. P4 s Hg g R

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:g_"ti/t\.j

BRI AN K B -SX R AR B I 8 &
AL AL R

3, A &
(7 MRORSABTREIR S 2RI B, (K 4R 130012)

FE O TIRE _EILH(PhO,) ML 1) B AL AL RE T, DATIUAR BERAR (TH) R 6, 300 2 40 4 S A TR - e 4 K
& (Nafion-CNTs) P RME i )2, R ML DTARE AR 48 1 45 2 — AL Bl AR (Ti/Nafion-CNTs/La-Pb0,), JF1¥
ili 7 X ML AL ALY Gy P ERE(MO)FIAR 9 (PhOH) Y HI AL AR E . 285 3R I], i i i LA 0 R i i LAk
SR L ZLAMGTE S T A AR SE, SRRV LRI BRANK B (CNTs) R 5 AT FeHE GRS K B AR M, AL
PETF T A VA SR SE A RE T . R T BB (SEM)WLEE B, R R T La-PbhO, fEfk )2 i R
295 pum AN DU SUR R it 1A B s HE B A, T B0 T MRS Lo e R T AR A SO S5 48 . X S ERAT ST (XRD )% ]
— R, BT B 44E A PO, I ShA% Hh, 51E T B 5810 SRS AR, A7 B AR BT 2 AT PR
P RRIR S R R I, 2k AR R I DL 0 B AT 1 . 55 AR H A AH L, Ti/Nafion-CNTs/La-PbO, H,
AT SEARR 74 HE BH SR g (5 ) O™ %, sl 1 HCRRARRE ) . TERRAR MO RS, i i R B
M B35 3R, B0 20 min BPSEEE 70.529% B R BREE, I 60 min & FE#E T 564 . L PhOH A HFRi5Yd, it —
WP T AR AT PR SRR A S . 25 52 3B, PhOH B 25 2R 5 i in Fb 370 59 138 S R ARG . IR, 76 A )
FE R 10 mm W pHAH R 6 M SSBRPESSAE T, AR AT A5 de O FLAS & 1) PhOH KBRACR .

KEEIR  PAERNL; BRAVKE SRR AR fLElL

FESES 0643 XERFRERG A doi: 10.7503/¢jcu20250252

Preparation and Electrochemical Degradation of
Ti/Nafion-CNTs/La-PbO, Electrode
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Abstract To enhance the electrocatalytic oxidation capability of lead dioxide (PbO,) electrodes, pretreated titanium
plates (Ti) as the substrate, a lanthanum-doped lead dioxide modified electrode (Ti/Nafion-CNTs/La-Ph0,) was
prepared by constructing a perfluorosulfonic acid-carbon nanotube (Nafion-CNTs) intermediate modification layer
and employing electrodeposition technology. Its electrocatalytic degradation performance towards typical organic
pollutants methyl orange (MO ) and phenol (PhOH) was systematically evaluated. Material characterisation reveals the
electrode possesses excellent physicochemical properties. Firstly, infrared spectroscopy confirms the successful
introduction of hydrophilic functional groups, including hydroxyl and carboxyl groups, onto the surface of acid-
washed activated carbon nanotubes (CNTs) , effectively enhances surface activity and substrate bonding capability.
Scanning electron microscopy (SEM) reveals that the La-PbO, catalytic layer on the electrode surface is composed of

densely packed irregularly shaped crystalline particles approximately 5 wm in size to form a rough microstructure with
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high specific surface area. X-ray diffraction (XRD) patterns further indicate lanthanum successful dopes into the

PbO, lattice, inducing significant lattice distortion, which facilitates the generation of additional catalytic active
sites. Electrochemical performance testing demonstrates the modified electrode exhibits outstanding electrocatalytic
activity. Compared to the unmodified electrode, the Ti/Nafion-CNTs/La-PbO, electrode exhibits lower electrical
resistivity and higher hydroxyl radical ("OH) yield, directly correlating with its enhanced degradation capability.
In experiments targeting MO degradation, this electrode demonstrates exceptionally high efficiency, achieving a
removal rate of 70.52% within 20 min of reaction, with near-complete degradation observed after 60 min. With PhOH
as the target contaminant, the influence of operating conditions on degradation efficiency was further investigated.
Experimental results reveal a positive correlation between phenol removal rate and applied current density. Concur-
rently, optimal and stable PhOH removal is achieved under weakly acidic conditions (an electrode plate spacing of
10 mm and a solution pH=6).

