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8 FE PUFRERIAE (atrazine, ATZ) S5 HLAS ORI B R A P RV XS 7K AR 2 A sy, HCmT i v A2 BHAR SR AL R
HABEMEAD . ARFK T ATZ A= B a3 . RBFE S RN B4R, DL 2 FLAK M R SE4 il %5 Ti/RuO,-IrO, .
Ti/PbO,. Ti/Ti,O, Bk M PHA , FF I AL 2= B AR A fh K b ATZ B9, 43T T 3 ek 190 BE AR 35 1 205 4 RSB AIE A el Ak 2
AE; FLECRNPRAL 3 FhER IO FHAK AL 2 RE A ATZ 0% . WA DL (TOC) R [V RERE; B4 T RIS .
ATZ WA BT EMR BE . W WRD 46 pH 45 SN SO0 ATZ FEFRBCRIE R s TRIT T ATZ H A= R fige v 18] 7 1 B S5 v it
o B EY]: TYRuO,-IrO,. Ti/PbO,. Ti/Ti,0, Bk M FHAK 2% If 1% P4 73 52 80% . 95y, HA T & d i TYTi,0,
(2.4 V)>Ti/PbO, (1.98 V)>Ti/RuO,-IrO, (1.48 V); 3 Fhik M FHAK B b2~ FEH A1k ATZ JUREEH , ATZ WREAR R A7
i TOC £ B3R5 W] 85.45%~96.3% FI 48.7%~69.8%, H:rh Ti/Ti,0, £k M A X ATZ Fil TOC 2= [ &0 ik 96.3% FI
69.8%; 5 Ti/RuO,-IrO, I Ti/PbO, AL, Ti/Ti,O, FEMERSF, RIVAERE (221.4 kWhkg™") 8K ; ATZ Ha Al Ff b
HLT A I R TH . B ATZ WIhA T e B R is pH OIS RMIFEAR s 7K ATZ F Ak~ #R =1 A(CH N0, m/z=
198.24), A k840 B(CH,NO,, m/z=214.22). C(C,H,;N,0;, m/z=216.20). D(CH,,N,0,, m/z=187.20). E(C,H,N,0,,
m/z=146.07), F(C;H,N,O,, m/z=162.07) ZE[al ;=4

KEEA BURERDE; kAl BRIMBEEL; BERRACE; ROV

BRIV (Atrazine, ATZ) J&—Fh V2R AW AR AME =80k w5], BAT A Fastkese .
R mishtE . (A AR e R, S MR RS B KB AR T K, JEik £
RN, HET, AZT fE2ER T E AR 225058 70 000~90 000 2! A1 1 000~1 500 ¢, FEHbFR
K. MK FITFAIBUKIIKEE . W0A . . DLz b X A k) 1 H B AR A . ATZ 3R B35, i)
n, M [ARGEIAPZE 54 2010 4EEA T 3EE 153 MK RS, 455858 80% MKEEh &4 ATZ, H
W 65% HIKEER ATZ W&t T e ik B 3 ng L' ZERRI, BIFZE A5 2010 4EMA 23 ANRKM
ERWEET 164 NMHTFAKEEAR, KB ATZ ZEH WETE52 —5; GENG 50 iff58 1 b B R E 22
oS EWTT R TR RE GG, MM T Kd ATZ B9 H 253508 97% F1 89%.
ATZ BA AR BURTEAEEYE, g R, FEpE a2 e s it sy sgmsE kI,
W, XING ZEU2 B kB, ATZ 257 S0 K DNA B9k, JEgERITHE AW ; HAYES 251 84y T
8 N2 ATZ 154X T kA KABOL, KR 92% AT REMEAR BT H, DNANIIE S MBI ARIESR . It
Hb, ATZ ATLUGEAIIFI | R RREEAAES NS e, BN E SR, S RN RS,
WAEYE PEEMFUIE) KEEM, $TF ATZ WWAESIMERNGE, LRI RS ] fEi5 Yt ™
KA A SARSeA2as s BEA EH R T ALV S, C R8uxdi™ . hERYE (HFKIREE R RhriE )
(GB3838-2002), BRiil ATZ FEHFRAK P A K SRV N 3.0 pg L' AT 0L, EFXIKIAEEH ATZ 56
MU 2R B R

