap uo,:i.e,pe~) ~t-!,11C!~f1l!l~f111l!ll n~::tw12~n.~uiLun.tn.::tu ·z·z·z·z 

LrtUBB~t-f ~Ls.Lu ~rt\t}l!l~ii Lun.rn;;w 

~11lill (a:i.e:i.s :i.a1d!Jl) rtL~;;mll~t-~f1t (a:i.e:i.s :i.a18u!s) rn~1c-e:i;;nLll~UL~M~[1iu~;;~n,ei~tmm1 I I I ,.. 

£ rl.Q1 /\4!)!)d!+1nw L~~LL)!I, (U!dS asJa/\a~) t-UA.n.»unu~l!l~mGS.lllU~1@l~,m~;;w;;n.Lu~n.i 

~Bt-»L1Jrl.C!tlllU~1@ (8U!SSOD wa+Si\SJa+UI) n.n.;;tc-L~L-1,;;S,l!)~,rtL~tLU • 

~C-f r3C!~[1l!l~f1rtt mii1 n.z:;;t,LLJ~~f"\ t lll~M., ~IA.G~L-1.lll~u, c-~n.~ ;;w ;;t,LLJ~U L~t\GS.lllU ~1@t-Gll.;;t,LLJ~ 

n.r3~[11!.LUl!l~1!.LU (UO!+Ja/\UO) 1eu1a:i.x;3) UGt\flLLJM2[111n.r3~[11!.LU • 

t\lllt\G1 1.1~:.=-Z.l ;;~,, '1s ~zs UL~ 
" ., 

n.fl~[11tLu n.p., n.Lt-t-»M.11~,fu~tLUl!l~, rt\f3lill (n.11n.~nG~~nf S.Lumc-c-»M.n.1::ic-e,p.G~Vi.uLrtrtt 
• I\ • 

n.11 t-L~t\Lt-t-»M.L~n.1 ;;S,~) L~U L~~n,l;);;w;;t,LLJ~U~t-~[1 t L~Ut-~~n.,l;tl;;w;;tLLJ~UL~t\C!S.lllU ~1@t-Gll. 

;; t,LLJ~ n.11~[11 S.LUrl.Q, (UO!+JaAum 1eUJa:i.u1) n. L 11 LLJM2[111n.11~f\ is.Lu • 

n~l!l~, n.G ~ rtL tleln.Lc-t-»M.~ i:: ~_?S. Lu n,e,n.;;w n. L n.z:;; t,L LJ~G~vtn.~ ;;s. u;; tLLJ~t-B ll.l!l ~~L~~n.f s. LU 

nLt-t-~M.n.l!l;;!,1,1.~GLrtt-~n.u,n.~n.Lt-rnM.l!l~ n,M,;;tLLJ~Gtvtn.lll;;w::t,LLJ~t-Gll. ~t-Llllt\~!.LUrl.Lt-t-~M. ,,, I'll r71 "="° 1' n ~ t;.. fl t ~ ,_ 

n.1;:i~n.B!.lllU~i@ (uoqexe1a1 1euoqe1q!A) rl.f S.LUl1lill 11L~leln.G~!.LU • 

Glelrl.Ur3t,l!lS.LUrl.tn.::s.u 
.. "' " 

(UO[:).eAtPeap 

uo,:i.etpe1-uoN) ~ t-} ra B ~ f1l!l ~ f\titra l!ll n ~:: t Ll112 ~ n.~ u !. Lu n.t n. ::tu Tz·z·z 

01 
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1 m W\Jltl 'U fl1'SL~cl -!ILLa-:iv1Ln(i)t'UEJ-!la11J1'H1tlMlU'1tlEJ LLa-:i LvlL U'U'S:.-m~L 1'11'\ll~-!I 'li-:i-s~tl~L 1'11fl1'SA-!I 

tl~'UcJ-:lfl1'H~tl-!ILLa-:i'Vl"'-:l'\ll~(i)fl'S~~ml~L~tlfl11 decay time 

fl'1 Lflfl1'SU'1(i)U'1BmLa-:i'UcJ-:la1-swcJa~cJ{cJ5tJ1tl 1viv11t1 2 mi Lfl (Feldmann et 

al., 2003) LvlLLfl 

1) luminescence of localized centers LU'Ufl1'SU'1(i)U'1tltJLLa-:iviLn(i)'11flfl1'S'Vl'S1'U 

i8-U'U'S~'\1111-:l'S~lii'u.ffuw"'-:i-:i1'U'Ucl-!!Bclcl'UL~t11 (Single ions) LL'1~BclcJ'ULii-:iencJ'U (Complex ions) 
, - .., , .., .., 3+ 'l 3+ .::1i1 d 11 ,J 

L'!l'U fl1'S'Vl'S1'U'!l'!l'U'S~'\1111-:l'S~(i)tJ'Vi'1-:l-:11'U f-f 'Utl-:1 Eu ~'U Y2OfEU '\ll'Scl fl1'SLA'1cl'Utl1tl 'S~') 

(Charge-transfer) 'Vl'S1'Ui8-U'U'Ucl-!I [Wo/· 1u CaWO4 LU'Utii''U L(i)ffi)m1fl1'S'Vl'S1'Ui8-U'UL~tl1'LJtl-!lntJ 

cJ I I I.I 

fl!] relevant quantum-mechanical selection rules 'Vla-!1~'1\JlcJA111JL'1Jl.JLLa-:iLL'1~'S~tl~n'11'1JcJ-:I 

n11A-:i m l'lrn-:i LLa-:i L~B Lri (ii m-s'Vl11t1'8iu L(i) t1m-sm~ tii'u LL'1~ m-stl'1(i)tlcicJ t1 LLa-:i a1111 -s Cl L i'.Ju 1vi J-:i fl 1-s " . 
LA~Bu~1t11i.JEJ-:i')(i)L~t11 lii'-:i~1BEi1-:i'UB-:i rwoi• 1u CaWO4 'Vl~mi'.Jum-sLLtlfl'11fln'U L't!'U m-s 

v ., ., . , 3+ 'l 3+ 3+ ,, ti ,J , 
m~\Jl'UtJ'Ua1-sm'\11'1fl (Sensitizer) L'!l'U Ce ~'U LaPO4:Ce ,Tb \Jl11J(i)1tlfl1'S '1(i) '1cltJLLa-!1'1JcJ-!I • 
~1m~~'U (Activator) L'li'U Tb

3
+ 1u LaPO4:Ce 

3
+,Tb

3
+ lii'-:i'1un1-scht1 LcJ'UW"'-!l-!11'U'UcJ-!la1-s~1'Vl"'fl 

nu~1m~~'U cniiL'l!'U dipole-dipole, multipole-multipole, exchange-interaction iim111 

~1 Luu 1 u mru'UB-:1 m-sm~ tii'u LL'1~ m-stl'1 (i)\JcicJ t1 LL uu LLtl fl '11 fl nu 
' 

2) luminescence of semiconductors tlfl~LL~1fl1'SU'1(i)U'1cltlLLa-:i'!lil(i)i1''1~ 

Ln(i)t\J'S~'\1111-!I impurity states mt11'U'llcl-!111-!I (Band gap) 'S~'\1111-!ILLCltJW"'-!l-!11'UJl1tl'\ll"'-:lfl1'S 

' ' 
flW~'U'11flLLCltJW"'-:i-:i1'U'\ll'U-!l~~mLCltJW"'-:i-:i1u'\ll'U-:I (Band to band) ~1eJE11Wl.!'U donor-acceptor 

pair luminescence 1u ZnS:Ag +,Cl· 'Uclfl'11fldv1'1LU'Ufl'1 Lflfl1'SU'1flU'1vmLa-:1'1JeJ-:IBL'11'l lm~ 

iJL'UaL'!l'Uoli (Electroluminescence) 

2.31rl~~mw.Jv{ (Phosphor materials) (Shionoya, 2006) 

weiawv{ (Phosphor) ~cl a1-sL~cJ-!ILLG'l-!ltlU'U'Vl~tl'Vl~eJa1-svii'UV1~tlviiia11~l ~L\Jl'1-
" 

iJL'UaL'll'U-li '1i-:iC1flA'lJWtJ1u'li1-:itii'ul'!m-s-s~vi 17 L(i)t11Jmcim dLLU'S51\Jl (Alchemist) zjcJ " ' 
Vincentinus Casciarolo '!l11lufoqiqi11uBm~ ;-:i1viwu~~fl~t1vii'.im1m-:i1vi~'UJ;)L'll11w L~mi1 

~~fl~'U 1 UL~11 'ULmL~1 L ~el 1 mv1L'1'\II~ LL~fl"'tJWtJ11~~fl~'Uvi L~1'1'ULf1(i)fl1'SU'1(i)U'1cltlLLa-!l~LL(i)-:I 

tltlfll.!11 uviil(i)'Vl"'-!1'11fl 1vifoLLa-:ILL(i)(i) ~~fl~ulii'-:iflci11~m~t1fl11 Bolognian stone zj,:iL i'.lu~~fl~'U 

viifo~LLtJL'S'Vl (BaSO4) L~vC1m~1'1~'1'i11~n'11mi'.Ju BaS Mvl~rnv1~1'VI.Yu1a(i)vJvavJ v{ 'Vl"'-:i~1fl 
" ' 

m-sfi'u-wuAt-:idii fl1-s-s1 t1-:i1un1-sfi'u-wu"' fl~ru~ lii'-:iflciTJ'\11'11 mL t-1-:i 1 ut1 l -s,J LL'1~~uviiJ'1(i)i.JcivmLa-:i . . 
bearer)" 1 'Ufl1'1flfl~fl 
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L VI \Jl m 'Hu~1An 11 'W'l!,.:i(ll'U'IJv.:im 'jA''WYiu1av1vle:iavle:ifa'1~e:itln·HuLLav1.:i~.:ilin'j1.:ivi 2.2 
1 -~ ~ 1 

(,11'j1.:!~ 2.2 ~1~ULVllijf11'jUJ~1A(1!1'W'll'J.:! (ll'lJ'IJe).:!fl7'jA''lJYiU1avjvlvavle:ifami~tlmru (Feldmann 

et al., 2003) 

Year Kind of discovery Excitation source Type of luminescent material Emission color 

-1600 Stone of Bologna sunlight BaS04 (BaS) yellow 

1858 GeiBler'stube gas-discharge (Hg) UV 

1859 Becquerel gas-discharge (Hg) ZnS yellow-white 

1895 X-ray (by R6ntgen) none (photographic plate) 

1896 X-ray intensifier X-ray CaW04 blue 

(by Puoin) 

1896 Fluorescent lamp gas-discharge (Hg) CaW04 blue 

(by Edison) 

1897 Braun's tube cathode CaW04 blue 

1916 Neon discharge lamp gas-discharge (Ne) none red 

(by Claude) 

1925 Black-and-white cathode-ray ZnS:Ag'; (Zn,Cd)S:Ag • blue; yellow 

television 

1937 Neon discharge lamp gas-discharge (Ne) CaW04; (Zn,Be)2Si04:Mn
2
• blue; green 

(by Claude) 

1938 Fluorescent lamp gas-discharge (Hg) MgW04; (Zn,Be)2Si04:Mn
2
• blue-green; green-red 

1941 Radar screen cathode-ray (Zn,Cd)S:Cu • ,Al
3
• green 

1946 Insect lamps gas-discharge (Hg) CaW04 blue 

1960 Color television cathode-ray ZnS:Ag •: (Zn,Cd)S:Cu • ,Al
3
\ blue; green; red 

(Zn,Cd)S:Ag • 

1960 Laser (by Maiman) gas-discharge (Hg) Alp3:cr3• red 

1972 Computed tomography X-ray Nal:Tl• green 

(by Houndsfield) 

1972 Rare-earth phosphors Gas-discharge (Hg) Sr3(P04)5Cl:Eu
3
•; LaP04:Ce3♦,Tb3\ blue; green; red 

Y203:Eu3♦ 

t 'WU'1'1'U'Wii f17'ji ~ mrn~illllm1av1vJ e:iavl e:ii-fi"Wvi'11t1'1l'Uv1t1 n\J11e:i~1.:i L 'tl'W a1'jfle:iavle:iivlii 
' ' 

'j~tl~L,'11fl7'jtl'1vttl'1e:it1mm.J1nni1 1 -a'1 hi.:i LLav1.:i~.:i1J11'j1.:ivi 2.3 ~m-t.:im'jt-&'.:i1"U1av1vle:iavl e:i{ii 
' 

Lvll.Jl.J1f)t'U ~.:!LLav1.:itmtlvi 2.5 
" 
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!il111~v1 2 .3 \;11tl~1-H'l1WleH'lvl tlfl tJfl~lJl'l1.:I ']~b ~'j~tJ~L 1i;l1fl1'j'Ui;lvt'U~tltlLL"'.:iVl"'.:IVl~!ilm~~tJ 

tJ1tJfl11 1 -a'1 Ll.1.:1 ( Clabau et al., 2005) 

Groups Types (Emission colors) 

(a) Aluminates 
h + ~ h + ~ 

SrAl20 4:Eu ,Dy ,B (green), CaAl20 4:Eu ,Nd ,B (blue), 
h ~ ~ ~ 

BaAl20 4:Eu ,Dy (green), MgAl20 4:Ce (green), CaAl20 4:Ce 
3+ 3+ 3+ 2+ 

(purple), CaAl20 4:(Ce ,Tb ) (green), CaAl20 4:(Ce ,Mn ) (green), 
3+ 3+ 3+ 3+ 

BaAl20 4:Ce ,Dy (blue), MgAl20 4:Tb (green), CaAl20 4:Tb 
2+ 3+ 3+ 2+ 3+ 

(green), Sr4Al140 25:Eu ,Dy ,B (blue) , SrAl40iEu ,Dy (blue), 
3+ 2+ 3+ , . 

