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Degradation of Azo Dye RBS Using Persulfate
Activated With Iron Chips

WANG Binghuang'?, ZHANG Qian'*, TANG Xuchong'?,
XUE Xiuling"*, HONG Junming'*

(1. College of Chemical Engineering, Huaqiao University, Xiamen 361021, Chinaj;

2. Xiamen Engineering Research Center of Industrial Wastewater Biochemical Treatment, Xiamen 361021, China)

Abstract: This study revealed potassium persulfate (PS) activated by waste ferrous scurf to degrade Reactive
Black 5 (RB5). Three variables (i. e. . pH. persulfate concentration. and ferrous concentration) were de-
fined as significant factors for decolorization to investigate the influence on the degradation and dynamics. The
results showed that the optimal efficiency could be achieved under the conditions of: pH=6, persulfate con-
centration=0. 5 mmol « L™ ', and ferrous concentration=1 g « L”'., When the reaction time increasing from
50 min to 180 min, the decolorization rate of RB5 increased from 90. 22% to 96. 97 % with the Fe release of
97.32 mg « L', After 180 min reaction, aniline, as the main intermediates of RB5 degradation, was accumu-
lated to 0. 13 mg « L™, and the pH changed from 6 to 4. 01. In addition, the rate constant fitted the first-or-
der kinetics. Overall, the ferrous scurf activated PS system has the advantages of rapid reaction rate, less pH
adjust and low cost.
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Fig. 1 Molecular structure of Reactive Black 5
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Fig. 2 Effect of waste ferrous scurf dosage on RB5 degradation
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Tab.1 Degradation rate constant of RB5 decolorization

SRR pH ER I th—242h 1%

g+ L W14 ok ¢/min K° /min ! R? ¢* /min K'/min " R?
0 6 6. 42 0~180 0.004 4 0.647 5 NA NA NA
0.1 6 4.65 0~90 0.085 1 0.972 4 100~180 0.030 7 0.979 7
0.2 6 4.15 0~90 0.296 1 0.980 1 100~180 0.032 9 0.993 8
0.5 6 3. 96 0~15 NA NA 15~80 0.034 4 0.973 4
1.0 6 4,01 0~10 — - 10~75 0.045 0 0.989 8
1.5 6 4,13 0~10 — -~ 10~65 0.062 1 0.979 0
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Tab. 2 RB5 decolorization degradation rate constant
c(PS)/ pH B2 SIS Py—2 3 12
mmol « L™ wilh R #/min K°/min"" R ¢ /min"! K'/min"* R
0 6 6.94 0~180 0.042 2 0.972 0 NA NA NA
0.05 6 4. 89 0~90 0.193 4 0.978 3 90~180 0.008 7 0.949 3
0. 10 6 4. 83 0~75 0.254 0 0.989 0 75~160 0.009 4 0.964 4
0. 20 6 4.51 0~25 NA NA 25~100 0.024 5 0.989 7
0. 50 6 4.01 0~10 — - 10~75 0.045 6 0.989 8
1. 00 6 3.92 0 - — 0~50 0.082 3 0.985 2
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Tab.3 RB5 decolorization degradation rate constant
pH TR Eh 1% th—gh %
Yl G ZE ¢t/min K°/min™! R? t" /min K'/min™! R?

3 3.07 NA NA NA 0~20 0.207 9 0.995 5
> 3.94 — - — 0~40 0.078 0 0.979 7
6 4.01 0~10 — - 10~75 0.045 6 0.989 8
7 4. 04 0~10 — - 10~75 0.044 1 0.981 3
9 4.03 0~30 — — 30~120 0.023 8 0.975 9
10 4,42 - — - 0~180 0.002 1 0.9377

