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Adsorption of nitrate nitrogen by peanut shell biochar

WANG Rong-rong'?, LAI Xin? LI Jie?, CHANG Hong", ZHANG Gui-long*

(1.College of Life Science, Shanxi Agricultural University, Taigu 030800, China; 2.Agro—Environmental Protection Institute, Ministry of Agri—
culture/Tianjin Engineering Research Center of Agricultural Ecological & Environmental Remediation, Tianjin 300191, China )

Abstract: Peanut shell was used to prepare biochar through low—oxygen pyrolysis (300 °C). FTIR and XPS results of the biochar before and
after batch equilibrium adsorption test showed that adsorption of NO; =N on the biochar was significantly affected by pH. The NO;-N ad-
sorption quantity by biochar increased gradually with initial concentrations of NO;—N. At the initial concentration of 800 mg- L™, the maxi—
mum adsorption capacity was 40 mg+¢™". Freundlich equation could be well fitted (R?=0.975 ) to the NO;-N isothermal adsorption. Adsorp—
tion of NO;—-N by biochar was non—uniform multilayer process and could reach the equilibrium in 30 min. Pseudo secondary dynamic equa—
tion could effectively describe the adsorption kinetics, indicating that the adsorption was mainly chemical adsorption. FTIR and XPS results
also suggested that the functional groups such as hydroxyl (~OH ), aromatic ring carbonyl(—C=0 ), and aliphatic ether(—o-), which dis—
tributed on the surface of biochar, were involved in the adsorption process, and that the binding energy of C atoms connected to those func—
tional groups increased. Considering the distribution of metal ions on the biochar surface, it is concluded that formation of hydrogen bond
and metallic bond would be the main chemical mechanism of NO;—N adsorption by biochar.

Keywords: biochar; nitrate nitrogen; adsorption kinetics; adsorption isotherm
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Table 1 Basic physical and chemical properties of biochar

pH HERmA/m> ¢! fLA/em’ ¢! fLi&Mmm  JK5/%  BRlg-kg?  Alg-kg?  Hlg-kg'  Hlg-kg! /% Plg-kg! /g kg
9.71 5.38 0.01 5.81 3.33 719.62 20.51 17.63 90.22 4.60 0.10 0.12
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Figure 1 Effect of temperature on NO;—N adsorption on biochar
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Figure 2 Effect of pH on NO;—N adsorption on biochar
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Figure 3 Adsorption isotherms of NO;—N on biochar
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Table 2 Constants of Langmuir, Freundlich, and Temkin models for

NO;-N adsorption on biochar

PR WESH R
Langmuir Q./mg-g"'=68.535 5=0.002 0.961
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Figure 4 Effect of contact time on NO;—N adsorption on biochar
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Table 3 Kinetic parameters for NO;—N adsorption on biochar

Bh AR WESH R
HE—T R K, /min™'=0.069 Q./mg-g"'=45.901  0.866
W Ky/gemg'-min?=0.002  Q./mg-g'=49.751  0.973
Elovich 5%  a./mg-g'*min"'=9.574  B/g-mg’=0.086  0.735
AR O K,/g-mg'=3.711 C=15.107 0.498

E: WIiR NO:-N 52 2 800 mg- L™



2016 £9 H

FEARR, 5 AEAE ST SR AL 1731

2.4 RMEIERAEEERE(SEM)FaEIEEmAHEE (EDS)

i SEM BGOSR, AW oW 25 #a) 78
WEBFF NOs-N RIS, FLIBAMRSAE, VR
([l 5a), WRBG A9 e ph Rk 2 0 SR AR 2 o it
Wy eloRy AR P 5 (P Sh), 33 24y 55t B 25 1 2% 1 el 4
FEALIE , A A W A AR T4, B 1 4
EUR P AW e R A A FE 0 N o528 (K’ 6),3F
HEARESPIRE i .
2.5 WRPHATE FTIR B

A=) NOs—N RifJ5 FTIR EHEANE 7. Wkt
J5i 75 3800~3156 cm™ i3 ] Py, Wi i s 5 B AR 55 1%
Y0 TR A 0 2 2 ply 1 [ S B 4 1 —OH. i 4 ik 3
Sl A A4 Yk R W L (-OH) 2 5 T NOs-N
BRI B LR o 1608 em™ 2 A7 MR W AL e 2 57 i PR R 3
(=C=0) A HL (-OH) 1 4 41 8 , Wt i 50k
AR TR AR B, U2 3R S 5 T AR W A
NO;-N B3 #1043 em™ £ 47284k —FBA Ry 2
W ¥ 1 (—OH) 125 i1 41 20 70 i 195 e Bk 25 (-0 ) i
ARPRZN T R AT, RS W B I AR S W TR AR A
ok B A ) e 3% T 0 35 M I T ik S 5 00 ek 3 1A 2
5T R b AR,

$4800 5.0kV 7.1mm x25.0k SE(M,LA0) 2.00um

$S4800 5.0kV 8.2mm x25.0k SE(M,LAO)

Ca) W WA s (bR I

(a)Biochar before adsorption; (b )Biochar after adsorption
B S5 &4zt NOs-N IR RT/E 43 #E RS2 (%25 000 £%)

Figure 5 SEM micrographs of biochar before and after NO;-N
adsorption(x25 000 times )
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Figure 6 Energy spectrum scan of biochar after adsorption
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