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Al 1R EY/HE B8 st £ AU 2R AL A7
1. Fe-doped g-C3N; F&0] &7

(1) Fe-doped g-C3Ny FF0] A& &£4] ¥ AP

g-CsNyol] Aola-43 =gsi =W FFu) o] P4 & AN = BRAHECRE g-C3Ny
irong wgsto] LR §&& woluAt Yt =Y 5 go] melamineg @i 5°C/min” o] %
L2 Jhgste] 550 ‘CollAl 2 AIRb FQt A2 oitt. EA2] & bulk FEfQ] g-C3N4E ball
milling sto] 2% g-CNF LA Fe-doped g-C3Ny + FAIHZ o]&5to] A=s5HAH. 30 mlo]
di-watero] iron nitrate (Fe(NO3)3)S K”MO% 1/\17 & wRistITE o710 2 go] g-C3Ny &%
< do] oAt 30 & ¢ 230 A & 10 & ¢ 202 FojA GRAME FE5] £
o, ofakst o3 AARSEAAL 400 “CollA 2A1%E %?J FA2]stitt. iron nitrate®] ¢Z 27| sto
(x = 0.04, 0.1, 0.15 g) 2t2+ 2 wt%, 5 wt%, 7.5 wt% Fe-doped g-C3N, 2% A x5}t

Feoll & vlu Ogife® AREsSE pure g-C3Ny 22 ball millinggh g-C3Ny 82 FHH0]
400 °CollA 2A17F & dA2] st BHOY =S AYAlE A7sHRT. Fig. 1.1.12 pure
g-C3N49} Fe doped g-CsN,0] AR &AES JeERH Zo|ct.

Synthesis of Fe doped g-C3N,

5 g melamine heating at 550 °C, 2h
Synthesis of pure g-C3 N, Grinding g-C3N, and ball milling, 1 h

5 g melamine heating at 550 °C, 2h ] - ] -

30 ml di water, x g iron nitrate stirring 1 h
N7 1 |
Grinding g-C;N, and ball milling, | h

1 2 g g-C3N, mixing and sonication, 30 min

Heating 400 °C, 2 h — ) .

Centrifuging, filtering and drying
Heating 400 °C, 2 h

Fig. 1.1.1 g-CsN, ¥ Fe g-C3N,9] A& A%,

(2) Fe-doped g-C3N, FFU] ARje] 5/ &

Fig. 1.1.2= A|x3F pure g-CsN4,9t Fe g-C3N,°o] XRD mj8lo|ct AHEZE m= (C,N,9 JCPDS
7teo] w39} FAst HR[OA T ZE HAC}. peak?] ¢X[e} intensity:= BF H|RTH R5S UEL
Wich g-CaNg T3 o9je) che m3: wolx] giglch A7HE irono] o] A7] mj2o] iron WAx
o2 epa] g



T.5wi% Fe O N,

Swith Fe O N,

Twite Fe O N
£ 3 J

Intensity (counts)

pure © N,

ACPDSET-150 CN
I T T T 1 : T

10 p] 30 40 50 ] 70 80
2 degree)

Fig. 1.1.2 pure g- N, 9t Fe g- Gy, 9] X-ray 278 24 mjj&.

Fig. 1.1.32 pure g-C3Nu@t Fet =€ 2} E59] g-CsN4| morphology HES 95l S
0] &3t} &aist Apxloltt QA= RE= 5 m ~ 7 ym 9] 37| & o]20]A 91 7A7o] Aojgl=
¥ TEE2 Holu 9o ae xtSo] FaAH Fejz 4P 7 o] UEYIL =
9] morphologyo]= &fo]S Ho|x| 9rgtrt.

{b) 2 wt% Fe g-C4N,;
- o = - "'-.“.

Fig. 1.1.3 (a) pure g-G,n,. (b) 2 wt% g-GN,. (c) 5 wt% g-GyN,. (d) 7.5 wt% g-,N,2] SEM
ofO]A].

Fig. 1.1.4= M=ol {A BAZ Q5] XPS spectra BA51HCH Fes TSt samples =%
711 eV R0 Fezp 137} Uebdch BE& 710.3~711.8 eV Y olA Fe™9] binding energy 1
271 YEh7] fi2o] MES 95 Ferl A3doz A wiy 7jog sholwc)



Felp

7.5 wit%s Fe ﬂ'c._-\",

Felp

S wite Feg-C\N,

Felp

counts / s

ITwit% Feg-ON,

I I N i I 2 L] = I ¥
735 730 715 T 715 710 705
Binding cnergy (eV)

Fig. 1.1.4 Fe g-C,N, 22| XPS AHEH,

Fig. 1.1.5& pure g-C3N42} Fe g-CsNs 9] Photoluminescence emission spectrasS &4 st Ayt
ot} & M= O oF 450 nmE FAI0 2 51 W emission spectraS Yoz Qth m 39 7
L= pure g-C3Ng > 7.5 wt% g-C3Ny > 5 wt% g-CsNg > 2 wt% g-Cs3Ny A2 =9k31 Fe7}
H g-C3Nayr= pure g-C3Ng HTh 2Zofth. o] =i © Fert AXE ZmEsto] AX-As A A
A & & 7] giZolty. 22y Fert #testAl F7tElH, @3] Fert AR5 o] A4
£ Falo] go] AA/AF 4o Balg AHAL 4 It

—pure g-C N,
2wt Feg-CN,
5wt Fe ;g_-!'l"«4
//’_ — 75 wit Feg-C N,

g

2

=2

=

e

&

—

T T . - - T .
Ay 450 00 S50 GO0

Wavelength{nm)

Fig. 1.1.5 pure g-C,N,2t Fe g- CyN,A8E9] Photoluminescence(PL) ¥ AdEH,

(3) Fe-doped g-C3N, =0 4A1Q] #sty EA A
Fig. 1.1.6& 7HA]4A 4 xRAF stofA] A|7Ho @& g-C3Ny FE02] Methylene blue solution ©of

dist F&al §he2 54 22fj=olt}. 2 ppm@ MB solution 50 mlE ARESHL, FH0] oG9

d= 0.05 g AFESH /2 Bl MBEAW AE5S 20 witstith o] BEHE A&t 7HAIG

AR W mAREIA] 9 stoict.

= ZAH] A b7 &Qt olF HollA wwk

= 1 mlA AEY sttt G2 RARSHL LA

T A g ot}

T MEZ AP AR met A|&A o2 MBEAHO| dfjsh FEol vhEs doFith FEdl aa2

ol

oh &
ES

_9_



5 wt% Fe g-C3Ny > 7.5 wt% Fe g—C3N4 > 2 wt% Fe g-C3Ny > pure g-C3N, 02 UEGCH
pure g-C:N; A3Z0] Zgoll &80] 90% & 90 % < ol Hls] Fe GRIFo] 5 wt% < Fe g-CsNy
AMZol HO 902 T 99 % 9 a&& HYCh

et o] Ferl w3 HW g-CoNool F o712 WYE FA/HF 4ol AZTL YA o
o] R3] &z} welxlc} 3HX|9F Y5 e ofo] AUIEWH Q3|8 =4 = Ferl AAR-AZ Ao
ARYEE FHol o AN gel AAYE SUNA Y o7k agHo2 Uold 4

PP 8B ©° [Ho

woll FEsl £=7F =33t o= b wt% =7 St o 2ok 7.5 wt% =7 SHlS o F-sl
S5} 3o olgoltt. ThEo] AEE %ol Fo|24S £ i Aol FAehD £ ARIIAL 5w
o Feg =7 ol9ig W 7MY FL B 58T v
1.0 —B— Pure g-C N
@S wi% Feg-ON,
—dlb— 2 Wi Fe O N,
0.8+ ~W— 7.5 wi% Fe g-C N,

Time (min)

Fig. 1.1.6 7P 24l stollAq og3l 22 gojo] Zus) a8 574,

_’IO_



2. N-doped, (C,N,S)-doped TiO,-NaYF,:(Yb,Er) 8% Z=o] A|x

(1) N-doped, (C,N,S)-doped TiO;-NaYF,:(Yb,Er) &0 AX] &4] & EA

AAHA A (upconvirsion phosphor, NaYF4:(YDb,Er))d N-doping™ TiO,2}+
(C,N,S)-doping=l TiO, = dip coating Ut o AHE-5}od, N-TiO,/NaYF4:(Yb,Er)et
CNS-TiO2/NaYF4:(Yb,Er)9] Z=0i/JGA SF4AE Alzstth. AAHA FFA NaYFq(Yb,Er)
o] A&+ NH,CONH,, NH,HF;, Na,SiF¢E A78|2 23sto] SF5o0l 8aliA]A 80°CollA] 2413t &
ot & NG AMRsIAOH, HIMRR Y05 Yb0s, Er:0:5 AAHgMo] 85AI1Z1 & 120°CoflA]
30% B9t S¥stglon, 80°CollA 30+ B9t shutel v &dsto] gHS THE S AAYHSH
(solution combustion synthesis)S 0]83st0] A7AHA FLA| NaYF.(Yb,Er)S H/dstct.

N-doped TiOz-solat (C,N,S)-doped TiO;-sol& Titanium butoxide(TBOT) ALA|2} of &L
Z=2 2] N-doped TiO;-solofl&= Urea, (C,N,S)-doped TiO,-solof= ThioureasS A% =H]
Z7}sto] 50°CollA 2A]17F Z0F S3tsto] AR5t o0, 7 5 upconversion phosphor QAo zHzl
9] solg dip coating & TFS 587F ultrasonic w¥t sj& & 100°C, 10A]7F S9F AXAIZ] 3,
muffle furnaceol]A]  450°C, 2A]7F =9t calcination 3&}od N-TiOy/NaYF4:(Yb,Er)et
(C,N,S)-TiO,/NaYF4:(Yb,Er)e] EZLHEjo] EIFAAE AAs5tETH Fig.1.2.12 pure g-C3Ngst Fe
doped g-C3N;9] A& &AM =S UepH Zoltt. Fig.1.2.19] NaYF4(Yb,Er) g4y (C,N,S)-doped
TiO; &-7 390 tigt +A4 =5 HER U

THUL

Y205 + YbeOs +Erz0s + HNG3 TBOT + ethancl + H0 + Moral ratio
= ; : f Thiou (2.5% / 5% )
bagretic stir, 120°C/30min D:xiggigt‘izeiﬂr_ 55313_;3 h
NMH-COMHz2 + NH:zHF:z + Na25iFs + H20 CHNS/Ti0z—s0l coatmg on
Magnetic stir, 80°C/2h NeYF+{YbEr), Dry 100°C

! !

Solution combustion ™ : : .
Calcination 450 C/2h

Muffle furnace B50°C/Emin

{ L

heat treatment 520°C/Zh CHNS-doped TiCh./ Ma¥Fai:i(Yb,Er)

(a) (b)
Fig.1.2.1 (a)NaYF4:(Yb,Er) &3%A|9] SHAASH] vFHIE (b)NaYF4(Yb,Er)of TiO;-sol ZE 1}
(C,N,S)-doping A &.

E-7Av oz FYE TiOy/NaYF4(Yb,Er), N-TiO,/NaYF4:(Yb,Er)et (C,N,S)-TiO,/NaYF4:(Yb,Er)
SgaAo] tigt UM AS SEM image #ASH Aib= Fig.1.2.29F At} UJAFE ARKlO] LEepds}
ot Zro] TiOz-NaYF4:(Yb,Er)olA= 2] Morphologyg Zt+= TiO7t ZEo] & HIyES &
2 9131, N-TiOy/NaYF4:(Yb,Er)e} (C,N,S)-TiO;/NaYF4:(Yb,Er)olA= A4 9] Morphologys 2+
TiO7t NaYF4:(Yb,Er)9] mWo wdstA ZEE A}, TiO,°] Morphology?t th2A © olg+=
Urea(N-)4+ Thiourea((C,N,S)-)9] AJeF A7} ©9] oz <Qlst Qoio] pH7} W5t 7| mjFo 2
HHEO

_’I’I_



(c) (d)

Fig.1.2.2 (a) NaYF4(Yb.Er), (b) TiO,/NaYF4(Yb.Er), (c) N-TiO,/NaYF4(Yb,Er), (d)
(C,N,5)-TiO,/NaYF,:(Yb,Er)e] SEM o]n]x].

(2) N-doped, (C,N,S)-doped TiO,-NaYF,:(Yb,Er) 4&u] Axjo] 43 EA uxt

AA= TiO,-NaYF4:(Yb,Er), N-TiO,/NaYF4:(Yb,Er)t (C,N,S)-TiO,/NaYF4:(Yb,Er) Z3FARy
Al gt F2sl ¥hg2 5 ppme] HEd =% &Ho tist FE5] A4HZ 54 nm fluorescence
lamp(UV F)S AFESHo] Aledstaict. A7 @9z Fidlle2 5745 Zute ol Fig.1.2.3xF &
on, Jefmof Yephd viet o] (CN,S)-TiOz/NaYF4(Yb,Er) 547t 7V =2 F&dli&°] U
P, 4A7to] At & MB &9o]  oF 99% o]4 EofEloen, 1 HE  ol9
N-TiO;/NaYF4(Yb,Er), TiOs/NaYF,:(Yb,Er)Q] &2 ZEs180] =7 Lot

S

Fig.1.2.3 (a) UV stolld 2] o MBROIo] 44s) &8 54, UPLS NaYFi(YbEr)o] 4
H

FEAE HER, (b) (@AS et vk &

[0)
o2
rk

riot

_’|2_



A2 EY/8E HA8e 9% 5T Y 24 A=

1. 1933 ARbdA Sr-Al-O7] £33 4K AlX

g
ol

o o = . 2+ 3+ ol
(1) AAHF3HE o] 83t SryAl 14045 Eu”,Dy”" B2 g U A% H
ar

584 FEA F40 QdoiM Sr/AlQ] HlE, Eu/Dy9] Hl& R 274
Alaluminiom)el 391 99 % 3 Eedl med 3 Hest A @ ge 2 ded
Nomoto co.2] BG-300M =24 B2 71502 Aro} SryAlj4Og:Eu® Dy* S
FEAE F5t7] HshiA Srof e 5.66 Hl&R2 St AlYE HERAA EHH =

rulm
1°
rok
&
(o]
S
oot
&

oZ:

=2 -

rE
ool

¢orZ 40 2 up o wy oox rr ©

Fooy, 22Xt 5 F&A|Ql Europiumt Dysprosium?®] H]&of §istE Hof £AMRC 2 YA
Rt £ FEA= ALHES ARESH] Y5to] Sr(NOs),, Al(NOs);-9H,0, Urea, HN3NOs
AP o2 gol2ao] 85A]A 50°ColA] 2A1F FQF wEtsto] A WA 8RS A& sFiTh o] %
sh=¢91 Eup039F Dy 035 HNOsof| 0] Astzs= WHFA[7|1L AA] 50°Col 2A17F &QF wREsHIT
golo] S&ASEEY Agtgo] B &7t © o] & JHA] A SPUR Alo] 3081t FUIER W
stoj Rt stz AlojZzl &l A0yt w=rhyo] ol 57|97 sF, A7|=2oA 540°C = 53
2 7rEE AT =Y g7 8A2 [7|E QoA JrdElo] A4 3 = abyS AR {Ufjrf 7t
A JHz Zdste] 5378 FEAE AlYstle 2% AlA =N AL S W 5848 FEA
+ U549 F(Foam) FEHIZ AAF Holon, ol F4(Grind) S HA v 2% JEH=Z A
A Eott. 534 FAE &5kt QoA HE 582 7MY 5a%h 7343 stutoltt. &3/ @
BAY Hd 3&2 AAstks Ao AojMe 24 2= FAsHAT dAao] i & AR
25 dA2le] 9= I Fasity. & Ao s 4o 24 E= Oqi“éé 5ol &2 FEH= Al
2 " &Y FEAE AR o8 2hoA AT EXE F3PsiRon, 95%-5%, 90%-10% AL
A Ed7FALF 1300 - 1400°C == dA o] Tg o] AT, A2 PN 52 =
T &£+ 29 10Col 71E 3 A ¥4 sidloh AlxR" A 2T gEA SA42

Fluorescence spectrometer (PL, Hitachi, F-4500, Japan), UV-VIS-NIR Spectrophotometer
(UV-VIS, SHIMADZU, UV-3150, Japan)& ©o| &5t BAstg ot

(2) Sr4Al4Oz5:Eu” Dy*" Bato] utst £79

Fig. 2.12. Fig. 2.1.3% 9292 S &4 © 22 £70) 02 H=g Uehfs 120l
oh Fig. 2.125 2} 229 @R &0] 0E e Jmolt Y FYAE /RO 130
0°C olgolAl I ol FEE JECh TH W HWY FUA RS BARYI|N Ao} =
A Zst0] Jba sEEE S Aol2 BTk 90%EA 10%AA BETEA BE7lA =g 90
0°C2 A4SIYE T, 1300CAA 224G A o WBUC FEsh S Holxe use B}l ¥ 4
Qe thgo2 Atae] 7} o Ao] HUFo] W 95% A 5%MA CloES HHels) Bul, 4

o #AFol o B 1%L A L/RTt HEs} o WA S5E AL HAY 2
Fig. 2.1.35 2AI9 22 9 gRadz A7 ° e 240 042 3= Wato|ch, Tefmolx
wolt ZAY £71 W 2] 02 =g wolo, BAQ Sr/AlY] 8] SERQ Eu/Dyo| o
9 27 ewof et HEgo] A Weke A B 4 Atk o] F /MY H=glo] HUE AU
Aol 1A Yehd 2le Seale] vigo] 5.6636.62 (2) S0UCAN 4202 gradh ol
BmolA molx AMY (1) HERY AYS SAF A AUFS AW JMAIBH BY
Red-shift7} QojL}mA] oF7to] 8lg 7FAas} 9l 712 &folst A mq SriAl=5.66:37.1 £4<

WMEME OHIZEA R 1300°CAA 7 &2 HEg Usifolon], 2ert Zashiy o 5

Sert gasts 22 el @ 4 otk AAMOR &2 Hw FL 2 AHS SriAl=5.66:35.5

e

|4 o2 o

(o]

_\,i
% EETRNINTE
lo g rlr hu



o, ZA LdFolEY &S

Lk
=
Moz &9y PUAES AxsHET] dolA MR 27 Lxe} BAY XA,

S ot BER F49 240

7719 AAE o Fert sk

e} $lE Lt WY m So] 3 weks AL &

Sr;Al140z5:Eu?+, Dy3+

1 3495 SryAliOg:Eu? Dy® &3] 2ok ARl

Fig. 2.1.

&00

TO0
ﬁllﬂ-.
500-
4I]l]'-.

300+

Intensity (a.u.}

200+

1004

1 Commercial Sr Al O :Eu.Dy

G0%N-10%H 1300°C

95%MN-5%H [300°C

PaN- 102 H 900°C

Fig. 2.1.2 }5] SF4A114025

o

" ] " ) v ) v L]
400 440 480 520 S60 (7101
Wavelength (nm)

Eu” Dy JgA 229 dAe] 2% 9 7ka 297l o w3
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801

Commercisl Sry I.Iuﬂ TEu

TO0H 2 SeAlS66:355 —
1 EusDy=0,11:0.24 1300°C | \
e \
[3) SraAl=5.66:37.0
;: 500 - Fu:Dy=0,11:0,24 1300°C
= 3 (4 S AS66:37.1 I
Z 4004  EwcDy=000:0.24 1400 /
= J(5) SrAl=5.66:37.1
:-: 3004 FuDy=hi:0.248 1200°0)

200 -

100 =

T T T T T T T T ¥ T T T T
0 420 450 480 510 540 570 600
Wavelength (nm)

Fig. 2.1.3 ¥/3% SrsAlLOpBEu® Dy*" JgA Bl A 2o mhe 2 3=,

Fig. 2.1.4%= 34 = SryAlL40s5:Fu? Dy*" 290l AX1x 2 ghol & 4 9l X-ray diffraction
Jjmoln, et 7t =QME 2] AR E &RISHIG s SQls)

HH, ofgfe] JCPDs
o

cardet $UsHY AUE HUAH FUAIA F 127t e A el @ & 9lon], AruUe £
sl &4 © 1300°C - 1400ColM FAe o BB 4AG WY FYAY IR 255, 275,

olr

31.2° , 34 = 3704 JCPDs card ¥} &2t & m3g 2= Zo=z =l Hct. XRDE & 2
B TR EA AL 7] 02 s 2 off] BYo] 25802 SrAlyOxEu” Dy’ A4 2435

AN— = e =2
~ Sr,Al O, (T4-1E10)
= 2 2% =3 . _CSTALD, (340379
T 1 = == 2 5 3 s &
Te O = z =
1I80°0 Cambastion e AL 0w 1y
=
E; 1400°C Combarstinn Sr Al 0 Eu’ Dy
=
=
2 l
=
AL 1_
Cammercial 5!.-\.|“U_._:|".u='.|)3 2
L] L) L] L] L] L L
20 25 30 35 40 45 50 55 60

2Theta (20)

Fig. 2.1.4 &4 = Sr,Al40.5:FEu? ,Dy* &3] Bao] X-ray diffraction £

ob z= wEXNo| A =o Haore YMslodch A Aoz 1:40134 Ayo] Huotz &k

= T a2 Y

Fig. 2.1.5& T4 SryAli O Eu” Dy” 29 FE-SEM ojujxjo|c}. g © &34 FgA
30l
O

o] 7= FHHAOoR 10~20pymz WAEQIcE Bo] g4 § mhaf wgolA o A
EREA o, o] SryAliOy:Eu™ Dy 2 /o] &3] HA] 2et &4 AaQl ¢Fo] o
A g9t} Fig. 2.1.61} Table 12 A% SriAlisOzsEu” Dy” 34 &dTA| 2L A4 e
EDSE &olo EAsH ZAyto|t}t. Aluminium® Atom%= 29.73, Strontium2 Atom%= 8.95=
29.73/8.95=013.49] B]g 2 WHEUTH. AN =2olA A7t AALAY 3.7 vg9) ZuAH FuA
wrh Alg] u]go] o WA UgRe Addos 2o #E ghe JhAA Hgick

Hon
[}

U
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Fig. 2.1.5

}5] =] SF4AI14OZ5:EU2+,DYB+

il

o] FE-SEM o] 0]x]

o~
Q
=}
o

Counts[x1.E+3]

Br

Fig. 2.1.6

6.00 800

keV

14.00

4 = SryAliOz5:Eu” Dy”" LA B2o] EDS ¥4 ¥4 Ant

Table 2.1.1 %l SryAlOz5:Eu” Dy” &34 B240] EDS A
mass% Atom%
38.21 61.32
31.24 29.73
30.55 8.95
100.00 100.00
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2. I3 = A BBE0] 58 Ca-Al-OA F3A| 24 A=

(1) 2443 HE o] 835t Gd-doped CaAl,04Eu” Nd** % &4 L A3 @4

u

TAEESH O 2 CaAl,04 Eu”, Nd* B2 Fdstgict Sdwrgbas 1259 CaCO; (98.50%
Dukasan Pure Chemical Co.), Al,O3 (99.0% Kanto Chemical Co.)& AF&3stH Eu, Nd, GdE &=
I A17]17] Y5t Euy,03 (99.99% Sigma Aldrich Co.), Nd;O3 (99.99% Sigma Aldrich Co.) and
GdN309' 6H,0 (99.99% Sigma Aldrich Co.)& AFE3SIYCH A4 -5 WFX7] 9Jste 2342 3
wt% By03; (99.98% Aldrich Chemical Company Co., INC.)S A&}t

