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SUMMARY

(3 % 2 o 7

[. Title

Investigation of pollutants degradation by freezing and development of basic

technology for freezing-induced water treatment process

[l. Purpose and Necessity of R&D

We want to investigate the degradation kinetics and mechanisms in ice and develop

the basic freezing-induced water treatment system on that basis.

[II. Contents and Extent of R&D

1. Study on the freezing-induced peroxymonosulfate activation and organic compound
degradation mechanisms
- Investigation of freezing-induced peroxymonosulfate activation mechanism
- Verification of the accumulation of peroxymonosulfate and organic compounds in
the ice grain boundaries
- Evaluation of the stability of the freezing/peroxymonosulfate system
2. Study on the oxidant generation and pollutant degradation mechanisms in the
presence of chloride and peroxymonosulfate in ice
- Identification of the oxidant generated in the presence of chloride and
peroxymonosulfate in ice and its reaction mechanism with pollutants
- Investigation of the degradation kinetics of pollutants in the presence of
cations and natural matters
- Evaluation of the stability of the freezing/chloride/peroxymonosulfate system
3. Study on the oxidant generation and pollutant degradation mechanisms in the
presence of iodate and halogen ion in ice
- Finding of halogen ion which can produce an oxidant by reacting with iodate in
ice
- Identification of the oxidant generated in the presence of iodate and halogen ion
in ice and its reaction mechanism with pollutants
— Investigation of the degradation kinetics under various experimental conditions
4. Synthesis of material using ice and its application for water treatment
— Synthesis of material using ice

- Investigation of the catalytic activity for degradation under various

,5,



experimental conditions
- Identification of the oxidant generated by material synthesized using ice and

degradation mechanism

IV. R&D Results

1. Investigation of the degradation kinetics of pollutants in the
freezing/peroxymonosulfate system in the presence of radical scavengers,
investigation of the radical species produced in the freezing/peroxymonosulfate
system using electron paramagnetic resonance (EPR) analysis and fluorescence
spectroscopy, investigation of the spatial distributions of peroxymonosulfate and
pollutants in frozen solution using confocal Raman microscopy, and multiple
degradation experiments in the freezing/peroxymonosulfate system

2. Estimation of the oxidant produced in the freezing/chloride/peroxymonosulfate
system and degradation mechanism based on intermediates analysis, verification of
the oxidant species through the time-dependent production of hypochlorous acid
(HOCD), investigation of the degradation efficiency/kinetics in the
freezing/chloride/peroxymonosulfate system as a function of the cation type and
background anion type, comparison of degradation efficiency in the
freezing/chloride/peroxymonosulfate system using a refrigerator and that using a
cooling bath with ethanol as the coolant, evaluation of the degradation efficiency
and stability of the freezing/chloride/peroxymonosulfate system (outdoor freezing
experiments)

3. Finding of chloride ion which reacts with iodate and produces oxidant in ice,
phenol degradation experiments using the oxidant produced in the iodate/chloride
system, verification of the formation of hypochlorous acid (HOCI) using UV-visible
spectroscopy, intermediates  analysis using a  quadrupole-Orbitrap  mass
spectrometer, investigation of the degradation kinetics as a function of pH, chloride
concentration, iodate concentration, freezing temperature, and type of pollutants

4. Synthesis of tungsten oxide (WOs3) nanosheets using ice particles as templates,
oxidation of arsenite using WOj3; nanosheets under various experimental conditions,
investigation of the oxidation kinetics of arsenite in the presence of ascorbic acid
and tert—butyl alcohol, identification of reactive oxygen species using electron spin

resonance spectroscopy

V. Application Plans of R&D Results

1. Our research group can become a world leading group in the field of water
treatment using freezing based on methods and theories developed through this study.
2. This study can be published in high-impact factor journal.
3. This study will extend the research topic of Korea Polar Research Institute
(KOPRI) from natural science to environmental engineering.
4. This study will reduce the cost of water treatment by developing efficient

environmental nanomaterials using ice particles.

,6,



5. Economic benefits through core technologies and patents securing and technology

transfer.
6. This study will reduce the cost of pollutant transfer and treatment by using the

developed freezing—-induced water treatment method in the Arctic and Antarctic

regions.



