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Optimization, characterization, and Cr( VI ) adsorption properties of iron oxide—coated wheat straw biochar

LI Ji-hui', WANG Peng', ZHUANG Ke-zhang', BIAN Jian—bo', TANG Hong—jie', GUO Yan—ping', SONG Ji-qing™

(1.Linyi Academy of Agricultural Sciences, Linyi 276012, China; 2.Institute of Environment and Sustainable Development in Agriculture,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: To enhance the adsorption capacity of chromium ( VI) from water by wheat straw biochar, FeCls solution was used to introduce
iron oxide into the biochar pores; the preparation process was optimized using response surface methodology (RSM). A carbonization tem-
perature of 400 °C and iron/biochar mass ratio of 0.85 were the optimum conditions for the preparation of iron oxide—modified straw biochar
(expressed as optimal modified biochar). The optimal modified biochar and the straw biochar samples were characterized by elemental
analysis, BET specific surface area, scanning electron microscopy, infrared spectroscopy, and X-ray diffraction. The surface of the optimal
modified biochar was rough, the specific surface area and pore volume increased, and a large amount of iron oxide was introduced into the
biochar pores. The chromium adsorption performance results showed that the maximum chromium adsorption capacity was 30.96 mg* g™,
based on Langmuir theory. Kinetic studies showed that a pseudo second—order rate equation fit the experimental data well. Chromium ad-
sorption decreased with an increase in pH. With an increase in straw biochar content, the removal rate of chromium increased. The adsorp-
tion ability of wheat straw biochar was significantly improved with iron oxide coating, which can be used for the adsorption removal of
Cr(VI) from water, providing a new way to use crop straw efficiently.

Keywords : wheat straw biochar; iron oxide; adsorption; chromium ( VI); response surface methodology
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Table 1 The experiment design and results

Spmn oo e iikoluel
Rune ode value Actual value Adsorption capacity
X X X/ X Y/mg-g™
1 -1 -1 316 0.72 11.78
2 1 1 484 096 12.40
3 -1.189 0 300  0.84 12.20
4 1.189 0 500  0.84 11.67
5 0 -1.189 400 070 12.41
6 0 1.189 400  0.98 13.05
7 0 0 400 0.84 15.76
8 0 0 400 0.84 16.39
9 0 0 400 0.84 16.36
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Table 2 Analysis of variance for regression model
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J5 22K Source DF S S F-value Prob>F
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ZRHE Liner 2 0.480  0.240 232 0.2460
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The different lowercase letters indicate significant difference among treatments (LSD P<0.05)
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Figure 1 Effect of carbonization temperature(A) and massratio of iron to WB(B) on chromium adsorption capacity of modified biochars



EHRL A B EREFE SIS (VD B

ERTIT

1995

P12 Ay O o W o 8% S 3 g e oL T 1L . TT DL
B AR A S o AR R0 AT, 2R R A
) i B A < X, S —0.007 427 ; X, 4 0.057 805, Tl 4% K
H 0 16.18, B AL IR E 400 °C, 46 5¢ 5 & 11 0.85 , Fil iy
T R R R 16.18 mg-g's Z3d SLIR K IE , BF—Crr
P4 % 1 o2 Ay (15.83+0.93)mg+ g7, 6 K F WB-Cr Y
W 6 5 (0.13+0.08 ) mg - o', H-5 FUM{E W) &, Hop= K
(e FE S i RS AT B0 A 43450 8 110.70% , K T[]
TELE N WB 7= 2R (40.11% ) , 156 B A S 56 BT aff o 14 52

Tbo
5o
E
2
=
= 0 &
>
&
N
& &

~0.5 3
31‘%5@ -, -1.0 -1.0 RS
on o Wi ’39
Q‘&

2 ot IR A 5 SO B Nl R TED
Figure 2 Response surface plot of the chromium adsorption

capacity of BF=Cr
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Table 3 Proximate and elemental analysis of BF—=Cr and WB

JEE /T Elemental analysis/wt.%

FEFT e Tk 43 #T Proximate analysis/wt. % Fe
. e/%
Biochar samples [#] % % Fixed carbon R4y Volatile matter 7K 43 Moisture  JK4) Ash C H (6] N
BF-Cr 6.15 34.82 2.43 56.60 20.33 2.71 31.00 0.45 20.41
WB-Cr 30.64 51.50 2.37 15.49 50.92 3.40 24.02 1.28 0.21
01 0041 g
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Figure 3 N adsorption and desorption isotherms(A ) and pore size distribution(B) of BF=Cr and WB—Cr
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Figure 5 FTIR spectra of WB-Cr and BF-Cr
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Figure 6 XRD pattern of WB-Cr and BF-Cr
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Figure 8 The isotherms and kinetic equations for chromium adsorption by BF-Cr
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Table 4 Constants of isotherms and kinetic equations for chromium adsorption by BF-Cr
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