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Z=AsEA (AOPs, Advanced Oxidation Processes)©]t}.
LAbsl e A S eEHY AkstE o] %2 OH radical(+OH)E 443t
Aol AP 7hse Welth. ug Abs FALS oy 7HA
ot AbstAl (ks a, b 3550 o), A9, 259 F)dlA
’d¥l OH radical(¢OH)& o]&3}lo] F7|edEH Ao o]& st}
AWHA 0 2= 04/H,05, 05/UVEF 0:/H,0,/UV Fo] okl of
radical(*OH)> AFs}=lo] ZEste] tho]=al, Wi, ¥ T3 e
4 2 G fU1EES ats el 4 9o #itEgk,

E, B 5o ATAE T AdEH.(Fig 1)

H,0 + H* — -OH+ H*
H,0,+ Fe?* — -OH + OH' + Fe?*

0,+Al°+ 3H" — -OH + Al3* + H,0

Fig 1. Advanced Oxidation Processes mechanism



OH radical(«OH)= HAA|7]= WY
ZAQ%r (Fig 2)M A4 F2 o)&

et el =
eFoly  ItEkeage  UVE RARskE WH, HA(IDH

Ly

Ti0, % WH=A] FEHA8E3 UVE o] &3ls FEv] 237«
9}1\@}13,14]

W2 3 AE AFESF= Fenton AF3F 34 (Fenton's oxidation) 1@l
=

Processes using
chemical reagents:

Ozone

Fenton

Photochemical
Electrochemical

Processes:
Processes:
UV/TiO,
Electro-Fenton
UV/H,0,

Anodic Fenton

Photo-Fenton

Fig 2. Types of Advanced Oxidatin Processes Techniques
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Fig 3. Schematic illustration of Photocatalytic Mechanism
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4. Schematic illustration of Band Gap Energy of Several

Photocatalyst
Semiconductor Band Gap Energy

Photocatalyst (eV)
Zn0O 3.2
TiO, 32
SrTiO, 32
NaTaO, 39
AgsPO, 2.4
WO, 2.8
Fe,0; 23
g-CsN, 2.7
Cds 2.4
MoS, 17
CdSe 14
CdTe 17

Table 1. Band Gap Energy of Several Photocatalysts
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2.2.1 TiO, F=nj

IEAEEE T Ayl s o]FoR V&S o]t ElEHE
(TiOy) FEvE &83t= Zoltl. o]ASElEES 3.0~3.2eV ©] 49

=

Band Gap Energys 7FA 3 12w, 400nm ©]ste] #AFe)Hd dH9E& &
&lo] valence bandol|A4] conduction band & HAAE A 7|A]A FWHo| A
T AAE FEy AZA Y. B TiO,= AHE, ¥4 54, 43

sheha], A PP o= Qe dE AMEEE FSufolt

TiO,2 sAY FE 2 Brookite(HEFO]EEA]), Anatase(olF4]),
Rutile(=841) Al 74 %7} dth(Fig 5) YWr4 S %  Anatase
T-%+ Rutile, Brookite -F°] Hl&| Hold FEFw S4& 7HA L

ek welA g

1) Rutile 2) Anatase 3) Brookite

Fig 5. The crystal structure of TiQ, !V



2.2.2 g—CsNy (Garphitic carbon nitride)

HA7HA B2 A7) ol Fo 7 ket %ﬁuﬁr‘;—% UV Z2A} 8hefl A ut
FAstE = A97F B7] el B oluAe] &8t vton,
meh TRAEA el 23 skE = ST Al OL%L ool thFHaL

