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Selection of Electrochemical Anodic Materials for PFOA Degradation and Its

Mechanism

ZHUO Qiong-fang"*, DENG Shu-bo'”, XU Zhen-cheng®, YU Gang'"

(1. POPs Research Center, School of Environment, Tsinghua University, Beijing 100084, China; 2. South China Institute of
Environmental Sciences, Ministry of Environment Protection, Guangzhou 510655, China; 3. State Key Joint Laboratory of Environment
Simulation and Pollution Control, Tsinghua University, Beijing 100084, China)

Abstract: Perfluorooctanoate ( PFOA ) is environmentally stable and endocrine-disrupting. It was resistant to conventional
biodegradation and advanced oxidation processes. Electrochemical oxidation method was adopted to degrade PFOA. The anodes,
including BDD, Pt, Ti, Ti/Ru0O,, Ti/Ru0,-Ir0,, Ti/In,0,, Ti/Sn0,-Sb,0;-Ir0,, Ti/Sn0,-Sb,0,-RhO,, Ti/Sn0,-Sh,0,, Ti/
Sn0,-Sbh,0,-Ce0, and Ti/Sn0,-Sh, 0,-Bi, 0, , were selected as the candidate materials. The oxygen evolution potential (OEP) were
determined by linear sweep voltammetry (LSV). The degradation ratios and the defluorination ratios were used to evaluate the oxidation
ability of anodic materials. Ultrasonic electrochemical oxidation indirectly demonstrated that direct electron transfer was the initial step
for PFOA decomposition. The anodes of Ti/Sn0O,-Sbh,0;-Bi, 0, , Ti/Sn0,-Sb,0,-Ce0,, Ti/Sn0,-Sh, 05 and BDD effectively degraded
PFOA, and the decomposition ratios were 89.8% , 89.8% , 93.3% and 98. 0% , respectively. The removal ratios of PFOA on Ti/
Sn0,-Sb, 05-RhO, , Ti/Sn0,-Sb,0;-Ir0, and Ti/In, 0, anodes were low, and the values were 2. 1% , 2.3% , 12.5% and 3.1%,
respectively. However, Ti, Ti/Ru0O, and Ti/RuO,-IrO, had no effect on PFOA. PFOA molecule transferred electrons to the anode,
decarboxylated, and followed the CF, unzipping cycle. The intermediate products detected were C.F,, COO™, C,F, COO~,
C,F,COO "~ and C,F,CO0".

Key words:: electrochemistry ; perfluorooctanoate (PFOA) ; ultrasonic; BDD; Ti/Sn0,-Sb, O,
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Fig. 1 Molecular structure of PFOA
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Fig. 2 Schematic for electrochemical oxidation of PFOA
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Fig. 3 Set up for ultrasonic electrochemical oxidation of PFOA
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Fig. 4 LSV curves for anodic materials
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1r0, . Ti/Sn0,-Sh,04-Ir0, FI Ti/Sn0,-Sh,0,-RhO,

HL LA AR AT AL, Ti, BDD, Ti/In, 05, Ti/

Sn0,-Sb,0; .  Ti/Sn0,-Sh,0,-Ce0, FI  Ti/Sn0,-

Sh,05-Bi, 0, HMRATA M E . B4 T Rh Al Ir 1

Ti/Sn0,-Sb, 05 HLMR B FEFE MR AR T B HL Ao
F1 SREROTRSES

Table 1 ~ Oxygen evolution potential for the candidate anodes

LR OEP/V || HL# OEP/V
Pt 1.20 || Ti/Sn0,-Sb, 05 1.54
Ti 1.53 || Ti/Sn0,-Sb,05-Ce0, 1.53
Ti/Ru0, 1.23 || Ti/Sn0,-Sh, 05-1r0, 1.45
Ti/Ru0,-Ir0, 1.10 || Ti/Sn0,-Sh,05-RhO, 1.41
Ti/In, 0, 1.40 || Ti/Sn0,-Sb,05-Bi, 0, 1.56
BDD 2.30

