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Treatment of Dye Wastewater Containing CI Direct Blue 15 Using an
AgBr/TiO, Visible-Light Catalyst

Chan-su Yun

Division of Earth Environmental System Sciences,
Major of Environmental Engineering, The Graduate School,

Pukyong National University

Abstract

Today, azo dyes were commonly used in textile industry processes. The
azo dyes form the largest polluting group among the synthetic pigments.
For these reasons, the wastewater containing azo dyes should be treated
in appropriate methods.

A microbial treatment, electrolysis, and photocatalytic oxidation were
generally used for treatment for wastewater containing azo dyes. A
photocatalytic  oxidation, an advanced oxidation process, was safe, and
simple to be operated and is considered to be economical. Commonly
used TiO, for photocatalysts has high photoactivity, is cheap, and
photochemically and biologically stable substance. However, TiO, has
photoactivity only under ultraviolet light. So, there are limits for the
photocatalysts to be applied under visible light.

Thus, in this study, the visible light responsive AgBr/TiO, materials
were successfully fabricated using the sintering method and used as
photocatalysts in photocatalytic degradation of CI Direct Blue 15.

The prepared samples were characterized by X-ray diffraction and
UV-vis diffuse reflectance spectroscopy. The absorption spectrum
extends to the visible light range.

As expected, the experiments of photocatalytic degradation of CI Direct
Blue 15 show that AgBr/TiO, exhibits much higher photocatalytic activity
compared to pure TiO, sample under visible light irradiation.
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7F 92 Anatases 2% A W oA EHFgoln, AAHLLEI =&
Rutile2 <HgAFoltt. 3hA Rk, Brookite?] 79 E<etgste FAL 3te
Azz2F olPdt. AWkA © 2 Anatase, Rutile ¥ 7FA19] AAAAS A3
t}. Anatases= ©%ZE FolW RutileZ AdolsiAl At ojuf HoldH
Ti0,9] &2 Yo% ThA] Anatase2 EoFQ A HE3ith o] HolH=
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zpol 7} Fh(Watts, 1995 ; Gratzel and Rotzinger, 1985).
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Table 2.1. Physical properties of TiO, (Kim, 2005)

Crystal form Anatase Rutile Brookite
Tetragonal Tetragonal Orthorhombic
Crystal system
system system system
Density (g / cm? 3.90 4.27 4.13
Refractive index 2.52 2.72 2.63
pH 5.5-6.2 7.0-7.5 5.5-6.0
Specific heat
0.169 0.169 -
(cal/'C - g at 25C)
Thermal conductivity
0.430 0.148 -
(cal - C/cm - sec)
Electric conductivit
y 1014_108 1013_1014 _
(mho/cm)
Permittivity 48 114 -
Fusion welding (C) 1825 1825 1825

- 15 -



Fig. 2.3. The crystal structure of TiO, (Choi, 2015).
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2.2.3. BZd A3t 71E HA

TiOE o] &3 FFu) 438} wh-g-9] WAUESLS o33 2o

Band Gap EnergyREth & olUA|E 71A = WS vieA7l wom 714
Tofel AW AV AEUE oSyt =gl +dsT dA F

=4 o|AE& AHZ(Hole: HHEF HEt}

o

TiO, + 9 (< 400nm) - A=F(e ) + A& (h") @)

ol HAE AA HEol FUHl Y= AL ©lS Fold A
FATNZZAZEY 1) YA 200~300v =109 &9 1x)=2 FAHE
Aot HAAE TiO, Yol 9= Tivs Adsto] Ti¥(TiY - e)e ez, A
L TO, ERAR 429 0P 9 ARt 00 - MR A5

Fig. 24 & AAst 4F) A4S 2oz s el AtHA

2
@Em/\ )f O OO\&x
e

Sy 5=

HE O

Fig. 2.4. The formation of electron and hole on TiO,

photocatalyst(Seo, 2005).



Hh
O,+e - O,
H ' +e¢ - H.