CaYAl301:Ce (blue), Ca12Al140 33:Eu ,Nd (1nd1go) 

(b) Silicates 
2+ 3+ 2+ 3+ 

M3MgSi20 8:Eu ,Dy (blue), M2MgSi20 7:Eu ,Dy (blue to green), 
2+ 3+ 2+ 3+ 

CaMgSi20 6:Eu ,Dy (blue), Sr2ZnSi20fEu ,Dy (blue), 
. 2+ 2+ 3+ , 2+ . 3+ 

MgS103:(Eu ,Mn ),Dy (red), CdS10 3:Mn (orange), CdS10fSm 

(pink) 

(c) Aluminosilicates 
2+ 3+ 2+ 3+ 

Ca2Al2Si0(Eu ,Dy (blue), Sr2Al2Si0fEu ,Dy (green), 

Ca2Al2Si0fCe 
3
+ (purple), Ca2Al2Si07:(ce3•,Mn 

2
•) (yellow), 

2+ 3+ 
CaAl2Si20 8:Eu ,Dy (blue) 

(d) Other oxides 
~ ~ h 

(Zn,Mg)Ga20 4:Mn (green), MO:Eu (orange to red), SrO:Pb 
3+ 2+ 4+ 2+ 3+ 

(purple), Y20 3:Eu ,Mg ,Ti (red), ZniP04}i:Mn ,Ga (red), 
2+ 3+ 

MgGe03:Mn ,Yb (red) 

(e) Oxysulfides 
3+ 2+ 4+ 3+ 

Y 20 2S:Eu ,Mg ,Ti (orange to red), Y 20 2S:Sm (orange/red), 
3+ 

Y20 2S:Tm (yel low/orange) 

(f) Sulfides 
+ 2+ 2+ 3+ .3+ 3+ 

ZnS:Cu ,Co (green), CaS:Eu ,Tm (red), CaS:B1 ,Tm (blue), 
2+ 3+ 

CaGa2S4:Eu ,Ho (yellow) 



Phosphor 
Devices 

Electron beam 
(5-30 kV} 

(I0V- 10kV) 

CRT for TV 

CRT lor display 

···-·t Colo_ r ..... Black & 
. Whtie 

Pro,ecti-On 
View finder 

Color 
monochrome 

CRT for measurements Oscilloscope 
Storage tube 

- OtherCRT --i- Flying spot scanner 
I Radar 

Image 1ntensit1er (output screen) 

·- La1ge sized outdoor display 
- Field emission display 
- vacuum fluorescent display 

14 

Light 
(UV-Vis-IA) 

--- White LED 

(250-400 nm) 

{254 nm) 

(Vacuum UV) 

High energy radiation 
(X-rays and otners) 

- Luminous paint. Fluorescenl pigment. Fluorescent marking 
IR-vls up-conversion 

SOiid-siate laser material, Laser dye 

L High pressure mercury lamp 

Fluorescent lamp ·- r General \/\Ide band type 
Narrow 3-band type I Illumination 

t High COior rendering 
Special uses - - ·- LCD 0aek ligh1 

Outdoor display 

Plasma d1Splay 
Neon sign, Neon tubing 

Fluoroscopic screen 
tntensilying screen 
Sc1nt1nators 
Image intensifier (input screen) 

·- Radiographic imaging plate 
.... Dosimeter 

Copying machine 
•- Black tight. Viewer 

Medical use 
Agricultural use 

- - Etectnc r,etd •••• •• • ....... Inorganic EL --\ - High field EL ---c Tl1tn film type 
Powder pnosphor type ( E lectrol uminescence) 

l 

Organic EL 

Injection EL L Light emitting diooe 
semiconductor laser 

EL panel 
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1 '1 ~fl tl '1fl el{ LL\Jl"t'll'U~ ~1'Ui1Aru'1l.ltm LL(;1 n \Jl1-!I 11'U LL"t L "1l.J1 t \Jl el n1 'i 1-ff-:i1 'U~ \111-!I n'U ' . 
i1mh-:itu~'lJt1-:i1'1~vlm'lvlt1{vl't -ff-:i1'U 1 m~tln'HU\Jl1-!l 'l LLG'l~-:i 1 'U(;11'i1-!I~ 2.4 

i;i111.:ivi 2.4 '!l'U~'lJt1-:i1'1~vlt1'1vlt1{vii1n111-ff-:i1'U1'U~tlmru\Jl1-:i"] (Feldmann et al., 2003) 

Emission Application 

color Cathode Ray Plasma Display Fluorescent Lamp X-ray-lntensifying / 

Tube Panel Scintillation 

Blue ZnS:Ag •,o· BaMgAl,o017:Eu 
. 

BaMgAl10O17:Eu 
2+ Nal:n• 

2+ 
Sr4Al14O25:Eu Ba(F,Br):Eu 

2
• (storage 

SriPO4}sCl:Eu 
2+ 

phosphor) 

LaBr3:Ce 
3+ 

Bi4Gep12 
. 3+ . 3+ 

Gd2S1O5:Ce / Lu2S1O5:Ce 

LuAlO3:Ce3• 

YTaO4:Nb
5
• 

Green 
+ + 3+ 2+ 

ZnS:Cu Au Al BaAl1p 19:Mn GdMgBs010:Ce
3
•,Tb

3
• Csl:T( 

ZnS:Cu • ,A13• . 2+ 
Zn2S1O4:Mn LaPO

4
:Ce3+,Tb3+ 3+ 

Gdp2S:Tb 
2+ 2+ 3+ 

BaMgAl1o017:Eu ,Mn CeMgAl1i019:Tb 

Yellow 
3+ 

Y3Alp,2Ce 

Red 
3+ 

Yp2S:Eu 
3+ 

Yp3:Eu 
3+ 

Yp3:Eu 

(Y,GdXP,V)04:Eu 3+ 

White 
3+ 2+ 

Ca5(PO4)3(F,Cl):Sb ,Mn 

2.3.1. a11wt1awt1i'tiU\;1'1\;l')e)'Ubvim.mt"ikui;iL~e)ije)e)'UEJ 1 'iLUEJ11 (divalent 
V V 

europium ions doped strontium aluminate phosphor; SrxAlyO2:Eu
2
+) 

'1T~vlm'lvlt1{'l1u~'1(;1'ltJ'ULvimrnt"iJL 'U(;1L~t1at1t1'UEJ L 'iL UEJl.l (Divalent europium 
V V 

ions (Eu
2
+) doped strontium aluminate (SrxAlyO2) ; SrxAly02:Eu

2
+) L'U'U'11"ft.l'itnmJtl'W'UV1% 

v1i1n1 -stl"~tlci e) EJLL?l-!I ~ L ;i v1 LLc'lt L ;iv1-vh zj,:i hH'um1mrn1'11 'U n1'S1'1 EJLL"t n1 'S 1-ff-:i1'UtlV1-!1 

LL'W~"1"1EJ 1~vnn1-sPin~1'1l.l~i-:iLL(;1L 'UU rl.f'l. 1968 L ~tl-!1'11n1"'~vlt1'1vlt1i'llii~tl'ih.J1t~Vlfifl1'W . 
n1 -stl M1tlci t1 EJ LL'1 -:i "'-:i LL" t t111 'U1'U i1r111l.l LG'!~ EJ1 \Jl t1 LLG'l-:i LUlt m 1 l.l.ff 'UG1 -:i LL'1 dhi1 'U'l'U'll t1-:i l'i 

V V V 

~L~nmt1'U-l~m (Hole) vlLii~t'UmL~mL"'-:i1vl\Jlt1'U\JlnmtviuehL•1mJ "11m~t1n11 tl1t~vitm-wL=ii-:i 

mt1'Uil.l (Quantum efficiency) (vimh-s-sru, 2558) l.11nn111'1~vlm'lvlt1{i'Urit1'U'l L'll'U ZnS:Cu 

L tl'U~'U m -si ~'U1"'11vl tl"'vl tJ{'!lu~dnl.11 tlV1-!1 \JltlL ~tl-!I L yj m ~l.lU'lt~Vlfifl1'W 1 ~n n1 'lU'1 ~tlci e) EJ LLG'l-!I 

vi v11 'U1'Ut'U zj -:i1 'UU A. f'l. 199 6 Matsuzawa LL" trl(\Jt hi'iii~~'U'11'ivlt1"'Ylt1{ 'll'U~ 
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SrAl2O4:Eu 
2+, D/

3 
tmth.Jl'•l-:iLL 'jf1LL'1tiif11'jL '!ll51(;j'vnEnn~iiBm:iu 'lm11L'1'U~ (Trivalent rare 

earth ions) mfa'liu ffieithiimJBtlel'U (Neodymium; Nd+
3
) LL'1t~~i:vmiSm.1 (Dysprosium; 

D/
3
) LU'Ul1l'U Ltlu1111mt~'UL~~lJ (Auxiliary activators) L'U SrAl2O4:Eu

2
+ L~BL~'jtEJtL1'11L'Uf11'j 

tl'1\j)tlcieimL~-:ivi~-:i•vm(j)mtl1l'Utl11'U1'Utu (12-20 i1i:2.J-:i) !il-:i'jtl~ 2.6 lil-:ii1u~1'j'WeJ~V'lv1m!t1LV1lJ 
' ' " 

~L~tl (Doped) ~')ti Eu 
2
+ '1ti'.irn11ri~11L~v11u (Codoped) LU'Ul51(;jVl1tl1n~irneiv'UL\Jl111L'1'U~ 

( 3+ 1 ... 'l , ... +2 +3 
R ) 'Ul51lJJB'1Fl1 rt'Utlt~lJL'U\Jl (Alkaline earth aluminates) (MAl2O4:Eu R , M = Ca and 

Sr) 'Ut1n'11ndvw1u11 n11L~lJ Al2O3 tuBntl1tmru 10 mol% LiJ'Un11L~l.11ttltL1'11n11 

ti'1\j)tlcieit1LL~-:i'l~Bnvrnvi~-:i 

10' I 
J 2 3 ~ :- 6 - I .S,Al,0, :05•,:;En:-

- 2. -.r..\l,0,.1).51.;,\o·"".1 ,~D~-~ 

•

Us 
10~ 

101 - 3. Sr..\l,<\O.Y,Yh'·.05•.J))';.- 20s 

" - ~- Sr . .\1
1
0, IJ 5<,;\1),- 30~ 

-6 5. BaAl/),.0.5'..'YlJ ~I)~ 
:., 
.S, 10: - 6.Sr.-\J_,o, o ,~;E1t,oj•.oy'- - , 1 :; 60, '.J 

~ -

i;-~ 

~ 9ih '.J • ' 
V 

1.20s z 
'.J 
::: ·10' ! SO~ 

..::.i 
180~ 

10' 

.=:::~ .~ i:=; -;j I 
I i 

500 1000 1500 2000 2500 3000 1500 4000 

Tim<:',(~) 