2.2 ARIEIHEHXT PROA A% fE

PFOA J& XE [ i 15 ey, BP0 28 56 1 Hhy 6 %
PFOA MR AR 2T Hef . S T F4kmT
Fif PFOA MR, 4% 11 Rl AP HXT PFOA
FRIFS i 505 (22 2). Ti/Ru0, Fl Ti/Ru0,-1r0, Xt
PFOA JCREM#AE T, 3X 2 A o B 19 A 480 He A 541K
LS FE AT SR SN, A A2 AL RE T AR, P,
Ti/In,0;. Ti/Sn0,-Sh,0,-Ir0, FI Ti/Sn0,-Sh,0;-
RhO, %I PFOA [ [ fift BE 71 AE % 55. 1 Ti/SnO,-
Sh, 0, . Ti/Sn0,-Sh,0,-Ce0, 1 BDD X} PFOA 47 %
To PRI i 2R 55 i 8%, Ti/Sn0,-Sh, 0, % PFOA iy
Wil 2 R 93.3% , Wi N 55.7% ; Ti/SnO,-

Sh,05-Ce0, X PFOA I FEA# 50 89. 8% , MiF R K
54.1% ; BDD Xt PFOA BYR#f# %K 98% . Ti/SnO,-
Sb,0,. Ti/Sn0,-Sh,0,-Ce0, FI Ti/Sn0,-Sh,0;-
Bi,0, LR W R ik 2= A AL RE T ZE A K, Qi 5 ~7
Fi7R.

BDD ML A & 1L Ge H A Jo o] EL LA M 5, 4
BT B B MRS | LTS RE 10 | R DRI
02 Carter 252 3 1 % B2 R BEE HETS BDD
XoF 4 R it 2 11 o i R 28 20 RO A T TE WAl 3R
T 1 B3 Ak 22 84k, Zhu %5130 BDD HAA 58
(R 48 e T AE T AT S PR A7 v I R T o K
SR, PPAERFR L B SRR G W M A E R R,
B A MR R B IEAEAE. I A A R
T 5T 22 A Bl 0 ik 1 pR R O B A 0 P 8 A, B
T PFOA 7EHi Al 2% T A% W B m] REAME, 38 K T H %
B S REJ1. 2% T Ir M1 Rh 1Y Ti/SnO,-
Sh, O H % A7 40 HL A7 B AR, ) B A e IR 7 JHE X
PFOA [ BR%, Hra i FEIKA L, PFOA £
(23 i Y O RN A e o 11 R O TR W2 K VA
R R g T AEUA RO Y & A2 Ti FL Ti/SnO, -
Sh,0,-CeO, HLI BT S HL A #f ¥ 2 1.53 Vv, {H)2
X PFOA HFE MR AN AH 22 AR K. X AT e T Ti
TR AR SR, PR AR [ i 2
W B2 LA e 1T, BHLAS T PFOA 4315 b 2 1 422
filAIBLLs | (0 R AR AR IR

®2 11 FEIER PFOA #HITRAZ R 3 h MEMRERBERE

Table 2 Degradation ratios and defluorination ratios after electrolysis of PFOA for 3 h at eleven anodic materials

LR PFOA F&f#2/ % JBE 3% % W /mg-1.7! A/ mL
Ti Jc Jc 10 200
Ti/Ru0, X o 50 200
Ti/Ru0,-1r0, X I 50 200
Pt 2.1 1.2 100 40
Ti/Sn0, -Sh, 05-RhO, 2.3 1.3 100 200
Ti/Sn0,-Sh, 05 -1r0, 12.5 0.5 100 200
Ti/In, 05 3.1 2.1 25 200
Ti/Sn0,-Sb, 05 -Bi, 0, 89. 8 53.8 100 200
Ti/Sn0, -Sb, 05-Ce0, 89. 8 54.1 100 200
Ti/Sn0, -Sh, O5 93.3 55.7 100 200
BDD 98.0 — 50 40