H
__>|’I_'4‘

¢l g—CsNyi= 7HA1EA Stell A A st = FE5miE,
EAshe gt Adaw FAEAY] "l (Fig 6)
AHe vgo= HgA A Thssith g-CaNy= 23k
I3t Band Gap(2.7eV), -3 3184 Qb gAd S 7[AaL
, 271, A, 471, Q) 55 Ao e d
Mol HA Z8d F Ak o]Hd 54
Agat7] Agdstrz g-CNy 725 835t F5v)
o] Fojx|aL it} 20

g—C3Ny TZol+= a—CsNy, B—Cs3N4, pseudocubic CsNyg, Cubic
CsNy 2 g—C3NyoF 22 oy F4A7F &A%Y, gYdst 5424 <
g—CsN, T%7} 7Hd ka2l dejg delA vk g—CsN, o 234
=% F&(Fig 7)© Van der waals forceso] 93 AZHo =3}
H 23k 22 spig, P
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Fig 7. Stacked 2D layerd Structure of g—C3Ny

g—CNE FAs7] HeliAde vt FHe dAFAE ol &5k
A )5k Oé% 4 9tk o9& E9] Cyanamide, Dicyanamide,
Melamine, Urea, Thiourea, Trithiocyanuric acid, Guanidine
hydrochloride, Triazoles & U©%3d AFAE o] &3te] ZHz} Z A9
e 2EolMe dAEE B IS £ o (Table 2)M7, st
Band Gap Energy®} W 4S 7Hoh mabs g—CsNyE o] &3 F5m)
& 7lEY AT e Wg =2 o= gotHr
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Melamine CsHgNg j«ll\)\\‘N 500 ~ 580
H,N N NH,
’H
Cyanamide CH,N, N :—N\ 550
H
NH
: o _N
Dicyandiamide | C,H,N, - 550
NH;~ °N
H
7
Urea CH,N,0 520 ~ 550
H2N/C\N H,
S
Thiourea CH4N,S (|_~I, 450 ~ 650
HNT ONH,

Table 2. The Various Synthesis process g—CsN4 by thermal
polymerization of different precursors
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2.2.3 71 F=me A

FE TiOv= A AEstsirlol= Fasol wg ok
Ti0,=3.2 eVe 2 Band Gap EnergyE 7FA=dH o] B3 dA
Mol 5% o]t E3IEE 400nmoldte] AFe]A b o]
dgddn meba TiO.o Fas& Y B TR FA shlAe EA4E&
A&l A= R Hg AT AEFHom o]FojA i Ut A&
S, vFE Y9A4E Ti0o xWe @x sl MAs = WY EE
WS FAst] e 9 h'e AAFS Adste] a&S Folv WH

o] g} 2324

T g-CNyz 7R stellM el w2 F2Ad =S 44,
spaha Qbgdo]l UAINE, vk WA wE e o h'Y AAF B F
ol7] Askel w2 olF wH W w2 WY S&ioklA
AgstE A Rae AFolth! g-CNyE tdd FE7EE T
Fug FE5) dee 24D s Adom dyHa v wEkA
T g-CNyo FEv) 58 e s BF A7 ol FojAaL
ATk AT g-CNy 4 7ss s A2 AAAAYAE
28d 7 o SA4EA 48D = U= Aotk
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2.3 F=u] A7)

ith

TEAE sl @A stE A FEue] 58S Fol7l flEiA
vt =4 lmol v 2 A EHa Yk o & &9 38H4 Vapour
ZZH(CVD, Chemical Vapour Deposition), Solvothermal, &%
Vapour <2ZH(PVD, Physical Vapour Deposition), Supramolecular 34,
o] <24 Al (Ionthermal Synthesis), single step nitridation, Metal

Heterojunction, 3}3F4 A4, 42 $4 7]%& So] g2l

2.3.1 Supramolecular

q2] o]dol| Supramolecular TZE FAI} F d& 7}e}
codds WART ERE Supramoleculars  WHESHAl 5
NanoSheets& A= < UA Ho| F=mje] A Aol HolgozH
Fagol TrkstA Heh

———
NH, of A
Bl b W
i‘\i v . .JTII“
HNT NT N, E '1]:| Y
Melamine = »ﬂ; b .LL
OH | :
S il
ﬂ““ D i oW
AL, ﬁ g.la;ﬁ
Cyanuric Acid ::l’:" "1 (I (!
S l ' Ly
[ il
C J&u’ e ﬂ%ﬁ
HNT ONH, Y %
Thiourea —_