A T 7 A e et 9
AT DTN BB et e 9
Al 2 DTN T QA ettt 13
Al 3 FTTNEEL] B R] ot 13

Al 2 USR] ZIE TN BB ettt ettt ee s enanan 15
AT A U ZIETNE BBt 15
Al 2 A T ZIETNEE BBt 17
A3 A FUY ZIEMNTEZFON IR TS D F st 18

A3 A ATFAMEEE R . ZTh e 19
A1 A 2 o] &3 peroxymonosulfate 243} B F71d=d B3l 718 AT 19

Al 2 A H@Ao]27 peroxymonosulfate’t & ZHANA T2 2 ed=4 &
T U Qe eossssisss s s s 23

Al 3 H FAAN iodate®} T2 Hk-g-oll d=d &3 71& 4
T veerensenssesesssfoannenesssassen e TETEs eenssessonssnsnsndeosssssrsss oI e rrssgsrsssrsereiorsgessessssesessssssorsesssessseserees 28

A4 d eSS TEY 4 &4 FA, 84 B7E B8l WIAUT T8 33
A 47 AFNLEE GHAE L Y TI Rt 39
Al T A AT I A et 39
A2 A FEEEY ZIEEAAN Y TIO T 43
Al 5 AT NEATEE] BT T ettt 44
AT A FTEAT BB e 44
Al 2 7 BRI TR0l Q] G ettt 44
A6 & ATFMNELAAA TG WY TFEF7TE A Hoooeeceeeesi et 45
A7 Z FEILIE T e ARttt 47



Mo1EME

A 1A e 53

- A A BAE ADelM dojub Bl B8, YR 44482 wysta v (2
9D, olsh fAsl Ag TR U 9 g (52)E olgete] edRAL AAY S
o1, telh &g mlAlTE 0 89 e $AY T4 A8 ¥ 5 AL glelth e,
ALEHL BEeel B £AB ALHd, 0T LPBA Rao AgsHuA duh B
T B Qe v ATRAA dolib: BRSO3, AokF Y, GBI 1
A AT, Ae EHS BEE vhe 24 B4 D LPBA 48 A8 Ann e wa
e A3 Qe

) =2H 178 AEstH 1
|

Ej adsorptw.n blc:logi_cal NO; + H,0 + hv s
;.-;' ) = -.,h - ' d gﬂ 2 {

A

Cl

screening precipitation biological precipitation filteration AOP

oxidation
Wastewater . Cl,, HOdI

L, — o\gﬁ\:!o)o — —s O

d&o 5 -OH

anaerobic digestion adsorption H,0,

ad 1 AAA A A8 T A A

- B 7)) 71E ATl 95 peroxymonosulfateo] ©3F ¥ F Y & :E (furfuryl alcohol)
o Fallv= A= ALY dojuA FUAIT, DIl = ““}iﬂ] AP At =5
peroxymonosulfate?] oz AAHE AL 7% oJ3Fo] A gl sulfate (SO)
o} (1% 2a). 53], peroxymonosulfate®} 5242 o]&3 oHd=4d B3l= %7] pHe 9T
7o) wkz] ek}t (1Y 2b). o] 29EA RS 93 %2 peroxymonosulfate A3}

ol @7 AsHolu, A FA AL A5 epdr,



—@— pH3
—— pH4

20C 250 2080

S 15+ il 40 % =
= —@— aqueous solution = =
< —M— frozen solution 7130 — <
w 10+ —O— aqueous solution without PMS Ov L
= —1— frozen solution without PMS 1 20 52. w

—A— frozen solution (8042')

Reaction time (h)

19 2. (a) peroxymonosulfate?} HIZ & AT o] F Al EA3}+=
Aol Wz 438 B3 2 peroxymonosulfated] Y AAHE FA (b) peroxymonosulfate/
4 Az"dA  pHel wE FHzd d3E FI 9T A Ay gz
[peroxymonosulfate] = 100 pM, [HFE <¢3E2] = 20 uM, pH = 3.0 for (a), Y4 2% =
-20 °C, W L% = 25 °C)