A E AR A B AL . RIS YIG . AR . R . BRERA i, mH T
KRB BRI RBRITE . FAb R R R F A S A MERE SRR 2, Ti/IrO,. Pb/PbO,. Ti/SnO,-Sb. ]
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$B224NI4 (BDD). Ti/PbO,. Ti/SnO, %5 Mk B8l 7 H T Ak A LB ATk FhBR BRI At o 20
fan, TRAN 250 B Ti/PbO, PHAL MK T 16.9 mg- L™ BB HBEAW, ERM RN A RV 173 min,
B R R R R IR 95%, IR B HLER (TOC) 2 BR80T ik 90.31%; ZAVISKA S 435l H B
Ti/lrO,. Ti/SnO, BHI MK ATZ, K TilrO, FEAEUR I, 75 2.0 AR T, &I 40 min )5,
ATZ FEfRREIR 95%. WEIL %" DL Ti/SnO,-Sb K BHAR KK H 60 mg L™ N R, TEFLIRE BN
20 mA-em >, pH=7.2 MM R, O 1 h, SRR 98.8%. SANTOS %" H] BDD FHHk
Wik 1-44-2,4- 528 (DNCB), 7E pH=3 Iif, DNCB #™{k#%ik 62%, SR, HHEIHGERA RS
WRZ IR TE RIS CREI . 8055 IR, Ay, fRoEt:. AR a1t

B T-H A B ety 2L DR E5H , A B P m i Reve v . St S A iR, B
wn, BRI LLTi,0, MH ARG R IR R S me L VUSRI, FERACSAE TN 120 min f&5 PUER
Z AL A SRR TVETR TOC 53k 3] 97.2% H1 76.8%, H. Ti,O, BALFIE VIRV EFE (121.5
KWh-kg ' TOC) i F KT FEHR Ti/Ti,0, FHL (271.3 KWhkg™' TOC); YOU %2 [fIZ 4L PbO,-CNTs FIF-
M PbO,-CNTs PR X EIEAR RS, ZBZFL PbO,-CNTs XXHHFRE Y LBRFN 96%, TOC [)Z:
BRFN 72%, 535 PR PbO,-CNTs 4255 T 9.6% Fil 14.5%. TANG %52 45 T 2L Ti/BDD HLHAIT-H
Ti/BDD L #EATXF U, 455600, Z4L Ti/BDD HLHL A HE 4 Ti/BDD Hi i 2 30 H B8 A ity Hi 3% 4 T
I, AR SR AR T 2 B S S R . E RS B T2 Lk IR H k2 SRR R A f 7k
i ATZ BIACHSE

W, AHFFEAUTTRE Ti/RuO,-IrO, . Ti/PbO,. Ti/Ti,O, £k M Pk fa Ak 2 E AL i A bk b ATZ 2%k
FIPFEARRGE, 0T T 3 FINE BRI FHAR R S5 AR R AL A AR s USRS T 3 FhERIIBHAR HL
AR ATZ 0% . W TOC LBR3E. [ONRERE; B8 TS . ATZ WG | I PIih pH 55
RIBHOS ATZ BRI ¥RIXT ATZ Ak ARef el = R W AR, DI A2 SR A AR AR
FBK ATZ A PSRRI 250 SEPRI R S
1 MRS HEE
1.1 SCIewhY

SIS FIE AR I [ S0 B 80 AP 4 SR A FRAH . Ti/PbO,. Ti/RuO,-IrO, . Ti/Ti, 0, Bk M Pk it FL R
¥IE 1~4 mm, Ti/PbO,. Ti/RuO,-IrO,. Ti/Ti,O, £k FHMII LI MM, 3R L TIRER  $4
P AR i, AL 8 emx12 em, JEH 1 mm, BFA 1 emx3 em 44, ATZ(CH,,CIN,
SIHTEL, 99%). W (fifal) . IR (el HAb (3Hral) B i pe 2 BUM RIW BTS2 03K,
A7 R E R R AE A R A F
1.2 S5

HALZ LR AR K T ATZ B9S2 E AN 1 R, 403lLh Ti/RuO,-IrO, . Ti/PbO,. Ti/Ti,O, AEKIH
PeBARL, DAEKIMEAME, LI 8 em. %% 1.2 cm. &5 14 cm B HLIEIE N RE R 0 2%, B RIBA i e
RN ga Wi, SRS B HIIE A . AEiE
frofbsf AL ATZ SCERIE, g iinA
12 cm & 19 ATZ %W A1 30 mmol-L™' A9 Na,SO,
HLARIRIA, 30T 0~90 min NHLIRRE . ATZ ¥)

