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Abstract : Bi;MoOg catalysts were successfully synthesized using ethylene glycol monomethyl ether (EGME), glycerol (GL),
ethylene glycol (EG), and water as solvents by a conventional hydrothermal method. The synthesized catalysts were
characterized by XRD, DRS, BET, SEM, and PL, and we also investigated the photocatalytic activity of these materials for the
decomposition of Rhodamin B under visible light irradiation. The XRD results revealed the successful synthesis of 12-18 nm,
well-crystallized y-Bi-MoOg crystals with an Aurivillius structure regardless of solvent. In addition, the Bi;MoOs catalysts
prepared below 140 C showed an amorphous phase; however, those prepared above 160 C showed well-crystallized y-Bi:MoOg
crystals. All the catalysts have a similar absorption spectrum from the ultraviolet region up to the visible region less than 470 nm.
This result suggests that all the Bi;MoOs catalysts are potential visible-light-driven photocatalysts. The Bi;MoOs catalysts
prepared using EGME as a solvent showed the highest photocatalytic activity. In addition, the Bi,MoOs catalysts prepared at 18
0°C showed the highest photocatalytic activity. The PL peaks appeared at about 560 nm at all catalysts and the excitonic PL signal
was proportional to the photocatalytic activity for the decomposition of Rhodamin B. This suggests that the stronger the PL
intensity, the larger the amount of oxygen vacancies and defects, and the higher the photocatalytic activity.

Keywords : Bi;MoOg catalysts, hydrothermal method, photocatalytic decomposition of Rhodamin B

* To whom correspondence should be addressed.
E-mail: sshong@pknu.ac.kr; Tel: +82-51-629-6433; Fax: +82-51-629-7487

doi: 10.7464/ksct.2019.25.2.121 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

123



1M 2

2FU FENSE F7] L 229U R 4 9)
L AR &R FeiA AeHI] FEW gL o A
ol vla) e 3He AT glow, o] 74 e A
S Kol ] 2ol 7] Wige] WA 4 glow], we &
2o $7188 ATHoR Aeja 4 Yok ol4tsiERke U
o g, FEA D BergA o] FEuEA de) A
$53 QIEH2). vt o AkBkelEe 387 nm o]ste] AelAl
B BHSHIE doluN|e] 3~5%0] JeRre o T 4

1 GITH3] e ol FEES A o)/ T we]
RO HAF GAoIA S FHYL HoFL WEr

Satete Wee) FEulol ojg A7} o] ol A SriA)
Bismuth molybdates+= a-Bi;M0;012, B-BixM020y 2 y-Bi,MoOg
A 78] AAFEE 7D glom s AR e 4He
HolZ=a1 ek a-BioMosOpe= ABA Q1 4k S 7HA]aL §17]
ool AeA] Abshuk-g-olut A& H o] ¢rryol Ashihg
of o] &=L QITS]. WHHol Aurivillius 725 7H ¥-Bi;MoOs
AAR METY, 93t 7R 3508, o2 o] &9 A=A
FE0he] YO Q3] TAIY FelolAle] e B

of 7o} FHjol o8l A== Ao deA ek uhEhA

WE whgol A AAA 0T g SN Ushs ek

ofd 1o i w2 r|r
o,
o
kT
2
N
k1
o)
it
vO‘\
=
o
T
&
o
il
o
i
=)
lo
ik
o,
flo
|
i

BYL 7P BAS P Sl FAT Bk ohfe} o2
i A, 71 FTF2 D 24 2Pskofol Fk Bismuth

]l 5 A=2H], =
11] 5ol 4A ek
FEHPGOIY 25 W
of ¥ FA dot AsA 5
HdRloA e ol AREE= Bl TRl wet A= o
Fe HojE Bt ofye} FEm o= A 9
FA "rekar Basan Iep12]. 2y AR 8l
94, BiMoOs 2749 F4F W 1o wE F=u 249
FerdA of gk AAZ QD A7t gl Aol

H 9j7Lo] A= ethylene glycol (EG), glycerol (GL) %
ethylene glycol monomethyl ether (EGME)Q] A 7}%] &1 &
A85}0] BiMoO,E 454 ¥ & ol alo] Alzsigict. ®
3t A= 5 @e|slo] bismuth molybdatesS A Z3}o] 1
So] Bolx B4 zAsRon 2oyl Be] Haukgol A
YEu2A o BHS 2AHech

10 o2 rfn ue
y o o I

o,

2. 48

21. =0 M=

2 Fis 71E9] NS ARl SS9kl
t}. WA 20 mL ethylene glycol monomethyl ether (EGME)o]|
0.05 & Bi(NOy); - SH0E &A1l &5 vh=th 97]9