•, d ' -I ' .., ., ,.Joi ., 
Ju'VI 2.6 1ttlt L 1'11f111Fl-:lel ~'lltl-:ILL~-:!Vltl'1\j)ti'1eltlVl'1-:IVl~\j) mt (;j'U'llel-:1~1 'j 'W tl~~el1'Vl L 'lll51(;jVl1tl1n 

~irneiei'UL\Jl111L'1'U~lJ1LU'Um'jL~el11lJ (Yu et al., 2015) 

i' ~ (j) 'W el"V'I el itti \j)" mel'UL vi t12.J c1 t'1jj L 'U\Jl L ~ el 511J1V11 t11 n~ii m 1rnL\Jl mh ll'llel-:i 
' " ' 'i a, - 'l a.," " ~ I I 2+ 3+ 2+ 

~F11-:i"11-:iemn ~1Uf11Wl~'U1'll'Uelt11-:imn L'll'U Sr2Al6O11:Eu , Sr3Al2O6:Eu , Sr4Al14O25:Eu , 
3+ 2+ 3+ 3+ 2+ « ., ..; 

Sr5Al2O8:Eu , SrAl2O4:Eu , SrAl12O19:Pr , SrAl12O19:Ce LL'1t Sr4Al14O25:Sm L'U'U\Jl'U 'll-:! 

m1u LL\;l n ~ 1-:i'lJ el-:! LF11-:i~f 111 t-J~ mit ri-:i t-J'1~c1F111u t111 Fl~'U'llel -:!"11~ el"~ c11~tl'1 ~tlci v tl L ,iu 

2+ 3+ 2+ 3+ , .J ..i 
SrAl20 4:Eu ,Dy LL'1t Sr4Al140 25:Eu ,Dy tl'1~tl'1eltlLL"-:!'VlFl112.Jtl11Fl'1'U 520 nm LL'1t 495 

nm tJnm\'11i1u lil-:!1tl~ 2.7 LU'Ul1l'U 
" 



1000....------------, 

(al 900 

800 

~ 700 
C: 

~ 600 
-e 
.!2. 500 
>, 

~ 400 
C: g 300 

200 

100 

Q-t--,-......,.~ ......... .....,...~ ........ .,._,....,.......,...,...,-t 

110 HO 270 300 330 360 390 420 
Wavelength (nm) 
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.m~--------------~ 

(h) 

SrAbO,:Eu.Oy 

o -:~~:-~,:::::.=;~:=::.~:--:-~.;:::~:=,::_~::~ 
400 420 440 <60 48C 5:>0 520 540 560 :80 600 

wavelength (nm) 

'itlvi 2 . 7 ,m.l l'l(;lfl.J'!lcl.:Jf11'lli11i1f1~'ULL"-:i (a) LL"1~f11'lU"11i1i..l"mm"-:i (b) '!Jt1-:i"1'l~t1"~t1i'!liJ1i1 
" " 
"mt1mviE.Jl.Jcl~"1iJLtJ(;lviffil'l'l-!l"11-!l~~f1viLL\11f1~1-!lfltJ (Mishra et al. , 2010) 

" 

L ~ ""\11'lcl'UL'VIE.ll.Jt1~"1iJLtJ\11~1-:in'U (Anesh et al., 2014) " 

Material (Eu
2
+ Doped) Emission Wavelength (nm) Color 

SrAl204 520 Blue-green 

SrAl40 7 480 Blue 

SrAl120 19 400-500 Blue 

Sr2AL60 11 400-500 Blue 

Sr0l206 612 Red 

Sr4Al20 7 350-700 Blue-red 

Sr4Al1402s 480 Blue-green 

Sr1Al1202s 410-460 Violet-green 

'Uc) mn nt1m 1 lJL 'Ul.J LL" .:ivitl '1 li1U" cl El LL'1 ~ i'l'J 1 l.J El 11 i'l ~tivitl mi tl" cl E.l'!J cl -!l "1 'l 

~ tl"~ cliviLL(;lf1~1s!fltJ tut1~11ULVll'l'Ui'lLL'1~15f11'l~s!Li'l'l1~~ (Xiao et al., 2010) i'l11l.JE.111i'l~'Uvi 

1i.Jm~\Jl'U (Wu et al., 2006) i'l11l.JL'Ul.J'U'U'!Jcl-:!"1'lf11~tii''U (Act ivator) Vl~cl"1'iL~tl (Bern et al., ' . 
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L~tl~LLM~7Vl'j'I.J"1!'1.J7l.J'U'I.JLLG'l~'V17~Vlfl'N Vlflt'Jv)'j~~LLrl 1 Vl~ ~BYifl7"1!l.J7 ~~~Jlru'tlL'!l'niJri ~7'1.J 

LMt11n'U~~'V1tl -:11'1.JLL"1!~-:lrl17l.Jtlfltl~Jltl L 'UL1G'l7nfl7-:l~'I.J 'I.J7Wn7 LLfl~'j~'I.J'UU7'V11-:I LU'I.J~'U 

•• 1 •• 1 ' 2+ 2.3.2. il11ntli!ntl1 SrAl2O4:Eu 

"1!7')V'lt1av-lt1i Sr Al 20 4: Eu 
2
+ L U'U'l-1~-:i L 'U"1!7')Wt1av-lt1i'llii~amt1m vit1iit1~f!iJL u~;-:iiim') 

" 
~~L~t1-:i1m-:ia{1-:i~iimL'U'\.JLl.JL'I.JA~tir1 (Monoclinic) v1-:i')tl~ 2.8 iin1')~~n~'I.JLL"11-:IL'I.J'1!1-:im1ii t111 

" " 
r1~'1.Jtl')~l.J1ru 300-400 nm ~-:im-:inum1iit111r1~'1.JLL"11-:!~~1-:it11~~tltlG'l~tl~t1mrnnm LLa~-:ivi'-:i')tl 

" 
.. .,, 0 t ., .. 1 •• 1 , 2+ ., ~ ., ' .!', .; ... .. 0 ~ . r'I ., 
'V1 2.9 ~-:l'V17 Vl"1!7')Titl"11Titl') SrAl204:Eu "117l.J7')(1~nm~t,J'U ~~-:11tlLLG'l~LU'I.J'Vl'I.Jtll.J'Vl~~'I.J7 ~1H'1l-:17'1.J 

tu~tlmru~1-:i1 

b 
C ..,.a 

Al 
• o 
0Sr 



I .0 UV visible 

~ 
'iii 0.8 
C: 
QJ 

+-' 
C: 
:: 0 .6 
ni 

0 
VI 
"'O 0.4 
QJ 
.!::.! 
ro E 0.2 

0 z 

near-infrared 

Solar Energy Distribution 

• 5% ultraviolet (300-400 nm) 
• 43% visible (400-700 nm) 
• 52% near-i nfrared (700-2500 nm) 

0.0 _;_...1-- -.1--= 

l l O 7SO 1000 1 ?.50 HOO 11~0 :tOOO llSO Z!>OO 

Wavelength (nanometers) 

Jtl~ 2.9 mi.Jr11J1{1J'llt1'1LL"1'1\11f1vr:J'1tl1~111EJ (Biernat et al., 2013) 
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f11'iU'1v'IUci mm"1-:i'llt1'1"111YI v"1YI t1i Sr Al2O4: Eu 
2
+ '1~mJ'l tJ'1!1'1rl11l.l EJ11 rl~'UU'i~m ru 

" 
500-530 nm ~1tl~1'1LL?lv'l'1v1'1'SU~ 2. 10 Lv'IEJLL"1-:!~U'1v'IUcit1EJtltlf1l.J1'1~,j~vh-L;EJ1 L~tl'1'11f1fl1'S 

" 
QO, .J ., ., ,f, 1 7 

Vl'S1tJ'll'lltJ'Yl'S~v'IU'V'l'1'1'11tJ 4t 5d ~ 4f (Yamamoto and Matsuzawa, 1997; Clabau et al., 

2005; Bern et al., 201 lb; Chen et al., 2009) ?ll.J~L~tJ'lltl-:!"11-S'rltl?l'rltl{ SrAl2O4:Eu
2
• Rtl hJ 

U'1V1Ucit1EJ{-:i~ L?l~EJ'S\tltl?l1'Hrln L tJujjm,1 t1~'1 LL 1v'l'1tll.J 1 iri11l.J"111'1"1'1 LL'1~U'1V!Uciel EJLL?J'11v1 
" 

EJ11tJ1tJ LUtJ~tJ 

1.4.x.10 1 

1.2x10 7 
:l 
ci 1.0x107 
·--
~ . 
'ii) o.ox1on 
C 
2 6.0x106 
.s 
-~ 

11.ox106 

.§ 2.ox106 
(I.) 

0: 00 

· 2 .O:x: 106 -+--,---.--.---.----.---.---.-- --.----.---.-..----1 
200 300 400 500 600 700 8001 

Wavelength / nm 

•Id ..,4 2+ • I ., v ( '\ ) 
Ju'Vl 2.10 "1l.JUIJl'Y11'1LL"1.:J'll tl '1 Sro_95Al2O4:Euo.os (a) "1LurllJl'Sl.J'lJtl'1f11'if1'S~~tJ /\em=516 nm 

(b) mi.Jr1111{1J'!Jtl'1fl1'S'U'1v'IUcit1EJ (Aex=365 nm) LL'1~ (c) mtlr11J1{l.J'lJtl.:Jfl1'Stl'1v'ltlcit1EJ (Aex=397 

nm) (Wu et al., 2006) 



20 

«mHu~iru~1u1V1EJ7-Uel.:J"17')VhHnfo{ SrAl2O4:Eu 
2
+ ~~ii«m~ru~~'!J')'!J')~ hlmhm.mnu 

~ . 
vi'.:iiu~ 2.1 1 L~m17"11')~€JG'1'1'lel{ SrAl2O4:Eu 

2
+ h.J1Lf1')1 ~~Lf1').:J"1~1.:J~~ n~~U')7n~)'~f1n7') 

LiEJ1 L'U'Uvl.:Jiu~ 2.12 zj,:iL iJu«n~ru~Lfl'l'j1~'!Jel.:J"11')~ e)G'l~el{'1Julild LlilEJ~~U')7n!]Yif1~(;11LL 'Vl'U.:J 

2-theta ~')~'Ul'U (020), (-211), (220), (21 1) LL"1~ (031) (Bern et al., 2009i Bern et al., 

2010) 

700 

-~600 
C 
:::, 500 
?'-ro 
-~ 400 .a 
ro 
;300 
·c;; 
~ 200 
c 

(b) 

-
0 
0 1 
0 

20 

<'I f:1 
I ('I -

30 

C'") 

0 

40 

~e 
50 60 70 

i t1~ 2.12 X-ray diffraction pattern -Uel.:J"17')~el?l~el{'1lulil SrAl2O4:Eu
2
+ (Bern et al., 2010) 
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'LH) f1 ,nnda11Yl eiavl el-S'!lti~dnv.:iiH'ei~mrn tjfi el L~mJam-w 1~~1f.J L~el ~l.J~ati\Jl'l11l.J~'U 

"' ... "' ' 1 1 ' ( ) .,/ .. 1 •• 1 ' .., ., ,,f f11'lleJeJf1'llL~'U LLntf11'lll'l11\JeJ'U ~vein 'll~ Bern et al., 2009 Ll.Jva11neia nei1al.J~am1iitu 

viimJmL-di.11 ~11Ylei~Yleii~tLn~,J~n~EJ11flL~'l1n;~ (Hydrolyzation) ~.:ial.Jf11'l~ 2.1 (Peng et 

al., 2006; Chen et al., 2008) 1fl~'lelf1;nflelel'U ~Ln~tu~.:i~n~elf111L U~f.J'ULLUn-!l'!Jel-!!rh pH 

'!Jv-!lt111l1L~l.Ja.:i;1u vh1mm.:ia{1.:i~amtl~f.J'ULLtln.:i1tl~.:i~n1l11'l11l.Jf.J111'l~'ULtl~f.J'U1i.J~.:i1,J~ 2.13 
" " 

II ..,j,J ,J o 
LLntl'l11l.JL 'tlmLa.:iV1 n~ nvf.Jn~n.:i 

SrAl2 0 4 + 4H20 -+ Sr2+ + 80H- + 2Al3+ ........................... (2.1) 

100 

80 

20-

0 - ... ... 