AgstnAt sHe (0.9-2)CaAl0s: Eu®, Nd¥2Gd* %47 FPA|9] HdExd-E Table 2014 LtEh}
o Boro] gy B flow chart® Fig. 2.2.1004 Yt 2 A4 CaAlOs Eu®, Nd*™* &
A FIAES 2o AEEEHo =z ST Y s 24 CaCOs, AlOs, EugOs, NdO032f
GdN3Oy 6H.05 A% ZH|= st ”HPQH*—J +8E A5EHE A ¢ Sas7] g2
S Aotr]of 108 =9oF Hujstal ball milling 24 AJ7F
“CollA] &A2] Z18Pst & 1100-1400 “CollA] ~ZAE %l
Sl %’4511%‘1“ = H71(90%N2+10%H2)oll A 2-5 AJZtof|lA FX|2] 5}

L8 &2t 400 ce/min=z2 8|59}

ol

Table 2.2.1 CaAl,04 H37d FGAQ] d& =27

Materials Content
CaCOj3 0.9-z mol
Aleg 2 mol
Eu,03 0.0025 mol
Nd;03 0.0025 mol

GngOg'GHzO 7z mol
B,0O3 3 wt%

| Mixing powders |

1

| Grinding forlOmin |

|

| Ball miling for 24n |

|

| calcination at 800°C1h | — In Ai
| sintering at 1100-1400 °C | — in 90%N,-10%H, [
| Cooling and grinding |
| Characterization | CaAl;04Eu,Nd,Gd
(a) (b)

Fig. 2.2.1 (a) CaAl,0,9] 32 olst pAMIe™ 2w (b) Gd-doped CaAl,O4Eu’ Nd** 2at
o] Yyl of&¥ ZZoA <Y Olﬂlxl
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(2) Gd—doped CaAl,04:Eu?* ,Nd®* Z3xo] EA BA

Fig. 2.2.2(a)= o2 xAES 1A A2 2= 1100 ‘ColA 1400 ‘C7}X] 100 °C 7tAo=z
AIZE B0t Y ETIoA AZ5E O 2Ye] XRD &4 ﬂre LFERJCE. 1100 COﬂH A3t
CaAl,0O4 271} F7F A2 CaAlO; Z2AA ol ¥4

N

e d A
2R CanlO, 253 5749 CaliOn 240] 4T AF HAL 4 ). 1100 Tz 47
Bare 95610 QU WAL CaAlO; 2% 5 W2 ¢} YRISEL 1200 “C2 24 Baro] 32.6°
of Y WAL CaALOs 2% A ¢ Lx|sHRTE. 1300 °C o] Lmolx st o] 2
Are 30.08°c] & m3 UER}1 o]: CaAl;04°] JCPDS Card (No. 70-0138)Q} ?:_‘72]?} 718 3ol
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5wt oA, Fig. 2.22(b)% e
Al 1 AZF ZFA0=2 1300 "CollA] AZ3E of 2o XRD w4 Zis UrEJr‘ﬂ 7iolﬂr. aAleH
JCPDS Card®t H|uwstH A4 A|Zht Aaglo] W& AME0] ©F 2
2 Qlt. m39] =t Afo] WPd] 30.08%f Q= m A gt 353670 ¢l m A9 v H[RE
Aoz 47 ARt @2t CaAl,Oy 89 AR WA %42 7
Fig. 2.2.2(c)= co-doped Gd A7}Fo] wa} 1300°Coj| A
A ZiE UEREY. Eu, Nd A7bg2 0.006 M2 1785t Gd A7H2
0.040 M2 AdS R&PstYct. XRD B4 ZAytofa] 2E ABZo] Z=u]3 = 30.0
ARl & 289 XRD pattern $I51A] o= Z1& =Qlstitt. Gd A7le CaAlOs w9 ZATEE

BLA] @3l Gde= AHi2 28 AR WA 2Ale] Cadt &= ot

1 T
o
- | D Fow LB ) LB )
lllllllll L] - i
_— -
5 L. i = _
f e z umicring ey ¥ 3w Wi il o i o e
]
| E soom ] ]
i S T Tom LS e LS o e B
| | i ekl [ (R P70, Y P PO otsrsic wrwi i
et o = ke - e b E
K] 1 e 5 e
= o st e 1 s e
B — — 1o ; o S B
LE| R T LR TN e R s et T e
o e D e - r ST | Bl ek gl a Al B
- - | . : ] - " & aa k] £ T T v T T
£l - - - - ™ - - :b W o s - 0 =
Mgdigrid el
ik : 2im degred
(a) (b) (c)

Fig. 2.2.2 (a) 1100-1400°Coj|A] 5A|7t S99t 4743t CaAl,04:FEu? Nd*2e] XRD mE (b) 1300°COofA]
3-6A]7F =oF AZA3F CaAl,0.Eu® ,Nd*°] XRD &l (c) 1300°Co|A] 5A|7F ZotF A7A3t CaAl,04
Eu?, Nd*, zGd* z=(0, 0.020, 0.030, 0.036, 0.040) =2x|°] XRD &,

Fig. 2.2.3(a)= 1300 °ColA] 5 h 9 A7A3t 0.036M Gd &7te CaAl,04:Eu?’ Nd** 2are] SEM
AFRlolct, 1AF drewio g SHgEl CaAl,04 Eu?, Nd*, Gd¥ B¢ Qxl 37]% 5-20um & o]&
I Q3 Q= PSA BA Aut Ax|stc}. Fig 2.2.3(b)= 5,00082 &St CaAl,04 Eu?", Nd*, Gd**
Hato] SEM AtRloln Fig 2.2.3(c)= 5,0008j2 &9t Gd*o] g CaAl,0sEu’ Nd* Eulo]
SEM Atzlolch Gd A7bd ABZut Gd¥o] Qe AES vlwstH YA 37
Olx] ¢¥ofor Gd** A7Fe-F7t CaALO4Eu” Nd* &£3A £U9 nN3+x Ao 92 FA U=
7oz WHE,
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(a) (b)
Fig. 2.2.3 5379 SEM ©o|ujx] (a) 1300 ‘CollA] 5A3F 5¢F £24%h CaAl,0sEu” Nd™.0.036Gd™
*1000k. (b) 1300 °CollA] B5A]ZF =0t 243t CaAl,0.Eu? ,Nd*,0.036Gd* *5000k. (c) 300 °Coj|A]
5A17 59t AA3SE CaAl,04:Eu” Nd*.

Fig. 2.2.4%= CaAl,04Eu” Nd* HTA] %o Uxt 27|15 BA 5 Jgjmz vepd Zlolct,
SEM ARRIof] Uepd At AX|sHA BYQ] F7|= F2 5 umofA] 15 umAtolo]] Exgojgly 2ot
AXLS] 90%+= 20um¥BrCt Attt 20 um 7] o]4ge] 2o A2 particles0] AU+ o=z o

Rasie g

100

Mg =S e e e e T n el s el o R

EQ+ -

TO+-
E" I R e R e el (e WY R S oot E
B Efdemrmmr ek e g s e s e e b e mi
T Y GRT Rl O | TR 5 R iy -

e et el it . o et o e

204

e PRORNRUREIRLEAT ™ | R SRS

o i a !

0.1 1.000

Size|Microns)

Fig. 2.2.4 CaAl,0,Eu? Nd* Z3#|o] PSA (Particle Size Analyzer) 24 J1gj

|F

VAEEeH o g &A5H CaAlb,Oy LA Yo MEEML CaAl,04Eu’ Nd* AZat CaAl,O4
Eu’", Nd*, 0.036Gd* A=< MEisto] EDSZ £4519ct Table. 2.2.2% 1300 °C oAl 5 h =9t
479 CaAl,04Eu? Nd* A= EDS EAZuto]n] Table. 2.2.3% 1300 'C ofA] 5 h T3t A7
CaAl,04:Eu” Nd*,0.036Gd*" A=o] EDS EAZAutolt}. Ca, Al, Eu, Nd & A7} A&EYn
CaAl;04:Eu?* Nd*,0.036Gd* =& Gd Y4 A&}

=

Table. 2.2.2 LAWFS WO R T3 CaAl,0sEu’ Nd* ©f EDS ¥4 Zi}.

Mass Mass Norm. Atom abs. error [%
Element At. No. [%]

(%] [%] (%] (3 sigma)
o) 8 43.17 44.74 61.76 16.18
Al 13 28.84 29.88 24.46 4.21
Ca 20 23.97 24.84 13.69 2.18
Eu 63 0.39 0.40 0.06 0.13
Nd 60 0.13 0.13 0.02 0.10
Gd 64 0.00 0.00 0.00 0.00

96.50 100.00 100.00
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Table. 2.2.3 149hgR o2 /3t CaAl,0,:.Eu”™ Nd*,0.036Gd* 9] EDS ¥4 ZAxt.

Mass Mass Norm. Atom abs. error [%]
Element At. No.

(%] [%] [%] (3 sigma)
o) 8 43.21 43.19 60.62 16.25
Al 13 30.77 30.75 25.59 4.49
Ca 20 24.11 24.10 13.50 2.20
Gd 64 1.11 111 0.16 0.19
Nd 60 0.45 0.45 0.07 0.13
Eu 63 0.41 041 0.06 0.13

100.06 100.00 100.00

(3) Gd—doped CaAl,04:Eu*" ,Nd*" &3] ¥l E4

A Algo] ¥hd £/ excitation spectra X emission spectra® H715HF T excitation
2! emission spectras FGEIL A (F-4500 Fluorescence Spectrophotometer, Hitachi)S A}
L35t &A5HF ). Excitation spectrats 200-430 nm7Z7HA] ZRA}SHH emission wavelength+ 443
nm=z AAXsITE  Emission spectrats 380-480 nm7tX] XRAFSHH excitation wavelength+= 350
nmz ARSIt ABRFEAN L R 7| (F-4500 Fluorescence Spectrophotometer, Hitachi)
S Abgolo] ZAFSHECH time scan RE2 10 & O oHAf 443 nmQl ¥& ZFAlsto] L & &
300 & =9F emission intensity 745t}

Fig. 2.2.4% CaAl,04Eu®" Nd*" £3%H] 222 90%N,-10%H, FAE2 7oA 1100-1400 “Cofl 5
haet A& A7l 2% Algo] g AdEolc), Whlms 440 nme 2 17AA]7]aL 380 nmofA]
600 nm7tA] FAISIICE. BE AR WY AMEPS u2sto) 137t 443 nmolA] Lehdt ol
CaAl;04 2AO doping & Euof o5l &g d4fo] YERd Zojr.

JolA LR Bheb Zo] 1100 °C-1300 CHE AW &7t RobIAT Wy AHME)
emission intensity7} =ol& 1 1300 ‘ColA] AZAsH A|2% 7M1 =2 intensityS H YT} 1400 °C
AAsSH Alg g3} AHEIEAO] emission intensity7} A E 7S &olsk 4 9lth XRD pattern
23} 1300 ‘Colst 222 AZSHH w0 3ol Ade 1 TUst CaAl,0/FS BA] Eote A
gQlotirt. o] 2 ool ¥ 2=olx AZsHA HW intensityZ} Wl 1400 'C2 4Z3H Als
LSt CaAlL,O Fdet Reld Wol Aol mhafjsty] ofF i mhafjet ¢ intensity @ol &
A},

1% hu

o;

2 rr 1o

1300°C

R
1 200°C

M) =

Intensity(a.u.)

14007 C

(R
1M =

T T T T T
4 450 i 50 Gl

Wavelength{nm)

Fig. 2.2.4 1100-1400 °C o]JA] 5A]7F =9F 273t CaAl,04Eu? Nd* &£3#]9] emission AHEZ,
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Fig. 2.2.5% CaAl;OsEu” Nd™ %A £2& 90%N;-10%H, TLL7
= EAE AR = A I AMEYo|n YIS 440 nmoz2 17

]
JAI7]2L 380 nmoj|A]
600 nm7tA] FAtsEATH Fig. 6-50 4= 3 h-5 h¥2 A7 AJ7to] ZojA

A7
= wy AmEc)

=
emission intensity7} =Oo}X|1L 5 hZ AZAst Alg= 7 =2 intensityS H 9t XRD EAZ41t
3 h&9t 245198 o Al59 CaAl,0A o] FAAE =T Al7F 245 emission intensity =OpX| =

A= a7 ARt ] Tt Bu s+ A= th27] giZol2t "Hdth 6 haoh 2385 HU Ala
7t AsHA £&o] 2kl mf$t $ intensity”} %ol ZHASHYICH

700 - 5h
400 4h

&
500 = n
400 =

300 - 3h

Intensity(a.u.)

0 y . . . - i .
00 450 00 550 M)

Wavelength(nm)

Fig. 2.2.5. 1300 °Co]|A]3-6A]7t SOt AZA3SH CaAl,04.:FEu? ,Nd* £37|9] emission AHEH.

Fig. 2.2.6%= Gd* co-doped CaAl;0sEu’ Nd* FZA| BU4o 90%N,-10%H, L2704
1300 ‘C2 5 hEQr dxe] A7l & diy AmEe=xlS 2A519ct Gd* A7FgS 0.020, 0.030,
0.036, 0.040 Mojc}, YIS 440 nmO 2 TFAHAIZ]L 380 nmojlA 600 nm7tA] FALSHICEH
CaAl,O4: 0.005Eu*, 0.005Nd** E&o] Gd*™ A7IAlZ] Al89] emission intensity:= *sobFCH
0.020-0.030 M2 A7}302 o intensity A71okol| we} Axl £7180ck 0.030 M2 A7IAAL -
intensity 7P o0 =AYt 3.8812 =otF iy AUE CaAl,0gEu” Nd*&EZA| Wt 2,381 2
orch 2} 0.030-0.040 Mz A 7}58S wf &Al7lofo] =718 A2 intensity 22 Qolx|= 7L
Qlstgirt. o] Yol Gd* M7IAZl § Gd BA| ZRFZAXF YoA Soj7t & Ca ¥4 A|&sto] Gd¥ e
sensitizer @382 5}0] excitation radiation?] 42 Z7IA]7]1, I theo] Eu?* luminescence
center of oUX]S AP35} emission intensityS =Qlct

dob e

8001 Eu 0,005 MNd 0,005 Gd 0,030
Eu 0,005 M 0005 Gd 0036
Eu 0L005 Md (L0035 Gd 0040
I 600
= Eu (LO0S MNd 0,005 G 0.020
£ 4004
= commercial
2040 Eu 0,005 Nd 0.005
-

. T . 7 r .
400 450 =111 350 600
Wavelength{nm)

Fig. 2.2.6 AF8 &TAQ 1300 "Cof|A] 5AIZF =9F 473 CaAl,0.:Eu® Nd*,zGd* z=(0, 0.020,
0.030, 0.036, 0.040) F¥A2] emission AHER.

Fig 2.2.72 Gd co-doped CaAl,0.Eu? Nd* A]|g9] of7] AHEHS L}ept Zlo|ct of7] Ad
- 2’] -



EYS BAgh Ay Gd A7t A7 & FYA|Q excitation radiation®] §4 WY WolXl A&
g 4 Atd. ©, Gd 0.030 M ojgez AH7MASH =¥ concentration quenching 4 T
intensity7} Al Zd4AsHA Hot.

Mo

o]
o

S0
Eu 0.005 Nd 0.005 Gd 0.030~,
Eu 0045 N 0.005 Gd 0.02
= 400+
2 Eu 1,005 Nd 0,008 Gd 0,036
=
2 3004
s Eu 0005 Nd (005 Gd (040
= 4
o
= 200+
=
o
= Eu 0.005 Nd 0,005
100
commercial
.“ -

T T T
250 300 350 400
Wavelengthinm)

Fig. 2.2.7 A8 =279t 1300 ‘CollA] 5A|7F S0t AA3SH CaAl,04Eu? Nd*,zGd* z=(0, 0.020,
0.030, 0.036, 0.040) &=2F|Q] o]7] AHE]

Fig. 2.2.8& Gd* co-doped CaAl;04Eu™, Nd3+ %A 229 HFEAHS YRl Zojch 10 &
& oY 443 nmQl Wg FASIL LS T & 300 & B TFHELE FHcIT. GdT AT
2 0.020, 0.030, 0.036, 0.040 Mo]i 90%N2 1O%H2 AR 704 1300 'C2 5 h5et X2 &
ystgitt. CaAl,04:0.005Eu”,0.005Nd™ 2ol Gd™ A7IAZ Alad] AEEde 2% Hoxle A
gelstirt. 0.020-0.036 M2 A7131E o Gd™ A7iafol F7igdol et fhgEdo] Aat obx|n|
0.036 M Gd* 2 A7 Alart 7P w2 2 $wet 21 ZHgAIRES 7R e 21 ZR16HY
tf. 0.036 M Gd™ 2 H7IARI Alet =34 wof gE4e] tha dojfoy Jde 3A 22
Hoh 23 o 949 Y 5442 Bk 0.040 M GdT 2 7 BB AEE/0] thA] HojA]

= AL sty

|

600

400 Eu=0,005 Ned=0,005

Eu=0L005 XNd=0.005 Gd=0.036
Commercial phosphor

Eu=0.005 MNd=0.005 Gd=0.030
Fou=i, M5 Nd=0, 005 Gd=i040

200

Alterglow Intensity (a.u.)

Eu=0.005 Nd=0.005 Gd=0.020

L 50 100 150 200 150 300

Time (sec)

Fig. 2.2.8 A8 =379} 1300 "CollA] 5A|7F =0 AZAsH CaAl,04Eu? Nd*, zGd* z=(0, 0.020,
0.030, 0.036, 0.040) =IA|Q] A EAJ,
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3. 13| % /ARFLA Sr-Al-074] S3A] o2 F 71&

» x2 9 OURE 4510 O] ARG mddie] Wo g Wagsts 242 PEAe sy, §5] Lt
FAzol 1 AE 5378 FEAl(long lasting phosphor) &2 FEA|2t & A FollA
alkaline earth aluminate?]] ¥3&A|+= violet-green?] W& vhy AdWEZH WHQJo|1 AA|ZF 25t
= EHE AYzm Jod, PR xAo w2} blue:  CaAl,04(Eu* Nd*), green:

SrAl,O4:(Eu®* . Dy*),

1:]1—_1,}— _Lq.x}— /\J.H]EEH

blue-green: SrsAl14Oz5:(Eu”,Dy”"), yellow-green: BaAl,O:(Eu” Dy*") 59
o] t}2. o33t Axt EXNS R|U Z=2A|Q] JEAQl 22 Hols

= o usT g,
Ae 3 ASH, P, U LAY 5o 2F oY EAWO|Y ofy HAERA ALE ot oy
o o A @ £z B, AAY] DaZeo] A4, WetolE BY 5 o §E9 7154 4
MzA de] &85 3. & Ao s g =7t =2 AR Wdsts 545 Ad €2
g SIER EFOUoIEA &EA AME 7HE f/dstaL, ol& LA=- tieh Hold F&sh Al
E4ds Ald 50 A AEs gFAL o2 A4 /7 EE oty Et of &R AJoF &
A stoM e Roled FiEclec] =2 HEA-GEUN &4 58 AaA Az 34 71e= °l&std
Atdet tidQl &71/57173878 710 A -&stalAt 9

w 19E R ARRE 49 H34d F8A 2EAE R2lst combustion W& AHESHY alkaline
earth aluminateZ] &34 (SrsAlis0z5:Eu’ Dy”) 222 $HA5IH S Sl”zlAl1402&3-]311%,[)3’3+ Z34A
+H3s §4st7] HolA HeEA dreEA &4 AskE (Sr(NOs),, AlNO3)3.9H,0, etc.)& AR&-SHAL
2ot (NH,CONHz)Z ¥Hed ez AREstS. E5h REAZEME= Eu0:5 55F2A2MH Dy0s5
ArEStA el gAl2M B,0s, HBOs 5= A7Istdon, A4ugdoA Eu(ll)7F Eu(ll)2 A==
= 95%Ar+5%H,2] HAZH7|A FA2ste HEA S ARSHAS

Table 2.1. SriAlLOssEu? Dy* T4< 95t 9o x4
Composition (mol / f/0)
Sr(NOs), 3.7 (mol)
AI(NO3)3-9H,0 13.3 ~ 13.8 (mol)
B,03 0.2 ~ 0.7 (mol)
NH;CONH; 0.5 ~ 2.5 (f/0)
Eu,03 0.1 (mol)
Dy,04 0.2 (mol)

w 9o} o] o] MEFHS scale upsto] pilot 29 AMEFHo= it thFe] ¥
g Hgotol AR 5UN H5S SAG ZUAE AAYoR AFHoR P Fuz el
of ZYA| ohe A4 7122 At

P B4 1 batch 1502 BiFE BN, o ol 300ke, 14ef 3.600kee) A
AR

A 7S el 256

(@20 M

_23_



Fig.2.3.1 34| 1 batch A|2& A7 2 AR

o Al Ao Wys| ol HYAZFS KS A 3504 : 2001 AlEYEoR
505.6 mcd/m?o]o] ZHYAIZES. Shr o402 BEES DAL,
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O &3 (SrsAl14045:Eu?’,Dy*) 3] % (Afterglow brightness),
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SERER

8115 R WEL WEF 2FE WIIW N
Tal - 043-7717-0075  fgw; 042777 EE0L

Fiwi

TEST REPORT

2 E A (FWCEMES
F o4 ZYRE FA FEE2 FEs:Y R

H == B F : M270-21-04852
3+ W A o2021-06-1
W a W & 2007
2 = BEZEE

& W F:a2

i

FTHA AR : SBH

AFEH AR O AEEd= oot #a U
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01. PIBWI|E [ KS A 3504 : 2001 } : med/m? 505.6 mcd/m

#1
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5 min

10 min
20 min
80 min
120 min
180 min
240 min
300 min
F) MEE B - 100 o’
S|EiAr e8] Sl5to 47 AlRdy ERciEE
olRixt axu 5o &7 AgEY HEdRE
= Mg H 7| gE e

FITIAlEd T

% B4 B W : 20G2-YSFI-KOPD
EHOXIN Y £ EEMRU-URN BH 0 Ho@ 85§ B oS8 BOY = Usch

E-DOCUMENT SERVICE
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srstod slurry

4. DWPS e YA vE AE ]S AL
R sy | JCAS)
2A FERGO A

(1) SrsAl140.5:Eu,Dy F3A H|E AR
m ofgff Tyt o] Sodium alginate®} SryAljsO5:Eu,Dy H34] 2242
R|A3FaL Injection syringeZ CaCly,-sol €90 A% 3] dropping o

=
=
N RET T
[ Phosphor-alginate gel slurry ]
" . —
10 g CaCl, +90 g distilled H.O + 5 ml methanal
L : J +— [mnjecling syringe
[ g ¥
Stirring, 10 wi%e CaCl, solution cne1.5-5 mm nozzle
Drrop-by-drop beads casting with svringe [
. | drop distance
o
Aging ‘green’ beads in solution, <2 h
Filtration and drving,100°C, 12 h
* 10 wite CaCly solution
Sintering, Tube fumace; e toreent hends
+ 1000°C-2 h — e
(b)

- =
reducing atmosphere 95% Ny-3%H

L.

