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The Experimental Study on the Treatment of Dye
Wastewater by the Photoelectric Fenton Oxidation
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Abstract ; To study the decoloration effect of dye wastewater by the Photoelectric Fenton oxidation
process, the optimum technological conditions were determined. In the self-made electrochemical
reactor, the treatment of dye wastewater by photo Fenton oxidation process was used. The model
was established by Expert Design software,and the optimal reaction conditions were fitted and the
mathematical model was established. And the significance and interaction of the 3 factors in the
process of decolorization of the dye wastewater by the factors of the response surface analysis
method, the initial pH value, the tank voltage and the aeration rate. Response surface methodology
was used to determine the optimal decolorization conditions:pH 4. 25, cell voltage 15.73 V ,aera-
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tion rate 0.25 L/min,and the decolorization rate was 97. 1869% . Effect of various factors on de-

coloration system is:pH > slot voltage > air;Effect of the interaction between various factors on
decolorizing is:bath voltage & pH > pH & air > cell voltage & air. The results showed that the
decoloration effect of dye wastewater by the Photoelectric Fenton oxidation process was good.

Key words ; pHotoelectric Fenton oxidation ; dye wastewater ; decoloration ; response surface method
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ization rate

2.2.3  BEIRXTYORHE CSCR AR

I SN A« BRME R 41 bt K o
R 200 mg/L, F L R 20V, pH {2
4.0, SZHFHR AN E A 2 000 mg/L, Fe®
FHNE N 1 mmol/L. i U 76 B S 3 & N
0.25 L/min, 0.5 L/min, 1.0 L/min,
2.0 L/min&% 2.5 L/min &4 F kT, BB &
XA 2 5 €0 3R S T G ] 4 s

100.0

97.0 . . . . )
0 0.5 1.0 1.5 2.0 2.5
RS &/(L-min™)
B4 BRSSO ER 5

Fig. 4 The influence of aeration on the decoloriza-

tion rate
B 4 a]LUE Y B B A HG O, y
R AR B I £ 3 R M RAAIG. 7E 0. 25 L/min B
ST BRI R LT YRR K B B 0 3 B K, ey
ik 99.48% . W< i ok K, AR TR W it



CAR Ul

PEARTLAE G H Fenton S ALk b FRYLRE K Y146 137

LR RS E AL B’ Ak Fe' T, R A
T Fenton [ IV [ #E 47, i #0422 )
Tork AR KON B 1 AR, S BUH, 0, AR
TR, S B AT, A BRACR B BT
DagaZEARBENEEBRREN
0.25 L/min.
2.2.4 B o RO 19 5 e
TR0 SN A%« TR 1k A 21 Yokl 1t /K o
W 200 mg/L, #li HL 2R 20V, RS N
0.25 L/min, pH {H 5 4. 0, 37 +:5 # fig 5 8
o4 2 000 mg/L. I 7E Fe* ¥k B 43 il A
1 mmol/L .2 mmol/L .4 mmol/L 6 mmol/L
K 8 mmol/L 454 F #47, Fe? " B X
TR Z iR A2 an &l 5 fis.

100

99

Jit 2,22/ %

97t

96

0 2 4 6 3
FeBHlE/(mmol-L™)
B5  Fe’ B XA 5 B 5 57 m
Fig. 5 The influence of Fe** dosing quantity on

decolorization rate
WS FTLAF B Fe* $ it i3
i, Gehig K B Mo €6 35 T B Y Fe #
Jini: A Immol/L %] 2 mmol/L &, i 4 %
1 99.48% T %5 99. 13% , F &Y H 48 2%
1% F M Fe? B it i, B R AR
R, 1T Fe® " vk BE o i I, 23 5 2E iU iY- OH
KA, TH FE— 43+ OH, 7 B fifk 3 %
REEAIK.
2.2.5 SRR HL MR AR A X Yokt £ sk R
A
TR N A5 A« TR 1 R 21 G ekt K T
WeSEH 200 mg/L, FEHL R h 20V, B < &N

