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Table 1 Physicochemical properties of plant - based materials in wetland
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Fig. 1 Effects of various factors on As(lll') removal rate
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Table 2 Factors and levels in Box-Behnken design

e ACBRBIRIE IR LU (Fe/C)) BORALIRLIE/ °C) CCRTBEIREE/ °C)
—“1(flRKF) 0.8 450 600
0(H7KF) 1.0 500 700
1(=7KF) 12 550 800

% 3 Box-Bennken g 57 [ SEI8 % 1 R 45 R
Table 3 Box-Behnken response surface experiment
design and results

SR EES As(IDFEER As(Z:E%
P A B C % ()%
1 0.8 450 700 85.47 90.71
2 1.2 450 700 91.86 94.02
3 0.8 550 700 90.83 92.26

1.2 550 700 95.36 96.26
5 0.8 500 600 70.36 74.71
6 1.2 500 600 76.39 78.44
7 0.8 500 800 96.49 87.78
8 1.2 500 800 99.26 93.26
9 1 450 600 70.18 72.43
10 1 550 600 76.68 80.36
11 1 450 800 96.14 93.25
12 1 550 800 97.48 87.58
13 1 500 700 95.53 98.33
14 1 500 700 96.05 98.36
15 1 500 700 95.81 99.12
16 1 500 700 96.42 98.92
17 1 500 700 96.63 98.56
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Fig. 2 Contour line and response surface diagram of interaction between carbonization temperature and
roasting temperature of reed rod
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Fig. 3 Contour line and response surface diagram of interaction between carbonization temperature and
roasting temperature of reed leaves
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Fig. 5 Thermogravimetric (TG-DTG) analysis of reed rod and Reed leaf plant-based Fe-C microelectrolysis material
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Fig. 6 Contour line and response surface of interaction of reed plant-based Fe/C and calcination
temperature on total arsenic removal
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Fig. 7 Contour line and response surface of interaction of Phragmites australis leaves-based Fe/C and
calcination temperature on total arsenic removal
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Fig. 8 Characterization of reed rod plant-based Fe-C microelectrolysis materials at 750 °C
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Table 5 Elemental composition and atomic ratio of plant-based carbonization components fired at different temperatures

JCE AN/ % JFRFE
Ea TRG31%
C H N 0 S H/C o/C (O+N/C)

FIEEIF300 45.12 3.25 1.52 36.76 0.16 0.86 0.63 0.64 16.23
FIEEIF400 50.76 3.12 2.46 26.07 0.17 0.74 0.39 0.43 22.34
FIEEIFS00 48.15 2.19 1.92 21.16 0.16 0.55 0.33 0.36 30.26
600 46.12 2.04 1.76 15.02 0.19 0.53 0.24 0.28 38.39
FIEEIF700 4423 1.63 1.71 9.24 0.32 0.44 0.16 0.19 46.29
P800 41.23 1.14 1.29 7.37 0.17 0.33 0.13 0.16 51.38
FIEEFF300 51.58 423 1.77 35.06 0.54 0.98 0.51 0.54 10.36
FIEERF400 57.21 3.02 2.42 24.82 1.05 0.63 0.33 0.36 16.32
FIEEFFS00 59.39 2.27 2.13 14.49 0.95 0.46 0.18 0.21 25.03
FHEFF600 61.54 1.45 1.94 7.02 1.26 0.28 0.09 0.58 30.67
FEEFF700 63.25 1.13 2.61 5.36 0.83 0.21 0.07 0.10 32.04
FHEFF800 52.49 1.09 1.98 475 0.75 0.25 0.07 0.10 43.28

1 0%=100%-(C%-N%+H%+S %+ K 53 %)
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Fig. 9 Fourier infrared spectra of different plant-based materials at different pyrolysis temperatures
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Fig. 10 Mechanism diagram of As(III) removal by plant-based Fe-C microelectrolytic materials

3 MUFHHERRE

F] J Design Expert 11.1.0.1 % {4 % 1 45 4% T 6 BREMEKBMBMMESMEEEYE
134T AL 15 3] 4% HE ) 6 e ok 1 e A R B A Table 6 The optimum preparation conditions of plant-based
TR, £EHRNF 6 s, BL 100 mL 10 mg,L—l Fe-C microelectrolysis materials