2rAI0F
(c)
Fig. 2.4.1 Sodium algination ¥/H-& 0| &35t SrAl,O4Eu,Dy %A 8|E Ax. (a) H|E A&
Flow-chart, (b) Slurry injection, (¢) Al&= A B]|E A}AL.
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(2) Sr4Al14025:Eu,Dy F3A] "H|=9o] ¥l &4 £54

= CaCly-sol 8% Ujollq p&mefoz Sl 53 v]=S 2a) AXsE 400°CAHA 2417 AA
gF SryAlyO5:Bu,Dy FHEA vlE9] W 45 54 2, obgl 23 Zo] =2 dgdge
SR
1400
12004
- Sty 0 Eu. Dy beads
1000+ -
= ]
=
= 8004
S
E 600 -
400 -
2010 ~
0 . r : r . I -
400 450 S00 550 Gl

Wavelength (nm)

Fig. 2.4.2 Sr4Al14045:(Eu,Dy) &3] 8] E9] Emission intensity.

" SriAlsOzs:Bu, Dy F8A| H|=9] Hg 540 dish YdS &sh] #fste] 717K (E) dato o
o]

2 9P e WSS Fig.2.4.31F Zo] FZA(LS-100)E AH83te] 371€ @92 1dzt 43 o
5 250S. YEIEE S5y Aol 34 w=rt F9d Blol oste] qrFHA =
= 5t7] fsiA 2443 FF Aok BEOlA FASEL, EFIE AL FAo] 350nm
A 471 Hg%ﬁ—a— °F 1023 APt &3] 7] A & Fde AANK o+,
°f 3&°] ZAAHA= HH 3 de AVlE SAss. Fig. 244 Azxd
SrsAl14025:Eu, Dy &3A] H]=0] IS 1dF F4r Avpoln], 37§do] At o= g A
7] Wgkgo] 3~5% olstzA Foet ytde AU e A

Luminance meter Luminance Test chamber

Fig. 2.4.3 & 3]z &8 AFx|.
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Al 32 F3A/ZEU 2798t ot EF FEu EF4A JiE A4

1. Na-doped TiO;/Sr;Al;405:Eu,Dy &% L=0] B3rAX] Ax
(1) & 250 SF4aA &£y 2 AF 9

0.38 M9 titanium (IV) isopropoxide (CioH2804Ti,97%)S ethyl alcohol (C,HsOH,99.9%)x}
di-waterof|A] 7836l st © 3 JEjQ] TiOs-solS Al&RSIt}. =0 Al TiOs-sole 500 rpmO =
102 &¢F 94 22t b5 AAES 100 ml 459 Z2f2 30 di-watere} 253 ofo]A, =i
AH TlOg—sol 5 mlE wuSIHA] 0.23 vol%2] hydrogen peroxide (H,0,,30%)S A7}sto] AFSHA|A

W TiOg-solS 4t I o8 19 mlo] di-water?} 1 mle] AAF (HNO3,60%)S A71s1%5 1 305
%OJ A7 WBE7|o| A wekste] H2 HEMO Ti-complex 885 AT, Opx|t e 2 TiO,-sold]
4 %9] sodium hydrogen carbonate (NaHCO03,99.5%)S & 7}st3ict.

302 B @ikt & BeMo] AMZ0] Y TiOsol BEAS ALA 2L o] Teeiict. 2
AXRP= o8yt Zo| XIseltt, HA SryAli4O0s5:Eu,Dy (BG-300M,Luminova,NemotoCo.) 22 A
SHRAL A7) QoA 3 AR 5¢F 80 CollA A 82 ¢sil HEM TiO,- Soh—} &7 vro]dof &
AT A¥o] ¢eE § 8do LMoz Wty 7§, Na-TiO7F Z®H SrsAli40z5:Eu,Dy
wd= AR 2 AR E sl 50 ml LA FEO 2ottt Y FY2 80 ColM 6 AIRE &
b Az & =7hYof gof 300 ColA 2 AR =0 EA2] sttt BlwE ¢of tixa 22 350 ‘Cet
450 ‘CoA FA g &= &HIsHA

Na-TiOz/SrsAl14Oz5:Eu. Dy SAC] FH0] 542 100 mge] MEZ AMEsto] 2 ppm MB 89

50 ml9] Eofl S Foll Frlohdtt. 2 Al s (254 nm, Philips)at 410 nm f=E
=ofl DE|d ¥ 100 W 7FA g A3(Philips)?] & 71X £2% ZRAZ ARESIATE Ad 5 UV k&0
oigt vi2loj2 B35 w7} ARSE|QICE. MB &Qio] Ald mj7hx] FEUE T EAHT US

lﬂ-' 2

==
safeleA] QHE 2702 15 miol MB MEE HHE A8slel WiEe] B §7I0 A58
quartz micro-cuvette cellof] 27 @il UV-Vis spectrophotometry (UV-3150 Shimadzu)S A&
5tof MBEAO] &3 = WHets A4S, Teflon Tedlar bag(l L)of id wristdaE 709
R0 Foll aa2 BUlotth Tedlar bagol U 58 FEu 2% 1 go] 71 Al 25 cm H=
H Eg] JA]2} magnetic circulating bars 21 @¥s5t9cH 158 4oz 1 mlo] Eg9 VOCE

AMZ2 oty 7tA I 20bE O 2A7]0of(GC System, Agilent Technologies 7890A) Z<Ust3itt.
gx2s AE2 g8 TiO, FZ(Evonik, Aeroxide TiO; P25)& ARgsto] 22 A £Ho= =0
242 st

(2) Na-doped TiO2/SrsAlisO25:Eu,Dy FEU] SFAx] 874 R ¥d 54

Fig. 3.1.1& 300 “Colq RA|2]t Na-TiO,-®%#] 2A] tfst XRD medolct. Al xQ
M3 20° 9F 407 AtololA UpERET 3 Che m 3 4079 80° Afolojl A LpERyct WAl m Ik A
A SraAli0s(Al1g02)0] Tst % JCPDS W5 1-0740-18101F Y X|3ict. 25°¢F 30° Afo], 34°9} 45°
Atole] m i ohjebd], 2EHY W WA m2et UG webq B RO WAL TIO N E
Atk 2SO 4 itk wpAIstE AsR A2l® TiO,sole 300 (C2) e 2ol oftet
9 =epg AMS WAsts 2o BQIE It SrAl0EuDy AAAE Fid. 3.1.2 (a~d)2t o] Na
A7 Sei7teAl TiO, Ut ZejAEe FElEgIch Na B7H7E A ©9® TiO: sub-micron
AYA mHo] =RERst L ZejAEe U4 =ickFig. 3.1.2a). mehq Na H7HAIE Aojsts
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w
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Fig. 3.1.1 Na &7}ko]] @2 Na-TiO,/3FZA EA|e] XRD mfjEl.

Fig. 3.1.2 300°CollA] &A2]st Na-TiOy/FgA S&A (a)0%. (b)1%. (c)2%. (d)4% Na °] SEM
o|n] A].

Raman shift spectrat= 300 °CollA] @A2] = 1% Na-TiOy/FEA SFA oA - oFERA]
037} UERGTHFIR.3.1.3). 23U 0% Na-TiOy/@ZANAE 144 cm™'o|A ofLberd] =37t
SHorth ESE 320 cm oA @Al 71”9 m3E= TiO, Yol FHA V1A Qo] =ERSRsH
Va5l S-S et o]7de FaAo] AAXE TiOQ] oFo] 49l Fig. 3.1.2(a)2] SEM o]u]X]oj|A]
Z7t2 A 2 ik 450 ColA EA2] © BFA A ohdEMA 144 cmTo|A mIE ARLAY
EAISHR] o, o= Al2oA OofUERA] o] FA BaliES AlARRIGh mehA,  HO0p AFIAIE
0]-85t0] Na-TiO/PEA A &/ Al EAQ oferA] A5 A7l s+ A= SA27t
ZLadolrt FTIR AMEZS 400~1000 cm™ Afolo] 7}st AEA w2 UePIcKFig.3.1.4).
ojgigt YiE= F&-4ta Ao sigstH, Ss] FEA 71-oA Sr-O-Al, Al-O % Sr-09j

BZ2 400~700 cm™' HYOIA TiOy0f siEshe M2 AlE AFo=z <l
S BT TiO7F I”EA] 42 FEAe vluslEs o Tiort 289
600cm™'o|A] sto] == AEHA WMETL P e HojRict

o 72 ~EY =

= 1630cm ™'Y
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R- rutile
p- phosphor

Intensity (a.u)

1% Na-TiO/phosphor
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0% Na-TiO,/phosphor
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Raman shift (cm'1)

Fig. 3.1.3 Na-TiO,/3 A E3A2] Raman AHEZ,

Phosphor (without coating)

Z Na-TiO /phosphor

3410

1631 1382 895

Transmittance (%)
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1

Wavenumber (cm™")

Fig. 3.1.4 Na-TiO,/3 %A B3A|9] FTIR AHE2],

chet Na A7b2 AAT FuA/TIO, BAo] that XPS £Ap AsE-S Al 2p, Sr 3d, C
Is, Ti 2p, O 1s ¥ Na 1s T35 Ho|i Qlt}. (Fig. 3.1.5a). Ti YA &AL 0, 1, 4 % Na-TiOy/
QAN 717 8.86~9.42 % 9.74 %] Na A7}o] we} Depgon), ol & 1o] Uehjgict. Ti
2p AMERL Ti 2p,; 9 Ti 2ps, B Ao] ol 217} 465 91 459 eVolA At 2% olUx| %S
Holal ot 1% Na-TiOy/PEA MES 7P 92 Ti 2p12E 7MY (Fig. 3.1.5b), o] Tio] A
F ZHE EAES € 4 o ESH Na A7 St et § 22 A oflvAlz Ti 2piype
M3} ol gatet, olRo2 Tieh Na'ol2o] 45 AH8-2 1% 4 k. Fig. 3.L5(0)E Ax} 4ha
o 7]915t= 530.5 eVolA O 1s m39] AUAAS HolFrch Na 2s % Na 1s 13 = Fig. 3.1.5(d,
e)et #ol ZI7t 62.5 I 1074 eV A% AYA]E UEtdHH. Na 1s9] Q12 NaZ} TiOzof =&l
S= ol @2t TiO,-solo]l Na®t H,0.5 A7FstH Aol TiO7h AL TiO, #iE A3
of Na'7t =3 Ho}.
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(a) [+ | Tizp,,
[ H-Ih-“ﬂj.m rf'.
e i M= THO pvrapion [EA
"
"
H £
g 8
s Pas - ThDy phaoagius
TR, R BT PR YR 470 468 466 464 462 46D 458 456
Binding Energy (V) Binding energy (eV)
[C)—— = to, moupnee Ots (d) Ha 24
= e T et iy [
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Fig. 3.1.5 Na-TiO,/& %A E3srA|9] XPS AHWEX (3) survey (b) Ti 2p (c) O 1s (d)
Na 2s (e) Na ls.

Table 3.1.1 Na-TiOx/&3 A &4 2 atomic (%) composition L °F.

Photocatalyst Ols Ti2p Al2p C1s Sr3d Na 1s
1. 0% Na-TiOy/phosphor 48.68 8.86 18.53 21.23 27 .
2. 1% Na-TiOz/phosphor 49.16 9.42 16.12 21.31 2.47 1.52
3. 4% Na-TiO»/phosphor 48.38 9.74 16.42 22.05 2.23 1.17
Fig. 3.1.60] UV-vis diffuse spectrax= 200~800 nm A}oJolA] Na-TiO,/3LA|e] SFab dia}
2HEo] UEUIY. F”EA] %2 4 SnAliOx:BuDy FFAle TiO, ZHH  FEA
ST §4%0] Aotk 1% Na-TiO/RUA| Lhe Qb MMM oz Asesio] oil
0|55t AS BTt AolA, sub-micro FFA|7E TiOy/FEA U STAQ H3 B2
F45P7] ThEol 400 nm olstol A oIz olEstE g E 4 9tk Zalu YEHo= T, Uk

ARt = =S A = Y VAo 1AHHAS AL s 9o Koz olo] HasH
o Q

.
2RYG. ZAuHoz, B4 AMEN] o5 We Tx0) W BAo| Y22 L & Ik,
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1.2

Phosphor (without coating)
0% Na-TiO,/phosphor
1% Na-TiO,/phosphor
2% Na-TiO,/phosphor
4% Na-TiO,/phosphor

1.0+
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0.6 -
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O o — s
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Fig. 3.1.6 Na-TiO,/33&A| E3tA|2] UV-Vis diffuse AHEH,

Fig. 3.1.7014 Na-TiOy/phosphor 23l F2A] % W& AMEA0] 490 nmo] 54
1 Uehd 22 sd 4 9k T2y gAY Tioo] PEE Na H712e] g wistol
I+ v

I dbs AmlEAO] Wt J&Fg oA 4 9tk 2% Na-TiO,/phosphors FEER] 42 kx| o
glsl L Y& o3t 50% A Zokth ol TiO; Ul ARt W ARIAIZIAL FEAY] TS
Falist7] wiwoltt
1000
800 - Phosphor (without coating
P
g P 4% Na-TiO,/phosphor
S 600A 0% Na-TiO,/phosphor
oy 1% Na-TiO,/phosphor
2 2% Na-TiO,/phosphor
S 4004
=
2004
0

400 450 500 550 600
Wavelength (nm)

Fig. 3.1.7 Na-TiO,/¥EFA| SgA ] =ER0YHA(PL) AHER.

(3) Na-doped TiO;/Sr4Al4025:Eu, Dy &0 S¢AR|e] J=Yd &4 1%

UVZ stollA Na-TiO,/FYA SR MB §olo] cfgt s &80l Fig. 3.1.8(a)oll LiEpIS)
o 1% Na-TIO/ I AEE Foltk Y3 Y& uokRUTL Nool 4% B9 N7} b
TP 0 o e wP 282 UED, ok B =FHW AAT FHo= &

2 = 4 99k T2Y Na/H07t A7beiA] ghe BRA/TIO, A 608 5
o g s&% us) age Btk of Aol TiOl = NavHFig.1-5) H,0,7 300 ‘ColA of
UEH] e FA717] ol BEU 352 A7) U8l Nadt B0t BARde 22 4
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. Uvag xAF stoflAl 1% Na-TiOy/dgAe] F32s a&o dist EAl2] =19 an+= Fig.

3.1.8(b)oll UEfH At 1% Na-TiOz/FFA1 ZFAof disi 300 R 350 'C= FA o MEo] 71
=2 2eS B0 22y 450 CoA A Al LE=d 2l & } L3t 450 “CoflA]
FA2 et SHA= Raman AHERO|A ofELA] o] 7P WOttt REY Aol fAE F 55
Ale] FEdol ¥ ez AARY. TetA ofUEA| A= TAﬂoPﬂ S 6}71 HaliA = 300 “CoflA
K& Aol "WaAolct Na-TiOy/F LA BTA|Q 7HAY = 0}01]}\1 A|7to] w2 MBROoHo] B3
ag WshE Fig. 3.1.8(c)ol UEIUHRIH. 1-4% Na-TiO2/9 g% l A= Na/TiO, AZHAl glo] Az
H SGA/TIO;, aw A& vluslE o § £2 MB 26 a&5 UESH. Na A7IAl= SEM 9]

ojAlofA] AAAZ BoFEl QT XPSolA e SHEENCE map] BEoho] FhAlmA stolA T
o] /jde =g Na'oleo] 7|23ttt

71E dad 2l B2

Esh 2 A9 Na-doped TiOy/SraAlOg5:Eu,Dy FEI| ST A= =]
139 FEolls 2ot 25% ol

& N-TiO,/WO3; hybrid photocatalyst®] &F9l 7fAo] st 7A

w7 bt
(3)1 0 {b)1 0 1% Ne-Ti0,/phosphar,
——200"c
0.8 4 D.B-‘ _._mﬂc
—B— Phosphar TiO, (no additives) —he— 450 °c
0.6 —@—10 % Na-TiDy/phosphor 0.6
o : =l 1 % Na-TiOg/phosphor e
o =%~ 2 % Na-Ti0g/phosphor Q
© 0.4 —— 4 % Na-Tiog/phosphor © 0.44
0.2 0.2
0.0 0.0+
o 15 30 a5 60 o 15 3 45 60
Time (min) Time (min)
(c)12
=ll= phasphor Tidy (na additives) <@=0% Na-Ti0y phosphor)
1.0 =l 1% Mn-TiO phosphor ~4— % Bin- Tl phasphan
1 —i— 45 Ha-Ti0y phasphor
o ._
—a
0.8+
(=]
O 0.6-
& ]
0.4
0.2 1
ﬂ.ﬂ' ¥ T ¥ T S T i T L L il L) . T L L]
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Time (min)
Fig. 3.1.8 Na-TiO/& %A 2&A 9] (a), (b) AHAZ stollA (c) 7HIZ &% slojlA] MBEHO] 3}
2ol a8 57,
UVH stoll A Ajgte] m&E 74 3 €& W3tE Fig. 3.1.99 Yeuidia. & A 5 o}

Ae B WMEELS 0-2% Na-TiO/FFA HFAL & TiO, P259 WAt 1%
Na-TiOy/@ 34 HHA= 30w Fl 86 % ~12]iL 60 Fo 100 %= wellstiet. e 48
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TiO, P25 Y= 4A= 60 F AET siie ol 7HE @2 Fe EF4o] dof 3= 2oz e
U o7 gte 89 Btk Avtd o g F33A/Ti0, BAE Na H7 A9 %ol o &ate 7
OS2 VOCe FaE et mebA, TiO/ 34 H3AA F5vle de& FEA17171 2siA
= Nag E=g38lal TiO.9 d3AE Agsls o] o

100

B2+ na-Tio, phosphor [ 2% Na-TiO,/phosphor

N B o0, ros =1 0% Na-Tio,/phosphor

2]
o
1

[=2]
o
1

% Toluene remaining
=
(=]
1

20

15 30 45 60
Sampling Time (min)

Fig. 3.1.9 Na-TiOy/®gA| 54AE AH&ste UVy stolA 249 2o a8 574.

(4) Na-doped TiO2/SrsAl4Oz5'Eu,Dy FE0| SFLx9 FZ5 w3 1A

FE0 BAUE 2ok Fig. 3.1.10a+ Zt} UV/7HA3A9] A7t Na-Tioy/F4A =3#t
MBgolo] Eergol ZALEISICH EAlol, MBSO @AshE Na-TiO/AuA FE0j= 717 wrg
sk elist 2ol Wetk Athe wg () B o2 fcte fEthe olFeh sl
T2 ot AAke £0) BHO| Ata BAto] SAE o] 4mQAto]=(-07) 2t Z(3)S At
d&(h")2 sto]=EEAd 0 H,09F ¥h3-sto] 4o sto] =24 (-0H) 2tz (4)2 A/ttt 1 o3 49
% (5 1171_! 6)2_ é}}dﬁ}ﬂ MB OﬂEE Kﬂx}7]— o]E.;]—‘_—. E_O]— ]»O]I: Al
gtojzo] A48 oz AdEe Hojict A4d 079t -OH ozt tga
CO,, HSO4, HCL, HNO;, HO& #5iE] 1L A[gto] A|Fof wap AR oo
3% Na-TiOy/FEA BTA= UVZ ZAF stolA ghgstct. Fofo] ofsf xpet 5o A7
S-S (2) ~ (6)0 W} fmZatolmel stolmgA atoyZg sty -0%¢t -OH L2 &
VOC  (CeHsCHz)oll A=l md 12l #aofigth, &0 30 AYE2  CeHO(ml=),
CeHsCHO(MI =2 5] =), CeHsCOOH(WIZ=AN0]AL, £|FH o2 CO2F H 0= Zofigct.
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UV/vis light

vAg
354
DA
M , | Toluene (VOC)
{ (blue solution) ; ' Reactions (2-6) "OH, Oy |
MB + fiv — MB* &) CH.CH,
e +0; =0y 3) CH:0
b + OH + H.O — H* +2'0H (4) C,H.CHO
20, + 2H' — H,0, + O, (5) CH.COOH
H,0,+ e —"OH + OH (6) Harmless gases
("OH, "'O;) — MB decomposition CO0,, H,0

CO,, HCl, H,S0,, HNO,, H,O Na-TiO,

Fig. 3.1.10 Na-TiO/3%A =g#e] MB % £29 0@ 23 723
AUS.
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2. g-C3N4-supported SrAl,04:(Eu,Dy)/SiO, B3t L=0] AX

Strontium aluminate (SrAl,04:Eu,Dy) phosphor Z=3ZA|of] SiO,°} g-CsNsg dip coating
methodE AFE-5t0] g-C3Ns-supported SrAl;O4:(Eu,Dy)/SiO; FHU/FEA SHAMNE AR5
of. H3A SrAl,O4:(Eu,Dy)e] A&+ B,Osut ureas fluxz, Sr(NOs);, AlNO;)-9H,0.A7% 2H|= &
g5t /ol &oHAIA sol-&AS Axsten, ESH AVPAIE2A Eu03 R Dy,0s5 aqueous
nitric acidoll §sA171 & A2 £3stgct. 2], Sr-Alet Eu-Dy solg& 120°CollA] 1AIRE ¢ &}
o] w70 sty £ 85 A2 $, 250mL =740l 21 muffle furnacedA 600°C,
B =0t 71¥ (solution combustion)sto] gHdstSict.

&) A8 gto] AR S =o]7] QJ5lA] tetraethyl orthosilicate (TEOS) A1A|S AHR5to] &
A BHo| AR]7HSIOz) 9 AHSIY T FE0] g-CNe=x ZESH] Y5Ho], bulk g-CiNy H2S
melamine©o]] 211 550°Cof|A] 2A]%F thermal pyrolysis sj& ©-2, grinding stil ethanolof A
ultra-sonic w¥tO & exfoliation ot g-C3N, JEHES w51, o] 89S SrAlO4:(Eu,Dy)
phosphor} A7l &, &5k FA2|ste] SrAl,04Eu,Dy/g-CiNiE =3 FFU| AlgE Axs}
ot

SrAl,04:(Eu,Dy)/g-CsN4@t g-CsNy supported on SrAl,O4:(Eu,Dy)/Si0O; E3FAXRCS] ON|GLARE
Vol TEMe =2 #Areh Axt= offf 2da} 2o, g-CNy 2% 0] phosphor YAt mHt A st
o & I"YEJZS st

[ Synthesizing bulk g-CiNy ‘

.
¥

[ 5 gmelamine in crucible }

[r]
. 2

‘ thermal pyrolysis @330°C2 h ‘

grinding with pestle
and mortar

d

[ Exfoliation: dispersionin 10 mL I

e’rhanol

L |

[ ultrasonication for 30 min, magnetic stimng 4 h ]

[ g-C3Ny-sol ‘
(a)

Fig. 3.2.1 (a) g-C3N,2Q] A|AF =A%, g-C3Ny-supported SrAl,O4:(Eu,Dy) stolE2]E YZaj
&, (b) g-C.N,-SrAl O,:Eu,Dy 2&#|°] TEM o]a]x].