L = 74 NapyMoO, - 2H,05 20 mL 2| Eof &3jjA4
|HE J7HA o] 3 &S 100 mL & 7Hl
teflon-lined 2 H| g2~ A9 1QHHES-7]of Wil 1 h A=
A7l TS 252 160~240 T2 GABFHA 19RES7]

h 5t =4 et o] PA AlxE =4

5 Q.
- T
o A3 thg ojuh g Bl dolXt 1A B2 FE
kel
5
7

3] B ofghEE AlAT SAHT] EaES AAT
300 CoflA 3 h Ft 2A1A A=xsklct k& & F
A += ethylene glycol (EG)T} glycerol (GL)S A}-&3to] &
o A s

ME

22. 50 EHEA

AzE zujse] A9 F2E 2lsh] JsiA XA 33
7](XRD, Philips X’pert diffractometer/Cu Ka radiation)E A}-&
stol AAAE Selston], AxE Zuj5e FHE 2
rA-ES Lot 7] )8l UV-vis diffuse reflectance spectroscopy
(DRS)(Varian Cary 1005 o}§-te] Zgsteick. Sule] mj7
Z T 9 wof, 37]8X 52 scanning electron microscope
(HITACHI $-2400, Japan)2 A+g-3Fe] #ataleict. Zujo] &
WA, 7% Rl 9 7jge) BE 58 24ep) o) EW =
A ZF*]|(Quntachrome, Autosorb-1 surface analyzer)& ©]-23}¢]
zAelodeh. Zujo] st S4E AHrr] 98] AeolA
BPoZ Xe HEZE S photoluminescence spectrometer
(PL, KIMMON KOHA, Japan)E A3}t A2 Z0)9
micro-Raman A ¥ Eg}= Raman spectrometer (Dimension -
pl-Raman, USA)E AH&-3to] S sk3icth

2.3. HtSEM T A}

AxH Fojo] Bo) B4 54 dour] 99 weE
2ohyl Bol oet B e 2Aehon], BeRe 2
7% == 10 ppm, F0f H71EE 0.1 g mLY, 9E3 & 100
mL2 S5 SHATh AR B4 §hE7, Xe W
277), Xe WE, WD, 4Gz, @] 5O ol
A slowl, Bhevle W gele AsEgen wesl ofd
o 71 AATTh. o]tz FEORHEA] ¥ 7]o] spin bar
2 ol Zuj7} el AL vm 1R LAY 918
A} oleh. #eo.2E Xe HLE AEEILO0] 420 nm HE S
AHgotol Aol E Aket AT slol 4 AEE
3tga, LY 88 =o|7] Y ¥h-S7]e} water filterS
AR EBUR TP o] FHOR RHEE AL A
At HHeE2 4A nith A3 3le] UV-vis spectropotometer

(Mecasys Optizen Pop)ES o|-&3}o] B39t o vr2&
9] FFoE-2 554 nmoll A FFEE St ATt ThE
FEHIE EAdstant

31 BEOjO| ENEN

=S

M2 HE e ARt Ao R A2t BiMoOs



2~
T%

Ao g A 2H BiMoOsol| A 2rhul BO] ZHEuf Haf uks- 125

Table 1. The physical properties and photocatalytic activity of various Bi;Mo0Qjs catalysts prepared using different solvent

Catalyst (Solvent)® Particle size (nm) Band gap (eV) Surface area (m* g") % (x10° min™)

Bi:MoOs (EGME) 12 2.65 286 34.9
Bi,MoOs (GL) 16 2.55 209 12.1
Bi:MoOs (EG) 18 2.50 219 12.6

“apparent first-order constant (k,p,) of photocatalytic degradation of Rhodamin B

"Votvent/ Vi2o=50/50, synthesis temperature=180°C
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Figure 1. X-ray diffraction patterns of Bi,MoOg catalysts prepared
using different solvent (Vsoivent/Vizo = 50/50, synthesis
temperature
=180 C).
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Figure 2. X-ray diffraction patterns of Bi,MoOg catalysts prepared
using different synthesis temperature (Veome/Vizo =
50/50).
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Figure 3. Diffuse reflectance absorption spectra of Bi,MoOs
catalysts prepared using different solvent (Vsoivent/ Virzo
= 50/50, synthesis temperature=180 C).

Figure 4. SEM images of Bi;MoQOg catalysts prepared using
different synthesis temperature (Vegme/Vizo = 50/50).
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Figure 5. PL spectra of BixMoOj catalysts prepared using different
solvent (Vsolven/ Virzo = 50/50, synthesis temperature =
180 C).
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Table 2. The physical properties and photocatalytic activity of various Bi;MoQjs catalysts prepared using different synthesis temperature

Catalyst (synthesis temperature)” Particle size (nm) Band gap (eV) Surface area (m* g™) % (%107 min™)
Bi;MoOg (room temperature) - - 306 0.7
Bi,MoOs (140 C) - - 296 1.6
BixMoOs (160 ) 11 2.63 301 249
Bi:MoOs (180 ) 12 2.65 286 34.9
BixMoOs (200 C) 18 2.67 216 20.4
BixMoOs (240 ) - 2.70 211 8.4

*apparent first-order constant (K,pp) of photocatalytic degradation of Rhodamin B
*Veome/Vino = 50/50
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