WA, 0,9 H'e] AAete] A@7Hs

7F AAAE7] g7 | Zel 071 §le

O, = o Fadxkel vks-3ste] HO, »

H™+ O, - HO,-

A= A e LA,

ol A% 47t B Aol OH- o

73 F-ollut

H,OH"+OH )+h - OH  +H"

(©))

BERAZSH)S B4, O

H7F A4 dt.

g YUt

®)

=3, WEAE 4D Y 079k Wkl O 07 A= 3

o, e 9 O0lM A7 07 T 09 whgaiA dAFEle] 4H2(0)7) A

A4 = Ao
O +h = O
Oi—}_ 02—’ 037
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O, +2h" = 20 ®

O +h"=- 0O )

ARAo g AA W& (10034 Zow, Fig. 2.5 YepATHAIEH,

TiO,/ UV
HO+ O,————OH- + HO,- (10)

H>O
Fig. 2.5. Reaction mechanism of the formation of radicals as oxidizing
agents on TiO, photocatalyst(Seo, 2005).
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2.24. 9%3¥E/TiO, 358 54
F5u] TiOs= 3.2 eV olde] U2 385nm o AH Goe
sol A #4817} ol RojATh Al BldFel TR ALl oF 5%l

I, AWl A BEe] 2ATE & o] FolX A Yot AgeHEE TAR
o] Yt} oTAE ElYBe HEHOoT o& 4 YA HhE BZv

7kA3% Fuje] Jido]l I Qs

THNF Eule FE/FEFE 53, 0F4 =3 5 d7F 19E
don, =T Yot vlFE =3 = ureast =
st Az FEFu(FH ol 20159k AAE =Fste] AxT FE)
(Kang et al, 2012), 985 FFANA A=z F5WEAR T 5, 2003) T
< AL dFEe RuHy o I3 FEH/FESFE =Hd=
Ag 2 CeE =33ty A=t F=ulLee et al., 2014)2F CeO, 5 =33}
of A z3 F=uj(Randeep et al., 2015), CdZnSE =H3alo] A %3+
i(Lee et al., 2017) && ARE3F AE0] B QU

=4 /34388E =3o|= Cu, Ni, Cr, Ma, Nb, Fe, Au, Ag 53 #&

=
Aol FERE ASRTY. FHo] 238 B2 A FHOE oF

=
_
<
2.
=
D
o)
(
==

StAA Az-AF Ao A" HKobwittaya et al.,, 2014). %0 =
FE TiOe =3%HA &2 TOHEG 3ol & HUAE F58

Sl AAoltred shith7} Aotk &Aw 24 =B zzte] A7
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31. g9 Ax

2 AgoM= diazo #3E<2 CI Direct Blue 157} dfd d85=
Sigma-AldrichAtell A FUd & A AF&3F9 T Fig. 3.1. & CI Direct Blue 15
o] Fzx23 UV-visible spectrag YEFH AT Cl Direct Blue 15& 3l
& BF FxA AgHol 7HE k% azo arert WA AAA H
B A7t 7heiAIE COy, SOy, NOy 53 H0Z $HH3] 4ts}
o},

Fﬂ_l_.

r-{n:

Bl

Fig. 3.1. CI Direct Blue 15 of the structural formula (chemical class:
diazo, C.I. constitution No.: 24400, M.W. = 992.8 g/mol) and
UV-visible spectra (Park, 2010).
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dg¥4e == 100ppmeZ A X3t 100ppmez Ax" CI
Direct Blue 15 &¢] J{F3FE+= UV-visible spectrophotometer(UVmini
-1240, SHIMADZU, ¥#)& 598 nmolA ZAsS w, 2.1449] Fho] v}
skt
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3.2. AgBr/TiO; #Zu] A=x
H Ao A8E S & FEAES A, 7Aool A", @
¢l TiO,E AAstATh TiO,
=2 el = JUNSEIAMS] Titanium(IV) oxide, anatase form(CAS No.
13463-67-71)& Ar&3tdtt 18]la AgBre =3 EFAZA AR H =T
o]= KOJIMAALS] AgNO4(CAS No. 7761-88-8)3} JUNSEIAF] KBr(CAS
No. 7758-01-2)5 o]-&3st] AlxstAd. AgBre t& =2l HAHA
5 A A
9 AgBr& o3 2 AFHES 3 Fo] 100C HxE A 3]
T AgBr& Al xSt
AgBr/TiOpe] AlZ="HS Fig. 3.2.91 yeER AT AgBr/TiOx= TiOqol
AgBre& =33 oz 99 wWHo o Alx¥ AgBri} TiO.(anatase

shoha 9 YEFHOE Yol Y= B

it

rr

=]

