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RHEA PR vl 5 ToK R BR M B4t , W B [ 2 46 A1
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mond, BDD) H.# , < 30 mm, Fit 20 mm, & 3 mm, i 5
ISP Ak s L S W1 Bt 9% A PR ) s A5 4 (SS, 304)
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Table 1 Water quality index of experimental water

Kl DRI RREEE
Water /(mg+ L") J(mol+ L1y P
quality Tetracycline Sulfate pH
index concentration concentration value

i [ Range 1 0004500 0. 274-0. 05 341

SR P A O S A T TR KA R
TP A 2 B R B WA 1. A AR A LB
BRI R~ K X 58 X 8524 60 mm X 50 mm X
60 mm, A AFA 32 mL. RAAEH A A . BDD
YRR AR - R ST 28 40 mm X 60 mm X 2 mm, FZfR
TAERSE A 40 mmX40 mm,  HL A e A5 R I 8 He
RIS AT 5 (87 P05 20 25 {12 7K 7 A 7K Sl 5 F A A
TEERI B 5 A PREFE A PG IR L TR oK B 3550 FEAid 7K 3t
UG B TR AR AT S A B

(17K Water storage tank; 2-f4 St £E#% Magnetic stirrer; 3-EEzh%E
Peristaltic pump; 4-F i B i DC power supply; 5- BDD FH#% BDD
anode; 6-A4EMN AL Stainless steel cathode.)
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Fig.1 Schematic diagram of electrochemical degradation device
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FETERTR] ((3~4) X 10 °s vs 2X 10 ¢s) LA K B G5 1 pH
I, i Comninellis 45871334 S 56 1) 4
PRI 28.3 mA « em *, T 52 56 4% 7 Y FEL UL 25
JEE T8 T PR P % R R HL AR 2 o AR A T A T
] o 14 A L 5 TG FH I o (HLIX 5 S s S 60 SR A
JY IR RE S T H O K, BDD A 3 1
A= BT AR NE > A BTy FE AR 3R T VR (o b R % 1
A= I R R (B B SRR R AR A 3 5
AR A - B K TR RGWAG TR g 7 %F
PUIRZ Y L BRASCR .

100 —
| ﬁ/’//, ? / ¢ . 2 ‘
o 804 ey, !
3 o
s ok
= 60 /
> /
=] // .
E, ’ —=— 120 mA-cm]
o 40— f - —e 100 mA-cm”
& ] / a1 —4—80mA-cm”
H 20 4 v 60mA-cm’”
/’é 40mA-cm”
/"/ ) 4 20mA-cm”
04— . . . . . . . : ‘ ‘
0 30 60 90 120 150 180

A [A] Time/min

B 2 R BT DU BR R BR R RZ
Fig.2 Effect of current density on the

removal rate of tetracycline
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Fig.3 Effect of initial pH on the removal rate of tetracycline
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Fig.5 Effect of sulfate concentration on

the removal rate of tetracycline

2.2 Wm Rz B E AR AL 9 #

2.2.1 Box-Behnken(BBD) 5 3% i+ 7 % T ik
FR RS #E TR U LSEGERE . i8] De-
sign Expert 8.1 # /4, % A} Box-Behnken %115 %, LA
WG pH (LR BRRER R I W LR DU R R MR
B AR, A BRI ALBLCLD, TOC 22 [ 3%k i f
I —1,0, +1 REHEEREM 3 A KF. ARG
PL BRI 2,

% 2 Box-Behnken SLIG& 1500 EH F 4R A8 K 7k F
Table 2 Box-Behnken experimental design

impact factor coding and level

Hifith 75 A 77K Factor level
Factors Variable — 0 1
ki pH {H 4 5 6
B FL#E/(mA « em %) 80 100 120
C R ARV B/ (mol « L71) 0.1 0.2 0.3

)

WAV ZEIRE /(mg« L) 800 1000 1 200

2.2.2 " B EHix It £ R 5 94 Box-Behnken
TR GEERIE 3.