- Ak < ©]&-3t peroxymonosulfate &3t wlAYF tisk FA 4 A= A5
A ok}, B AFoME FAE o] &3 peroxymonosulfate 243 WAYES TFAZOR
A-skt). =, peroxymonosulfate”} ‘&2l ]3] sulfate radical %=+ hydroxyl radicals A
A& radical MIAYUES &) odE4AS Hast=A, peroxymonosulfate@r L F=ATHY
242 Az A wrSo] o] LA EH o] #3]%E= non-radical Uﬂﬂ” S 2=A
Stauxp gt} ek Ao 23 peroxymonosulfate®t 2 EF 9 ]:rL lﬂ T=Y

4+S confocal Raman microscopes ©|-&3le] s, thdst o &2 qO072 #

N7 o 2H FAS o83 peroxymonosulfate &4 3} W o ok A S

- 71 AT 938 peroxymonosulfate (Oxone)?} 4 o]&o] = ZHdA 243 HS
T, 42229 =9 Fa7F mEA JAAE ATt AR, peroxymonosulfate, @ 4x0]-2,
% 3 7 2P E v AedE 4-F22HEY] walrt vredth (1® 3). oF
S Ao 2 peroxymonosulfate/d o] & Al 2Elo] B &85 FANG Ay HAbo A=
a7 Aol dojupA] FRAAIRE, FAA BE kAo FA7F w48 Sk HlEA
= GA] Aol = Eali7F A AAHA Fokar, FAA et wEA 319
(19 4). o]+ ¥9ao]/peroxymonosulfate/ s 2 Al 2®lS AA HI4AHy FA- HL&S

I

e oft

O 2 oto oMo om o

i)

,10,



100 F
= 7
= 80 —@— Oxone + CI + freezing
:’j —l— without freezing
— 60 | —d— without Oxone
O —— without CI'
<. 40}
20
0 ' : '
0 1 s 3 4

Reaction time (h)

gy 3. gAio]l/peroxymonosulfate/ 54 Al AHS o] &3 4-FEEZIE FI (AP
[peroxymonosulfate] = 100 uM, [@4°]>] = 500 pM, [4-FZ=3=] = 100 M, pH = 4.0
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- %=, Hunan University, Dongbo Wangs ¥4 145, @4 €A #H7|=S nitrite A3}
s4 A As 24 S2A AVIEY FUIA A3 52E&ol FAHAT. o= FAs
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=4=2 ﬂ@rﬂﬂ ul f-olt}, 52 /mitrite AlA®L d7AH & A
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2HE o] FXiE UV-visible detector’} 2E  high-performance liquid
4o Falz A
H COy9 %<& gas chromatography (Agilent 7820B)2 Al-&3to] A3t} =5 & fF7]¢
% (total organic carbon, TOC)® & X+ nondispersive infrared sensor (NDIR)7} “#zh#
TOC analyzer (Shimadzu TOC-Vcesp)E ©ol&3Fe] =A3t} o9 FEE  ion
chromatography (IC, Dionex ICS-1100)& AR&3lo] SAST Ta59 5= DA 7]
Hk3le]l UV —visible spectrophotometer (Shimadzu UV-2600)% =434 Y inductively
coupled plasma-optical emission spectroscopy (ICP-OES, Thermo iCAP 6300 Duo)& AF-&
sto] SAEH (19 13).
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7F.

Jo

ksl A 4k (peroxymonosulfate) ¥ 528 o] &3 /7] SAEZ a9 WAUSS 3
o}sl7] 938 sulfate radical® thE A S 7kz T 9gE 2S5 f7] o dEA Haol

o) I
et d&gFe FAEA Y (1 14). AFE-$ sulfate radical A7 & 2 3} sulfate radical®te] vk