2

%UEE DI Waterg ol g3t 24z £g0= ul

it

B

Al

=
=

of

form)2 mixingd+t ¥ powderingdle] 400~600C = FH|¥ furnace
(CT-DMF3, CORETECH, Korea)ell g0} 4A|3t £43th 1 % 4l

k= oA Silica gelo] =H ¥ R Desiccatorg o]-&3sle] A-271# &
& 931 powderingste] Azt th £ A A AHE-FFAEBr/TIO &

Table. 3.1¢]] LFERH T}

Table 3.1. Conditions of Visible-Light Catalyst

Condition Value

Sintering Temperature 400C, 500C, 600C

Fraction of the AgBr
in a AgBr/TiO2

25%, 90%, T75%
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TiO2

(anatase form) AgBr

F,

Mixing and
powdering

.

Sintering at
400~600°C, for 4hr

aF,

Cooling and
powdering

Fig. 3.2. Procedure of AgBr/TiO, prepared by sintering process.
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3.3. /\]‘ﬁxg—x] UJ lﬂ

B Ao o] 8" AFAR ANF=E Fig. 3.39] JERAATH 7HA
FE Y 7L FEE FAS] Hsl A wwtr|E ARRE THAES
2 2o g8S 500 rpme 2 wWHkEIH T 7HAFA FPh o2 451 nm
o] & ¥=3E zt= LED Lamp(NHB100W-AC, NC LED, Korea)E A+-&3}
Aot Fig. 3.4.9]1 A&7 LED Lampe| 43} Al71E yeh At =3,
214 &=AMS, OPTRIS, Germany)S AM&3te] d8d s 55 =
A3

A, 100 ppme2 AzxH dR5HFE LFUFE L2 MA Ho]
ZAE A A RS 100 ppme g2 Alxd Im¥HS4 100 mLeot
Table. 3.19] o2 WE 7HAI% =0, TiO, ¥ AgBrS Z+z} 250 mL
A 0.5 g ¥al A4 wwkz]E o] &3l oA 30 RFSAIA H
TES F22 HIS AFT o] EHES FBloE 4 mLE FHso o
AR 7)o wol 4000 rpmeg2 Eg F A5AL UV celldl EoiA
UV-visible spectrophotometer (UVmini-1240, SHIMADZU, Japan)& ©] &3}
o FZE=E SRS 1 ¥ LED LampE ol &8st H& ZAsHHA
18023t WFgAIX & §ASS Ao E 4 mLE FHste dA &7
Ho] 4000 rpmez FE * AFAES UV celld] EojA UV-visible
spectrophotometer (UVmini-1240, SHIMADZU, Japan)< ©| &3l F4=
2 =AY 24 25400C, 500C, 600C), AgBr/TiO, = AgBre] #

FE&(25%, 50%, 75%)et 7HA1EEFw F+4=0.25 g, 0.5 g, 0.75 g, 1.0 g,
15 @99 Ao wet AP APstar AAE AFS W3Ps

==

- 25 -



pr—
|

LED Lamp

000

| Visible-Light
Catalyst

-X-X-X-1-X-]
0000000
000000
0000000
000000
oo00000O0
000000
-X-1-X-%-X-7-]
-X-X-X-X-X-]
[-X-1-X-X-X-1-]
000000
0000000
000000
Q000000

OO%
0000 000

¢O°°0°°0

Magnetic Bar

Magnetic stirrer Stir

Fig. 3.3. Schematic of the experimental apparatus used in this study.

207 ev002

1.09¢+002

zzzzzzzz

w  Intensity(mw]

300 00
Wavelengthinm]

Fig. 3.4. Spectrum of LED Lamp.
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3.4, AHH

AgBr/TiO, F=vl A= & FFujo] 2=wsld W& 729 HRE
A7l Y X-A FEEA7]¢l XRD(X'Pert-MPD  System, PHILIPS,
Netherlands)& ol&3tRal, AH&s AFE &S sty HsiA XRF
(XRF-1800, SHIMADZU, Japan)< ©]-83tth. 183l AgBr/TiO, 3Zvl <]
dAAFeE 2 =Z7] #F, EDSE ol &3 mAEHS 74 94 AL F
AR 98] SEM(S-2400, HITACHI, Japan)S AFE3StATHESE A%
H EnEe FFEAS Yolrr] s8] UV-vis diffuse reflectance
spectroscopy (DRS, Varian Cary 100)E ©o]&35}o] =43l on, Zuje]
23335tz ExS avrr] 9] Photoluminescence spectrometer (PL,
RPM2000, Accent optical technologies, Germany)S A+-8-3} 3 o

