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Abstract : Volatile organic compounds (VOCs) occur in indoor and outdoor industrial and urban areas and cause environmental
problems. Malodorous VOCs, along with aesthetic discomfort, can have a serious effect on the human body. Compared with the
existing method of reducing malodorous VOCs, a wet scrubbing method using an electrolytic oxidant has the advantage of
reducing pollutants and regenerating oxidants. This study investigated the optimal conditions for producing OCI, a
chlorine-oxidant. Experiments were conducted by changing the type of anode and cathode electrode, the type of electrolyte, the
concentration of electrolytes, and the current density. With Ti/IrO, as the anode electrode and Ti as the cathode electrode, OCI”
production was highest and most stable. Although OCI production was similar with the use of KCl or NaCl, NaCl is preferable
because it is cheap and easy to obtain. The effect of NaCl concentration and current density was examined, and the OCI
production rate and concentration were highest at 0.75 M NaCl and 0.03 A cm™. However, considering the cost of electric power,
OCI production under the conditions of 1.00 M NaCl and 0.01 A em? was most effective among the conditions examined. It is
desirable to produce OCI" by adjusting the current density in accordance with the concentration and characteristics of pollutants.
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Cl, + H,O <> HOCl + CI' + H' (1)
Cl, + H,O < OCI' + H' )
2HOCI <> CLO + H0 3)

W% W, W39 7, A39 14, pH, §99 2% 52
Ao ASHE BRE0E B AT Fe AXSolt. A
= F AR A2 ASA itEE 508 F83% FAR
wolslo] gt} Aol AIY o] §EHE /= AT
4HE BHAsH &84 A=(dimensionally stable anode, DSA)
of tiet B A7t o] FoIA| L St Park et al. [16]2 43}
W9 FR, NaCl 550 BE A4A AT B 5 S
of tjs] 115l t}. Lee and Park [17]2 AFS} A=0 &2 ALE-
gt Ti/RuO, A9 T2l og 4 FA 540 dish &
5FH . Kwon et al. [18]2 Ti/RuO,, Ti/lrO,, Ti/PtO,2] A5}
A3 AFBSol olist Q4E 4542 BUIL ATE
Aottt TEHO T AR E B84 HIL Hald 71-6}111
Fg/dol wot AaA AtekA] AJ4ito] Agtsirial HiE I
TH19].

g AFoM = AlepA] ABAE Al &9 271 &Z3fell 28 =

% gl A= FR, A FFY 5, AR 4k 59
YT FetA stk E9h AuHEY OCr AJAE et
OCI PArS EAste] BAIAQ 24 245 2AskaAt st
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A3 AASHAl OCIZ A4tstz] §1sf 1 L 839 of=d 7]
B3 932 E AR5 cH(Figure 1). Ad A= A7 B3
vhg-%, A=, A2 WHEZ|(MSH-20D, DAIHAN, Korea), A

338 DC power supply (GPS-3303, GWINSTEK, Taiwan)Z
ZAEo] 9tk o= d 7| B ¥tz n|zAu} HpAoZ
W 100 mm x L 90 mm x H 250 mm2] F7]o|t}. A=ZS AHQ]
T 5 =S HRSR YR 3709 E2 1 mm HEoE W
o A9 BL uldE H1E ol gsto] gog Eatel] ¢
o wFerol A oF 2 em Folo] TS,

212.8=

AT AAE A AF 3Z(Ti/RuO,, TiIrO,, Ti/PtO,)
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Figure 1. Electrolysis device.
Table 1. Summary of experiment conditions
Parameter Experiment condition le.e.d
condition
Oxidation  Ti/RuQ,, Ti/IrO,, Ti/PtO, Ti/IrO,,
Electrode ) Ti, Al, )
Reduction 515 304, SUS-316 T
Electrolyte type NaCl, KCl1 NaCl
Electrolyte 0.05, 0.10, 0.20, 0.20
concentration (M) 0.50, 0.75, 1.00 ’
Current density (A cm™) 0.01, 0.02, 0.03 0.02

SUS-304, SUS-316)(Ganatech, Korea)Z W 70 mm x H 150
mm x T 10 mm Z7|= 2 A& stlct. 48 A=2 2% Ti
A Ru, Ir, Pt =X35}0] AZEATE Rugt I 2 um O]
A FALE, 9 layer o]0 E TRETE Pti= 2F 0.5 umS]
AR =ExEAT. g A2 Al SUS-304, SUS-316& U
ANi)of| TR o= HHo= 2=t

