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Electrocatalytic Oxidation of Blsphenol A by Porous T1/ SnO SB-Ni Electrdﬁec‘igadgd
with Multi-wall Carbon Nanotubes ° [o " .0V :
FU Yuan hang' , LIU Au-dif, HUANG Wei-bin'  TANG ]ig-bln___.; THANG Jinzhong' ™ # S y

(1. Chongging Key L.Lal')oratory of Agricultural Resoufces and En\rlronmepf Col ege of Resources and Ehvnronmenl Southwest University, Chongqmg 400715 Chma
2. Technical Center;, Chongqlng Customs, Chongging 400020, Ch,md) a

Abstract: Tn order to dewlo_p technology for the treatmenty of blsphenol A(BPA) in wastewater and prolect water-environment safety, a porous Ti/Sn0, -Sh-Ni electrode
loadedgwith ll]‘lultl -wall carbon nanotubes ( MWCNTs)) was prepared by the “ eléctrodeposition-thermolysis” method. The removal ability, kinelic characteristics, and
mineralization efficiendy of BPA were studied using the elecitode, and’the degrf;dgndﬁ' lpalhways of BPA were preliminarily analyzed. The results showed that the electrode
prepaged ih the’ dippiﬁg solution containing Sn, Sb, and Ni with a mole ratio o 100:10: 1 and 0.8 g-L™" MWCNTS had the best removal effect for BPA. MWCNTS loading
decreased the crystal size of the electrode surface, which could increase the specific surface area of the electrode, provide more active sites for the electrocatalytic reaction, and
improve the electrocatalytic performance. When the Na, S0, concentration was 10 mmol-L ™", the initial pH of the reaction solution was 5, and the current density was 50

~2 the removal efficiency of 50 mg+L ™" BPA reached 9. 76% after 60 min degradation. The removal process conformed to the first-order reaction kinetic equation,

mA-cm
and the rate constant was 0. 096 min ~". The removal efficiency of TOC in the reaction solution reached 67. 01% after 120 min degradation. The degradation products of BPA
were identified using liquid chromatography-tandem mass spectrometry (LC-MS/MS), and the possible degradation pathways mainly included hydroxylation, the cleavage of
isopropylidene C—C bond, dehydration, dehydrogenation, and +OH oxidation.

Key words; multi-wall carbon nanotubes; porous titanium; bisphenol A (BPA) ; electrocatalytic oxidation; degradation pathways
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TEHL % B 20 mA-em ™ B B f# 180 min, 1
mmol - L ™" (] 4-5 £ W 1 COD B FBRH3 514 51%
1 48.9%, i A 45 Sb By HL ) 43 5l S~ 46. 1% Al
36. 4% .

Sn0,-Sb 5EKFE I 1 45 45 e J1 #5595 BT
F " BRI T R AR . N T S AR X A i
B, Adams 2510 B T 53 FH 300 i 325 1 45 Ti/SnO, -
Sh,0,-1r0, HLH% , 7E 0.5 mol-L~" NaOH ¥ i Hh Al ey
T BE A 160 mA -cm I, Ti/Sn0,-Sh,05-1r0, Y fifi
FHZ4rh 155 d, 11 Ti/Sn0,-Sh,0, FEHRAYIHEE 12 h.
£ Sn0,-Sb B I A Ir AT LS 245 Th Ha b i) 4 1
Ffir 8 T (077 A6 108 R B A9 BT S FRL 007 AT Cui
ST T 5T AR SRS b R ) B 3 — 2 L HE B Y
TiO, 44K %, Ti0,-NTs/Sn0,-Sh Y Hi # 75 i & Ti/
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B BPA MR AR & A%, LU R & R 7K i BPA (1) 4b
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XU A(BPA 43 #r4f) 1 3 AR R e Ak 27
PR Wl HEE (354l ) 1 A € [E Thermo Fisher
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H R e Ak 2 A BR A |l AR 3 o o b
afi | | BRI Ak A A FR A .
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pm) , EXG TR RSB ELA PR A F] ;A Sk (25
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1.2 FEUER

SmartLab 3KW % X- 26 17 47 {% ( XRD, H A&
Rigaku 2% &) ) ; GeminiSEM 300 14 i 1 & il 5%
(SEM) , il fit 8t € 5 (EDS, fE [ Zeiss A #])

LC-20A =30 AH (3% 23 BT { (HPLC ) , it SPD-20A
LAHNKE I AR (UVD, H A Shimadazu 22 F]); Q
Exactive & A 7 15~ Bk 5T 3% 4% ( LC-MS/MS, 3
Thermo Fisher Scientific A ®]) ; CHI 660E AL T,
Vsl ( i JRAEALER A BRZA ] ) 5 MS-60VSA AT B
TR R R (MRS E R A RAA);
TOC-L & A HLEK 73 Hr4X ( H A& Shimadazu 2\ 7] ) ;
pHS-4C* FRRETF (R T Jr MR A IR A ] ) .
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VUGN WL U8, 58 TR bk = pH 2 b,
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R, 25 Tk T R TR 55 B8 K g b i
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WYEE M. F% n(Sn) : n(Sb): n(Ni) =
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F) S VA Y, I MW CNTs, #7530 min & i Fa
SEMRTEI, BNAS 2] & MWCNTs 112355 . B 4%
Al 20 Z LR R AR B TR S min,
120°C 1E RS T4 T4 10 min, 5T 450°C H 3
Pkl 15 ming R UL FALER 10 K, s e D i
JrdilR k2 b, £33 613 MWCNTSs () Z£L Ti/SnO,-
Sh-Ni HLf%.