O

$4 (bimolecular rate constant) Uh&3} 2ol were (k= 1.0-1.1 x 10" M ' s, 2-
ZERHE (k=79-82x 100 M ' ™), Ml=2AF (k=12 x 10" M™' 7)), 18]a WAl (k =
24 x 10° M ! s ). AAH o= sulfate radical AAEZY = 1 mM)7F §7] 2 d4&=4
QA HFE 3L FE (20 uM)EY FR =S % E+31a1, sulfate radical A A& o]
HFd d3gel B vAe g2 AAn ey 2-Z23E £ A JFE =
=9 Ea7 ok AT AL w4 o SIS E T s e 2-Z2daso] AF A
o7 HkgEte] 7HAa% ZAog oyt T3k sulfate radicalol ™3 sulfate radical A%
Aol vk (Al > WA > 2-X 238 > wES) I} sulfate radical AlAE D] o
HFE d3ge Fd AR A= Q-Z2HE > WegE > WA = dzihrr A5 &
ket ol 2 3l HAkstAd ko A sulfate radicale] A4 = H 2 sulfate radicalS
ol A9 JIFS vAA Fes HElAY F, 54 3 7] LA EZAA FHitstd by
oZol AH¥A MAA A Wb o3 7] LAEHo] EalHETt

20 —@— without scavenger
—l— with methanol
ey —A— with 2-propanol
% 151 —w— with benzene
et —&— with benzoic acid
= 10}
LL,
5 -
0
0 1 2 3 4

a9 14, PAstd Ay FAS ol &3 /7] 9= Eald o] vt sulfate radical

3l &4 3t Hatstd ikl A sulfate radical©l
3l AFSEATE vl Aoz AAIGE 4ol A 9]
| A= sulfate radical®] #HAJo] #HFHJA T T4/ A
ikl Al z~dlo A= sulfate radicale] HAYsHA] ko (29 15). E=3 3 EAY
=

X
(fluorescence technique)s ©]-&3to] hydroxyl radical®] WAL =AH3 A} vjw Ao

1)
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ot (29 16).

S A ZAUE 27} o] &/HAkst A Sk Al A~ wlo A &= hydroxyl radicale] A3
o 5

(radical mechanism)©] o} &}, H]‘j)rqié
T Atk

=7 /342 5} 3k /\]é‘%ﬂoﬂl\ib hydroxyl radical®] A4 %] A]

A o] o ]

U
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I R/ egEAe BAE HUT WS

Intensity (a.u.)

00‘0000

AN A A AR At

¢ BMPO-X V¥ BMPO-SO,-
1

FeZ*/PMS system

PMS/freezing system

3330 3340 3350

3360 3370 3380

Magnetic field (G)

a9 150 H 27F o] 2/IAtEkd

=l §O]- UL, = |
sulfate radicale] A o5 A 4

-

A A 2H)

()3 &2/ rkstd Fatd

a.u.)
o
o

120

90

60

30

[7-hydroxycoumarin] (

—@— PMS/freezing system at pH 3.0
—m— Co%'/PMS system at pH 3.0
—A— PMS/freezing system at pH 10.0 |

a9 16, ZYHE 27F o]/I kst gk
|

hydroxyl radicale] 2§/ o F ZA} Ax

U B4 93 peroxymonosulfate?} 2 &
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@ NN AARARN
1.0 1.0
0.8 0.8
S o6t S o6t
O O
04r 04+t
0.2 02+
0.0 : ' : : 0.0 . . . .
0 2 4 6 8 10 0 2 4 6 8 10
Reaction time (h) Reaction time (h)

Al 2 A @0l 23} peroxymonosulfater} Qi ZAH FHo] o3
MEE B W @B Rl HAUZ A7
L A4 " O

A

7F. Aol peroxymonosulfate”} = A FA o bslE A H 2H9EZA

a HAYS AT

TA4/943d 34 (peroxymonosulfate)/d A2 0] (chloride) Al 2=Elo] 23t 4-F 229 =
o] 3 FAHES AR A sto]l LA LA (HOCDO 93 #l=Al w71 wafA HA st
= b (dichlorophenol, chlorodihydroxybenzoquinone, dichlorobenzenediol,
trichlorophenol, trichlorohydroxybenzoquinone, trichlorobiphenyldiol, tetrachlorobiphenyldiol)
I ARel fAE AT (2" 19). ole sA/AAst A b/ A ol Al =Fe A A e =
T AFSEA7F stol 2@ Akl S A o yEhith B3 ol 5 Fal FAEES
e I F=7F ST e, 4R AlZro]l AdFel= A4S
(parent compounds) 9%F ofye} #3 FAEE A EAQ] Sho]iE

ArsbEvs e yERT
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{c} Dichlorobanzenadic!

