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Degradation of 2, 4-Dichlorophenol in Aqueous Solution by ZVI/EDDS/Air

System

SUN Qian, ZHOU Hai-yan, CAO Meng-hua, WU Lin-na, WANG Lin-ling, CHEN Jing, LU Xiao-hua
(Environmental Science Research Institute, School of Chemistry and Chemical Engineering, Huazhong University of Science and
Technology, Wuhan 430074, China)

Abstract: A new oxidation system of Fenton-like system (ZVI/EDDS/Air) has been developed to degrade 2 ,4-chlorophenols (2,4-

DCP) in aqueous solution. The influences of initial conditions, i. e., EDDS concentration, iron dosage, aeration rate, 2,4-DCP
concentration and pH as well as reaction temperature on the degradation of 2,4-DCP were studied. The results demonstrated that this
ZVI/EDDS/ Air system was able to effectively degrade 2,4-DCP in aqueous solution, and the degradation of 2,4-DCP conforms to the
pseudo-first-order reaction kinetics equation. Removal of above 99% 2,4-DCP was achieved in ZVI/EDDS/Air system at room
temperature and pressure after 1 h reaction when the initial conditions were 2,4-DCP 100 mg-L~", EDDS 0. 80 mmol-L~", ZVI 20
gL', aeration rate 2 L+ (min+L) ~'. Compared with ZVI/EDTA/ Air system, ZVI/EDDS/ Air system showed higher efficiency in the
degradation of 2,4-DCP at ambient circumstance and was more environmentally benign.

Key words:ZV1; EDDS; 2,4-dichlorphenol; degradation; Fenton-like system
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R AR A R A FD) 5 30% & R 3R TR
=4[ (S,S)-EDDS-Na,, >99.9% , Sigma-Aldrich ] ;
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Fig. 1 Schematic diagram of the ZEA system reactor
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et FH e ROV AR €531 - 58 A G 5% ( HPLC-UV ) X
FEAh TR 2,4-DCP ., EDDS [k & it 475 B0 #r , (i
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DCP ARG #5951 4 280 nm , 3 s AH 4 H S (65% )
1% LR FB TARIEH (35% ) g EDDS i}
K28 0% 4 2 236 nm , i S AH Sy BB 2 TRER % v
V(2 mmol -L~" U T 3L 47 2 E0 84 A1 15 mmol - L~
NaAc, HHZRVHYT pH =4) {RFLLE 20: 80, #F itk F
FIAIA 1 35 vK S AR AT 1 8 FeCly (=50: 1, Fe'*:
EDDS FE/RIL)IREA 1 h!22,

SO Ao A H ) i AP R EL R T i SR A T A
(_FHEEERE, TPB-607A ) .

2 #R5itie
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P A R B K 2,4-DCP LA
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T Bk MR 20 gL', B EEKRH 2
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DCP JLT- A Bt , ¥ R RN 1. 4% . ZA (K ZRY)
i pH 4 6.35, 2,4-DCP ¥ B R 22% , ¥ & i
KR 21% . SRR R AR L, A58 5 5 AT Y
ZEA /R F X 2,4-DCP MR R fe i, i85 99% ; H
IR Z WG pH A 7. 37, BLIY 2,4-DCP FZ LB F
BAAE IR TR, AR 0. 4% . % L5 R R
ZEA R RTEIE HPER pH 254 FXFKh 2,4-DCP B
ARG R A SO

.
%

/
/
/
é

ZVI/EDDS/Air

20

7
ZVI/EDDS/N, ZVI/Air

E2 2,4-DCP ERE R A HIBERE
Fig. 2 Degradation of 2,4-DCP in different systems

2.2 ZVI/EDDS/ Air KR 2 ,4-DCP 54 %
2.2.1 EDDS ¥

7£2,4-DCP [HIHAVRE H7 100 mg-L ™" Zfrik
(B 20 gL' MR 2 Lo (min-L) '
A AF T, EDDS (%) 46 W& B2 43 731 2 0.20, 0.40
0.80, 1.2, 2.0 mmol-L "I, 2,4-DCP Ay & i 2k
DL 3.

