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Table 1 Basic properties of the materials
Tl g3 87/ % 453/ % F41/ (mg/g)
IR EC/ Proximate analysis Component Nutrient
. H
Materials (pS/em)  JK4y RS I# 5E Bk YR e £ 2k YNIES 4N £ P £ K
Ash  Volatile Fixed carbon Cellulose Hemicellulose Lignin TN TP TK
#2% Cow manure 9.13 714 33.89 54.51 11.60 23.88 24.44 7.59 17.07 11.43 7.43
¥ # Pig manure  8.35 837 25.33 69.69 4.98 11.79 12.59 4.28 24.60 24.89 2.69
T Kts Corn cob 5.84 805 7.58 88.44 3.98 40.63 32.45 5.51 3.98 2.48 3.53
100f A . CS20% 100 B B S 20%
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Table 2 Effects of pyrolysis temperatures on pH in biochar
H: ¥ Biomass 200 C 300 C 400 °C 500 C
CS 20% 6.78+0.19b 7.174+0.14b 8.91+0.16a 9.16+0.15a
CS 40% 6.84+0.04a 7.271+0.07a 8.71+0.13a 8.90+0.15¢
CS 60% 6.55+0.15a 7.671+0.11b 9.20+0.21b 9.51+0.26b
CS 80% 6.01+0.06a 7.26+0.30b 8.77+0.06a 9.70+0.20b
PS 20% 6.68+0.10b 6.794+0.32¢ 9.41%0.11a 9.74+0.09a
PS 40% 6.29+0.23a 7.744+0.18a 8.91+0.19a 10.184+0.17b
PS 60% 5.924+0.35¢ 7.55+0.14a 8.63+0.08a 9.98+0.13a
PS 80% 6.17+0.06b 7.26+0.05a 8.16+0.03a 9.04+0.05a

T AT A /NG 7 1R 7R 45 4 B R 22 5 .35 (P<<0.05) , T I,

Note: Different lowercase letters in the same line indicate significant

differences(P<C0.05) between different treatments. The same as below.
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Fig.2 Effect of temperature and mixing ratio
on biochar conversion rate
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Table 3 Effects of pyrolysis temperatures on biochars components %
pNEY -
. MemRE EUR 200 °C 300 °C 400 °C 500 °C
Chemical characteristics Biomass
CS20% 29.524-0.82a 39.9141.75a 51.2540.24a 53.174-1.88a
CS 40% 26.3440.53b 38.5840.86b 47.1240.58b 53.5840.69a
CS 60% 23.744-0.38a 36.0340.93b 46.1340.27b 50.5340.99b
KAy CS 80% 21.9140.95a 35.1241.73a 42.9440.35¢ 46.0341.07a
Ash content PS 20% 21.65+1.34a 31.03+1.39a 45.154+1.25a 55.1442.30a
PS 40% 20.4540.50b 30.0743.03a 40.06+2.13a 53.00+1.25b
PS 60% 18.30£0.97b 26.984-0.47c 39.56+3.26a 46.6042.61a
PS 80% 18.18+£0.18¢ 27.30+2.14a 38.40+1.28a 46.14+1.11b
CS 20% 8.63+0.09b 20.78+2.45b 18.98+1.73a 27.89+2.31b
CS 40% 10.11+1.39b 19.35+0.06b 24.28+1.20b 25.4342.35a
CS 60% 10.21+£0.38a 18.02+1.45b 25.6041.59b 27.1541.09a
[ % B 55 CS 80% 9.32+1.15a 20.86+0.47c 26.55+2.03a 32.47+1.37a
Fixed carbon content PS 20% 8.25+1.06a 14.62+1.05b 23.5741.62a 23.9540.67a
PS 40% 7.0640.07b 17.61+2.66¢ 25.164+1.61c 25.6742.41b
PS 60% 5.4440.20b 16.50+1.35¢ 24.1640.77b 29.71+1.71b
PS 80% 4.86+0.58a 20.964-0.81a 22.42+1.47a 28.33+0.36a
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27:60% +400°C; 28:60% +500 °C; 29:80% 4200 “C; 30:80% +300 °C; 31:80% +400 °C;32:80% +500 C.
AEBENKELEFTFSENTMN

Fig.3 Effects of pyrolysis temperatures on macronutrient content in biochar
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Table 4 Effects of pyrolysis temperatures on biochars pore characteristics
. L RALER Ao i F A %
i = texmB/ PR/ ﬁ"%:ﬂ‘/ (mL/g) Percentage of aperture distribution
W) I I/ C (m'/g) pm B/ %

S e - Total  fAAL KA AL

Biomass  Temperature Specific Average Total gL /NL

. . porous Ultra large Macro- . Micro-
surface area pore size porosity Mesoporous Pinhole
volume pore pore pore
200 12.667 8 6.08 12.12 0.453 7 2.53 13.36 49.37 32.62 2.12
300 12.884 6 6.10 12.56 0.565 5 1.84 12.49 49.48 35.72 0.48
€S 20% 400 17.262 1 6.78 13.14 0.554 7 0.78 11.60 52.88 31.68 3.06
500 15.838 8 6.07 12.56 0.546 0 1.52 12.31 49.49 35.18 1.50
200 8.132 0 6.10 4.55 0.162 1 1.05 14.07 43.06 37.26 4.57
300 8.949 6 6.07 4.52 0.155 9 0.83 11.93 34.19 49.78 3.27
PS 20% 400 9.487 2 6.06 4.63 0.198 8 2.21 11.12 38.18 45.82 2.67
500 10.282 4 6.11 4.84 0.172 5 1.39 10.32 27.36 53.45 7.48
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Biochar fertilizer utilization characteristics of
mixed pyrolysis of livestock manure and straw

ZHANG Zihao YUAN Qiaoxia DAI Pei

College of Engineering s Huazhong Agricultural University sWuhan 430070,China

Abstract Animal manures (cow dung, pig manure) and cornstraw were used to investigate the
effects of different temperatures(200,300,400 and 500 C) and different amount of straw (20%,40% ,
60% ,80%) on yields and physicochemical properties of biochar produced in a closed low-oxygen reactor
using pyrolysis process. The results showed that biochar yields, volatile content decreased gradually as
pyrolysis temperature increased, while ash content, pH and total content of P,K and nutrient contents in-
creased, N content first increased and then decreased. The pore characteristics of cow dung biochar were
best at 400 C , while the pore characteristics of pig manure were poor. Adding straw improved pH of bio-
char and regulated nutrient content. Compared with pig manure biochar, cow dung biochar had better
carbon yield,pH and pore characteristics. The nutrient content of cow dung was less than that of pig ma-
nure. Cow manure and straw mixed biochar is more suitable for using its pore characteristics as adsor-
bent and so on. Pig manure and straw mixed biochar is more suitable for using its nutrient characteristics
as phosphate fertilizer production auxiliary or soil conditioner. The influence of mixed pyrolysis on the
charcoal characteristics needs to be further studied.
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biochar; straw; animal manure; pyrolysis; physicochemical characteristics
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