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Fig. 1 XRD patterns of Fe-Mn Prussian blue analogues
(PBA), FeMnO, FeMnO@C and C

(c) HRTEM image of FeMnO@C
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Fig. 2 SEM, TEM and HRTEM images of Fe-Mn PBA and
FeMnO@C
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Fig.3 FT-IR spectra of Fe-Mn PBA and FeMnO@C

2.4 XPS 9#F

B 4 RS ) XPS REIS. B 4a ol C 1s B
XPS GEils, 45 ERENIT 284.8 eV Ab W& 3 (S AL g
ST C—CPY, & XPS IR SR 5 YLl B2 IE
I, 4 4b NN 1s @209 XPS BEi, #HHAME N3 A
W, 23 NI E—N (398.2eV). FLI%—N (398.9eV)
FIAEB—N (400.2eV)?" 21, & 4c Jy Mn 2p &i43 3%
XPS fEil, ZEGRENT 640.4. 641.1. 641.9 eV Al
643.1 eV AL B2 H Mn® . Mn*". Mn*f#
Mn 2ps FIRE 3% 51210, R B2 & 4Rf Mn™
Mn**. B Mn*' 347, B 4d A O s E4r#E XPS



ES2EE S AT % BB IH BRI Fe-Mn

& LSRRI A ) FeMnO 1% M. ...

- 1581 -

Beitt, 54 REAIT 530.0. 532.3eV Al 533.8eV HIkE
TEIE 3531 5 4 )8 E ALY (Fe—O—Fe. Mn—O—Mn.
Mn—O—Fe). $k 5 MR T 2 36 5 B 42 (0 ) B
S350 4e Oy Fe 2p 40 #8 XPS fEil, 454

Helg»s 4o

Refr T 709.1 eV 1 721.9 eV [ 2 ANERENE, IHEA
T Fe* [f] Fe 2psp F Fe 2p1s GEGRELL T 7112 eV
A 724.14 eV 1] 2 ANFFEIE S 1 Fe’ 1) Fe 2ps, A1 Fe
2p1/2 %I@E‘]Blh

284.8 eV
Cc—C Px’@_z_z_ vy\ 641.1 eV
398.9 eV a Mn'
Pyrrolic-N 6532 eV
=y z , £ eV mn 641.9ev A || W
& Z oti.)ghi.c\.lw Z M A 652.5eV Mn!
] 2 2 Mn?
A A= = /'
- n Aln v
A N
310 305 300 295 290 285 280 420 415 410 405 400 395 656 654 652 650 648 646 644 642 640
Binding energy/eV Binding energy/eV Binding energy/eV
(a)Cls (b)N 1s (c) Mn 2p
A 5323 eV
Carbonyl oxygen 72“‘;] ev 709.1 eV
2 2
b2 5338eV 4 b2
2 0, 530 eV 2
—_ . Lattice oxygen =

534 532 530
Binding energy/eV

536 528

(d)O1s

720 715 710
Binding energy/eV
(e) Fe 2p

K4 FeMnO@C [1) XPS ¥
Fig. 4 XPS spectra of FeMnO@C
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Fig. 5 Adsorption isotherms of RhB onto FeMnO@C of
different temperatures (symbols, solid line and dashed
line represents experimental data, the Langmuir model
fitted data and the Freundlich model fitted data,
respectively

£1 FeMnO@C@W Mt RhB HIZES & EHIME LS
Table 1 Isotherm simulation of FeMnO@C adsorption of

RhB
Langmuir Freundlich
T/K
Oma/(mg'g) Ke/AL'mg') R* Ke(L'mg') n R’
298 35.834 0.919 0.947 24.097 8.846 0.798
308 33.141 0.962 0.900 22.597 9.110 0.812
318 29.147 1.488 0.823 22.071 12.162  0.898

