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FEE . SRR UL B4 7B 0 - AU AS 138 24 — AT iR, OF F T e AL IR R AL BN RUER (APAP) B K. 45 3%
B, SRR T8 44 RS , APAP 1 25 SRl K (LA BE 3 0, 8 7R A AL ORI B 35 32 7. T 2R R E S R
B, Ce-PTFE 3£457% PhO, HIMEAE FLA# T 14.2 g-L™" ThFN 49,58 Weem 2 5% 50 Hz . pH N 3 LR E N 71. 43 mA-cm 2
B 51 F 2218 APAP BUR B4, RIVH#E4T 2 h 5,500 mg-L~" APAP %4 92.20% ,COD FI TOC 12524354 79. 95%
H158.04% , BLIRACHR (=135 45. 83% . 45 A GC-MS HPLC \1C 4843 W1 F B, kil 2] 7 2 (8] = Yy 35 R R, R IR LR T
W5 R, LR TP RSE N T APAP [ TT BERR AR 12,

KGR AT A B AL RIZGEK Bl
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Studies on the Degradation of Paracetamol in Sono-electrochemical Oxidation

DAI Qi-zhou, MA Wen-jiao, SHEN Hong, CHEN Jun, CHEN Jian-meng
(College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: A novel lead dioxide electrodes co-doped with rare earth and polytetrafluoroethylene (PTFE) were prepared by the electrode
position method and applied as anodes in sono-electrochemical oxidation for pharmaceutical wastewater degradation. The results showed
that the APAP removal and the mineralization efficiency reached an obvious increase, which meant that the catalytic efficiency showed
a significant improvement in the use of rare-earth doped electrode. The effects of process factors showed that the condition of the
electrode had the best degradation efficiency with doped with Ce,O,under electrolyte concentration of 14.2 g-1.7", 49.58 W-cm ™, 50
Hz, pH =3, 71.43 mA-cm>. The APAP of 500 mg-L~" removal rate reached 92.20% and its COD and TOC values declined to
79.95% and 58. 04% , the current efficiency reached 45. 83% after degradation process for 2. 0 h. The intermediates were monitored
by the methods of GC-MS, HPLC, and IC. The main intermediates of APAP were p-benzoquinone, benzoic acid, acetic acid, maleic
acid, oxalic acid, formic acid etc, and the final products were carbon dioxide and water. The goal of completely degradation of
pollutant was achieved and a possible degradation way was proposed.

Key words:lead dioxide electrode; rare earth; sono-electrochemical oxidation; pharmaceutical wastewater; degradation mechanism
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1.1 SEENES{E
1.1.1 SEW3EE

F 2 K 32.2 em x28.1 em x 15.3 ¢m
AN T, WER MR & AEAF IR 19,2 em
x 12,5 cm. # 75 & AR g R FHAE R Ok =X s iy i , B 5
1 JPCQO628 (A3 [ oA 10 ~ 160 Hz, 8 75 I 11 4k
TN 28 kHz, PR K 60 ~600 W) . L R H A
7 em x 1 em, IR 6 em , &R 1) HHEHLIR R S5k
MPS601 , LU 4 1 A 42 Fi AR BH B, 00 b 425 v 0 I A
(ZlERHLAR ).
112 FZH

H ok gk ol SLein o i gl , BT AW
3B 2t R AR 2K B L % pH I Y A NaOH
5k # H,S0,.
1.2 &
1.2.1 AR st 2

BB 1 em x7 em x 1 mm [ Ti JE4845 50 H
240 HH 600 HEALAT SO, i 2 B4R H 0 4
J& G AT Y H A2 4 Jm RDRE 3% mF- 38 O
W SR A FHZR IR K ok 1. P B2 53 41 10%
() NaOH FA 66 7 I il 7K 6, B 2% Ti BRAR 3% 1H 1Y)
WG . AR N 1: 289 EE BR K ¥ W AE 80C F
ZIf 0.5 h. AR S A9 Ti KA % T I8 A YT R S
ORI ENTTR N
1.2.2  HUARJIRZ Bl a5

