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Background (1/5)
Introduction

❖ AOPs (Advanced Oxidation Processes)

UV-Photolysis
• UVC + H2O2

• UV + O3

• UVA + TiO2

Fenton
• H2O2 + Fe(II)
• H2O2 + Fe(II) 

+ UV

Ozonation
• O3

• O3 + H2O2

Ultrasonic

Electrolysis
• SnO2-doped
• PbO2-doped
• TiO2

Advanced
Oxidation
Process

(HO• based)

[TC]0 = 100 mg/L, [H2O2] = 20 mg/L

Tetracycline

Fast reaction

by HO radicals!

(Han et al., 2020)
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Background (3/5)
Introduction

❖ Photocatalyst

O2/O2•
-

O2/HO2•
-

H+/H2

HO•/H2O

O2/H2O

(D.D. Dionysiou et al., 2016)

(Fujishima et al., Nature, 1972)
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Photocatalyst

Bandgap

Light with the energy
below the bandgap size
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Valance shell
Valance band
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Bohr's atomic model

Reduction

Oxidation

Charge
separation

Superoxide
anion
radical

Hydroxyl radical

➢ H2O + h+ -> HO• + e- + H+

➢ O2 + e- -> O2
-•

Background (2/5)
Introduction

❖ Photocatalysis mechanism
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1. Bandgap
2. Charge transfer   ,Recombination

Reactive Oxygen Species (ROS)
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Background (4/5)
Introduction

❖ UV/TiO2 for water treatment

(B. Yang et al., 2020)

Petri dish

Stirrer

Fig. 1. Scheme of UV-LED photoreactor

(up) and UV-LED module (down).

UV-LED

[MC-LR]0, [ANTX]0 = 1 mg/L, [TiO2] = 0.05 g/L

Microcystin LR (MC-LR) Anatoxin (ANTX)
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Background (5/5)
Introduction

(T. Cardona et al., 2018)

Solar spectrum

➢ Visible light is abundant in sunlight and has the advantage of less input energy compared to UV 

generation. And LED has less heat generation and power consumption, and long lifespan.

➢ WO3 and g-C3N4 have band potential suitable for the use of visible light.

➢ Therefore, WO3/g-C3N4 (WCN) composite is being studied as an eco-friendly visible photocatalyst 

for water treatment.

❖ Visible light-based photocatalyst
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※ MB: methylene blue, Rh B: Rhodamine B, CPX: ciprofloxacin, OG: orange G RbX: Remazol brilliant red X-3BS

Literature review (1/2)
Introduction

Year Authors Journal
Dosage

(g/L)

Bandgap

(eV)

WCN

Synthesis

Temp. (℃)

Target

Compound

Initial

Conc.

(mg/L)

Light

source

Reaction

time

(min)

Removal

efficiency

(%)

ROS

2014
S. Chen

et al.
Appl. Catal. B 2 2.7 500->520 MB 30

Xe Lamp

(500 W, >400 nm)
60 87.90% O2

-•>HO•

2017

X. Liu

et al.
Appl. Surf. Sci. 0.5 2.61, 2.67 550 MB 50

Xe Lamp

(300 W, >400 nm)
90 95% O2

-•

L. Cui

et al.
Appl. Surf. Sci. 2.69 550 Rh B 5

Xe Lamp

(500 W, >420 nm)
120

2018

B. Chai

et al.
Appl. Surf. Sci. 1 2.73 550 Rh B 5

Xe Lamp

(300 W, >420 nm)
180 90.40% O2

-•>h+>HO•

T. Xiao

et al.
Appl. Catal. B 2.73, 2.64 550

CFS

TC
25

Xe Lamp

(300 W, >420 nm)
120 82.00% O2

-•, HO•

2019

A.I. Navarro-

Aquilar

et al.

J. Photochem.

Photobiol. A
1 2.66 500

CPX

OG

10

20

Xe Lamp

(35 W)
240 98.00%

h+

O2
-•

J. Chen

et al.
J. Alloys Compd. 0.33 2.7 550 Rh B 10

Xe Lamp

(500 W, >420 nm)
100 96% O2

-•>HO•>h+

J. Singh

et al.
J. Alloys Compd. 0.5 2.16 550

MB

RbX

5

45

CFL lamp

(65 W)
160 97.82% O2

-•>HO•

❖ Removal of organic compound using WCN under visible light irradiation
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Literature review (2/2)
Introduction

➢ There have been very few studies on the relationship between structure of WO3/g-C3N4 and 

photocatalytic efficiency for removal of organic compound.