515 510 505 500 495 490 485 

Wavelength (nm) 

d ~ .J 1 , 2+ 3+ .J 1 :;' .J 
1tlV1 2.13 l'l11l.Jf.J111'ln'UY1tln~i.Jnvf.J'tlv.:ia11Yleiavlei1 SrAL20 4:Eu , Dy Y1'1f1LL'!l'U1Vl'ltf.JtL1n1 
" " 
~1.:11 (Guo et al., 2007) 

2.4 .:i11.Ji~va11wvavh:ii ~LMt111i't1.:i 

2.4.1. mJu~"Uv.:ia11wv awvi 'l1il~avi1v1.JLvim.Jil::nilL 1.JIJ'IL~ilfililil1.JV 11Lut111 
" " 

f1111~ fJ LLnti ~u1a 1'lvl tJavltJn ~ { \Jl'l11l.Ja'l.l 1 ~ ~tl L ~tl-!llJ1 ~'l.1'1-!IU~~'IJ'U \1lT tl E11.:i 

.:i1ui~v~Pin'l!l1aii~'tleJ.:ia1-svlvaYlv i L'l!'U Mothudi e t al. (2009) vi1n1-s"'.:iLl'l11tt1a11 

Ylv avlvi 3 'llU~ 1~LLfl LL\JL~f.Jl.JeJ tnfoulJ'I (BaAL20 4) LLl'lnL;f.Jl.JeJ tnijLuvi (CaAL20 a) LLnt 
" " "' "" d .. '\" ::'1 2+ .. , .. '\" .. ( 3+) , 

ameJ'\JLVlf.Jl.Jeltnl.JL'\J\J'I (SrAl204) VIL~elf.Jb'SLutll.J (Eu ) LLntL~tl'S1l.J~ab'WWllf.Jl.J Dy 'W\.!11 
" " 

CaAL204 LLnt SrAL204 ffil'l1.:ia{1.:i~am L \J\J Ll.J L'Ul'l~Uf1 1~m1eJ-!ILLa-!l~l'l11l.Jf.J111'l~'U 449 LLn t 528 

nm mmi1~u zj,:itJ11n!]LUULLa.:i~t!1L~'ULLf1l.Jl.b.:i LLntLLa.:i~L;v, IJ'l1mh~u LLnt'W\J11 CaAL20 4 ij 
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rn 7l.J L imrn.:i n 1 'i L1v.:i LL~.:i LLn t 'it ti t L 1n 1 n 1 'iri.:iv V'1lv.:i m 'i L1 v.:i LL~.:i'Vli.:i'VI t1 i;i n 'it \ii'uvi ~.:i ffl7 'U , , 'U 

SrAl
2
O

4 
~1u1m.:i~-r1.:it-1~n'1lv.:i BaAl2O4 LUULL'\.J'\.JL~n'llt Ln'\.Jvn (Hexagonal) 1i;im1v.:iLL~.:ivim1l.J 

t111r1~'\.J 450 nm '5.:i\J'i7n~LUULL~.:i~L;tl1LLm.Jtl7L~'\.J(;).:i~\J~ 2.14 LLnt BaAl2O4 rl17l.JLil.J'1lv.:i 

n7 'i L 1v.:i LL~.:i LLn t 'it tit L 1'17 n7 'i ri.:i V V'11v.:if17'i L1v.:i LL~.:i'Vli.:!'Vltli;) mt \ii'uvi 7 i;'li;) 'U , , , 

'itlvi 2.14 n7'i\Jni;i\JcivEJLLc'l.:i'Vl~.:i'Vlt1i;imt\ii''U'1Jv.:!c'l7'ivlvc'IYlvi'1lui;i CaAl2O4:Eu 
2

\ Dy
3
+ (a), 

" ' ' 2+ 3+ 2+ 3+ 
BaAl2O4:Eu , Dy (b) LL'1t SrAl2O4:Eu ,Dy (c) (Mothudi et al., 2009) 

~Bl-17 Xiao et al. (2010) Pirnfln'it'U1'\.Jn7'iL(,)5tll.J~7'ivlv~Ylvi'1lui;i 

SrAl2O4:Eu
2
+,D/+ Li;JEJLLD'in'it'U1'\.Jn7'iL(,)5tll.J 3 15 1tii'LLf115vi 1 Dry-mixing LU'Un7'i'I.Ji;Jc'l7'ii.:i 

\ii'u1um'iL(,)5tll.J~7'i°V'lv~Ylvitii'1mr1~v.:i'Uvnl1nJ (Ball mill) 1Bvi 2 Wet-mixing LU'\.Jn7'i'I.Ji;Jc'l7'i 

i.:i\ii'u 1 'Un7'iL(,)5tll.J~7'ivlv~'Y'l vitii'1mr1~v.:iuvnl1nn'1i;it1ij'1JB.:!L'\lln1 LU'\.JtJ11nn1.:i ~1'\.Jlfi~ 3 New 

mixing LU'Un7'i'i1l.J16n7'i~ 1 LLnt 2 Li1tii'1t1n'U1'Umt'I.J1'Un7'i L(,)5tll.Jc'l7'i°V'lvc'IYlvi '5-:it-Jn 

n 1 'i?I mnY1u11 c'l7 'ivl v~Yl viviilm'i L (,)5tll.JLL uu15~ 3 ~ til m1l.JL il.J'11 v.:i m 'i L1 v.:i LL~ .:i LLn t 'it tit L 1n 1 

n1'ir1.:!BV'1lv.:iLL~.:i~\Jni;i\Jcivt1'\lli.:iV1t1i;imt\ii'uMn111Bvi 2 LLnt 1 ml.Jn7i;J'I.J L~v.:i~1n~1'i 
\I " , \I 

Ylv~Ylvi~L(,)5tll.JLi;Jtl15~ 3 il'1lmi;i1my 11hmtn~l.Jnu LLntil~.:i~n\J'im~BU'\.J'Uvtl~~i;i LU'\.Jt-Jnvh 

1~~7l.J7'iC1i;ii;in~'WLLc'l.:!LLnti.Jni;i\JcivmLc'l.:i1tii'~n11~1'i°V'lvc'IYlvi~L(,)5tll.J~7n15~ 2 LLnt 1 ~n~rut 
" 
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20 30 40 50 60 70 

2 0 I ( 0) 

.,; •• 1 •• 1 ' Q 2+ "'1 ""''" .. Jtl'VI 2.15 X-ray diffraction pattern '1Jtl-:t'11111tl"1 11'01'1l'U~ SrAl2O4:Eu 'VI '1!1i'if111LmEJl.J 

U.lJlfWh-:tn'U 16~ 1 Dry-mixing (1), iG~ 2 Wet-mixing (2) mi~ 16~ 3 Wet-mixing (3) (Xiao et 

al., 2010) 

'Utlf1'11 n-Oei'-:iij-:i1 'Ui~m~EJ1num1LlJl~m.J lm-:1?1~1-:i LLn~G'll.JU~'!Jtl-:t"111vl t1?1vled L'U 'U 1 'U 

-:t1'U1~EJ'IJtl-:t Yamamoto and Matsuzawa (1997), Lin et al. (2001) LLn~ Chang et al. (2006) 

LU'U~'U 

2.4.2. m11'tia11we1avle1ie.iau1u-we1~Lue1i 

m1u1?111v-lci?1v.Jvimtmtl L U'Ue.J~1J111ru<n~1L iJu~ci-:iv1!'lEJi;i'1nn1-:i mih -du LLn1 LLn~ 
'U 

vrnfouti{ L 'UtJ~'U ~-:im11 cffvrnfouti{ L tlu1?1~i;i'1nn1-:1Ju 1~fum1uiiEJl.Jtl eJ 1-:i LL Yd'llln1EJ L ~t1.:i'11nij 
• 

'IJtlUL '!J{;lf11'j1-ff-:t1'Uf111'3LLn~ LL th~tJ1~~1EJ Wong et al. (2006) 1~e.J"1l.JG'l11v-ltl"1v-lvi'llii~ 

SrAl2O4:Eu
2
+D/+ n-:tL\J'Wcl~Ll.JvinLlJ'Vl1r11Ln\Jl (Poly(methyl methacrylate), PMMA) 'WU11 

Fn1l.J El 11 l"l~\J LL"1 ~v1~ ~ niitJ LL'1 ~ l"l11l.J EJ111"l ~ \rn"1~~tl"1 ~ti" €l EJ'!J €)~"' 1'ivl€l "1vl €11~ tJ "1l.J 1 \J'l'rn ~ Ll.Jvi" 
'U 

"'~"-:i LLn~ L~ ci L ~l.Jtl1mru?111vl€l"1vl cii'1~vh 1 ~m1rn 'Ul.J LLG'l-:t"1-:itw,nl.Jtl1mru?111v-lt1"1vlt1fl 'W'li1-:i 
'U 

hlL1itJ 12.4 LtltJiL'ntJlJlL~EJtl~mm (1tl~ 2.16 (a)) '11tJr111l.J~1tJ'V11tJ1>1mL1-:t~-:1LLn~1~v~~~~'1~ 
'U • 

'!J1~'!JeJ-:t'WeJ~Ll.JeJi~e.JG'll.JG'l11v-leJG'lvleJ{ijl'i1n~ns! (1tl~ 2.16 (c) LLn~ (d) \Jl1l.J~1v1U) 'Uelf1'11f1tleJ.:i 
'U 

-wu11?111v-l eJ ?lvl Bi~ tJ"1lJL u-wci~Ll.Jvin Ll.J'Vl1 r11 Ln \Jlij m1l.JV1\J'VI 1u l>iv n11 L~mrnm-w L ~tl.:i'11 n 

,r ~~ d 
m1lJ'll'U~'!JtJ ( 1tl'VI 2.16 (b)) 

'U 
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it1vf 2.16 ?llJtm(;l1.:J~'1leJ.:JVHJfolJ~"1LlJ'Vl1fl~L"1\ilvle.J?llJ?l71'rltl?l'rleJfl'UtJ~mru\,\7.:Jfl'U (Wong et 

al., 2006) 

Ben et al. (2009) 1~?in~7f171L~eJ.:JLL?l.:JLL"1~fl'l7lJL?IOcJ1(;leJfl11lJ1eJ'U'1leJ.:JYrnfoe:i~~'U 

A11lJ'l-1'U1LL'U'U~1 (Low density polyethylene, LOPE) vlL~mn1Yle:i?1Yl t1i'll'Wvi 

2+ 3+ 'i • I • 14 
• • I •• I !'I ' • I ' .e !'i • I'°' ' " SrAl2O4:E U Dy bvicJLL u 'l u1lJ7t:\J?l11 nel?111tl'l b'U'1l1.:J 0-5 L ueJWlf'U\il bvicl u1lJ1\il'l ViU111'111lJL '1JlJ 

LL?i.:ivltJ"1vitJ~ eJcJ'1ltl.:J'Vi e:i~L1Je:iivl ~H'l1J?111Ylm'lvle:iiii LL ml-um ~lJ~'U\i171JtJ~mru'1Je:i.:i?111Yle:i?1Yle:ii 

m11 i'?111Yle:i?1'rltl-Se.J?llJ 1 'U'Vie)~ Ltl~~'U\'111lJ'l-1'U1bb 'U'U~1 vh 1 ~'e)t:\JW1ilf171'1-1"1e)lJe.J~f1bb'1~eJru'l-1flil 
, \I , \J 

f171\il f1e.J~f1'1Jti.:J'Vi e)~ L e:i~~'U m 7lJ'l-1'U 1 LL U'U ~ 1 "1 vi "1.:J L tl'U e.J"1l.l1 '17 n ?111Yl e:i ?!'rl e:i hu f11'Uf171 Lii vi 

e.J~ f1 '1J el.:J'Vi el~ b el~~ 'U A11lJ'l-1'U1 LL 'U'U ~ 1 '1J ru~ vl A11lJ L?I O cl'l \,l el A'J 1 lJ 1 el'U'1J el.:J'Vi el~ be)~ ~'UA11lJ 

'Vl'U7LL ll'U~1i.1-ruu1.:i~'11'ULL?1vi.:i~.:i1uvl 2.1 7 rdeJ.:i'11 n?111Yle:i?1Yl eJiL tl'U?111eJti'UV1%viiim 1:1J'1fl11:1J 
' \I ' 

1el'U'1.:J LL'1~ L U'U(J)'J'U1fl11lJ1eJ'Uvl~ "'.:Je.J"11 ~fl11lJ1eJ'UbL VijL cff 11 tJ1 'U?l11'rleJ?l'rleJTI~lJ1f1f111Vie)~ Le) 
\I 