*2 TEERETHARANFESH

Table2 Thermodynamic parameters at different temperatures

TK  AGY (kJrmol™) AH/ (kI'mol™) AS% (Fmol K™
298 -32.20

308 -33.39 ~19.33 46.70

318 -35.63
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Fig. 6 Degradation rates and kinetics curves of RhB by
different catalyst systems
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iRt N 95.5%, FW FeMnO@C fE5iE1k PMS, M
M = B4 A% RhBo A AXTEL, #2550 T Fe-Mn
PBA/PMS. FeMnO/PMS X} RhB [¥) {1k B 250%,
7t 6 min N, RhB 1] F#M# R /B KT S Fe-Mn
PBA/PMS. FeMnO/PMS. FeMnO@C/PMS #ifi.
Fe-Mn PBA/PMS % RhB ¥ [ ff80C% AN 9.3%.
C/PMS 7£ 10 min X} RhB HIFEARREE N 95%, 1H
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& 7a IS [E] pH B %+ RhB AR R 1R 520
Mgk, 55K pH{ATE 3~9 i, RhB HIFEMER

BEF) 92.0% 5 47, 1X EEJEKA pH<9 B, HSOs
NIRAGIETEA, K5 &EE TR NS4 SO, LA
£t RhB [R5 . 24 pH {E 4 11 i, Xt RhB [#f#
EAUH 42.0%, X ETZIEF R YK R AR
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FeMnO@C il 5 PMS 2 [BIf7/E 57 AT 71 B E
VW pH EE— U THE, 4 PMS BTES T(SOs™ )i
FEAES TR LR 7, A FeMnO@C R I
1B PMS 9/ o tb4h, W pH B 9 I5F, -OH
STEBR SOy, HONMFATEER, HAELRE T T
SO, -, FEEWIE T so, P,

R3 TEMENFHFR TR RhB R HFEEH
Table 3 Kinetic constants of RhB degradation in different catalyst systems

Catalyst R12 First-order kinetic ki/min" Rzz Second-order kinetic kz/(mgLfl -minﬁl)
PMS 0.83252 0.01134 0.83191 0.003 57
Fe-Mn PBA/PMS 0.91607 0.01039 0.92031 0.003 25
FeMnO@C 0.84279 0.003 80 0.84224 0.00145
FeMnO/PMS 0.82007 0.32409 0.966 90 0.31500
C/PMS 0.88541 0.28194 0.994 80 0.777 85
FeMnO@C/PMS 0.716 30 0.429 80 0.95017 0.87001
. 7,
1.0 1.0
—=—5mg/L
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Fig. 7 Effect of experimental conditions on catalytic performance
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IEPE RhB W46 08 B BN 20 mg/L N iAW 46
HIREE .

Kl 7c NANTE PMS #IMEXT RhB B AR R 152
M 2. A 7c WA, BEE PMS BTEIR RGN,
RhB FFfEACRMEE 2 1R, {HY PMS Ji =W
—BHINE] 0.30 g/L iF, XF RhB [ R AR CR B 1 B
i, XATRERA PMS REIRFEN 0.15 /L B, f#
T 5E A HE, = TR 1) PMS A £ 14k
WAVE AT . Rk, &S 0.15 g/L 1E AR
RhB {5 fF PMS # N .

K 7d AAFER FeMnO@C AL 70N & X
RhB PRI . AR E A 0.05 g/L
%) 0.20 g/L I, 7£ 4 min AT RhB [ Ffi 1%
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b (AL N E G 0, % RhB AR S
PR, 3X AT REAE BN S AR I R 0.10 g/L B,
A 2 PMS Sk T RTE. ik, MEREn
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0.10 g/L.
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ReffesE . [FIRE, X 5 WRAEER G ORE o (0 45 4 A0
TESHEAT T RAE, WK 8b A 8c Fizr. K 8b NifE
ET. JEREAY XRD . MK 8b FTLLE H, &R
A JEFES XRD ATt Bk, REPEH
LI HE FeMnO@C 1458 . K 8¢ NIEH G
FEMT) TEM FEF o M 8c AT L, 3R £ 5 I
PR R AEATATAR, 58 JE FeMnO 44K 77 4 it
BT C Yk A E. K 8d A FeMnO@C [FIRET [0 25,
FeMnO@C ¥ i v ih 2 (9 16 AN G £k 58 B 29
15.09 emu/g, FHBABORMBIAEE . A T
THEEM K ER T FeMnO@C BAA BRI HIRENE, *E
anfE 10's AT ARG R, BRI, SO ARG
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Preparation of Nitrogen-Doped Graphitic Carbon Supported Fe-Mn Prussian Blue Analogues
Derived FeMnO and Removal of RhB by Activated Peroxymonosulfate