0.25L/min, pH & 4.0, Fe** i & A
1 mmol/L. 50 7F 3 45 Fi fife JoT JoT dk 3k B 43 J3l)
41 000 mg/L.2 000 mg/L .4 000 mg/L.
6 000 mg/L .8 000 mg/L 7 5 i i Ji i 451
TR HEAT , SR LA ST I X A R 53R 1Y
SZMUNEL 6 P,

100.0
9.5r
99.0

98.51

%

98.0

975

97.0 \ \ \ )
0 2000 4000 6000 8000

KRR RN # (mg « L)
B 6 SO AR ST X A 2R (5 5 A 5
Fig. 6 The influence of the concentration of sup-
porting electrolyte on the decolorization

rate
M6 AT LA Y, 3245 B fige o 48 fim Xt

A R 08 00 38 1) 5 W A7 B A (L. Y S Hp FL A

J ST BE My 2 000 mg/L B b K i i

ORI, IRF) 99. 48% . Y 3 43 F At I o ik

WRIZ/NT 2 000 mg/L B, JORHE 7K B i (0,5

i 5 74 P AR S5 e R R 1 /N T ARG, 3

TR g I S I VAR L SR AL, AR T

7 A B AT 5 Y S HE AR T R T

2 000 mg/ LI, YLk & 7K (14 I €6 2R B <7 £

i AR R (14 18 R i FAEALK.

3 7 il T 43 B RO HL Fen-
ton A AT Ab B R M R LT AR 4
YeRHBE K AR 1L
T JUAE XS HL Ak 27 SR 0 A 2 s ] PR 25 1Y)

WF5E e, 2250080 2 1 o P 246 1 i 1E 58

TR /W00 22 e AR B N 25, X 26 T T N g

ARGy Ml S5 7 45 Fofr 5 Wi D) 28 22 [0 ) A 52

15 B 1 B S 2% A L ARASEAA. i 17 i 1A



138 WHERKESMARBFR)

%33 %

Mg Rl iis A )iz i) — R e Ak 34
FB %07 FEGE BRGNS )
Jrik RS AT 00 W 2 R SR X ]
i H ST A X TR AR 3 A R 3R 22 (] Y
AHEAEFHEE R S 4R 30 i 3 AL (8. it
AR 5 X G L Fenton 48 16 12 b B R 4
RECAEAD G K Y 3t 7 v ke 32 SR i 174 P
RHAT TR BER S Hr o8 B R 3R e
It (0, A3 B A4 TR 3R A AR AR B, e B € 5 i
MR RS pH E 3 DAY AS AR AR 4k Y
RS LA b TR A T R LR RS
it pH i 3 AN ICHEN O R (AR A F2 2
BRI W W AR PRI 3 SRR
JEXTZ 3 AR R AT 0 2 P53 A, i 5 De-
sign Expert {4 8 7 A | e 24U A Fe it I
WA,
3.1 REHE

i 3543 M7 % HL Fenton 480k ¥ &b B R T
RETAEAN YL L 7K (1 JLAS B IR 3R AT, R
RET M (5,738 2 S DR 3R e TR i T (B
i pH A, 70 Hlid A8 i A B C. 572 5 i
B F 3 0 A R R 5 ~ 25V B R &
0.25~2.5 L/min, pH fH 2.5 ~ 6, JIii fo %
BRI NAE, LAAF5 R 7K. Design — Expert
Bk il 5 15 3 7 ¥ A Plackett -
Burman ( PB ), Central Composite Design
(CCD) .Box — Behnken Design( BBD). £ #
k1] BBD At fb ik 5 i it. MR 4E BBD %,
Wit 3 MRmER, DR 17 A4
I AR T 5. B R i 5 K an sk
LT 7. e o iy ) e 4 5 3 Je B Rk 2
7.

x1 BOTHRGES 5K
Table 1 Coding and level design factors

TKF
A/V B/(L+-min~") C
-1 5 0.25 2.5
0 15 1.38 4.25

1 25 2.5 6

F2 0 T AR BT R AR

Table 2  Response surface experimental design and

results
s A/V  B/(L-min~') C R/ %
1 25 1.38 2.5 84.06
2 5 0.25 4.25 93.01
3 15 2.5 6 90. 04
4 15 1.38 4.25 96.21
5 15 0.25 6 87.25
6 25 2.5 4.25 89.31
7 15 2.5 2.5 83.79
8 15 1.38 4.25 96.33
9 15 0.25 2.5 93.36
10 15 1.38 4.25 96. 45
11 25 1.38 6 90.52
12 15 1.38 4.25 96.35
13 25 0.25 4.25 92.14
14 5 1.38 2.5 80. 16
15 15 1.38 4.25 96.36
16 5 1.38 6 85.59
17 5 2.5 4.25 88.67