~~'U\'111lJ'l-1'U1 LL 'U'U~1 ~.:ivh 1 ~Viti~ LeJ~~'Ufl11lJ'l-1'U1 LL \J'U~1v1e.J?ll.J?l71'rleJ?l'rleJ{L~tllJ?lfl1Yi L ~el.:J'11 f1 

fl11lJ{'e)'U 1~-U1'1.:J 
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'itJvi 2.17 ri1 L '\.JeliL~tJ~h11vttl'nvl?1n 1m t1rnt1 L~elruV111ihreNVHlfael'Vi~t.11'"111lJ'Vl'W1 LL 'UtJ~1t-J?llJ?l1'i 
" '\Jot , '-' 

'rlel?lvleli 1v1mL'\.J'i'\.J1mru?11'ivlel?1Yleli (Ben et al., 2009) 

~elm Ben et al. (2010) 1~~n~1f11'im:::'11tl{;11LL":::f11'iL~el"LL?l"'lJel"?l1'i'rlel?l'rleli'1liiv1 

SrAl2O4:Eu 
2
+ o/+ 1 tJV'lel~ Lel°Vi~tJl'"111lJ'VltJ1LL utJ~1 LL":::V'lel~LlJ'Vi" LlJVl11'"11L"(,1 1v1t1 LL '\.J'i'\.J1mruvl 

0-5 L '\.JeliL ~tJt,1Lv1 t1'\.J1m m '11 n f11'i~ n~1V'lu11?11'ivl el?l'rleliii m1lJ?11lJ1'rn 1 tJf11'im:::-;;i1 ti 1 tJV'l el~ 

' ' ' ' 4q I O Cll<Clil I Q Q Q 4 Q ca.cot I O q 

LelVl"'I.Jfl11lJ'Vlt.11 LL tJ'I.Jt,l1Vlv\ f111V'l el" LlJVl mlJVl1fl';i L" t,1 L tJ el" '11 f1V'l el'1 L elV\'1 tJl'"111lJ'Vlt.11 LL 'I.J'I.J (,11l.Jf111 lJ 

'VIUv\~1 f111V'lel ~ LlJ°Vi'1 Ll.JV\11'"11 L'1(,1 zj"f111lJ?l1m'i'1 L 'I.Jf11 ';ifl';i::: '11 ti {;11vl~'lJel"?l1 'i'rlel?l'rlelTI 'I.JV'l el~ Lel 

'Vi~tJl'"111lJ'VltJ1 LL 'U'I.J ~1~"(:.J" 1 ~1'"111).J L 'LJlJ LL?l"~'U'1vl'U~eltlelel nm ?I" n11 mru~ Lt,l~ tllJ Lvl ti 1 'UV'lel~ LlJ'Vi" 
" 

4 fl ., ., 'U d 
LlJVl1fl'iL'1t,1LutJt,11f1'11"vl"';i Vl 2.18 

" 

4 .0 

3 .5 

3 .0 

]: 2$ 

i:' 
-~ 2.0 .., 
E 1 s 
_ ) 
0. 

1 .0 

0 .5 

- LDPE 

~ '""/~· 

I
I .~ · 
♦_.A----

00-1--~-~-...---..--~ --r-~- -,---r---r- ~ 
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Phosphor concentration (%) 

7,Jyj 2 .18 r111'"111l.JL 'LJlJLL?l-:!vl'U"vl'U~eltl'lJel"V'lelfael'Vi~tJl'"111lJ'VltJ1LL 'U'l..1~1 (LOPE) LL'1:::Vrn~LlJ'Vi'1LlJ 
" 
Vl11'"11L'1t,1 (PMMA) t-J?ll.J?l1'i'rlel"1Ylel4 LvlEJLL'U'i'\.J1mru?11'ivlel?l'rleli (Ben et al., 2010) 
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'vl'1-:J'11fli!'U Ben et al. (2012) ~f1~1i:J '1"!Jtl-:JtlN'vlfl~ Annealino v1 200°(, 600°( LL'1::: ' " :, 

1200° c "!Jt1-:ia11v.Ju av.Jui'llliv1 SrAl20 4:Eu 
2
+,o/+ 1 u.ff w,rnun11'1'-:iLm1:::~111ua11u~n11L~t1-:i LLa-:i 

"!Jt1-:ia11v-luav-l uiv1i:Jal.l 1 u vrn~Ltlvi~w-n111'vl'W1 LL tlu~1 'V'lU11fl111-ff uru'vlfl~ Annealino v1a-:ijj i:J '1 1 'U ::, \I 

111u n11 L frt.lij n~ v1 m 1L~u11am'V'l "!J u-:i'V'l u~ mvi~u m111'vlm LL tlu ~1v1 i:J a11a11v-luav-lui 1 u"!J ru::: v1 

Mishra et al. (2009) 1vi'LL'lh'll'Uvl"!Jtl-:J'V'ltl~L1ltliv1tl1mi:J?ll.l?l11v-lt1av-lt1i'1Juv1 SrAl20 4:Eu 
2
+,D/+ 

LvlcJF11UfllJ?l11'V-l tlav-luiv1mmruL'Vl111'U~tl 3 L ,JuiL~'lJ(;)Lvlml1'vltifl 'V'lU11i'l11lJviULL?l-:J (Opaque) 

i'111l.l'vl'W1LL\J'W (Density) LL'1:::m1111ihumu111u-s-:i~~i (UV resistance) "!Jtl-!l'V'ltl~Ll.ltliLtl'UU\l~cJ 

'vl«nv1mi'V16'V'l'1\Jltl?llJ~n1'H~tl-:J LL?l-!l'Utl-:J'V'l tl~Ll.Jtliv1m,mn1v.Jt1av.Jt1{ v1-:i1i.Jv1 2.19 v1LL?l i;J-:J1 ~L~'U 
" 

~-:i'V'lq~m1111n11i.J'1i;ii.J~uv LLa-:iv1L ,J~ cJ'ULL i.J'1-:i 1 i.J'Uu-:ia11v-luav.Jui Li1tl u ~ 1 u Ll.l'Vl~fl'll'Utl-:J'V'ltl~ L11ui 

1i;i cJ'V'ltl~ L11uiv1viu LL?l-:J'vl~t11ii'1t.1V11t.1111u-s-:i~v1~'1::: 1 ~r11111 L -u11 LLa-:iv1iJ '1i;i,J~ u v ~1 'Utlf1'11 ni1ei-:i 
" 

'V'lU11'1l'U vl'Utl-:J'V'l tl ~ LlJ tl~~-:i i:J'1 \11 tlfl11lJL 'UlJLL?l-:Jv1iJ '1i;\,J ~tlcJ vi-:i 1i.Jv1 2.20 v1'V'lU11 'V'l tl~L 'V'l 1vl ~'W 
" 

(Polypropylene' PP) 1 ~i'l11lJL 'UlJLL?l-:Jv1iJ'1i;iiJ~tlcJ~-:J'li;J (;)11Jv)1 cJ'V'l tl~ mvi~'Ui'l11lJ'vl'U1 LL \J'U~1 

'Uru:::v1'V'lt1~Ltlvi~ur1111J'vl'W1LL tlu~1L:U-:iLi'U (Linear low-density polyethylene, LLDPE) 'V'ltl~ 

Ltlvi~'Wi'l11lJ'vl'U1LLl.l'U~-:J (High-density polyethylene, HOPE) LL'1:::'V'l t1m 'V'l1vl~t.1m1v-l~vl1cJlJ1~ 

Bf1Ltl'U1fl1vi1ii (Polypropylene grafted with maleic anhydride, PP-g-MA) 1~n11,J'1i;i,J~uv 

LL?l-!!UtlcJlJ1fl 

Excitation at 320 nm 

Phosphor particles 

Emmision at 
). = 520 nm for SrAl20 4:Eu,Dy 

or 
). = 495 nm for SrAl20 4:Eu,Dy 

Phosphor pa rticles in UV resistance or 
Opaq ue polymer matrix 

Ll.ltli (Mishra et al., 2009) 

Wavelength (nm) 

Good Intensity of luminescence 

Wavelength (nm) 

Poor Intensity of luminescence 



•~-------------------, u (b) 

LOPE/ 2.0 

Sr ,Al1,Ou:Eu,Oy HOPE/ 
SrAJ1<?.1:Eu,Oy 

SrAl20 4:Eu,Dy 
,/ 

27 

PP / 

D • ;g 
~- 1.S 

:5 
V\. 'I r / \,JrAl,O,:E~,Oy 

fi. h •1 • , .. 'ft -
,v '-! 

-e ) 
$ 
-~ 
~ 2 
.!! 
.5 

400 450 500 

Wavelength (nm) 

LLOPE/ 
S1·,Al14O15:Eu,Oy 

550 IOO 

.ci ... 
$ 1.0 

-i 

I :~ ;e~::~,~ce 
LOPE I LLOPE I 

$rAl1O4:Eu,Dy S1'Al20 4:Eu,Dy 

-4,5-+----.---....---"""T----,---r----1 
450 500 

Wavelength (nm) 
"° 

1,J~ 2.20 "'L'Url\,lrl.J'!Jel.:!fl11'U'1v'l'U~tieJ'!J€J,H'l15Yhl"'Y{a{ (a) Sr4Al14O25:Eu,Dy LLrlt (b) 
\J 

SrAl2O4:Eu,Dy v1i;J"'l.J1'lJYlel~Ll.Jel{'1f'Uv'lt,11.:!1 (Mishra et al., 2009) 

t,1ell.J1 Mishra et al. (2010) 1vi'~fl~1LtJ~e.irnvim.rnl.lU~'Y11.:ILL"'.:l'!Jel.:!LflYlel~Ll.lel{'!lel.:I 

Lelvi~ub-Drielt;L\,l'Yl (Ethylene-vinyl acetate copolymer, EVA) v1L~l.J"'15'Wel"'vlel{ 2 'lf'Wv'l Ael 

2+ 3+ 2+ 3+ 1 ~ Ciro ' - CII 1 Cit. cit ,-=ii 
SrAl2O4:Eu ,Dy LLrlt Sr4Al14O25:Eu ,Dy Yl'I.J'l1 bfl'Ylel'1Ll.Jti5'!Jel.:!Lel'Y1'1'\J 1'\Jrltlt'llL\,l'Yl'Yli;J"'l.J 

•• 1 •• 1 ' A 2+ 3+ ~ ., ., .J. I • I ' ' ~ ., 
"'71 n el"' ,, el ';i'lf '\Jvl Sr 4Al14O25:Eu ,Dy b Vlfl17l.JL '!Jl.J'!J ti-:J LL"'-:J'Yl urlv'l urleleJ elel fll.J 1 ~-:Jfl17 fl 7 ';i b 'If 

2+ 3+ ' 1 " ' 1 " 2+ 3+ 1 ., .. ' ., SrAl2O4:Eu ,Dy ele.17.:! 5flml.JYl'\.J11fl15 'If Sr4Al14O25:Eu ,Dy Vlfl11l.JL"'C1tl';i\,ltlrl17mel'l.l 

LL'1t"'l.J~L 'ii.:!fl'1'!Jtl.:I LAVI el~ Ll.JeJ{'!JeJ-:1 rnvi~'lJ 11'W'1elt; L\,l'Ylvi(;J "'""'1 ';i'Wel"''Weliv1vi'el tJ fl17f1';i rufl15 L if 
a,I a,I < A 2+ 3+ 

"'15ntl"'Y1el1'1f'\Jv1 SrAl2O4:Eu ,Dy 

'lJelfl'.J7flffi'lJfl75Pifl~7'!Jtl.:! Bhat et al. (2006) Yl'U11"'15'Wel"''WeJ{v1iJ'!J'lJ7v'lel'lJfl7rlL~fl il ' 
(;J'1Vh 1 ir111l.JeJ11fl~'lJLL"'.:!v1tJrivitJ~el eJelelfllJ1ilr11riviri.:i LLrlt\911 fl'17.:!v1ilri1lK'1f'W'iXfl L VILL"'-:1"'.:!il(;JrlVh \J 

1 ~l'l17lJEJ1')fl~'ULLMv1'll~vl'U"eltJ LL~:::fl')1lJL oii'lJLLc1-:Jv1tl~vl'U'1tltlilfl7~v\'1-:JIK-:i'i'Uv1 2.21 
" 
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1tlvi 2.21 mtlr1i;i-rl.lflTnJ'1(;1'\.l~m.1'1.l,Ni:'111vleJi:1vleJ4'1lU(;l CdSe ~iJ'1J'U1(;1 3 nm (i) LL'1t 5 nm (ii) 
" 
~~i:'ll.l 1 uY'l ei; Ll.leifoi;i fli;h-:i nu (Tetrafluoroethylene hexafluoropropylene vinylidene 

fluoride: THV, polymethyl methacrylate: PMMA LL'1t polycarbonate: PC ;-:iilr-hvi''1l'WiXm'VI 