ZHENG Jiahong, ZHENG Xin
(School of Materials Science and Engineering, Chang'an University, Xi'an 710061, China)

Extended Abstract

Introduction Water shortage and pollution become serious due to the improvement of economic and the acceleration of
industrialization. Water bodies contain a large number of pollutants, affecting the environment and human-being health.
Heterogeneous catalyst activation of peroxymonosulfate (PMS) is an effective degradation technology for organic pollutants, but
SO, - is difficult to effectively activate due to the high redox potential. It is thus necessary to develop catalytic materials that can
activate PMS efficiently. The metal organic frame materials based on Prussian blue have the typical physical and chemical
characteristics of metal-organic framework (MOFs) materials, adjustable and controllable chemical composition, high specific surface
area and porosity, and diversified structure and function, etc., which become the hot materials in various fields. The conversion of
Prussian blue analogue (PBA) into nitrogen-doped carbon materials with a high specific surface area, a high porosity and a high
nitrogen content through high-temperature calcination or inert gas carbonization is of great significance for improving the catalytic
performance of the catalyst. In this paper, a nitrogen-doped carbon nanosheet supported FeMnO catalyst was prepared by a
high-temperature carbonization method. Its catalytic degradation performance was analyzed. The effects of different systems, pH
value of solution, Rhodamine B (RhB) initial mass concentration, PMS mass concentration and catalyst mass concentration on the
RhB degradation were investigated. In addition, the possible mechanism of RhB degradation was also proposed.

Methods Fe-Mn PBA and colloides were prepared by a co-precipitation method. After grinding, the catalyst was heated in nitrogen
atmosphere at 750 ‘C at 2 ‘C/min for 2 h to synthesize transition bimetal oxide (i.e., Fegg9oMngg;0/FeMn,0,) N-doped carbon
nanosheets. Compared with FeMnO and graphite C, the degradation properties of FeMnO@C in different systems and under different
factors were characterized by ultraviolet—visible spectroscopy (UV—Vis). The structure and morphology were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and Fourier transform infrared
spectroscopy (FT-IR).

Results and discussion Heterogeneous catalyst activation of PMS can inhibit the dissolution of metal ions and it is not easy to
cause secondary pollution. An efficient nitrogen-doped carbon catalyst FeMnO@C was obtained based on Fe-Mn PBA, which has a
high specific surface area and provides a high density of active sites for catalytic reactions, and can effectively activate PMS to
rapidly degrade organic pollutants. FeMnO@C has good magnetic properties, which can be conducive to recycling. The interaction
between different metals in the double transition metal materials makes the metals difficult to be dissolved, greatly reducing the
concentration of toxic metal ions in the system. The redox cycle between Mn and Fe ions on the surface of FeMnO@C catalyst and a
series of free radicals generated after the self-decomposition of PMS make FeMnO@C have a superior catalytic degradation
performance. The effects of PMS amount, initial concentration of RhB, catalyst amount and initial pH value of RhB solution on the
catalytic performance were analyzed. The optimal reaction conditions were PMS concentration of 0.15 g/L, concentration of RhB
solution of 20 mg/L, catalyst concentration of 0.1 g/L and pH value of 7. The possible degradation mechanism was proposed based on
capture experiments and EPR spectra.

Conclusions A transition bimetallic oxide catalyst supported by nitrogen-doped carbon nanosheets was synthesized by a
high-temperature carbonization method, which could be used as an efficient PMS activated heterogeneous catalyst to degrade the
target pollutant RhB. In the PMS activation system, the FeMnO@C catalyst could degrade 95.5% of RhB within 10 min. The redox
cycling between Mn and Fe ions on the surface of the FeMnO@C catalyst and a series of free radicals generated after the
self-decomposition of PMS could make the FeMnO@C have a superior catalytic degradation performance. The capture experiments
showed that 'O, was the main contributing radical. In addition, FeMnO@C catalyst also had a magnetic property and a good cyclic
stability. 84.7% RhB removal rate could be obtained after five consecutive cycles. The results indicated that FeMnO@C had a good
magnetic property, which could be easy to be recycled, having a promising potential in treating organic wastewater.

Keywords iron—manganese Prussian blue analogues; nitrogen-doped carbon material; advanced oxidation processes