2.4 BiadBRARMERNTH

AR RA G W 2 1 A TR A A 7 JEORE R VR iR o 0 £ X 3, 0 AR A ) A # AR R H
KA ] e gt 4 «(PS)=0.5 mmol * L LoUREE)=1 g+ L ",p(RB5) =50 mg+ L',
pH=6 45 1FT WS8R A0 B 65 1 3 R v P00 v B0 1) R T D0 AN RIBS B €8, 7 49 4% Jig 256 ) Jo o ik

i RBS WML RA pH 978 ik W 5 R, sof i
HIEL 5 Ca) T 20 B SR 9 747 RBS IR EE R IE |0 S ot
T BRI 96, 97% e IR B R pH - | §
Ul F W SRR 4 A 20 . lsx

11 5Ch) T 1 B 5 S IV 9 24k 5 S A 0 T Sk %m%%
T R kS OB B B 35 97, 32 mg - L1 o e eeeeses L
P 5 o) Tl A0 ¥ T b G 9 R e 0 A 2 BT R P

20 40 60 80 100 120 140 160 180 208
t/min

B A pH H A2 1L

W . 1E 30~40 min Z [ M09 RO IR 205 ke %
JE A W R AIG . BB RBS AN W B (8 L 58 Ji 19 B2 B T i

J5E e Ve 7 0 R Y 1M S — A i i T () RRIRIR

1201 207
100 |
15|
_ sof
= -
B o
E 60 gb 1.0
< -
40 ¥
T 05
20F
0 5 : ’ : 0 SR S S W SR SR SR S S
0 50 100 150 200 0 20 40 60 80 100 120 140 160 180 200

t/min t/min

(b) b3 7 rp Bk 1Y Jog i Mk 2 (o) b33 i v 2% g 11 IO 6 W i
K5 RB5 1 FEAR BRI pH {H A2 4k
Degradation of RB5 and pH value changes

B P I B TR A B 25 /K Hh 2 it A AR B Y 45

Fig. 5

i o AR

3

1
&>

1) SR FH R B T A s B ER 3 vT LA R B K G RBS ekl Mgk B K F 0.5 g« L'
BF 7 70 min PR BRFEF] 9020 DL |

2) RBS5 (it F i 78 o(PS)=0.5 mmol « L ", oUEBE) =1 g+ L . op(RB5)=50mg+ L ',
pH=6 [ 55 /F T . 7E 30~40 min 2 [ F i v (] 7= ) 2 e 1) Jo o W 88 35 B0 05 K, 76 180 min B G I ) 2%
e e A MR R 0. 13 mg » L7,