3.2 BABBREREEEMHKRIE

iz FH Design — Expert # 4, 28 35 K4 [0l
o5 3 2 o0 R B H 5

Y=f(A,B,C) =96.34 +1. 084 — 1. 74B +
1. 50C +0. 38AB +0. 26AC +3. 09BC — 4. 54A% -
1.01B* -6.71C°. (1)
Y R ERPE KL B %

XiF 2290 R A 5 B UEAT (0 07 22 40 i
3 FiR. F R — AR 52 138
N WRRA R SR, FAE
FE A, PR 20T o) S 5 M 2. P LA SRR
F0. 1, 8B 12 PR X ) 17 {5 ) R B 35 P
{ELANSRE /N T 0. 05, 156 B 12 PR 28 X6 0] 1 {5 Wi
2 P AE AR/ T 0,01, U A XTI 1Y R &
S ) o7 (LS Ay

BRI 4 45 S 7R A AU o 2 A
I, U B X R 50 R TR, PN
0.002 2 <0.05 7~ BH T4 HF 5
M) Jo7 1 27 ) A AR 2 8 06 2R 2 W 25 .



5514 PEARTLAE G H Fenton S ALk b FRYLRE K Y146 139

T3 MR N T B 5 28 Ak

Table 3  Analysis of variance for response surface quadratic model

i H Rl A Y52 F{E P{E BEE
fig e 393.15 9 43.68 11.09 0.002 2 B
A 9.25 1 9.25 2.35 0.169 3 UNTES
B 24.33 1 24.33 6.18 0.0419 3
c 18.09 1 18.09 4.59 0.069 3 FNTE
AB 0.57 1 0.57 0.14 0.714 9 NTES
AC 0.27 1 0.27 0. 067 0.802 7 ENTES
BC 38.19 1 38.19 9.70 0.017 0 B
A2 86. 88 1 86. 88 22.06 0.002 2 BE
B2 4.34 1 4.34 1.10 0.328 8 NTE
(o) 189. 86 1 189. 86 48.21 0. 000 2 8%
B2 27.57 7 3.94
AT 27.54 3 9.18 1240.42 <0.000 1 B
afiii 0.030 4 7.4x1073
PENCF 420.72 16

23 A[M,A C.AB AC.B* 5 i) P [IZZHAF RIS IRAE RLL YR (A A R0,
ERER T 0. 05, A, BT A BR. K 25
Bt 72 ) K 2 30 A 7 R A L S
AR Y R 2SI (8] ) T Ry

Jhifa R =52.667 15 —6.518 38 x BT it +
1.569 52 x St x pH {H — 0. 045 425 x (f#
JE)* =2.192 65 x (pH {)>. (2)
3.3 MEFZEHMTH

AR T GURH R AR R
23 [A] YA AR LA, O 1 B B UL S B 4552
M AT 38 5% o 7 19 52 i), AR — A R T L
] = 24 W) 7 . 3 e P AN S AT LA 4%
SO PR 28 AN [ BRI ST 6% 0 SO, 10 L 38 AT LA
FHAR I BT R P 38 SRS FAR PR W o Fig.7 The response surface and contour-line plots

H R of decoloration rate Y =f(A,B,4.25)

iz A R i 4% = 52. 667 15 - T 7 T LT 2 T 1 7 3
6. 18 38 xBRURE + 1. 569 52 xMRTURE X P yygotc gt fe s st 0 e 40 7 I 6 T 1 6
fF =0, 045 425 x CHITRJE)® 2,192 05 X g g it 5 MK 0B 0 3 2 91 B
(pH )", 42 3 Wl BRI gz st A PE T IR
O BT 2l i AR THHZR P BAEA o 55 o 50 L/min 25k, Btk o2 RRHBL(S
RIS Z R G FE R ST WL 929 FEAEES1 90% LU T 76—l fi

