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Addition of 5 g p123 to Ethanol

50ml
J

Strring for 4 hour

\
Addition of tungsten oxide x mol to

p123-Ethanol solution 50ml
J

Strring
\
The obtained sol was introduced
into petri dishes to evaporate the
ethanol.
J
45°Cfor 24 h
\
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TiOo—polydopamine—XIX|M 58 Z=of&E 7id ¥ 20{, XRD peak search
Z3} anataseform TiO,& LIEMH & &elg, (HFMHZ:100 %)

O Polydopamine2 0[&%t TiO, 2Y 7|& 74wt
y AsZa dielr glol HIEE olgsto] X[X[Holl TiO, d&FuHE ZY st
(2021) %2 o mYzol ¥ wae ol
SstE| - Polydopamineg 0|-83t0{ X|X|Ho TiO, 2
ol g - J8 17 ot &2 Fx=E X212 U= Dopamineg O|&3st04 TiO, &HZ0H
FE £ X|X[Hol =E
7|% Tio, Support
7H et

Preparation of
15 Mirn Tris-HCI buffer

/

- a7 I Z2 HAUEES Sofl S2lzoile] MES 0|85t0] TiO.E

XX Aol =2

@ Z=nyl U2 0|33 Hitsl YAMH SRR FTJ|E K (HEL 42)

. Dopa ]
. DI-Water - . Coating .
12.1 g Tris base I MeOH Eay Ww"ﬁfa:::;’" P Coating No.
v R
i e PD.Tiibinderld) (silica binder AFS, | 0.5gTi02 2
dopamine hydrochloride 5% (1 ml) Ll [T S (P25)
s
7 )
( Stirring (60°C, 300rpmy 2hr) | | poroussa !
¥ PD-Ti-D1(2) -8all 1 05gTi02 2
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05 g XA AFHO| R|Zret
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J
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- 2925,2852 cm™' QX0 LiEt BHE= Z2|z ool C-H of 2|s LIE
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- Polydopamine-Ti0, ZE &2
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H7d LXE A= SH

{1) Preparation of S.epi
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(5) Sampling and

Spreading /

a3 55, FEE HAE
- Z{Y¥ polydopoamine £0| fl= AIEH (H=Z)2t polydopoamine F0|
U AlEH 42 1 cmx1 cmZ B ¥ i #5H0{ aatcctest method100
(contact assay in liquid)S &&35to] notst ahdA|d g#Ho =z Uv-A LED
M= (wavelength=405 nm, 8 W), UV-C & =(wavelength=254 nm, 8 W)
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= 26)
—
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- Al"2 PDS-TiO, ZEAMO| XM2|=X| 22 ReldRAE=1 PDS-TIO, 2
Elolo| XzZl=El REIMFEEE A2 2 UV-A LED X (wavelength=405
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D AFAA e RAIIA HAH MsAlgde St H50l 53 &l (BEHAM:

100%)
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- TiO,-PDA-REIM FE 22| 2o} MHEER 50% = LIEHGCH % X3}
PDA Layer £2 7IA|Zoll 772 UV-C LED #=o| ddolM ZHax oA
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BandZ transfer = Ct 0l= TiO.2te ZE M
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<)
2 4 o=z TR 580l B
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g8 58. 2E = 22IeIE AN E o2 gtz of
HAH M= "7 23 a) UV-C Lamp b) UV-A LED
lamp (BFSA[ZF : 30 min)
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O Fall7la MsHIIEXIE 0835101 KS C 9314 : 2013 A|E =¥,
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1. ¢ ¥ # (Client)
7] # 7 (Name) : F3AA71ENEL
F 4 (Address) : AAFE AFA FYZ 10 (FF3F, T3AA71eA B
9] A} (Date of Receipt) : 2021. 11. 24.