❖ GCN synthesis temperature and photocatalytic efficiency

Year Authors Journal
Bandgap

(eV)

GCN

Synthesis

Temp. (℃)

Photocatalytic

activity
Photocatalytic efficiency

Light

source

2015
I. Papailias

et al.
Appl. Surf. Sci. 2.76-2.37 450, 550, 650 NO oxidation CN-450 > CN-550 > CN-650 UV, visible light

2017
Z. Lu

et al.
Chem. Eng. J. 2.76-2.5 450, 500, 550, 600 NO oxidation CN-500 > CN-450 > CN-550 > CN-650

150 W tungsten halogen 

lamp  (UV&vis)

2022
B. Rani

et al.
Chemosphere 2.87-2.83 450, 550(1h), 550(2h) MB, RhB removal M-450 > M-550(1h) > M-550(2h) UV (254 nm)
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Objectives
Introduction

To develop WO3/g-C3N4 (WCN) for removing of Rhodamine B by 

investigating structure-photocatalytic efficiency relationships

➢ To characterize of WCNs for morphology, configuration and bandgap analysis 

photocatalyst through thermal-condensation of melamine and WO3 at 

different temperatures

➢ To compare of photocatalytic efficiencies of WCNs by removing rhodamine B

➢ To investigate relationships between structure and photocatalytic efficiency of 

WCNs

Novelty: Investigation of relationship of the structure of WCN and photocatalytic 

efficiency
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❖ Photoreactor

Top view of photoreactor

1.5 mL

sampling

0.22 μm 

filtering

UV-vis spec.

@ 553 nm

Ini. Conc. of Rh B: 10 mg/L

catalyst dosage: 0.5 g/L

❖ Photocatalytic experiment

LED (420-430 nm)

Rhodamine B (Rh B)

photocatalyst
Acryl cylinder

Quartz reactor
Working volume

200 mL

Cooling fan

Quartz reactor

Acryl cylinder

LED

Photocatalytic experiment (1/2)
Materials & methods

Dark 1 hr

LED 2 hr



12

❖ Synthesis of WO3/g-C3N4 (WCN)

Photocatalytic experiment (2/2)
Materials & methods

➢ Characterization

➢ Photocatalytic experiment

Heat treatment in the furnace

430-500 ℃ for 3 hr

WO3 0.8 g
+

melamine 4.8 g

100 mL DI water

Stirring

for 1 hr

Dry in the oven

& Grind finely

WCN
suspension

Grind finely

& Washing with 0.1 N HNO3 and DI water

Filtration Dry in the oven

& Grind finely

500 WCN 480 WCN

430 WCN450 WCN

Thermal-condensation process



430 GCN500 GCN
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❖ SEM analysis

Material characterization
Results & discussion

300 nm 100 nm 300 nm

WO3 500 WCN

300 nm300 nm

430 WCN

➢ WO3 had a granular shape and GCN had a bulk sheet shape.

➢ As synthesis temperature decreased, more rod shapes were observed.

➢ Granular WO3 particles were embedded in GCN.

➢ As in the SEM images, the rod shape was found as the synthesis temperature decreased.

WO3 500 WCN 430 WCN 500 GCN 430 GCN

❖ TEM analysis
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❖ XRD analysis

Material characterization
Results & discussion

g-C3N4 peak monoclinic WO3 peak

Melem
peak

➢ The peak of monoclinic WO3 was well maintained and 

that of melem was observed in 430 WCN (13.1°).

➢ As the treatment temperature decreased, the peak of g-

C3N4 was split (27.6°), and that of melem was clearly 

observed (13.1°). (I. Papailias et al., 2015)

➢ As the treatment temperature decreased, the intensity of 

primary (3092 cm-1) and secondary amine (1400-1460 

cm-1) peak increased. (I. Papailias et al., 2015, B. Chai et al., 2018).