LLi:'1-:1 (Refractive Indices) L'V111l'\J 1.35, 1.49 LL'1t 1.58 (;11l.l~1\il'U) (Bhat et al., 2006) 

2.4.3. fl11tli'utl1-:iam'W~ba1whlav-lt1i • 
f"111l.lt'U f11'1fele)fl•1h'1'U LL'1tf11'!!1'11foel'U 1(;leJe)fl 1t~ il~'Vl5Yi'1 !,le) fl1'jL~ell.JMl1Yi'1.lel-:! 

i:'17 'i'l'J eli:'l'VJ ei{ L(;l EJ LOY'l1 tvi 11 ~'j t EJ t L 1'11 fl 111'1-:!el El"lJ el-:! LLi:'1-:!~tl "(;JU~ el EJ'Vl~-:!'VI EJ (;I fl 'jt ti1'U'1 (;l",:j 
'U • • 

'Uel fl '11 fl,d' m 1l.l hJ L off 1 fl'lJ'jt\1111-:! i:'11 'i'l'J eli:'lvlel in'UY'l el; Ll.lel {L 'U'U el'Ui:'1111'11 'U L(;I~ E.ll.JY'lel; Ll.ltl{~ ~i:'ll.l • 
i:'111-vJ tli:'l'l'JeJ{ LL'1tvi11 ~i:'ll.JU~ L 'li-:i fl"'1.lel-:!Yi el; Ll.leJ{~~i;'ll.li:'171-vJ eli:'l 'l'JeJ{"1eJ E.1'1-:1 "11 EJ L 'Vf(;l-d'~-:iil fl1'j 

' 
~ ~u115fl 11uei-:i nu i:'111-vJ ei i:1-vJ ti 1 l,)eJtl"~ EJ~~-:i ~" (,I ei m 1 L~eil.l i:'lm Yi L 'VI~ 1-d' LL" t L vl ti L ~ l.lr111l.l Li 1 nu 

1i,i'1 tV111-:ii:111vJ vi:'lvl a{ n'UY'l 'el; Ll.l 'el 1 L(;l v m1tlfotl1-:ii:'lmY'l~1'111-vJ vi:'lvl ei{ i,i'1 EJi:'11 'i Ll'lil LL'1tY'l 'el; 
' 

Ll.l'eli -:!1'U1~EJ~L~tn'LJel-:! iltil-:i-d' Peng et al. (2006) 1i,i'Pim~1fl11L(;l~EJl.JLL"ti:'ll.l~'1.l'el-:!i:'111'VJ'eli:'l'VJ'el{ 

4i 2+ 3+ tl ._, tl """ II Q Q. Q 1 

'1J'U(;l Sr4Al140 25:Eu ,Dy 'i'U 1-:i'1fl1Yi~1mEJY'l'el"Ll.l'Vl"Ll.l'Vl1mL"(;l~1'Ufl'it'\J1'Ufl1'i Grafting 

emulsion polymerization Yi'U11 PMMA i:'11m1rim1'VJ\Jl~(;lfl'\Ji:'17'i'l'J 'eli:'1Yl'el{e.J1'Ui:'11'i~l'11'\J 

(Coupling agent) '1JU(;l 3-(Trimethoxysilyl) propyl methacrylate LL'1tL~ml1'111Ylvi:1Ylv1v1 

e.J1'Ufl1'J'UfotJ1-:ii:'1fl1Yi~11 'U LL '1itl1 Yi'\J'l11'111l.JL 'LJl.l'1.l'el.:Jfl1'j L~el.:J LLi:'1.:1 LL'1t L 1'11'1.lel.:! fl1'il'l.:! vtj"lJ'el-:i LLi:'1.:1~ 

'\.l'1(;1'\.l~vEJV1~-:i'VIEJ(;lfl'it (;)'lJ hi L tl~m..lLL tl"-:i LLi:'l(;l-:i lii'.:i1tl~ 2 .22 
' ' 'U 
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" '-- Soaked 
'■'\.~.,__A ..... ______ _ 
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0 .1 ~-----'----'---'---'---'---'--- -'---' 
5 1 0 25 50 75 90 95 

0.1 '-----'----'--.._ _ _._ _ _,.,-,-~--!":-'.' 
5 10 25 50 75 90 9S 0 . 1 0.1 

l•:xcih1tion T imc(min) t-:s:cltutlon Tlinc(1nln) 

~ti~ 2.22 i::: tJ::: L 1'11 fl1':iFl ·HJE!'Uel-3LL"1-3~i.l'1vitlci eltJ'Vl~-3'VltJvi m::: t111..t'Uel-3"11iv-lel i;'lv,J e:i { (a) hJ 
"' " 'I 'I 

tlfot11.:i"1f11Yi~h LL'1::: (b) tlfot11.:i"1f11Yi~h (Pen's et al. , 2006) 

Wu et al. (2007) 1ti\'~m~1'll'Uv!'Uel-3~LLn1..t~ii1..t'V11~ (Or<sanic li<sands) mmun11 

tlfutli-3"1f11Yi~1"11iv-lel"1Wel{tiJ1tJ1IT Coordination zj,:iurniLfl1:::~vi~.:iitl~ 2.23 YiU11fl1i 
' " 

tlfotli-3i;'lf11Yi~1tii'1tJ Acetyl act one LL'1::: 1, 10-phenanthroline vh 1 ~"111Wel"1WeJ{cinm:::t111..t 1tii' 
' " ' 

~1 tJt1..tLL'1::: F111l.JL 'Ul..J LL"1-3~tl'1vitlcieltJ Ll.J L ti~ tJ'l..tLL tl'1-3 zj,:i~h-3'11 flfl1itlf utli-3Ml1Yi ~1tiJ1tJ 8-, 

hydroxyquinoline, citric acid LL'1::: tartaric acid ~vi11~"111Wel"1WeJ{ Lnvin11"1'11tJ~1LL'1:::ii 

1m.:i"1{1.:i Ll.J L'1 ~'1L tl~tJmL'll'1.:i L ti ~.:ii:-rn 1 ~Fl11l.JL 'Ul..JLL"1.:i~tl'1~'llcie:itJ'1vi'1.:i 1..te:in'11 nde'T.:i'l'lu11"11i 

Wel"1We:i{~tlfu'l.li.:i"1.fl1Yi~1iim1iiV11..tV111..t~ml1"1.:in11"111we:i"1Wv{ffil-i'l.lfo'l.li.:i"1mYi~1 
' " ' 

R, R R, I , , 
fl I .,c-cr 
"cH-C.., 0 C-R, 

/ Q ; .. 
R ,-~ :a\·, f''..--·O O·, .. 

• . ..._n 
0···· ; \ u 'p-R, 

A -c!' o' o_,, o• 
3 \ ,y c- ., 

CH-c I A, 
A{ A, R3 

R Rn 
' I dH O ~ fH 

" · / ,_# ;c t 1-rll, 
,,.-CH ....,._ 0 -' 

'c 9 , A 
r:f 'o-- ·sa :·. ~.--o o 

'l-... ' 
0 0 ·-·Dv' ,·····•n 0 
~/ { ·. -.....~ 
/0 j) 0... c, 

•~-HO, /-:J 0 ~ J H-R6 
HO ">o 01' CH 
I \ 

01::t Re 

• I d .., Q , ..l 'i .. I •. I , 2+ 3+ 
i u'VI 2.23 '1fl~ru:::'Uel.:!'1LLfl'Uvl'V1Lfl1:::U1..t1S11,) b'1'Vl:::'Uel.:!"11i1,el"1 neli SrAl20 4:Eu ,Dy 

'Vl~nrni Coordination (Wu et al., 2007) 

tii'1tJ 

~'Ell..11 Yu et al. (2008) hi~n~1n11L~1tJl..JLL'1:::"1l..J'U~fl1':iL1'El.:JLL"1'3'1l'El-3"11iv-lel"1Wel{ 

'll'Uv! SrAl204:Eu 
2
+,o/+ ~,_H'ut11.:i"1f11Yi~1tii'1tJl..J1~BnLLell.t LflLvli~ (Maleic anhydride, MA) 

, • • • , Q 'i ( 2+ 3+ 2+ 
mum:::i.n1..trni lnterfaoal coordination chemistry Yi'U11el'Elell.tb'1'VI::: Sr , Al , Eu LL'1::: 
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Dy
3
+) '1J€l-:i"'1-sv-l€l"'Y'l€l1'1t"'11-:i~1.J6t Lrttltl {~ L 1.J (,\ nu€lt (,\ m.rn€ln;L '11.J~V1l.l1~w1 ·rnn;" LL"1t'Vll.lm 1 

~ ~ 

U€lU"1'1l€l-:leJ~(,leJ"1'V'l"1€lEJ 11ii' (by products) ~11ii''11nrn-s1~1~-s 1";"' MA LLnti1.J'1l€l-:lf11-S\H'utJ~-:i 

"'il1'V'l~1Ln~t\J'11neJt(,ltllJ'tleln;L'11.J11.J'llllJL~~'S€ln;"1'!ltl-:! MA Lf1~f11'SLzj'tllJ~~ (Bridging) flU'Vll.J 
~ ~ 

r11 fo t1u" G'i1u"'"~ nTH~€l-:ILL"'-:i'1Jt1-:i"'1-sv-lt1"'v-l€l1~'\J fo'\J-s-:i"'m'V'l ~1 lii'1 t1 MA '1tijfi1r111" L 'U).J 
' 

LL"'-:!~'U"1~'Uci€l EJ"1~M L~ nUtltJL titl-:!'11 n MA "'1).J1 'Sf\~~ n~\J LL"'-:i~m mt (111.JLL'1t LL"'-:l~'U"1~'Ucitl El 
~ ' 

U1-:!G'l11.J 11 u€ln'11ndv-:i'V'lU11Lrimh"'1-sv-l€l"'Y'l€l{~,J{u,J-s-:i"'-fl1'V'l~1LL"1t 1l.li.J{u,J-s-:i"'m'V'l~11 'IJLL 'ij 
' ' 

tl1 L 'U\JL 1"11'Vli!-:i L~tl\J 'V'l\J11"'1'SY'l€l"'Y'l€l{ml.Ji.Jfo,J-s-:i"'il1'V'l ~1ijr\11).J EJ11rl~\JLL"'-:I r11r\11).J L 'U).J LL"'-:! 
' 

~'U'1~'U citl El LL"1t'St ti t L 1"11f11'Srl-:I tl~'!Jtl-:1 LL"'-:l~'U"1~'Uci€l tl'Vl~-:1 '\lltl~n'St (111.J"1 ~'1-:1 Lritl L VI tl\J fl\J"').JU~ 
~ ' , 

~-:i nci 11'1J€l-:i"'1-sv-l€l"'v-l €l1f1€l\Jf11 -s LL-litl1 LL'1~-:i 1 ~L i1u ci-:i 1r1-s-:i"'11-:ie.i~ n'!l t1-:i"'1-sv-l €l'1Y'l€l1~1l.l11ii' 

,Jfo,J-s-:i"'m'V'l~1L 'U~EJ\JLL 'U"1-:I 1 '\Jmtl'lll~-:1 f11 'SLL 'Utll G'l11.J"'1'SY'l €l"'v-l€l{~,Jfo,J-s-:i"'-fl1Yl ~1 '1tij"'"~ 
' ' 

~-:inri71rl-:IL~).J~-:l'S'U~ 2.24 
~ 

14 1 (a) 
13 

12 

11 

10 

=& 9 

8 

6 

5 

0 

. 
Uncoated 

Ulated 
_.,----~•-• 

5 10 15 20 ?5 30 

Timc/d 

(c) 
Coawd: .\ cx- :l64nm, >-. cm= 5 J 2um 

'::;, I-·---· l:ncoated: ,\ ex• 3•17nm .. \. etn• 49?nm 

-~ 
.§ 
.!= ., 
> 

"' ,.; 
e::: 

/,,, .. ---:. ... < 

1/' 

i 

'\ l. \ 
! 

.. -·- --~-- -. ·-: ,.;:... 

