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Degradation of diclofenac sodium in water by UV activated persulfate

GUO Youluo, GAO Naiyun, GUAN Xiaohong, ZHU Sirui, LU Xian, AN Na

(State Key Laboratory of Pollution Control and Resources Reuse( Tongji University) , Shanghai 200092, China)

Abstract: To solve the deficiency of organic pollutants removal in traditional technologies, UV/persulfate ( PS)
process was employed to remove diclofenac, one of the typical pharmaceuticals and personal care products. The effect
of various factors including initial diclofenac concentration, persulfate dosage, pH, inorganic anions and humic
acidon the diclofenac degradation by UV/PS process was investigated. The proposed degradation pathways of
intermediate products after reaction were also analyzed. The results showed that diclofenac degradation fitted the
pseudo-first-order kinetics well (R*=0.95). With the increase of the initial diclofenac concentration, the pseudo-
first-order-constant gradually decreased. And the degradation rate of diclofenac quickly increased with the increase of
the PS dosage. Different pH environment influenced the degradation rate of diclofenac to a certain extent. For the pH
ranging from acidic to alkaline conditions, the degradation rate of diclofenac has an obvious increase. Inorganic anions
in the solution had different degree of impact on the diclofenac degradation. The existence of bicarbonate ion
accelerated the degradation but chloride ions had an adverse effect. Additionally, the existence of humic acid had an
inhibition effect on the removal of diclofenac. Sulfate radicals activated by UV may react with diclofenac molecules,
thereby removing carboxyl or hydroxyl herein. The main intermediate products were 2, 6-dichlorodiphenylamine,
1-(2, 6-dichlorophenyl) -2-indolinone, 2-indolinone and aldehydes or something.
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Fig.1 Effect of initial concentration of diclofenac sodium
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Fig.2  Effect of initial concentration of diclofenac sodium on the
removal rate and £,
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Fig.3 Effect of different sodium persulfate dosages
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Fig. 4  Effect of different sodium persulfate dosages on the
removal rate and k
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Fig.5 Effect of pH on diclofenac sodium degradation

100 |- Z&“f‘?z 70:045
—B—Robs
7 7 7 9
80 L 7 40.040
// -
S 60| # =
X 10.035 =
y <
Sl /
-0.030
20
1 | | | 0025

2 3 4 5 6 7 8
pH
6 pHERMEBRER k,HXF
Fig.6  Effect of pH on the removal rate and k
2.4 [EBIEEREIRSIN
TS BRAKAR P AETEAT &R A DL, X H A5 G

9 10 11 12

Yy R fige 25 5 LB E B )[R PR W B —
S T 1Y) R PR A AD S PR K AR R 5 i e B B A R
BA S E S AERUR JY TR 940 4 BT VR
10.0 mg/L i B2 ER B 1.0 mmol/L 1 554
T, 5 1 T W A R o R BE 43 0l 0,5.0,
10.0.20.0 F1 40.0 mg/L B} UV/PS T2 X WG ISR
R RGO AN 7 .8 I, UV 300 2o B iR h B
il LSS IR AN 5 1 — R 3 ) AR AT % AR
il RUSE S5 TR BN 14 S 7 8 4 5 I e I A3 i vy 14
IAS WU/ 2 S R 1 24 0.,5.0,10.0,20.0 il
40.0 mg/L B, XF R Y Sz I 3 6 H B 0.033 6,
0.023 9.0.017 3.0.015 7 F10.011 3 min™".[A#}, *f
XUAST TR BN 1Y) 25 5% 8 0 B g G PR 4% I 2 ML 0 mg/ L
M| 40.0 mg/L i H1 85.8% KK E 47.0% W57 4%
SRR SR 2 F1 H bn 15 G0 e A SO, ke i
HEAE S SE 445 TS WIS 1) R e ) 1 DL, 76 1%
S FE B R A HE AR R 5 B S5 R AN 3 P i W b
FRAI SO, JT HLIE 25 6 Al R 50 i i i oK 5
FrEE IR, TS BOSUGE Z5 R B 25 5 230 ) o e [
fiK. Roshani 55" ZEBF 5T HL 1 5 5 HEJBOE 30 0 R 36
Rk i A I — RO T 5% v Al R 3, S R ) A7 AE 25 B
AT H AR5 5 R R A S

0
-0.5
S-o10F
S L - n
= TR N (mg - 1!
"0 R=097
“15F * 5 R=099
410 R=0.99
20 R=0.99
20 *40, R=095 | , . i

0 10 20 30 40 50 60

t/min
7 TEIEBRINNER XY WSS B S B AR ) S A
Fig.7 Effect of HA dosages on diclofenac sodium degradation

00 10.035
- n
7 R 40030
80F
% 40.025
§ 60t 2 7 7 2
J E
& 0.020
Xl ) | 4
% 10.015
20 40.010
| 1 | |

0 5 10 15 20 25 30 35 40
JEFERR I (mg - 1.7
B8 EEBMENESRMEREER L, HXER

Fig.8 Effect of HA dosages on the removal rate and k



5 8 1]

AR, 45 B SN I AR R i A R ST R - 69 -

2.5 BAEPRABFEIEZIM

H AR AR 2 A AR A R B B, O R 2R
FEHEAR LR T5 P s — e s, PR, SRR AP AE K
PR E DL B 5 R AR B R s e [
R AR B R 5 ik R S B o A VR B X
UV 00 2ok 7 PR 5 ok it LS 23 TR M 1 5 i 52 vy 4% il
KU RN o B e B A 10.0 me/ L, i At R £h 48 hn
4 1.0 mmol/ L, ¥ — ¥ i 1) NaCl 5 NaHCO, %
IR U v (A5 7 A I vk B2 3 il Dy 0,25.0,
50.0.,100.0 F1200.0 mmol/L.iXE 45 H 4N 1 fri.

HE 1 AT TR R MR IR TP I AR 18 2
kiR SR B, Bl B 281V FE 0 T, BURESF R M
I EBRRS k,, #2220 A8 10 5 FImA K
B, X UV ST 2o Rk 5 i USR5 PR = 2
BGRB8 i A B S TRV N &
B R BRI /N T 6% . WU S5 TR 4N R el ] = 22
AR R B T 5 XIS TR AN SE B R AR H
He 145 5 XA ST R AN SO A B R AR A e b s O H
AT HRERIR A h RN AR A H AR
JHL A7 SIS I T AR R AR [ PR 3, S 30T R A RS
SR ER BN BN R OR B R B R B
Anipsitakis 55> FEWF STt R BT 2L BL 4. T
TR IR AR B - W ZR G B A AUE S IR B E AR AR i
YEHT, TERRIR SR 2 TR E A 25.0 mmol/L i} 3k F)
K, I R 5% 91.8% , k,, 3K 0.043 3 min™' .{H
BEE PR AR B Tk E R — 2 m =
200.0 mmol/L, k, 5 X R F 450 & X T B2
0.037 3 min"' 5 87.0%. S EBOGX — L W IF K N —
FE R IKIR EM B I AR AW pH FH i, R
BIATE MA T G2 20 52 IO 1 2R 4T 5 (L Bt 2 ik T AR 5 1
YR BE ) — 2010, 2o = Y B R B RIS T
R AT TR 0 M, AT 25 BRASCR A T /Mg
NN IR

®1 AHMBABEFINWNESBRAEREN L, M

Tab.1 Effects of anions on the removal rate and £,

B Tk AHT R SR T

(mmol - L) Fp&Z/% k, /min" FRZE/% k, /min”!

0 85.8 0.033 6 85.8 0.033 6

25 80.1 0.028 5 91.8 0.043 3
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