TR EE | OOIHG pH AT ATZ k2 TYRUO,-11O, |

W% . T TOC RIS RO, |

1.3 HHEE s
L W% T 5 46 40 1% T T 2 4L BCR S ZEISS

Sigma 300 4 LT fil5% (SEM) #7538, .
HEHE RN 10KV, S9ERHK 2290 eV, BRI fem 1 mm

YRR B R A Rigaku Smartlab 5 28 i1 5 4Y 1 BUFERKD ATZ REZEE

(XRD) AT, ISR 5°~90°, FHEHE Fig. 1 Reaction devices of ATZ electro-oxidation
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1°min~', HLHCZRMFIHEIZE (LSV) RA L T AEuS (Chenhua, CHI660D, Shanghai) s, %t B R
(2 PtH, SR AR ATH R . BRI E AR AR X HE8otim TRk GEE
Thermo Scientific K-Alpha, XPS) #4734, A Al Ko 12k (hv=1 486.6 V), HEHE 400 um.

ATZ J5t 2 e 5 38 2o /o A80R AR 21854 (Agilent, 1100, USA) Wizt . 3% 4% % F] WondaSil C18 it
(250 mmx4.6 mm, 5 pm), HIRIEEN 45 C, FEMEEFRKUARE A 70:30 BIRATENRSIHE, HiH
9 1.0 mL-min™", KA 225 nm, FEFERR 20 pL,BE TR EEPREIN LS BT ATZ BORREE . il
A ML %2 {2 (Shimadzu, TOC-L CPH, Japan) 73 #r#% & TOC &4k . ff H pH it (FE20K, Mettler-
Toledo, Switzerland) MW pH, it 10% H,SO, #1 1 mg-L™' NaOH ##75 pH.

ATZ Fe LAk R v 6] P4 5% P s oo (3% = E DUAAT BRI B FH R 48 (HPLC-MS,  API3200,
Applied Biosystems, USA) M7, (it h: @& Arcus EP-C18 Column; JihtH A: HEE, Jish
I B: 0.1% WK, AR 60:40; Ji Ky 0.7 mL-min™', FEEJ 35 °C, #FEZAR K 10 uL; Fiigss
P SRS 25 ESTIESFAURE, FERN 50~1 0005 RAZ NN (MRM) #iX; B4
R AEFLE 5 3.3 V Ml 35 Vi B FIRIREERIBEA TSR /351 120 °C 1350 C; B
TAEEFLS (R0 500 L-h A1 30 L-hh, MAEGRER R, S5SMNALAERE, 0 ATZ fik
RS

H b SRR ATZ BIRERERIEE 255 1 ke TOC FHlFERIRAE, MR (1) P9 4,

1 000Ut
E=—cy 1)
K. E WAEFE, kWhkg's U NHLIE, Vi TNHITR, A; ¢ FINEE, h; C NI t MR TOC £BR
i, mg LT VORI, L.

2 HR5TL

2.1 3 FERRIBAMRRAERAZ

1) 3 FhEk M BHM R HIE A FAE . Ti/RuO,-IrO,. Ti/PbO,. Ti/Ti,0, £k’ FHHL 1Ml SEM 445 R
B2 Fi7Re 3 FRERI BEAR B TR 2R R I S e T 7 5 2 FL R ST . 80, VA s gcmnimlpet, Hop
Ti/RuO,-1rO, Bk PR T T A, FAre /s 4/ N EEE, BRI RASHN RS R/ANR— (E 2(a));
Ti/PbO, K FHAR 2 17 Fh AR A (%) Aok S RO A, A AT R B S () DU T 5 R R AIE , ORER R 58
# L ARERAIE (K 2(b)); Ti/Ti,O, kM BRI S EARRGE | M RS RS, BAAEFE R
RN —IFLIE, WA B 2EE (K] 2(c). REIS A AR N, 3 FPEK I FHM % fi 2t s M2 ok ot
YN GE 1) HA, Ti/RuO,-IrO, SkMBHM R ) EELAMotE N O, Ti, Ru Al Ir, HJEFHE S )
4 86.07% . 2.70%. 9.08% FI 2.14%, ViHHE R IRIZM B EERETAER A Y. Ti TRk NS
SEM I HhSEE A FAEAIYI A, PTRESE R TR I IR E A KIIS] . Ti/PbO, Sk BHM R MY =2 A4St R
7O, Pb I Ti, HIFEFER SR 75.21% . 23.97% F1 0.82% . FAMLEEI Ti M EEEZRAER L, K
538 PbO, T, KR TTBERI & Ti/PbO, M IGEETG R & . BT masiaxfy . St R,
Ti/Ti, O, Bk FEARFe 1A i) = 2L oe o O M Ti, HJEFEGE a3 75.09% M1 24.91%, Ui HR R

g i

(a) Tl/RuOZ—IrOZ (b) ;Fi/PbOZ (¢) Ti/Ti,0,
2 Ti/RuO,-IrO,. Ti/PbO,. Ti/Ti,0, $kMIFHLK SEM &