2.2. ™ol AMSEA| OCIe| A4t &[5t

A&t 7] &3 WeE2E ol-8sto], A3 AkstAl oCre
YArE HAD 6] flste] A9 TR, AdEY R, A
Aol F% 9 AF Yo PAE HSE HAA ST (Table 1).
Al@F2 NaOCl, Sodium chloride (NaCl)@} Potassium chloride
(KCZE Merck (Germany)©f| 4] reagent grade ©|AFQ. & Fujjs}
of ARSI 89 FEE FASHA FAISH] Al A7
29 W8 thof w1 vhE Fstel Ael IlolA o
150 rpm9] &&= 2 WIS}

ol

2.2.1. OCIe| =& Mol chst =9 Fet

AFs} AFL Ti/RuO,, Ti/lrO,, Ti/PtOyS AHESIAT, Y
A= Ti, Al, SUS-304, SUS-3165 AM&519t}. Akst =3t 3
A AF9] 30| w|x= GOl sl Alzke] what A=

AFSHA] OCIE 53) ERlet3ict NaCl 0.20 M 7] £3ff uF
Sz EQI5l0] 0.02 A cm29] AE WE g 7] B2 A4
stolch A2 Asfdol o5t ocre] Hdf AYAkgo] opd %
7] B4 &=l 2HE 9ol 3023t AT

2.2.2. OCI" =X 410 CHEt HMchEC| St
A AL NaClz} KCIE AHE-51It NaCl 0.20 ME A 7]5&
o B2 R0l EQJ5la] 0.02 A cm?Q] AR YL 3087 A7)

2.2.3. OCI 5= 2 AH| Mg AAE|= OCI0f| MaHE 5=
3 HF LI OIR = B
NaCl %X 0.05, 0.10, 0.20, 0.50, 0.75, 1.00 MZ H3}A|A
A7) BolE stk AF WEE 001, 0.02, 0.03 A cm®E ¥
SHHT Aol 5= 2 AF deet oCry 5% ¥ 4H A
g BAE OCr 7he] A A of dis &Rlsttt. OCro|
Fw5] A= o] Zo}E= 608 S A¥S AASHAH

2.3. 24 U

OCl ‘& £4-2 UV-spectrophotometer (Optizen POP, Mecasys,
Korea)Z o]l 292 nmo] mpgolA ZAstich A% A
Sodium hypochlorite (NaOCI) -&(4%)S o]-&s}o] OCI'Y| A
A4S Akt ST S0l 4% A(Quatz cell, Hellma,
Germany)< ©]-83}31th OCI 3]4jo] AL83t B2 33} ZHSE
o185teit.

thokst Akt A=H(Ti/RuO,, Ti/lrO, E Ti/PtOy)T} 3+ A=
(Ti, Al, SUS 304, SUS 316)2] g4 AsfAE 0.2 M NaCl
S AFESFRE o AARE Asf ASHA oClY] sk Hsker %
7] A £ 52 Figure 29} Figure 30 Z=AISHT 308 59t
A OCl BEE Ti0, A9 3¢ &9 d3o) E7<}
BsHA 1,370 ~ 1,480 mg L'0] 13, Ti/RuO, 39| 7L gt
2 AZo] TiolS wwt 1,160 mg L'E tha WA YA
Y AFEL 1,240 ~ 1,390 mg L'o] . ¥bHof Ti/PtO, A
29| A9 AAE oCl BTt Y AFo] wet 860 ~ 1,070
mg L'o]9ith

308 B B OCI At == 8 H2o] et 73
1A Ti0, A=} A% 46 ~ 49 mg L' min' 2 AR,
Ti/RuO, HZ0] 9% 8¢l o] Ti Y uff 41 mg L min’
Z o A0 g tha W LS Alsta ymA A=
oA oF 45 ~ 49 mg L' min' & FAFSHICE WO Ti/PtO,
A=) A9 gl A=Y FFol wet oCr it =71 17 ~
36 mg L' min" 02 oh2 AMS} A0 OF 35 ~ 78% O
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Figure 2. Time course of hypochlorite ion (OCI’) concentration in
the electrolysis by anode electrodes. (a) Ti cathode, (b)
Al cathode, (c) SUS-304 cathode, and (d) SUS-316
cathode (Electrolyte : NaCl 0.20 M, current density : 0.02
Acm?).
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Figure 3. Effect of cathode electrode on OCI” production rate. (a)
Ti/IrO; anode, (b) Ti/PtO; anode, and (c) Ti/RuO, anode
(Electrolyte : 0.20 M, current density : 0.02 A cm™, time
: 30 min).
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Figure 4. Effect of electrolyte on OCI production rate. (a) Ti/IrO,
anode, (b) Ti/PtO, anode, and (c¢) Ti/RuO, anode
(Electrolyte : 0.20 M, current density : 0.02 A cm™, time
: 30 min).