4001200200028003600

R
el

a
ti

v
e 

in
te

n
si

ty

Wavenumber (cm-1)

500 WCN 430 WCN WO3

4001200200028003600

Wavenumber (cm-1)

500 GCN 430 GCN

❖ FT-IR analysis

Primary

amine

1605

Tri-s-triazine

Secondary

amine

s-triazine

Primary

amine

Secondary

amine
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Photocatalytic experiment
Results & discussion

❖ Removal of Rh B using WCNs

WO3 500 WCN 430 WCN 500 GCN 430 GCN

k (hr-1) 0.1583 0.4057 1.038 0.3772 0.3309

R2 0.605 0.983 0.9448 0.903 0.8074

➢ All WCNs had better photocatalytic efficiencies than WO3 and GCNs.

➢ 430 WCN showed higher photocatalytic efficiencies than 500 WCN.

0

0.2

0.4

0.6

0.8

1

0 1 2 3 4

C
/C

0

Time (hr)

WO3
500 WCN
430 WCN
500 GCN
430 GCN
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➢ Inhibition effect on the removal of Rh B: 

EDTA-2Na >> N2 purging > t-BuOH

➢ Valence band hole is main ROS in vis-

LED/WCN system (h+ >> O2-
• > HO•)

Photocatalytic experiment
3. Results & discussion

❖ Reactive oxygen species (ROS) scavenging test
t-BuOH (HO• scavenger), EDTA-2Na (h+ scavenger), N2 purging (O2 removal)
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WO3

0
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➢ 500 WCN보다 430 WCN에서 condensation정도가 낮은 carbon nitride 함량이 많고, 이러한 구조

의 차이가 광촉매 효율의 차이로 이어질 것으로 예상하고 있음.

(합성온도별 WO3와 CN의 비율을 같게 통제한 후 구조의 차이를 확인할 예정)

➢ TGA 및 ICP 분석을 통해 WO3와 CN이 존재하는 비율을 비교 (500 WCN vs 430 WCN)

비율을 같게 합성한 후 (변인 통제) WCN의 구조 및 특성들을 비교

➢ SS NMR을 이용한 13C, 15N 분석을 통해 합성한 WCN의 구조를 더 구체적으로 파악

430 WCN은 500 WCN에 비해 덜 condensation된 구조로 적은 수의 heptazine (3개의 CN고리)과

WO3로 구성되어 있을 것으로 예상됨.

Research Plans



18

Background

❖ Pharmaceutical compounds (PhCs)
(H. Cheung et al., 2019)

➢ It is important to efficiently remove PhCs, and 

also necessary to develop energy-efficient 

technologies for the treatment of PhCs.

➢ Recently, visible-light-based photocatalytic 

technologies have received a lot of attention.

➢ The use of PhCs is steadily increasing 

worldwide.

➢ PhCs are being discharged into the 

water system, threatening the ecosystem 

and human health.

Introduction

(조선일보, 2016)

Total annual sales and R&D in PhCs market

(Y. Yoon et al., 2010)
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14 Pharmaceutical compounds (PhCs)
Materials and methods

고혈압 치료제

소염진통제

소염진통제

조영제

신경 각성제

항생제

뇌전증 조울증 치료제

진통제

negative positive
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Positive mode

Compound
Precursor ion

(m/z)

Product ion

(m/z)

Fragmentor

(V)

Collision energy

(eV)

Atenolol ATN 267.2 145 161 29

Metoprolol MTP 268.2 74.1 161 25

Propranolol PPN 260.2 116 122 17

Caffeine CAF 195.1 138 122 21

Carbamazepine CBZ 237.1 194 161 21

Sulfamethazine SMZ 279.1 186 122 17

Sulfamethoxazole SMZ 254.1 92 122 29

Mefenamic acid MFA 242.1 224 224 17

Acetaminophen AAP 152.1 110 110 17

Iopromide IPM 791.9 572.8 196 24

Negative mode

Compound
Precursor ion

(m/z)

Product ion

(m/z)

Cone voltage

(V)

Collision energy

(eV)