250 300 350 400 450 500 550 600 

~ / nm 

~ 
c.. 
'::, 
~ ·;;; 
,:: 
~ 

(b) 

JIJ11.J\•.1JA.....,;.wJ1..u..._., .S:~~d 

I 
1 j1h

1l I Uncom.::d 
,..J.;,.U,J\;1,l ..V~i.w...U.~k\.JL......i.i...._-,.~-

10 20 30 40 50 60 70 80 90 

(d) 

~ 

~ I\ • Cl) ' - ', -~ \ 

Cl) 

> :;:; 
ro 
Cl) 

c:: 

2 l) / (' ) 

--U nc.oated 
......... Cuawd 

" -----. .. .... --,, .. .. -· 
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'S'U~ 2.24 "'"~'1Jtl-:!"'7'SY'l€l"'v-ltl1 SrAl204:Eu z+,Dy
3
+ ~,Jfo,J-s-:i"'m'V'l~1LL"1t 1l.li.Jfo,J-s-:iun'V'l~1 

~ ' ' 
L~€l~mL-dtl1 (a) rllr\11).JL 'U\Jn'S~vh-:i'!J€l-:!tl7~LL'U?l7'SV'ltl?IY'ltln 1.J'SttltL1fll\,11-:l 'l (b) Lrl'S-:!?1~1-:ie.i~n 

'1l€l-:!G'l1-SY'l€l"'v-l€l1~~11.Jm-su-dJ1 ( c) m '\Jrt(,lf).J'1J€l-:im-smt (111.JLL"1tm-stl"1~tlci€l t1'1J€l-:IG'l11v-l€l"'V'l€l{~ 
' 

~11.Jf11'SLL'Utl1 LL'1t (d) r\11).JL'U).JLL?l-:l~'U'1~'Uri€lt1'Vl~-:l'Vlt1~mt(l11.J (Yu et al., 2008) , , 
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s11'U1-.5' El L~ EJ1 nu f111tJf UtJ5 sl G'lfl1'V'l ~1 "115yj tl G'lyje) { L yj tl'Uels! rl'U ~11lJ~'U'U el f1'11 nv11~ 
' 

EJni1e:i~1s1i1s1t,1-uvs1:i:ln111'tl"111L~il~-u1 mtJfotJ1s1G'lfl1'V'l~1"111yjel'1yje:iiBn L'l!'U LO, (2005) 1~ 

,J{utJ1s1"1m'V'l~1"115yjelG'lyjel{~1EJ-8~m LO et al. (2007) MtJ{utJ1s!G'lfl1'V'l~1"115yjel'1yjel{~1EJ 
' ' 

Alz(SO4h '1Jrutv1 Guo et al. (2007) 1~tJ{utJ1s!G'lfl1'V'l~1"115yjelG'lyje:i{~1EJ SrF2 LL'1~ Zhu et al. 
' 

(2009a); Zhu et al. (2009b) 1~Pin~1n15,J{utJ1s1G'lfl1'V'l~1"111yje:i'1yje:i{~1EJyje:imyj1,1 L'LJ'U(.l'U 
' 

( ) 1
.,~ ,J ~ ,J - .. , •. , , - 2+ 3+ 

Chen et al. 2008 ~l'lf1~1t-1'1'1lels!f115 5U 1s1"1fl1'V'lt-11'1151ielG'lnel1"1l'U~ SrAl2O4:Eu ,Dy 

~1EJ Poly(methyl methacrylate-co-butyl acrylate) [P(MMA-co-BA)] 1~mii1n15,Jfoi.J1s1 

G'lfl1 'V'l~1 "115Wtl G'IWel i~1 EJ15'V'l e:i ~ LlJ e:i 1 W1J'U'ULL UUBlJ '1'U'UL 'U5~V111s1 f15~U1 'Un 11 (In-situ 

Emulsion polymerization) Lvlm.i11i.Jt.1G'llJnu LDPE 'V'lU11n11,Jfui.J1s1G'lfl1'V'l~1"115Wtl"1Weli~1EJ 

P(MMA-co-BA) 1,J cis1 t-1'1 ~ tlG'llJ u~ n 11 L~ vs! LLG'lsl LL'1t'Vl11 ~'115W e:iG'lyj e:iihl ri n h11~ 11'1-& d1el 
\I 

L'l!'UL~EJ1nu Chen et al. (2009) 1~Pif1~7t-1'1'1ltls!f111tJ{u,J1s1G'lfl1'V'l~1'1Jtls1"175Wtl'1Weli"llu~ 
' 2+ 3+ v 'i 

SrAl2O4:Eu ,Dy mEJ Poly(butyl acrylate)-poly(methyl methacrylate) [PMMA(PBA)] ~~El 

15'V'l e)~ LlJ e) 11 L61J'U'ULL UUBlJ'1'U'UL 'U5t '\1117-:1 f15 ~U1'Uf175LLn~'U11 tJt-1 G'llJL 'U'V'l e:i~11un~'1 e) 11v1 

(Polyvinyl chloride, PVC) L'Uf115LtJ~EJULviEJUG'llJ'U~5~Vl11s! PVC v1t.1"1lJ"175Wv"1Weliv1iln11 

,JfotJ1s!G'lfl1'V'l~1LLnt1iiilm1tJfo,J5s1G'lfl1Yl~1 'V'lU11 PVC v1t.1G'llJm1yje:iG'IWe:iiJs1G'ltlsl'll'U~il1tEJt 
' ' 

e'.J~v1'1~'1J1~ LL'1trl11lJt,11'U'Vl1'U~tlLL 5s!~s!n ~ns!\il7lJtJ1lJ1 C\JG'l15yj el'1Weliv1 L ~lJt'U tl~ls! 11n ml.I PVC 
' 

vi t.JG'llJG'l15W tlG'IW el ivitJ {u,J 5s!G'lfl1'V'l ~1 '1~ il f115'1 ~ns!'ll e)\j rl17lJ \,) 7'U'Vl 1'U ~e) LL 5" ~" 1 'U ~ ~ci1 -uviu e) El 
' 

f111 PVC ~~G'llJ?l15Wm'IWtli~1,JtJfo,J5,:i?tm'V'l~1 '1JC\J~~~'1f115LLU5U1lJ1C\JG'l15WtlG'IWtli 'V'lU11 
' 

m1l.l"17lJ15'1'1Jels!f175Un~U'1tlEJLLG'I-:! 1iiLL\,l n~1s1n'U 1 'U PVC v1~G'llJ"115Wel"1Weliffi,J,Jfo,J1s1'1m'V'l ~1 

LL~'1 ~:i:l f'l1 L ~l.lt'U 1-u PVC vimrn'111Wel'1yj eliv1tJ{uths1'1m 'V'l~h 1~EJilf'11 L vllJtw,m.1tJ~mMn1 
' 

WelG'IWelTI 'U'1!1sl 1iiLn'U 6 phr 
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2.5 L'Vlerfb.Jvrn1a~niia1aL(;'lLl.mi (Thermoplastic Elastomers, TPEs) 

L viel{hJYifl7"1~n "1lJ7EJfi.:i 1M1Yiel~Ll.Jel{~"11l.JTrneJel'\Jt,11 LLflti,mmJL "1fl1 Lriel 1iii'fo 
' 

m 1l.J{el'W LL ~.:i1,11Lrim~\.lt,11fl<I LLfl:::"11lJ11fli-1flell.JL "1f\1J11iii'~nA-f .:iLriel 1iii'fom1l.J{el\.l ~1'\JBf\1"1 L(;'l 

Ll.Jeli "1lJ7EJfi.:i 1"11il'Viel~ Ll.Jeli~ii"1l.JiJ~Vlil"1V'W"17lJ71m tl~EJmtli1.:iLrielfln LL 1.:im:::'Vi1 LL fl::: Lrim11 
, , \I . \I 

LL 1.:im:::'Vi1'1'\Jelel n1"11il"11lJ71fln~u~'W~1tli1.:iL~l.J 1iii' IK.:ii1'U L Vlelill.JYifl7"1~nBfl1"1L(;'lLl.Jel{ nAel 
' "" 

1"11il~ii"1l.JmL U'UL Vlelnl.JYif\1"1~nLLf\:::flf\1"1L(;'lLl.Jeli 1"11il'!l'Ulildiiiel 1iii'Lufoun11EJ1<11f\A11 \.1'11~11 ti 
' ' 

1"1\;)LVlelftl.JYifl1"1~nflfl1"1L(;'lLl.Jeliiiel.:ir1tl1:::nelu,h•icy 2 ~'l'U ~el ~1'\J~LL~.:i 

(Hard segment) LLflt~'l\.l~til.J (Soft segment) LL"11i1<1IK<1~tl~ 2.25 Llilf.J~'l'U~LL~<1'Vi1mhm~ 

m1l.J LL ~.:i LL 1<1LLn1"11ilLLfltii"1l.JiJ~ Lum Vlelill.JYif\1"1~ n Lrn:::~1'U~til.J~el flf\1 "1 L\;1Ll.Jel{'Vi1m!1~1 ~ 
' 

li11f.Jfl'U1li1LLf1 

,_,,. Soft segment = Hard segment 

2.5.1. n1'a'L91~tll.JLLUU Lfll'Wel~Llrni ( Copolymerization) 

n11 L(;'l~ EJl.JLL uu LAYi el~ Ll.J el{ (Copolymerization) zj,:i,J1::: nelU!i11 EJl.Jel'UtlLl.J el { 

(Monomers) ~LL(;'ln~h.:in'\J 2 '!l'Ulil \.1~ellJ1nn11 eJ1'\Jn71i<ILA'n:::i-1'1~iiAru"1l.JmLLUULV1eli1l.J 
' 

Yifl1"1~ni.:iLL~(;\''W 1iii'LLn u~elnLAYiel~Ll.Jeli'llel<IYiel~"11(;'l~'\J (Styrenic block copolymers) U~eln 

LAYiel~Ll.Jeli'llUlil'\llf\1tlU~eln~iii:.J~n ( Crystalline multi-block copolymers) U~eln LFlYiel~Ll.Jel{ 

'!l'Ulil~'U'l (Miscellaneous block copolymers) LU'U~'W 
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2.5.2. f11'aLVl'iElllLL\JUVrnihi.iv•foJ"'Uvl (Polymers blend) 

fl11 LVI~ m.J LL uurrn~ Ll.JeJ1 L \Jfl'Uvl LVl~E.ll.J 1vit1 nwtl1~ eJ~Ll.Jv {~ii~ n~rutvn:i Lr1ii LLl,l n (,17.:J 

nui.:i LL(,) 2 'lliivitu hh .. rn.J '1l.J nu 1-uMl11tVlfle)l.JV!~eJ'1fl11t '111'1tm ti '1l.J'U~'Ue).:J'Ue).:J~ e)~Ll.JeJ{ 

L\J'1'UvltUmJt1\JVl'11E.l'U'1'1E.I L 'l!'U '1ltiv!LL'1tivi~1'Ufl11L \Jfl'Uvl Fnll.JL 'Ulfl'U 1(111tVl17.:JLi'lG'I 'lltivl LL flt 
" 

tl~mru"1111"r111 u i LL"tirufj7'U1'V1E.17 L tluvi'u fll'a Ll,l~E.ll.J L 'VleJ11l.J~"1"' ~ n'17 n fl11 L u"uv1"11m1C1 .. 
LL ,J,:i~n~rutn11L u"uvi1(11 2 tl1t L.fl'V1(111t1nu Rel 

2.5.2.1. fll'aL\Ja'UvlLL\J\Jtln~ (Simple blends) 

fll'a L \Jf!'Uvl LL uutl n~ L tlun 11 LVI~ E.ll.J L 'V1 eJ11l.J~'17 ~n 0" 7'1 L(,) Ll.J eJTI mtl LL \J\Jfll 1 
" 

~G'lmtvt17.:J L 'Vlel11l.J~"1'1~nnu0"1"' L(,)Ll.JeJTI 'UG'lfl71tvt"ell.J LvlE.11 'ULfl~els!~iiLL 1 s!LQel'UG'l.:J 1 'U fll'a 
" 

~G'll.J'1t hliifll-s 1-ff "1111"m 1 ui~G'll.J".:i 1 u iGfl11~'1l.JLL uu,J n~i1'1t v1eJ.:imur1l.J~n~rutY11.:iirufj1'U ' .. 
1'Vlt171iiru~7'U1'VlE.17LU'ULL\J\J1Dfl1fl(,)eJL'tieJ.:i (Cocontinuous phases) LLG'lvt.:iv1.:i~,J~ 2.26 zj,:i 

