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Study on preparation of different iron-based biochar and
its adsorption property for Sb(I1I)

WANG Qin', HUANG Zhaoqin?, JI Dongliang’, ZHANG Yufeng'
(1. School of Environmental Science and Engineering, Nanjing Tech University, Nanjing 211816, Jiangsu, China; 2. College of
Environmental and Ecology, Jiangsu Open University, Nanjing 210017, Jiangsu, China)

Abstract: The increasingly serious issue of antimony (Sb) pollution makes it crucial to search for an efficient and feasible
method to treat Sb-containing wastewater. The Spartina alterniflora and Sycamore bark were used as raw materials to screen for the
preferred biochar (FSC300 and FMC400), and EA, N, adsorption/desorption, SEM, FT-IR and XRD techniques were used to characterize
the surface physical and chemical properties of different biochar. The Sb(III) adsorption kinetics and isothermal adsorption characteristics of
preferred biochar and pristine biochar prepared at corresponding pyrolysis temperature were also studied. The results show that FSC300
has a high surface oxygen content and strong polarity, while FMC400 has a high carbon content and strong aromaticity. Compared to the
pristine biochar, the specific surface areas of FSC300 and FMC400 increase by 1.35 and 1.10 times, respectively. FSC300 and FMC400
successfully load Fe,O, and FeOOH. When the pH value of Sb-containing wastewater is 5 and the biochar dosage is 2.5 g/L, the Sb(III)
adsorption capacities of FSC300 and FMC400 increase to 20.81 mg/g and 22.06 mg/g, which are 1.63 and 1.78 times higher than the
initial biochar respectively. The adsorption process of Sb(III) fits the Langmuir model and quasi-second-order kinetic model, mainly as
monolayer chemical adsorption. The adsorption mechanisms include physical adsorption, surface complexation and ion exchange.
Keywords: antimony pollution; iron-based biochar; Sb adsorption; adsorption mechanism
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Fig.1 Adsorption performances of biochar prepared under different conditions for Sb(III)

HT P 1 RT R, R P, WA EAEK AW A )
ST e Pt 25 5 249 v T WA A Ml 3 B £ o T X

YRI5 AR ] 5 10 A 0 e I o 2% e 24 K i
5. R HOTE K B AR W) ok (FSC300. FSC400 Al



%44

I OB ARSI A B 6 & B I 3T ST R I 4 AT 7 33

FSC500) ¥ W Bt 7% & J2 ¥ 46 . A€ K B A 9w
(SBC300.SBC400 1 SBC500) [ 1.09~2.35 1% ; £ %k
FE AR Jz A2 5% (FMC300. FMC400 AT FMC500) )
W B 75 B B8 T B O 2 3, S W0 U FE AR R R AR A
(MBC300. MBC400 11 MBC500) ] 2.98~4.93 1% .
XU B SO A ) e 2 7 v R A 7 SB(TIT) P it 12
AT

UL A, $A U FEE 2 S5t AE 4 ¢ Sh(TIT) I B 4
WL AR . AH P B (500 °C) , AN A iR
PR SR AR IR E (300 °C.400 °C) R il & 1M
AT Sb(I)ZR I H B 4y i 1 B . 4 & TAN 260
BIF TR 5 A 0 7 3 TR B P A e e i 2 A A L T
TH R WA AR 55 B R Ah ), SISl A
B e B D TS 45 ST B4 e FEAIK .
NHE— DR T B RPN [R] A R £ 1Bk AR A R
X 7RV H ST B4 BE AR B LB, e 438 B4
RE R FSC300 A1 EMC400 1 9 Sb(IIL) f A4 KT
JR& Ji5 R W B S BRI 7T, [R] B DUAH 2 AR AR BE T W06

W3R SBC300 B2 FMC400 15 Ry Xt e .
22 EYIREREFEHRES T
221 YRR

E 43 b HR s R P 0B RN BB A 6T R S R L
KVEAN AR AN D7 BV PRIk AR R I
R 1. B3R 1ATH, FSC300 B A 5 & 4
FENT 57 B B (54.81%) B o A Atk AL AT B AR o
R L, N 1.35), 1 FMC400 I B A5 %5 e ke
FHAE 5 B2 5 (60.10% ) 1 5 5% 75 4 (R AH T
FEHHEAK, 7 0.057) . X AT RE 5 WA R AR 2T 4
B PARRAMARES EARA R, @FLEHA
oA 1] £ B AR ) R B A B v ) B 1 B, AR X B AH
Xof o EU R B 2 1) 557 B PR 45 A, T EL A K B AR
EREWTNE FSC300 RS A 2 H4A T
RE [, FEM B b 2 B S EAE A . ek, FSC300 K
FMC400 ¥ B A B @ K 5 & & R E 580, JE
TE T3 P PO A0 78 2B K 3 IR T 3 22 A R
L EETOAL AR,

R1 MESHEEMRTERER

Table 1 Elemental compositions of optimum iron-based biochar
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C H 0 N HAIC ofiic
FSC300 40.67 4.03 54.81 0.50 0.099 135 37.27
FMC400 60.10 3.43 35.71 0.77 0.057 0.59 43.60
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Table 2 Specific surface area, total pore volume and average

pore size of biochar

Em R (m?-gh) B (em’g!)  THALAR om
SBC300 2.72 0.0048 11.28
FSC300 3.68 0.0077 5.25
FSC400 14.51 0.0310 8.43
MBC400 3.54 0.0061 8.16
FMC300 3.19 0.0057 7.10
FMC400 3.90 0.0080 6.85
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Fig. 3 FT-IR spectra of biochar
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Fig. 4 XRD spectra of biochar
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Table 3 Kinetic fitting parameters of Sb(III) adsorption by different biochar

HE— 2Bl AR

e 28 )y

EX7pS

0, ((mgg") ky /min’” R} 0, [(mg-g") k, (g-mg " min") R
SBC300 10.26 0.0053 0.984 12.21 0.00046 0.988
FSC300 14.56 0.0048 0.960 17.63 0.00028 0.983
MBC400 5.47 0.0038 0.973 6.85 0.00053 0.976
FMC400 13.36 0.0200 0.964 14.60 0.00190 0.971
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Fig.5 Adsorption kinetics fitting curves of different biochar for Sb(I1I)
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Fig. 6 Isothermal adsorption fitting curves of different biochar for Sb(III)
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Table 4 Isothermal adsorption fitting parameters of different biochar for Sb(I1I)

Langmuir W ff 45 A5 54

Freundlich W% fft S5 iR A 78

0. /(mg-g") K, /(L-mg") R} 1/n K, /(mg-g") R}
SBC300 12.70 0.140 0.989 0.15 5.53 0.858
FSC300 20.81 0.130 0.962 0.20 7.28 0.883
MBC400 12.42 0.025 0.944 0.31 1.90 0.863
FMC400 22.06 0.085 0.967 0.23 6.50 0.872
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