13

N4 HA¢ 45 (Use of Report) : A4 &4 (R&D)

@

N Y EE/EH/NES (Test Sample)
A & 3 (Description) : 37|27
A &3 Al (Manufacturer) : ##*
5 9 % (Model Name) : Al Z#
AZWE (Serial Number) : *xx
7] B (Remark) :#x*

'S

. A187]t (Date of Test) : 2021 118 24 ~ 2021 114 244

o

A¥A4 (Location of Test) :

B KTL 23NEA  (F4: AML5EA 727 HAD2264 87 (F2%))
O373ANE

. A 974/%Y (Test Standard/Method) : KS C 9314 : 2019

=)

=<

. A8 283 (Test Results) : FAF=

B3 (Note) © 1. 0] 4ANE 9A7L A2 AR Batod, ¥ 3 7]e
2.0 AFME AR FRIT, Y2 A 713 H A 8
(R0 KTLAA 82 Bao] mat 2o e ZRAA AF
3.0t# 9 2putm s to] AR dRYE o] ho), KTL 2@ g2 3e 5942
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4. B AAME KS QISO/IEC 17025 % % KOLAS 483 #de] syt

249 27 9 AHEE FRUT
IR S FE8A dech
FERELEESLY)

o 243 7} (Tested by) -"/V;c 7143 YA (Technical Manager) M/’Qﬁj
Affirmation Ly of (Name): B4 @ (Signature) |43 ™ (Name): &% (Signatfe)
2021.12. 13.

AgEHA F2T X ¥226% 87 (F2%) (87, Digital—ro 26—gil, Guro—gu, Seoul, KOREA) Tel.02—-860-1139 Fax. 02-860-1689
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38 63-2. M= ZE{o| Roi7tA H45HIL B 41 (KS C 9314 : 2013)
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AAA W ;21078332012
Report No. g kt' %
?.‘ = 7 =t ? o
RS e
Al & A I (Test Results)
1. A2
i A [ #a7t=
B gyl [ E=2d TELUFIE | AAEE (%))
Exdk s 060 m*/min | 079 m*/min | 0.52 m*/min 83.5
Nesjrte AALE : 3FF 7129 AAL(%) FR)/3
2. AlgAH &
A g An
A @A
4 A A 2dy
8 m’ 7h2ZA 7 MIDAC 11801 FT-IR
AR % 231
Ngupg—2E=d ex F= | ARAZ2 | FFAEY | vz
“TiO,-PDA
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+ H t}e
213747 G - o = =24
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4 ANEF AR

e
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15
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X R
¥ 9 0l3E £% MAES tfx Tz oM #E

38 63-3. MZE He2 RAItA 4S5EIE Zut X2 (KS C 9314 : 2013)
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kst 7l 5ot
StietE et 228 JIAIZED M (MAME T HostEof (Cu-TiOy) _7H“E‘ S o|MH
nag JMNEEM L (W0 oy ime sa nag mae ANETFA (OHMELHSIE, E2)
Hurstg |+ Visidle lioht #8) 0 4o HH M5 95% oAb =k
S|= 55 inl e
TR E—J/H1€1IIE _ YuEEso) | -EeEEEl s Basus
BEHE Lo A 2l (EAEA, 2sudy, dAdgs (Au-Si0;, PDA, TizOz) 74 iOFOI;a
S0 HE | mo M) a0l x| 6)D|A‘||U‘II| MoH 2R (VOC 2E 285t o|MHX[M T (ofM E L st
70 a22 Zysst | = == S| olE, E2) MHE 90 % OlAa =
258 Bepnsy 09N o
FHZH(NIR light &-8)
- Ao BEE 2Ag S HEM3D
- 715 7= Mol HHUEF HE o0g m2g' o mHA stol
=
- Y28 dUstEE ol8F YIS~ 400-500 nm Rl EWEES o
ol M|H X| ZIZHO XXM Mol 7= i Ef= Z2 &0l
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gxg | Zls ME & HHst & 0|88 GAH FUetE=S OlE- p=cizM gHAH AMs20| 2.40 eV
Soists g 7ls Hol =8 of HEZ o{XIE JtEE el
2|8t - 7171 248 s Vs 7= 2
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Hofo| Syt 20% A - gs s Aag ol oldex
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- 2stEl=2 25 o|MHX|AMTZAH 5
E5t Z0jotHM sty SEHFUNE &3 REEEEEE
3 uhEME F M5 AL BlS
- Polydopamine—TiO, &=
anatase 7 =E£ JI& % =2 skl