A3 o EEo] B AFE0IA NaCl B} Tha: w2,
TiRuO, B8] -9 NaCl A3)do] KCI o)z} ] ws}ol
SABAL Tha Witk SRR TUPO, A3 A9ow
A3 5:50) OCr A4t $E5 HolTh M8 Aol wet
229 Aol YA, OCT ko] ALgE = E7o] Ha
Ho) gL lujseint.
3.3. OCI AM0|| DIX| HoHE SE9t HE LEO|
AS A TURUO9F B9 T T AH85H
1

=T 0.05 ~ 1.00 MY o A|7Ho] W= OCI

T OCre] 2o A4t 5ot 27] YAt £=E Figure 69 =

AJ5tATE WA Hrt HeSE, AF 4t ISR
OCI B4t 557t st fAE = B3 skol HEA &g
Stith AFE WL} 001 A cm? 2 3 AN HE 5%

o] TEsl= AJ7EE 0.05 M NaCloj|A] 9F 3580]91, 1.0 M
NaCl oA= B9 s=ol =gstA 4ottt A/ d=rt 2
Z7(0.03 A cm? )OA BE Fro] EEsH= AI7HS 0.05 M
NaClo| 4] OF 2080]9]a7, 1.0 M NaCl oA 408 o4} 49
ik

604 Bt o OCI" A4t 5Z+= AsfE NaCl 527t F71
Sho] we}t Z7FsFqith(Figure 6(a)). 0.01 A cm?9] X AF
2= stoflA Ho| A s=E A B 0.05 MofA] 590
mg L0911 A s=rt S7Htol wet S7kste] 1.0 M
NaCloj| 4] 2k 2,58 27135} 1,500 mg L7472 Z71stict. At
Hog =0 A= Wizol 003 A cm?oA Hf sl Asd
&% 0.05 MOJA] 863 mg L' 0|11l Ajd H& Z7}o] what
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Figure 5. Effect of electrolyte concentration in the different current
density conditions. Current density : (a) 0.01 A cm?, (b)
0.02 A em™? and (c) 0.03 A cm? (Anode electrode :
Ti/IrO,, cathode electrode : Ti, Electrolyte : NaCl).

0.75 M7HA] A@AHo g Z7lsta] 7 2 5=l 2,880 mg
Lo o]2F]c}.

%7] OCI A4t £2+= Al =7 S71etel et 0.75
M sE7HA] A9l AgH o= F7loto] Z42te] AR dxet F
#5A 0.75 M BEo|A HghS Y ch(Figure 6(b)). 0.01 A
em?9] $2 AR Ir slofA A S A BT 0.05
Moj|A] 24.4 mg L min'0] 3 M)A s=7t S715tof wet
Z7}5ke] 0.75 M NaCloj| 4] oF 1.94] Z7}5t 46.1 mg L' min™
A Z7VetAeh A E oz 2 AF DxQl 0.03 A em™]
A A &5 Asd % 0.05 MolA] 60.4 mg L' min'o]g]
1, Ao 527t S5t waEt 0.75 M7HA] AgEo g F7t
sko] oF 1.88] Z713F 111 mg L' min'o]gth.