{b) Chiorodihydraxybenzoguinona

{a) Dichlaraphenal
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Reaction tame (h)

Reaction time (h)

Reaction time (h)
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{d} Trchlorephenol

('ove) eade yeag

*0W
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('n'e) eaue yeay

Reaction tima (h)

Reaction time (h)

Reaction time (h)
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100

80
=3
= 60
O
% 40 —&— Oxone + CI" + freezing
— —il— without freezing
20 —hA— without Oxone
—¥— without CI
0 g L L g 5
0 1 2 3 4
Reaction time (h)
a9 20, RESAITE] mE /s A AR/ A Aol Al Elo A A Sk slo] Y AR
TE (FFFEHE ol&ste 54)
100
80 F
s
2 60 F
O
% 40 —@— Oxone + CI" + freezing
— —l— without freezing
20 —a&— without Oxone
—¥— without CI
0 I i I £
0 1 2 3 4
Reaction time (h)
T 210 RES AT mE A/ E A AR/ A Aol & Al dlo| A A Sk slo] Y AR
X (A HFE 1-chloro-2,4,6-trimethoxybenzene?] =5 o] &3] =4)
. 7hEH o] (XC) % F&Eshe A EH9 T e Sd=d il 98 A}
- JbeE ol (Na', K, NH,, Ca®, Mg*, A9 ZFFd we Fd/dx02
/peroxymonosulfate A]2=81e] 23 A& vlusdrt (29 22). 1 23 JFH ol
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Tt 4-F2 2= Fdld vAE g2 vt ol dAols e oY
AE T4/ 0]/ peroxymonosulfate Al 2=¥l1e] FAho]o] EAR AET F PSS U
ISRA=
—— with freezing
100
S 8ol
=
T 60
!
=, 40
:
20
¢ 2 3 3
Na® K" NH,” Ca”™" Mg~ AI™
Cation type
a1 22 7hEH Yol TR wWE sZ4/9 A0 /peroxymonosulfate A =¥l 3 AT
vl A 3}

o [

=

1, ol o] (53] HCOs 9 HPO) p

o] & (NO;{, HCOsg', H.PO, )2l =217}
AT (17 23). Soled &
Weg ok A, o

S 08 e oA el EdA o P 4 SEzAE HE W
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3tsl7] miolTh. BhAI, ol et frole] 3

SH ™ E‘ AN
A A o] /peroxymonosulfate Al 2®l1S AA g FE3] &8 4 S A9

H

x

52

O

o

N

-
=

—i#— without background anion

100 —— with NO,
= g —&— with HCO,
%_ —— with H,PO,
N 60 +
J
=, 40+

20 +

O 1 1 1
0 1 2 3 4

Reaction time (h)

23. o229 EA7} FZ2/Y 0] /peroxymonosulfate Al =€ o] #3] Aol mX+= o
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Reaction time (h)

I

3]

=]
RUN

/peroxymonosulfate A] 2~ 2]

=d sA/drol2

A

te A8

{3

]

o

ol
o}
—_
el

of

ﬂn_wo

el

wK

AP ARG L

g "HelEol FolFAn (¥ 25).

=
=

=5 A

4
195 Tt ofs)

= Al

2=

AAA 87 Al

o

~
No

AFE AT (29 26).

o

,2’77



1008—<F— g% v

—_ \ RH? ! 1\"7\ 1° §

= oo \\‘ \.\ \ X E; —&— volume =10 mL

= ‘ \ O\ \ S | —m— volume =100 mL

o Bf \ Tk 0 ® A— volume = 300 mL

O b\ - o) \,' @ | —w— volume =500 mL

o, ™, : £ | —#— temperature (°C)
2

o 1 2 3 4

1. Ad

Ad e A 1 Ay {fAE A 89=9 FXEFE UV-—visible spectrophotometer

(Shimadzu UV-2600)2 A}-&3lo] 460 nmol A9 34 =E =AHsto 2 x 33t}



=

2. 47 g % 23

A

7F. 22 iodatest WHg-sto] AtstES AAcE &R o] T

- iodatest Gaole] G EANA FARAL A%, AEe] Fask m=A AU, 3
AR, fodate, B, B4 F # A BA/EClGE G Aot Amel st v
vstgieh (19 20, dodatest @aol & A BHeNA B3 EAsh: BAo