Fig 8. Supramolecular Hydrothermal Chemistry
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2.3.2 Metal Heterojunction

gt g 4 TlE 5 syl Metal Heterojunction 7]%-&
53 geAe] Ags FI siEhnkes SN 7)o
w5y gieA S 7 URe] EE A %04715‘] Axs DA =i,
FAAE AR 4ol vjAAst wkg& ol FA Hu o wW FHvj
¥ NMAS FI FERaEo] SV ¥ Metal Heterojunction
ZNes A8 A, aFoH wtEA FujE NE AREskE 5ol
W] 1l
L=

=
ShRs wWrEY o ma&HQ 725 dA4sa Faaol  F7EH
[

2.3.2.1 Vanadium

Vanadium< 92 H3E 23 o= AAux]E 1s? 2s? 2p° 3s? 3p°
3d® 4s® o]t}. Vanadium 2ol M= St Ho|x|vt doggxor wh-g
ol 2 FFolttk. 660T o] dellA AbstE o] Abst7F +221 VO, H-H
+5Q1 V05741 el AbstEo]l FAET. V059 A5ole SAF Alx
|2 AME-E 7|5 g

B Ao A= Metal Heterojunction©] Vanadium= A -8&3}%it}.
g—C3Ny T e ¢ h'g& sty A= uEgtozHn AALS
WAskal, Aol Yol Hu aig&o FEHu] Alx7F 7bsshth.(Fig
10)[22]

Fig 9. The Structure of Metal Heterojunction with Vanadium
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2.4.1 Rhodamine B
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2.4.2 Tetracycline
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3.3.1 XRD (X—ray Diffractometry) #24
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Fig 14. XRD Result of VO2/g—CsN,, BCN and CN

_28_




4.1.2 XPS ®A
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4.1.3 TGA &4
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4.1.4 FE-SEM +4
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Fig 17. Fe—SEM Result of VOs/g—C3N4, BCN and CN
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4.1.6 Tauc Plots
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Abstract

Synthesis and characterization of VOy/g-CsNs and its application
for photocatalytic removal of pharmaceutical from water under
visible light irradiation

Min—Gyeong Park
Eco—friendly Industry ® Energy Resource Convergence

Graduate School, University of Ulsan

Many researches are trying to develop technologies for removal of
various difficult—to—decomposable organic substances in wastewater
using eco—friendly and sustainable ways. Photocatalysis is
considered as a green technology that effectively controls
difficult—to—decompose organic pollutants and bio—aerosol without
significant energy consumption to solve environmental pollution
problems. This study synthesized a visible light responsive
photocatalyst, VOs/g—C3N,, and then used to analyze the
photodegradation efficiency of hard—to—decompose dyes and
antibiotic  solutions under wvisible light. In this study, a
supramolecular complex was obtained using three precursors of
cyanuric acid, melamine, and thiourea, and then a VO./g—CsNy
photocatalyst was synthesized wusing a metal heterojunction
technique. The synthesized photocatalyst was characterized using
X—ray Powder Diffraction (XRD), X—ray Photoelectron Spectroscopy
(XPS), Field—Emission Scanning Electron Microscopy (FE—SEM),
and Thermogravimetric Analysis (TGA), etc. to confirm their
chemical structure or status, and analyze their physicochemical
properties. Then the VO,/g—CsN; photocatalyst was applied to
remove Rhodamine B (RhB) and Tetracycline (TC) in aqueous
solution under visible light irradiation. The RhB was completely
removed (100%) within 10 mins and the TC was mostly
decomposed within 30 mins under the visible light irradiation.

Through scavenger tests using IPA (isopropyl alcohol),
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BQ(benzoquinone), and TEOAC(triethanolamine), this study identified
that +0O, was manin active species for the photocatalytic
degradation of the organic materials and <OH and h+ also
contributed partially to the degradation of the organics. This finally
identified degradation pathways of TC in the photocatalytic
degradation using liquid—mass spectroscopy (LC—MS). Based on
these findings, the photocatalyst VO,/g—C3N, can be applicable for
removal of organic pollutants in water using visible light or sunlight

illumination.
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