Water Pollution and Treatment 7Ki5 4% 43, 2019, 7(1), 25-33 Hans X
Published Online January 2019 in Hans. http://www.hanspub.org/journal/wpt
https://doi.org/10.12677/wpt.2019.71004

Study on Degradation of Phenol
by Electrochemical Oxidation

Jiaoyi Qu, Zhengliang Du, Yiya Wei, Lele Tan, Zhongyi Wang, Yingru Wang*

School of Chemical and Environmental Engineering, Wuhan Institute of Technology, Wuhan Hubei
Email: 1104087846@dqq.com, wangyr96@163.com

Received: Nov. 16th, 2018; accepted: Dec. an, 2018; published: Dec. 14th, 2018

Abstract

The simulated phenol wastewater was treated using electrochemical oxidation method and the
effects of different anode materials, electrolysis voltage, plate spacing and electrolyte concentra-
tion on the degradation of phenol were investigated by orthogonal experiment. The experimental
results show that under the conditions of electrolysis voltage of 9 V, steel plate as anode, plate
spacing of 15 mm and electrolyte concentration of 0.09 mol/L, the phenol removal rate can reach
92.86%; COD. removal rate is 86.38%. Finally, Gas chromatography-mass spectrometry was used
to detect and analyze the phenol solution treated under the optimal combination of experimental
conditions, and the way of electrochemical oxidation to degrade phenol was discussed.
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1. 5|15

B T A AE P~ AR R B B H 2339k, SERyS 4 H 2™ 5, IO H R b2 S PR
M5 Y. KMy RREVE N EZ L TR, A= BRI & 5 5 R A8 90% LA B[1]. XY 7E
R NAE = A T B A A m g e Rk N BB AR RfEE . H 1923 S FRATR
WA A P2 Y LA, Y B2 P2 R AR DR . 2003 45, A IEmY S 40y 735 Jill, 2004 4F
MIH TR RN 748 i, [FILLIEKL) 1.8% [2]. KEyEARGEMEE, RRERLEHINE R Z
—, BT HEREARA LIS I, M UL S A B R 25 Bk

AL S S A AR [3]-[ 120 — PR AR A (0 b B 2R 13 B /K 1 7 32, T8I & & I Ak R, & B S BT 1t
AT LUK P 7K 035 e Ak T AR WL BT LA s B 2 SE I R B ) 5 B o

A B AR Ry BEAT AL S AL B, @ IEAE SERR I JTVE[13] [14] [15] [16] [17], B FEHARAL R
PR PR BB ISR R A O AR 0o Ry RN 5 PR s i, R i X PR /K R COD, 2 2 I 5E 43
T LA R P R T AL FEFE 18]

2. LHHRH
2.1. (Y& R

A ST F B B R & AR A | RIE 2 o,
2.2, EWHE

2.2.1. BEESLE
I3 A A8 L NI ERET =Rt B E R, NSRS9I o F & A B 250 mL 2Ry AR4DLK 7K (100 mg/L)
{51\ 400 mL JGe At v, Y5 AR 8] 2 1 [ 58 AR AR WL AR N : 5 em x 4 em, SR JE NN — 7€ &I HL A% T Na, SOy,

Table 1. Main experimental instruments and equipment
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Table 2. Main experimental reagent
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Figure 1. Electrolytic device schematic
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2.3.2. COD,, B9 E

COD.,, R 2 SR FH AR Y9 v o B 5.00 mL VB &35 51 /K BE B T 1M MR HE T, A RHER M 5.00 mL =
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el Re N BE FRE AR . N 3 IRk RGN, BB WAk S b v T 5

3. BR5118
3.1. PEESXE

3.1.1. ERAREENEEERUROFN
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Figure 2. Effect of electrolytic voltage on phenol removal rate

B 2. FRfRER EX R R AT
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BRIFTEE N 10 mm B, =B AR R AR 120 min, A 12 BR300 7008 88.52% (AR - #HR)« 91.05% (F
- BB 75.24% (BRET - BB BRAIEIEE Y 15 mm I, =Fh ek R B# 120 min, KEY I BRE N
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Figure 3. Effect of plate spacing on phenol removal rate
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Figure 4. Effect of electrolyte concentration on phenol removal rate
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Table 3. 4 factor 3 horizontal orthogonal test table
3 AERIKPERERE

