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Degradatlon of RBK5 by ngh Grystallmlty Mn Fe LDH Catalyst Actlvatlng

Peroxymonosulfate e 4 sl o
LI Li}?, WU/Li- ymg‘ ? DONG Zheng-yu'?, WANG Jll ?, ZHANG Qunn‘ > HONG! Jun-ming' i
(le College of Chemlcdl Engineering, Huagiag Umverbltﬁé Xiamen 361021, China; 2 Fujian Province Engineering Research Céfter of
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Abstract ngh ﬂystalhmty Mn-Fe LDH was syntheslzed by lmproved co-precipitation combined with the hydrothermal method and was
utilized"as| a catalyst-for peroxymonosulfate (PMS) activation to degrade reactive black 5. The high crystal purity and clear lamellar
structuré; were characterized by X-ray diffraction (XRD) , scanning electron microscope (SEM) , energy dispersive X-ray spectrometer
(EDS), Fourier transform infrared spectroscopy ( FTIR), and X-ray photoelectron spectroscopy ( XPS). The operating parameters
such as Mn/Fe molar ratio, catalyst dosage, PMS concentration, and initial pH value on the absorption efficiency, catalytic
degradation, and reaction kinetics of RBKS were also investigated. The results demonstrated that high crystallinity Mn-Fe LDH has
good adsorption capacity and high catalytic efficiency. The degradation efficiency of RBKS (20 mg-L™") could reach 86% within 90
min when the Mn/Fe molar ratio was 1, the catalyst dosage was 0.2 g-L™", the PMS concentration was 1 mmol-L™", and the initial
pH value was 7. 0. The reaction process follows pseudo-first-order reaction kinetics (R*> >0.9). In addition, the quenching experiment
indicated that SO, + and -OH were the main active species that degraded RBKS from the Mn-Fe LDH/PMS system. The XPS analysis
of the catalyst before and after the reaction confirmed the synergistic effect between Mn and Fe. The charge balance between Mn( II )
and Fe( Il) on the LDH surface and CO?~ in layers stabilized the structure, thus promoting the synergistic effect of Mn and Fe on the
lamellar surface and improving the activation efficiency of PMS by Mn-Fe LDH. Three-dimensional fluorescence and the UV-Vis
scanning spectral analysis were preliminarily discussed to understand the degradation process of RBKS.

Key words: Mn-Fe layered double hydroxide( Mn-Fe LDH) ; peroxymonosulfate( PMS) ; reactive black 5; synergistic effect; advanced

oxidation process
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Fig. 5 Degradation efficiency of RBKS under different systems
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Table 1  Degradation reaction rate constant of RBKS
at different Mn/Fe molar ratios

Mn/Fe 1 Lt K/min ™" R
0:1 0.0108 0.982
1:0 0.0106 0. 996
1:1 0.026 6 0.954
1:2 0.024 1 0.942
2:1 0.0112 0. 986
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Fig. 6 Effects of different Mn/Fe molar ratios on degradation efficiency and degradation kinetics of RBKS
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Fig. 7 Effects of different catalyst dosages on the degradation efficiency and degradation kinetics of RBKS
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Table 2 Degradation reaction rate constant of RBKS

at different catalyst dosages

AR /g 1! K/min ! R?
0.1 0. 005 4 0.980_,
0.2 0.026 6 0.954
0.3 0.0149 . 0,976
0.5 = 0.0103 | .9

0. 989

.-‘. |

—_

2. 5 PMS /ZEFE’J%HH 7 4
e RBKS*/)’L‘EW”j\:I 20 mg-L~ l,pH éﬁ7 Mn Fe
LDH £ # 0. 2g- 1, =33 PMS E@Tlﬁ]ﬂ%f“

] BEKS e AR I 8 () B AT 8
(o) o2 St b Ty 2 B (b st s

ﬁiﬁuﬁ %% 3. -
:‘&3 AE PMS iR ET RBK5 BT hFEREH

Table 3 Degradation reaction rate constant of RBKS

at different PMS concentrations

PMS ¥ J%/mmol - L~ K/min ! R?
0.5 0.004 7 0.979
1.0 0.026 6 0. 954
1.5 0.0175 0.997
2.0 0.0147 0. 980
Hor l\iﬁfi“ FE —=— 0.5 mmol-L™!
—e— 1.0 mmol-L™!
—4— 1.5 mmol-L™!
0.8 |- —v— 2.0 mmol-L™!
s 0.6 ~
04 -
0.2 + ‘
() AFRBKS B #2803 il 5 e
0 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90
t/min
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Fig. 8 Effects of different PMS concentrations on degradation efficiency and degradation kinetics of RBKS
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Fig. 9 Effects of different initial pH values on degradation efficiency and degradation kinetics of RBKS
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Table 4  Degradation reaction rate constant of RBKS

at different initial pH values

pH {& K/min ! R?
3 0.0135 0.994
5 0.0187 0.998
7 0. 026 6 0.954
9 0. 009 3 0.982
11 0.005 5 0. 905
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- OHIAA 5w 0 SR 16 1k, AR %F S0, - F-OH¥I A
B ST A, T RE SO, - A S 35 I 4 s, AL
TTEEXT - OH P BN PR35 v, R ok FH s mT A S0, -
(AR I BT BT 1Ry - OHL AR AR 5] 132
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Fig. 10 Effect of radical quencher on RBKS degradation efficiency
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