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24 h, o
° 0 ( Mz) ( M?)
~1 kg/min +10 C (M, )
o (M) 7.
2 kg 0.6 kg/min ( WHC) =
350 °C 450 C 550 C 650 € 750 C (M,-M,-M,-M,) /M,( g/g) (1)
5 min, N : 2.00 g
100 40 mL(2 mol/L)  KCI
o 1 h o
Biso~ Buso~ Bsso~ ( V-600)
Bgso ~Biso o ( DIONEX ICS-90) .
1.2 2.00 g 40 mL
2.00 g 1 h ( DI-
750 G 6 h . ONEX 1CS-90) ICP-OES( ICP  Varian Vista Pro
750 °C 30 min . Varian Inc. Palo Alto CA USA)
0. 0005 g o K* Na® Ca™ Mg
( ASTM D1762-84) . ClI” S0y -
(G« (N (H). (9) L3
( vario MACRO CNS; Elementar
Germany) o (N=3) o origin 8.0
C\H.O.N.S . SPSS 17.0 .
pH : 2.00 g ( one-way ANOVA)
40 ml, 1 h 10 min 0.05.
pH ( PHS - 3CT  Shanghai 2
WeiYe Instrument) ( HANNA HI9033)
2.1 N
pH o
( CEC) : 2.00 g 350 C 750 °C
50 mL 10 ml 62.5% 23.0% pH 10. 01
(0.4 mol /L. NaOAc —0. 1 mol/L NaCl ~ 60% 11.90 CEC
3 mol/L pH  7) 1 h C 1 )
4200 rpm 20 min 3.74 ~5.98 ds/mo.
Na® . 1
Table 1 Effect of pyrolytic temperature
10 mL.0.25 mol/L Mg( NO,) , 1 ho on EC pH CEC and WHC of biochar
4200 rpm 20 min i CEC
Na* . /% /(ds/m) P /(emol, /kg)  /(glg)
50 ml Na* By 62.5 5.29:0.02° 10.10.02° 128.97+1.787 3.140.24
cl ( DIONEX ICS—90) Byso 44.5 3.7420.07* 10.3320.03" 96.57+2.22" 3.25+0.04"
: Bssp 35.1 3.77+0.04* 10.54+0.05° 91.22+3.56* 4.12+0.31"
(CEC CmOl/kg) ° Beso 28.0 5.4220.01°¢ 10.77+0.03¢ 87.45+4.45° 4.32x0.34"
: 2.00 g( Ml) Bsso 23.0 5.98+0.04¢ 11.90+0.04¢ 103.49+0.44¢ 4.52+0.05"
20 mL 1 h 24 h P>0.05

P<0.05
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. CEC
o, CEC 350 ~650 C
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. CEC Liu o,
300 ~ 400 C
400 C
CEC 2,
CEC
e 750 C
CEC .
2.2
2.2.1
o1
: Na* 1.30 ~3.03
g/kg
( P>0.05) 450 C
(1.30 g/kg) 750 °C (3.02 g/kg) ; K*

17.94 ~27.61 g/kg

Effect of pyrolytic temperature on ions contents in biochar

350 ~450 € K*
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450 C
450 ~750 C
Mg**
Ca™* 350 C
0.25 g/kg
(P<0.05) Mg™
750 C

5.64 ¢/kg 750 C

350 € 2.58 g/kg 0.11 g/kg

( P<0.05) . NH:-N

350 ~ 550 C NH; N 6. 85
14.08 mg/kg 550 ~750°C
2.40 mg/kg ( 1-G) o
-
3.23 ~

mg/kg
14.08 mg/kg

5.70 ~9.21 mg/kg SO
14. 68 ¢g/kg
( P<0.05) . NO;

2.2.2
( 2 C
42.16% 66.63% . C N 550°C
B% N
H O
H/C 0O/C o
450°C o
Van Krevelen ( 2). 0/C
» 0/C( <0.6)

350 ~

H/C( <0. 4) %

H/C.0/C
o 2
H/C.0/C

350 ~750C

2
Table 2 Elemental concentrations in cotton-straw

biochar produced at different temperatures

. 2
,Ca+\

N C H S (0]

C/N 0/C H/C
1% 1% 1% /% 1% 1%

1.43 42.16 5.29 0.49 4.49 46.14 29.46 1.09 0.13
By 1.40 55.9 3.84 0.84 13.39 24.63 39.87 0.44 0.07
Bsso 1.57 65.27 3.35 0.84 18.70 10.27 41.52 0.16 0.05
Bssp 1.60 66.63 2.61 0.85 20.91 7.41 41.75 0.11 0.04
Bgso 1.44 63.10 1.98 1.02 27.03 5.43 43.79 0.09 0.03
Bsp 1.44 60.57 1.67 1.3 29.66 5.36 42.06 0.09 0.03

2 Van Krevelen
Fig.2  Van Krevelen plots of H/C and O/C of cotton-straw

biochar produced at different temperatures
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550 ~ 650 °C
CEC

pH o
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K*
. K

Na+ . 30

24
K*.Na*
. C1I.S02"
SO;” (750 °C
3.22 glkg) o
. 750 C
CEC

o

350 ~450 C
pH Ca Mg



23

E VS I )

W

10

12

13

14

15

16

17
18

20

21

22

23

24

25
26

o 0/C O/H . NH,N 550 C
pH o o
K N C NS C/N
Ca Mg N o
J. 2007 52(15) :1826-1831.
7. 2011 13(2) : 83-89.
J. 2011 27(2) :1-7.