(XRD)

- SEM, FT-IR Imaging&&l& 0| & 35104
TiOx7F XX AMo| Zelcoolszk g

dsxcz IYEUSE

i

- TEM 0| &350

Polydopamine—TiO,

stol
= -

- Polydopamines
ESESCl e 2E
- HM=st
==

400-500 nm =&
N EEEE

|

o
[N

>
k=)

I4x| Zolrl(3.2 —> 2.6 eV)

TiO, < HHE7”01IL11I% Z0[|HAM
ZHIZM FoME o MX{7} VBo|
M CBZ Q

Fol7tLs MA dsAEE

st HF0l 531 =el (Falizta &
& 50 % O|&, =2 ol 7|&F, 405 nm
LED LAMP))
- KS C 9314 : 2013 ##Zol w2 R5i
7tA MAHE Edllds dEsE /st Ms
"ot &x| ok
(M= E2 0 C-2021-0391063%)
-7k ZE| KS C 9314 @ 2013 #Zof
w2l Roli7tA HAHE MsAY Y
(Fall7tx MAHE 80 % O|AH, 2tz o},
ZEohstols, EF0 7|=, 405 nm
LED lamp
Z A

=0l clsA Fx=s) abg Jigt




O sCl == 14, §3 &8 17

SClI == : Synthesis and characterization of mesoporous tungsten oxides and
application of its photo—catalytic activity on photo—degradation of methyl
orange, Desalination and Water Treatment (SCl), 232, 121-128 (2021)

S5 E¢ C MxE o3y HAH MSE9 MZE g, 10-2020-0172294
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| == 3d, 5§35 &4 14

SCI ==& : Synergistic effect of Sn doping and hydrogenation on hematite
electrodes for photoelectrochemical water oxidation, Materials chemistry frontiers
/ Revisiting the oxidizing capacity of the periodate—H202 mixture: |dentification
of the primary oxidants and their formation mechanisms, Environmental Science
& Technology / Harnessing Indoor Waste Heat for Sustainable Thermocatalytic
mineralization of Acetaldehyde using Platinized TiO2, Environmental Research
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55 £¢ S HYEs &35t F0f A[AR, 10-2021-0105840
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== 1. Synergistic effect of Sn doping and hydrogenation on hematite

electrodes for photoelectrochemical water oxidation

MATERIALS CHEMISTRY @

FRONTIERS

RESEARCH ARTICLE

b ™ coval sOCIETY
SOCIETY p— OF CHEMISTRY

View Article Online
Ve luurnal | e Bisss

Synergistic effect of Sn doping and hydrogenation
on hematite electrodes for photoelectrochemical