7 /2 pH Jy .25 BALPRRIRSUREZ e qhe it ety 5 ~25 v A5fk, b KL%

7 i Y:f(A,é,4. 25 ) B4 7 il o A A5

ik



140 WHERKESMARBFR)

%33 %

BB R 58 ETF, K 90% B T3] 96% LA I,
HE s, it 16 V LUG B0 53R % 8 %
1, BT LA Al v, b A= T O €, 28 1 52 e B
K. PR R Z A7 5 (R DR RV RLR, , 7 e —
DXl 79 R 2R ] s A s ) 5 ) 14 2] AR 4
BF, A REAH X b g B A 80 | i BAFAE—
BRI (0 R X 3, B & 7 A e 12 ~
20 V BRESHAE 0.25 ~ 1. 38 L/min A=A [RIE
DB, X — DI A B (8 58 11431 96% LU .

& 8 MRS AN 1. 38 L/min, #8 Hy JE I
pH B2 18] () 58 FAE X B R 21 Yk it 2
R FZ.

R
AR
RS RO
RSy

LRI
S

B8 WLt Y =7(A,1. 38,C) RN F4E
Fig. 8 The response surface and contour-line plots
of decoloration rate ¥ =f(A,1.38,C)

M 8 ] LU B (AR BE pH (E Y
B4R 5 LSS R AR B 3 M (5 R B A
FL PR ) A DB Ot 522 3 2 1 RS AR 1
Ho A —ERHRESE T ,pH E 2.5 ~4.0 &
o, B 3 e W b i, B (R P s W i, A
84% %1 96% , i 4. 0 Bt JId €0, 38 % T FEAIK
M 96% [ fIRF) 88% LA F 5 i 7E— & pH {H 2%
R R R 5 ~ 15V 2840, B 6 RS B
P, M 84% 5 96% , it 15V, i 4,5 5 i
FA, N 96% % 86% . It , pH {F AH Xt 8 1
FERYF 0 G (38 i 28 . 76— M0 Bl Al
RS A pHL L[] B 1) A [ D7 1) 24 29 22 AR I

It €5, 558 4 2 4 W ) £ v, 0 DA L RN pH
(B2 [AIAF 16 2 D R8BI B— X 3k Py, 7
(R v SRR, BRI AR R 4 5.
PR (R X 3 A L 14 ~ 18V, pH {H
4.0 ~4. 7 BRI DX, 33— DX s i € 6
Y75 96% L I

Ko B E N 15V, BB M pH (22
8] 58 H AR FH X R AT Y I € 2R A S .

1.94

A\
1.38 s
081 p&

2.50.25
9 BLEHER Y =f(15,B,C) [ 4 R
24
Fig. 9 The response surface and contour-line plots

of decoloration rate Y =f(15,B,C)

MEL9 "] LU i, B S JuR i a
SIS A OGO R M (AR BEE pH (H
(A3 R S IS HE K5 FEAR A #a . 7 — & pH
EAAMET B BRI R DR 2T
Wk i (5 38 1 95% T FEF) 85% LLF ;i
fE—E ST, pH (HTE 2.5 ~4.2 78
b, B8 A0 R T K N 85% % 95% , I K
B, 7E pH {H KT 4.2 B, B (R8T
R DRI, pHL AR Xof B /< o 58 2 3 1) 5
B fE— R A pH EYE B, IR
AFAE 535 A DR R RN, B A7 78 B A i (2 R X
B, pH {5} 3.8 ~4.6, BN 0.25 ~
1.2 L/ min {1 B DX 35— DIl i I €7,
RITE95% LA L.

Wit 7 E 8 E 9 mw i il AT A
FEHL R MRS pH (H 3 4 AR &R X



CAR Ul

PEARTLAE G H Fenton S ALk b FRYLRE K Y146 141

JI € SR AR S ) - pHL (B B4 52 M) i K, Lk R Al
L B S I3/ 0N 5 25 PR 338 BAE FH T
Y€ 1 5 i KN A L & pHL L >
pH {H & MBS >l R &
3.4 RMRERSH

TF Design — Expert # 4+, #= {8 Tt b 4
A 100% . 1 3075 B 200t A i B AR 1, S
i A A N A R M 97. 186 9% , Hirp e
FEHL T 15,73 V B 0. 25 L/min ,pH
B0 4. 25, UL W 7E AR R R 4 1 R, BRI K
LLRIEER R 97. 186 9% .