Alzd  g-CsNu@t SrALOL(EuDy)o] &4 FH0 FZ2aAjo] oigh UV-vis absorption
spectrag £7dsto] & Zi, 13 3.2.2(a)oflA et 2ol g-CsNa R SrAlLOs:(Eu,Dy)= UV &4
A= ZRIRE, SrALOq:(Eu,Dy) @F8A1 RIAIAQ] mHo] Z8H g-CNew F54 o 9= &
A7l As Fstdd. ®=3h, AIR" SrAlOs:(Eu,Dy)/g-CsNg  composited] O
photoluminescence spectraS =435t Ay, g-C3Ny W& peaks= 450nm7} F| ool dIH,
SrAl,O4:(Eu,Dy) phosphor W& peakts 520nm ©9lf], phosphoro]] g-C3N,7t Z7}gto]] whet
520nm peaks ZAstal, phosphor BHO| g-CsNybe UAPZF F7Feo] whel g-CsNa2] 450nm

ol o m
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peak S7Fsh=Hl, o] 7FAlRg luminescenced FE0] RBEg & composite A= &/Jsts &

ojstA ot

Ol

1.04
1250 4 . .
® i gCN,
0.8 ] i
: AECN, 10004 '
= * SeAlL O EuDy-50% eCN, 2 $¢410,EeDy
= - % s i LA It .
& 0.6- i $rAl O FuDy-23% =C.N & . A Y - SgAl CI /5% gC. N
& $rAL O EuDy-15% eC.N, = 7504 . " \4" . SALO/10% 2C N,
B * 81 0 FuDy-10% 2CN, g A __\" - BeAl 0/15% sC N,
s 8rA1.0 EuDv-$% sCN = b = R Sr.‘.JD 35% £C \
A i e $ o . - R br-dU 0% vcx
:% { 50410, FuDy %
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Wavdength, nm Wavelength, nm
(a) (b)
Fig. 3.2.2 (a) UV-vis absorption AFEZ  (b) g—C3N49Jr SrAlZO4Z(Eu,Dy) BoFAR|O] I EF0)
YAAPL) AmE.

ol
-

A Z= SrAl,O4:(Eu.Dy)/g-CsNy S AA 0] gt Ateld ™ 7FA] FojAe] F&Esled 57
¥ow, Sppme] HEH 5% & tist FEo] AdS 5T 23 off Fig.3.2.30] YEhd
gtet Zro] SrAl,O4:(Eu.Dy) phosphoro] Z®H CiNy= FHU s&5 I/ THAHESZ & &
9lt}t. UV-light sto|A HE= 257 8o Z0] g-C3N4s2} SrAlyO4:(Eu,Dy) hybrid compositeof o
st Wute &vl (0.0IM SiOj;phosphor/g-CsNs compositeZ} 7H wHE 4428 e OO,
0.02M. 0.1M 2 0.2MO] o =2 silica 3l2ke 7}al AJHS 25 A27F 0.005 2 0.01M AI=wct
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3. g-C3N4/TiO;/SrsAl140,5:Eu® ,Dy* &3 L&) 2344 AX

(1) 8-C3N4/TiOs/SrsAl14025:Eu® ,Dy*" £ T&E0] B4 FH 9 A HJ H

Tio, % -GN, §UL 2 Ao]F o2 WyHow, 1
Sr4Al14Os5:Eu™ . Dy*" FLA| A|A|Alo] ZEREAC AHA] Afo]ZH(Zo] Fuf)oA TiO, F0f &AL
5mlL2] HNOsZ A7}ste] pHE xA3H 175ml ©ole =220 EJels o|A L2 ZAjo]T (Titanium
isopropoxide)S st ®#F&A S3rs5td A &x3Ut} (Fig. 3.3.1a). 50mL &$&40 2.8% =%°] Sodium
dodecyl sulfate(SDS)S 30 J WEISHAA AW /A2 FrstAt. d3A 22 98 = Tio,
=2 AMYA 1L HEE 2o % & B (autoclave) &7]0 ZAFAIZ]AL 150°COllA 4AIZHEQH ~F
82 AledstRch 1 o "ColA 2A17F 59t AA|2]5te] SryAlsOgs:Eu® . Dy*/TiO, B3 4|
= 4.

SraAli4Ogs:Eu* Dy*"/TiO; (1 3.3.1c)d stojBe|= £0jE g-CsNy A2 A|x|5H7] gt 2}
2 34 (A o) 1™ 3.3.1bof Al AR mef edEQlt. o g oflA g-C3N4 Fl= HE
204 550°C oA 2413t E9F 5ge Uﬂa I2 psfstol MAHACHIY 3.3.1b). 1 F A
3 g-CNoS AT R A5ttt O ths 220 92| 59 20% g-CsNyS 50mL o]am 2
2(IPA) 2 120mg NaOHe} 37 9l 2 £7EA2 uo|Uo] WAlA|ZIC 1,800 RA9] @2
/TIO, B EIFE §710] $AAZITL 100CHH 4P AVt 51 W o2 IYsiairt
DA &, FEA-TiO2/20% g-C:Ny SIANS Adaiste oY [PAS A7sta 7] 2o A
5kl 400°CollA 2A1ZF &9F EA2 sttt tietd ez, vlus sl A FHojzA9 TiO = #H|E| ]
0] SraAliOzs:Eu”,Dy*/ g-CaNy BgAfol 38 St (173.3.1d). 20% g-CaNsS E st WS
< FGA/g-CsNa, FGA-TiO2/g-CsNy Y FGA/g-CsNy-TiO = EA]E]QITF

O

OT: Hu:

u[o

B R

I‘JJOL
Piool 2 rE uE

e W 5L R4 2ppm R0 0¥ A= mEdA 22 (MB)S AR&ste] HIULEI
o ZE0 (100mg)E Ab7] wRstEA 50mL MB gofol] FAMA[ZIGE UV gd2 254nm, 8 W

o

Philips #%5 U2 Abgstel WU BYAMNES ¥ BAS Azick UV-VIS 2avoz ojga
2o 2l 552 o5 158 7702 lmL 0P 22 891 AT /HAITH BUORE Xe
sz 300W Luzchem Solsim Ej% Al&do]E (10,000lux)S Algst¥ct Behe B34 4A 2 M=

AMA dA2 UVy F50] 2744 HAE0 29d iz o=l
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(a) TiO, coating on phosphor (b) g-C;N, coating phosphor

175 mL H,0 + 5 mL nitric acid .
+5 mL TTIP 30 min stirring at Bulk g-C;N, synthesis
25°C 5 g melamine 550°C/2 h
0L N 5 - ;
[ 50 mL SDS solution (2.8%)+ 15 min stirring ] *O-Ogm E"Il:rrio };? Er:(%;ﬁ:g;gpg%l +30
Coat on phosphorpowder 1.8 ¢
9 g phosphor autoclave 150°C/4 h Self assembly in autoclave (100 °C/4 h)
Drying 80 °C/6 h
Centrifuge +wash with D.IH,0 + heat treatment 400 °C/2 h
ethanol
[ 450°C/2 h calcination ]
1 TiO,
e CN, — .. TiO,
e - --- TiO, - : SI'!C_E:'*IJ
- = . __phosphor
(c) _..-phosphor (d) P

Fig. 3.3.1 & Z2AMA S&5% (a) TiO; (b) g-CsNa2t FGA AX|A|0] stojE = FFHuj I8 (c)
g-C3Ny 9F (d) TiO,9] 4 =¥,

(2) g8-C3N4/TiO5/Sr4Al14025:Eu® Dy*" £ F&E0) B3Aaxo] 24 ¢ o 54
Fig. 3.3.2= ¥8A|/g-C3Ny MEZ3} v]wsto] stojEt Fujo] gk XRD mjd-& Hoj&Er}. stojd
2 E FHii= TiO,, g-CsNg ¥ 27.6° I 38.4°0|A] FFA| 37t LX|sto] o A =
2 TETS eIty FEA= Al 7HA] ABEOIA TRt I 37t AujAo]a ARl AFEE B
o &t Est 3719 5 AMEOAM HEE HA] © 53 dAl= LGSt Y 59 A|ARI] MAES
W}, F8A|/TiO,, F3A)/g-CsNy © FFA-TiO,/ g-C3Ns2] SEM ©o]u]X]& Fig. 3.3.30]] e}
A8 = FGA (Fig. 3.3.3c)olA] TiO, WA= FEA0 U Z2o]22 RS
Elof Qe ¥t g-CaNy= E1AISE 22 AE R XX =

> &

w
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Intensity (a.u)

M 15 20 25 30 35 40 45 50 55 60 65 70 75 B0
2theta (degree)

Fig. 3.3.2 XRD ZA T (a) phosphor/g-CsNy4, (b) phosphor-TiO,/g-C3Ny
(¢) phosphor/g-CsN4-TiO,

Fig. 3.3.3 SEM ©]0]X| (a) phosphor/TiO, (b) phosphor/g-CsNy
(c) phosphor/TiOy/g-C3Ny.

o

Fig. 3.3.4% J8A L g-CNag} vl@sto] sfoluajc =gt 2o et UV-VIS st §4
S WL YA AAAE 200~450nmE FAoHE W, g-CaNi 2.7eVe] W oz

{ QoA F471 g E3t, BAI/TIO/g-CiNi(& 50] : g-CsNy)e] stolui]
2 g-CaNa9t 9AIZ S48 LERICh ol2fdt o] @2 g-CNJ()S FBA/TION 2
JU G} FLAG. T2 FYA/G-CN/TIO; (2 J0 © TiO)el §5 2MEd TIO,
of WIc7] 3.2eVE QI5) VYT A oSt Tat, FUA/p-CaNid TiOSh ATsta o]

% |0 8

F0Q g-CsNoZt 7RI &4 5742 Folstr] dieo AHME-o] 400nmoA 600nm= o]-5<tet.
ol F&4 T 542 F=0dll e st

FEAN.g-CsNy 3 FFAN/TIO2F ]t E}Olﬂﬂlc =Y e F 2 AHEYR IF 3-50 o
eFQltt. 360nm m7e] PL of7]of|A g-C3Na= 455nmojlA 2t T3S Zt= GRS YEste W

FEAl 3= 490nmoflA FE et 7?—14 stolgel= Fifjs Al 2H TiO, Foj°t g-CsNy

Wz s AT M3 (90% ol UeRdch webd TiO, % g-CoNy 28 ©AE Eu” 2 Dy* of
WAl Aol #Ah BES Aust uAlE west g,
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Fig. 3.3.5 JFAI/TiO2/g-CsNy HF LAY Hd AHE™.

(8) g-C3N4/TiOs/SrsAl140,5:Eu*' Dy”" £ TE0u] Ega 5
8-CaNu/TiO/SraAliuOss Eu” Dy” &3 F&0] 540 tgdall 52 Frol= UV stolA &
FA/TIO, R A /g-CNy HTh o ggAor ZJE Tt (Fig. 3.3.6). #AlAle=z, TiOE &
(d)og oh= FFA A9 stolEele Huj= 72% FollEls 9t A FulE g-CGNy&E ot 7
93%2] wddl 525 FollotFth. FEA/TiO, Iolg g-CsNy A} ZAdstil PgA|/g-CsNy 0]
TiO, dut Aghsto] stojEz|t Fuje YeSdAlo] Qst F ges 7idsto] PEug FFAZIH.
E3t, stojE|te 59 Aol A /g5 g-CoNas g-CaNy&f {ARSH HHEZ] 02 Qlsl o g &

=>‘=
o 2
OE
mE_l:
oX.

oct gl Holck oAE YA-TO/g N TYEol T UV-VIS §4 AMEYe) )5
A SHlEolch. 23 3-6bk JAITA &% stolA FuA] 2YAM HPA 22 Be) a2 wol

. 303 &9 FFA-TiOz/g-CsNy %&/‘KH% 93% ol = YtH, FEA|/g-CiNg, FFA|
/8-C3Ny/TiO; X FEA/TiO= 232 85%. 54% X 9% o=t} ARl oz g-C3N. 5 A Sij=2
ARESHe= sholER|E File e ¥ FF0 dsE TG 224 TiO7F A JHujd 3¢ Tio,
o] BHEZH(3.2eV)0] g-C3Ny(2.7eV)ETt 27| miwof FFu] vh&o] A|A=Tt. ©aba Fof TiO, HEroh
Hie 7ol B2 g-CaNyoF 22 & A2 stolHe|e Y EAC F&F0] 45 4ol 7=ist.
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== phosphor TiO,
=@ phosphor-gC. N,

(a)l.[l'

= phosphor-Tio/gC N
0.8 1 =4~ phosphor-gC N I"I'iﬂ_,
0.6- '
E:
]
0.4 -
|
0.2 -
ﬁ.(l' T T T L] L] L]
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UV-light illumination Time (min)
(b)1.o
“-8 n I
- phosphor/TiO, .
0.6 - —@— phosphor/gC N,
s —d— phosphor-TiO,/ gC.N,
O —W— phosphor-gC N /TiO,
0.4 - ) -
0.2+
0.0 ' T —— —
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Visible light illumination Time (min)
A RAIA] stojvel = FRu] SFA] B =% et Bt
(a) UV (b) 7HA8.

Fig. 3.3.6 T}jefFst

o

(4) g-CsNu4/TiO2/Sr4Al14025:Eu* . Dy*" &% F&0] B2 4x|o] CO, FE3| vt 54 ng

—==1
i
)
Y
ol
o
f
Q
&
i)
r{u:
ol
=1
[
rL
5 oo
_||rn
2 ox
o
kil

g-C3Na/TiO2/SraAlOy5:Eu” Dy &3 FE0] Zax 4
RS FE0 ABE2 TiOy/g-CNy SA FF0l 2482 53A 280 29519 Kﬂ_]_o} o Al
4 G50 222 "HEZ FAo got 1L HEE MEF #o €1 100 ppme] CO; 7IAE
gt & RRRIA /7RG ZAF Al T E CO, 5 ¥ShE 7tA F=0bE2n A4 7](GC Agilent
7890A)E AHgsto] FEdla= 55t

Fig.3.3.72 Sr4AlLisOs5:Eu,Dy/TiO,/g-CsNy2] At} StojA 2] P&l a5 UERH L :
Aol &AL 1807 & 96%9] ©etes a2 UENHCH ©ebpao] B2 COZt ARelA stollA] g
ool oJsl G2l =o] ArSFEY Hetpar Ao AS ujgitt. CO, 7EA7E Fifjof] &4
3 FEsl vh3o] doju ©etara g wehdo| wat CO7tAL mas AlESiA Hotst. ojz <l
sl CO.9] F&dll &2 =% FEQ SruAliaOs5:Eu,Dy/TiOy/g-CaNyof| A X FHojd A2 &l

& 9

ot

PP
o rﬂ
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A 60§ do%el elpaAst ARSI Uilpa £E8

282 608 5o wisht glolony, ol COy7t
225 582 9o o &2 ouxe] Wg Wae &g UEhd
CO, 7tAae E&0)

=40 —JOH tho] Y34 2E ZEA F7al
At & ®mHO| 7P7to] FstAu SAET sl vh3o] dojuk Ergdst CO 24F
2 Hu, OA] o7 ©Eekea 2 (hydrocarbons: HCOOH, CH3;OH, CHy. etc.)2 AASHA ©
.t & COz — HCOO — HCOOH — HCO — CH;0 — CH,OH 1} e vre4d =25 AXA 254
o2 CHy or CHOH=Z Hgr=E £

4 Qltk. off, ¥hgAl (1), (2). (3)2 AHAA/7FAIFA RAF Al A}~
e 4ol Agat FE BWAA CO0 Bal age Hyste otk FWAE TiOy/e-CaNiol #
7re 2 SFARA] 7] 1

c}.
= 2 Qltk. CO, BX}7F UV/Vis
o] x °

_o]-

AMAfet HBL CO0b H,05 Hafsh
merea 22 BalEU (Y (3). Cool ¥
orch.

== = O O
OTOH 2

o A2"oHA (1), (2). HFHL=2 COxs
AT A o 23 &80l 9 £

CO; + H + e — (CH30H + H,0):TiO,/g-C3N4-phosphor (1)
H,O + h" — (H" + 0,)TiO,/g-C3sN4-phosphor

(2)
(CH30H + H,0)+TiO,/g-C3N4-phosphor — CH30H + H,O + TiO,/g-C3N4s-phosphor

3)

100 100
i CO, injection Accumulated HC
(P4
1
| 4 s0
}
l _—
3 \ lo E
= I e
= i 2
S : Z,
¥ ! d40 U
: i
I
4 20
y
0 I T EESEICI L, LY -,
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UV light irradiation Time (min)

Fig.3.3.7 SriAlisO25:Eu,Dy/TiOy/g-CsNy HF AR HC £t
st CO,9] E#sll &5&. HCe ©atpAo 55 YEE.
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4. TiOz/Cu—doped Sr4Al4O25:Eu,Dy é—%" %éuﬁ liﬂ,‘?",;}'_}n\_xﬂ x‘“fﬁ
(1) TiO2/Cu-SrsAl4025:Eu, Dy &8 F&0] SF4A] &FH ¥ AF U4

2 AgoMe BFAA AES Ysto] olatatEleby 3R AAAIQ SruAlyOzs:Eu® Dy* &334
LA 2UE gstg oy, 2A9 ZHAdZ 2 Sr(NOs), (Sigma-Aldrich, >99%), Al(NO3),-9H,0
(Yakuri pure chemicals, Extra pure, 98%), Eu,03 (Sigma- Aldrich, 99.9%), Dy,03
(Sigma-Aldrich, 99.9%), H3;BOs; (DUKSAN Pure Chemicals, Extra pure, 99.5%) % Flux=#]
Urea (DAEJUNG, Extra pure, 98%)2} 7]ZA|2 HN3NOs; (JUNSEI, Guaranteed, 99%)S A}&s5tal
A4 (Combustion method)S ©]&sto] sttt o] & ¥4 o L= +2 &0 A5t
71 s Cu(NOs3),:3H,0 (JUNSEI, Guaranteed, 99.5%)= Ethanol (DUKSAN Pure Chemicals,
99.9%)0 s=E= 8ol AlA 8 HEHS AT, FEA 0z A/} Sol-coatings Aled
5t7] ¢Jst o]AtStE]EHE 4892 Titanium isopropoxide (TTIP, Sigma-Aldrich, 97%))2}F HNOj;
(DAEJUNG, Guaranteed, 69%), Deionized Water, Ethanoli} A7d3s] Ao A& QJct,

SraAlisOgs:Eu” Dy*" A B0 f2)(Cu)g ExIsH7] Y5t A4st Aiels o] &sto] &
AEs U= FIA 2L GA st 8] S FAESHAT. Aest Aies 247 ©E 0.62 -
0.165M(Molarity)2 s=2 I8 Eon, FUu v|lEE 880 G & £2ZTE 7isto] AX|A|
o] mHol 2 YAE =AY, o] & AR E 01%3}04 g =347 FEA H“*ﬂl HEE
Halstal 100°C2 1AI7F=RF AXRAIZ §F, 90%-10% AApA S3H7
300°Co]| 1A|7F &t EA2] st 18] d/4d= g 3}9'1

ojifetE|EtEy Z® 2> S2ETAY ¥ £3F(Sol- coating) WHES 2% ARESIRIT +8H
5:40:20:0.5 Hoju]2 Zt7ZF Titanium isopropoxide (TTIP), Ethanol, Deionized water, HNO o]
guiet AFAIRI TTIPE 87 o Gof 50°ColA 24175 witA|ARGI oY, A o7 E|EtE l
o] A A9l EEgagdo] A Hdtt. £38(Sol-coating) YHO 4F =04l ElEtE
Aol HFd FEA L= FA AA 5t RZTE Tisto] mHO| BAI7] L 110°Cof|A TAIRE &
oF AZAIAE -H *71—3%’4714 R7]20|A 450°Co] 241759t OE‘HEJO}OE] ojitetEEtES F7d St
o|AtetEEHEO] & ofUEtAl(Anatase) o2 HHSIAIARIT AT WHY 4= £384 ot
A7 = ElEhE T%C&*Oﬂ 5878 F8A 282 2Ystl HEE 2olyo Fof @ EZdo]d ¥h37]
of gof @FofA 130°C= 2, 4, 6, 8AIZFERT 7} stofRith. ¥E37] YolA d2udd] 7t d =
B4 FEAE 280 F20 T} YR diFdgo] st o]g QIsto] 2~8M YoA o]F
sty 1127 ojitetElEty FEO| APEJT. ¥h3o] FrH £, BREV|E A=A AN or b
AlZI H HIER 2oldE #2ste oiAlE &5t AEd &S #2]stal 110°Co] 1AIRF 5k A
RAAZRJG. o] & 3"} LS ol4tetEEHEY ofUEHA] A2 TE7] {std 57171 5
oA FA7]=2of 450°C= 2AI7F 59t EA 2] sto] 25 JEA-=45-F5U SFaME A~
AoM= diaAoz AREEE= ol4tetElEtE ARl Titanium isopropoxide (TTIP)S ©]-&5toq
ojitetE Bty F®S skt 22y, ojietElEtE F®Z AISdstr] st o ARz
Titanium n-butoxide (TBOT) A 1A= &8&sittH TTIPI:= T2 AyE 288 4 9 on,
Ao A Titanium n-butoxide (Sigma-Aldrich, 98%)S AE sto] =gk wirloz FES X|
SgadE BIAE BEo WSHTO xol2 Y] stel £ OR MEstHLL

Aad G50 SFae F2ol 54 AME o Y2 Ate]AolA phillips Ate] 6w UV lamp

NE /\}35}@‘1 7%]”’\101]*1 200w YRS ARRSIRITH S 7IAE FURE 7N U
0]510}01 27 & E79 7tA =% £ Gaschromatography (GC, Agilent, 7890A, USA)2 BA o}‘,’i
onf, g & tig ‘“—11 = Aol tisi wBSFHS ol-835to] UV-VIS Spectrophotometer 7

2 1
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Intensity (@)
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(c)
Fig. 3.4.1 (a) Cu-impregnated SriAl4Os:Eu?’,Dy*" Z£3x| Earo] what 7w (b) TiO,-coated
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Table 3.4.1 4A|7F 22yt 31 S XI8RsH BatAx|o] EDS BAM ZAxt ®

1 O v
Photocatalyst Sr Al (0] Ti Cu
Sr4Al14025:Eu,Dy/TiO, 3.44 31.01 61.19 436 0

0.062M Cu-SrsAli4025:Eu,.Dy/TiO, ~ 3.59  32.60 58.12 5.19 0.5
0.083M Cu-SrsAli405:Eu,Dy/TiO>  4.08 43.19 47.65 393 1.16