UV-visible spectra:= Fig. 3.191A4 yEld A3} o] =43 CI Direct
Blue 152] &4 <l 3]=E 598 nmollA Yeldoi(arE A, 2010). webA
CI Direct Blue 159 XEaE&S <Lolrr] 3 UV-visible
spectrophotometer(UVmini-1240, SHIMADZU, Japan)Z 598 nmelA 3%
=& ZA3te Cl Direct Blue 159 #3882 T35} o] F33th

Ayt A,
Decomposition ef ficiency = I < 100 (3.1
0
A71M, Ay : EAETY 27] F8= (ABS)
Ac @ ALt A A E e F3 5 (ABS)
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V. 29 9 1%

4.1. AgBr/TiO; 2o £4
4.1.1. AgBr/TiO; 3w

o FREA
Cl Direct Blue 15& €5 %= we $33=7)F vlEsie Ao=2 ¢y
=)

o dEFse) AHE A FFES A F FAEE ZAs] FRES
S A4 AL Table. 419 YEMAACE AgBr/TiO, (O/D, F TiO.9}
AgBr/TiO, (1/0), = AgBr 2 1.1 H|&=2 E§sle] 500CoA 2238
AgBr/TiO; (0.5/0.5) EF A8 A FFE+ 214% 1 A & F3= o
Al 21442 FFEY WU QI o] AHERE B AdFPNA AHERH
AgBr/TIO, FZwe] FHRELLS %2 FZuo] o3 B 2 F2e o

ofubA ekgie.

|

Table 4.1. Adsorption efficiency by photocatalyst

Absorbance Adsorption
Photocatalyst Before After Efficiency
Treatment Treatment (%)
AgBr/Ti
gBr/Ti0; 2.144 2.144 0 %
(0/1)
AgBr/Ti
gBr/Ti0; 2.144 2.144 0 %
(1/0)
AgBr/Ti
gBr/Tio; 2.144 2.144 0 %
(0.5/0.5)
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41.2. 7N B oA FEw FF WE EHEE
TiO,9} AgBr 2 1.1 W2 EFste] 500C oA 223 AgBr/TiO.7}
ZEA B FHollA FEE &0 JeA dotRuz A7 A3E Fig.
4.1.9] YeRATE WA AgBr/TiO;, FEHulE YA &2 AHolA 95
o FEa 542 YehA Fdkth AgBr/TiO, (0/D, = TiO.9] 7 -5

T 5008 £ §3EF $AEAG. o8 Fa) AgBr/TIO, O/DE 2 A

2
E]o\r

oA AF&3 LED Lamp, = 7MA33A gdo s FEe) Exo] e}
Uz getes AL ¢ F Ao o= Ti09] Band Gap Energy7} 3.2

o

eVol7] wj&Eo|t}t. AgBr/TiO, (1/0), & AgBr2 5008 FoF W& ZAEA
< o oF 83 %9 ®WIMEES HAth o= AgBro] 2.5 eVe] Band Gap
EnergyE 7FAIL SlolA 7HABA M= FEH SA0] L]

ol 1l vlE&EE &5t 500C A &A% AgBr/TiO,«= 500 &
b S ZASIAS W oF 88 %o ‘I AES Holn JhAEA Yo
54 UEYT. ol TiO7t AgBry Ze F£3%

=
=
ER3HUA FEe Fo 2HEH] VHARA d9UE SFEHY] W

g
i
|

o]tH(C. Suwanchawalit et al., 2012). 18]35 1:1

oMM 427 AgBr/TiOx= TiO 9 AgBrith 3] £=7F Wity o=
TiO, FWel Yig&o] =4HE UragHe @2 A2 o
29 dAe Al AFAL 9dTE A Ho dAHe-)-H T hH%
(electron-hole pair, EHP)9] B8 &&S FHAA

Linsebigler et al., 1995; D. Yang et al., 2009).
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Decomposition Efficiency (%)

100

80 1 . ,’!A}:___._:_ﬁ:_‘_,_,ﬁ
' o
60 - S,
/n
/s
///
40 - 7 — e without a catalyst
ﬁ/ g AGBI/TIO, (0/1)
20 - Vi ——-m—- AgBI/TIO, (1/0)
| // — > —. AgBI/TIO, (0.5/0.5)
0o Y e Y Y, < v, v
0 100 200 300 400 500
Time (min)

