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photocatalytic efficiency relationships
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Introduction

Background (1/5)

¢ AOPs (Advanced Oxidation Processes)

Tetracycline

OH O HOHoO
UV-Photolysis

+  UVC + H,0,
.« UV +0;,

+  UVA + TiO,

Electrolysis Fenton
*  SnO,-doped «  H,0, + Fe(ll) : —e—1mglL
* PbO,-doped Advanced «  H,0, + Fe(ll) _ e 2mglL
« TiO, Oxidation + UV ] Fast reaction &5 mg/L

1 by HO radicals!

Process
(HO* based)

Ozonation 0. 10 20 30 40 S0 6
Reaction time (min)
(Han et al., 2020)
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% Photocatalyst

(Fujishima et al., Nature, 1972)

Electrochemical Photolysis of Water
at a Semiconductor Electrode

I ' E vs NHE (V)
ALTHOUGH the possibility of waler photolysis ha: E vs NHE (V) Ecs(V) = Ecgpro — 0.059 pH (at 208K) oHO oH7 oHi4
gated by many workers, a useful method has o ok Eve(V) = Evaguio — 0.059 pH (at 298K) b 1o
developed. Because water is transparcnt to v J—
cannot be decomposed directly, but only by r sk — 10,
- — — — ___ — — — — — — — — 2'
wavelengths shorier than 190 nm (ref. 1), —__“:: - o, iH02-=. o

o

where cathodic reactions take place, This poten|

For electrochemical decomposition of waler
difference of more than 1.23 ¥V is necessary
electrode, at which the anodic processes occur,
is equivalent to the energy of radiation with a waveleng

00 - - = o
051 T
+1.0[ ;
: 0,/H,0]

3.0eV
3.2eV
32eV
22eV
32eV
25eV
1 1
X X
w o

approximately 1,000 nm. Therefore, if the energy of light is sk - 3
used effectively in an electrochemical system, it should be al & - | 0
possible to decompose water with visible light, Here we i “ o /' )
- i sl o 3 z:
. 25
TiO; +2 hv—2 e +2 p* (1 o A R ) N I B B
(excitation of TiO by light) ol 1 Fe.0, HO-/H,0 [ .50
T_F == SrTi0, W‘a Z,.E
2 pt+ Hy0—1 O3 42 H' @ ol | R anie : e
(at the TiO; electrode) '
3e-+2H*—H 3 ok L 40
+ i 3 7ro, Sn0,

{at the platinum electrode)

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

The overall reaction is
HyO4+2 v} O, +H. (4)
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% Photocatalysis mechanism

Reactive Oxygen Species (ROS)

Photocatalyst
- ® > 02 6 > 02-. Su_peroxide
Light with the energy Reduction anion
below the bandgap size radical
(long wavelength) Conduction band

‘I@ @ @ - \ > “Free electrons”
A

Charge
separation

Bandgap

Light with the energy
above the bandgap size
(short wavelength)

OOOOROOG— o
Valance shell

Valance band Valance band

Recombination

Oxidation

> H,0 >HO: + e~ + H*
Hole Hydroxyl radical

1. Bandgap
Bohr's atomic model 2. Chargetra nsfertRecombinationl
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% UV/TIO, for water treatment

B, - I UV-LED

— Petri dish

Stirrer

Fig. 1. Scheme of UV-LED photoreactor
(up) and UV-LED module (down).

Microcystin LR (MC-LR) Anatoxin (ANTX)
CO.H | o
. HN/'O\/\g/ TﬁkNH H o

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

10 & —e—MC-LR - €r - ANTX
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Table 1
Water quality parameters of the Han River sample.
Par ameters Value
COD (mg L") 13.0
TOC (mg L™} 3.12
DOC (mg L) 279
pH 7.69
Conductivity (uS cm™ 1) 214.1
Turbidity (NTU) 0.16
SUVA, (Lmg-C ' m™ ") 477
Mkalinity (mg L™} 45

(B. Yang et al., 2020)
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% Visible light-based photocatalyst