2.2.3 TOC & & v o iy o 4 A7

2.2.3.1 TOC 2B = EH A A 44 KA ANOVN it
T 22501 S T & SR L 3% 4. BE7 F {H ky 460. 35,
P<0.000 1(<20. 01) , uF BHZ B RUE AR B 1, HA 5
TR X, SRR 0. 188 9(=>0. 05) , jiF B Z BN
A BER R ELA R AT R AR (1 A

KRBUR? J0.997 8. (5MELL 68. 714 (=>4) , I %A
BRI B ARG

% 3 Box-Behnken 2B T RE5HR

Table 3 Box-Behnken experiment scheme and results

TOC £BR%/ %

NO- A b ¢ TOC removal rate
1 S 80 0.3 1 000 75.21
2 5) 100 0.2 1 000 84.87
3 4 100 0.2 1200 75.64
4 o 100 0.2 1 000 84.69
5 o 120 0.2 800 86.15
6 S 80 0.1 1 000 69.30
7 ) 80 0.2 1 200 74.87
8 6 100 0.2 1200 78.31
9 o 100 0.2 1 000 85.02

10 6 100 0.2 800 77.67

11 S 100 0.1 800 76.81

12 4 100 0.3 1 000 78.43

13 o 120 0.1 1 000 79.85

14 o 100 0.2 1 000 85.05

15 o 120 0.2 1 200 79.46

16 6 120 0.2 1 000 §82.10

17 6 80 0.2 1 000 71.71

18 o 100 0.3 800 82.50

19 4 120 0.2 1 000 80.26

20 4 100 0.1 1 000 75.94

21 4 100 0.2 800 78.11

22 6 100 0.1 1 000 73.63

23 4 80 0.2 1 000 71.37

24 6 100 0.3 1 000 82.62

25 o 120 0.3 1 000 86.25

26 S 100 0.2 1 000 85.30

27 ) 80 0.2 800 70.23

28 o 100 0.1 1200 74.35

29 o 100 0.3 1200 81.68

W 3 s MRS P AR 918 pH (E(A) (R E
(B) VBB R JEE (O FIPIIR PUPF R E (DY P {H (<
0. 000 D#/NTF 0. 01, %F TOC EBRFEA W H 15
Wi AR F A PO PR TOC £BRAR BRI R/ NK
F o« TR (B) > BRIBRER e JEE (O > W if DUPF 3K e
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JE D) >H04h pHAEC(A) o PUAS R 8] 59 58 A L)
TOC LERRBEA RFZW. @ bk B E 2.
HEREA BF R, TOC LR — R 20 a]

ISELRUNNE
Y=84.98+0. 52A+5. 12B+3. 07C—0. 60D+
0. 38AB+1. 63AC+0. 78AD—2. 83BD+0. 41CD,

F4 TOCEBEREFHFEAENN

Table 4 TOC removal rate regression equation variance analysis

Zhi i 7 Fl i 75 %% Fia P {f Prob > F
Factors Sum of squares df Mean square F-value P-value Prob > F
157 Model 718.75 14 51.34 460.35 < 0.000 1 W
A 3.28 1 3.28 29.42 < 0.000 1
B 313.97 1 313.97 2 815.28 < 0.000 1
C 112.99 1 112.99 1013.18 < 0.000 1
D 4.29 1 4.29 38.46 < 0.000 1
AB 0.56 1 0.56 5.06 0.041 1
AC 10.57 1 10.57 94.77 < 0.000 1
AD 2.43 1 2.43 21.80 0.000 4
BC 0.063 1 0.063 0.57 0.463 3
BD 32.07 1 32.07 287.59 < 0.000 1
CD 0.67 1 0.67 6.03 0.027 8
A2 123.87 1 123.87 1 110.68 < 0.000 1
B2 117.17 1 117.17 1 050.60 < 0.000 1
C2 59.25 1 59.25 531.31 < 0.000 1
D2 63.20 1 63.20 566.69 < 0.000 1
% 7% Residual 1.56 14 0.11
S Lack of fit 1.35 10 0.14 2.56 0.188 9 NTE S
R?=0.997 8;R%;=0.995 7; {5 1}, =68.714
2.2.3.2 REEA 3 TOC £ hE & W 6 1), AT,

(b) /R THEWIER pH E (A FIBR R L 1 (O Boh o E
(1 000 1 0. 2 mol « L™ B, A [a] PUBRZE 4] vk JiE (D) 1
HLUTE % B2 (B) XF TOC 2 Br 09 5% ., — 4k i i 2
PR A AR T A 2 LD S IR T [ i
P<20.000 1, iEBIAEZE M EAERX TOC LBR%R
MR A . P 6 Ca) S o [ DU B A0 4 T Bt 2 F
T 3G T, TOC 25 B 28 J2 338 19 119 5 T ] A P 9 2%
£, TOC LBRFEE PO ZEPTaE v B KRR, [RlAsS A
16 (b) 15 R 20 T 5 S5 Sl b » 47 107 4 iR 4k
A TR DU R WA L, P8 FE X DU A 3R LB
BISZMA A B . IEA0 2.1.1 A, R S R R,
P T ARG TR . (BERESMT, TOC i
e F AR (85. 0290 NTF PUFR ZE f K =B (99. 13%) . 13
W R GEXT T U2 1 A o0 il LA B o8 4 A2 [ 20 gk