Fig.2 The SEM images of the Ti/RuO,-IrO, , Ti/PbO, , Ti/Ti,0, titanium mesh anode
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YR Z R S SR BRI AL . XRD T4
WK 7% (P81 3(a)), 3 FbEkIo) BB i P2 43
BRBERERG , FUP TYRUO,-1rO, kW I T (9717
YN 5 RuO,(JCPDS 65-2824) il IrO,(JCPDS

% 1 Ti/RuO,-Ir0,. Ti/PbO,. Ti/Ti,0, FAMIAK
HR TR

Table 1 The elements content analysis of the Ti/RuO,-1rO, ,
Ti/PbO, , Ti/Ti,0, titanium mesh anode

88-0288) PMENTHTIENI E W) &5 Ti/PbO, B FHHK KIS BRI TE REU%  FTRUR S %
R AT SN B 5 PbO, bRifEfis ST gfr B & 0 48.56 86.07
(JCPDS 65-2826); Ti/Ti,0, £k P i (9 17 5 I 14.50 214
Wl B 5 Ti,0, bRfENTHIEN B W) & (JCPDS 50- TR0 0, 237 0.08
0787). IAb, Ti/Ti,O, EKIMFHML T XPS FRAEL N is7 270
. 1 . .

(F 3y FH, HEMmMSA Ti. 0. CILE,

Ols 7 530.1 eV Fll 532.4 eV (T ELMELE 2 N | 0 1938 521
WO, R A AR aE T Y 221
(Ti—O) FBZIRBA LIRS AR (H—O0) 1Y Ti 0.63 0.82
LEARE; Ti2p 7F 457.95 eV il 458.58 eV i B Ak O 0 50.17 75.09
TEAE 2 AW A BRI, 450X RE+3 4 Ti A4 4 o Ti 49.83 2491

o Ti (JCPDS 65-3362) Ols
* [rO, (JCPDS 88-0288)
Ti,0, (JCPDS 50-0787) A
Ti2p
WMN Cls
° PbO2 (JCPDS 65-2826)
S0l 600 400 200
© T4 eV

(a) Ti/RuO,-Ir0, Ti/PbO, . Ti/Ti, O, £k W I # % T s XRDIA] (b) Ti/Ti,0, HyXPS]

3 Ti/RuO,IrO,. Ti/Pb0,. Ti/Ti,0, SkMFHEIRREAI XRD EFN Ti/Ti,0, B XPS
Fig. 3 XRD patterns for the Ti/RuO,-IrO,, Ti/PbO,. Ti/Ti,O, and full XPS spectrum for the Ti/Ti,0,

Ti, X5 WANG %P X Ti,0, #8HY XPS KAk
—E, BB T/Ti,0, B M BAMR 3 1H1 h 4 B 80 = 1Y
Ti,0,. Al WL, Ti/RuO,-IrO,. Ti/PbO,. Ti/Ti,0,3
PR O BRI T G PR A A B A e FLAMAR B . 1
5], FAVERAL AR AZT BHRBPREE A T3

2) 3 PRI BHAR (1 A 2= PR BESRAE . LSV i
25 Be [ W il A B 480 HL 32 (OEP) Y 42 1k FLAE
WANG %2 Bf 58 & 3 OEP {HliE, HALArE
AR SRR RSB Sy, PR A HLA R
WRCRE . 16 0.5 mg- L™ H,SO, P, Xf Ti/
RuO,-IrO, $kRIFHH% . Ti/PbO, KMIBHL . Ti/Ti,0,
BRI BHB AT LSV M, HiE TR 0~3.5V,
HEHRA 0.05 V-s™', MHIRLERAE 4 Fis. LA
TATH R A Z R, Ti/RuO,-IrO, £k M FHA%

0.008

— Ti/Ti,0,
| — Ti/RuO,-Ir0,
— Ti/PbO,

0.006

/A

5= 0.004

0.002 +

0 1 2 3 4
EENIAY

4 Ti/RuO,-Ir0,. Ti/PbO,. Ti/Ti,0, $kMIFHRTE
H,SO, F#J LSV hzk

Fig. 4 LSV curve of Ti/RuO,-IrO,, Ti/PbO,, Ti/Ti,O, in
H,SO, solution
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i) OEP ZJ°}y 1.48 V, Ti/PbO, kM BH% ) OEP Z°4 1.98 V, Ti/Ti,0, £k MBH# Y OEP £k 2.4V, AL,
Ti/Ti,0, BT AR R, A E A DR SR 2T

