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Study on the Effective Photo-degradation of Methylene Blue
Solution Using h-MoO3; Nanorods
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Department of Intelligent Information Convergence, Mokwon University

2 9 Q79 37k =AIS ¥ AkQle] o R w49 wiEwol SIS AL, ALY ARaleh B ¥R 52
Z e fFUFgel 43 3He B9, L9EdE AR Aske 7€ Jdol Easith 2 AFolA
£ AT 7HAIBA GGolA et FET 54E UElE h-MoO; Yot 230 24 3ok 34y
o FHgsigleh. E3 FEe] wEo FRI L=, MRS Ad4d 5o 399 wsle] mE methylene
blue(MB) 89| &IHHRI Fa] 270 diste] 2ARIIH. 1 A3 h-MoOs= 7HIFA 2 Afd FHolA
MB &% EHo s FEsohs FF= AEsHth. 53] h-Mo0s:2 &=7F 1.5 mg/mlL, 2.5 mg/mlL, 3.5
mg/mLZ Z7IE5E FHABALS 147 2A0E W, MB &o] FEs) = Hr: 27 28%, 31%, 73%E &
7kt B FEM Y] FE7F 0.5 mg/mLE WA BAME MB 84& 23 50 TR WSHA7IHA Ade 1
AT 2ASIAE A%, MB &9 FEsl ago] oA 4%, 50 TolA 89%= FAsHA 7ottt MB &
o IRl FEH 212 85, GAY] b 2f4e7t FAsEE @HoIA FF9] =S 2EAY FR
§f =5 2Esto] Fro] a8S AT 4 Jenz HeATlA s #Ee aRHor HIAT 5 e
Ao® 7gt,

Abstract Wastewater discharge is increasing due to population growth, urbanization, and industrial
development. Therefore, it is necessary to develop a technology to effectively remove pollutants when
wastewater inflow increases rapidly due to sudden accidents or unauthorized discharge. In this study,
h-MoOj3 nanorods with excellent photocatalytic properties in the ultra violet(UV) and visible light range
were synthesized using ultrasonic dispersion and chemical precipitation method. The effective
photodegradation (PD) conditions of a methylene blue(MB) solution were investigated for different
photocatalyst concentrations, PD temperatures, and light sources, such as visible and UV light. h-MoOs3
effectively operated as a photocatalyst in a MB solution in visible and UV light. In particular, as the
h-MoO3 concentration was increased to 1.5 mg/mL, 2.5 mg/mL, and 3.5 mg/mL, the degree of PD of
MB solution increased to 28%, 31%, and 73%, respectively, under visible light irradiation for 1 h. In
addition, when a MB solution with a photocatalyst concentration as low as 0.5 mg/mL was irradiated
with UV light for 1 h while changing the temperature from room temperature(RT) to 50 °C, the PD
efficiency of the MB solution increased rapidly to 4% at RT and 89% at 50 °C. The PD efficiency in the
MB solution could be controlled by adjusting the photocatalyst concentration or the PD temperature in
an environment where a large amount of wastewater suddenly flows in. Hence, the water quality of a
river can be effectively managed at wastewater treatment plants.
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QITe] F7tet mAlsE 9 AbQlo] whEA W st A
¥4 wiETFo] 20129%RH wid Frkstal SltH1l
20224¥& 702 fEuEte A% 109 Al 20119
I B EE, FATFE 10198(2.0%), T53H-A
2] Q= 489 (11%)°] S71et3t. QI-4=9] 57t
o ZAIStE Qlste] mid Y sl=A{lgo] FE] &
7¥ohe FAIE Rt ARdH<SRY] B¢ 2022W% 7|E
HiEAhE oF 5T 6,403%, 1¥9 Hg TAFS <F
500.69HE, 1Y w4 W52 9F 384.9%F Eo & XA}
=t 4] H 9A] 109 A3 v|wshy, sEdas
OF 7,2293H14.7%)°] 5711, 19 w4 UHFS oF
33.49F £(9.5%) S7HATH2). shHo] £Ee 92 A
b L e e S e e ol o ] e
A HA o ARL3]9F Rk W 5ol g HAE 9l
ot AAR FFHA 9 FgolA FSAEE AXA] &
I YL 45 2R QIS Alael w489 ot
UR, G4 v 45 59 54 SihEAE Qe ok
o] E717F At HAkeke ol AUATHAL R4l
A A9 Az 5 WES= methylene blue (O]5F
MB) ¥&8} 22 sistEd2 E4o] JlomA AAFo
2 EoER] o= sEdo|ng splog FEEY,
S YEI 7oA At mais 7] o] He
Zoll 2= MB 9= 52 AA=oloF H5]. +EQ
o] QZHNA BAE P Q13 ATt T2 o
S AREAE SHAIZ & otk Hes £ AEA
e 7IA I MRS ool FEA FBS Wl
F 9082 Hf FolyS ol LAELE Al
7ol dastet. ol=gt AltfA Aol wet X
HeAy B {718 B 2 715 gstet
71&ol gt E51&do] AWt 32.5%2] ¥ 57
UehHa loHe], B2 9] Haes aigoz A
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71 FEAS A A= 7€ F FEWE ol8stk=
71&2 b4 &of FE 24 FUKRE & LS A