AR 4= W] o AvjE Agd P4kE oCre] &3
A F&E Figure 791 ZAISHH. OCI AJ4AHA] Ti/lrO, 413}
A= Ti 8 A= 24004 NaClo] 5% E AF Wrof o
g E2EE AR AYE S5k tH(Table 2). AR= 84
22 0.01, 0.02, 0.03 A cm?9] AF WA 27} 2.1, 4.2,
6.3 AQItE OCI A4t g2 AF D=7t S71ghol ot A
skl AsfdY skrt SRS 1 @42 FEHFAY
(Figure 7(a)). £ A72] A9 2AA HF U= 001 A cm”
I} 1.0 M NaCl A8 oA AT 582 3.6 mg L'
Wh'oZ 714 &9ich 22 A7 UxojA A4k =82 A3
d sxo] B2 IS g, WF UE 0.01 A em?of|A A3
A e Hed F=7F 1.0 MY o 0.05 M H} oF 5.64]
71519, AR WX 0.02 A ecm oA A F8-2 A =
T7F1.0M (28 mg L' Wh') € mf 0.05 M (0.26 mg L' Wh')
Hoh oF 10.8 ¥ S715F9T 0.03 A em®9] 2 HF Lo
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Figure 6. Effect of current density and NaCl concentration on OCI
max production concentration and initial production rate.
(a) OCI" max production concentration for 60 min (peak
value) (b) OCI initial production rate at 10 min (Anode
electrode : Ti/IrO,, cathode electrode : Ti).
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Figure 7. Effect of current density and NaCl concentration on
production yield and maximum OCI" concentration. (a)
OCI production yield and (b) Maximum OCI (Anode
electrode: Ti/IrO,, cathode electrode: Ti, electrolyte:
NaCl, time : 60 min).

Table 2. Measured voltage and current by electrolyte concentration
and current density during electrolysis (Anode : Ti/IrO,,
Cathode : Ti, Electrolyte : NaCl)

Voltage / current (V / A)
Electrolyte Current density ( A cm™)
concentration (M) 0.01 0.02 0.03
0.05 73/2.1 10.3/4.2 12.3/6.3
0.10 6.4/2.1 6.7/4.2 82/6.3
0.20 51/2.1 5.6/42 6.1/63
0.50 33/21 4.1/42 49763
0.75 32/21 3.8/42 56/63
1.00 33/21 35/42 45763

M YAk go] A =7 1.0 M (1.3 mg L' WhhH uf
0.05M (0.02 mg L' Wh') Bt} 2F 6.8 v} Z7}5}0] NaCl &7}
o] & JAEE Z7FEo] A4S Y OCl vE= A
F E4Ert 7Kgl wet Srtskd o, dajde] st 571
gholl w2t Z718 % th(Figure 7(b)).
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P @ol H=t 2 A Ao TY A9 IdTFS
uju|sielom, OCre] AJ4ito] 9-4=3t Ak

Ti/RuO, >> Ti/Pt0,9] 4

Ti/RuO,8} Ti/lrO,2 F4&

AaA 4AHeHA] BEgof| =2 AMEE=H|, Rudt g E3sto]
AASE 2oz OoCl A E8L /MAsH = sHH23).

Ti/PtO,2 Ti/RuO,T} Ti/Ir0,0] H|5to] f4 ¥HAY At
o] Fo} @4 YA HEo| ¥ ACE HIHI =Y £
AT Aztel & ARt} HH Ti/PtO= AJAE +&0] ¥
o] §ksto] IpAQto] R wiiEof $=go] 71 Axo] Ut
QtTh[24].

AFeE M= Ti/RuO % Ti/lr0,9] F-8 ¥4 A B&of Higt
= ARtE Aubso] Qlt} Kraft et al. [25]19] Ao oJ5}
H 88 F49 A £ = TilrO,, Ti/RuO,, Ti/PtO, 0],
e FAF A9 (Linear sweap voltammetry, LSV)O. & =73t
A7) &S ZEg32 Ti/lr0, A=o] Ti/RuO,et Ti/PtO, A=
of ®ste] 7] wiol Tilr0,9] F& A4 Ak 580 ¢
S-eotkal ghh26). BFHO TiRuO9] -8 F4 ABAksol
Ti/Ir0, Bt} 535ttt H1%E Qth Luu et al. [27]9] A+
o 95t Ti/RuO,9] & FA AAto] ojA AF &L
TVIrO;, Bt}h S5t ged I U2 A= AR 419 Zjo]
2 FHo1th A4 A4k 582 EEHORE AT A=
Ti/lr0,0] 511, d ZHH o= AZgt A=-2 Ti/RuO,°|
t 95 TH27].