4 45 g

(1) # ¥ Design Expert ' Box - Be-
hnken Design M Ji [ £ 16 73 7 , & 37 455 7Y 15
T

B 6% =52. 667 15 —6. 518 38 x RS & +
1.569 52 x BB x pH {1 — 0. 045 425 x (flieg
JE)? -2.192 65 x (pH 1H)".

(2) TR SRy R R 15.73 Vg
4 0.25 L/min .pH H 4. 25 , e e A 414
B4 97. 186 9% .

(3) 38 3 = ) 17 i T L A A L 5 1A
FRTB AR ANy pH {H > FEHL T > B
A 45 PR ZR A EAE IR Uk €0 38 14 52 ) K
/NATREHLE & pH {H > pH {H & B > fli
JE & B

(4) Me) 7 AL 5 A5 L0 Y IR  FE B AR
FRILA T XA G Fenton S fE Y4tk K
RO T2 HA Bt S

Sk

[ 1] FefiEfE. b EDKBES Qe S BA KM AT T].
REVR 575 AE 2012 ,81(6) :62 —63.
(QIAO Qiangian. Natural resources of our coun-
try water pollution and control strategy[ J]. Ener-
gy and energy conservation,2012,81 (6):62 —
63.)

(2] fhdiak, RbetH, D E3 WG R - <H A
TR 2 SAE S SR T ] TS 4 BiiR

R,2013,26(3) ;73 = 79.

(ZHONG Weibin, SONG Xiaojuan, MA Yugin.

GC Determination of acetic acid in ambient air
and exhaust gas by adsorption in activated carbon
tube [ J ]. Pollution control technology, 2013, 26
(3):73-79.)

FRFE Bl XA, KOH TR Ak i il #2605
PERAY TS [V ] FRBERE 22241, 2013,33 (9) -
2459 —2465.

(GUO Xiang,ZHONG Chenghua, DENG Chun-
guang. Preparation of activated carbon from cow
dung by chemical activation with potassium hy-
droxide[ J ]. Acta scientiae circumstantiae, 2013,
33(9) :2459 -2465. )

A gL BN AR AL B R B PRA AT [T ], ED
3 2013,23.49 - 53.

(SHI Taishan. Wastewater treatment of dyeing ef-
fluents and its resource utilization[J]. Dyeing &
finishing ,2013,23.49 -53.)

NAGESWARA R N,ROHIT M. Efficient degra-
dation of Reactive Blue 4 in carbon bed electro-
chemical reactor[ J ]. Chemical engineering jour-
nal ,2012,184 .23 - 32.

LIANG Qinghua, MA Wangjing, SHI Yao,et al.

Easy synthesis of highly fluorescent carbon quan-
tum dots from gelatin and their luminescent prop-
erties and applications [ J ]. Carbon, 2013, 60.
421 -428.

LT AR, VAR AL H AL 1L PFOA FH
WAL e SO ALRIBFTE [ T]. BREERE 2014,
35(5) .1810 - 1815.

( ZHUO Qiongfang, DENG Shubo, XU
Zhencheng. Selection of electrochemical anodic
materials for PFOA degradation and its mecha-
nism|[ J ]. Environmental science, 2014,35 (5):
1810 -1815.)

WRME, T UK, B = = Fenton 24 4b BRI {8}
BB IATFE[T]. A2 5 %64 ,2013,35
(2):32-34.

(CAO Chunyan, YU Bing, Zhao Yingying.
Treatment of simulative azo dyes wastewater by
fenton reagent technique[ J]. Chemistry and ad-
hesion,2013,35(2) :32 -34.)

AZAM H, MAHMOUD 8. Biodegradation of
phenol in hypersaline conditions by Halomonas

sp. strain pH2-2 isolated from saline soil[J].