he e o E §7]199 BAS B sMivtAR
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o}, 53] TiOx= of4EfA|(anatase), FE(rutile), BF
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WHEZY o|A|(band gap energy)7t 7P Hol AF5Rgt
A =go] 253t anatase-TiO, S S22 FE AL
3HH7,9]. TiO:9] 384 M= AUA = 3.0-3.2 eV
2 400 nmirh 32 339 JejdS 2R F=s|
g-3o] EAdgtE]o] e dEAE EafgitH9,101.

HFOo R RE TR YAlet HFF2 Tt o
o] AX7Iohg Zototal AT, REFOIA E2 o
9] UV(ultra violer) C5o] Agt=|o] AA|Z Z|L3EH
Lol HggolA AAo] AReke HlES oF 8%
zoltH11]. wetA TiO; BEME AHgsto] HiFge
2 QAEAS] FENE Pt FES| 8ol Azt
A 4= QirH11,12]. AF HHO| Edots HYPFS
53%2] ZoJMTt 39%9] 7HAFA R FAdE o] Q7| o
Eoll11] 7 FFoNME FES7T 7 FSH
£ AMESte] RFEES FEANIITHH, BES] &0l
71 Aojt}. wEka £ Aol ME 7RG JH
A FE7 7T 249 AEEEEd(MoOs)s
3she Aoz g/dstal MB 849 a7t4Ql J=
o 27 tiste] Aot

MoO59] F5t4 HiEZY A= 2.8 ~ 3.6 eVE |
7] wZol ZRARAT A G0l F=s vl
Joldth. E3H MoOs= GYHH o= g3t AP A
(orthorhombic) ZAAS] @-Mo0s2} A Z QI
(meta-stable) ©AF8A(monoclinic) Z&3AY B
-Mo0s, S (hexagonal) 2349 h-MoOs <5,
Al 7HA 278 7HAAL itk 11 FellA 13449 BE
TZ2E 20 Sl S93EA 2449 h-MoOs= o4

BT wlmsle] Bota E4o] S4sb wEo(I3)

50 watt[13,14], 300 watt[15], 500 watt[16]o]H, =k
A o] 7|+ 15 watt[5], 125 watt[17]12} o]
2 A9 FLF A}85to] h-Mo0s9] FEd| E&8
Bkt sk £ AolME 5 watte] 7HAREA
AL 6 wattd] AM HIEE ARESIe] W2 XA
T h-MoOs nanorods7} MB £8-& gyxog JH
ot AL Ikt 3] h-MoOs FEHY &
9 G825, FE E4o A= B EF 5
g ¥R AAste] LES] APE AYPIFOoEH
h-MoOj3; nanorodsE ©]-8% MB &9] &3}&Ql 3
1=}

w=3f 2700 Histe] AF-sHA.
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oA o2 /ds1tH18]. h-MoOs nanorods
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QEOJA 1241789 ARAIA h-MoOs nanorodsS
55T

h-MoOjs nanorods® MB &9 #&3]| EA4S F7}
t7] 9sted, 24 methylene blue trihydrate 10
mg< DI water 500 mLof| 21 4204 30& <t
300 rpmo& W¥H5to] 20 ppmol MB &H& A5}
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Fig. 1. FE-SEM image of the synthesized h-MoOs3
nanorods (Magnification is 25,000 x)