3) 3 FRERRIBHAR AT B A FIVERE . 7EFEIRAEE 20 mA-cm >, ATZ #J4AFT K S mg- L™, 30 mmol-L™
Na,SO,. pH=7.0 BRSNS ESAE T, # Ti/RuO,-IrO,. Ti/PbO, Hl Ti/Ti,0, £k’ FHH H T Ak 2 F ikt
ATZ 52863555 ] 30 ¥ (4K 90 min) J5, Ti/Ti,0, £k B K i ATZ 19 5 B8 R LA A 781k,
Ti/RuO,-1rO, Fl Ti/PbO, X 7K H ATZ 11 2% B 25 it BH B Al (5 FH v B0 386 i 2 B R #4, w0, X b
Ti/RuO,-Ir0, Fl Ti/PbO,, Ti/Ti,O, FHzBHHL XK ATZ Fl TOC EERBORARXHAT, HA e, 24
PR . [ AEAr TP, X 5% T/RuO,-IrO,. Ti/PbO, Fil Ti/Ti,0, RHIEARMEMEE R —F . KW
Ti/Ti,0, SKMBAMEA REFIERE, EEEHT ATZ SANURRLR I REfEFI- L
2.2 3 MERMIBRREB L F RN ATZ HEMR

T3l Ti/RuO,-IrO, . Ti/PbO, Fl Ti/Ti, O, BRI FHA AL AREff Atk A AR R R 25508, ¢
HLLEE 20 mA-em?, ATZ #IUAEWE S mg- L', pH=7.0 BB SEERM T, B 3 ek fE ik
REfH ATZ ) ATZ BERRRCEFIRIR TOC RBRBHAT T BT, HEERAE 5 PR, & RO )Y
FER:, 3 BB R BT K ATZ BRI TR TOC LR SR, i k#0590 min
ff, TiTi,0,. Ti/PbO, Fll Ti/RuO,-IrO, FEf# ATZ 5055351 96.3% . 90.4% F1 85.5%(&l 5(a)). WI UL,
Ti/Ti,O, B ATZ 55085 T Ti/PbO, Ml Ti/RuO,-1rO,. 24k~ 1 F] 90 min i, Ti/Ti,0,. Ti/PbO, Fl
Ti/RuO,-IrO, F&fi# ATZ BHAER TOC LBRRDHIH 69.8% . 58.4% F1 48.7%(El 5(b)). I UL, 3 Ffiek o FHAK
HAbA R ATZ 1), Ti/Ti,0, SKMBHA XA TOC LB E & F Ti/PbO, A1 Ti/RuO,-1rO, FKMFHM .
AT, 5 Ti/PbO, Al Ti/RuO,-IrO, SERIBHAAR L, Ti/Ti,0, BLMIBHAXT /K H ATZ F1 TOC 2R AR 45
LSO S e e & =R A S ] B e e o e | o o B O S K /) i e | SR o B S 1 0 & 20
AR B 3t ((OH) MR s BRI H Y, Ti/Ti,0, 1 Ti/PbO, KW FHR 24k B (g <A 7k
PEPHARCY, SRTT, Ti/PbO, SKMBHIL Y Pb 4@ nTRES BHIR IR, AAAE A5 BRI 4
JE A EHBHAR AN T/RuO,-1rO, PR FTEIE M, 7K orF48 k=AY -OH AEHER sl — L A A —Fh
RES AL S5 5 0TI (BRI A2 T4, TR PR — AN BB B A W 2w, 25
HAE, TUTL,O0, BRI BIE h 53d i s TG R FA 7 FE A L

100 80 -
80 |
60
@ S
w60 p
i & 40
N -44
[ 40 @]
< - S
— TT/T14O7 ol ——Ti/Ti,0,
20 + —— Tl/PbO2 —— Ti/PbO2
—— Ti/RuO,-IrO, —— Ti/RuO,-Ir0,
0 1 1 1 1 1 0 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
[} [A]/min [} [A] /min
(a) ATZEBR% (b) MW TOCE B H

5 Ti/RuO,IrO,. Ti/PbO, FI Ti/Ti,0, $AMIFHIRIT7KH ATZ F1 TOC HIERRZE

Fig. 5 ATZ and TOC removal efficiencies during ATZ electro-oxidation by Ti/Ru0O,-IrO,,Ti/PbO, and
Ti/Ti,0, titanium mesh anodes