100

[0}
o

—@— 10, + CI' + freezing
—l— without freezing
—&— without CI'

—y— without 10,

[phenol] (uM)

N
o
T

o
o
=
N -
w F
SN

Reaction time (h)

-

of

1% 27. iodate/ Aol 2/EA Al 2HlE o] &3 T I (A3 =A: [iodate] = 100 uM, [
Z~o]&] = 500 uM, [#H=] = 100 pM, pH = 3.0, 454 &% = -20 °C, I &% = 25 °C)

=]
o

o

o

U B2A ol jodatert YE EANA Fhol s YL AE % oqEd B v
AYE it

- ot A3 o] AFAolA iodateot Harol=3te] 4bs gkl RGO o] HOCle|] HA e
T Atk 54 o S iodatet Haol29 sk B AT pHE Ch B stolEd 4

A (HOCH A4S =442 & 9

6CI" + 105 + 6H" — 3Cly + I + 3H,O
10CI" + 2103 + 12H" — 5Cl; + I, + 6H20
Cl, + H,O — HOCI + H" + CI'

UV-visible spectroscopy= ©|-&3}e] slo]xdrAke] AAS A3 Ay 52/iodate/d &
e

o] Alz®lo A= HOCIS Aol F3lo] #FHA S iodate, Ao, 4 F 3 7HA



/2002t E fl= A Fol= HOCIe] Aol AAE A Fskvh (17 28).

= 30+
2
S 20t
* —@— 10, + CI- + freezing
8 10 —il— without freezing
iy —A— without 10,
—¥— without CI
0 g - |
0 1 2 3 4

Reaction time (h)

1% 28. iodate/ Aol =/EA Al 2Flo A o] HOCI A4 (AA=xA: [iodate] = 100 uM, [F24
o]] =500 uM, pH = 30, €= =% = 20 °C, 4% =% = 25 °O)

T

- quadrupole-Orbitrap mass spectrometerE ©]-83}o] 1odate/ Aol 2/F4dA AdHS o] &3t
HEx Al BAste FAES SASAT. @47 B2 FAEe AA (2" 29 (b), (o),
(h)) HOCIoll 93l #lzo] wallv S AL %_‘i“& ofyel 2087 £ FAlERE
DA A= (" 29 (1), ol HOCIH T 7k ¥h&-sto] A4 HOZL #&= 3 whg-gh Az
gt & Ak g 73 A=Y v 9 AFd e FFetuvE whe-o] x| wet
Aaste A4S e ol w8 FAkE 9A] HOCIH 9& g o 4tstd 4 &
< YeERdH
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) (a) phenol (C;H,0O) (b) 4-chlorophenol (C,H,0OCI) (c) 4-chlorocatechol (C;H;0,Cl)
35 35 35
& s 8
© [ [
o o <
© © ©
X X X
@® © D [
(9] () (9]
o o o /i/i/%\«
0 1 2 3 0 1 2 3 4 0 1 2 3 4
Reaction time (min) Reaction time (min) Reaction time (min)
(d) 4,4'-dihydroxybiphenyl (C,,H,,0,) (e) 2-(2-hydrophenyl)- (f) 3,4',5-biphenyltriol (C,,H,0,)
1,4-benzoquinone (C,,H;0;)
35 35 35
8 8 &
© [\ ©
o <) o
© © @©
X 4 X
®© (1] ©
Jo) [0 o)
o o 4 o
»4/6/’/.‘4 4/§/§/0//«
P \ \ \ Py : \ Py ; \ \
0 1 2 3 1 2 3 4 0 1 2 3 4
Reaction time (min) Reaction time (min) Reaction time (min)
(9) 2-hydroxy-6-(2-hydroxyphenyl) (h) 2'-chloro-2,5-biphenyldiol (i) unknown (C,H;O,Cl)
cyclohexa-2,5-diene-1,4-dione (C,H 0,Cl)
35 (C15Hg0,) 3 3
© © [
o <) o
© © ©
X X X
© © ©
o (0] ] ()
& & / "
|
0o 1 2 3 4 R 2 3 4 0 1 2 3 4

