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Table 1 Composition of the crop residues %
% K FE S FF INEFERE KRS SRS FF HRAEFEFF

Composition Rice straw Wheat straw Cornstover Rape stalk Cotton stalk
4% Cellulose 41.0941.15b 40.0341.07ab 37.1740.71a 42.1140.72¢ 39.354-0.72ab
A2 4 E Hemicellulose 18.5540.65¢ 21.2040.68d 17.2540.73bc 15.26£0.19ab 14.38+0.82a
K& Lignin 19.32+0.80a 22.1240.56b 22.1540.48b 20.0940.49ab 28.5440.57¢c
8% 41 Volatile matter 73.60+1.27a 73.48+0.91b 75.6941.04b 79.6441.16¢ 76.27+1.17b
KAy Ash 11.08+0.15¢ 9.3640.34d 7.8940.16¢ 6.40+0.17a 5.47+0.23b
[ %€ B Fixed carbon 14.0540.16¢ 17.9240.27¢ 17.5740.18b 13.5040.23a 18.1740.26¢
C 40.054-0.06a 42.9340.07b 43.2740.05b 43.9140.08c 43.944-0.05¢
H 5.46£0.06a 5.65+0.08a 5.9340.05b 5.9140.04b 5.82+0.07b
O 40.21£0.07b 40.4840.08b 39.3340.09a 42.5640.06d 41.1540.05¢
N 0.68+0.01b 0.7740.02¢ 1.95+0.07e 0.4840.01a 1.11+0.05d
S 0.4840.01a 0.7840.06d 0.6640.03c 0.7140.03d 0.5640.02b

T N [R) A R R N R RS A1 2 8] 19 2% 5 8 35 (P <C0.05) . Note: Different letters represent significant differences among different crop resi-

dues (P<C0.05).
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Biochar yields of crop residues

under different holding time
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Fig.2 Proximate analysis of crop residue biochars under different holding time
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Effects of holding time on element analysis and carbon conversion efficiency of crop residue biochars
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represents rice,wheat,corn,rape and cotton straw respectively, S represents crop residue material,0-120 represents biochar obtained at hold-

ing time of 0-120 min,respectively.
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Fig.4 H/C and O/C ratios of crop residues and biochars
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400 °C , AN [\ 3k B 0] R 4l 2% 09 F5 FF A= 9 ok 19 pH
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xR AW W pH O f RAR T /N 22 AR
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Table 2 Effects of holding time on mineral elements of crop residue biochars