Ultravioletriq Visible o< Near-infrared Reduction photocatalysts
5.0 -,—
4.5 4
(=)
~ 404 I CO,/HCOOH -0.2V
" 2 | T .7 ,€0,/C0 -0.12V
< 3 o 122:1CO;/HCHO -0.07V
E ui iS:---H7H, 0V
o 3.0 4 [ - ~.7'CO,/CH,OH 0.03V
E z R 038V
5+ & 0//H,0, 069V
< 50 s HNO,/NO 0.94V
X . HNO,/NO 0.99 V
2 g ) > z NO,/NO 1.03V
2 | — © 0,/H,0 1.23V
£ 104 w -g 3k mE N fFeO.m H
] - m fg,PO,BIVO,  TiO, ZnO
v Solar spectrum | 5 4] |wo.
0.0 L L o L J
300 400 500 600 700 800 900 T
(T. Cardona et al., 2018) Oxidation photocatalysts
> 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.
» WO, and g-C3N, have band potential suitable for the use of visible light.
» Therefore, WO;/g-C5N, (WCN) composite is being studied as an eco-friendly visible photocatalyst

for water treatment.



Introduction

Literature review (1/2)

¢ Removal of organic compound using WCN under visible light irradiation

X MB: methylene blue, Rh B: Rhodamine B, CPX: ciprofloxacin, OG: orange G RbX: Remazol brilliant red X-3BS

Dosage Bandaa WCN Taraet Initial Liaht Reaction Removal
Year Authors Journal ( /L% (evg; P Synthesis Com ?)un d Conc. sougrce time efficiency ROS
g Temp. (°C) P (mg/L) (min) (%)
S. Chen Xe Lamp 0 “ .
2014 ot al. Appl. Catal. B 2 2.7 500->520 MB 30 (500 W, >400 nm) 60 87.90% 0,">HO
X. Liu . Xe Lamp 0 "
ot al. Appl. Surf. Sci. 0.5 261,267 550 MB 50 (300 W, >400 nm) 90 95% 02
2017
L. Cui . Xe Lamp
ot al. Appl. Surf. Sci. 2.69 550 Rh B 5 (500 W, >420 nm) 120
B. Chai . Xe Lamp 0 —pt .
ot al. Appl. Surf. Sci. 1 2.73 550 Rh B 5 (300 W, >420 nm) 180 90.40%  O2">h">HO
2018
T. Xiao CFS Xe Lamp 0 - .
et al. Appl. Catal. B 2.73,2.64 550 TC 25 (300 W, >420 nm) 120 82.00% 07", HO
A.l. Navarro- +
- J. Photochem. CPX 10 Xe Lamp 0 h
Aeqtuall:ar Photobiol. A 1 2.66 500 0G 20 (35 W) 240 98.00% 0,
2019 J. Chen Xe Lamp
. 0, -. . +
otal J. Alloys Compd.  0.33 2.7 550 Rh B 10 (500 W, >420 nm) 100 96% 02 >HO™>h
J. Singh MB 5 CFL lamp 0 “ .
etal J. Alloys Compd. 0.5 2.16 550 RbX 45 (65 W) 160 97.82% 02 >HO
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Literature review (2/2)

¢ GCN synthesis temperature and photocatalytic efficiency

GCN

Year  Authors Journal Bandgap Synthesis Photoc_at_alytlc Photocatalytic efficiency Light
(eV) activity source
Temp. (°C)
2015 " P:tpaal"'as Appl. Surf. Sci.  2.76-237 450, 550, 650 NO oxidation CN-450 > CN-550 > CN-650 UV, visible light
2017 ZY Chem.Eng.J. 276-25  450,500,550,600  NOoxidation ~ CN-500 > CN-450 > CN-550 > CN-g50  +20 W tungsten halogen
et al. lamp (UV&vis)

2022 B. Rani Chemosphere  2.87-2.83 450, 550(1h), 550(2h) MB, RhB removal M-450 > M-550(1h) > M-550(2h) UV (254 nm)

et al.
It
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» There have been very few studies on the relationship between structure of WO;/g-C;N, and

photocatalytic efficiency for removal of organic compound.