Reaction time (min) Reaction time (min) Reaction time (min)

PN
Y
o
Q
(o
Q)
=S
)
[l

1% 29. jodate/H Aol 2/ FA Aol o HE ZA TSt FAE (Y
o | s

= 100 uM, [H2o]=] = 500 pM, [#=] = 100 uM, pH = 3.0, €7 =

o AY 241 (pH, 2%, % 5ol 2 SdEd 3 593 A}

- & A/iodate/F A0l AlZ=Hlol A pH, @40l Fk, iodated] & B 4 2E° wWE
HAze FallE F4% 43, pHF $E75, d4ol& jodated] L7t =555, 184
A 27 e s e wmEA APHAT (27 30). @il iodatezto] 4bs) g
2 Hkgo o3 HOCI A4S ¥ proton®] WS4E, A4o]23 jodate?] =7} =5
T5 HOCI9 Aol gk 7ol frf H3h wre oA whgdss d5 449 A
Fol w2y, 54 It 4y 7] wiEel HOCIY A 2 =] Earr gl
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(a) mmmm water 1 ice (b) = water C— ice

100 - - - - - - _ 100 F
S so0f S st [
2 2
% 60 - % 60 F
c c
@ @
-C& 40 + -é 40 +

20 + 20 +

0 0
3 4 5 6 9 10 11 12 0 25 50 100 250 500 1000
pH [CIT (uM)
(©) = water C— ice (d)

100+ gm 100 F
S 80t S 80+
2 2
S 60t S 60+ =
c c
@ @ _
5 40r g 401

20 + 20 +

0
0 25 50 100 250 500 1000 25 -10 -20 -30
[10,7 (uM) Temperature (°C)
9 30. (a) pH, (b) @40l %, (c) iodated] F% % (d) 4 &Xd & Heso &

3 (2= [iodate] = 100 uM for (a), (b), and (d), [F4a°]<] = 500 uM for (a), (c), and
(d), [#=] = 100 uM, pH = 3.0 for (b), (¢), and (d), €@ &% = -20 °C for (a), (b), and
(c), A &% = 25 °C)

furfuryl alcohol (FFA), 2-chlorophenol (2-CP), 4-chlorophenol (4-CP), 4-bromophenol
(4-BP), 4-nitrophenol (4-NP), bisphenol A (BPA), 4-methylphenol (4-MP),
2,4-dimethylphenol (24-DMP)S thito & HAryp A S-Abo Aol #3) kinetics ZAFSFL

WNJo e Ao AlEE BE QLAEHEY wFal7F dojubA @trh Wi, A5 ]*1”
a7 A EAQa, 53] FFA, 4-MP, 24-DMP9] E&j7F w=A4 A3t o d&E 49
2 &% A9t Hammett constantE Hl w3k A3} Hammett constant’} 22, = A A7}
FTHS S9EL] FavF wEA dojue AL gt (17 31).

= o) | S 100
% 100 A ———— e 2 5 ol
= = g0 —
c 80 E @ FFA —O— 4NP e
= S -m- 2CP —[1- BPA =
2 et @ FFA —O- 4NP S 60 A 4CP A aMP X
g —m- 2CP —[ BPA 3 —y— 4BP —— 24-DMP >
Q 4l —&— 4-CP —/— 4-MP L 40t o
= —¥— 4BP —7 24-DMP = : ol
D

g 20 - §‘ 20 +

0 i i i 0 5 ' L L L

0 1 2 3 4 0 1 2 3 4 0.8 0.4 0.0 0.4 08
Reaction time (h) Reaction time (h) Hammett constant (c*)

a9 31, SFEHY] FFo wE () Y (b) EodalAY #38 kinetic, (¢) LAEZ 9
ol S5 A9} Hammett constant®] Hlu A3 (A¥ =7 [iodate] = 100 uM, [FA&o]=] =
1 =100 uM, pH = 30, €% &% = -20 °C)
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2 1
= T O
1. A8 H Ui

b odojur] wiEe] dEAAE HEHSR Ao mN
4 UE F vk V&0 28 9AE ®HESOR AMEEte] e
Aol ol4kstE EHgol AE AT [8-11]. AN AAFA] A