2 AFollA AREEE Ti/RuO T} Tillr0,9] A& 4ks} A=
L Ti 2A9] Rue} IrE E3xE5to] AASE Ao 2 Tillr0,9] |
4 ABAF &0l Ti/RuO,O| HIsl| tha: 953t o] 59| A+t A}
oF AA7}

S A2 Ak} Ao HlsiA] A o= OCT A4kl QL

o] & X}o|Z& Ho|z|& Y9It} Figure 3]. Ti A= K Ao of
o
o

rl

e
AHESHH, Al A2 7] B4l AEo] & o=
0= A7|H Aol @i FAlo 7t /o] 3l
=+ Ti/PtO, 3} 3 A= Al9] %
ghel A=) 7ol o= dAto] IEE o] AY
FACHFigure 3]. 2H|Q1=]A H=H(SUS-3042F SUS-316)
FAof gk E4do] IA|NE SUS-304= H4
o] =t} SUS-316& SUS-3040]|4 Q1(P)9] H|&
BEI(MO)9] Hl&& S7HAA 4ol oist &
AlZ] AZFo|th29]. Wang et al. [30]] 25}
Ao] o5t HAGS 7R SUS-316 M2
A=082 747k AMESHIE o OCl AJ4Hs9]
A9k CIre] 5%7F Eobd45 SUS-316 A=
o] Ti M= Hr} FAlo] § XPHrt s}t &2 AFolA=
OCl At &L Ast A=o & Ti/RuOT Ti/lrOyS A3
I As&o] NaCl ¥ wf SUS-3160] SUS-304K T} thh 945}
R, Asjdo] KCl Y wj= [i 2 SUS-30471 SUS-3160] th
A 923519 ch(Figure 4). A8} Ao Tir0,Y wj Y A=
SUS-304%} SUS-3169] OCI" A+ &-g&o] Ti Y A=} Xjo)
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7 QA Gaol O R4 OCT BASS FFHOR
JEsto] g ASS Tiz AAsHT Figure 404 OCI A
AL = Hot Al M50 ¥ g2 9 Weken,
A H=9] FF2 v]sk3lt). ol Aksk A= Ti/RuO,2t A 3f
A 2M NaClojlA B4t |8 d4 AAFo] gl A3E
(Carbon, SUS, Ni, Ti) & Ti7} 7P <5t A 9t 3+ A=2E71
of o]t AL A Ponzano [31]9] AT Aok GAI.

Asd FFNaClk KC)7F OCI AF4to] w2 JaF vl
1] 5} G th(Figure 4). Jeong et al. [32]9] Ao A= Ti/lrO,3} Ti
2 27 got A3 Y ATOE ARIAYS B AN
NaCli%} KCI9] HOCI A84tof| w[A]&= FFS Atol& HolA| &
Stk 2 ATOINE Nacle] A 43 AET 4 3ol
ZBAACIAL Ag ARGl HiRE AEA AFRZo] JoEg KCI
Hth NaClg = ARESHITH

Figure 5 ~ 704 Hi= H}o} o] Hsjd w=el AR U
£ OCI A4to]] w2 JFE mA = 583 QAAolot. Asha
9] L7t 255 Adf A o] 0] gorug HAO] o]
ol EdelA A7] Eof £t WAy, AF =t St
¢ #2439 g wUA st ARsL 2] ocr

o Ua, M= ®H| 24 o]2o] gEEo] A9 &
HS £Y & AUtk B3 AR 9=t Y& =o¥ YL
Qe Ago] =olA A7) £l &E&0] AAT = Yot o
ZhA OCIel 554 P4k 9o Mofd 5ot AF Y
237t Zasi

Figure 6°]4] Hi= v} o] Ao =7}t S71gol et
OCre] skel Pik&ert Ay og F7kehA|l= okt A
= 257} 0.03 A cm? Y o) NaCl A&f& =271 1 M B}
0.75 Moj|A & @2 OCro| AJ4t=|qlct. &9 f Hsjd] 5
L7t ZoAH & U A[3Fo] FastHA 5 ol Ers
2 A 7|27F A=9 2| e, 19 wet §HS HA
o] ZasHA E= B 4ol AT ¢ Uk §35] £ A+l
Al ARERE At 22 W Au iAY] 7] Eelle Aol a4
7127} €0 Ao o] AT 4 QITH33]. CzametzkiQ}
Janssen [34]°] oJstH FHAFE NaClz 7] &3fsto] OCI<
A4kstAE OCro] F7tetHaAl & W 4k4a9] vl &% F75HA
HH =2 AR DA ARR9] Blgo] A7t 5T, Ald F
7he pds 0] R9] FTHE SRS whizo]l Aoy MR Uk
7 UE =00 A= W £ @] 85 7KE3 E =