HJPFl Ti/RuO,-IrO, . Ti/PbO, Hl Ti/Ti,0, £k B I T /K A HLER R BR A 2855 1 , 4% Ti/RuO,-
IrO,. Ti/PbO, Fl Ti/Ti,0, 7EFLHE 20 mA-cm 2, ATZ WA 5 mg- L™, pH=7.0 ARt 554
TREf#E ATZ, KT TOC ZBR%E (=50%) B4 5N REFESEA T LR T FrIEL 6 FREs 2R mT DL, Ti/RuO,-
IrO,. Ti/PbO, Fil Ti/Ti,0, SLBIAEFESM M Jg 746.8, 448.7 F1 221.4 kWh-kg™', AL, Ti/Ti,0, SkM M H11L
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SRR ATZ B RN AEFE W B KT TYRuO,-IrO, 800 - .
il Ti/PbO,. I, Ti/Ti,0, kI FHHLHL Ak AL _
Rl ATZ BF, AUOM7KH ATZ T TOC ZBR3E5 600 -

F Ti/RuO,-IrO, F1 Ti/PbO,, H 57 GEAE I FAK
F Ti/RuO,-IrO, il Ti/PbO,. 400} /
2.3 HWERNSHI ATZ EESERHAZ

HARIE RN BB Ti/Ti, 0, Bk I B B Ak 27 2004 /
FEff ATZ SRR, 2 T RF IR (10~
30 mA-em ), ATZ HIGHBTEWSE (5~25 mg-L™).

AEFE/(kWh - kg™)

0
]ﬁ'iﬁi%ﬂﬁé pH(3~1 1) E@fiﬂj?&ﬁﬂ: , ATZ Fﬁﬁﬂ?ﬁ Ti/Ti,0, Ti/PbO, Ti/RuO,-IrO,
BRI AEA, 8T ATZ B AL 2A R R A A 6 Ti/RuO,-IrO,. Ti/PbO, F1 Ti/Ti,0, SAMIFAIRERILEE
e, AR 7 B, PERE ATZ BRI RIAERE
LB N ATZ B AL 25 P i 3 R 0 22 i 4 Fig. 6 The energy consumption of ATZ electro-oxidation by
K 7(a) i, AR, ATZ B LR the Ti/RuO,-IrO,, Ti/PbO, and Ti/Ti,0,

PR D L IS DR TS R . Y A2 S W 3] 90 min B, B AL BE AN 10 mA-em ™ B K #] 25 mA-cm?,
ATZ BALARERRR N 78.2% HEINEY 96.3% . S5HRW], A X AL~ ALXT ATZ AREAFACR ML
R, i H D BT DA 3 A R KV TR A BT e SR A R . X 5 E SR =482 4L
Sb 187 SnO, PN AIEME ATZ IFSRIREER—E0 SRR 20 mA-cm™ I, JREEREIIH L
X ATZ FEfERAR TP A B35, X 5B PHER [ H] Ti,0, BHAK H Ak~ A SEFEE R AR P 3AEE i H]
BDD FH AL AL A FP AR IER A U AL — 2 X TR TRURE /N T 20 mA-cm ™ I, ATZ Hift
FEAMSAE TR, A AR SRR SR A S, ATZ R AR i BRI R B
HHITHEAPER, ATZ A SR TR, VAT & — RSB e U, R Ak
FEIFASRE ML F A S A S BE AR ] B B R RO b, IR BE A I 2 S s B UL, (AU Y
PR, TSR T REFIREIE A NCT . K, 78 TVTi,0, SRR B AL =R ATZ I, HLUR
WHEAF] 20 mA-cm? Ji, R ATZ RS AREARRCRARSG I AL R e 2l S S RERERS N . A P IRZSCR
Wok/ N

100 100 100

80 | A A
S S 80 " 80
g 60 | & 60f *’&‘* 60 t
X —10 mA - cm™ H —~5mg- L i
N 40 —~15mA - cm™ N 401 —~ 10mg-L"! N 401 - pH=5
< ~-20 mA - cm™ < —~— 15mg- L g -~ pH=7

20 ~25mA - cm 20, ~20mg- L 20} — pH=9

30 mA - cm™ 25mg- L pH=11
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
{5 i) /min [t i) /min H5t ] /min
(a) LU (b) WIhhHk % (¢) ¥hkpH

7 AEIERREE. MIRREREFAE pH X ATZ BAFRERHERF

Fig. 7 Effects of current densities, initial TDF concentration and initial solution pH on ATZ degradation efficiency