/9E h-Mo0;2] 273Hs] E4E BA5H7] fIsto]
XA 3AEAH(X-Ray Diffraction, ©|3F XRD, 4+
Cu Kel = 1.5406 A, A% 45 kv, 2= 200 mA)CE
B30T, 1 A9E Fig. 200 HERATE h-MoOs
AAAro] 712 Hlo]E/(ICDD card No, 03-065-0033)
9} XRD 24 miglo] 2 IX|soh= A2 I 4= Sl
w2hA FE-SEM % XRD #4] ZH25E 2 AFolA
A Alg2E= B3 Y= hexagonal 2742 h-MoO;
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Fig. 2. XRD pattern of the synthesized h-MoOs3
nanorods
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Fig. 3. Absorbance of h-MoQOs nanorods. Inset is the
optical band gap energy of h-MoO3 nanorods
calculated from Tauc plot[5]
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Fig. 4. Photo-degradation effect of h-MoO3 nanorods
photocatalyst for different concentration (a)

1.5 mg/mL, (b) 2.5 mg/mL, (c) 3.5 mg/mL
(measured at 23 T, under visible light
irradiation)
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Fig. 5. Photo-degradation effect of h-MoO3s nanorods
for different operating temperature and light
source (a) RT and visible light irradiation, (b)
RT and UV rays irradiation, (c) 50 € and
visible light irradiation (d) 50 € and UV rays
irradiation with 0.5 mg/mL concentration

F=1 h-MoO; nanorods T-EE A H7lst
of FP3} MB 99| £ W3} MB 842 sJE o]
nXe G RIS AFAE Fig. 50 YERAQITH
h-MoQ; FZ19] %% £ 0.5 mg/mLE IAHCH, %
Alohs Y2 AR el 2ol Mg 747t ALS
5ttt oil bathg ol-8ste AASt 2= &, A4=(RT,
27 ©)OIA 7M1 2AES Tie) AHldS 2ARS
i) sFE5) EAS Fig. 5 (2), (b)oIA B3I, 50
ColA 73S 2AE W9t A4S 2AE o
9] FHEsl A4S Fig. 5 (o), (d)oll Hefhdet. A-2oflA
£ RAEE Bl wE FEa) E4o] A AeluA|
kot whHol 50 TollAls 784S 2ARS of 2
o QS ZARE W MB £949] Eaj7t o wEA|
dolh= AL FRIT 4= Sk Egk FE7 AYP=+=
259 k= v BsEY oS 34 JFS vX=
AL golg 4= QUQItt. 50 ColM A ARG
7%, MB £H2] 89%7F 60E Tl Eafi=3ict.

—0 min (before irradiation VL) (a) — 0 min (before irradiation UV} (b)

T _|—30 min (68 %) 5| —somin(@9%)

o 2f—60 min (18 %) © 2| — 60 min (28 %)

& | —20min (5%) o | —%min@%)

8 | 120 min (5%) S | —120 min {5 %)

s <

g1 g1

: i

-3

< P\ < / "\

400 500 600 700 800 400 500 600 700 800

- Wavelength (nm} 2 Wavelength {(nm})

=0 min (before irradiation VL) (C)
— 30 min (87 %)
— B0 min {12%)
— 90 min (6 %)

—0 min (before Irradiation UV) ()
— 30 min (90 %)

— 60 min (25 %)
[ —90 min (7 %)

-

Absorbance (a.u.)
Absorbance {a.u.)

[
o

200 800 600 700 800
Wavelength (nm}

400 500 800 700 800
Wavelength {nm}

Fig. 6. Photo-degradation effect of h-MoO3 nanorods
for different catalyst concentration and light
source. (a) 2.0 mg/mL and visible light
irradiation, (b) 2.0 mg/mL and UV rays
irradiation, (c) 2.5 mg/mL and visible light
irradiation, (d) 2.5 mg/mL and UV rays
irradiation operating at RT
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MB €99 FE} F&o| o 435 A0E YEith
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