0.103M Cu-Sr4A114025:Eu,Dy/Ti02 694 3611 5036 532 127
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ojltt. GCE o]&er 57149 Aol dinA JdE& olitetHEHE F8Q P25 (Titanium dioxide,
Degussa, Aeroxide)E Foll ‘& HlLE Qo AFESIATE. P25+ At A|Ztof] ApejidolA 40%
o] F&oll dsS By, RGN = FEol S0l UEIUA] g+ RS stk AAARI
ol des SYAcr ERIGIEH, & GRS HHA SHAX Fol ds2 FHE T
AISHA] 49kg miETt 7hAlo] =Qlon, 0.103M =% o]/e] 2|7} GAI=H 25|y 2|5 GA|st
Al F2 SFARET Fio dso] AxRSA= AS 2D & Atk E3 3.2eVe YHEZRZ 1A
7HAGAA A EEel A eS UEHUA] Rk P259) vlwsto] EAR] = TGO T FEsl] g
i Bl o) 1 )

= 21[32.33]01 A
Ho|Z& TiOy/Y-zeolite hybrid photocatalyst®] &% 7tAof thst 7HA = 2t 20% o]
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Table 3.4.2 UV stolA 54419 RIe&: 254 22t 23 4 (y= Az +B)

Photocatalyst Int(ell;c)ept Rate (f:;l stant R-Square
, 0.1652 =
St4Al1:055:Eu,Dy/TiO; 0.0268 + 0.00457  0.89301
0.16792
0.062M
+ +
Cu-StAlOsBuDy G282 O s 0.92526
ITiO, ' '
0.083M 0183 + 0.03827 =
Cu-SrsAl,4055:Fu, Dy oS 0.95694
/TiO, : 0.00404
0.103M 0.02211 +
Cu-SriAlOpsBuDy QLM 0.9261
o, : 0.00309
Tio, (P25) 00003 = 0.00811 + 0.0006 097836

Table 3.4.3 7IAITA SlolA BE4A19) WSAE 5oHA TPE AW 3 (y=Ar+B)

Intercept Rate constant

Photocatalyst (B) (A) R-Square
. . -0.07454 + 0.01553 =
S14Al140,5:Eu,Dy/TiO, 0.04421 0.00064 0.98316
0.062M Cu- -0.00688 =+ 0.01993 + 0.96426
Sr4A114025:Eu,Dy/Ti02 0.08335 0.00121 ’
0.083M Cu- -0.08039 =+ 0.01326 + 0.97755
Sr4A114025:Eu,Dy/TiO, 0.0437 0.00063 )
0.103M Cu- -0.07284 + 0.01747 + 0.9779
Sr4A114025:Eu,Dy/Ti02 0.05711 0.00083 ’
) 0.03544 + 0.00012 +
Ti0, (P25) 0.00707 0.00010 0.04587

(4) TiO,/Cu-doped Sr4Al140,5:Eu,Dy £33 &0 SF4AAQ CO, F&df v 54 3

i T

ool sl 542 VOCs 7t & sl &34 o= oJ4tets A (COy)oll ot
E

t}. Fig. 3.4.182 el 22 24 9hgal £291 JtAS o]t

FEol 5780 BAE

At 7tAad oA JPY 245 E EFAaRo] digh ojiteteA Aot s¥S HoEr.
Hxdo 210 HE2 ¥i(Teflon bag)o] E3FAA] 2g1 100ppmo] oJAlslEtAE Z=Qlsto] W
&5t At (Philips 6W UV lamp x2)2 Y& ZARSHH] AJZbo] ©-& ojitetet4 o] =
T 5 Gas Chromatography (GC) ZHl & ol&sto] A5t T:. S aR]= Arejilo] Qg &

IR OUIHELE d5kol S0%0lY HaShe £EE 2glon), AFHo2 60wl 0o
ke 2AZ BE RESIE DEE ot oluslEAr welHE oA HC 9 CO %
A (By-product)@ FASIALE. ol Folol Zad gt U Bt o
F APl AGAE FA Pact: B4S HAC. PAER Y%

o] & 2719l Fugo ofsto] COY H02 ThAl #3 2
529} olAlslErag] BEI @ AAshs 2oz A,

334 HC (Hydrocarbon)&
=3 aagna HER0R AR
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5. TiOy/CaAl;04: Eu?' Nd** &3 &0 234K A=

(1) TiO2/CaAl;0s: Eu** Nd* %3 Z&u] 524 &4 € A Iy

Ao A= sol-gel HE 0|83t CaAl,04Eu” Nd* &ZA| W] TiO, 2 IR} Tio,
percursoriid titanium peroxide complex solutionS &H|st3 Tt 3.8 g Titanium (IV) butoxide
= 100 ml DI watero]] @1 75835 AF==2 SHOFA XAAXE Ti(OH)E ¢dQtt AXAES 22 5853
Aﬂﬂ St & 75mL 3SR Ao 88§A17] 1 AR titanium peroxide complex SOIUUOI’]E FH|5H3

t}. 3g9] CaA1204.Eu2+, Nd* ZZAS 12mL 8o 21 AreoA 80 & L 300 & 9t wuls}
A FHICHAEE ol§2 CTP-80s E+ CTP-300s). 1 tfZo= &Hs| outsty ARt &
CaAl,OsEu* Nd*/TiO; U= 2US 400 ‘ColA 2417t 5t HE2of|A 4/dsto] Alxstict. wpar
stea A2le] aubs Hoistr] 98, 7F4 2ol ¥ Titanium (IV) butoxide (pH 8.2)& AR&5to] 1t
At ®2]2 AIsPshR] a1, TiO2-solo] CaAl,04Eu* Nd* =1 80 %3t FZ¥sto] Fxj2] x13451%)

tHAZ ol CTB).

F9e CaAlLOyEu™ Nd* /TiO, S axfol] thst F&s] 58 tE3l 23 (MB) 898 Eafst
£ Ao o) S 2 ppm MB §US Fulsto] lg FE0| B4

visible light a}ojlA] w¥tste] 50 ml MB gofo] BAMX|ZITH 30 ¥ 7tAoz &gt MB £% 2 ml
W23 sto] WA 2el7] (ACF-10 Daihan)olld 5 2 ¢
(UV-1601 Alob= A|&Ea)E Absto] 664nmolAo] EHes 5
sttt Bgare] Fisl a&2 MB 8949 27| 5k (Co)ot &Y sis WY == (C) H]=9
ol Alatstdtt. UV light =AF F¥42 UV lamp (8W, Philips TUV)S ARESHRIAL 7HAIRE RAR]
A2 gsolar simulator (PEC-LI11, Peccell, 10,000 lux)S Ap83ste] UV XH 2= (410 nm,
Edmund Optics)2 UV lightE Atdsttt. S5g4xi] d&sl 545 B@7ist7] Hst JU& P25
TiO.9] F&al A= Algsti.

(2) TiOz/CaAl,04: Eu* Nd** &3 50 Eg4xo 24 ¥ oI 54
Fig. 3.5.1(a)= 4% CaAl,04sEu* Nd* 2 CaAl,0,Eu®" Nd*/TiO, Uk B3 xj&°] XRD
patterng UEhdtt. CTB ABZ1} CTP-80s A1Z9] 25.2 "o+ 22 M 37t YehgEr o] o3 ¢
X|= anatase TiO; JCPDS Card(No.21-1272)0] UEtHt & nj3 Xt UX|5to] anatase TiO, A
Moz CTB A&yt CTP-80s AlE mHO| IHEUE= A2 &g & At & CTP-300s ME2
XRD pattern2 33 "o|A A2 o 37t YERITH Fig. 3.5.1(b)oll YERdA vfel o] o] m3 YJR|&=
CaTiOs; JCPDS card(No. 22-1053)2] Zu] 39} Ux|stct wad =20 w}a} CaAlOy= A 8-OHojA]
ofAlo] dojib= ARAS & 4 9131 peroxo titanium complex €989] pHE 2.80|t}t. whatA] A=
Ca”™ o] 22 400 ‘ColA dxjz] g Fol TiO,et ¥H-gste] CaTiOs Ag FAeh 7oz morsict
CTP-80s A& dip-coating A[7to] Y& A7] ©lZo] CaTiOsg A2 5 gl diksh AMe2|shx] ¢
< CTBe] pHe @717 (pH 8.2)0]t, o2 LASHA] Etth.
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0

Fig. 3.5.1 (a) 1AF ¥tew¥ o2 3rM=El CaAl,0.Eu?, Nd* ¢}, CTB, CTP-80s, CTP-300s ¥ JCPDS
card No. 21-1272 (Anatase TiO,)9] XRD 1#, (b) JCPDS card No.22-0153 (CaTiO3)Q}t
CTP-300s @] XRD 1jj&19] H]u

satst Alelol WalAlZte] Agke wAsb] YeiH FAE RUUALe] nHPEE EASHACH
Fig. 3.5.2&= &A% CaAl,O4Eu” Nd* ¥ CaAIZO4 Eu® Nd*/TiO, Ux Estaxjo] MAWEZRALA
ArA0]3(FE-SEM) Atzloltt. Fig. 3.5.2(a)w TiO,2¥ ol QA k2 HTA| UAFe] Aol Fig.
3.5.2(b)= 3AEsE &2] glo] TBOT &% o2 TiO,ZYsH E3tAA] (CTB)AHAIo|th. Fig. 3.5.2(c)= 1t
AFst A 2]3St peroxo titanium complex 2980 2 80 s&9F dip-coating®l CTP-80s A=°] SEM A}
Xlo|§ Fig. 3.5.2(d)= 300 s=9t dip-coatingst CTP-300s A=°] SEM A}Xlo|ct

Fig. 3.5.2(b)& ip4tet A2f glo] TBOT Rt Atgste] IS o FFFEH o] LojuA]
Q1 FBY TiO; YAtEol F3A £ I U= AS AT 4 Aot CTP-80s HE9] 52
TiO; YArso] #HO| ti Z-FH U= A2 AL 5 Aot o= o] ¥ micro-pores?t Al
=it CTP-300s MBS GAIAZIO] U ZojA & 0|23 micro-ridges7t F/J= 1L

micro-ridges EHo] TiO, I &o] HA= 7,4\% i}?_é}ﬁiﬂr. Ao]l¥ 3 micro-ridges= IZE A &=
of &4A] BYH AR TiO22F A= C}. Fig. 3.5.2(e)= CTP-80s AH=9] EDS
£AAE R AAOIC Ca, AL T o] A @%ﬁ}aﬂ;q.

_[‘.
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l-ru J
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e Lk a e ek L - e

Ersprpy |}

Fig. 3.5.2 SEM ©]u]x| (a) nAere®i o 2 srd=El CaAl,04.Fu? Nd* (b) sample CTB (c) sample
CTP-80s and (d) sample CTP-300s (e) CTP-80s ¢] EDS A= EAH,
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YYEYAS o 8olo] BUARY WY AMEYS AU TE AR} 43 nm A T
7} Ueid TIO, F99 2AAe] WY Zet 39 AU "olgch CTBARS WRPst
CTP-80s Al&e} CTP-300s Algz ¥t 50% = ©olX|t 7MY 2 intensitys B30 &HYH =7

ey
]/\1‘_—- /\]'}\'1 -]O x;J—;:ﬂJ I:H-JJ-/\-]L 7H/\ 6‘_:]- _/'\_ olct 1 E__]—_y_%q_ CTP-300s }\]EQJ 7:]_('3_% C&TlOg
b @ysol Algd WEE LS st ofsit). Jeiu Zasolw
commercial &34t Tr/\}é_ yhay 7;5% O x| 4~ 9t}

JE
_a
(@)
.ﬂ
"U
%;
wn
>
il
HT
iw)

700 2+ 3+
| — Synthesized CaAL,O:Eu” ,Nd
600 - —.-CTP-80s
] — CTP-300s
_os0 [\ CTB
<
S 400 -
£ 300-
= ]
200
100 1
0 Ll v I v I v I v
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Wavelength(nm)

Fig. 3.5.3 CaAl,0,Eu?’, Nd* 2 CaAl,O4Eu?, Nd* /TiO, 2%A|e] L E 20|y A (PL) ATHE],

(3) TiOy/CaAl,O,: Eu® Nd* £% T&u] B3r4ax|o 3

ﬂl\?a
oX.

- _
548 13

d|
~ Mo

CaAl,04Eu?, Nd@*/TiO; B Axjo] BEs|5 8-S UV £ visible light slofA] mjeal 22 2
B A =8 545ttt Fig. 3.5.4% 400 COﬂH g xj2]gt CTB, CTP-80s, CTP-300s A|&&
UV stoflA] MB 4~&lof] gt F&all 5742 vlust 2efjmojct. apiket x|2] 6tA] ¢k2 CTB 34
AMEcH abitel A2jst CTP S¥AaXI7 ¢ 4 FE6l 242 7HRaL At CTP-80s Al&+ 180
mino]| 82%2] MBS 4Es] §8& ¥, CTP-300s A]2L 180 mino]| 66%°2] MBLEsS] §8&<
B9k Jegj} CTB A2 180 mind] 2%4 MB ZE35] §8< B}t ol= CTP A|2oA oA
o] dojyt7] wjFo|zta =T CTP Al2 HEHO| micro-porosity?} wavy micro-ridged
morphology”t A3/d o] &2sl ¥hgo] Al of MB #Atet F& ©Ao]l ARY] fizo ¥hg £
71 Ryl o2 A7t
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Fig. 3.5.4 A& A|7to] T}2 Uw 230 UV stolje] ohal B20] B3] 8.

Fig. 3.5.5= CTB, CTP-80s, CTP-300s A]|&°] MB solution &&s £4-S visible lihgt 5}9
A vt Jjmojtt. UV stofA Aleist AdAutet JAlst=t] CTP-80s A&7t 7P whE 42
sl &8-S Uiy et x2]2 sHA] e CTB Ales 7MY =3 #4Es) §82 HYch =
Visible light slof|A] tixso2 AdE P25 TiO, F&2sf AP S X¥stg oLt L) vhgo] M5
LOoUA] ofottt. HEAL &/dd TiO29 band gapo] £01&%17] =0l 7FAlFolA F&sl ¥+l

Lol & k.

1.0 9
. $ o o o o d
| |
0.8
é
- A
_ 0.6 A
o u
J' A
0.4-
m CTP-80s ®
® CTP-300s A
029 A CTB ®
& P25-TiO, " 3
0.0 ¥ T v T v T v T v T v 1
0 30 60 90 120 150 180
Time (min)

Fig. 3.5.5 AA| AJ7t2 223t AARt phosphor/TiO; W5 At P25-TiOz9] 7HA[3d StoflA]
Fol 2
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Al4d BY/EE HES AT 1YY

ox,
)

P4 BE0 ¥S A A7

o o

1. Fe-doped TiO,/Sr4Al14055: Eu?* D T &3 akEu) bjE AR

(1) 5% F50) oIS AW Fu) R 4G Py

P

SryAlLyOzs:Bu™ Dy* LA &2l2]22E 10wt% CaCl, 8o 374 FLA 8= AA|AE LA
Yjo]E®¥ (Algination method)g o]&5to] A&ttt &S2l2] &= Z&F4 (Deionized water)o]
o714 UYEF (Na-alginate)S 2AMA|Z]2 500rpmojf|A] 30259t A7] w¥F7] (overhead electric
stirrer)2 o] &sto] A|xstFct 7 oS SruAlOs:Eu®,Dy*t 33 (BG-300M, Luminova) 22
A HEF &lof] 24171 A7) wyt7| 5 o] &sto] sttt olZE A A& | FEAl =3
bmm +=Z& E3f 10wt% CaCl, &0 =& 7JAH (Drop-casting)&]o] 7AsHGelation)of 2]3j
=2 Aok A H uEE 7150 2417 $9 AR §, A7 UojA 100CR 124]
HEQt ARE ZI88staL, 5%HeE 95%N, Se7EA g 291704 1350°C = 2A|7HEQF A s3It
8, Fe(NOs3)3'9H,0S Z+7F 0.06, 0.12 & 0.18M (Molarity)2 100mL%] Z/4of &sjA|AH 25°C
of 2A17t &<t WBFA]A Fe-impregnation &2 A|AsHITE A& & Fe(NOs) -8 50mLoj 5089
Sr4Al14005:Eu?’ Dy* A | &2 %£7] &8 3R (incipient wetness imprgnation)g o0]&-5}o]
FEston, o] & xub H W] &AMS oSttt Fert &4 o A v][=F 100°ColA 12
AZE SQF 2RSSR, HERN 400CR 2417 59 AT st

r\r

F

TiO, F&U+= ol4te e ErE -7 (Sol-gel) Wiof 2fsto] FdA vl=o] ™ =t E-73 3
B2 QJst ElEts £8Me o|lamg2EtolE A LF| (Titanium isopropoxide, TTIP), o&t2, =&
S 2 A4S 77 1:8:4:0.1 Raju](vol%)2 Fulste] wdtsty 2439t ofo]A](aging)stAth. Fert
T © 5089 SriAliOz:Eu”.Dy” F3A =& 6413 B9 F3 Az @AlE n@sHe 241012
5730l o5l 50mL o]4itetEjERE Zof 100°CollA AR IZ®o] o]FojFitt. Ux|eto g FedAl = H]
Co} FeZ FASHA] 942 TiOy/SrsAlisOzs:Eu® Dy*" @gA| H]Ex 450°Co|lA 908 E<9F 7t
1025 A5t Ny R No-Hp 7F20A A1 Edo vls Hsl 71&9 A2 = 450°ColA 2
AlZtEet ER S o] &sto A&t

TiOs/SrsAl14025:Eu” Dy A v]=09] & uvr2A EAEE E2491 (CHs, 10.7pmol/mol)O. 2
A7 2L Tedlar 918 /71 e (VOCS) Az ul (25X200m)0ﬂ/\1 =gttt zAl © TS
AEE W A 10cm A2jo] gAY, A4 Wy 50 VOC7tAE ttayy 2gE o] &6t
AT ZRAEA A Y] FuE-2 2L Tedlar MEY W 4T 10cm =olo] 1278 € 100w AR
T Mg o g APE Qi) TR ofgh Y32 &RIstY] fls 410nm o]ste] ms At I
He A Yol A=, 328 W 385Q 7tE5 YA|sH] ol Tedlar & W o 3715

v EA 714 59 7ta 3 RutEdn B47] (GC

Ol

A&HoR 2ENAZYT. B2 VOC B 2ol
system, Agilent 7890A)of 1mL9] 7tA 5 AME:Jsto] HItstFict
(2) Fe—doped TiOz/Sr4A114Oz5ZEu2+,Dy3+ éjﬂ' UH H]‘:—J nk] U] ‘f‘?]":') El-}f)]

6}'}\4 = Fe E_E] TiOQ/SI”4A114OZ5'EU2+ Dy3+ —‘_L}—"E—Dﬂﬂ] fﬂé]‘ XRD Ad

9E 1] vtet 9l
c}. Fig. 4.1.1a0] stdE2 AE ZAAE SruAlOxEu” Dy Ao & mast Zasiect. 2
AeolAl, 2y d()2 #A © mak Zest s Sk g g & 4 9tk 2l1-1ad)
M 29 BUA M0k ARE e ®e Azel A2 ool UERiee Bus] Uehich A
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1% SrsAliOz5:Eu® Dy* @Al Fes &AAIZ H, Fert &= o A vl=o TiO, 2 IH
S 400°CLet 450°CoA 284 €X2]S 3885ttt Fe =3 % TiO, T8 W = XRD mj3=
2 1-1b9] Fe,03 ¥ TiO,9] & I3 E AR5 T} 33.3° @ 57.7°9] n]3+= Fe,059] B4 JCPDs?Ql
00-033-06642 AUX|stH, g JCPDsO|A War = 71AF =2 7+e o] o3 = (0.18M %2 Fe &3
 TiO2/SrsAlsOzs:Eu” Dy* ol A ZHatelth TiO,o] maw PPAt LAshe YAlo] B3-S e
Agh, 38.470A e o3 0.18M Fe-doped TiOz/SriAliyOzs:Eu® Dy* @A m3ofA A]uj

Moz utepdct.

ol

o

{a) i - {b) =——=IEM Fe-phaspharTih,

RAE F s THk, == Flaspba THE,

] - - - JUFDS 80-01-1 27T T,
TR B0 30-Didd Fe O

[ o]
843 Frpharspiar Tithy

Al ll "

0808 Fe-phmphor Tl

Intensity {a.u)
Intensity {a.u)

T T T T T T T T T T T T - T . T
LU 20 24 I8 32 36 40 44 48 52 56 60 64 68 71 T 80
ITheta (degree) IThetn (degree)

Fig. 4.1.1 XRD A®E® (a) Fe-doped TiO,/SrsAl14045:Eu?’,Dy*" H] = (b) Fe,052}F TiO,2] JCPDs.

FGAI/TIO, B]=2] Bl ot Fe =of o3 ®stS ig 4.1. 294 ojo]x] 2 UrEHHO*E} ”LHE(Fig
4.1.21)0l4 Hol= =AM WHol= Fe &R0l gle

Fe7l dAENSS Bodet. Fe = o FGA|/TiO; chh —Ol Fig. 4.1.2(c) ® (d )01]/\1 Fe =9
o] &7t met o fg FAMS UER == 4d-d oS S JEA FE Sz Ul o
& oA AuA A=A Y gES Holtk(Fig. 4.1.21). ARG (SEM)2 TiO, 2287}
FEA Gt 2RO S EolEtt (Fig. 4.1.3(ab)). EDS AHEH 2 Fig. 4.1. 3( JollA4l 0.06M

Fe = © TiOy/SriAlsOz:Eu” Dy*" @A v]Eo] RE 940 gt o35 el R I
Table 4.1.12 YA} MAE T2 Y4AS Ul 7oz Hny} 2 HE X8 J 3] Eu2+2} Dy3+

7t AEHA 4T S0lEAE, &Y 2H7I0A 9 EX2= 0.07 94 HAIES N =92 Rl
o, K, Na % Sie vjQlH gZolot. vigA|sHA] g2 JHES Fastsh] g € 2571 331 27
ool No| g2 ol A UERG. &dd 2471< 50 UedS A7 ez FAV]
Moz N =9sts TiOof sl 7Hg 2 doltt.

Fig. 4.1.2 TiO2/Sr4Al4Os5:Eu” Dy*" Fez™ #]=9] o]u]x] (a) 0 M Fe, (b) 0.06 M Fe, (c) 0.12
M Fe (d) 0.18 M Fe (i) AIUS (i) QtA]oF Zha2.
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Fig. 4.1.3 ZAFAAF3A0]7 AMA (a) 0.06 M Fe =3 Ti0,/SrsAl140.5:Eu? . Dy* (b) 0.18 M Fe £
TiOg/Sr4A114Oz52Eu2+,Dy3+ (C) 0.06 M Fe E%] TiOz/Sr4A114Oz5iEu2+,Dy3+ E‘.—@iKHQJ -%]_/{\_ i\_ii]E_EJ

Table 4.1.1 0.06 M Fe Eﬁé] TiOz/SF4A114OZ53EU2+,DY * E,‘% H—J EDS H}\'].