ATZ W10 e B LA A2 E AR AR A AN 7(b) . ATZ HL AR RS R B 46 T vk JEE 11
ST NS BN TRV AN 5 mee L HKF) 25 mg L', ATZ 7E 90 min LA RERACHE I
95.8% FEARE 79.1%. FFFECY FI T T, 0, PR PR H Ak =R K it SEFEIE R R 1T 2R, 3X
AR TAE—E BRI T, BRI R K 240 OH WRIE—& . § EEI AR ATZ 73
THCRBE ATZ WG Bk BRI IR AN, 59 HERIAR TR ATZ 73 FEUR K TAAXEE ATZ 731
it OH $hti}, -OH AN ELIFHTHROEIEE ATZ, FEATZ SRR,

SRR pH X ATZ B2 REARSCR A AN 7(c) FivR. ATZ HALSAREMRBERI G pH A4S KNI
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/N BEERIGS pH M 3 3G KE] 7, ATZ HUALARERRCRASAK, (0259705 pH A 7 34K%) 11 )5, ATZ #
90 min P HLAL2EREARR R 92.4% FRARE] 75.6%. TERRVESIE T, -OH HA RN AILAE S, HRMAIH
FIF-OH B A, il ATZ 78 TYTi,0, FHBGR B S s ik 2284k . M, Bt S mT e &4
H-OH FAERL, MITTRHAS ATZ AUSEALI R, X FE ATZ (IFRRZEIR pH 52, ATZ BYRLAL AR
FRHE pH BRI ISR GONG S5 fiH Ce $84% Ti/Ti,0, MM HL AL AR AARBTE& IR IR FE 45
TG, TERRYESAME R, Ti/Ti,0,-Ce HUMOGHER IS IR A REAFs B LU AR E S5 T P

2.4 ATZ BUFSLER

HRGE ATZ B AL S8 AR = W) S LR A it 2 HPLC-MS X5 ATZ & HFEfRTE~4)
7=, LT/ Ti,0, K EL A R W A s B A, 3 Table 2 ATZ and their degradation intermediates identified by
HPLC-MS XA 5640 ATZ HAL: N 1) HPLC-MS
YEAF T 438 383X EE 0 min #1130 min %) HPLC- oy R H/m/s S
MS TR, 456 ATZ 45 F AP RIRL iz e N,

FRER, B TAFE ATZ /EH) 6 Bl ATZ Hifk

A 198.24 CH,sN;O
VR (e 2). WU ATZ HufkoE bR 5 S o,
PIRENAS SR . 458 ATZ 731 B B E5Hs SORIAR N c e CHNO,
PRI, HEWTE - OH BTGl ATZ =Wk I
M5, KA RIS RIE L A(m/z=198.24), P 18720 CeHiNO;
b5 A I —OH Bk k3t (=0) A p e E 146.07 C,H,N,0,
F 162.07 C;H,N;O;

& B(m/z=214.22), B ift—lad b2 5Lqb
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Fig. 8 ATZ electrochemical degradation pathway
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T AARSE ATZ A A A R R # R AL, [T ECOSAR Ryt vl Witk AT 1 bk,
ZERMNER 3R, (AL G — IS MBRZHIE ) (GHS) gt T 4 SRR 028, 43l sm ai
(LC4/ECsy. ChV<1.0mg-L™"). A (1.0mg L 'L<LCs/ECs,. ChV<10.0mg-L "), AF (10.0mgL"'<
LC,/EC,,. ChV<100.0 mg-L™"), JEM (LC,/EC,,. ChV>100.0 mg-L™"), %54 HPLC-MS /#7445
ATZ BEHARBEERARIA DY), XT38, KB, BRI E 327, 20, 204 mg' L™, ¥J&
TAHFM; XM, KB, BRMEMEREE R 349, 241, 631 mg' L', HETAEN. 456
ATZ G5KE, HEptkrT a2 S @UER . ATZ M k80l A~F st T ATZ, H
t A Ml B 25 R B S TR IR, (EXT T8 R K SRR A e, B MRy 24E
FHT7 2] B2 ] = R BRI G SCRE Sy . Bl AR SR INER,, A 3rh e C~F, B&kEH
XS RS WA RE AR R

*3 ATZ RHBHFENEISHE

Table 3 Toxicity values of ATZ and its electrochemical oxidation intermediates

AMEEM/ (mg L) M PEHME(ChV)/ (mg L™
&Y mp ES ke W m¥ ka%k ok HHERE
(LC5)96h (LCs)48h (ECy)96h  (LCs)  (LCs)  (ECs)