Introduction

Objectives

To develop WO,/ 2C;N, (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 WO, 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

10



Materials & methods

Photocatalytic experiment (1/2)

* Photoreactor

Cooling fan @ LED (420-430 nm)

A Rhodamine B (Rh B)

Acryl cylinder <+ © photocatalyst

Quartz reactor
Working volume
200 mL

Acryl cylinder

% Photocatalytic experiment

Ini. Conc. of Rh B: 10 mg/L Dark 1 hr 1.5 mL 0.22 um UV-vis spec.
catalyst dosage: 0.5 g/L LED 2 hr sampling filtering @ 553 nm

A 4

11



Materials & methods

Photocatalytic experiment (2/2)
< Synthesis of WO;/g-C;N, (WCN)

/ \\

W03+0-8 9 Stirring Dry in the oven Heat treatment in the furnace
for 1 hr & Grind finely 430-500 °C for 3 hr -

melamine 4.8 g

~—— -

100 mL DI water N oo -

suspension

&)
&)
&)
O

Grind finely " ;l Filtration

Dry in the oven

& Washing with 0.1 N HNO, and DI water | j - & Grind finely

» Characterization

v
v

500 WCN 480 WCN

» Photocatalytic experiment

450 wWeN||
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Results & discussion

Material characterization

% SEM analysis

i fwner NCIRF

>

>

>

>
13

500 GCN

| 430 GCN

WO,

WO; had a granular shape and GCN had a bulk sheet shape.
As synthesis temperature decreased, more rod shapes were observed.
Granular WO, particles were embedded in GCN.

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



Results & discussion

Material characterization

o . . .
% XRD analysis % FT-IR analysis
""""""""" 93N, peak —————monoclinic WO; peak ——— 500 WCN 430 WCN —— WO3 500 GCN 430 GCN
Secondgry Secondary s-triazine
amine amine I\i/\ N
S O Ly
N~ | =)
5
2 g _
= c Prlm:_;lry Prlmz_ylry
S © | amine amine
E g
[5]
—— W03 - e
~——— 500 WCN m
Melem 430 WCN
peak 500 GCN
430GCN rrrrrrrrrrrrrrrrrrrprrr e T e T rTrrrrrrrorr T rrrrrr e rrr e e
| A A 3600 2800 2000 1200 400 3600 2800 2000 1200 400
10 20 30 40 50 60 70 80 Wavenumber (cm?) 1605\\/avenumber (cmrt)

20 (deg ree) Tri-s-triazine

» The peak of monoclinic WO; was well maintained and

)\ e )'\*\ - that of melem was observed in 430 WCN (13.1°).
A, m@%; > As the treatment temperature decreased, the peak of g-
- - {1} C5N,4 was split (27.6°), and that of melem was clearly
T“'/Ti" {l o L|1l| ' observed (13.1°). (. Papailias et a/, 2015)
1111 e JJ - » As the treatment temperature decreased, the intensity of
o |{+IIJ} primary (3092 cm-") and secondary amine (1400-1460

14 oo cm™') peak increased. (. Papailias et al, 2015, B. Chai et al, 2018).



Results & discussion

Photocatalytic experiment
< Removal of Rh B using WCNs

—&— WO3

+—@— 500 WCN
0.2 +e— 430 WCN
+-@---500 GCN
0 ©430GCN |
0 1 2 3 4
Time (hr)
l'/ _______ -
WO3 500 WCN | 430 WCN : 500 GCN 430 GCN
: .
k(hr')  0.1583 0.4057 | 1.038 | 0.3772 0.3309
|
R? 0.605 0.983 I 0.9448 | 0.903 0.8074

[ ———

» All WCNs had better photocatalytic efficiencies than WO; and GCNs.

» 430 WCN showed higher photocatalytic efficiencies than 500 WCN.

15



3. Results & discussion

Photocatalytic experiment

% Reactive oxygen species (ROS) scavenging test
t-BuUOH (HO" scavenger), EDTA-2Na (h* scavenger), N, purging (O, removal)

1.2
. WO
05 | > Inhibition effect on the removal of Rh B:

Q06 - .
O 04 - —o— No scavenger EDTA‘ZNa > > Nz purglﬂg > Z“BUOH
’ —0—t-BuOH
0.2 | —e—EDTA-2Na _ _ o
o | ——N2purging > Valence band hole is main ROS in vis-
1.2

500 WCN

LED/WCN system (h* >> O,-* > HO")

—e— No scavenger

0.8 - —o—t-BuOH
o —o— EDTA-2Na
8 0.6 - —o— N2 purging
0.4 -—e— No scavenger
—o—t-BuOH

0.2 {—e EDTA-2Na
—0— N2 purging
T T T

— ‘ ‘ ‘ O
500 GCN 430 GCN

0.4 -| —@— No scavenger

—0—t-BuOH

0.2 1 —e—EDTA-2Na
0 —0— N% purging ‘

—0—EDTA-2Na
—0— N2 purging
T T T

0 1 2 3 4 0 1 2 3 4
Time (hr) Time (hr)
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Research Plans

> 500 WCNXEC} 430 WCNO|M condensation™ =7} W€ carbon nitride 20| Bt

o| Xto|7t =0 =2 X0|Z 0|0 " A2z ot /US.