Formula mass% Atom%
N 0.04 0.07
@) 39.62 59.11
Na 5.59 5.81
Al 11.77 10.41
Si 14.19 12.06
K 7.76 4.74
Ti 2.94 1.46
Fe 9.17 3.92
Sr 8.90 2.43
Eu nd nd
Dy nd nd

Totals 100.00 100.00

Rl

XA GRAR 2dH (XPS) £AF A2 HIE BHOA 233E| it RAF AHEYH L Fig. 4.1.4(a)
olAl Ols, Cls & Tizpo] ©igh 33 m3E Hoj&Eo tg o % EF AgA=z <l
Nals ¥ Si2pE UERH ¥tH, Fe2p m 3= 1 atomic% U]9Ho]olA] 711% 724eVoA] LERFX] 49k
c}. Fe2po] thdt pafAte XPS AHEH 2 Fig. 4.1.4(b)o]A] 0.06M Fe %fg &34 /TiO, v =X}
0.18M FeoA ¢ =2 &2 Wolxch mIL Fert FTA mdo] =3 =SS sholst= 711 ¢
724eVol gt FeZps, R FeZpizoll tisl UERGTH XPS2 ZARSH v]E BHO| AXI% &/d-2 Table
29} oy, Ols, Cls, Ti2p, Fe2p Y47} stolg9ict TiO,7t 28 © oA v]=glol
oko] Ti @ O YA HHEZ AQict S0|2A % YA HAE Ti2p= 0.06M ¥ 0.18M Fe
2 747 2.18 R 3.372 FUIsiitt. N2 opo|az2AaAd A7d 9oz Qs EDSoM+ 4
E] ARG, XPS EAF AHEROJA 400eVol|lA NIjZ 7]7]19] A& sHA ojgto]7] mjgo] HE
Aottt

A
/\
1_

o
L.

o ot

oy pob 2%

i

foy

|
I

N O
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(b) :
Ols i Felps,
Mals -
Felp 5 -
o : = Cls Zit =
% ".‘ﬂ*-.i-l-—t_____.—-ﬂ FiZp Sidp £ Lo.asm Fe
2 [
S g E
1400 1200 1000 800 (] 400 200 1] 740 735 T T25 T 715 T TS TOO

Binding energy (eV) Binding Energy (eV)

Fig. 4.1.4 (a) XPS survey AHE& 4l (b) Fe-doped TiO,/SrsAl140,5:Eu?* Dy** 9] Fe2p XPS A

o E 21
—1— -

Table 4.1.2 TiO;/Sr4Al14025:Eu?’ Dy** 9] surface survey? XPS atomic% composition

Ols Cls Ti2p Fe2p
Photocatalyst ) ] ] .
Atomic% Atomic% Atomic% Atomic%
Phosphor/TiO, 58.11 40.11 1.78 -
0.06M Fe-phosphor/TiO, 66.22 30.42 2.78 0.59
0.18M Fe-phosphor/TiO, 70.68 25.15 3.37 0.81

Deconvolution © XPS AHEH O Fig 4.1.500A FLA|/TiO, E3F H|EoA Ti2p ¥ Ols 2
st oy Al § 3= Uepdch F4R|/TiO, A= ofist Ti2pe] XPS deconvolution& 457.8, 458,
459 I 454eVojlA w32 JBA|ECH 457.8eV mI= Ata AW TiE UER I AtA Z29E o3as=
0.06M FeollAl 7 =4A1TF, 0.18M Fe @Pdox= ZRI=|A] 949ttt (Table 4.1.3a). Deconvoluted
Ols 3L Fig. 4.1.5 (c~d)oA] AtA ZA™ Tis+ O TiO, m3 H]E&S Yol Zr} (Table 4.1.3b). O
50|, Ti-OH HAIE HA2 82.4%= 7P =%, JEA/TiO, W 0.18M Fe FFA| TiO0fA 2H2F
75.3% L 76.7%= FAACt weld 0.06M Fe =3 = TiO,/SrsAlj40z5:Eu?’ Dy v T oA 714} i
< dEdol WEEAN.

; Z b
(a) m TIEPM (b) B Tilpy
7t 3
=S i L
= =
£ 2
E Tizp E Tizp :
r p " ] 4578 eV - e 1
‘{ ! ! N } 4578V
) {
T ! \ rr' i k B \ J
e A J \ I \
B // ’*_-'_’jf A \/ f
475 a0 465 460 455 450 475 470 165 460 455 450

Rinding energy (V) Binding energy (eV)
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(c) m (d)

Ti-OH

Ti-0H

Intensity (a.u)
Intensity (m.u.)

——— T —————

515 545 540 535 530 525
Binding energy (eV) Bimding encrgy (V)

Fig. 4.1.5 phosphor/TiO,9} 0.06M Fe =3 TiO;/SrsAl140.5:Eu? Dy**e] XPS deconvolution of
(a-b) Ti2p (c-d) Ols

Table 4.1.3 (a) Ti2p (b) O1s0] T3t TiOy/SraAli40z5:Eu?* . Dy* L=0o] XPS deconvolution {°F.

(a) Deconvolution of Ti2p 457 eV 458 eV 459 eV 464 eV Total
) Area 1,187.8 12,332.2 3,229.6 8,587.7 25,337.3
Phosphor/TiO,
Area% 4.7 48.7 12.7 33.9 100
) Area 1,865.7 13,736.4 5,263.8 11,830.3 32,696.2
0.06M Fe-phosphor/TiO,
Area% 5.7 42.0 16.1 36.2 100
) Area - 30,302.7 14,173.5 19,778.0 64,254.2
0.18M Fe-phosphor/TiO,
Area% - 47.2 22.0 30.8 100
(b) Deconvolution of Ols Ti-OH Ti®* TiO, Total
) Area 348,576.1 47,657.4 66,702.3 462,935.8
Phosphor/TiO,
% 75.3 10.3 14.4 100
) Area 276,407.6 44,4186  14,465.7 335,291.9
0.06M Fe-phosphor/TiO,
% 82.4 13.2 4.3 100
) Area 389,921.6 85,325.6  45,143.3 520,390.5
0.18M Fe-phosphor/TiO,
% 76.7 16.3 8.7 100

Fe7t &4 d &%4A|/TiO, 8] =9] &At dhap AmlEH L2 Fig. 4.1.60] et Q. Ferb &4l
LA /TiO, H|Ex= 471 olsdtl 7HAlEA ojzist AAM o]z FFA|Q
Fe T=io| Z7tgho]| whet Stie et E35t Fe AtstE2 o] 912 Mo &38A|/TiO, H] =9} H]ws}o]
go] Atts TAA7]e A EHO] g2 Bxuf 452 Yt 7t
AP o] §Qlsth o] &
360nm o}7o] MES of7|sto] A
(Fig. 4.1.7), &u]24= PL 9=

o’
19 >
|o
hu
o
2
i)
3@
L
ol

2

W
ik
od
oL
o
1o
rp- of

£o] wigtel #AIGo] W& Fr 90% a8&2 SAE I matA Np-H, &9
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UV-light photocatalysis (N4 wreated)

.‘l-:-;‘ — -
Ve «=M-- Phosphor/TiO, (air)
I e -
g - '-‘ l‘. '-. --@-- Phosphor/Ti0,
b - o
LT T --dh--0.06M Fe-phosphor/TiO,
) o -=W--0.12M Fe-phosphor/TiO,
g 6 --@--0.18M Fe-phosphor/TiO,
2 2
2
=¥ ]
2 g
=] 4' S
= ‘-
--'-‘ =1
2 | -' ‘i ---------- - --‘-‘ .‘-- -
i -::;:::-:_;E__::_ts__:szzg:::-_—:!
.._‘*
0 1 L] L] L ] |
0 10 20 30 40 50 60
(b) 10§
e o |
‘:I: o . = Il Phosphor/TiC), (air)
¥ :
3 1“:.\ b = @ - Phosphor/Ti0,
J & -
'\t . .."-.‘ - i - 0.06M Fe-phosphor/Ti0),
A i = W - 0.12M Fe-phosphorTi0,
_ L ) & -~ . ey
E éd | -“\_- b "“‘ - - 0.18M Fe-phosphor/Ti0),
L) -
.E.' \‘ \l\ .\ \“
= ‘\ “\ “a .\.
= 3 Ny ~ .
= LY o -~
= 4 Y *s e
—_— - LY - i
= L] L ~ b
.[__ \\ \.\"5 \\\ “\h"
LR, oL N ..
* bk e -
24 -.‘ - ‘-4'-__ . b |
I.‘ \.\_; '.., —
1_‘_- 1;-.::::_':““---.'
o ... £ A R S el |
I ] L] L] 1 ] L] L] .. 1

Time (min)

Fig. 4.1.8 (a) Ny (b) No-H, £97]0] @2 Fe =3 TiOz/SruAliOz5:Eu” Dy* ZH0e] &}e]A 5o
Ko 22l 7hao) s uhg
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82 WOlFTh Fe =39 aus WIS 95 371 5 FBA/TION Ny 2 No-Ho2 a2 WS2
A1 7127](Table 4.14)2 UEhd vlel 2 b8 449 45 0.06M Fe =3 FA|
JTIOONA 7V 71 Uttt JaksiA ot Npo-H, 2971004 942 9 0.06M Fe =3 € Al
Zo] thshAl 0.74554 min’o]9lo 0], @AKH #7ol BA2] © Fe =ol wx| e FWA/TIO,
8] £(0.08149min )7} 714 Witk wElAl, Fe £ © PBA/TIO, ME U No-H, B7I: 2y
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Visible light photocatalysis
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FEUQ] 7IAGA StolA 27 1Al HE6l v (b) &
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Table 4.1.4 TiO;/SriAli4Ogs:Eu?’ Dy*" LE0f0] 8h2 Abs Q oF

Intercept Standard Slope Standard Adj.

Photocatalyst Value Error Value Error R-square
Phosphor/TiO; (air) 0.97792 0.03593 0.11295  0.00143 0.99936
Phosphor/TiO; (N2-Hy) 1.35932 0.42958 0.08149  0.01705 0.84527
0.06M Fe-Phosphor/TiO; Ny-H;)  -1.76815 1.5816 0.74554  0.06276 0.97224
Phosphor/TiO; (N2) 0.31044 0.7018 0.20813  0.02785 0.93203
0.06M Fe-Phosphor/TiO; (N2) -0.14123 2.09014  0.37421  0.08294 0.82872
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2. TiOy/Cu-doped SrsAl4O,5:Eu,Dy £33 =0 H|E AX
(1) TiO2/Cu-doped SriAl4Oz5:Eu,Dy 3 FF0] H|E Ax P

= AHoAE Bd/BE AFA A&o] i FFRU UPA =AM ot FAY FHTA HIEE
AzstAT. 5378 84 vlee FIA 28 vRIH 24 NasSiOs (Sodium silicate, Liquid
glass)?t Zeoliteg AREsto]l AlAstien, das Alof AAY &22(Slurry)E Syringeo] ot
CaCl &0] Drop-casting st} CaCl &Mut FEFsto] Gaubgo] o|fofxl H44 FIA| v|=
w2 stal o]2 100°CoflA 8AIZE &QF &Sk, 350°CollA ARt 59F FA|2] sto] Hl= FEfY
24 WWAE AS & AU FWAH ALA vlEo] Fo- woix Felz ARl Hoich sk
HERITI QI ZeoliteE *}QOW %3l NagSiO; Ttz o]&stof A|Areh vl =o]il UMA] st Zeolites
}gsto] AAGH ul=olch, £ F80] HEL Zeolite 20 whel Wl ., Aw, e} BE o2

Edch W= AIAIA] AR Bamt o] 2ayy wow olAsEeye adst] A, A
A472 S ol§sto] Dip-coating WS o83t 12 52 Fastact Aast ANFYL
f2 062 - 0.165M 52 38 gglon], vcs & 2 % zems st X|X|A
o] 7e] YRS WALt o] $ TS o st pRAMI A YA Bua vz 2
340}1 100°C2  1AIZFESE ARAIZD H, 90%-10% Aasis SJ7IAE ARSI FHAZH7|0A
300°Col 1A St AR stol PalE PAe 0iee s,

O|AIStE]EHs 892 5:40:20:0.5 Hmu]2 ZFzF Titanium isopropoxide (TTIP), Ethanol,
Deionized water, HNOszo|t}. &ujet ALA|Ql TTIPES H]|AHO| Eof 50°CofAl 2A]7H=QF wWHIA|AHA S
oloo, AFAoe Eleky oleo] B2 A9l ElebssEo] AlA HTh EleHy 280 FuA
FEA Hl=EE £PstL HEE E}Olﬁoﬂ ot REZo]E §RZ7]o] o] QoA 140°C=2 4AI3L
5ol shdstolzgick. wigo] F2 © . 48712 oA AAKoR YA F, EEE ol
2 2elste] elaxlE Fafel ul= BE 299 ool U Aot 10C] L7 B AE
Z9itt. o] & o|AstElebEo] oftERd A WAL st 271897] stollA] A7] 2o 450°C 2

B Axe sto] AF FuA vlo-Tel-E0) BHaRE ARkt
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(2) TiO,/Cu-doped SriAlsOz5:Eu,Dy &3 ZF0j °H|=Q] 4 U &3 EA

Fig, 4.2.1 5374 €3 ‘ﬂ H|E &) PAoF &) DAoL

2 Ao Y Ao 53 4Aj9] ALsto] st oS sHZAsH] ¢St 58 wyozw B
o] 3 FLAS HIsteto] vE FEj2 ARFSHITE 34 LA H|E AAAl= vRoIgz &
ey FArdFolE £32Q Al&efolE(Zeolite)?t Sodium silicate (Liquid glass)E AR&sho] A
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ALgh u]Eo} R gefolES ALESIA] 9T 24 & FUA R Sodium silicateS A}E3}o]

7HR] EF= AATEQIY. Fig. 4.1.2(a)= 2] ZX|9} olitetEEtgs ZH5H] A, AR © 8] E9

At of7] bR B (Excitation spectra)s UEJ = J2fj=o]0, Fig.4.1.2(b)= B]|E X|X|A|Q] v

o} (Emission spectra)g UEMUl= Z2fjmojrt, Zb7F WlEo] g S/do] fjst vlu tifo==

SriAlyOzs:Eu” Dy’ B2S Apgstich ©A, v|= AA|AH o] Exg Amud, HAA
}

Excitation intensity= Yo}& X9t SryAl;40.5:Eu?’, Dy® Bato] 1.0 AX g4l 360nm= =

4 4

1
U3t of7] WS ZE AL A F 4 vk W AMEA(Fig.d.1.20)2 AR, vlICIS A}
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HE el 2RTY B4R PEAN, YR 54 LT 2T Mo BPAMYE 02 uHe
wolw gick. ofo] mef Ml ge] Bgradjo] CishAw FE-SEME 3t TxA Fejsls S4of
Aol MRIT. Fig. 4.2.4(a)e pH<l ZZ0|M ¥]= EHO| APRol 2, Fig. 424(b)s FE8) ¥
o] 7V W3Id ph 2 - 3 A9 BIS E Abslojck. §hgo] £F ©f L pH<l £719 w]=g A
Mol BREO] CIRE 8 Awo] g4 etching © 2 Ol F 4 Uk o2 sto] EHC
olAtElElEtsol Ao RESIA o] WgAEIF W et o8-8 A% 4 9tk pHE 2 - 3

o2 AT v]So| RS US| BH AEe M| o] mep BHO] W} Yolut e sl &
B Itk B o] BEadoAet o] BEe] Pe|aA ot urs 4 o] GO e ojojict.

(a) b o (b)

Fig. 4.2.4 (a) Sr4Ali40s5:Eu? . Dy*/TiO, H]|= EB3FAx|e] FE-SEM o]u]x] (pH<1)
(b) SrsAl40s5:Eu?” . Dy*/TiO, ]| E 23FA 0] FE-SEM o|u]x] (pH 2 - 3)

T~

Fig. 4.2.5+ ¥tgo] 7P 4519 H 0.124M 2] 5% H|Eof 4 g3 EDSE A5 2
o]nq Table 4.2.1= 7z 2] =% ¥ EDS A S ma Uepd gojck EDS A= v9 o

Tel= 2ULY EgAaAer thi7A 2 AR 2] setlE 127 A"l H AE &l &
O“IJr 0.124M9] 2] £8d =xz2 AMAA st 8]|E9 atom%BCu %< 0.142 Sol-coatingo] 2Js A
A GAL AAIRE F2] 5= @S] SUSHA] 2, s=9 FARIR Zut U S d
UoA] Fe] GA] bl=of gisfA e x=7]o AATE 3ol FARE 2= A &9 & &+ . Fig.b-8
- 5-11% 0.124M Cu-SrsAl14055:Eu? Dy¥TiO, ] =0] HMAAQ BH U4 BA gt 2 Ti

i, Cu, O
Y20 T XPS Ho]E S Hol&th Fig.d.2.6(a)9] £HRAONA HIE 4o Hgfario] 4S50l 4
Zo] Holon, Fig4.2.6(c)= &5t9 EDS2 AZAQ HE0] ogfe Cud d4a5 AFHe= H&
sttt XPS #A40|A= EDSet 22| High resolusion© 2 X-ray’l 544 1S 27| ohilsA] 235)
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Fig. 4.2.5 0.124M Cu-SrsAl1405:Eu®,Dy**/Ti0, H| &

FARRQ] EDS

Yo

Table 4.2.1 Cu-Sr4Al140z5:Eu®" Dy**/TiO, H] & B3tAX|Q] EDS 3}al A8 BA]
Photocatalyst Sr Al 0] Ti Cu
0.062M Cu beads 2.34 9.82 63.49 6.32 0.07
0.073M Cu beads 1.04 6.1 64.40 335 091
0.124M Cu beads 1.02 6.16 66.85 488 0.14
oy’ e’
—y i il
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% T i i
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Fig. 4.2.6 0.124M Cu-SrAl 4025 Eu?,Dy**/TiO, H|E 23419 (a) XPS survey AT E

(b) Ti2p A®ERA (¢) Cu2p AHWEH (d) Ols
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(3) TiO2/Cu-SrsAl4O25:Eu, Dy £F ZFU0] v|=9] F&5) vt3 54 1A

5982 olgsto] oAlBlEEly RS MY o HWY FTA vi=o] FE 54 PuUw
SUSVI AL UL JPAURS o] fsto] LASAt Y Ao ByAMb f2A), v=e
A9 AgeolE vlolre] R G2 T Aol wgon, o2 A o 54 watz
T Ak st oo U AAPL FA © o9 HE) 45 Alolg meich WA Fig

& o ¥rg4

=7t AlEefolEVE EREAl W2 HEo BleiA Y& ET S5t AlEeto

]
o] o] FATof 2gt Whesiol WHatof gt o|4tetE|ElEL] ¥HEEE g vEA S H A|I2to]
o] ofst WlmEA Aol Z1Qec) el flEo) Az Qlf AR A7) Zhao] g W xal
7} A ® $0] 12m AEL Fig. 4273 Wol th2A] Uekith Fig. 4.2.82 W - o5 yi=o]
ogt F&dll = A ¢ Id=o|tt. dgjmojA Hole= AXNY 30% (tHo=m Yo RAMS £H
SIS 4% AlZ2to]EV ;e = H|E9] F Pl g0l 545 dAaste Aol vlsto] A&t
ol EatEx| 9 &4 524 FUAY Sodium silicate HIQIHRY o] 2ojAl W]EE Wol AP}
2T © 30F o= ol 5ol S fAlEE AS =l & 4 Ao 9o mApE 3H |
3o #Eal A5 Aol7t A Uehte A5A0R 9 - olE WS AY AL U, A5Hoz A
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Fig. 4.2.7 Sr4AluOys'Eu” Dy>/TiO, ¥ = 2at4xfo] 7RAgA stojla] S22 FEal s

¢ —— with Zeolite
| =@ without Lrolite

Toluene gas (ppm)

light dark light
2 i L L 5 [ 2

dark v light
1 2 1 2 i L Il

0 15 30 45 &0 75 90 105 1200 135

Time (min)

SaRle] ZPAZA SOl R0l Aol vk o3



SAgA B0l QolA Bl Aol Hy FBAlol het o AEElEy Al ¥ WeAEE BAlS)
o] Fig. 4.2.90] YEMQC}. wtea gyt 7}A 2435t ALF= Titanium isopropoxide (TTIP)o]d,
pH s=of et §rg& =7 27 st vje A = TTIP A3AE pH 2 - 30 ¥H5
N7 o, wEs] Aol Mg gastgon oz MY Y RE ¥l oAstElEE 3o HY
£712 ARt

—il— Sol-gel coating beads
10 —@— TBOT hydrothermal coating beads
—&A— TTIP hydrothermal coating beads (ph1)
8 —W— TTIP hydrothermal coating beads (ph2~3)
> 6 7
S
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44
24
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Fig. 4.2.9 SrsAluOys:Eu” Dy™/TiO, Bl= B axfo] A1l stoA] olatste|ehs A LAlo] mH

£29 712 2ol 59 B}

AT BYY YA BT BFAA A T YAlo] ozt FEI| Psol BUME e Ye
£ Borh Fig. 42102 279 185 94 S=o] 42 fune2o] g TR 52 dend
Jejmolct. B o] Sl 0.062M P2 HEOIA H e WEH A5 Bt bl
S Ao STAMAE 0.124M 72} SN MY B BRI Y5 wHon], P AAY B
opLE FR| 5ol Lastac.
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SEYE FEE FEA vlE ESAXY 74U Tt gt FE6 dese o2 #H. Fig
4.2.119} Fig. 4.2.12%= 7kt ALQIMut 7PA1LA slo]A] S22 shAo] thst u]= Afo] Bstaxjol
2ol s Bt EF0 7tao] gzt &l ds GAl HEd 22HY K2 0.124M
2] s&o] "t A T4 7P ¥Hgo] &4519n. MY vREEET 4% 0.124M 9] =
=garte Aol stolA oF 202, FHAILA stolA] of 408 G 10ppm w0 ERA Jtag w
= %} shoich.
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HM5HE 5% B0 23 Yol o3 YN TR0 EBIY/EE R=

1. S2A/Z50] 2] o3t L} Yu0) BlA/HE ME

(1) TiO5/SrsAl14045:Eu®*,Dy**(Phosphor) ¥ F&0] €t Az 2 AP uhd

Bg B AlEL 158 EFY(4.5%4.5%0.2cm)o]l B AR EE] AAE SriAliOsEu” Dy™ &4
Al ¥8g #YstAl 2Este] AlRstth 537 £ TYAZ]7] Ao vRely] 92g & 5 9

= d & AE
Aol Fof(Korea CGlaze)s AWIEE AREsto] EfY BUHO| 9Fy wUstHA 25190 H3EA &
2l2]= SryAli40s5:Eu?’, Dy**(Phosphor) : Zeolite : (60vol%) Sodium silicate = 10g : 4g
10 ml vl&2 EFotol S9N, WY HAS Agste] o % wo] FUsHA T stk
J2]a1, 100°C2 1AIRE ¢ @ 2o ARAIZT &, 400°ColA 1h EA|2J5tct. o]¢, S0, g AH
5t7] 9ot Tetraethyl Orthosilicate(TEOS) : Ethanol : H,O : HNOs = 1 : 135 : 11.5 : 0.3
vol% H|&& 10*0}01 Si0; £& 9=o] Dip I8 ¥ o g FEA|Z|a, 100°CojlA] 1A]7F =9 o &
ol ARAIZD §, 400°C2 1AIRE 5¢F FA2 sttt FF0 TiO, 2 FHsH] ¢sHA Titanium
tetra-isopropoxide(TTIP) : Ethanol : H,O : HNO3z = 10 : 80 : 20 : 0.5 ml v]&& =3st 5,
AIRE &QF 50°CoflAl w¥E AJAA TiO, solz =%, Dip 3 o=z FHGA| 2F &Ho| 3
<, 100°ColA 1A Qb QEOA  HRA]ZIAL, 450°C= 2AIRF EF EA|ES
Ti0,/Si0s/SraAlOzs:Eu” Dy* (Phosphor) tH58to] IgJ¥ g H&0) Bt A|HS &dshict
Fig. 5.1.1(a)= &g &5 &L AMz5d A5 UEH flow charto]i, (b)= AAHE W &=
ol Bt Al ARAIo|tt

-/

[ Glaze coating on tile
[ Dry, 100°C/1h J

.