. 4.1. Comparison of decomposition efficiency between each
photocatalyst types. Sintering temperature =

500 C.

Dosage of AgBr/TiO, = 5 g/L.
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41.3. 22 FFd @& AgBr/TiO9 £A4H8
2 A¥e deE@ste] WE ABITIO, F5viet &3 AgBr/TIO;

FEM Y FEES LotRuA dn. deEdste] wE AgBr/Tio,
FEul= AgBr 0.25¢3% TiO 0.25gs st Ab&stya &4%
AgBr/TiO; F&vl= 111 vl&=2 &3t 500C A AZAso 0582 A

&3tk AgBri}t TiO, & We&dste] ¥h= AgBr/TiO; F=wiet 1:1 #]
&2 E33te] 500C oA AZA3% AgBr/TiO,o] H3jasS Fig. 4.2.9 Y
Bt 1807 &< HS ARG S W 424 FEFu= oF 71%9 &
MasEs B, deEfstd wE FSule oF 43%9] R &S B
At 22T FEFue] A 4128004 ABF AAH 537G =0] =

o

B0 Ti0 F5 2

=2
of
ot
o
4N
R
§2
o
L
&
o]
=
r d
N
_H
L
I
:’i
m
O_u
rl] (e
fz
o
P
(o
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100

—e— Sintered AgBr/TiO, (0.5/0.5)
80 - o Mixed AgBr/TiO, (0.5/0.5)

Decomposition Efficiency (%)

0 o= : v v v v T
0 30 60 20 120 150 180

Time (min)

Fig. 4.2. Decomposition efficiency with and without sintering.
Sintering temperature = 500 C. Dosage of AgBr/TiO,
=5 g/L.

100

—e— 0.259g-AgBr+0.25g-TiO,
O 0.25g-AgB
80 1 g - Agbr

60 1

Decomposition Efficiency (%)

0o - T T v v v
0 30 60 90 120 150 180

Time (min)

Fig. 4.3. Decomposition efficiency with and without TiOs,.
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4.1.4. AgBr/TiOz¢] XRD, XRF #4242 3%

TiO.(anatase form), TiOxRutile form), 400C, 500°C, 600C oA 1:1 H]
&2 Tt 449 AgBr/TiOo] A T2E Hetstr] fsted XRD &
A& etk Fig 44.& X-A 34 & =4S Aoth

A4, Adste] Axd FEH= BT XRD ™ol Ao FdEkS]
o AgBre] 2 0 0), @ 2 00 AAFZEE YHel= =27 #EEHAD
TiOx(anatase form)¢] (1 0 1), (0 0 4), 2 0 0), (1 0 5) AZAHFZE YEt
Y= J 371 #2503, TiORutile formel (11 0), 2 1 1D 2AHAF=
et = 3+ #FHA YT ol& &3l 400C, 500C, 600C of A
2743% FEFulE TiOJanatase form)el ZATFZ7F fFAHE AS ¢
Aot A, 400C 7FA = TiOganatase form)o] -FA =3l 600C ol A=
TiOx(anatase form)¢} TiO,(Rutile form)Z &A= o] A= Lim 5 (2010)2]
Adet= 2T O olfe & ARdA= 4Axt T £Z7 HH
Lim & (2010)2 24712k &<t 2EE FASte wHE9 TiOl(anatase
form) TF+Z7} TiO,(Rutile form)Z HZ = Q7] wFolt}. o]+= Nagase &
(1999l A TiOy(anatase form)+= =g ARt B 2&71 F7tstd
TiOJRutile form=Z WEHAT= Y &

TiOy(anatase form)7} TiO,(Rutile form)Z ZeolstE Hol&=+ 400~65
0C A=E dAsA ¥tha stded I olfr= HdA da3 vkt 2

o] ] Azt 2EF o] st of str] wjEoltt

=
=

XN

- 33 -



Intensity (counts)

1 TiO, - Rutile
b " = J\_.,Avj\__.x J_J Ah o
| 1
| | 6800°C
1500 f e N L k. TSN A »/
jl J 400°C
- ‘ / A Lh Agh ‘JL.‘/\ s e
1,000 -
500°C
1 L_g Fo AJ[ A e _— S
500 -
TiO, - Anatase
\ A #k A J\/ g Feic
0 T T T T T T T E
10 20 30 40 50 60 70

2Theta (°)