142

Tk B B OR E eE R (A SRR )

%33 %

[10]

[11]

[12]

[13]

[15]

International biodeterioration & biodegradation,
2013,85:29 - 34.
ZHANG Chao, JIANG Yonghai, LI Yunlin,
et al.  Three-dimensional  electrochemical
process for wastewater treatment:a general re-
view[ J]. Chemical engineering journal 2013,
228.455 -467.
FHmN, E W RAZIE. SEHL Fenton £ AR 4L
RS U8 R E WA BT [T]. BB,
2014,35(1) ;208 -213.
( WANG Xianli, WANG Shifeng, WU Jun-
feng. Treatment of sludge liquor produced in
deep dehydration by photoelectro-fenton
process|[ J]. Environmental science, 2014, 35
(1):208 -213.)
MAHMOODI N M, SALCHI R, ARAMI M.
Binary system dye removal from colored tex-
tile wastewater using activated carbon kinetic
and isotherm studies | J ]. Desalination, 2011,
272(1/2/3) .187 - 195.
¥ariiti , f 1 5% 42, D'/ HL Fenton i G 4 38
B PAR I R CIREE[T]. R At Tl R
A HABIERR) ,2013,35(3) :66 - 69.
(YANG Jie,CHU Hairong,HU Jun. Treatment
of polyvinylalcohol by photo-electro-fenton
oxidation in desizing wastewater [ J |. Journal
of Nanjing university of technology ( natural
science edition) ,2013,35(3) :66 - 69. )
LIU Huan, YANG Jiakuan, SHI Yafei, et al.
Conditioning of sewage sludge by Fenton$ re-
agent combined with skeleton builders [ J ].
Chemosphere ,2012,88(2) ;235 —239.
CHU Y Y,QIAN Y,WANG W J et al. A du-
al-cathode electro-fenton oxidation coupled
with anodic oxidation system used for 4-nitro-
phenol degradation [ J ]. Hazard mater, 2012,
200(1) 179 - 185.
FRVRAL, A tHEER XIS, 45 ) 17 1Ak (I AL 5%
WRBR R ER A ] 5 S LN [ 7], PR35 TR 2
#%,2012,6(1) ;9 - 14.
(ZHENG Huaili, JJAO Shijun, DENG Xijaoli,

[17]

[18]

[19]

[21]

et al. Optimization of preparation and applica-
tion of PPFS by response surface methodology
[J]. Chinese journal of environmental engi-
neering ,2012,6(1) ;9 - 14.)

WANG S Z,GUO Y,WANG L A, et al. Su-
percritical water oxidation of coal: investiga-
tion of operating parameters ~ effects, reaction
kinetics and mechanism [ J ]. Fuel processing
technology,2011,92(3) :291 -297.

PR, A o 1ot ek DA 52 2R
il A T2 [T]. B TR, 2012,6(9)
3063 - 3067.

( XU Jianping, ZHOU Runjuan. Preparation
technique optimization of composite flocculant
by response surface methodology| J]. Chinese
journal of environmental engineering,2012,6
(9) :3063 -3067. )

R, TR, 2 . R I /K Sk A B 7
B B R L A PEAL [T ] BRI Rl
#,2013,33(12) :3275 - 3284.

( LIANG Shen, WANG Shuzhong, GONG
Yanmeng. Optimization of supercritical water
oxidation for landfill leachate treatment by re-
sponse surface methodology (RSM) [ J]. Acta
scientiae circumstantiae, 2013, 33 (12 ).
3275 -3284.)

RUQAYYAH I D,JAMAL P,ALAM M Z,
et al. Application of response surface method-
ology for protein enrichment of cassava peel
as animal feed by the white-rot fungus Panus
tigrinus M609RQY [ J ]. Food hydrocolloids,
2014,42(2) :298 -303.

BEFR 22 R PR, IS AR, 0 i T8 20 A % 1
PSSR Hh 22 95 218 W) Ui ) 2R S T Al 1 42 B
TZLI). B A B, 2013,29 (9)
2235 -2240.

(CUI Chunlan, ZHENG Huzhe, GU Lizhong.
Optimization of pectinase aide polyphenol ex-
traction from apple pomace by response sur-
face methodology [ J ]. Modern food science
and technology,2013,29(9) :2235 —-2240. )



