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Structural Characterization of Field-aging Biochar and Its Adsorption Effect
on Ammonia Nitrogen

HUANG Jiawei, BAI Jiajun, GUAN Song’, DOU Sen, ZHANG Jialin, WANG Xiruo

(College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China)

Abstract: [ Objective ] Biochar application in soil has a positive effect on reducing nitrogen loss and improving nitrogen utilization
efficiency. However, information on the interaction between naturally aged biochar and nutrients in the field is limited. Exploring the
influence mechanism of aged biochar on soil nitrogen retention is helpful to further understand the environmental and chemical

process of biochar in soil. [ Method ] The method of in-situ embedding of biochar in nylon bags in the field and batch equilibrium
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adsorption experiment in the laboratory were carried out. The field experiment included four treatments, namely fresh biochar
(A0), aged biochar for one year (Al), two years (A2) and three years (A3). The dynamic changes of surface structure
characteristics and physicochemical properties of aged biochar and their effects on NH:{—N adsorption were investigated using
scanning electron microscopy, BET-specific surface, differential thermal and thermogravimetric analysis techniques. [ Result ] The
results showed that the surface pore structure of biochar after naturally aging for three years in the field collapsed. With the
increase of field aging time, the BET-specific surface area, total pore volume, mesoporous pore volume and average pore size of
biochar increased, while the micropore surface area decreased. Compared with the AO treatment, the BET-specific surface area,
total pore volume and average pore size of biochar in the A3 treatment increased by 18.93%, 42.31% and 20.71%, respectively,
and the micropore surface area decreased by 26.17%. With respect to the chemical structure of aged biochar, the contents of C and
N elements increased by 7.92% and 95.61%, respectively, and the aromatization degree and thermal stability of biochar decreased.
With the increase of field aging time, the amount of NH,-N adsorbed by biochar decreased in the order A0 > Al > A2 > A3,
although aged biochar maintained a strong adsorption capacity. Also, batch equilibrium adsorption experiments showed that the
adsorption rate of biochar to NHI—N complied with the pseudo-second-order adsorption kinetics and Langmuir models.
[ Conclusion JThe present study suggests that the adsorption of NHI -N to biochar mainly occurred through the single-molecular
layer mechanism, followed by physical adsorption. Therefore, studies on the enrichment effect of biochar on carbon and nitrogen

and the adsorption mechanism of NH,-N are significant in exerting carbon sequestration and improving nitrogen utilization

efficiency in the soil ecosystem for biochar.

Key words: Biochar; Aging; Structural characterization; Ammonium nitrogen; Adsorption mechanism
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x10000

T A0 KB EE Y Bc; AL, A2, A3 R AR AL 1 4E, 2 5E M 34ERE s, TR, Note: AO represents fresh biochar;

Al, A2 and A3 represent naturally aged biochar for one year, two years and three years, respectively. The same below.

Bl 1 FF A0 (SEM) R AWM BR RIS

Fig. 1

Surface morphology of biochar under SEM
F1 EYBURFLBRGE MY

Table 1 Changes in pore structure characteristics of biochar

BET HRHR  BALEHR SR BHE  AAUILE o )
ALALE LA
A3 Specific T-plot External Total pore Cumulative
Micropore volume/ Average pore
Treatment surface area/ micropore area/ surface area/ volume/ volume/ s
(em’g!) size/nm
(m>g!) (m>g") (m>g!) (em®g™t) (em*g!)
A0 43.18 31.05 12.13 0.026 0.012 0.012 2.40
Al 48.81 30.57 18.25 0.034 0.019 0.012 2.76
A2 50.37 29.02 21.35 0.038 0.024 0.012 3.05
A3 51.35 22.93 28.42 0.037 0.019 0.010 2.90
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*2 HEYMFRMTERAREERELER
Table 2 Elemental composition of biochar and basic physical and chemical properties
JCE A B Element composition/ (g-kg™) I AP Basic physical and chemical properties

Qb ¥ I Ko &8

i a 5 SRS mETAass TR Ny
Treatment . Ash content/

C H N O + ash CEC/ (cmol'kg™) v (mgkg ™
A0 436.4+5.0b 28.55+0.01a  4.56+0.02c 530.5+5.0a 10.06+0.24a 41.05+£1.52a  42.41+1.11a 120.7+2.8b
Al 446.9+7.2b 24.33£0.29b  6.71£2.20bc  522.0+8.7ab 8.64+0.01b 35.67£1.78b  38.34+0.50ab  127.3+2.5a
A2 458.1+10.4ab  29.21+1.62a  6.50+0.65ab  506.2+11.3bc  8.34+0.25b 36.73+1.58b  37.89+2.11ab  128.7+1.8a
A3 471.0+11.5a 24.75+0.13b  8.92+0.19a 495.4+11.7¢ 8.19+0.08b 36.80+£3.19b  36.934+2.75b 127.7+1.5a

BRI ME « AR 22, BN TR PR R AN R A P E] 22 5 2.3 ( P < 0.05 ), T[], Note: The values are means + standard deviation.