HLM A SR AE . F SEM WL %€ ri A% Y 2 1 2 3
EDS Z3H LA 22 1Y JC R 4L, XRD I 5 fL A 11
AR IARZER  PEIMR DA E R 2 2 i
(1 LAk 2= R .

1.4 BPA pyHiffbA L

BPA #E4LLE K (R BC i« MERAFKEL 50 mg BPA T
PEFRAF, A2 mL 1 mol-L~" #) NaOH ¥ ¥ ffi Hi %
fi#, ] 10 mmol-L™" % Na,SO, & ¥ & % 2 1 000
mL, 1538 p( BPA) & 50 mg- L~ AR /K.

B 50 mL BPA B /K F i it v, 522 30
FE. DU A A FAR A AR, , A7 A8 B A A B AR, TR B
1.5 em, #6147 BPA 1916 L 3 B f. 42 F% 10 min HX
0.5 mL N, 3 0.22 wm JEEPERE, M2 BPA ¥k
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FE, 35 BPA (1 25 B .l i e AR ALK K
N3250 BIMEE | IR WG pH FIHL IR %5 BF SR A
[ 5514 BPA [ RBRGCR , I S R A A5 T
) TOC Z:BR%, RS A 3 vk, FH - ik
Bl 25 R 4

F M AL R BPA MY REREZR A 01 .

E. =S xjx U xt/1000n (1)
A, S NP R (em®) 5 j G (A -
em )5 UNFEXHRIE(V) 5 ¢ AEMEE(h) 5 0l
YA BPA 195 (mol) .
1.5 BPA KA Y&

KRR 635 20 2 BPA ROV BE. €043 251 .
5 HE VP-0ODS {4354 (250 mm x4. 6 mm, 5 pm) , H
IR 40°C i sh Al A 4K, B 8 H B, IKFL L R
30: 70, A 1 mLemin ™", ZFFE VR, HERR RN 20
L, R K A 230 nm , AR GE B BPA A Hi FR
H2.3 pg L7 TE3 AJ][ITT7J<¥E’J¥£JIE']5E$7‘7
92.91% ~106. 62% .

R LC-MS/MS %3¢ BPA (R it 4. (G

{tF ACQUITY UPLC BEH clgéfﬁ%ﬁz(mo i P

2. Lmm), 1.7 ginty Waters ) , i 30°G /4% 55;’%7
10 fiL; mwjﬁfﬁ Ay 2 mmol-L 7 Zﬁﬁ';ﬂm&( i
0.2% HL)/B jf]ZAHﬁ WA 0.3 mLA min - ﬁf“

(%HR&J%@O—»S min, 0.5% A; 5 4»15 mm 160% ),
Avlf5 525 mig, 909K 25 30 mifl, 0.5 A 7

Eaéﬁﬁé%%# HEZE B TR (EST) i TR
SR, B IRIR E N 320°C , S HLJE 3 800 Vs
22 [ W AR = ( MRM) R 5 i3 HEFL NS
AN E AN, .

100 - @

80 | ==
=
5 60 F
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—— 100:10:1
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O L 1 1 L 1 1
0 10 20 30 40 50 60

B i) /min

WE p(BPA) } 50 mg-1.7 ",

2 ZER5iTie

2.1 1% MWCNTs i 2 fL Ti/Sn0,-Sb-Ni i i
# M
2.1.1 Sn. Sb I Ni ¥ L

K1 (a) NIRRT p(MWCNTs) M 1.2 g-L7"
[ % Ni B3 (0. 5 mmol) B}, 1@ P 4% Sn A1 Sb fy =
F[n(Sn):n(Sb) ] il & i AR % 48 %F BPA 1 LB
R AT LA L BEZE n(Sn): n(Sh) BIBEN, BB X
BPA 1) 2 B 2 22 B B J5 R BRI a7
n(Sn):n(Sh) K 100: 10 W}, ML 4% % BPA & fi# 60
min A ZBRFIEE] 96. 62% . 3% 1T fig 2 Kk oL A 75 5
et A bt B Snt B B R S [ VA IR B3
BRI T e B, 5 g A A E SR i - OH X
BPA H4UAL; MMIA Sh ks i, — 845 Sb L
Sh** WL AAE Sb“ﬂ’ﬁﬁﬁa%ﬁarﬁ*/ﬁﬁﬁé% s
A LT, Wfi&f@-‘%ﬁ“ﬂ K, Eﬁmn(sm n(Sb)
#100:10. | 4 \ / f’

[ 1(h) A n(Sn): n(Sb)jﬂlOO 10Eh‘ ﬁxﬁ)’t
25 Ni g6 1 B BPA 119 R 7T
DA 4, AN B H B 7760 min P BPA 1) Jo )
%K 70. 86%.5 HLHE X, B 1y 2 WA I i £ &
ﬁ]ﬂ’]ﬂ‘mﬁé&ﬂi ) n(Sn) :n(Sh): n(Nl}j{l
100: 10: L, HIAR XS BPA [&f# 60 min CERE ]
96. 62% . A A DB Ni fEH5 L 5 s A
ML A AR T P A R T B A R N I 64T 5 Y
T NG Eb B = B T RS R T R 2 A, B
SN V<5 R O S N S S I R 7 4
n(Sn):n(Sh):n(Ni) >k 100:10: 1.

b
100 |

80

T

60 | 74

//" n(Sn):n(Sby:n(Ni)
40 / ¥ —e— 100:10 (ASTANI)

/ —— 100:10:1

V/ o —— 100:10:2
20 4 i
/ —— 100:10:4

I} 1 1 i} L 1
0 10 20 30 40 50 60
B ) /min
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Table 1 ~ Degradation rate constants of BPA by electrochemical oxidation
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