WA 32 g ShCl,,150 g SnCl, -5H,0,50 mL
We LR ,300 mL Y n-C,H,OH. FHRI T B B2 442
TS ST bR i 2 Ti JERSR 1A, 7E 100 ~ 150°C 148
A H PR 20 min, R 5 ~7 K, FAE S00°C 1
AEP P I 2 h, T TR T TR i —
UGB A Bk E AL e 2 1 F L.
1.2.3  fPEHSE a-PbO, JZ

Bl F B R 4H B : 0. 11 mol -L™" 1 PO + 0. 35

mol - L™ i) NaOH , # L [ 1 ~2 V ¥5 E ik BRAL B
J5 I HLA B T PhO I T NaOH {RATAR Y, IR N
50 ~60°C LB} 0.3 ~0.5 A-dm >, HLAEITA]
30 ~60 min, A it A T H ST A ST
1.2.4 [RMEHYE B-PHO, J2

AR YE LA M AT ;0. 45 ~ 0. 6 mol-L ™" Y HNO,,
0.35 mol-L~" % HNO,,0.025 ~ 0.035 mol-L~" #Y
KF, 0 2 70 48 60% M R W & FL I 6 ~ 7
mL-L™" A —E &1 La Ce, il A S BES T N
(80 +2)C , Ml 2.6 ~3.0 V,pH{H0.5~1.5,
RS ~6 A-dm > FHPE 1.5 h, R
FHBRBR TR 555 125 R BE |, P STk S0 T B vl B
AR NO, B . il #5 5 AT LLAE B Ti/SnO, +
Sb,0,/PTFE + La + B-PbO, Hi#f ( La-PbO,/Ti Hi
), A48 2% L id o8 PbO, HL % Al Ti/Sn0O, +
Sh,0,/PTFE + Ce + B-PbO, Hi # ( Ce-PbO,/Ti
HL) .
1.3 ik

%I APAP BRAFHUEE (0, 5. 10, 20, 30, 60,90,
120, 180 min ), APAP 2 Bk R 2K F Aglient 1200
HPLC WAH (35X ; 1k 2% 75 % (COD) AR R H
75 DR1010; SAHLER (TOC) R H 5 HTOC-VCPH
SR N TR R R FH 3 % Dionex 1CS-2000
RUBS T35 =P R IR GC7890/MS5975
AT

1E 75 B A AL f# APAP (193 R rp , BHA R B %
AL A RN R AT ARSI, F T T AR
()5 4 | 3 I L ISR B B A, I B L i A% (ICE)
AT LA WA B A AL 5 8T S8 A 0 Y 3 A R
BN ICE TSR coD ikt
COD, - COD,
ICE )
P, COD, . COD, 733 F2 7 Bt ik 210 1, (o, WS B4
AR COD(g-mL™") , F (96487 C-mol ') ik
L HEE, V(L) S BARER T(A) S HLI.

2 ZR5iTie

2.1 T ABH06 APAP 2[R F B4 FH L
2.1.1 AR

BEARAA Ao} 5 i Ab B A %6 1 SR R R 2 — 1.
B 500 mg- L™ (4N IR 7, 76 HL 3T ( Na, SO, )
14.2 gL', J)E N 49. 58 Weem 2, S8 N 50 Hz,
pH 4 7 L E N 71.43 mA-em A5 T A AL
BEff, 3N 52T 3 Fl AR BRI 5 M.