50 R ,2,4-DCP R fif 3R B & EDDS ¥
JERBS IS BT R N R, Mk H 0.20
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mmol - L~ 3 Wi B fi & 0. 80 mmol-L ™" i, 2, 4-DCP
Wi f sk B g T, AkLEe i EDDS MMk EE % 2.0
mmol - L~ , 2, 4-DCP ) [% fift 3 R &1 A Pt B AKX
Noradoun 25" F1 Zhou Z&'"" 4238 , 24 EDTA Fi4k
MBS R LU 1 LI, 233l AR R AR A 25
WA EIE T EDDS. SEER45 R EK U], 2 EDDS 1Y
He B 0. 80 mmol - L~ "BF, 52 A2 B 4.

1.0

—=— 0.2 mmol-L™"
—@— (.4 mmol-L™
0.8 —&— 0.8 mmol-L™!
—¥— 1.2 mmol-L"
—<— 2.0 mmol-L™"

c/cy

3 EDDS HI#I% R EXT 2,4-DCP i 700
Fig. 3  Effect of EDDS concentration on the degradation of 2 ,4-DCP

2.2.2 EMPAINE

4 SH7E 2,4-DCP IHIIAHEE Sy 100 mg-L~" |
EDDS #J 1A ¥ 4 0. 80 mmol-L~"' | BRSHFK K 2
L-(min-L) ~' AT, T A HmM & 55 51
$95.0,10, 15,20, 30 g-L "B}, 2,4-DCP 1Y (% fift
HES

G R, BEE F M GBI B 2,4-DCP
(1) e ek R B d 2 e T i R I i 3. E T Mk
eIt 20 g- LI, 2,4-DCP 14 [ A 501 B 4
AR
2.2.3 BRHER

&5 #E 2,4-DCP MR 100 mg-L~"
EDDS ¥ 1A H FE 4 0. 80 mmol-L ™" M4k 1 £
HH20 g L7 HRAMT BEHERSHIHN L, 2,
4 L-(min-L) "0}, 2,4-DCP (1) ¥ i 1t 28 Ko 52 o v
W% 4 (dissoved oxygen, DO) AR £k. M
HAT RN, ) 4 A R v A ARk B AR AR SRR E TE
5.4 mg- L™ A AT, ROV T GRS Ak IR AR ZY , Bl A
o AT TR AN, R SE AT A R R R 5%
T T firp LTS T 3 1) o i 5 o BRIV [ e i 4 5
WA, SRR ORI K, 2351 2,4-DCP (145
KiK. IR R i S R AT IR 1~ 2
L+(min-L) 7"

1.0
—a— 5gL!
—— 10gL"

08 I —A— 15 g‘L’l
—v— 20gL"
—<— 30gL™"

0.6 -

§
04
02 -
0 1 1 1
0 0.5 1.0 1.5 2.0 25 3.0
t/h

4 FeiRME 2,4-DCP FEMEHIHM
Fig. 4 Effect of Fe dosage on the degradation of 2 ,4-DCP

1.0

6
—=— | L-(min-L)™
5 —e— 2 Lo(min-L)"
= a4l —+— 4 L-(min-L)"
0.8 - o
£ 3t
=)
[SI AN
0.6 |-
1 b
g o
© 0 05 10 15 20 2530
0.4 - th
—a— | L(minL)™
—e— 2 L-(minL)™
02 r —A— 4L(minL)"!
O 1
0 0.5 1.0 1.5 2.0 25 3.0

t/h

El5 BRSEE2,4-DCP BEHRNE
Fig. 5 Effect of aeration rate on the degradation of 2 ,4-DCP

2.2.4 HJUh pH

Kl 6 MTE 2,4-DCP IR E N 100 mg-L7" |
EDDS #J 1A # 4 0. 80 mmol -L ™" FEM £k i 4% hin
A 20 g L7 BEGHFE R 2 L (min-L) 7' Ei
AR 008G pH 430h 3.37 7. 73 Rl 11,27 B, ik
Z 12 ,4-DCP RS 26,

MAZ pH =3.37 I, 2,4-DCP 1 B i 8 % o
P, S T IR IR A5 F 2,4-DCP LTk
B AR, A FFARE Fenton 14 2 MR By FIH &
S BB AE S TE pH 2 ~ 4, IS0 3 114 )65 (o AR 71
BT AR g R AR 2 (ER AR S R
Ko Mk A ALY, IV TP ek R
i, R fES EDDS B 7 16 b 0™ A B [ 2 imi
51 %2 Fenton [ YHEAT. H40, BRVESME T 2 ,4-
DCP 253 FIRE, G K  ER BN 4.1% 5 TS
HTFHEEER0.2% 5 WHERMT ,2,4-DCP 25T
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1.0