Lehmann J Gaunt J Rondon M. Bio-char sequestration in terrestrial ecosystems-a review J . Mitigation and Adaptation Strategies for Global
Change 2006 11(2):395-419.
Lehmann J Joseph S. Biochar for environmental management: science and technology M : Routledge 2012.

pH J. 2013 32(9) :2347
-2353.

J. 2014 43(5) :60-66.
] 2014 46(5) : 814-818.
Liu Z G Zhang F'S Wu J Z. Characterization and application of chars produced from pinewood pyrolysis and hydrothermal treatment J . Fuel
2010 89(2) :510-514.
I 2014( 5) :21-25.
J. 2008 22(10) :172-178.

Mimmo T Panzacchi P Baratieri M et al. Effect of pyrolysis temperature on miscanthus( MiscanthusXgiganteus) biochar physical chemical and
functional properties J . Biomass and Bioenergy 2014 62:149-157.
Sun Y N GaoB Yao Y et al. Effects of feedstock type production method and pyrolysis temperature on biochar and hydrochar properties J .
Chemical Engineering Journal 2014 240:574-578.
Antal M J Grgnli M. The art science and technology of charcoal production J . Industrial & Engineering Chemistry Research 2003 42(8) :
1619-1640.
Chun Y Sheng G Chiou C T et al. Compositions and sorptive properties of crop residue-derived chars J . Environmental Science & Technolo—
gy 2004 38(17):4649-4655.
Kinney T J Masiello C A Dugan B et al. Hydrologic properties of biochars produced at different temperatures J . Biomass & Bioenergy 2012
41:34-43.
Zhang ] You C. Water holding capacity and absorption properties of wood chars J . Energy & Fuels 2013 27(5) :2643-2648.
Brewer C E Unger R Schmidt-Rohr K et al. Criteria to select biochars for field studies based on biochar chemical properties J . Bioenergy
Research 2011 4(4):312-323.
Cheng C H Lehmann J Thies ] E et al. Oxidation of black carbon by biotic and abiotic processes J . Organic Geochemistry 2006 37(11):
1477-1488.
Gaskin J Steiner C  Harris K et al. Effect of low-temperature pyrolysis conditions on biochar for agricultural use J . Trans. Asabe 2008 51
(6) :2061-2069.
Liu X ZhangY LiZF et al. Characterization of corncob-derived biochar and pyrolysis kinetics in comparison with corn stalk and sawdust J .
Bioresource Technology 2014 170:76-82.
Guo Y and D. A. Rockstraw. Activated carbons prepared from rice hull by one - step phosphoric acid activation. J . Microporous Mesoporous
Mat 2007 100:12-19.
Liang B Lehmann J Solomon D et al. Black Carbon increases cation exchange capacity in soils J . Soil Science Society of America Journal
2006 70(5) :1719-1730.
Zheng H Wang Z Y Deng X et al. Characteristics and nutrient values of biochars produced from giant reed at different temperatures J .
Bioresource Technology 2013 130:463-471.
Spokas K A. Review of the stability of biochar in soils: predictability of O C molar ratios J . Carbon Management 2010 1(2):289-303.

Schimmelpfennig S Glaser B. One step forward toward characterization: some important material properties to distinguish biochars J . Journal of



24 2016

Environmental Quality 2012 41(4):1001-1013.
27 Van Zwieten L Kimber S Morris S et al. Effects of biochar from slow pyrolysis of papermill waste on agronomic performance and soil fertility
J . Plant and Seil 2010 327(1-2):235-246.
28  Novak ] M Busscher W J Laird D L et al. Impact of biochar amendment on fertility of a southeastern coastal plain soil J . Soil Science
2009 174(2):105-112.
29 . I 2014 42(6) :757-763.
30  Kloss S Zehetner ' Dellantonio A et al. Characterization of slow pyrolysis biochars: Effects of feedstocks and pyrolysis temperature on biochar

properties J . Journal of Environmental Quality 2012 41(4) :990-1000.

Effect of Pyrolysis Temperature on Physicochemical Properties
of Xinjiang Cotton-straw Biochar

HE Yunyong' > LEE Xinqing' YANG Fang' > CHENG Hongguang'
ZHANG Like' > WANG Qian' > HUANG Yimin'*> LI Yang'’

(1. State Key Laboratory of Environment Geochemistery Institute of Geochemistery Chinese Academy of Science

Guiyang 550081 China; 2. University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: Pyrolysis temperature exerts great influence on physicochemical properties of biochar pyrolysic products further on their
field applications. Generally cotton stalks are main agricultural biomass resources in arid areas especially in the Xinjiang Autonomous
Region China and the application of biochar can overcome the drawbacks of the current utilization of straw. However knowledge on
cotton biochar physicochemical properties and their variation were seldom reported. In this study effects of various pyrolysis tempera—
tures on physicochemical properties of Xinjiang cotton straw biochar were investigated. Results show that with increasing pyrolysis
temperature all of the yield cation exchange capacity( CEC) H/C and O/C ratios of biochar decrease whereas the pH electrical
conductivity and water holding capacity increase; there were neither significant positive nor negative correlations of Na” and K* contents
with temperature respectively meanwhile contents of saline ions such as ClI” and SO} and nutritional elements such as Ca’* and
Mg”* decrease with increasing pyrolysis temperature; while contents of carbon nitrogen sulfur C/N ratio and ash increase with in—
creasing pyrolysis temperature; the highest content of NH** N was detected at B.y,. All of these results indicate that biochar pyrolysis
temperature should be properly adjusted considering the characteristics of the soil.

Key words: biochar; pyrolysis temperature; physicochemical property; carbon sequestration