SR TS LA L (V) HRAR 7] #F (mm) FELA R 94 (mol/L) AR AR
1 5 10 0.07 AN
2 5 15 0.09 F
3 5 20 0.11 ERET
4 7 10 0.09 ERET
5 7 15 0.11 AR
6 7 20 0.07 i
7 9 10 0.11 par)
8 9 15 0.07 ERET
9 9 20 0.09 AN

Table 4. Orthogonal experimental results
T4, ERRE

KIS HURHLE(Y) AR (mm) LR B EE (mol/L) AR RBEER (%) CODe Ll (%)

1 5 10 0.07 IR 67.14 62.84
2 5 15 0.09 VeE5 78.38 27.51
3 5 20 0.11 ERET 42.16 19.38
4 7 10 0.09 XA 76.63 41.60
5 7 15 0.11 IR 84.73 81.86
6 7 20 0.07 VeE-5 87.35 42.61
7 9 10 0.11 ek 92.13 46.26
8 15 0.07 ERET 72.38 43.59
9 9 20 0.09 MR 86.63 86.11
K, 187.68 235.9 226.87 238.50
K 248.71 235.49 241.64 257.86
Ks 251.14 216.49 219.02 191.17

k 62.56 78.63 75.62 79.50

ks 82.90 78.50 80.55 85.95

ks 83.71 72.05 73.01 63.72

R 21.15 6.58 7.54 2223

K 109.73 150.70 149.04 230.81

K, 166.07 152.96 15522 116.38

K; 75.96 148.1 147.50 104.57

/4 36.58 50.23 49.68 76.94

k; 55.36 50.99 51.74 38.79

k] 58.65 49.37 49.17 34.86

R 21.81 1.62 2.57 42.08

i K KM RFREBRI, K+ kA REIR COD, K-
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X IEAE SLUR 25 AT 0T, W ZE R SRR Z R R I oK o AR 22 4 AT, R HLE . BRAR AT G
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S 2R 25 BRI A e R BRI R R, R AR O A R AR BRGS0 L 79 3 PR S i R P8
N SZB6 8 BT DL Y E L R O Vi ARARTATEE 10 mm. FEAER I EE 0.09 mol/L A7 B4 AR 2y e Ak 2
Befif ) B AL

X COD, 2% B 2R I B2 1T 5 - PR PR AR R] B e AR 5 AR P 0 R AR Ao ) P W0 22 A 0 ) o2 21,81
1.62. 2.57 F1 42.08, HHBRZE K /N RN & R 300 28 193 B Al SR BE MR B2 R B /AMK I ik > |
fRE > AR > WAREEE, LG H, 20 COD, RBRF MR BER R KA Z Bk, Hik
e HLAR L, T R UK B AN AR (B BE XS CODy, 25 B 8 R H S WA AH X A5E /N o AN SEZBG 25 S AT DU E 25 B
COD,, s L 5e 56 4G 8 MIRAEREAR . A E 9 V. ARARIAIEE 15 mm. HEFUKRSE 0.09 mol/L.

LA FE R I CODy, 123 BR AR DL K i fif ok P2 o PR REFE I8, 6 2 2 Ty LA 27 B A R R A 2 6 2%
fF: HfEBREA 9 VIR, ZREA COD,, 1 k AHHS Jyf K, #oifie S i s 8 9 Vi BRERIELEE 15 mm
FT 10 mm BTGB k (B HEE, 25 RE AR A1 PR/, BEAEER ST, WOEFE 15 mm AR (8] 20y S 40 & %A
Z 5 HEFKREN 0.09 mol/L i, ZKIAI COD,, )23 B AR & fe bf 1), it DARA 2 g A0 FEL A R FEE
0.09 mol/L; A 585X M 1) 25 PR 3 LUANAR R 4F, (ELARASONS 2Ry O AU AR B2 LU A SR R B 2, 2R B B Bk £
BIRRAE N B TE A& B o 5 i B B G2 & SRR 2 A 9 AR A, AR FLE 9 Vo AR BT EE 15 mm,
AR R BE 0.09 mol/Lo Fe Mt 254 N AT SEEE 2R 2 PR %1k 92.86%, COD,, EFRZ1E 86.38%
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Figure 5. Gas chromatographic comparison of phenol solution before and after electrolytic treatment of steel plate electrode
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Figure 6. Pathways of degradation of phenol by electrochemical oxidation
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