Fig. 4.4. XRD pattern of AgBr/TiO, (0.5/0.5) and TiO,(anatase form, rutile form).
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500C Al A &Ast A xH F=v]9 Patten ListE Fig. 4.5.91 YER
ATk 500CNA Adste] Azxd FFHuje] Z-¢- TiO.Brookite form)e]
210,01D Q10D AAF=E Uele J37F 45 FZHAT
o] 500 ol A= TiOs(anatase form)e} TiO.(Brookite form)Z & x| =] o
AdEeE Aoz BAAT, TiO(Brookite form)e] Band Gap Energy:
3.1~34 eV Ate]l2 Bix3 QJrhLi ea al., 2007; Koelsch et al., 2004).
D Reyes-Coronado 5 (2008)e] A3 A3} Al TiOy(Brookite form)e]
Band Gap Energy= 3.13 eVZ TiO,(Rutile form)¢] Band Gap Energy?l
3.0 eVe} TiOj(anatase form)e] Band Gap Energy<l 3.2 eV A}ojol £]X]
st 510 nmET Ze gAZo| A TiO.(Brookite form)e] AT+
TiOx(anatase form)e] FFA4REt vty Ry s Itk Lim 5 (2010)
# Kandiel 5 (2010)e] A@ZAHq A TiOyanatase form)e} TiOy(Rutile
form)e] EF F=xo o7 AR &3to] o3 F=wj &80 Fopl
O Bugy o meia, 2 AdPoA = 500C oA adste] Al z=3
FZujo] 4§ TiOyanatase form)e} TiOs(Brookite form)e] S/ =
of o3 A=A &3 o8 F=wj &&0] Fobd Zlo=w JdEn

AgBr3} TiO, & ©<s dFd|Z 1.3, 1:1: 312 &35t 500C oA 4
A3t FZ)E XRF #4319tk XRF 42 3= Table. 4.2 o YeRY

Atk o5 23E HE 25 Aot fARE A &4 Ao
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Pezk Usl

AgBr/TiO:

AgBr

O 152 TiQ: (Brookite form)
_ ooy 1l s
A TiO: (Anatase form)
[ [ [ [ [ [
o a0 i a a o an L= 1]

PN TEG]

Fig. 4.5. Pattern list of AgBr/TiO, (0.5/0.5), sintered at 500C.

Table. 4.2 XRF result for mass Ratio of AgBr/TiO,

Quantitative Result

Analyte Mass Ratio of AgBr/TiO,
1:3 1:1 3:1
Ag 12.63 28.36 39.54
Br 11.33 20.51 34.72
Ti 75.46 50.56 25.74
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4.1.5. FE-SEM/EDS &4 2 %

AgBr} TiO,2 11 HI&E we E3ste] BHE AgBI/TIO, BZEv) 2
400C, 500C, 600ClA 1:1 vHl&=2 T3ty 422" AgBr/TiO,o] 24
A3 =271, Ti, O, Ag, Br 949 33 & ¢olrr] 98] FE-SEM/EDS &
M3lo] Fig. 46., Fig. 47., Fig. 48 2 Fig. 4.9.0] JeERiUch. Qukro
2 dAgAA S AR TiO= AAAGo] /MR, E-Y2ET =5
5 YAZ7I= F7FEH 18lal FE-SEME] 12 A= dAe &2
AAE STHNAA doF oz Z dolgld YAVt Bol AdETa B
Ha JHLim et al., 2010).
teEdete] TE AGBr/TIO, FEul= BAdstn, 400C o A 600C =
s A AAAS 7Y AN 400C oA At A3
AgBr/TIO, FZwjo) A $ol= AgBro] =3¢l 423C Bt} Yol <443
|85 A gFobA 500C < 600TC ol A1 Al =3k AgBr/TiO, B=wjel wlal &
Fg3ttt. 500C <k 600C Al A A Z=3F AgBr/TiO, FZw& RS o =
T a3 A4A4S 7FRA T 500C oA Al =g AgBr/TiO, #Z ol H
3 600C AN A Az AgBr/TiO, FZuj7F 327l BojA= ZogE H
o} o]Z Qlal] 500C oA A3+ AgBr/TiO, F=ull7F 600C ol A A=
AgBr/TiO, #F=ujRt} v|EH A o] Gty AwE o] CI Direct Blue 15
B &-&o] 600CeA Axg AgBr/TiO, FHuRT =S Ho=Z 7]
et 183 EDS B4 A3 =E AgBr/TiO, FZujolA Ti, O, Ag, Br

2o BATh wsT AL FAY ATk

(

o

3

el

Lo
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PKNU

Element Atomic (%)
oK 63.37
TiK 21.53
BrL 3.02
AglL 3.55
AuM 8.53
Totals 100.00

16 18 20
keV|

T T T
4 6 8 10 12 14

Full Scale 1563 cts Cursor: 0.000

Fig. 4.6. FE-SEM/EDS images of Mixed AgBr/TiO, (0.5/0.5).