Tae Hwa Jeon, 2" Hae-in Cha, (2 Hyunwoong Fark, (27 Hyoung-il Kim (5=~

Hematite {a-FeyOyl, which |s abundant, chemically stable, and erironmentaly bengn. (5 a promising
photoanoge material that can oxidize waler in phologtectrochemical IPEC)H water splithing Howewer, the
poor electrical properties of hematite limit its irdrinsic actiity with regard o PEC water splitting. Heren,
W raparl an infnovatve dual modification Sl’b’.&ﬂ}rﬂ\dl earibines rratsl (Sa) ﬂbﬂﬁﬁ ard H'y Ereatmant 80
prepare a0 effickeni hematile pholoanode for PEC waber spiiting, 5n doping and ihe subsegquent H;
Ireatrmser  generate ditferem  eleciron  donons, Sn*' And CEYyGEn VAT Vel in hematite
Electrochemical impedance measurements rewealed that dual-medified hematibe with & synchronous
pretence of Sa'" mnd W, exhibited sgnificantly irmproved electrical propertie wath 111 times bigher
donot derdily and 10 tirmes smaller charge transfer resitance than thase of bare hermatite AS 8 resull,
the pholooxidation curmert was 461 mA em™ (M1 16 Ve, which is 55 times higher than that of bare
hematite (B3 pA cm™) and substantally higher than the surn of the photoosidation curent exhiblled by
i twa single-modifed hematites (298 W& cm™ for Sn doping and BB pA o™ for H; treatnient]

Z Citg 1him: Mater, Chem Frond . -

S mmses water oxidationt
§ and Wonyong Chei 0+
[

&

B

£

:

=

]

:

g

»

Fublsbed on 02 Augus

Forcanned 13vh June 2020
Accapaed Zoh duly 2023
Gt 1010350 dlgmd0aats

PEC RO 5 M Leiaty

1. Introduction

A stable photocurtent wid mairtained under prolonged dlumination over 12 h witholt showirg amy. Sign
ol deactvation Additional coball teatment furher mceaassd 1he PEC waler ondation pefonmance of
the dial-mcdifed hematite, acheiving a supenor Faradyy etficsency for 99%) and stability. Compared fo
thi axygen-defhicient heat tresrment {ender A of Sn-doped hematite. the combination of 5a doping
and Hp treatment nduces culstanding synemgistc improsement of PEC acinity (pholocurrent twice thal
of Sn=doped ang Ar-treated hematig)

high stability, and ideal bandgap (2.2 «¥])."" The theosetical
solarto-hydrogen (STH) efficiency of hematite is  around

Hematite [2-Fe 0] is one of the moest promising n-type semi-
conguctor phatoentalysts for photoelectrochemical (PEC) water
ogidation.'™ Hematite photocatalysts have been receiving
incrensed attention owing to their abundonce, non-toxicity,

® {rrivien of Ervironeontal Seienee pad dnpinemang, Pehony Lafeenly of Seirmor
and Technoligy (PESTECHL PMrhey A767L, Rrpubdic of Konns

Formail: unBoipoatee e

* tepar of ! and 1o
TX FAe0s, LA

* twpertment of Civil ond Fmviremenis! Exglaermg, Yomel Unireradty, Seoad
BEFEY, Repabiic of Korea. Email b bimilrenseiac by

* ekond of Prergy Enginvering, Myengpoak Satioeal Lnfeeraty, Dange S02-200,
Kaned

§ Emprecring. Kice Unfreray, Mosafon,

* Fulure Cityt Oipes Dnsovation Cenler, Pohasg Dvivermily of Sciende sl Technalgy
(POSTECH], Pehesy BFRFL Kored

 amine for Comrpeae Resrarch sl Sfusation (n Adrasced Trchnodoge, Vs
Eviwersiny, Seaowd 723 Koo

1 Elecizonic sepplmentary mliormacion (EXI) svallable. See D00 lou1edaw
i gmnaed Ve

6982 | Mater Cher Front, 2021 5, 6592-0607  This purral q &

13=15%; however, in practice, the efficiency of hare hematite
is substantinlly smaller than the aforenoted salue. ™" This is
because of poor charge separation due toa short hole diffusion
kength (2-10 nm] ™" and a low absorption coefficient.” One of
the eMective ways o enhance the PEC [lerﬁ:u'mlwe of hematite
by overcoming these limitations is impurity deping. Various
metal and nonmetal imparity dopants (P, 56, Cr, Al £n, Ti, P)
have been applied to hematite electrodes; furthermore, they
were found to sigmificantly alter the electronic and physical
properties of the hematite electrodes.* ™" Among them, So*
has been extensively studied as a fourvalenmt metal dopant
mn'ng o the small loitice mismatch between Sndl; and Fey 0,
that beads to a relatvely high stability and enhanced PEC
activiey."™ " Substitutional doping of S0 in bematite provides
an extra electron as an electron donod and consequently
fmproves  the electrical conductivity and PEC activiey of
hematiee electrodes.” ™ However, to attain effective Sn doping
for high PEC performance, Sn-doped hematite needs to be