Mixed Slurry, Phosphor:Zeolite:(60vol%)Sodium Silicate
(10g:4g:10ml)

Dry, 100°C/1h
Calcination, 400°C/1h

Si0,solution, TEOS:Ethancl:H,0:HNO;
(1.0:13.5:11.5:0.3 vol%)

. 4

[ Dry, 100°C/1h }

Calcination, 400°C/1h

¥

( Ti0,solution, TTIP:Ethanol:H, 0:HNO, ‘

(10:80:20:0.5 ml)

$

Dry, 100°C/1h
Calcination, 450°C/2h

(a)
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2 Al0F

Fig. 5.1.1 (a) &% &0 Yo AZEE st &A% (b) EFY EE o]0]A].
(2) TiO,/Sr4Ali4Os5:Eu*,Dy*" 4wt h&uof Eldo] EX %

TiO29}F TiO2-Si0z7F ZEE BY A29] U Fx2E FE-SEMC = ih
o UERRICE SEM 0lMTE Aol Upehd vt @o] £ stx| ®
Sodium silicate?] UAtSo] Y E Aoz 2Xg]jo] 9100 phosphor ITH
MRz FAbgl oz pHrE|gc

€l ZAa+= Fig. 5.1.2(a),(b)
B[t DR E Holfay
oF @ TiO; 0] EAHS0]

¥
[ B ] (I R I A

I [ |
UOS.sU8010 10.0kV 5.4mm x10.0k SE(UL) 500um UOS.5U8010 10.0kV 16.5mm x10.0k SE(UL)

Fig. 5.1.3(a).(b)= Z7} Ti0,-Si0,9} TiO,7} FEE E}Ao]| tf3t EDS AZEAM AWMEHS Ho]
23 ek Ti, O, Si, Na, Al, Sr, CoF Z2 tfst w50l FAEGNCH, 47 459 5T Wi
& 7FS Table 5.1.10] UERJQICE.

(a) cps/eV . .
as

40

35

30

25 cl

20 o n

15

10

S

o 1 2 3 a 5 6 7 8 9 10

Energy [keV]
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a

3

1
Energy [keV)

Fig. 5.1.3 EDS AHEZA (3) TiO,-coated tile, (b) SiO,/TiO,-coated tile

Table. 5.1.1 SiOy/TiO; ¥ TiO; I& EFYQ] ¥4 2.

Weight % of elements
Sample Ti Si Al Na Sr C O Total
Si0,/Ti0, 1.07 493 19.84 052 21.74 418 30.61 82.67
Ti0, 430 2.20 21.32 0.29 20.58 475 29.21 82.67
g 54 nF

MB(methylene blue)
Hoj7io] WY Y5

ol

22 it
fu
0.

SlOz/TlOzﬂ‘ JE= Ef
= 1208 Yo 96%7t%]

1.0
—— Ti02
—8— (1vol%)SI02TIO2

0.5

0.2

[V DT R S S S O S M SES PP
3 30 45 60 15 o0 105 120

Time (min)

Fig. 5.1.4 UV} 3lo4] Bt (a)o] MB 8o gt 2]

Al H(Si0,/TiOz-coated tile)of] thato] 47
Jefjmof] YeRo] 47igo] &

& &RA} stof] 12080] AW o

*

L ols}
=
273t Aol

8714 2o UV-
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| 90%2] g-=sH

2 MB £00] FH5| vhe
Feoli&o] dasty, 4714

Hor rulo



20| ZIZF 86%, 84%= 7rASIATt

1.0
——2021.01
—8—2012.05
0.8 4 —h—2021.09
0.6 4
2
&
© 0.4-
0.2 4
0.0 " T ¥ T ¥ T ¥ T . T hd T v T v T
0 15 30 45 60 75 90 105 120
Time (min)
Fig. 5.1.5 47114 tA4 o= UV ZAF 5tofl SiOy/TiO; L& EfLoA MB &9 A7t F&dll 5&
=B
Fig. 5.1.6(a), (b)x TiOy/SrsAls0s5:Eu?’ . Dy** 7} ZE= wrat sk&of elel A]Ho] Toluene 7tA

=2 o o

o ot FIFsl e EoFn ok FFAPE IA®¥H EFF U BY 2K AlE:
(TiO4/SrsAl14045:Eu?" . Dy*)-coated tile, (TiO;-SiOz/Sr4Al14025:Eu’,Dy**))-coated tile, &TA|7} 2
B R e FEuf Y 27FK] A]W: TiO,-coated tile, (TiO,-SiO;)-coated tile =S 7}7+ = 7
A 1L Teflon & o] Yy F2M 7IA(10ppm)E FYsto] FFsles FEsHAH L2 2
mWem™ A|7]9] 6W-UV EH 1 27§12 x}85}o] Teflon ¥io] x}e]AS ZAWirradiation)s}iCt.
F J7HAIEYEE 10,000 Lux Al”7] Solar simulatorE AR&3to] Teflon ®HO| FAFSHATH Gas
chromatography (GC) ®Al= sl 72 MEI2 54 Aol At &, 7fAaviog B RAP|g
lml A& 7% stoaAct.

Fig. 5.1.6.(a)&= UV light ZAISIZ ©f 47}X] B}Y AlHof gt &30 7120 F&sl &2
¢t AuEA, SFAE Z-SHA] &l TiOeb Si0y/TiORF ™ EHA2 M= [ARSH ¢
GEs) vRe A=2 uEpich v, A7 ZRY SE0] ERY: (TiOn/SrsAlOzsEu® Dy*
-coated tile, (TiO;-SiOy/SriAl 0z Eu?’, Dy*",)-coated tile 27}X] A|HE U]Q =2 BE5) §12S
Hojxyn 9t Fig. 5.1.6(b)= 7HEEE ZAIYE © AV V" FS0 B
(TiO2/Sr4Al 4045 Eu?, Dy3+)—coated tile, (TiOy-Si0y/Sr4Al140z5:Eu?", Dy3*,)—coated tile 27FX] A|H

flo oX

AL

~

of gt B2 hAo] WEA) &2 ST FuEA, UV-F ZASIES Buchs WG 8las &
e 2ol W80l WolSS HOET. 4, (SI0/TI0Nt 299 5 Aol TIo 298 B
Qe o e wEALS GERRL
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1.0

0.8 -

0.6 -

C;‘Co

0.4 -

—f— TiO2/Phosphor
—@— Ti02/Si02/Phosphor
—d— None Phosphor-TiO2
=~ None Phosphor-SiO2/TiO2

0.2 -

0.0

N M rirrererrrerTer e
0 15 30 45 60 75 90 105 120 135 150 165 180
Time (min)
(a)
1.0

—l— Ti02/Phosphor
—@— Ti02/Si02/Phosphor

C!Co

0.2 -

0.0

L) * ]
90 105 120

9

Fig. 5.1.6 Z&0] F& E}
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2. 5% vl =o] o3 LW AU EHY/HE Ax
(1) TiO,-coated SI"4A114025:E11,DY bead E]'%-]_ K‘“ZE

Strontium aluminate (SrsAli4O0s5.Eu,Dy) &84 = olE £oA HEAMO] Xpgg H)
2042718 A4E. $5E R 0o KA ol FHU) WSS A&3i0], PN A EF 23
¥}, SryAl14Og5.Eu,Dy  phosphor, sodium silicate(Na,SiO3), 2] F%H 8oF (glaze)S
54:28:18wt%°] Hl&=2 A5 &3St slurrys A2ty Yo drop casting WHOo=Z T=x P11,
AeollA AXRAIZD & 100°C, 6AIRHEQ F7] QoA HEsIFOn, o] % 300°ColA 2A13HESH of
astel W EUe Asstech olistelehy wE 28 IHsH] gstel, 2 my Titanium
isopropoxide (TTIP) precursor?} 30 mQ H,0,& &3t 89S ofo|A(aging)A|# peroxo-TiO,-sol
g AN $. FulE HWY WHO) EHAo] TYSHL 100°CAN AR L 300°CAA 4AZHES
AA2lste] z]F5A 02 TiOy/SrsAli4Oz5:Eu,Dy bead EFY-S A| &5t

AAY 4.5cmx4.5cm 37|19 &% I=0f v] =7} g d(decoration)d EFYC] EF9 71A0

I

oiet

FEs) S 54T A o 23] LRt ule} o] 900l ALt 95% ol M ElL 9ad
PRo) 282 Uitk S84 vls U wE0) 39 gdo] SR shao] g B 57 A
U 5% xS ofefer 2

- AE 58 9 37 EFF-LE0 "= (TiOz-coated SryAliaOzs5:Eu,Dy bead)2 sH& @o] =

8= B}, 4.5cmx4.5cm 3719 B} 2 piece (& 5.2.1(b))

- 8k 827]: 2 L Teflon bag

- &8 271 UV-light(8-W Philips at 254 nm) &A} stof|A] Toluene gas GEsi& &4

- 27X AH|: Gas Chromatography(GC) Analyzer
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P

Phosphor shury: Phosphos T3l prepasution md

+ Ma.5i0, + glaze (mixing) | - omEg
e e
S —————

Titamium sopropinkle
+ M ml HO, at 50 °C,
30 mm

1

Apeg 24k
diluting TiCk, sobedhano]

Bl wvolds
Oven dey at 100 °C. 6 b

Flow coating the
phospior beads o e

1

H

‘ Heat treatment 300 “C2 h

drying & 100 *C, Heat
freatment 5306 2 h

—_— S
(a)
10f ‘—I— TiO,/Sr,Al ,O,.:Eu,Dy supported on tile
8 -

Toluence (ppm)
T

Time (min)

(c)

Fig. 5.2.1 (a) &% =0 EA(TiO,-SryAl14025:Eu,Dy  beads/Tile)e] A& &A=, (b)
TiOz—SF4A114OZ5:EU,DY beads/Tlles_J H]__l_l 01': Q }\]'EH—J O]D]K] (C) TIOZ—SI‘4A114025:EU,DY
beads/Tileo] gt At} FAfo] T 240 7129 P 58 F574.

Py

(2) TiOz-coated SrjAl4Oz5:Eu,Dy bead E}Y9Q] FE3)&

o°|'

5 W 8§HAY TF as5 =017 sl 7I£9 Beads-on-tile A& 2p7goAl Phosphor
powderg A% Fo|= WS FrIstAL, FRUE 2 | oo tigh FEdleas SstAH. =
B/ SlurryE AastAl 7gsty] sl &9 7oF (glaze) 2.5m0E Axmol=z A2ty BY 9o =2
5hal, AMIEE ARES 2000rpm, 20& &9F A®SH & A7) oA 30 &t AXRSHA
80wt% Sr4Ali40.5:Eu,Dy phosphor, sodium silicate(Na,SiOz), 2] EFH  SGoF (glaze)S
61:24:15wt%2] v]&=2 FAsH &35t slurry2 A2}l el drop casting ,
2 9ol AE Ar&sto] phosphor powders 2| URR2]stglet. A-2olx ARAIXT & 100°C, 641Xt
S M7 QBoA Axson], o]& 300°C oA 2A[7HEQF shAstTt.

TiO, YAME =GA U stA SA/2Y A7l 92 ste SiO, 22 A"sh7] ¢fshd,
Tetraethyl orthosilicate (TEOS):Ethanol:H,0:HNO3=1:13.5:11.5:0.3 9] #H]& =& SiO;-sol &H& A
A5 &, FulE H37 FE0) Lol 18] 2®) § 100°CollA 1AIZHESE AR 9 400°CollA] 1AI3HE
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TiO, &&0f I8 Titanium isopropoxide (TTIP):Ethanol:H,O:HNO3=1:18.5:16:2.29] H|&=&
TiOy-sol SMS stAst & Z=A] =0 Eldo) 33 dip coatingshil 100°CollA] 7Ax L 450°Co]
A 2A17HE9H dAjelsto] A EA 02 TiO;-SrAli4Os5:Eu.Dy bead E}Y-S A|xstgc 71 ZAx}l olej
a3 5.5.2¢F ol ¥ AlRE B AlHIAA O =2 WIIEE RS =dstid Alxd
4.5cmx4.5cm 37|9] £4A| 8|9} L=yt ZEE E}FYC] 2ppm methylene blue(MB) £0tof T
g FEdllas UV 4 stoll B4 A, ofgl 28 5.5.2(c)oll Yehd vRel o] 12020 A4

ox.

91.3% AAEE 4ot P2 &S UEHUA. 7IEY FAez A 374 50 59 4
S 22 2 20N 61.8%Y FEsleS HERAT.

Beads making on
tile

Sodium Silicate + Phosphor +
Glaze (mixing)

f ™

Supported beads on tile
Flour phosphor powder by sifter
(dry at 25°C)

e o

L

Oven dry (100°C, 6 h)

Heat treatment
(300°C, 2 h)

(a)
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&0 - TiO,-Sr Al O, :Eu,Dy/powder
—— TiO,-Sr Al O, :Eu,Dy/no powder
0.8 -
S
‘g 0.6 -
)
&~
=
=
2 044
2
2
-«
0.2 -
0.0 y ' ; v —
0 20 40 60 80 100 120

Time (min)

(c)
Fig. 5.2.2 (a) ¥4 EFA9 A& &A= (SrsAl4005:Eu,Dy beads/Tile), (b) TiOz-SrsAl140s5:Eu,Dy
beadS/TlleSQJ 9ril o &% AJEjofAe] ojulx], o} EfYo] gle= HEN(YE)QF oper EHY(e
S5 (c) TiOz-SrsAli4O25:Eu,Dy beads/TileQ] thst A}Q]d ZAfo] tist MB o] 435

= o
25 574.

AdAM  Azst HF FF0 HE EAoA TiOz-sole & ¥ Z®T  SryAlisOz5:Eu.Dy
beads,powder/2 Tilesy} A W FESH SryAlj40.5Eu,Dy beads,powder/2 Tiles® 2ppm
Methylene blue 890 tfjst FEsf&S UV LY sto|A] A5t Ayt 908 =9F 89.7%, 93.6%2]
FEs&S Yerfgion, Tio, 39 3122 Seid Frshgol 3718 ¢ & 9ok

~\ ~\

Si0O,-sol preparation and TiO,-sol preparation and
Coating beads-on-tile Coating beads-on-tile
Si0, preparation & coating TiO, preparation & coating
TEOS:Ethanol:H20:HNO3 TTIP:Ethanol:H20:HNO3
=1:13.5:11.5:0.3 =1:18.5:16:2.2
Oven dry(100°C, 1 h) Oven dry(100°C, 1 h)
coating 1-time coating 2-times
Heat treatment at Heat treatment at
400 °C/1h 450 °C/2h
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1.0
——2 layers TiO -Sr Al O, :Eu.Dy
—&— 3 layers TiO,-Sr Al O, :Eu,Dy
0.8 4
-~
S
'.‘g 0.6 4
@
&
a
=
2 0.4+
2
&
-
0.2 4
0.0 L T L T T T ¥ |} ¥ L) ¥ L)
0 15 30 45 60 75 90
Time (min)
(b)

Fig. 5.2.3. (a) SiOz-sol ¥ TiOs-sol9] Alx £A%=, (b) TiO;-SrsAl14Os5:Eu,Dy beads, powder/2

T (b
Tiles] MB 8ol cigt AL2lAl SholA] Bie) 8.

oL

e AderA, 240l t& TiOs-sola AlAter
=04 Slurrys AnskA 15617 sl 59 9
of EX5t¥1, AWIE|S AR5 2000rpm, 20X =
st & 7] 2FoA 30% = HURSIUTE FF + 80wt% Sr4Al14025:Eu,Dy
phosphor, sodium silicate(Na,SiO3), 22]11 F%H 89F (glaze)S 61:24:15wt%2] v]&=2 FASHA
2% slurryE Al2te] Etdoll drop casting o2 =2y, I o] AE ARE5Ho] phosphor
powderg 2] opalsteict. xlEA0R AFoA AXRAZ] & 100°C, 6A13HESH 7] @BoA A
A5t o0, o]3 300°C oA} 2A]7HEQt sFAsHAT

TiO, T=0] FE 9HL2 Ethanol 40mQ,HNO; 0.5mQ, Titanium isopropoxide (TTIP) 10mE &
oot & 20m¢ distilled H,05 & ® UdHA 2oW Zojx]d], 50°C, 2AIFEQr wylsismHA]
Ethanol, H,0& 22 4UE a4 F715t9 sol FElz ST Axd 874 Lol TiO;-sol
8-S 23] dip coatingstil 100°CollAl A& 9 450°CollA 2A13F &9t dA2jste] zFA0=
TiOy-Sr4Al14025:Eu, Dy bead E}Y-S AR5 T A|RE 4.5cmx4.5cm 3719 &34 v|Eo} A=0j
7F 28 BLe S0 Jrao] thgh o A Axt, ot 2™ 5.2.4(c)oll YERS BFeb o] 120
0] AlY 86.7% AAEl= Fiol s&2 UEHAS. E3F 2ppm Methylene blue -&of tfjsh &7
sl&s UV ¥ stolA &7dst 4%, 1207 & 84.1%2] Eollas UEUAT

rS 19 Ao
TR
RS
o @
-~
o

(@]

=
N =

elig

au _I'l)i'
OJ
=
[
fin)
kU

-~
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i ™\

TiO,-sol preparation and
Coating beads-on-tile

TiO, preparation & coating

Ethanol 40ml, HNO; 0.5ml. TTIP
10ml, D.T water 20ml

‘e >,

Stirring (50°C, 2h) ' =
Break gel. add more Ethanol and i
H,0, make TiO;-sol f :
Oven dry(100°C, 1 h)
coating 2-times
Heat treatment at
450 °C/2h

(a)

i

- YR T e

10 . |
—.—TlO -Sr, Al O :Eu.Dy
8
_—
E 6 < .-'""‘"--.
2
b \.\
E |
= %4 \
= | |
=
2- \.-—-—-.
\-
0 ———————————7————— 71—
0 15 30 45 60 75 90 105 120

Time (min)
(c)
Fig. 5.2.4 (a) TiOz-s0l9] A& A%, (b) TiOz-SrsAl14095:Eu,Dy beads/Tiles 9] ¥l
oA AFZL o]u]X], (c) AF]A ZAF sFO|A] TiO2-SraAliaOzs:Eu,Dy beadS/Tlleoﬂ o
rol gyl &8 7.

o]
5

(4) (g-C3N4/TiO,)-coated SrsAl;4025:Eu,Dy bead E}Y A X

5374 HlE= HZ B g-CNy FF0et pH-modified TiO, FHUS 242 28] ZYsto T
FEU) Efdg Alxstith. Strontium aluminate (SrsAlisOgs:Eu,Dy) HEA= ofw &4 FFAH0
S gEsy l% O*PWW A&t wagd 92 9o RAL Qo] FEU vh2 A&SteS
stal, ®sk AlojA A 2= Al&sttt. SrsAl4Og5.Eu,Dy phosphor, sodium silicate(Na,SiO3), 1
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il B 7o (glaze)S 55:28:17wt%®] Hle=z «&ASHA EYe slurryE Al2t?] Edo] drop
casting YHO R =RF U, 204 HARAIZ] § 100°C, 6AIZEQF R7] QoA HEstF o, o]
< 300°CollA 2A17FEQt AAE stof UE BYS AR FEU g-CiNE Z-HSH] st
bulk g-CsN, 22 melamineo] 21l 550°CojlA] 2A]7tF thermal pyrolysis sf& T2, grindingst
29 0.2234gS 20mQ ethanolof] Yo ultra-sonic n¥F0 & exfoliation st g-Cs3N, JAEFRS Uh=
, ul" &3 A=) eldof 23] flow coating & 100°CollA 1A|7HEQF ZAE & 300°CoflA] 24]
ot stastalrt.
o|AStEJEHs &0 A4S FEBSH] ¢stoe], 9.7 mQ Titanium isopropoxide (TTIP) precursor
QF 38mQ ethanol, 50mQ distilled H,0S &3tsto] TiOj-solg UHs. oAl A|AFSE 10m0 TiOz-solat 20
md H,0, 0.06md HyOz Imd HNO3E S&35t0o] ofo]#](aging)A|H &dS /gt &, g-CNy, ZHE =
D73 G50 ol 28] I®”st 100°ColA AR W 300°ColA] 2A13HESE EAElsto] x|EAo R
g8-C3N4/TiO2-SrsAl14O25:Eu,Dy bead E}Y-S ARSI w3 54 EASH 2y, ok I 5.2.5
sholtich A &A% 4.5cmx4.5cm 3719 &4 vlEot A&
EXotF . 2ppm Methylene blue &9 tfjst dE5&S Solar
simulator2 20,000lux?] Y2 =Atste] &A& st Ay}, ofe] 2 5.2.5(c)o] UERG vle} ZHo] 60F-0]
bt

ARSI

|u

)

Bulk TiO, sol:

Bead making on tile 9.7 mL TTIP + 38.8 mL cthanol + 50 mL
distilled H,O stirring at 25 °C

Sodium Silicate +
Phosphor + Glaze (mixing)

‘ TiO; precipitate diluted with 50 mL H,0 l

f ; 10 mL TiO4-sol + 20 mL H,0O + 0,06 mL H,0,
Supported beads on tile ‘ 1 mL HNO, (pH 2.80)

(dry at 25°C)

l stirring at 25 °C ]

Oven dry (100°C, 6 h)

‘ Coating on tile }
Heat treatiment
(300°C, 2 h) J [ 300°C/2 h calcination ]
(a) (b)
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1.0

~m~- g-C N /TiO-Sr Al O_:EuDy

0.8 1
§
g 0.6 -
D
o
g
2 0.44
2
=
-
0.2 4 m
\.
0.0 T T - T v T
0 15 30 45 60
Time (min)
(d)

Fig. 5.2.5 (a) pHE ZA3 TiO;-sol®] AR A%, (b) EFY o vlE A& A=, (c)
TiOz-Sr4AlL14Oz5:Eu, Dy beads/Tiles®] ¥l o &= ZRZ1oAQ] ALl o]nfx], (d) 7FAIRdAd &AL stofl
Al TiOy-Sr4Al14045:Eu,Dy beads/Tileo]| Tfst MB&Clo] 85 g8 =4.
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Al 6 BEU 2Y o] WAY 54 Yt