Different letters within a column indicate a significant difference ( P < 0.05) among treatments. The same below.
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B2 EWRRL AR
Fig.2 The FTIR spectra of biochar
Az 1) T W A O 4 AR K i ot A e i) A 72 Ak
mzE 3 s, Hi, 1095 em™ b ERKALE I C-O
aEIR ) SRR ER Y Si—O SR AR (K 2) , 1%
A 68.64%~~79.52%, WA W AL U 5 R AN L 22 i
BT 5ok S c-0. % C-0. fif C-0—C fif
AR oG S LASh, NIE P RS e A kB R
TR 1095 om™" Ah W i i ik it 25 2 A s ] 386 Jon

MEE TR, 5 A0 M, #1k 3 4FTH 13.68%
(P<0.05) . 3400 cm ' 4b/k . B, ByAY—OH HRzh
FI-NH §& sl W 58 0 8.97%~19.43%, FfiE %
ALEFIRIBE T, 0genm i E 48 i 17.39%~116.61%. i
1700 cm ™ AbfFREE C=0 MRicid i AR AHS (0.14%~
0.35% ), 1H A3 5 A0 IR i E 4 150%( P < 0.05),
4543 400 om ! AbFRFE-OH HE P I 8 () 34 im0 E
FOHBEE AT RGN, A= 9 5 1 R S L P 16

F5 kR Y R A B M, 1600 cm ™! b5
F C = CWUIESR N 5.73%~7.31%, 5 A0 ML,
A2 BERSEY RN TR 21.43% (P <
0.05) , &k 34, A3 5 A2 G, (A3
ZRARNEFE . MAE 800 cm ' AL BUCHEAY C—H M 4MR
RN 3.96%~5.12%, A3 3 A0 i F /0 16.60%
(P <0.05) o HAWYAJE T 159 5 e Ji e 3ok AT 1) 55 1%
Wl n 2 920 em ™ 112 850 em ! IS C—H LA K2 1 382 cm™
g% C—H ZEJE Ml —OH ) —Lt C-0 R A RE & &
AGES B A B I R i 1 (2 920+ 2 850) /1 600 [y
JRIE C/O5 % C FRAF FLAELBE % & AT [a) 38 fin iy 38
A=W B0 ) B T P A T e

£3 YRR FTIR WIKIEARIHE X R E

Table 3 The relative intensity of the FTIR absorption peak of biochar
AHXT5R B Relative intensity/% (2920+
A
2850) /
Treatment 3 400 cm™' 2920cm’  2850cm’ 1700cm’  1600cm’ 1382cm’' 1095cm”’ 800 cm
1 600
A0 8.97+0.03d  0.08+0.01c  0.02+0.00c  0.14+0.00c  6.02+0.06bc  0.12+0.01b 79.52+0.10a 5.12+0.05a 0.017
Al 10.53£0.26¢c  0.21£0.00b  0.06+£0.00b  0.27+0.01b  5.73£0.03¢c  0.18+0.01a 78.09+0.36a 4.94+0.19a 0.047
A2 14.12+£0.31b  0.15+£0.00bc  0.05+£0.00b  0.25+0.00b 7.31+0.30a  0.19+0.0la 73.96+0.24b 3.96+0.22¢c 0.027
A3 19.43t1.45a 0.28+£0.08a  0.09+0.02a  0.35+£0.03a 6.82+1.13ab 0.11+0.01b 68.64+2.44c 4.27+0.03b 0.059
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ZIIr T (DTA) S5#E ST (TGA ) EH
(AT 2, DTA BT -0 A5 #1905 B4 s g fsf
FERRAE TR T W sk B A EE , 260~350 °C IR
DX [] B AR TR 0 DA LRI, 350 C LA by e TR
g TGA J& I P ot 32 A0 T 6 B I $A3 Br 47
AR, 180~320 CiaHE X B MFEIEIE S TGA IR
KHEIE, 320~460 CHERAEN, DTA 5 TGA
F14) r ek AR 5 2k DA S AT B I 4T 1) R O R
5 5 R R T SR DX, v iR S R 5 2 T Dy O
T % 34 X 3R

K 3 BT RE DTA 5 TGA ih<k, 7
285~307 CHIRHA 441~469 °C iR IE B N FETE
R, (H AR S R E AR 55, R AR Y Bk
S LA BB E . BEE ARZIE 34, A3 1Y
HORACR S TIRR R, 4 A0 R
27.45%F1 18.05% (P <0.05, £ 4) , XU HKRE
A= B IR AL S s . {2 A3 Y& IR
5 R R TC A ORI F A L
(B BE & AL B I3 A BT R, RWARE %5 & AL ] Y
B, AP OR BRI TR, AR E TR,
5 FTIR 434 —3K .

a) b)
441
o -
E o0
o
E : \A3
< <
F
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A2
Al
N N
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Fig. 3 DTA and TGA curve of biochar
x4 EYFRK DTA HEN TGA XEE
Table 4 Heat release in DTA and mass loss in TGA for biochar
. A Exothermic heat/ (kJ-g™") KT ft Mass loss/ (mg-g™)
Ab
Tl (H1) iR (H2) PR (W1 Frif (W2)
Treatment H2/H1 W2/W1
Medium temperature High temperature Medium temperature High temperature
A0 0.051£0.003b 1.26+0.07a 25.0 5.43£0.19b 114.844.0a 21.1
Al 0.058+0.006ab 1.334+0.02a 229 6.27+0.33a 121.2+7.4a 19.3
A2 0.062+0.003a 1.40+0.13a 22.7 6.39+0.20a 122.943.1a 19.2
A3 0.065+0.003a 1.424+0.06a 21.9 6.41+0.18a 125.3+6.8a 19.6

2.5 AWK RS T A IR B

P 4 Sy AN [ 2 P T A 1 i X e 28 L 0 A o 50
Jirrhgk, HM RIS EEA —20 . MR R kv
[E] A AE T HE . 7€ 0~240 min AR, W BRI 204
o, AETF ORI Be, TR 240~1 440 min 5],
R R DR 52 7 TP . AN 1A B, B B AT

B3I, A= 400 o e %o e 285 0 P WA 8 i /D, i
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Table 6 Fitting parameters of adsorption isothermal equation for adsorbing NHZ-N on naturally aged biochar
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