The Roys Socwty of CRemisiry. and the Chingse Chamical Saciety 2071
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== 2. Synthesis and characterization of mesoporous tungsten oxides and
application of its photo—catalytic activity on photo—degradation of methyl orange

232 (N021) 121-124

& Desalination and Water Treatment
August

b www.deswater.com

|8 dok 1SN dwA 2021 I74HR

Synthesis and characterization of mesoporous tungsten oxides and application
of its photo-catalytic activity on photo-degradation of methyl orange

Seo-Hyun Pak, Chan-gyu Park*

Entrirammenital 'ftdlnulh'_t{y Dhigrtssom, Koo fi'.w'flrj‘.l: Libwratong 87 ﬂwl'iul'-n.'l 2ol Gurlr-gn. Sl DAIES, Kinm,
Tel. «82-02-Fot 1 105082 02-B00-1272; Fax: +§2-02-860-T68%: enmall: pept 1880 ol cont #C.G. Park),
Tidl, +E2-02-860-1139; Firx: «52-002-Rexk 168%; fonnil; seolryrnpalsk il rekr (5.-H. Pak)

Reovived 19 November 2020; Accrpled 21 May 3521

ABSTRACT

In this study, mesoporous fungsien oxide was prepared by optimizing the synthesis conditions useing,
P23 as the stouctune-direating agend, ethanol, and WCL, The photo-dogradation of methy] ofange
(MO was investigated using mesoporous ungsten onlde, The thus-synthesized mesoporous tung-
sten oxide was charsderized by Xeray diffraction (XED), UVVis spectnoscopy, nitrogen adworp-
livnedesorption .:I.I'Hl}'\i.‘L field emission tramemisson clectron microstope (FE-TEM), Fourer trans-
form infrared spectrescopy and its activity in the photocatalytic degradation of methwl ssange was
investigated by UVevis specmoscopy. XRD and FE-TEM analyses comfirmed that the symithesised
micsixpaorous. fungsien oodde catalysts show homogeneity in mesoporesity, almgg with higher specific
surfaoe area with monockinke struchune, The photo-catalytic eificency of mesoporoes tungsten exdde
is controlbed h'l,- thie ameun of 'Wlf,"ld The resplis obtaired FlEgRest that meRpOnaLs ungsten o
{We3) has the ]:ighmﬂ p}mm-nﬂ.:]:,'ti: pwl'u:lnn.m.n' iy the phul.u-drg:.ﬂntinn of m:-lh:.'l owrange ak o
shorter timie. When the photecatalytie degradation of MO wis perlommed three Hoes, thene wias o
drop in the photacatalytic adivity of mesoporous ungsten oxide, As a resull, mesoparous tungsten
oxiide showed that if can be used budmwnpnw nrﬁanlrdyl.* L‘d."iH:;.'. and |'H'N.'.i|.-1.1|:I:|.I and lead to regener
atiom of the: muesoparous: lungsten ocide without compromising their performance during rease test

Feyioonde: Mesoporous fungsten oxtde; Water  reatmeni Toxie  pollutands; High  surface area;
Photocatalyst

1. Introduction combined coagulationjcarbon adsorption system are being

Industrial development leads to several environmen- exbablithed, bot the developrhent of pretreatment téchnal-

tal problems, and the reduchos in environmental polla-
Hon ks currently a major agersda for international trade,
E\pt‘w.'iall}'.. waber pnfl[uliun i% caused 'py residential ywaste
wiaber, indwstrial wastewaber, ele, 1.'..11.|xi.|15 al*;.'l! bBlooms
and the death of agquatic organisms [I-3f A variety of
technalogies have been suggested to alleviate water pollu-
tion and stop the discharge of pollutants; however, water
purification is possible only in =olabed arcas. Physical
and chemical treatment technologies such as coagula-
tion, adsorpltion using schivated carbon, membranes and

- L'm'mpmdu'lg auithor,

ogies, such as advanced oxidation process and advanced
hiological treatment, sfill require further research for thir
practical application |4-%].