—x

A T

M\‘\‘
97\*\.\._—‘

T 6Ff
=%
0.6 - / —=— pH=3.37

3F —e— pH=7.73
—a—pH=11.27

0.8

c/cy

0.4 - 0 05 10 15 20 2530

t/h
—a—— pH=3.37

02 F —e— pH=7.73
—4A— pH=11.27

0 0.5 1.0 1:5 2.0 25 3.0
t/h

6 #1% pH 37 2,4-DCP PEREHI RN
Fig. 6 Effect of initial pH value on the degradation of 2 ,4-DCP

2.2.5 R

K7 J& 2,4-DCP ] 45 M E R 100 mg-L7"
EDDS #JH4H FE 7 0. 80 mmol-L ™" . FE M4k i £ im
HR20 g L7 BESHEHRN2 L (min-L) KT,
W ZIRE 2391k 30, 50, 70°C 1,2, 4-DCP 1Y [ fif
k.

S5O B A T R Y T R 2, 4-DCP [ fiff 1%
WA D, E T T 3R X T Yy 1 A At G 2 A
HEVE T, i H TR R = AR AR, = AR AL 2, 4-
DCP A 8 Z 148 &, it LAFE 52 i g iR 5 18 4%

RIS
10
—8—30°C
—e—50°C
08 L —a— 70°C
06 |
g
Q
04 |
02
0 1 Y 1
0 0.5 1.0 1.5 2.0 2.5 3.0

t/h

7 REEX2,4-DCP BEARRIEIN
Fig. 7 Effect of temperature on the degradation of 2 ,4-DCP

2.2.6 5YMpME
Kl 8 i #E EDDS ] 4f ¥ £ 4 0. 80 mmol-L~" |
FM B mE R 20 gL', B BEN 2

Le(min-L) ' FWEAM T, 1599 2,4-DCP 1k
JEA3 2 50, 100, 200 mg-L ™", 2,4-DCP FY [ fift
HES

M5 E F 50 mg- L™ Fl 100 mg-L ™" i,
K1 h, 2,4-DCP 558 2 A 3875 e ik B
%200 mg-L™", LI 1 h J7 2,4-DCP {1 & fift 5 Wy
55% ,3 h Ja s R BEAE TS L W vk B I 3
2,4-DCP i 3 5 B b B A1K.

1.0
— = 50mgL™!
—e— 100 mg:L™!
08| — & 200mgL’
0.6
g
A
04 +
02 |
0 1 L "9 1
0 0.5 1.0 1.5 2.0 25 3.0

th

8 TSRMIKEXS 2,4-DCP BERRHIRMG
Fig. 8 Effect of 2,4-DCP concentration on the
degradation of 2 ,4-DCP

2.3 2,4-DCP Ml EDDS B [4A# 5 12401 5T

K9 R T 25T, B 2,4-DCP W) 46 FE
100 mg-L~" | EDDS #J4RH&EH 0. 80 mmol -L™" | &
Wk m& o 20 gL', B E KN 2
L-(min-L) " ZHE T, &K $2,4-DCP I EDDS [
fifk AU — G g A 2k

K9 BRAZRTHRY2,4-DCP 2% 1 h 558 4%

3.5

30+

y=3.3659x— 0.092

251
L 20f
$
E
TS L

1.0 y=2.0940x-0.038 2

05 = DCP

© EDDS
0 1 1
0 02 0.4 0.6 0.8 1.0

B9 JmMETZHMET ZEA kR 2,4-DCP
EDDS B — k3 F1 ¢ £k
Fig. 9 Pseudo-first-order kinetics of 2 ,4-DCP and EDDS

in ZEA under the optimum reaction conditions
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fi%t ,EDDS 7F 2 h JH#E58. Li &%) 4258 EDDS-#"
Yyt 2 60 ME i (E2) A7 AR G A B A AR TR B
EDDS tL7EAWiRE A, I H ZEA /K Z& 1 2,4-DCP Al
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