PKNU

Element
oK
TiK
BrL
AglL
AuM

Totals

%

Full Scale 1753 cts Cursor: 0.000

Fig. 4.7. FE-SEM/EDS images of AgBr/TiO, (0.5/0.5),

sintered at 400 C.
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>,

PKNU

Element Atomic (%)
oK 63.58
TiK 23.17
BrL 1.73
AglL 2.49
AuM 9.03

Totals 100.00

Fig. 4.8. FE-SEM/EDS images of AgBr/TiO2 (0.5/0.5), sintered at 500 C.

PKNU

Element Atomic (%)
oK 61.71
TiK
BrL
AglL
AuM

Totals

Full Scale 1840 cts Cursor: 0.000

Fig. 4.9. FE-SEM/EDS images of AgBr/TiO, (0.5/0.5), sintered at 600 C.
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4.1.6. PL ¥4 23

Fig. 4.10.¢} Fig. 4. 11.ol= £ A3d Al AEH AgBr/TiO =l sl o
7133 S-S 532nm=z o] & PL BEHAIE el olw 3
Zu7t BEE e 9o HFA = 340~660 nm B oNA FA3ATH
PL 2HEY 2 Hlo] ZAtd] o8 Wt=A] WHolM AFEH= dst oF
AEe] olF, B8 T AMAYF Tl osiA TAHAT). webi vEEA
Aol th3t PL A== 1 =429 JFSEAY ded 43 444
ATHD. Li et al). &, PL %57} & E2AASLE Bojry|d o3 HAA
Axet FFe] AAdge] wE AoZ Yeiuw I 249 FEHv &4
wrol A Al ®thZhang et al.).

4.10.2 500C Al A &A% AgBr/TiO, &5 vl g 232 JEl=

o] TAL A9 fFAFsHAIRE AgBr &l Mg s O A= Aast
= e E & dth

Fig. 4.11.2 400, 500C, 600C oA 4723 AgBr/TiOx0.5/0.5%< ¥
gt A2 500C oA &A% AgBr/TiO°] WEwi=e] F4o] 7 =

500C ¢} 600C oA AZ23% AgBr/TiO.e] 7% 400CAA A2
AgBr/TiOzo Hls Z=7F @& A & 5 Utk

wetA, 2 AgolA Az F=S S AgBre] &FFel 50% °ld, &
257} 500C ©]/?0 AgBr/TiO,= AZAde] BE&FoE AAFHL U=
& g Aok F, AgBr/TiOgel loiA= AgBrik TiO,9] heterojunction &

]_

inﬂn

)

Fig.

BH

rot

b3

flo

b At 3FEe BEHU Lo @ AZF Ao 2 4P s
= Aoz wetd
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4.1.7. UV-vis DRS #4423
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Fig. 4.12. UV-Vis diffuse reflectance spectra of AgBr/TiO,(0.5/0.5).
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Fig. 4.13. Changes of decomposition efiiciency by a AgBr/TiO,,
sintered at 400 C. Dosage of AgBr/TiO, = 5 g/L.
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Fig. 4.14. Changes of decomposition efiiciency by a AgBr/TiO,,
sintered at 500C. Dosage of AgBr/TiO, = 5 g/L.
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. 4.15. Changes of decomposition efiiciency by a AgBr/TiO,,

sintered at 600°C. Dosage of AgBr/TiO, = 5 g/L.
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Fig. 4.16. Variation of decomposition efficiency according to
sintering temperature. Dosage of AgBr/TiO, = 5 g/L.
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Fig. 4.17. Changes of decomposition efficiency by each dosage of AgBr/TiO,
(0.5/0.5). Sintering temperature = 500 C.
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Fig. 4.18. Variation of decomposition efficiency with respect to dosage of
AgBr/TiO, (0.5/0.5). Sintering temperature = 500 C.
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