Keywords Titanium anode; Carbon nanotubes; Nafion; Electrocatalytic oxidation
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Scheme 1 Preparation flow chart and schematic diagram of electrode structure
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Fig.1 FTIR spectra of activated CNTs and CNTs
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Fig.2 Surface morphology of the modified electrodes of Ti/Nafion-CNTs/La-PbO,(A) and Ti/Nafion-CNTs(B),
SEM images of the modified electrodes of CNTs layer of Ti/Nafion-CNTs/La-PbO,(C, D) and outer layer
of Ti/Nafion-CNTs/La-PbO,(E), XRD patterns of Ti/Nafion-CNTs/La-PbPbO, and Ti/PbO,(F)
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Fig. 3 Current-potential curves(A) and the concentration of hydroxyl free radical(B) of four

electrodes with the change of time
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Fig. 4 MO removal rate(A) and In(c/c,)(B) of four modified electrodes with the change of time
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Table 1 Pseudo-first-order reaction rate(k,) and per surface area of electrode(k) of

the electradegradation of methyl orange

Electrode k /min”" kg/(min™ +m™) t,,,/min R
Ti/Nafion-CNTs/La-PbO, 0.0972 25.553 7.148 0.901
Ti/CNTs/La-PbO, 0.0419 11.038 16.549 0.981
Ti/La-PbO, 0.0648 17.070 10.701 0.964
Ti/PbO, 0.0508 13.382 13.650 0.934
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) COD FUE W /b 1 i B 2, 7E 60 min 454 COD —o— Ti/CNTs/La-PbO;
B C 20 ER W 18, 12%, 16120 minfif 190 v
COD efl L I T2 B . TUCONTS/La-PhO,HUHE L 120F \ A
WALRHBABR, 2120 minWERITIICODy 2 o0 R o
34.50 mg/L, A 4 Bl A H R Y . Ti/La-PbhO, #1 @ oL \o/ 4 \°
Ti/PbO, ) COD % {8 19 22 1k il Z& AR AH L, 1H & 0 - 0/ 3
Ti/La-PhO, Hi # 7€ 20~40 min 35 Bl 4 (1 -7+ HA oL
8.16 mg/L, Jy 4 Rl A8 b fre /NG . il 2o HL A 120 0 a0 e 30 100 10
F160 min B} 5 COD ZUEL AT UL, 2401 HE # Ti/Nafion- Time/min
CNTs/La-PhO, HARAE 1.0 A LI 45 14 T , XTI Fig.5 COD values of methyl orange degraded by
T RER B A HLA B A EAG B A R 8OR modified electrode

24 BUMEERFEAIEEE A A

PhOH J& A AL T2 1ol i WL ™ SR 558, 2 — oI 1z L B K, HEA S 5.
N 5 B A e I 1 95 B AR 0. ¥ Ti/Nafion-CNTs/La-PbO, L AE B4R , % PhOH ¥ i
Frea A S Al . O R X PROH i R figf 2550 23 30 o AN [) st () A 094 Ao 25 ok 238 A o7 s [ 7 - 249 25 ok
R (%/min) KT .