Acetylsalicylic acid ASA 137 93.1 83 17

Diclofenac DCF 294 250 83 9

Naproxen NPX 229.1 169 83 33

Ibuprofen IBP 205.1 161.1 83 5

Analysis of 14 PhCs using LC/MS-MS
Materials and methods

[LC/MS-MS] Agilent 1290 Infinity II / 

6470 triple quadrupole

[LC column] Agilent EclipsePlus C18 

RRHD 1.8 μm 2.1 × 100 mm
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❖ Photoreactor

Top view of photoreactor

1 mL

sampling

0.22 μm 

filtering

Analysis

Using LC/MS-MS

Ini. Conc. of PhCs: 10 μg/L

catalyst dosage: 0.5 g/L

❖ Photocatalytic experiment

LED (420-430 nm)

Mixed 14 pharmaceuticals

photocatalyst
Acryl cylinder

Quartz reactor
Working volume

200 mL

Cooling fan

Quartz reactor

Acryl cylinder

LED

Photocatalytic experiment
Materials & methods

Dark 1 hr

LED 2 hr
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Photocatalytic experiment
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❖ WO3와 430 WCN의 14 PhCs 제거 효율 비교
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➢ 흡착률이 낮은 물질 중 ASA, AAP, SMZ, SMX의 광촉매에 의한 제거율은 WO3 보다 430 WCN에서 더 높았음.

➢ 예상과는 다르게 CAF, CBZ는 430 WCN 에서 더딘 제거속도를 보였고, IPM의 경우 430 WCN에서 제거율이 현저히 감소하였음.

➢ 이는 HO• 기반인 WO3와 h+, O2
-•기반인 430 WCN의 제거 기작 차이 때문인 것으로 보이며, 특히 IPM은 h+, O2

-• 와의 반응성이 매우 낮은

것으로 생각됨.

촉매에 의한 PhCs의 흡착량에 따른 분류

Results & discussion
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Metoprolol
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Ibuprofen
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Naproxen

Acetylsalicylic acid

Acetaminophen
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430 WCN



23

➢ WO3 보다 개선된 WCN 가시광촉매를 합성하였고 이를 14 PhCs의 제거를 통해 확인하였음.

➢ HO•이 main ROS인 WO3와 달리 WCN은 h+가 main ROS인 것으로 확인되었고, 이러한

ROS 생성 기작 차이로 인해 14 PhCs의 제거 양상도 다르게 나타남.

➢ 모든 PhCs들을 효과적으로 제거하기 위해 기존보다 우수한 성능의 WCN의 개발 필요성을

확인하였음.

Summary



WQE & SET

Lab Meeting

Thank You



25

O2/O2•-

O2/HO2•-

H+/H2

HO•/H2O

O2/H2O
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(D.D. Dionysiou et al., Photocatalysis: Applications, 2016)
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spectra • Bandgap = VB – CB

• Bandgap energy: 2.72 eV

• VB potential: 2.88 eV

• CB potential: 0.16 eV

➢ Valence band of WO3 has 

oxidative potential to oxidize 

H2O to HO•.

Energy band potential of WO3 photocatalyst

❖ Valence band, conduction band and bandgap energy

3. Preliminary Results
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➢ As the treatment temperature decreased, the bandgap size of WCN and GCN gradually increased. 

➢ However, there was no change in the bandgap size of heat-treated WO3 photocatalysts.

Bandgap energy of photocatalysts
Results & discussion

❖ Bandgap energy analysis using UV-DRS

Bandgap energy (eV)

Synthesis

temperature (℃)
WCN WO3 GCN

500 2.83 2.95 2.7

430 2.98 2.94 2.8
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<Band structure of WCNs>
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Photocatalytic experiment
3. Results & discussion

❖ Removal of Rh B using WCNs
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LED onAdsorption control test LED on

500 WCN 480 WCN 450 WCN 430 WCN WO3 500 GCN 480 GCN 450 GCN 430 GCN

k (hr-1) 0.4057 0.9704 0.9497 1.038 0.1583 0.3772 0.4484 0.4262 0.3309

R2 0.983 0.9579 0.9529 0.9448 0.605 0.903 0.9243 0.9154 0.8074

➢ All WCNs had better photocatalytic efficiencies than WO3 and GCNs.

➢ Lower temperature WCNs (480-430 WCN) showed higher photocatalytic efficiencies than 500 WCN.


