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The main types of biochar and their properties and expectative researches
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Abstract: [ Objectives ] Biochar production and application, as an effective low carbon use of by-products of
industrial and agricultural production, have been widely recognized by researchers for their effects in soil
improvement and crop production. However, the reports on the effects of biochar are discrepant greatly as the

different feedstock and parameters in the production process of biochar. Summering previous researches will
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provide academic base for the effective use and production of biochar. [ Major advances ] 1) The range of the
carbon contents in biochar is 30%—90% with an average of 63.84%, and the carbon contents from different raw
materials are in order: wood > straw > shell > manure > sludge. The carbon contents of straw biochar are
mainly in 40%—80%, and those of wood biochar are mainly in 60%—85%. The range of biochar ash is 0—40%
with an average of 15.52%, and the contents are in order: sludge > manure > straw > shell > wood. The ash
contents of straw biochar are generally in 20%—35%, and those of wood biochar are mainly in 0—10%. The
correlation coefficient between the carbon contents and the ash contents is —0.77, the correlation coefficients
between the pyrolysis temperature and the carbon contents and the ash contents are 0.17 and 0.28 respectively.
Adding biochar could improve soil properties. Biochar ash content usually plays a significant role on nutrient
supplement of poor and sandy soil. 2) The range of specific surface area is 0—520 m*/g with an average of
124.83 m*/g, and the contents are in order: shell > straw > wood > manure > sludge. The specific surface area of
straw biochar is generally in 0—200 m®/g and that of wood biochar is generally in 0—100 m*/g. The correlation
coefficient between the pyrolysis temperature and the specific surface area is 0.48. The pore structure of
biochar could reduce soil bulk density, soil density, and remove heavy metals in solution and soils. 3) The pH
of biochar is in range of 5—12 with an average of 9.15, and in order: straw > sludge > manure > wood > shell.
pH of straw biochar is generally in 8-11 and pH of wood biochar has an uniform distribution. The range of
CEC is 0—500 cmol/kg with an average of 71.91 cmol/kg. CEC of straw biochar is generally in 0—100 cmol/kg
and CEC of wood biochar is generally in 5—10 and 15-25 cmol/kg. The correlation coefficients between the
pyrolysis temperature and pH and CEC are respectively 0.58 and 0.30. The biochar could reduce soil proton,
improve pH and nutrient availability of acidic soil; biochar also gets the ability of ion exchange adsorption,
improves the cation and anion exchange capacity, increase ability to protect fertilizer. 4) All the biochar were
prepared at the paralysis temperature of 200°C—800°C, occasionally at 1000°C. [ Suggestions and
expectations ] The production and application of biochar are still in the initial stage in the world. Some
researches should be considered in the future. Firstly, the differences in beneficial effects of biochar related
manufacture parameters and raw materials should be systemically studied and a database should be setup
accordingly; the suitable type of biochar should be made clear according to the expected target and the soil
properties, to achieve the highest profit of biochar. More work is also needed for the selection and combination of
biochar from different material sources, so to produce multiple functional products to meet the requirement of
practical use.

Key words: biochar; property; parameter
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Table 1 Carbon and ash contents of biochar

LB LS AY it (%) KAy
Type Feedstock Temperature C content Ash content (%)
THFF Straw FEKFEFF Corn strawt!: 14242933 250~700 51.8~78.1 5.4~373
INFEFEFF Wheat straw!™ 73] 300~600 60.12~74.46 —
TEFF Rice straw!™ 250~600 38.39~71.86 23.13~30.1
FEAT Straw!*>7 350~500 57.2~65.7 28.6~33.2
JKAEBE Rice bran!™ 51.06 27.6
T 1464 Hardy canna etc!” 69.33~82.15 —
FKotk Corn cobt” 350~400 63.9~71.4 29~38
IFEAT Straw 240~360 X —
YEMIFERT Straw™" 65.0
742 Reed™ ™ 69.33~96.10 —
AT Cotton™ > 68.33~78.01 —
52 Shell 1655 Peanut shelll 373035 300~600 45.2~68.19 3.2~28.6
PEF5% Hazelnut shell”” 370~620 78.3~92 2.3~25
A& Wood KB Wood!®? 33 48-0.57-63] 250~620 52.7~92.1 0.011~15.4
A% Bamboo charcoal® ** *% 64 —,350 62.61~86.9 19.71
2475 manure 92§ Fowl dung™ © 400~750 38.56~50.03 33.87~53.88
¥%2% Pig manure®™> 250~700 25.2~44.30 29.5~66.8
K& ZH Livestock manure!” 65.43 —
42 Cow dung!® — 68.6
7508 Sludge {57 Sludge'™*™ —, 500 8.15~8.16 84, —
HAth Others  HAfZE Otherst!- 3495055721 300~600 31.7~82.15 7.54~20.8
7 (Note) : “—F/REA FdE NO data.
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Fig. 1 Carbon contents and mid values of biochar from different sources
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Fig.3 Ash contents and mid values of biochar from different sources (n = 82)
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Fig. 4 Frequency of the ash contents in straw and wood biochar
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Table 2 Specific surface area of biochar

[HIES TR AL SRR (CC) HeR AR (m?/g)
Type Feedstock Pyrolysis temperature Specific surface area

FEFF Straw  EKRAEFF Corn strawt’ 220355153 350~825 7.72~449.7
FEAT Rice straw!*® -7+ 8253 300~700 7.74~123.60
FH7% Rice shell** %! —, 500 3.58~504.3
JNZEFEFF Wheat straw®® 37875 300~600 8.73~1279
HiFF Cotton straw® ™! 550~600 64.32
F&AT Straw!*®! 500 332
KHESE Rice bran™ 700 73.4~255.65
F KR Corn cobP” 350~400 0.1
HEEMH Sugarcane top™” 500 197.48

525 Shell  fE4:5% peanut shell®7 334574 300~600 1~353.2

AJi Wood 7% Bamboo charcoal** " —, 1000 189.6~517.28
7% Bamboo leaves® 300~550 8.87~87.09
A S5t Hard wood?? 30 61 82.86.931 250~700 0.28~391.12

475 Faeces  J%2% Pig manure* %Y 250~700 5.721~166.9
X% Fowl dung!® 500~750 48.79~246.17
Z=7h Silkworm excrement!”” 500 9.80

7598 Sludge 7578 Sludge!®” %> 300~700 14.28~297.5

HAh Others  HiAth Others* 7" 350~500 0.28~68.7

TF (Note ) : “—"FK/RBA%UE NO data.
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Table 3 Pyrolysis temperature, pH and CEC of biochar

FliZ Type JEURLEAY feedstock IR T (°C) pH CEC (cmol/kg)
T5FF Straw FKAEFF Corn straw!’- 3318101 350~825 6.75~10.73 —
INZEFEFF Wheat straw!™ 343635 8889, 104-107] 350~550 7.85~10.5 9.74~21.7
FEFF Corn straw!'* 47483 85 108-111] 4500~700 7.78~11.30 44.7~316.88
JKFEBE Rice branl* — 9.45 —
FHAT Straw!** 350~500 8.72~10.5 95.5, —
HiFF Cotton stalk™ ' 450~575 10.24~10.48 12.65, —
KT FEFF4 Soybean straw etc!”® 105113 —, 400 9.1, — 229.49~483.35
Y
ISEREFF B Rape straw et 105 113 — 8.5~10.7 —,483.35
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