BE0) 38 aro] WRMY (AR EA)S EZFE T2 A-Fi(cross-cut) ¥HES o]8sto] £A Hrtstyd
t}. &, g-C3Ny/TiOy/SiO;-Substrate A]Ho] HEHo| T2 A 7151(4013)5 o|-&sto] 7t2 AMz= 7
F 22 Th=a, o] AX} wofo] ghEolil RE5 HefA|(brush)= Jgoz 53] A= A
21, Hojng ¥iah gtiof HSEUV} geitt 2F5Acz Hojil Wa do= st
gt 295 YERY = W2 ISO classet ASTM class?t 1o, & 574 ZAy= ISO class2 U
ERJQict 1SO class:= 0—1—2—3—4—52} Zol 6719 SF0lH, AP IS4 =2 YA UEW
c}. Fig.6-19] HERS By 2 o] Ald713H, r=otst g A A A A (KTR)O
g-C3N4/TiO,/SiO;-Substrate F&0) 38 A|HES 574 9J@]ste] ¥ AlgZAuts= 1SO class?] 0 &
g WHEHJL, o] A|FZWE FA g-CiNy/TiO,/SiO; FH0] 28 2o LAY Uf¢ 245}
Che 718 o 2 Qloict,

213010 Z7IE BHA| DS WSUE) TEL (0212i64=0011  FAX (02)2634~1008
TS : TAK=2071=161388 o4 Ao 128 0
o B A ZuE MBS UR e 018 5

o OH ¥ MABSAEEIMaES
= & MERDAM SR A2 N 18 (Bes, ASA MRS 28 45)

M B @ AP (g=CiNyTiCk thinfilm)

Al H Aot
MESS i & HETE EE } e
YE(2 mm Cross=cut) ! - - ) 0] KS M 150 2408 : WIER)

~EE! NS (ZEEETETRTIER)
i3 1 0l E3eE AT AR AR L ARESE AR SR S R O EEE S EE Y2,
B L) FISAIR FHO| T www kisor k) Ei= OF codedl &2 7iEELICH
20| Haji= ge M8 Ba D248 RO MR + Yoo 8 01219 AHRE SELCH
300 S84 E HEGIEY TEIT S RSN, AR 2 B MHNE/MIYEE J35 HuBRGc

Kang Hgeons g (B, e

W (Higrennpe Suag Long

Hyx MR P L T E

Tel - E2-2052-3708 Tal 1 1577-0001(ARS ©—)
202243 018 03

KTR 3o aAaa oy

HEE HPIE OR code

P@e: 1T of 1
FREaESE Aeaa) gt gusalg, | [ERrE S E{Eieconic Copy) |

|

KTR-OP-Pi-FO1-0200) AIZI0 3 2T)

Fig.6-1. g-CsNy/TiO,/Si0; FEU} 28 2to] WAy H7h Al A A (KTR).
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¥ o 72ue AAH SrAlOmER Dy A TS 758 1 (10cmx10cmx0.5cm)o]
st FEste g B ARG &38R 2ES ZBAIZIZ] Ao wvieldzA Hge] [of
(Korea Glaze)g EtY EHO| =RZ5tYCH 534 &2]2lE SrsAliOsEu” Dy*(Phosphor) : Zeolite

(60vol%) Sodium silicate = 10g : 4g : 10 ml 8]&&2 &%st =911, MO8 BIA|S
AHgsto] Efdol gt do fdstAl ZRSEIth 221, 100C 2 1A3F B9t o8 HRAZ F,

400 C oAl 1h EA2jstgct. o]&, Si0, W2 FE”SGH| 95to] Tetraethyl Orthosilicate(TEOS) :
Ethanol : H,0 : HNOs = 1 : 13,5 : 11.5 : 0.3 vol% H|&=2 235t Si0, £& THs0] Dip ¥
wHo2 AYAZ|D, 100COIA 1AIZH SO 9Bl FARAIZ . 400C2 147 B9k Ax|2|5}e
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Fig.7.1.3
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Abstract: Graphitic carbon nitride (g-C3MNy) was supported on SrAlOy:Eu Dy-SiCk by a colloidal-sol
coating method to improve its light absorption property. Transmission electron microscopy (TEM)
revealed that the nanoparticles of g-CiNy were coated on sub-micron phosphor particles and
nanoscale surface roughness was imparted by the 5i0s-binder. Photoluminescence (PL) spectrum
of the g-CalNy supported on SeAlOy:Eu, Dy exhibited a broadband emission from 400 to 650 nm.
Increasing silica-binder in the g-CzNy/SrAl:Oy:Eu, Dy composites suppressed the PL emission peak at
525 nm for SrAl,Oy:Eu, Dy, Photocatalytic degradation activity was evaluated with 5 ppm methylene
blue (MEB) solutions under germicidal ultravielet (UV) and visible (Vis) solar light illuminations.
The UV{Vis photocatalytic efficiency was improved by supporting g-CalNy on the SrAlOy:Eu Dy
phosphor and with the addition of 5i0; as a binder. In addition, low silica addition effectively
improved the adhesiveness of the g-CaNy coating on the SrAl0y:Eu, Dy surface. Recyclability tests of
photocatalysis for the SrAl Oy Eu,Dy-0.01M Si04/50wt% g-C3Ny composites exhibited a remarkable
stability by maintaining the degradation efficiencies above %0 in four cycles. Therefore, the composite
of g-UyNy=supported S5rAly 0y -Eu, Dy-5i0); is a prospective photocatalyst activating under UV/Vis
light irradiation for the elimination of environmental pollutants.

Keywords:  g-CiNg SeAlLOGEu Dy phosphor;  colloidal-sol coating:  5i0y;  UV-visible
light photocatalysis

1. Introduction

Nano-based materials technologies offer promising methods for harnessing solar energy to
tackle air and water pollution problems. In the past decades, the trending researches were based on
employing Til:; semiconductors in photocatalysis applications [1,2]. Apart from this UV-activated
material, the graphitic carbon nitride (g-C3MNy) organic semiconductor is reportedly a versatile material
for efficiently utilizing a broader visible light solar spectrum. A band gap of 2.7 eV insinuates the g-CsNy
non-metallic compound to absorb visible light of ~460 nm and facilitate photocatalytic reactions [3].
Additionally, significant research attention has been focused on g-Cs N, attributable to its easy, low-cost
fabrication from carbon-nitrogen (C-MN) rich precursors, such as urea [4], dicyandiamide [5], and
melamine [6]. However, the bulk g-C3MN metal-free photocatalyst provides small specific surface areas
to volume ratio, slow reaction kinetics and fast charge recombination [7,5].

In an effort to reduce the bulkiness of g-CsNy, researchers have conducted experiments through
mechanical ball milling, chemical, ultrasonic-assisted, and thermal exfoliation methods [9=12],
Coupling the exfoliated g-CsMNy with other compounds remarkably forms hybrid materials with unigue
heterojunctions. For instance, mesoporous g-CaNgTi0; [13], g-CalNy/N-Ti0; [14], amorphous 5i05 with
g-CalNy [15], YVO/g-CaNy [16], g-C5N 3 /Si05-5a0 [17], and MoSfAlyOgfe-CsN, [15] hybridfternary
composites showed improvements in photoactivity. It is emphasized that heterojunctions existing
at the interfacial periphery of g-CsMNy and the coupled compounds play an important role in light
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adsorbed to water molecules forming superoxide and hydroxide radicals which attack and decompose
the MB-dve structure.

Photocatalytic reactions of 5eAl O :Eu Dy phosphor-g=-Cy N, composite supported with thin
silica-binding (0.01M 5i(04) laver proceeds faster than the only g-CaMNy. With 5i0; in large amounts
of 0.02M, 0.1M, and 0.2M, the photocatalytic activity was reduced, which means that the interfacial
{contact) junction between SrAl;Oy:Eu, Dy and g-CsNy was disrupted. Thus, the SeALOy:Eu, Dy
support forms a heterojunction with the g-CaMNy catalyst {with or without SiCh-binder laver).

4. Discussion

The phosphor SeAl Oy Eu, Dy support synthesized by solubion combustion and sintering at 1100 *C
for 1 h exhibited broad photoluminescence at 525 nm. In this research, sintering at 1100 *°C for T h
produce stable support at lower energy consumption than the solid-state sintering at 1300=1500 °C for
2=6 h dwelling time [301]. Particle agglomeration is unavoidable since sintering promotes grain growth.
Therefore, to improve particle dispersion on agglomerated SrAl,Oy:Eu, Dy phosphor a pulverizing or
mixing step is necessary.

SrAlOy:Eu Dy support and g-CsN,y catalyst have strong absorption in the UV-region. Interestingly,
by coupling these two materials unique optical properties were cbserved through shift of UV-Vis
diffuse reflectance absorption spectra towards the visible light region in Figure 5. Additional Si0,
between Srala0y:Eu, Dy phosphor and g-C3Ny also weakened the g-C3Ny peak. Thus, Silica act
as energy dissipation centres. This phenomenon of energy dissipation was also observed in Al,Os
coupled with CaAla0y:Eu, Nd/TiD; long lasting phosphor [44].

According to one research, when g-CaNy and Si0; were coupled, higher (50 wt.%) silica resulted
in the lowest PL emission intensities but with most superior catalytic property [15]. Moreover, these
composites were reported to fortunately possess exceptionally large surface areas of more than 100 mz,ufg.
These results contradict with our result in Figure 6, where g-CaN /50, supported on light emitting
phosphor suppressed both the PL intensities and photocatalytic properties. Therefore, it is possible
to tune the photocatalvtic property by combining with long-lasting phosphor to observe enhanced
activity at low silica addition.

In our work, we focused on the photocatalytic effects of SrAl:Oy:Eu, Dy-0.01M Si0:/50 wt.%
g-Cy Ny which exhibited a red-shift in the diffuse reflectance absorption. Therefore, we recommend
further investigations in the evaluation of quantum efficiencies in relation to photocatalvtic efficiencies.

5. Conclusions

Graphitic carbon nitride (g-C3 Ny ) was supported on SrAl Oy:Eu, Dy with or without a Si0s-binding
agent. The g-Cshy=SrAly0y:Eu, Dy composites exhibit unique broadened photoluminescence emission
spectra with their respective dominant emission peaks at 450 nm and 525 nm. Silica additions as
a binder between g-CaMy and Srads0y:Eu, Dy act as energy dissipation centers for light emitted from
phosphor. The UY-Vis light photocatalytic performances are improved several times in the composite
of g-CaN=supported 5rAl0y:Eu, Dy as companed to pure g-CaNy. The photocatalytic efficiency was
improved with an addition of low Si0); amount as a binding reagent. However, a higher Si0;-coating
layer acts as a barrier to the photodegradation efficiencies. Thermally treating SeAlL Oy :Eu, Dy-g-C3 Ny
composites is beneficial for the improved photodegradation of methylene blue pollutants.

Supplementary Materials: The following are available online at httpgifwwew midproom 2079641 10/100917=1,
Figure 51: Spectra for UV-light, Figure 52 The Xe lamp spectra (Solsim 395), Table 51: Rate constants for UV-light
photoactivity, Table 52: Rate constants for visible light photoactivity.
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Abstract: Sol-gel synthesized N-doped and carbon-nitrogen—sulfur (CNS)-doped TiO; solutions
were deposited on upconversion phosphor using a dip coating method. Scanning electron microscopy
(SEM) imaging showed that there was a change in the morphology of Ti(), coated on NaYF,Yb,Er
from spherical to nanorods caused by additional urea and thiourea doping reagents. Fourier transform
infrared (FTIR) spectroscopy further verified the existence of nitrate-hyponitrite, carboxylate,
and 50, because of the doping effect. NaYF;:Yb,Er composites coated with N- and CNS-doped
Ti(); exhibited a slight shift of UV-Vis spectra towards the visible light region. Photodecomposition
of methylene blue (MB) was evaluated under 254 nm germicidal lamps and a 300 W Xe lamp with
UV/Vis cut off filters. The photodegradation of toluene was evaluated on TiO;/NaYF,:Yb,Er and
CNS-doped TiO;/NaYF,:Yb,Er samples under UV light illumination. The photocatalytic reactivity
with CNS-doped TiO;/NaYF;:Yb Er surpassed that of the undoped TiO,/NaYF,:Yb,.Er for the MB
solution and toluene. Photocatalytic activity is increased by CNS doping of TiO,, which improves
light sensitization as a result of band gap narrowing due to impurity sites.

Keywords: CNS-doped TiO,; Na¥F;:Yb, Er; upconversion phosphor; UV-Vis—-NIR photocatalysis

1. Introduction

Titanium dioxide (Ti(:) inorganic semiconductors have emerged as trending materials for
photocatalysis applications [1-3]. The band gap of 3.2 eV necessitates ultraviolet (UV) light
absorption to cause electron movement from the valence band to the conduction band to progress
the photocatalytic reaction. However, these photoreactions only proceed within the UV portion
of the solar spectrum, which leaves the broad portions of visible and near infrared (NIR) spectra
undetected. Reversing the visible and NIR scattering phenomenon using Ti(: remains an arduous
task for researchers. The methods for improving spectral absorbance include doping with metals and
non-metals [4-7] and coupling with other compounds to form nanocomposites [8,9].

Doping Ti0: with elements such as B [10,11], C, N, and S [12-14] is among the extensively
studied techniques used to narrow the band gap. C and N are organic elements that possess
remarkable electronic structures and lower toxicity than metallic elements. Thus, non-metallic doping
is advantageous because of the smaller ionic radii that can occupy the interstitial sites of TiO, [15-17].
The extra energy levels imparted by dopants in TiO; promote absorption of visible light photons [18].
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Photocatalytic Reaction Properties of TiO,-Supported on
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The TiOuwWSrAl, O Evf+ Dy photocatalytic composite was prepared by depositing the nano-
crystalline titanium dioxide layer on the long-lasting phosphor substrate of strontium aluminate, using
8 low-pressure chemical vapor deposition (LP-CVD). The photocatalysis characteristic was studied
by examining the photodegradation of benzene (CgH,) gas under UV, visible bight dlumination, and
in the darkness. The photocatatytic composite of Ti.-deposited Sr, Al O Eif* Dy*™ showed an
active photocatalytic reactivity under U-light as well as visible-light ilumination. The mechanism
of the pholocatalysis reaction for the TiO,-deposited strontium aluminate phosphor compasite was
interpreted in point of the energy band structure and phosphorescent emission, The coupling of
nanocrystalline TiQy, with the strontium aluminate phosphor might result in an energy band bend-
ing at the interface of TIOWSr AL, 0, -Eu®+ Dy*+, making the fitanium didde &t the junction to be
photo-reactive even in A visible wavelength region. In addition, the depth profide of Awger eleciron
spectroscopy (AES) confirmed a possible formation of oxygen vacandies at the interface betesen
Ti, and Sr Al OB v Then, oxyoen defects create extra slectrons which may excited
subsequently io the conduction band and participate in a photocatalytic reaction, resulting in an
enhancemsant of the photodecomposition of benzena. The LP-CYD Ti0,-strontium aleminate phos-
phior was also photoactive in the darkness because of light emission from the long lasting phosphaor.
Alsn, the Ti0.-deposited Sr Al Oue Eu®t Oy*+ long lasting phosphor was analyzed by 8 XRD {X-ray
diffraction}, TEM {tranemission electron microscopy), UnWivisible spectroscopy and AES.

Keywords: Taanium Dimdde. Photocatalysis, Long Lasting Phosphor. Stromtium Aluminate.
Low-Fressure Chemical Vepor Deposition.

1. INTRODUCTION

Semiconducting oxides are well-known as promising pho-
tocatalysis materials for solar water splitting. seli-cleaning,
dye-sensitived solar cells. and purification of adr and
waler [1]. Among various semiconducting materials, tita-
mium dioxide (Tilk) hzs atteacted grest afiention as an
efficient photocatalyst becouse of i inferesting proper-
ties swch as highly photo-reactivity. non-toxicity, low oost.
strong oxidizing power, biological and chemical stabil-
ity [2]. On the other hand, Ty, works effectively ander
ultraviolet light iradiation because of its large band gap
(anatase phase: 318 eV) which can only absorb approxi-
mately 3~5% of sunlight. Such wide band gap limits its
practical applications in the visible light and also shows a
higher recombination rate of photo-generated electron and

“Aughor in whom conesposdence should be addressed.

L Mamoso Manofoohva, 2021, Vol 21, Mo 7

153233000 LT BT 259005

hole pairs. One of the major requirements for commer-
cinlization of the advinced oxidation process is to make it
cost-cifective. which may be possible by developing pho-
tocatalysis that respond to natural light instead of anificial
W lighis.

Considerable rescarch efforis have been made o
develop new types of Ti0,-based photocitalyst o extend
it light absorption twward the visibke region. The dop-
ing of nohle memmls (P, Rd, Ag, and Au, ewc.) mnproved
the photocatalytic reactivity of TiQ, [3, 4). The cou-
pling of Ti(hy with semiconducting oxides {(510., Sn0,,
Wiy, IngOly, (SrLafTiOy, s, ZnMny0y, ete.) enhanced ihe
photocatalytic cfficiency and made the photoexcitation
energy to be extended in o visible light moge [3-7). Also,
the junction of Tidy with other semiconduciors with a
oarrow band gap enhanced the photocasalytic reactivity
under visible light iradistion |8, 9], The implaniation of

araa
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phosphor composite is a highly potential photocatalvst for
poliutnt remediation.
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Abstract

CaAl,O,Eu"*, Nd** phosphor was synthesized by a solid-state method at 1400 °C.
The CaAl,0,Eu™", Nd™* phosphor particles were coated by sol-gel dip coating
method with a peroxo treated titanium hydroxide complex solution. The effect of
peroxe treatment time and calcination temperatures was investigated in compari-
son with conventional TiO,-sol coated nanocomposites. Characterization of the
CaAlLO,Euv'*, N&**/Ti0, nanocomposites was conducted by X-ray diffraction,
scanning electron microscopy. UV=Vis absorption spectra. and energy disper-
sive spectroscopy. The photocatalytic reactivity was evaluated by degradation of
methylens blue aqueous solution under ultra-violet and visible light irradiations.
CaAl,0,Eu™", Nd*"Ti0, composite coated with peroxo titanium complex solution
for B0 s showed the fastest photocatalytic reactivity under vltra violet and visible
light illumination. Peroxo treatment for a long soaking time of 300 s effected etching
of the phosphor surface and formation of CaTi0Oy phases. With prolongation of the
time of soaking the phosphor in the peroxo titanium complex solution to 300 s, the
photocatalytic reactivity of the CaAlQ,:Eu®*, Nd*¥/Ti0, composite decreased. In
addition. composites displayed excellent photocatalytic under visible light irradia-
tion. compared with pure TiOs The acidity of the peroxo treatment. soaking time,
and heat treatment conditions are important paramelers for synthesizing photoactive
nanocomposites for pollution control application.

Graphic abstract

C.'LMEDAZEA.I.}F, Nd** was coated with peroxo treated Ti0);-s0] under different coat-
ing times. The peroxo treatment imparted acidic pH while longer soaking times
resulted in etching of the phosphor surface. A wavy micro-ridge microstructure with
dispersed clusters of Ti0), was dominant in the 300 s coated samples, The samples
without peroxo treated (CTB) and 80 s coated samples were densely coated with

5 Jung-Sik Kim
Jskimi® uos . ac kr

! Department of Materials Science and Engineering, University of Seoul, Seowl 02504,
Republic of Korea
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Conclusions

Peroxo titanium complex solutions were coated on the surface of synthesized
CaALO,Eu**, Nd** phosphor. The peroxo treatment imparted acidity (PH 2.8)
in the coating solutions compared with non-peroxo (PH 8.2) coating solutions.
CaAl,0:Eu**, Nd**/Ti0, nanocomposites emitted 442 nm blue light after being
excited. Manocomposites enhanced the visible light absorption and displayed
excellent photocatalytic degradation efficiency of MB solution under UV and
visible light irradiation. The photocatalytic performance of the nanocomposites
was better in the CTP-80 s than in the CTP-300 s and CTE nanocomposites heat
treated at 400 °C for 2 h. Peroxo treatment and shorter coating times were benefi-
cial for improving the photocatalytic properties.
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:3 reducing atmosphere, Thus, the thermal treatment of SreAluOecEuDviTiCe beads in Ni-Hz reducing
14 atmosphere enhanced N-doping in TiCly matrix.
35
1E
3: Keywords: Ti0:, Fe-doping, SriAlsaQuoEn Dy long-lasting pleosplor, THO2Srallttos: Eu Dy photecatalyst,
38 LV-Viv plutocatialysis
39
a0
41
42 Introdee tion
43
:: Vaolatile orgunic compounds {VOCs) are part of the 21% centurys mujor polluants. Up to date, photocatslviic
:g resctions with Ted: nanoparticles are the most imvestigated researches to combat effects of VOCs in air and
:g aguatic reservoirs (Foo and Hameed 20010 Koli et al. 2018} The cfficiencies of photocatalytic reactions are
:E dependent on the catalyst’s hand gap structure, activating light and nature of the pollutant (Katal et al, 2020), In
:g detail, Telk: semiconductor 15 an uliravielet activated photocatalyst (band gap 3.2 V) for mitigating pollutants
:; o less harmful by-products (Otsuka-Yao-Matsuo and Ueds 2004), The mending researches are focused on
:g cnhancing visible light sensgwation by Ti0z nano powders. In no pamcular order, dopang Ti0x with B, C, N
:g and F has been one of the effective ways to enhance wvisible light sensitizanion (Devi pnd Kavitha 20013,
&l
&1
82

1

£3
a4
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highest in the 0.06 M Fe-doped phosphosTi0; beads at 0.74554 min-1 heat treated in Nx-Ha atmaosphere and
Iowest in the only Ti0x-phosphor beads (0.0814% mim') heat treated in similar environments, Therefore, the Fe-

doped phosphoe/Tid: beads and Na-Ha atmospheres are the optimum conditions for synthesizing photoactive

COMREILES.
Conclusions

Fe-doped SryAlisChes Eu, Dy phosphor/ Tz beads were synthesized and characterized for photo-reactivity, The
Fe-doped phosphor/TiD: beads were associated with increase i Ti on the phosphor bead surface and &
diminshed photoluminescence emission characteristic. Elemental XP3S analysis revealed that the amounis of Fe
to Ti and 1 were highest in 0. 18 M while lowest m only Tid: coated samples. Thus, Fe impregration mproved
the adhesion of Tilky NP on phosphor bead. Howewver, the 0.18 M Fe-doped phosphoc/Tely showed a largest
shifi in UV-Vis absorption while the PL emissions wiere lowest afier Wa/Na-Ha beat treatments. Presence of
significant Fe-Ti-0 & detrimental to the méerfacial between phosphonTiCh. Therefore, presence of cxcess
compounds i the heterojunciesn laver between phosphor and Ti0: impedes eleccron-tole  separation
efficiencies. The ooygen deficiemt Ti% was highest i 006 M Fe and lowest in (L1§ M Fe-doped
SrAlCesEn, Dy phosphonTeC: beads, Reducing atmospheres and additional Fe-impregnation were beneficial
for oxygen vacancy formation, Hence, superior photocatalytic activities were observed in .06 M Fe-doped
SreAlyChsEu Dy phosphonTill: beads owing to higher oxypen vacancies which improve electron-hole

separation efficiency.
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