ATZ  216.68 32.7° 20° 20.4* 3.49° 2.41° 6.31° At
A 198.24 134 76.7° 59.2° 13.2° 7.66° 15.8° AaEtE
B 21422 377 37.9° 43.8 36.8° 2.64° 12.9° A
C 2162 7330 587 1060 1430 32.8° 265 AHFME
D 1872 325000 131 000 23 800 21200 4940 2900  EM
E 146.07 250 000 101 000 18 300 16300 3800 2240  LEM
F 162.07 17700 8 060 2430 1330 428 392 JoEM
T RhalRFAFM; oREAFM; AN THME,

3 4

1) 5 Ti/PbO, Fl Ti/RuO,-IrO, ALk, Ti/Ti,O, HALFREMFEFA KT ATZ RERELT, ATZ (FEf#EF
W TOC LBRZF 1T 96.3% F1 69.8%; 5 F A [ TOC 2= Bk EF Ti/Ti,O, £k W FH# 1Y BEAE I Ik, %%
Ti/RuO,-Ir0, ik 70% ZA47, #5 Ti/PbO, {1k 50% 7247, HARMFHScHM:; HEEMHZK, Hi b=
ATZ BCRRAAE, T Hseds

2) ATZ AL AR BER A BERE R ITIGAR . BE ATZ B BE RIS pH AR b

3) K ATZ B AR A(m/z=198.24) . B(m/z=214.22). C(m/z=216.20). D(m/z=187.20). E(m/z=
146.07). F(m/z=162.07) S5Hhla)™4y, #t—4 M bk, K. BHRIRSETCHLY NV T

4) SR EA ZFURF BRI FEAR A THERE A DR 2 F Ak Ak, A B PR iR . r S P AR
SERECR, R il T AR RS BRI RERER R AT, dt— TR i eRE . PR S
R E KA BB | DA SAES A2 K AR R Tl A PR 1800 A Tl
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Electrochemical oxidation of atrazine in water using three active titanium
mesh anodes

WU Menglin, ZHOU Shu, ZHENG FeiYu, Al Shali, ZHI Dan’, ZHOU Yaoyu
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Abstract The mass production and use of organic pesticides such as atrazine (atrazine, ATZ), which threaten
water ecological safety, can be effectively degraded and mineralized by electrochemical anodic oxidation (EAO)
technology. To investigate the efficiency, energy consumption, and reaction path of electrochemical degradation
of ATZ in water, Ti/RuO,-IrO,, Ti/PbO,, and Ti/Ti,O, titanium mesh anodes were prepared using a porous
titanium mesh substrate, and the tests on the electrochemical degradation and mineralization of ATZ in water
were conducted. The surface structural characteristics and electrochemical properties of three titanium mesh
anodes were analyzed. The degradation efficiency of ATZ, the total organic carbon (TOC) removal rate from the
solution, and the reaction energy consumption were compared and evaluated in the electro-oxidation processes
within these three types of titanium mesh anodes. The effects of various reaction parameters, including the
current density, the initial concentration of ATZ, and the initial pH, on the degradation efficiency of ATZ were
investigated. The degradation intermediates and reaction pathways of ATZ electro-oxidation were also explored.
The results showed that the surfaces of the Ti/RuO,-IrO,, Ti/PbO,, and Ti/Ti,O, titanium mesh anodes were
densely and uniformly covered with active components, and their oxygen evolution potentials were Ti/Ti,O,
(2.4 V) > Ti/PbO, (1.98 V) > Ti/RuO,-IrO, (1.48 V). The three types of titanium mesh anodes demonstrated
high efficiency in the electrochemical degradation and mineralization of ATZ. The degradation efficiency of
ATZ and the TOC removal rate from the solution ranged from 85.45% to 96.3% and 48.7% to 69.8%,
respectively. Among these, the Ti/Ti,O, titanium mesh anode could lead to an ATZ degradation efficiency of
96.3% and a TOC removal of 69.8%. Compared with the Ti/RuO,-IrO, and Ti/PbO, titanium mesh anodes, the
Ti/Ti,O, titanium mesh anode exhibited better stability and lower energy consumption (221.4 kWh-kg"). The
electrochemical degradation efficiency of ATZ increased with the increase of current density, while decreased
with the increase of initial ATZ concentrations or pH. The ATZ in water was gradually degraded into
intermediate A (CHsN,O, m/z=198.24), which was further oxidized into intermediates B (CiH,sN,O,,
m/z=214.22), C (C,H;;N;O,, m/z=216.20), D (CH,,N,O,, m/z=187.20), E (C;H;N,0,, m/z=146.07), and F
(C;H;N,0,, m/z=162.07).

Keywords atrazine; electrochemical oxidation; titanium mesh anode; degradation efficiency; reaction
pathway
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