KI6(A) 25 H THER T 400 mA, pH = 6. 48], St AR PhOH 2 BRApEET Rl 22 h £k . Frfs
PhOH 2= [ #8- i (8] {1 28 7] 43 0~30 min, 30~180 min F1 180~300 min( FZ B Z5 5 ) 3B B . 76N FF UG
BF, PhOH () B s BE AR R, S 2R B AT 2R, PhOH 2 BRZ7E SV T 5 min 155 22. 07%. 0~30
min F 3 BR300 0. 55%/min. 30 min J5 BEARE R I IGI00E , 180 min B L FRFIKF] 83. 51%, 30~180
min -3 LBEHN 4. 41%/min. SR 5 AR R LR A R (R 34305 0. 13%/min) , BLEIR N
457 . 7£ 300 min B, PhOH AR 2550 99. 02%. v FF IR 22 B bt T SO A4 28 Hh ke = v )
FEY . MRPE FRERE P, HAR b A SR A 5 AT PhOH FE 4385 fi, i B AR e 1T b AR ARG 5 Tk AR T A
FEARXT A ()17 0T A6 PhOH.  Fifi 5 L A Ak S0P B 07 ) TE] AR 38 i, PhOME P ¥ 2 A 3 AIK 14 [R] B PhOH
P EAL =Pt e RGN, 875 PhOH 5 FUAR R 18T 138 PR O S RIS, B TR
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Fig. 6 Removal curves of phenol at different time(A), electric current(B), pH(C) and plate spacing(D)

on electrocatalytic oxidation

eI SRR A DL R, BB AR A, (HHL | RIURVR B . F AR RIRE . pH(E
R e B AR A . b M A F AR AR Sy ) R R, B R SO 1 A R
FIHFE .

K 6(B) % 1 T AR HL % R Ti/Nafion-CNTs/La-PbO, X PhOH [ 2= BR % . 7£25 °C, 43 9I1E 0. 40,
0.50, 0.60, 0. 75 F11.00 A FJHLIE T, XHRILHVEFEE R 100 mg/L PhOH i #E1 T 60 min FLAEFLAAL . AT
., PhOH [ 25525 55 H 0 0 P S AEAH DG . (EDE:, ARBE SR I AR S PRI FL B (PR A S 2 (Rl 2R ) 2
)45 0. 1 AW AEA LR R 5K 5. 50%, 4.93%, 4. 64% F 4. 73%. 1Ew35 IVERT, Wik
[ LIRS TR, PhOH 1 B E2 UL VE RIS, [RIR OH 453 M S Ak 4 0 7 A s S i PRt 1 80 T ] 4241
A, FE AR R A TE L S AT, Bl SO FEL I RS R, BHAR SR A AT S 2, X Fh
BT A G 1 I SN R T 23 B PhOH S BRASCR . {HURAE SIS e B FEL (B Y FE P, PhOH 4010 1 i
RN AR T RSO IEN, Fir DAE B L AR A 1. 00 A

100 mg/L PhOH W 1) pHAE M 6. 4, FH 10% (553 41) HaSOL R EE 10% (5t it 53 4%) NaOH i3 53
S R pHAE R 2.3, 5, 6, 7, 9, K& 60 min I 5E PhOH W& I 2R (B 6(C) . Hflk
{1 pH X PhOH B RCEA 2520, pH=6 It PhOH 22 [4:8 5 i, M 48. 53%, 23 510& pH ly 3 RO I
LSRN L. 2% . X ULEH PhOH YR 3038 S 7E S R b 7. T A VL R b AL R il R
T P2 AR AL PRI [ S AR AR e 4 0 45 3L, pHAE B4 A Sy 1R R S8k =, ZEmR I 2%
P B A A R ) T B A T, AR TR TR RS | R RCR I =

BB AR AR (d) 20510 5, 10, 20, 30 F140 mm, HLIE K 1.0 A, S I [E] 24 60 min, PhOH %[5
ORI 6(D) FiroR . 25 RFERHT, AR ()R KBSt NS AN I By (R4 T . AR S v FEL 3% 4 A AT LA
W 5 IO A 2R 17 R BEL S A0CA R LB (Ry) 5 LA VR FELBEL (R BB B . ZE B PIRASTT , BRIA MR Al ] 95 T
L BER A ], ABA R K/ AR TR 2 A E ARG . FEfE LT, FRAR ] /N SO e AP, [l
F T PR AR [ 1) 238 (BB /N VA VA T 428 P AR AR T B S S bR, DT 552 i B4 AR AR BILA ) S R
WAL, FER N R PG ML 258 o e N, SSBEE AT TH AR RIS, fEH R R I 25
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