VWaber Pnllurjn:m ]:!rrw_-nﬁ'\.v facilites l'n-t'lut'nll:; (FET
ewcesms chemical coagulants bo meet the strict environmen-
tal regulations, cousing secondary  pollution. Especially,
because ihey have ineffective facilities for the prelreatement
of nemvbiodegradable materials, thelr treatment efficioncics
are lowe. Moreover, since I|"||."|r Enqul.nﬂy rum mbo activated
shudge bulking, the bobogical treatment facilities somie-
times fadl bo operale normally.

1l 1 R st © 021 Dwsabinasthon Pablications. ALl nghis nesemoed.
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Absiract This study demonsirates the first reported thermocatalytic ceidation of an indoor
wolatile organic compound (VOC), acetaldehyde. hamessing waste-heal energy from
indoor light sources (e.g., halogen lamp) without additional energy Inputs. To utilize
indocr waste-heat energy and attain sustainable thermocatalytic degradation of VOCs,
we designed a thermocatalytic lampshade coated with the optimal PETIOZ catalyst
The proposed catalyst-coated lampshade was successfully able to be activated under
waste-heat energy (- 130 “C) from a lemp source and achieve the complate
mineralization of CHICHD Into CO2. The catalybc activity an P-THO2 wes extremsly
dependent on its preparation methad which greatly influenced charactenstics (eg.
oaidation state and size) of PL The thermocatalytic oxidation mechanism of CHICHO
awer the PE-TIOZ was investigated by transmission FT-IR spectroscopy, revealing that
02 @nd H20 sources play vital roles for thermocatahytic mineralization of CH3CHO by
shifting the reaction pathway. Although Pt s an expensive noble metal, the
thermocatalytc process an the Pt-TIO2 coated lampsheade using Indoor waste-heat
enangy without requiring additional energy, along with its oulstanding activity end
durability, can offset the high matedal cost Therefore, the proposed strategy here
offers 8 sustainable and fessible method for the degradabion of indoar YOCs
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Backgreund: Although phodocatalytic reactions using the ultraviclet (UV) range
(particularty UV "B (280-320nm) wavelongihs) is welk-established, the photocatalytic
affect of longer wavelengths (especially that of UVA (2380nm) and visible kg (2400
nm)) hava anly recantly been studied and utilized for environmeantal applications

Aim: In this work, we: coated polydopamine (PDA) and TiD 2. on a support and
Investigated the synergistic e If ects of the comesponding composites for the
photocatalytic removal of gaseous ammonia undar 405 nm violat-blue light

Findings: The PDA layer with TED 2 was covalently altnched on a coramic ball using
the drog-casting method. The roughness and functional groups of the TiO 2 -PDA
coated ball surfaces wate varified using an infrared imaging microscops and field
emission scanning aléctron microscope (FE-SEM) . The photocatalytic activity of the
oiained hybrid TiDr 2 -PDA coated ball for the removal of ammonia was

usinga UV C and 405 nm LED lamp af 24 *C. The results showed that both tha TiQ
2 (control sample) and TiO 2 -PDA coatéed balls succesafully removed ammonis
under similar exparimental condiions with the 254 nm UV C lamp . Notably, the TiO
2 -PDA coabed ball exhibited an anhanced ammonia removal & i ciency of T2%
under 405 nm LED light irradiation. Thus, the Ti0 2 -PDA coated ball can be utilized
B85 B promising indoor air deaning technigue undar LED light irradistion
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