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Fig. 1 The morphology characteristics of maize straw biochar and Artemisia ordosica biochar prepared at different carbonization
temperatures
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2.1.2 10C 1.03 m*/g
(4] 1 0.02 m*/g 400°C ~ 800°C
10°C
0.56 0.02 mY/g
2.1.3
400°C ~600°C 2
10C 0.08 m”/g
0.01 m¥g 600C ~ 800C v 400C ~600C
10C
F1 TRRUEBETERBFEYRIMIDSEY RN 0.19 cm’kg  0.07 cm’/kg
i’%ﬁ*ﬂ(mz/g) o o 3 3
Table 1 Specific surface areas of maize straw biochar and Artemisia 600°C ~ 800°C 1.03 cm /kg 0.I5 em /kg
ordosica biochar prepared at different carbonization temperatures
(C) 400°C
400 600 800 600°C
2.05+£0.03Ac 1.31£0.01 Ad 2.97 £ 0.01 Ab 23.56 £ 0.68 Aa 10C
1.29 nm  0.01 nm 800°C
0.22+£0.01 Bc 0.79+0.01 Bb 0.99+0.24 Bb 1.37 £0.09 Ba 200°C

(P<0.05)
(P<0.05)

=2

FRIRUEETERBHEMRIDEEIRIILEFE

Table 2 The total pore volume and average pore diameter of maize straw biochar and Artemisia ordosica biochar prepared at different
carbonization temperatures

(C)
400 600 800
3.8+0.1 Abc 5.8+0.6 Ab 1.9+0.1 Ac 22.5+3.2Aa
(em'/kg) 1.5+0.4 Bb 19403 Bb 0.5+0.1 B 3.5+0.3 Ba
13.89£2.10 Ac 19.13£0.82 Bb 4491 £1.08 Aa 8.09 £ 0.06 Bd
(nm) 3.29 £0.05 Bc 35.72 £ 1.26 Aa 3598 £0.02 Ba 11.85£0.96 Ab
2.2 10C pH 0.02
2.21 pH pH
pH
400°C ~ 800°C pH C 3
£3 FRRUEETERBFEDRMIDEEWRE pH
Table 3 The pH of maize straw biochar and Artemisia ordosica biochar prepared at different carbonization temperatures
(C)
400 600 800
6.36 £0.01 Ad 9.79 £ 0.01 Ac 10.26 £ 0.00 Ab 10.47 £0.01 Aa
5.58+£0.01 Be 9.48 £0.18 Ab 9.91£0.07 Ba 10.18 £ 0.00 Ba
P K H S
Na K Mg C
600 ~ 900 g/kg
pH C 800C  C 887.07 gkg
2.2.2 C

400°C ~600°C
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C 10°C 0.13 g/kg N
5.01 g’lkg 3.21 g/kg 0.04 g/kg
C 600°C ~800C H 0.86 g’lkg 0.82 g/kg
0.88 g’lkg  5.48 g/kg
C S
C 600°C  800°C P K
400°C ~800C 10C
C N H P K 0.11 g’lkg 0.20 g/kg
400°C 0.07 glkkg  0.24 g/kg
800°C 10°C N

F4 TRRUEBEETERBHEMRMDEEMROTES E(g/ke)

Table 4 Element contents of maize straw biochar and Artemisia ordosica biochar prepared at different carbonization temperatures

(C)
400 600 800
N 5.57+0.08 Bd 12.51 £0.10 Aa 9.97+0.23 Ab 7.31+0.01 Be
8.56+£0.17 Aa 10.83 £0.41 Aa 9.45+0.64 Aa 9.25+0.37 Aa
P 4.16 £0.43 Ad 7.01 £0.65 Ac 9.79+£0.16 Ab 11.29 £0.07 Aa
5.28 £0.56 Ad 5.90£0.10 Be 8.12+0.20 Bb 8.71 £0.10 Ba
K 13.86 £1.63 Ac 21.34£2.65 Ab 26.26 £2.29 Aab 29.49 £3.96 Aa
13.52£0.03 Ac 20.08 £1.30 Ab 26.51 £2.57 Aa 29.55+6.08 Aa
C 437.93 +3.04 Ac 635.33 £5.45 Bb 735.43 £5.55 Ba 752.93 £3.15Ba
463.73 £1.97 Ad 713.10 £5.63 Ac 777.43 £6.67 Ab 887.07 £4.04 Aa
H 49.07 £0.15 Aa 42.53 £1.05 Ab 18.70 £0.10 Be 8.20+£0.10 Bd
48.60 = 1.06 Aa 43.51£0.10 Ab 20.83 £0.10 Ac 10.84 £0.09 Ad
N 1.01 £0.19 Aa 1.09 £0.09 Aa 0.90 +0.03 Ba 0.59£0.03 Ab
1.30 £0.02 Aa 1.01 £0.11 Ab 1.42+0.04 Aa 0.71 £0.01 Adc
C/N 78.92 50.78 73.76 103.00
54.17 65.84 82.27 95.90
C/H 8.92 14.94 39.33 91.82
9.54 16.39 37.32 81.83