ICE =
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AT AL, 43902k ] Ce/PbO, HLAK \La/PhO,
HL B FI PhO, HLAK , [ f# APAP 35 2 h J5 , APAP fi 5
353 51 N 82.56% . 70.86% . 54.41% ; COD FI
TOC By ZBRF 500 77.32% . 64.66% ., 48.32%
F150.26% . 42.42% . 37.49% . MY EAEE xf
IR IZIE ST, & L8 4 5 e R i L T
— JZBR AL, BELLE T BT SO 7 A R A A
AR ERR I, RIS T ARG B TR
AL TR PRI 2 . s 2900 Ak s sl
Xt APAP JZ H: COD il TOC By EBRFIE2] T E
(3 EAR R B 251 F, B 5 Ce/PbO, HL R FNI

100

—&— Ce/PbO;
—e— La/PbO;
—&— Pb0;

APAPEEER

64

4 L

32 F

CODEBRF /%

0 20 40 60 80 100 120
60

(c)
50 |

40

30 -

TOCEREHR %

20 -

10 +

0 1 1 1 1 1
0 20 40 60 80 100 120

t/min
1 3 #AREBEN APAP ZE COD 1 TOC £ EHFIT
Fig. 1 Effects of three different electrodes on APAP and
its COD,TOC removal rate

La/Ph0, HLHK Y HL 0% B AR AB 2206 1 A Ak sl
HLUR AR 1Y 27.03% 43 00 4 & B T 43.18% Al
35.91% ,%¢ A1 Ce/PbO, LMY APAP 225 A
B R ROR.
2.1.2 WIURWE

K&l 2 S8 TR Ce/PbO, J ML , HLfift 5 14. 2
g L' Ih%H 49.58 Weem > Ji % Jy 50 Hz, pH K
7T N 71,43 mA-em IS ANFEWIER
e RE (200, 500, 1000mg-L~") Ay APAP ¥ B 255
R FZ.

B APAP PIIRVE BRI R, KRR 2 TR

100

(2)

80 -

APAPZ[E3/%

—=— 200 mg-L™!
—e— 500 mg-L™!
—a— 1 000 mg-L™!

0 L L 1 1 1
0 20 40 60 80 100 120

(b)
80 -

60

40 +

CODERRH%

20 -

1
0 20 40 60 80 100 120
60

(¢)
50 |

40 +

30 -

TOCEEHY%

20

L L L
0 20 40 60 80 100 120
t/min

E2 AEVIHEKEX APAP X H COD #1 TOC EHRERIT
Fig. 2 Effects of different initial concentrations on APAP
and its COD,TOC removal rate
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#. APAP 1Y ) 46 W FE 43 3 S 200, 500, 1000
mg-L~" B, APAP £ B % 4 5l ik %] 87.99% |
82.56% . 58.06% ; COD Fl TOC (1) BEH 4 5
83.51% . 77.32% . 49.87% F1 59.17% . 50.26% .
40.69% . APAP ¥ J¥ 11000 mg-L~" F [#& 5| 500
mg- L~ EERFRIEE T 24.50% , 1M 24 APAP ¥ &
1000 mg-L™" FHF 500 mg-L~"', EBREREET
29.93% . AT g H T b6 v B e AR, ph 25 1 36 9 ot
SR AR EE b b T, R R i AR
TLACRBEE APAP W IR BE 38 NG K, APAP 4]
LR BE1 000 mg- L~ BB HL I A% 54. 77 % b 200
mg- L~ B} 20. 64% 40T 34. 13% , nl et FA LY
WRIEI T, r i R BT A ALY o 7 5 d il s
FEL BB 7™ A 1 3 1 AR A B 5 P il LR AR R, T 2 1)
B LSS Y B S 5 B ALY ) 32 A B R
AP A bR, H coD AT A
F, e H R AN o VR B 1 VS Y )t A A Y R B
2.1.3 HFHIIR

PEHL 500 mg-L ™' f APAP ¥A ¥, % M Ce/PbO,
B, B A 14.2 g+ L' M N 50 Hz,pH 4 7,
HLRZ N 71,43 mA-em 7 BEEARNRYPR(12. 04
36. 71, 49. 58 W-cm ™*) XF LR R .