(EHe =8 WO, CNO| HI8S ZH EXT & Fx2| k0|2 ol

> TGA 3 ICP 24 &9l WO,2F CNO| EXf3t= H|=S H| (500 WCN vs 430 WCN)

HEs 27 29 £ (2 SH) WCNe| = 8 Sd55 H

> SSNMR= 0|&¢t 13C, "N 45 Sdff &g WCNS| 125 § #ME 22 m}9f
430 WCN= 500 WCNOj| H|8l & condensation®l 2ZXZ X2 2=9| heptazine (3712 CNZ22|)1}
WO,2 7EE0 e A= o &E.

TGA

100 e —
© 1 H *500 wenel wo, &2E 90.3% {J t

' 500 WCN
| NH, NH, | ) 1

60 1 430 WCN <«

40 A | | NH,
\ =

TG (%)

N
) ‘_ " PN L~
430 WCN T — ~ A . )
20 4 500 WEN ; 430 WCNE| WO; &3k 27.20 Melamine @J\N W W e
Wwo3 \ Melem Dimel ‘
430 GCN . | { | |
P M 500 GCN ] @ N _'_ _}
17 0 100 200 300 400 500 600 700 800 900 1000 £CoN.netmork

Temperature (°C)



Introduction

Background

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

» The use of PhCs is steadily increasing
worldwide.

» PhCs are being discharged into the
82003 20061391 5-8% FZO0|2ILt. 1013

@?J S 0|84 ure= "d=0

water system, threatening the ecosystem

SZ S WEHIAS wetst and human health.
o|_:|;\|'0| t”‘)gﬁf agE @ :River Sampling Sites (RSS)
@© : Creek Sampling Sites (CSS) N
A WWTPs A WWTP3 0

. : Submerged Weirs (SW)

— : City Area Boundary

Han River A wwrP1
£ B9H(1/5) R
W ww
Ol SMAME W2t/ \/\a“ﬂﬁ 20.0% hAR City of Seoul CS: % =
ZAL 4%(02) :
N 'f" (4/1 0) ©ss3 WWTP4 [ ]
©
4s2 $0 LA b Upstrea
Han River © css2
YO0 gy N~ o (5/11) A
30.0% % 45.5%
EF(EM) of 2 (4/15)
21.3% 26.1% -
GO YA WEO| 20130 #A% oj2|2 FALSH 2} T 32 3% e 2™
% 200611 S3 B0 AR (48-6%)2] 4-64 nz: waw Compound RSS mean | RSS max | RSS min |CSS mean | €S8 max | €SS min
P (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
= " : lopromide 1013 1800 33 3745 8100 780
231 - HOIH| M4shs Y3t 1R BE ve:% Atenolol EE 150 24 475 600 250
Naproxen 197 310 100 403 590 210
313% 313 308 260 188 95 Carbamazepine 105 150 49 358 400 280
! 5.0 0.8 0.0 Caffeine 40 63 25 228 330 170
80f F8X 280 X 8Ys 2 2WYSE 50 50 Ibuprofen 57 100 5.3 183 360 81
Sulfamethoxazole 56 38 15 160 190 120
LT 0134 W-EO| 2009 $AS 2|2 TAIR it 3 1 7 1 0/ Diclofenac 44 68 8.4 132 160 56
2 1(.17%

HAATXE AlS} O, E4H-24, 05 BY X1 nm: pray

=2 R (Y. Yoon et al., 2010)