() NaAsO, VW T 250 mL #EJEH T, P85 pHE  #3  Fec  mfkimsy frpempr  AsUDEBRFD iz
30E . AR BB A S sy s g MR BRI T T i e %

FE Y LR R R AR, AR IRIRIR (25 ¢,  MEFF 106 50787 75192 9919 9812 1.07
100 rmin™"), ®OCIEY, HEER N 48h )5 FHEM 101 49865  701.09 9866  97.22 1.46

B R R 2 e As(TT) B9 2 B 248 I

98.12% F1 97.22%, -5 4% U T AEL ) AH X 22 90 5 8 1.01% . 1.46%, TR FE W BIH 5 LG &,
o, BH A TR0 BE 0% 45 - i FH T 3 0 DR BSOXT 2 35 I ORI P 35 R L A ik B B AR EL AR AR T A 2 R R Y
AT

4 #Eip

1) 7 Fe/C=1.06. fAb i E R 507.87 C . k& beili B8 751.92 °C T il £ 1Y 7= = FF A8 4 5 2k ik ik
H A A RE T As(IT) 25 B %8 & 5 7F Fe/C=1.01. Ak fbi B R 498.65 °C . e il Bl 701.09 C 4514
T 4545 3 0 2 AR ) Bk B R A R As(I) BB R . 5 g M AR S XS 10 mg L
NaAsO, £ BR# 5354 98.12% F1 97.22%.

2) MW FE AW TR AN TR0 43, ARJBER i 7 OB, 4 KRR At E i R R 08 R B B
PEGA N8 5 5 WA AR AT 700 °C K5 BEiR N AT Fe,C ZE AL, JE AR Fe,C-Fe R Lt S v, DA T
Bt As() # ZBRECR

3) MW IEA Y TR F L PG R4 R T RE S, KRR SRR, BIRAK
Ak FIVES b IR FE R AR ORE v K o3 B B, R A Sl T i A B, B s i v AR, DA Tk
As(Il) A 5Bk 35 AP A Y A /AR R S REm A, RIS RIRE, MY AL E R
W 2 I8 R S AR A5 A 0 TR S0 A fA% AR &, (I A5AE W) Bk Bk A1 RS AL S L T 1% s e ) 42
B, N AT R As(T) B9 £ BB E0ER
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Effects of different biomass components on the preparation of Fe-C
microelectrolytic materials and As(IIT) removal efficiency

LI Haidong', YANG Yuankun'?, WANG Benjin', GUO Shushu', YUE Tingting', MA Tian', FU Kaibin'?,
CHEN Shu'**

1. School of Environment and Resource, Southwest University of Science and Technology, Mianyang 621010, China; 2. Key
Laboratory of Solid Waste Treatment and Resource Recycle, Ministry of Education, Mianyang 621010, China

*Corresponding author, E-mail: schen@swust.edu.cn

Abstract A plant-based iron carbon microelectrolysis material for removing As(Ill) from water was prepared
by using reed, reduced iron powder and bentonite as raw materials through a homogenization-carbonization-
roasting process. It was characterized by Fourier transform infrared spectroscopy (FTIR), Elemental analysis, X-
ray diffraction (XRD) and Thermogravimetric differential thermal synthesis (TGA). The effects of different
components (hemicellulose, cellulose and lignin) of different plant-based biomass precursors (reed stalk and
reed leaf) on the properties of plant-based Fe-C microelectrolytic materials were compared by response surface
optimization. The optimal preparation conditions obtained by response surface model were as follows: Fe/C of
1.06, carbonization temperature of 507.87 °C and roasting temperature of 751.92 °C; Fe/C of 1.01, carbonization
temperature of 498.66 °C and roasting temperature of 701.09 °C. The removal rates of 100 mL 10 mg-L™
NaAsO, by 5 g material based on above two conditions were 98.12% and 97.22%, respectively. The results
showed that in different components of plant-based biomass precursors, the higher the content of cellulose and
hemicellulose, the lower the carbonization and calcination temperature, as well as the lower the ash content, the
higher the effective carbon content, and the higher the number of microgalvanic cells. The higher the lignin
content is, the stronger the oxidation and electron transfer capacity is at high roasting temperature, which was
conducive to the conversion of As (Il) to As (V) and the improvement of As (Il ) removal efficiency.

Keywords  iron carbon microelectrolysis material; response surface method; As(IIl); reed; sintering

temperature
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