FE S I E /min K/ Ca/ Na/ Mg/ .
Samples Holding time (g/kg) (g/kg) (g/kg) (g/kg) Fe/(mg/ke)  Zn/(me/ke)  Cu/(mg/ke)
0 46.27 6.13 4.87 6.43 592.17 131.91 11.48
30 55.78 5.96 5.47 41.88 565.85 283.57 13.21
IR FERE A A Wy ok 60 72.86 6.51 3.97 6.56 524.93 74.43 19.47
Rice straw biochars 90 59.11 11.47 5.21 5.93 746.67 503.51 17.79
120 60.67 7.43 6.45 4.01 835.62 302.23 26.72
0 41.41 1.46 0.87 2.45 622.83 1114.23 26.89
30 52.23 0.35 1.07 3.06 901.78 2 360.21 6.74
IINE FEFE A W e 60 54.43 4.79 0.91 3.11 776.67 1574.24 26.51
Wheat straw biochars 90 53.21 4.38 1.24 3.79 534.54 2 931.57 56.58
120 50.83 3.62 1.35 2.78 673.68 4 492.41 28.94
0 48.61 1.83 1.02 2.97 1599.27 2 515.58 22.92
30 55.83 3.86 1.10 3.35 952.55 2 136.79 21.34
FOKRAE AWy ok 60 57.32 4.24 0.96 4.15 1171.53 722.17 22.61
Cornstover biochars 90 58.75 2.69 1.17 3.87 631.58 1781.86 21.23
120 81.87 3.21 1.55 5.49 2 445.84 5 753.37 22.26
0 46.81 18.93 5.68 1.65 553.27 83.38 /
30 48.34 22.06 5.97 2.63 544.81 130.37 /
T SR RS FF A 9 0% 60 51.27 23.62 6.67 2.42 590.88 138.17 /
Rape stalk biochars 90 54.76 25.01 6.84 2.27 1100.78 4 382.12 /
120 54.45 25.87 7.48 2.17 1392.82 2 280.69 /
0 46.81 18.93 5.68 1.65 553.27 83.38 /
30 48.34 22.06 5.97 2.63 544.81 130.37 /
TH SRR AT A e 60 51.27 23.62 6.67 2.42 590.88 138.17 /
Rape stalk biochars 90 54.76 25.01 6.84 2.27 1100.78 4 382.12 /
120 54.45 25.87 7.48 2.17 1392.82 2 280.69 /
0 21.24 15.11 2.56 3.57 324.41 1145.81 17.68
30 48.93 3.52 1.30 3.54 316.76 317.25 10.82
HAEFE AT A= ) ¢ 60 26.51 21.57 2.47 4.49 412.95 1186.12 17.73
Cotton stalk biochars 90 24.14 17.38 2.62 4.68 604.42 2 048.87 20.45
120 24.65 17.13 2.98 4.59 705.12 3535.14 18.91
-m- KFEFEFF A 5 Rice STB - K FERS T Rice STB
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Fig.5 Effects of holding times on pH(A) and electrical conductivity(B) of crop residue biochars
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Fig.6 SEM images of biochars produced at different holding time
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Table 3 BET of cornstover and different biochars
L 2 1 W B LA R/ 6 B AL AR/ SE 2918 [ FLAR /nm SF- 247 95 B FL A/ nm
v 0 2/ 3 3 SRR LA AL
F i . <,H,1 /e (em /g> (em /g) Average adsorption Average desorption
Samples Specific surface Absorption Desorption " . di .
re diameter re diameter
area pore volume pore volume pore diamete pore diamete
EKFEFF Cornstover 0.712 0.004 0.004 15.729 17.861
o fE A Hc-30 mi
AR FTAE 450 min 5.488 0.017 0.017 12.599 10.376
Rice straw biochar-30 min
INFEF Y 7%-30 mi
]\i%ﬂ:q:mﬁS }mm 3.328 0.011 0.011 16.489 15.614
Wheat biochar-30 min
T K FEFF % 30 mi
! **“ﬂy@ﬁz e 2.498 0.003 0.003 5.000 30.980
Cornstover biochar-30 min
SE RS FFAE B30 mi
(d]%%ﬂi%ﬁ% . mmA 3.220 0.004 0.003 7.393 10.488
Rape stalk biochar-30 min
B 530 mi
ﬁ‘ﬁﬁ'ﬂi%,ﬁ‘ m 3.193 0.008 0.007 10.709 29.961
Cotton stalk biochar-30 min
Ey =W -120 mi
ACRIREFFADIR 120 min 6.570 0.019 0.018 14.591 17.746
Rice straw biochar-120 min
HFF A M 2% -120 mi
MALRET L5120 min 6.080 0.018 0.018 18.193 21.005

Cotton stalk biochar-120 min
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Fig.7 FTIR spectra of different biochars
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Effects of holding time on physical and chemical properties
of utilizing different straw biochar fertilizer

LIU Zhaoxia'*,LIU Ming®,NIU Wenjuan®,CHEN Yan',NIU Zhiyou®

1.College of Mechanical and Electrical Engineering sWuhan Donghu University ,
Wuhan 430212,China ;
2.College of Engineering , Huazhong Agricultural University/Key Laboratory of
Agricultural Equipment in Mid-Lower Yangtze River,
Ministry of Agriculture and Rural Affairs ,Wuhan 430070,China

Abstract The effects of different holding times on the biochar yield, composition, pH, electrical
conductivity and pore structure of five kinds of straws including rice, wheat, corn,rape and cotton were
investigated.Correlation between the physical and chemical properties of different biochars was analyzed.
The results showed that effects of straw type and holding time on the physicochemical properties of bio-
char fertilizer were significant (P <C0.05). The biochar yields and the carbon conversion efficiency of
straws ranged from 41% to 61%,and 53% to 65%.respectively. With the increase of holding time, the
biochar yields decreased,while the pyrolysis degree and the fixed carbon contents of biochars increased.
The pH and electrical conductivity increased with the increase of holding time.The holding time was neg-
atively correlated with carbon yield, H,O contents and volatile matter content of biochars,and positively
correlated with fixed carbon content. The optimal holding time is 60-90 min,and the biochars obtained
under this condition has a rich pore structure with smooth surface. The biochars with lower H/C and
higher pH and electrical conductivity can be used as a good carbon-based fertilizer additive material.

Keywords straws; biochar; holding time; biochar yield; physicochemical properties; fertilization
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