RIEE. & 6 (o). (D FIH T AFEWIEE pH (A

A Z R (D) 22 HAE X TOC LB HA
WEFW . 0 2.1.2 355087, pH (H S5 MR ER AR B i 2
FIFEE, LI 6 Y (o FitCe) .43 B -2 W0E pH (E AR 4R
VUM ZEHRE , TOC LBRRAEBRIRER B 0. 25 mol « L™
Ze AR E B RAH 85. 02% . R HEAY I R 2 B 45 A R 5
LR SRV JBE A B R 2R o TR 2 T AR R A O I AR VA
4 0.1~0. 3 mol « L™ i, A 1A Z W0 46 o e 4051 249
14,11.5 F19. 9 V), BEAR T HL AR (145 PR b & A4
FRT S0 R I L 38 A, DT 980 58 T A4 3R 199 1% Tt 4K
RO XS 2014 T HE B ER SR vk B X DU BR K X
BRI A 22 5%, A bl R 220 U 20 240 M R o8 4
WAL A AT 04 AHF 5 0 B R 43 1) o A T
W) 50 B R SE I DU 3R 2R v ) = ) 8 e
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Three-dimensional surface of current density
and initial tetracycline concentration
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Fig.6 Three-dimensional surface and contour map of the influence of two factors on the TOC removal rate

L5 b RRETEFLI WA pH AR HOR A R PR
VUPR R WU L » MG BRER L A M T L i5 AL B R
R EBRIUFR R LR K P TOC, 2B L.

2.2.4 RACHBAIEAEA AR BBD BRI A5
BT SR pPH AR 5. R E D 100 mA -« em ™7,

TR ER Mk B2 R 0.25 mol « L', W1 4G VO 3F Rk B2
1000 mg « LA, ma i fH TOC £ K 86.67%, K
T ETETUN 25 5 7R M B UL SR AR, #EAT 3 IR TR IR
55,3 RS TOC LBRFEME-I{E N 85. 1300, 5 Hil
{EARZ2E 1. 5476 G5 R A RL AT R AT TU0 44
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2.3 BEEREEB THERLIE

FE TG AL B R R A0 F1 DU SR R 2R K, R BN
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« OH M1 SO; ~ 174, TifE 7% % 100 mA « cm 2,
TRIRER AR EE 0. 25 mol « L' J8 1, Z4 BDD Ll Y
TEALEE B2 £k 30 min J5, 78 & & op & I 5] DMPO —
- OHM DMPO—SO0; ~ & WifE 5, il xt 32 B
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Abstract:

steel as cathode and sulfate as electrolyte were constructed to degrade tetracycline. The effects of initial

In this paper, a electrochemical system in which boron diamond (BDD) as anode, stainless

pH, current intensity, the concentration of sulfate and initial concentration of tetracycline on the remov-
al of tetracycline were studied and the response surface method (REM) was used to optimize the opera-
tion parameters. The free radicals produced in electrochemical reaction were analyzed by electron spin
resonance (ESR), and the mechanism of continuous oxidation of electrochemical system under intermit-
tent power-on mode was discussed. The results show that the order of influence of four factors on TOC
removal rate is current density >> initial tetracycline concentration > initial pH value >> sulfate concen-
tration. The interaction of initial pH value and sulfate concentration with current density and initial tet-
racycline concentration has a significant effect on TOC removal rate. The optimal operating parameters
are pH value 5, current density 100 mA « cm ?, sulfate concentration 0. 25 mol « L' and initial tetracy-
cline concentration 1 000 mg « L™'. In intermittent energized mode, the conversion of SO; ~ and other
highly active substances generated on the surface of BDD electrode provides the sustainable oxidation ca-
pacity of the system. The results provide an effective way to save energy for the practical application of
electrochemical oxidation technology.

Key words: response surface method; tetracycline; electro-activated sulfate; boron doped diamond
(BDD) electrode; degradation mechanism
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