Materials and methods

14 Pharmaceutical compounds (PhCs)

negative positive
Compound Chemical formula] MW Structure pKa Compound Chemical formula| MW Structure pKa
DY 2| 2| H L Beal Oy, -OH
Atenolol == i i a Acetylsalicylic acid °
CiHuMN.O; | 266.336 o |9.48/11. CoHeOs 180.158 0.0 3.41
(ATN) - (ASA) D
3
& . 2| E
Metoprolol CHs A on Acetaminophen LEA
C1sHasNO; 267364| ¢ [T 9.68 CaHoNO, 151.163 9.38
(MTP) i D (AAP)
CHy 2997
Propranolol o"“'-v"“w**cm lopromide °
PPN C1eHa1NO, 25934 | T LW | 949 PV CisHaalsNsOs | 791.112 11.09
| T ) HCI
S,
AUHRISH| O .OH ; Al7d ZEAMR
Mefenamic acid o (]\'Hf' Ho| Caffeine t8 Z7gA g
(MFA) Cy5H1sNO; 241.28 | M "wl-"*':]—-'”'\“f-';:. 373 (CAP) CgH1oN4O; 194.19 J ) 6.1/10.4
o7 N W
GHy GFAH Z LHy
buprofen C13H150 206.29 \/H(’" 441 SiEmEETE | 1IH NOS | 27833 |l Y p — 2.6/7.59
) o+, . . M M ! R
(1BP) 13M18U;2 @ (SM2) 12M7aMNg0U; N LY,
Hi” # ? o CH,
0 Q
Diclofenac o Hon Sulfamethoxazole 5 NH
CiHCLNO, | 296.148 T L 415 CiotN:Oss | 253279 | [T 6 1.7/5.6
(DEF) T 1) (SMX) e i
g (o) 3
: . M2 222 3|23 =~ \=
Naproxen A ~OH Carbamazepine ks 283 22l / \ \}
C14H1405 230.26 I R 419 CsH1oNLO 236269 | A A 2.3/7
(NPX) I J o (CBZ)
? 0~ “NH
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Materials and methods

Analysis of 14 PhCs using LC/MS-MS

Positive mode
Precursor ion Product ion Fragmentor Collision energy

Compound (m/2) (mf2) V) (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

[LC/MS-MS] Agilent 1290 Infinity Il / Mefenar_nlc acid MFA 242.1 224 224 17
] Acetaminophen  AAP 152.1 110 110 17

6470 triple quadrupole lopromide IPM  791.9 572.8 196 24

Negative mode
Compound Precursor ion Product ion Cone voltage Collision energy

(m/2) (m/z) (V) (eV)

Acetylsalicylic acid ASA 137 93.1 83 17

Diclofenac DCF 294 250 83 9

Naproxen NPX 2290.1 169 83 33

Ibuprofen IBP 205.1 161.1 83 5

[LC column] Agilent EclipsePlus C18
RRHD 1.8 um 2.1 x 100 mm

20



Materials & methods

Photocatalytic experiment

* Photoreactor

Cooling fan @ LED (420-430 nm)

/\ Mixed 14 pharmaceuticals

Acryl cylinder <+ © photocatalyst

Quartz reactor
Working volume
200 mL

\
o nt
o ant!

LU UITY S

"“"lu

Acryl cylinder

% Photocatalytic experiment

Ini. Conc. of PhCs: 10 ug/L Dark 1 hr TmL 0.22 pm Analysis
catalyst dosage: 0.5 g/L LED 2 hr sampling filtering Using LC/MS-MS

A 4

21



Results & discussion

Photocatalytic experiment

% WO,

430 WCN2| 14 PhCs M|H &2 H|

Z0lol| 2f3t PhCso| &3l mhE 257

1.2
—m-ATN —3— MFA @ Atenolol
1E —m—MTP “mIBP L MetoprolflI
B8 Propranolol ______
0.8 —E PPN :zg; O Mefenamic acid
o B |buprofen
WO 8 0.6 B Diclofenac
3 ® Naproxen ______
0.4 @ Acetylsalicylic acid
0.2 @ Acetaminophen
' © lopromide
0 —r—r—r—7i-—a—a I —_—— © Caffeine
@ Sulfamethazine
1.2 @ Sulfamethoxazole
—E-ATN —0-MFA
10 —&—MTP B DCF ® Carbamazepine
i ~@- PPN —m— NPX
0.8
430 WCN 3 06
0.4
0.2
0 0!
-60 -30 0 30 60 90 120 60 -30 0O 30 60 90 120 -60 -30 O 30 60 90 120
Reaction time (min) Reaction time (min) Reaction time (min)
> Zxhgo| Lh2 821 Z ASA, AAP, SMZ, SMX2| ZZofjof| 2|3+ %|#Hg-2 WO, ECt 430 WCNoj|A & =4S