A2 o7 EH e wE e o 22 A A% okl S-&H At

=]

i

K
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Peroxymonosulfate (PMS) has a thermodynamically high oxidation power with a
reduction potential of 1.19 Vs for one-electron transfer (EX(HSOs /SO,®7)) and 1.75
Vaue for two-electron transfer (E°(HSOs /SO,27)). However, the reaction of PMS with
aquatic pollutants is Kkinetically very slow, which limits the practical applications of
PMS as a chemical oxidant for water treatment. To overcome the drawback of
PMS-mediated oxidation (i.e., the low reactivity of PMS toward aquatic pollutants), a
variety of techniques have been employed to convert PMS to more reactive species
such as hydroxyl radicals (®OH, E°(®*OH/OH ) = 1.77 Vaur) and sulfate radicals (SO,®
- E%SO.® /S0O47) = 243 Vamp), including heat, ultrasound, UV light (reaction 1),
transition metal ion, and metal oxide-induced activation of PMS (reaction 2). The
oxidative degradation of aquatic pollutants rapidly proceeds by SO,® and/or ®OH

generated from PMS activation (radical mechanism).

HSOs  + heat, ultrasound, or UV light — SO,®  + ®OH (1)
M"+HSOs  — M™1'+50,® + OH (2)

It has also been reported that PMS can rapidly oxidize aquatic pollutants in the
presence of noble metals, carbon nanotubes, and graphitized nanodiamonds as electron
mediators through a non-radical mechanism. The complexation between PMS and
electron mediators enhances pollutant degradation without radical involvement by
facilitating electron transfer from pollutants to electron mediator/PMS complexes

(reaction 3).

pollutant + electron mediator/PMS complex

— pollutant+electronmediator/PMS ~ complex (3)

px

G

At

et

chepd 2449 Fxe 7

As 2D metal oxides often display superior catalytic activities compared to those of
spherical metal oxides, various techniques have been developed to synthesize 2D metal
oxides, including physical exfoliation, chemical vapor deposition, and wet chemical
synthesis. However, each method has its advantages and disadvantages. The exfoliation
method, using scotch tape, a ball-milling machine, or an ultrasonicator, is low-cost and
scalable, but a suitable layered metal oxide is required as a precursor, and the products
synthesized using this method are not uniform. The vapor deposition method can control
the thicknesses of the 2D metal oxides, but its large-scale application is limited by its

low productivity and the required high temperature and inert atmosphere. Wet chemical

,45,



methods, including hydrothermal, solvothermal, and template syntheses, can produce
high—quality 2D metal oxides in large quantities at low costs, but removing the

surfactants or templates used in the synthetic process is challenging.

=

Mol 9AA BAH D A

r
s
M

Arsenic (As) pollution is one of the most severe environmental issues worldwide. More
than 200 million people are exposed to water containing high levels of As, with many
affected by As-related diseases, such as cancers, skin and cardiovascular diseases,
neurological disorders, and diabetes. Most As species exist as arsenite (As(III)) and
arsenate (As(V)) in aqueous environments; As(III) is more harmful and challenging to
remove than As(V). As removal processes typically comprise two successive steps, i.e.,
chemical oxidation of As(II) to As(V) and physical removal of As(V) via adsorption,
coagulation, and precipitation. Various oxidants and catalysts, including ozone,
hypochlorite, permanganate, peroxymonosulfate, manganese oxide, iron (hydro)oxides, and
iron-manganese oxides, have been employed in As(III) oxidation. Recently, a catalytic
method using a metal oxide (e.g., TiOs, CeOs,Ceo25Ti07502, Fe-Ce oxide, or Fe-Mn oxide)
and H0O, was proposed as a practical candidate for As(III) oxidation based on its high

efficiency
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