'U'1'1 v~ii ~"(,)eJirufj7'U1'VlE.11ReJ r111l.Jvtuvi e1 m1 ~1'Ufl11 Lu "1'Uvl Fnll.J L -ii'1 n'U'UeJ.:J~eJ~ Ll.JeJ{ L \J"1'U vi' .. 
LL"t15fl1'a~G'll.J LU'Uvl'U (Holden, 2000) is1i1u~eJfol.JeJ1~'1tU7l.J1L\J"'Uvlfl'U'1tvleJ.:Jiim1rn,,uvi 

1n~ LFi E.lsl nu~ eJruvt.fliJ LL" t eJ\!111 LUeJ'U 1 u'llrut L u"uvi' zj,:iiim1l.lil.J~'Ui51 tvi11.:ie1m1 ~1ur111l.Jvt'U vi 
' " 

nue1m1~1'U1 'Ufl1'a~'1l.J'Uel.:J~el~Ll.Jel1 2 el.:J\'1U1tnelu~Wl 'Ufl1'aL\J"'UvlLLG'lvl.:Jli1.:J'aU~ 2.27 
" 

~·~: -

-atl~ 2.26 ~n~rutirufj7'U1'Vlt11 L tluLL uui' nmr1(,)eJL ~eJ.:i-;;i1 nn~eJ.:J'1"'Vl11111tl LL -s.:ieJt \!)eJl.J'lleJ.:J 
" d,I "c,J , 

EPDM/PP : 50/50 Lvtt11'UL'Vlfltifln71~G'll.JLL\J\JUn~ (L'l'JG'l~L-ii'l.J: EPDM; Li'lG'IG'117.:J: PP) (Shahbikian 

and Carreau, 2015) 
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~'llvi 2.28 m1:u~:uiwh:::V111.:ir111:u?11:u1'rn 1 'Un1'rn:::n1t1 nu'1Jtn~'1lel·HJ'Ufl11'l'1lel.:JYrn~ L1rn{ 
V ' 

LUn'Uvl (Holden, 2000) 

';j'LJ~ 2.28 YlU11'1J'U1~'1Jel.:JL ~?1'1Jel.:!Ylelfo:Uel5L Un'UvlL ~:U:fi'U\l11:Un1';i L~:U'1Jel.:Jrl11:U LL(,)n\i'\1-:J 
V 

V V 

'1J el.:! t-Jn~1.:J'1J el .:ifi1Yl 1 ';i 1iJ L(,) el { n1 ';in::: '11 ti '1J el .:!Yi el~ L:U el {~.:i?t el.:! '1111 nYl el~ L:U el {~.:i ?I el.:J'll'U ~ii A 1 LL ';i .:J ~ .:J 

~')~.:J1il:::vi1H\n~LU'U';i:::UU?lel.:JL~?I (Two phase system) ~iiL~"1'1J'U1~L'Vlaj 1~t1L~?l'1J'U1~L'Vlaj1il::: 

n~t'U~ LLn:::Yl ~.:J.:J1'U~'J'U';i::: ~ qi L 'U'VI 1-:J n~un'U ,11 ~Yi el~ L:U el5iiYl1 ':i1iJ L(,) el5 n 1':in::: '11 ti 1n~ Lfi ti.:! fl'U 

vi11'1-1Ln~m':im:::1il1t1vi'1'1lel.:JL~"1~ii'1l'U1~L~n (Finer dispersion) mnn-h vi11 'l-1L~:ut'U~LLn::: 

Yl~.:J.:J1'U~'J'U';i:::~ty 

2.5.2.2. nTH 'U'1'U"1LL\JUn1':i1'1fl11 'U61!LL'U'U 1vt'Ll1"na (Oynam ic vulcanization) 

n1':iLUn'Uvl~'JtlL'Vli'l'Ui'ln1';i1ni'l11 tJ'IILL'U'U 1~'U1iJn~ 'Vl:IJ1tl().:J n1';iL(,)~tl:UL 'Vlel5L1.J 

Yi n1~~ n Bn 1 ~ L\>1 Ll.J el {~ii m:::i.JTW rn 'H.J ~l.J'i :::t-1--.i 1-:i L ~ ~~l.J'1l el.:J Bn 1 ~ L\>1 Ll.Jel { L ~~LL~ .:J'1l el.:! L 'VI v11:u 

Ylm?t~n LLn:::?11':i"lnF111 tJi 1~em1':i"lnF111 tJ'1!'1::: Ln~t'U 1 m:::V111.:inwu~(:.J?f:1Jvi11 ~L~"1'1lel.:JBn1"1L(,) 

Ll.Jel5Ln~m':iL ~el:U fo.:i:fi'U 1 'U'1Jru:::t-J?t:u.n1t1 L"1LL ':i.:JLOel'ULLn:::elruw1iJV1nel:U'LJel.:JL 'Vlel5L:UYl'11"1~n '1.:Jt-Jn 
' " 

L 'l-11'111:U'Vl'U~'llel.:J L ~"' Bn1"1 L(,) L:Uel{ L ~:l.Jtu el Ei1.:i':i1~ L ~11il'U m:::i.:i n.:i-..i ~~m1:u'Vl'U~'1Jel .:J?lel.:i L ~?I 
' 

1!11.:Jn'Umh.:imn mt11i.1LL ':i.:JLOel'ULLn:::LL ':i.:J~.:i?1.:ivi1 L '1-1L ~"1tl1.:JLL(,)nelelm U'UffUJl1i'lL~n., m:::-..i1t11 u 
" ' I 

L~?l\!1elL~el.:J'LJel.:!Yln1"1~n~.:i':itJ~ 2.29 (Holden, 2000) 
" 
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W!1- - 10i!_m-

<atlvt 2.29 ~ru~1t.ii'V1t11':il1flfl~tl,l''il'1'\1111?1tl0L~fl"1'itl'ULL'U'U~eNfl'S1(jj (SEM) 'lltl-:1 NR/PP : 40/60 " ~ ' 

L(jjtJ 1 <ff L '\11flUflt-J'1l.JLL 'U'Ufl111"1fl11 'U'llbL 'U'U 1(jj'U1iJflJ 

m11"1r111-uiLL uu 1\jlmiJflJL 'U'UL Vlriiiri 1 -iftH'u't.b-:i'1l.J~ L V1t1Til.JYl"11'1 ~fl0"11'1 L\,l L:i.rni 
' 

Ldm vitJun'Ufl11 L'Ufl'Uv1 LL 'U'U'Ufl~ L 'U'U '1).J'U~ L'U-:!flfl '1l.J~~1'Ufl11l.J~(jj1U'1111 fl11l.J'\11'U'\111'U~tl 
" 

fl11l.J'91 LL'1tfl11l.J'\11'U'\111'U~mhr-u L 'U'Uv1'U mh-:i 11nml.J'1l.J'U~'lltl-:!L '\11t1Til.JYl"11'1~fl1'1fl11 'W'IJLL 'Ui 

~-umiiu-:v ~v~1-:i '1 (;)lt1~1-:iL -u-u '1JU(j]LL"1tei'm1~1'U'llt1-:im1 L'Ufl'Uv1 '1JU(j]LL"1t't.J~mru'1111"1m 1-ui 

~11L~iim1iiLi1n-u1~ LL"1t'11l!-u-u1mLu11u Lu-uv1-u -:i1 -u1~v~L~v1it1-:i t11vh'li-u m1~mfl 
" 

er m1~1-u m 1Lufl'Uv11 t V111-:iv1-:i nu L '\11 ti flii'W "11 ~~fl Yl u 11 ri1 m 1 l.J L ri'-u Lu t1-uu 11 fl !l Lrnt m 1ii'Vl'W (jJ 

L5t1-u't.J11 fl!J'llt1-:i L V1t1i1l.J"tl"11~~fl1"1m 1-uiiJLL m 1 iil.J L ~l.Jt'Uml.J~(jj~l'U'llt1-:iv1 -:i L ~t1-:i-:v1 fl EJ1-:iiJ 

fl11l.J'Vl'W(j]L5tl'U'Ui1 fl!)~-:! ~1'Ufl11l.Jv11'U'\111'U ~ti bb 1-:!~-:! bLflt fl11l.J LL ~,:i b ~ l.Jt'U\,l1l.J~(jj~l'U'lltl-:! b VltlTil.J 

Yl'11'1~fl~l.J1 flt-u 1-u'llrut~it tJtV(jj~~(jj'lJ1(jj LLfltm1l.l~1m1t:11 -um1~-u~,J-:vtfl (jjfl-:iml.J~(jj~l'U'llt1-:i 

LV1t1i1l.J'W"11~~fl~fl(jjfl-:! (Moly et a l., 2002; George et al., 2006; Nakason et al., 2006a; 

Tanrattanakul and Kaewprakob, 2009) m1~mn'1Jti(jj'lJt1-:i~111"1r111-ui Yl'U111t'U'U1"1fl11'W'1l 

.J ' .., ~ .., •. 1 .., 1 '.J ' .., .., 'i .., •. 1 ' ~ .., 
'\11 \,l 1-:I fl 'U b 'Vl'!J'U 1\jl tl'4fl1 fl'lltl-:1 b TI~ EJ1-:! 1 '11-11 'U'll'\11 \,11-:I fl'U (jJ1 tJ b(jj EJit'U'U'llfl b 11 tli':ilt b 'Vl'll'U1(jj tl'4.f11 fl 

L 'Vlaj ~ ~ (jJ 1 ti -:i Ml.J1 ~ ti it 'U 'U t-J ~mt '\/111 -:J i"1 L yj t1i nub ,J ti fa tin 1 'll v1 bL'1 tit 'U 'UL ,J ti fa ti fl 1 'll v1 

mm\'1vi'u (Asaletha et al., 1999; George et al., 1999; Radhakrishnan et al., 2004; 

George et al., 2006; Tanrattanakul and Kaewprakob, 2011) bL"1teJ-:i 'W'U11L'Wfl1i~fl'\~1'1lU(jj 

~wfor111 'W'll L 't.Jt1it1t1fl 1tv1 L ~ti L\,l~tJl.JL Vlt1Til.JYl"11~~fl1"1fl11 'W'llL(jj~hiJ"1L i.J t1it1t1fl 1tv1 (Dicumyl 

peroxide, DCP) vtL~'Uit~'\115.f11Ylfl11bn(jj'W'U6tL~tll.J 1v-:i1 'UL'W~tJ1-:! fl11l.Jv11'W'\111'W~tlbb 1-:i~-:i l.Jtl 

11l~~ bbfltfl1i~(jj~'UC111i':il1flfl11~-:i'llt1-:!b Vlt1Til.JYl"11~~fl1"1fl11 'W'1l~~~(jj (Thitithammawong et 
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al., 2007; Babu et al., 2008) f111~f1'i1'11'H~l.JFl11l.JL'U7fl\J1~ '11mmrn11Ll'l17~"1~ru~7\J1'VlcJ7 

YlU11 n111-U'171L ~l.Jl'l17l.JL 'U7 fl\J Llilvi11 \1Lnlilc)\J(ll1n~cJ71~"111.:J L vl'1~.:J'1e).:J 11ilm nt\J ~.:Ji:.1'11 \1 L 'Vle) { 

Ll.JYl'17'1~fl1'11'17L\J'llii'1l.JU~LiB.:in'1~t\J (George et al. , 1995; Oommen and Thomas, 1997; 

Oommen et al., 2000; Moly et al., 2002; Nakason et al., 2006b; Thitithammawong et 

al., 2008) LL'1~ 1 \J fl11P1fl~7B'V15Yl '1'1JeJ,:it11lJ\J'1!1 cJ LL 't.J11th ~m\Jl~cJlJL 'Vle:ifhm'17G'I~ fl1 '11'111 \J'il 
" 

(ll'1eJlil'1\Jrl17l.Jl-1'Ulil'U€J,:)L 'VleJftl.JYl'17'1~fl1'11'11 L \J'll'11ilM LL'1~vi11 \1L 'VleJftl.JYl'17 i;'l~fl1'11'171 \J'll LL -J11-J 
" 

11il~7cJt\J (L~~~~' 2557; Kundu, 2000; Montoya et al., 2004; Sengers, 2005; Abraham et 

al., 2007; Le et al., 2008; Nakason and Kaewsakul, 2010) 