Asd F=7F 2 2702 ~ 0.5 MoAE A7 2= 5
7kl W& OCI A4k 29 74 Fo] Ath(Figure 7(a)). ©]H
g A Aol T B2 A8 AR 49eE STHRIAR
g | CI' o] o] BE3l0] OCI'9 At g0] ©il, A&
0] 0.75 M o]49] sk ZHA= B d33]2= <l
2E[E Ag tjH] OCI A4k B&o] WolR|= 2o & Hlth
Figure 7014 & &= Sli= "k} o], &H] Agd OCrel 4k
FE&2 AR drrt 355 A)dQ NaCle] =27t =25

& S7 ok W, Adsf 4] OCl 5w AF 9= ds)

mO

R
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Ao] Hrrt F714E ZU1Ri A oCl 527t 584
2 09 BA AA |eldt, ol2 47] JHAE At &
o] Yo 1AF Ax FZo|A Ao st} Hhdo] Pit 5
&2 A fXEEY AdF 9xo] AN HstoioF 5}
£ 0Cre] &7t Wot 04 B2 9] A7} Aste = 2A1-
o] Qith. ABHAIQl OCI AR 913 AAHQ 24 2L (1)
AR Aro] 27004 A FEg A KA (2)
7 A=) OCl A 83 OCl B8 42 4 &= 5
F UE(0.02 A em?)o|e}. oS B9, FHF TE©0.02 A em?)
oA Hsid Sk 0.75 M NaCIZ - ¢ 4H] HEd OCr
o] At &3 A OCI H== 742t 2.5 mg L' Wh'} 2,400
mg L'tk 99 B49] F79} ko] wl oCl APAHS et
22 oA 242 9 £ 912U 2, Figure 7(a)2} 7(b)2] FH
24 o4 242 AAsl=d /85 &]3 4 Stk

B A7R9 old T35 AP 7o AYES
o]0 TRt oFA) VOCs7h As) AtsHA] oclol o8 &
HH oz AALS Bustolch AAET A8 ASAE A8

A A FAlCl ASAE = & Aol AAl ¥F

oAM= 71 FU=EE FFHA vOCse] F7 3 =0t AlF

2 TFsle] Hrjrom e A% UL 2 e A Sk
o 2AA AASKE Aol BEAY oIt EF TE T
o a4 ok VOCsE OCro] 717 w2 ol A4
P 2AA A7 Bohg AAlsHe Zol Hhesit

B AL AR ¥HgT|oA BARE o] AAEge.
o, @ e A% DEolq Ade] UAHgth ety
E2599 24 242 44 B4 At Bgo] &
b2 WA olck B3k W] Bal WgE Y OCI ko]

d

g Selstely] WE], 0F B2 fol et s

£ A et s B AW 2Ag
1O A A1) BRI wiEHE k4 VoCse] 2§
SH @77k #712 ALY, 4§02 OIS B4 %
AL Y VOCsE HEHOR AAT 5 U Aoz

LS

.

4.2 E

B AFoAE ok 2 VOCs AIAS A3t Asf 4kskA] oCr
9] & AA2AL AL, F8 A o33 Lok A
st A3 o A=Y 28 Bl A7) Bl TVIO, Arst
A3 Ti B A9 oCr A4 sEo] S ERIsHA
o} Asfd FHol| 93t oCl A4t AFAT} NaCld} KCl19
OCI BAts2 Y T4 & Ao]& Ho|A] Y3ttt oCr
AR 001 ~ 0.03 A em?9] AF &L} 0.05 ~ 0.75 M
NaCl oA dofld st M7 Wt S7igol ot
Z7F5F9 L, 0.03 A em?9] AF oAM= AsANaCl) 5
T 1.00 M 2t} 0.75 M NaCloj|A] OCI' JAbso] o 24519

T} 15 9] NaCl9] OCI AJAHso] Zrast AL HFof =4
7127} £o] A9 HHUAHE Fol= B o= Qg Ao
2 F&dth ocry FHd Ak £x9t s AFUE 0.03
A em”¥} HE B 0.75 M NaCloflA] A& 5= It 4H]
A 0Cre) A2 0.01 A cm?3 1.00 M NaCle] 24
A 71 oA @FolA OCIE AJAsk=t] QLo
o}/ VOCs9] 4 vl & sk SOl wet AAE S A

e Tejshe olHel Lol Wag ol

d At

2 A3Ee 9450 Ao BERLrI&A) 47
A7 §3714 L Ade] Age Wop A7 sy
(2017000700002).
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