72.51£0.13 Ad
41.81 £0.46 Bd

190.13 £0. 34 Ac
112.34 £0.09 Bc

331.08 = 0.04 Ab
275.42 £ 1.02 Bb

350.53 £0.52 Aa
346.12 £2.01 Aa

C/N 4
C/N
C/H
400°C
800°C C/H
C C
cc 35 «c 23 [11]
2.2.3
N
400°C 600°C

N

0.008 mgkg 800°C

0.021 mg/kg 600°C

[15-16]

P

800°C

[14-16]

pH

400°C
288.22 mg/kg

93.94 mg/kg

0.019 mg/kg
0

400°C N
0.017 mg/kg 800°C
N
C-N
P K
pH

107.50 mg/kg
51.22 mg/kg
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The Structure Characteristics and Chemical Properties of Maize
Straw Biochar and Artemisia ordosica Biochar Prepared at
Different Carbonization Temperatures

LIANG Huan, SUO Quan—yi*, HOU Jian-wei, LIU Chang-tao
(College of Ecology and Environmental Science, Inner Mongolia Agriculture University, Hohhot 010018, China)

Abstract: The structural characteristics and chemical properties of biochars generated from various materials were the
basis for the rational utilization of the biochars in agriculture and environment. In this paper, maize straw biochar and
Artemisia ordosica biochar were prepared through anaerobic carbonization method at different carbonization temperatures, and
their chemical properties were measured. Results showed that the pore structure of the biochars from the two materials was
intact below 400°C, while the honeycomb structures of the biochars were destroyed above 600°C. The honeycomb structures of
maize straw biochar was destroyed more seriously compared with Artemisia ordosica biochar. The specific surface area, total
pore volume and average pore diameter of maize straw biochar were greater than Artemisia ordosica biochar at the same
carbonization temperature. The specific surface areas of the two kinds of biochars were increased with the increasing
carbonization temperature. The total pore volume of the biochars changed with carbonization temperature as “V” type. The
biochars are alkaline, and the higher carbonization temperature led to greater biochar pH. The pH of the biochars was
increased by 0.02 units/10°C in the range from 400°C — 800°C. The pH of maize straw biochar was higher than the Artemisia
ordosica biochar at the same temperature, and at 400°C, 600°C and 800°C , the pH of maize straw biochar higher than the
Artemisia ordosica biochar by 0.31,0.35 and 0.29, respectively. C, P, K and ash contents of the biochars increased with the
increasing carbonization temperature. The rise of each 10°C led to the increase in the contents of C, P, and K of maize straw
biochar by 2.94 g/kg, 0.11 g/kg, 0.20 g/kg, respectively, and the corresponding data were 4.35 g/kg, 0.07 g/kg, and 0.24 g/kg
for Artemisia ordosica biochar. However, the rise of each 10°C led to the decrease in contents of N and H by 0.13 g/kg and
0.86 g/kg for maize straw biochar, and 0.04 g/kg and 0.82 g/kg for Artemisia ordosica biochar. Therefore, C/N and C/H ratios
of the biochars increased with rising temperature. S contents of the biochars did not change with temperature obviously. The
difference of element contents between maize straw biochar and Artemisia ordosica biochar was significant. Available contents
of N, P, and K in the biochars decreased with the increasing carbonization temperature. When temperature was increased from
400°C to 600°C, the available N contents of maize straw biochar and Artemisia ordosica biochar were decreased by 57.89%
and19.05%, respectively. When temperature was increased to 800°C, the available N contents in both maize straw biochar and
Artemisia ordosica biochar decreased to 0 mg/kg. When temperature was increased from 400°C to 800°C, available P contents
of maize straw biochar and Artemisia ordosica biochar were reduced by 67.41% and 52.36%, respectively, and available K
contents decreased by 45.62% and 90.16%, respectively. Therefore, different materials and carbonization temperature affected
physicochemical characteristics and chemical properties of biochars.

Key words: Biochar; Artemisia ordosica; Corn straw; Porosity; Specific surface area