3 PFOA [#f#IEE R FIERT

R T #E—2 Ik PFOA 7E Ti/Sn0,-Sb, 0,-Bi, 0,
FB 6 T 1 B A2 SR A2 PROA 73 1 A fbsy:
AR ER— 25, SR FHEE 75 s I ] Ho, Tk 2 A A 1k R i
PFROA. 7 HLPpF] R B AN 18] 3 From. P I 4 % 33
kHz, A HLEO0. 21 A, DR 20 Weem > A

PARKAR 1. 07 em®. [FIF, o AL T AR 0l % G
M FE 14,17 mA-cm_z, XF LN 1.4 g'L_l
NaClO, , il B 32°C, f& 1 200 mL, ¥ B 2 100
mg- L~ PFOA ¥V 47 88 75 - Ak 2 b [7) B i 2
h. SEERZERANZR 3 . 2R HfEE ST PFOA
PEATHLAL AR SE AL, PROA B [ fife 28 IR 028 43 1)
K 75.14% F1 43.79% . (HIZTES BB EER T,
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E
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®A0r S R . ; . ,
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Fig. 6 Variation of PFOA and F ™ concentrations in the electrolysis

processes at Ti/Sn0O,-Sh, O5-Bi, O; anode

PFOA ) [ fiff 3 0 i 98 3 70 Joll B AR 3 1.39% A0
0.47% . B PAEM M T AL REIS , STEWAA I L
i, KIS -2 0%, 28 (i is 3
— BT, WAL 7 A R B Y s R
P TE HL AR R THT Y PFOA S ES ok, 15 PFOA 731
TC 1 58 WUTE H B R T 1% B e Ak Ak, T H et
R AR B FR L F R SR PROA 1R sss , fARAE
*3 BEWUZF BUFSEAMERHERT
PFOA PR T M E R F M
Table 3  Effects of ultrasonic, electrochemical oxidation and
ultrasonic electrochemical oxidation on the degradation

and defluorination ratios of PFOA

WIR/S R g%/ % IR %
A FL 75. 14 43.79
TH L + 87 1.3 0.47
HE & X

C,F,C00~ , C,F,,CO0~ . C,F,CO0~ HI C,F,C0O0"
M ETE 60. 5 h AT iAW B e KAE, 1T 5 B
k. C,F,;CO0~ il C,F,, COO~ 7EHL 44k 1 h ik K
W, BfJG B HiAK. C,F,COO ~ ¥RBEFEHLME 2 h i
RV e, BT VR B R TR AR, C,F,CO0 ™ FEHL
fif 5 h IR ERVREE | Bl Tk B 2R i R 1K
FELL b S 25 SR LR 1, 4 A k2 S A
PFOA FUREMENLE]. B 2%, PROA 4> T7EH M 6 1 &
AR 2 (1) 172, PR O F s - HEREA
ML A, B RARE RIEE C,F Ol X (2) 17,
C,F,;OH 3%} HF 1 C,F,,COF [ X (3)]". &
FRBEE K% N CF,,COO~ F HF [ & (4) ]
B —A~ CF, BT, AR CoF,,CO0 ~ H & it
001 ~ (4) TR, dRE2BE CF, 3ot
R R, M ERE R AR EZL (1) ~(4),
A LA HURIR. LIS, DT A= B e B ) 4
BRI, Hit b, PFOA AT 541k 4 CO, il HF.
M + C,FCO0" — C,F 5 -+ CO, (1)
C,F, -+ HO - — C,F,OH (2)
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Fig. 8 Variation of intermediates concentrations within 60. 5 h and

magnified view of intermediates concentration in the first 5 h electrolysis

C,F;OH —> C,F,COF + H' + F~  (3)
CoF,,COF + H,0 — C,F,,CO00™ + 2H" + F~
(4)

4 it

(1) % 3% W B A7 40 | 52 K /N HEJF 4 BDD >
Ti/Sn0,-Sh,0, =~  Ti/Sn0,-Sh,0,-Bi,0, =
Ti/Sn0,-Sh,0,-Ce0, = Ti > Ti/Sn0,-Sh,0,-Ir0, >
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