Y
2
o
_r,?
r|r

> O|&= HO* 7|HF
Aoz A7t

N
N

Ct2A| CAF, CBZ= 430 WCN of|M HEl HHLE & B3 1, IPM2] 739 430 WCNO|M A|7{-&o| FH={5| 7

21 WO, h, O, 7412l 430 WCN2| H|7{ 7|2} Rfo| T2l 4o 2 Ho|of, 5| IPME h*, O,

ete]

4513,
2h4do) ol 52



> WO, 2Lt HME WCN 7HAZE01Z $H48I¥ T 0|2 14 PhCs2| HIHES S3f &ol8tY e,

|.

> HOO| main ROSQ! WO, E2| WCN h*7t main ROSQ! ZHS 2 &OlE| Q11 0]2{st

ROS A 7|ZF XIO|2 QI38H 14 PhCs2| XM|H YAtE CI=A| LIEFL

» 2= PhCss5 UM 22 MAHoH| 2[df 7| EELt 20 52 WCN2| 7 R39S
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3. Preliminary Results

Energy band potential of WO, photocatalyst

% Valence band, conduction band and bandgap energy

*
7
Valence 6 | Bandgap
_ band c | energy
S spectra | 5 * Bandgap = VB - CB
< x4 272
* 12eV .
Z E;. « Bandgap energy: 2.72 eV
c ~—" .
2 2.88 eV 2 1 « VB potential: 2.88 eV
= ! _
. « (B potential: 0.16 eV
0 2 4 6 8 10 0 2 4 6 8
Binding energy (eV) Energy (E)
E vs NHE (V E vs NHE (V)
vs N (v) Eca(V) = Ecpgpro — 0.059 pH (at 298K) pHO pH7 pH14
1ok Eve(V) = Eypgpro — 0.059 pH (at 298K) [_-1.0 >V
_— alence band of WO; has
_______________ O o e e o b o e e e e = m0,/0 /"0‘5 C ) ’ -
: T == — I o hodl— Y oxidative potential to oxidize
: 0.16 eV T : - — H/H, s
+05 = °
| % | E // 3 HZO to HO-.
1 1 - b |- +1.
! MR S 3 0,/H,07
1 CIQI [IEEE] =] I I B % ~ o | +1.5
1 1 o L] o
1 . 1 w20k b o 3 1 | +2.0
! N 3 s // ..
1 1 t20p | +2.
2.88eV L | -1 == 1-ms 1~ - ~lomal
! WO, “[ 7 75,7 | W, o
o e e e | w5 Rutile  Anatase |_+35
+4.0 . |—+4.0
Sno,

zro,
(D.D. Dionysiou et al., Photocatalysis: Applications, 2016)

25



Results & discussion

Bandgap energy of photocatalysts
% Bandgap energy analysis using UV-DRS

-2
-1.5 4 500 WCN 430 WCN % CB
1 -1.15 CB
05 | GCN
s 0 CB—r 011 GCN CB—r 01 2.8 eV
< 05 2.7 eV
S
g WO, WO; 117 VB Bandgap energy (eV
W 1.5 - 295 eV 155 VB 294 eV Svnthesis gap gy (eV)
2 - y WCN WO; GCN
25 - ‘ emperature (°C)
3. VB 284 | VBJ— 284 500 283 295 27
35 430 2.98 2.94 2.8

<Band structure of WCNs>

» 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 WO; photocatalysts.
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3. Results & discussion

Photocatalytic experiment
< Removal of Rh B using WCNs

1.2

Adsorption control test LED on ~@-500 WCN LED on ——WO03
—_— —_—

LB . ~®- 480 WCN | —4—500GCN
' ——480 GCN
——450 WCN A 450 GCN

0.8 —0—430 WCN —4—430 GCN
930.6
O
04 —=—-500 WCN ad
—8-480 WCN ad
0.2 —&-450 WCN ad
—0—430 WCN ad
0 T T T T T T T T T ~ T T T T
-1 0 1 2 3 4 5 -1 0 1 2 3 4 5 -1 0 1 2 3 4
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> All WCNs had better photocatalytic efficiencies than WO; and GCNs.

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