http: // www. hdxb. hqu. edu. cn



658 K ¥ CH B E D 2017 4

S & Lk

(1] BRWRAR B B L0, 45, 3 Fhis Yo X i 1 FB KON 1) A= 40y W R 2 B A i 5 () ). 3R B8 R % 4 . 2010, 4.(1) 1 96-100.
[2] GHONEIM M M, EI-DESOKY H S.ZIDAN N M. Electro-fenton oxidation of sunset yellow FCF azo-dye in aqueous
solutions| J ]. Desalination,2011,274(1/2/3) :22-30.
[3] LI Aaiun,XIONG Zhongduo,DAI Xibin,et al. The effect of perspiration on photo induced chemical reaction of azo
dyes and the determination of aromatic amine products[J]. Dyes and Pigments,2012,94(1) :55-59.
[4] CHEN Juliang, WANG Zihsin, MOHANTYY N. Influences of carbonate and chloride ions on persulfate oxidation of
trichloroethylene at 20 °C[J]. Science of the Total Environment,2006,370(2/3) :271-277.
[5] KHANN E,ADEWUYI Y G. Absorption and oxidation of nitric oxide (NO) by aqueous solutions of sodium persul-
fate in a bubble column reactor[J]. Industrial and Engineering Chemistry Research,2010,49(18) :8749-8759.
[6] WALDEMER R H, TRATNYEK P G,JOHNSON R L,et al. Oxidation of chlorinated ethenes by heat-activated
persulfate; Kinetics and products[J]. Environmental Science and Technology,2007,41(3):1010-1015.
[7] TSITONAKI A,PETRI B,CRIMI M, et al. In situ chemical oxidation of contaminated soil and groundwater using
persulfate: A review Critical Reviews in Environmental Science and Technology[]J]. 2010,40(1) :55-91.
[8] ANIPSITAKIS G P,DIONYSIOU D D. Transition metal/UV-based advanced oxidation technologies for water de-
contamination[ J |. Applied Catalysis B: Environmental,2004,54(3) :155-163.
[9] HUTSON A,KO S,HULING S G. Persulfate oxidation regeneration of granular activated carbon: Reversible im-
pacts on sorption behavio[ J]. Chemosphere,2012,89(10) :1218-1223.
[10] LI Bingzhi, LI Lin, LIN Kuangfei,et al. Removal of 1,1,1-trichloroethane from aqueous solution by a sono-activa-
ted persulfate process[ J]. Ultrasonics Sonochemistry,2013,284(1) :855-863.
(110 Wi . 4 5 50, 5. 20 8 It A 3l 2 3 SR AR T 5 B A /K PP i 6 R [T . PR 481k 2%, 2012, 31(5) : 682-686.
[12] RUIZ N,SEAL S,REINHART D. Surface chemical reactivity in selected zero-valent iron samplesused in groundw-
ater remediatio] J |. Journal of Hazardous Materials,2000,38(80):107-117.
[13] WU Xiaoliang.GU Xiaogang. LU Shuguang.,et al. Degradation of trichloroethylene in aqueous solution by persul-
fate activated with citric acid chelated ferrous ion[ ] ]. Chemical Engineering Journal,2014,255(9) :585-592.
[14] WENG Chihuang, LIN Yaotung. YUAN Homien. Rapid decoloration of Reactive Black 5 by an advanced Fenton
process in conjunction with ultrasound[]]. Separation and Purification Technology,2013,117(9) ;75-82.
[15] MC-ELROY W J,WAYGOOD S J. Kinetics of the reactions of the SO; radical with SO; ,S,0? ,H,O and Fe*"
[J]. Journal of the Chemical Society, Faraday Transactions,1990,86(14):2557-2564.
[16] ZOU Xiaoli, ZHOU Tao, MAO Juan. Synergistic degradation of antibiotic sulfadiazine in a heterogeneous ultra-
sound-enhanced Fe’/persulfate Fenton-like system[J]. Chemical Engineering Journal,2014,257(12) ;36-44.,
[17] HUSSAIN I,ZHANG Yonggian, HUANG Shaobin, et al. Degradation of p-chloroaniline by persulfate activated
with zero-valent iron[ J]. Chemical Engineering Journal,2012,203(9) ;269-276.
[18] ROMERO A,SANTOS A, VICENTE S, et al. Diuron abatement using activated persulphate: Effect of pH, Fe
(1) and oxidant dosage[J]. Chemical Engineering Journal,2010,162(1) :257-265.
[19]  BRAD. &%, 4 8235 K L E K v LT, PR3 R2£F 5%, 2000, 13(5) £ 24-26.
[20] WEI Xingya,GAO Naiyun, LI Changjun,et al. Zero-valent iron (ZVI) activation of persulfate (PS) for oxidation of
bentazon in water[ J]. Chemical Engineering Journal,2016,285(1) :660-670.
[21] HUSSAINA I,ZHANG Yongqing, HUANG Shaobin, et al. Degradation of p-chloroaniline by persulfate activated
with zero-valent iron[ ]J]. Chemical Engineering Journal,2013,203(9) :269-276.
[22] HIDALGO A M,LEON G,GOMEZ M,et al. Modeling of aniline removal by reverse osmosis using different mem-
branes[ J |. Chemical Engineering and Technology,2011.,34(10) :1753-1759.
(23] #32, %7 . 90,5 MBI IR L BR 25K vh R [T ], A b 57, 2014,33(3) : 702-707.

(RERE: KER BECE R XD

%5

http: / www, hdxb. hqu. edu. cn