FE S IR ARG BB B () B B I3 22
230 T A S RS R TR R R, A A
TR R W, DT 4 R 25 BR RO 3
7R, IR 12,04 Weem 23013 49. 58 Weem i,
APAP Iy 225K i 64. 24% $2 7 3 82. 56% , Bifi T K
(R34 N, COD 1) K BR AR K N 60.46% | 70.64% |
77.32% , 1M TOC [ 23 B5R % 25 A K. T#ik 49. 58
Weem 2 T BE A T8 R T DL ks fead 7
R FELA , FL RSO IR S R oy 43, 18% .

2.1.4 HEFHIR

TERTEIE AL B9 B3l |, R H] Ce/PbO, M AR,
HLMRIT 14.2 g-L7", T80 49.58 Weem ™, pH
7 R R 71,43 mA-em IS, LB
HF (10, 50, 100 Hz) %} 500 mg-L~"APAP &%
14 B

R P AR S I ) T PR R R F R R APAP
() SO B8 AR 53 WA B — 2 K ZE RAE AR
(R ) B 77 AR K E - OH M HO, -, 55 X0 F
F JE RS B 2 A R A EIE AR HL 0, , 5
S5 Qe . —Mni F Y e R R TS
B {ELER, 235 Tk 900 A 15 0 500 I 0 23 346 Jon ot 8 i 2

100
(a)
80 +
60l
% 60
&
+
(-9
< 40 -
[-®
<
20 L —=— 49,58 W-cm™
—8— 36.71 W-cm™
—A— 12,04 W-cm™
0 L L 1 1 1
0 20 40 60 80 100 120
80
(b)
64 -
-2
f,i- 48 |
&
o
]
g2t
16 |
U 1 1 1 1 1
0 20 40 60 80 100 120
50 | (©
40 |
=
% 30
&%
b
S 20
=
10 F
[] 1 1 1 1 1
0 20 40 60 80 100 120

t/min
B3 FEIIEI APAP R E COD 1 TOC KR EK #
Fig. 3 Effects of different power on APAP
and its COD,TOC removal rate

H I 4 AT LUE H FEIIR R 50 Haz B R BRACR Sl
MR | FFF] 100 Hz B, APAP 25 [5:5%, COD 2[R
K TOC EBRRRK THET 8.14% . 11.44% |
2.67% . AIREH TAHat A ot B s T AR R,
AT IR 23500 75 45Tt B 2 i e &, 43 nT
F B B AR 2 A AT B AR ZE A R H,0
M2 R, 50 Hz 9 SEE6 AT BIAR B8
2.1.5 MR

FE SN AR Z& T — 22 o A HL 0T, AT DA 5
TR S L PERE ORI M R B S B S
7N TR Ce/PbO, A AL, DR 49. 58 Weem ™2,



2414 o8 B ¥ 33 %
100 100
(a) (a)
80 | g0 |
S
5 60 |- = L
& 5 60
# &
2 ke
=T < ot
<
20 | —=— 10 Hz —a— T1gL!
—e—50Hz 20 - —e— 142gL"!
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0 1 1 L 1 1
] 20 40 60 20 100 120 0 L L L L L
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100
® b)
64 L
80 F
\G
%_ 48 1 =
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& -
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O 32
S 8 4t
[&]
16 F
20 F
(] 1 L 1 1 1
0 20 40 60 80 100 120 0 . s L . .
60 0 20 40 60 80 100 120
60
(c) ©
48 L sol
& 36 |- 40 +
5 S
& %
'E_*f & 30
S 24+ H
3 g
= 20t
12 b
10 F
0 1 1 1 1 1
0 20 40 60 80 100 120 0 ) ) . . .
t/min 0 20 40 60 80 100 120

4 TEBAEI APAP K H COD #1 TOC EBREHHM
Fig. 4 Effects of different frequencies on APAP and
its COD,TOC removal rate

pH A 7, HL % N 71.43 mA-cm >, APAP 500
mg- L SRR B AR g BOR EE (7.1, 142,
28.4 g- L") MBI

FERZRTINA Na,SO, 1E 4 HLf# T, SO, #EFH
We 5 Bk R i BRBR A | 75 Ye Wy L R BUR E— 2
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