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Table 1  Properties of biochar
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i%mﬁi pH {5 Cl% H/% H/C Surface
Biochar type 2, -1
areas/(m™g’)

M-BC 729  66.6£0.42 3.05+0.01 0.55 34.3£1.56

M-MBC 3.02  69.3+0.71 2.99+0.02 0.52 135+2.83
N-BC 9.67 40.0£1.13 2.16+0.03 0.65 9.33+0.57
N-MBC 6.58  47.3£0.14 2.21+0.01 0.56 10.1+0.49

E: M-BC. N-BC 2 ARE AW BAN- 2644 % M-MBC. N-MBC 4}
K 5 R — A S I CIR AR RS LR R RN e e, Rl

Note: M-BC and N-BC were biochar derived from pyrolysis of sawdust and
dairy manure respectively. While M-MBC and N-MBC were biochar derived
from pyrolysis of sawdust and dairy manure with Ca(H,PO,),, respectively, the
same as below.
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70p
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T4 59 5+ Carbon retention/%

M-BC M-MBC N-BC N-MBC
a2 Biochar type

I: M-BC. N-BC 735l AR E BN 3 EY) 5és M-MBC. N-MBC 7}
R 5 R — A S I CIR A RS AR RN A- e e, Rl
Note: M-BC and N-BC were biochar derived from pyrolysis of sawdust and
dairy manure respectively. While M-MBC and N-MBC were biochar derived
from pyrolysis of sawdust and dairy manure with Ca(H,PO,),, respectively, the
same as below.
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Fig.1 Carbon retention of biochar
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Fig.2 Carbon loss from modified and unmodified biochar through
chemical oxidation
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Fig.3 CO, emission rate and cumulative emission of biochar
under aerobiotic condition during 60 d incubation period

=]

FEFEAS 60 d IMUFEE TR TR N, CO, B HEE T
I 4 N-BC>M-BC>N-MBC>M-MBC, HH kit A4
& M-BC F1 N-BC 1) CO, BilHsE M4 18.2 Al
18.4 mg/g, HI24T2EMm N 1.82%F1 1.84% IR EY)
WAk CO, (B 3b) o FERMMEAYIRAMLL, St G
YR M-MBC FII N-MBC [{] CO, EiHEBCE 2> B A b T
90.3%F1 72.8% (P& 3b) . HULrl W, MR —S45H Wi
TG )T S A P HE P L S A A 0 ) oA«

3 it it
3.1 E¥MIRHIRIREE

A= R IR B PR P A A e A R T B BE D I S
e, R INwERR 850 YT TR g A, 2
T AEIR R R (B D, D T LA R
IR T, BR300 5 BB I ) 2B 4 I R I 7K R, BHL
IEAC e R e A, DA > iR S S BE L HL O %%
TG LN I B P= 8 0, it i 7= £ il (1 7 1%
e AR T A TR IR B UL, al L, AR AR R
i R S I IR A A NI AR I R R e R
T4 AR R B AR B = A R B
3.2 HYIREINEFEIREM

) IR IR R R T s VP A A ] Bk ) )
fabr. JeRiMr2UIERM, R A A e —
B o, AT EE L O RO VEAR AR A P iR 11618,
AIRIH, IR AR O S RS 2B R (M-MBC)
BEBL T AR EAB R (B2, XATRee T
R A A T AE R AR e B LL g B 8, AR L
FACFU D . AN, BHRESCERE, 28w iR
it v ol 12 £k A6 % 412 b 77 A RRUE I A B O ol R £
C-0-PO; H eI C-PO; B AEH S 1 & W 52 A4, X Le
RETA BB 78 2 B B ot mld o LAV AR P40 3% 2 A7 e AL T 1 61
AR (R A A3 AU, IR AR BT PR R A Y A T 11
W TR PR SR SR . (AR RS, BRI A
5 SOPE S AR S AR R I AR AR R B () R IS 8.8
5 (E12) , XATRe2 T3 e R oA KRN 4R
JGEPY, AR AL H0, PR KRR [ B
( «OH) , TMiFAHE B I H A BRI A A 3 BOK & 1Bk
TR AP, BRSOk AR R AR S R MR PR
TR AR
3.3 HYMIRMINENT HIRESE

EWIRAEAT RS A TR R NG TR A, ) iz A
SKAVPN A9 ok I PUE D A A A e, T DR T A
AR RWHERR T LIERR A HUR A Lo il 434
IR R I I CO, HERCE ST AR i A=
B R >,

WK 3a fior, AEVIRBCEYIT R FR N, CO, HE
FOEFAE 12 d WIEBHIBE TR, X—IGRLIE
(IR 285 V8 ARABL, D Gl T 2R A 1) D DR F 124
B WATAETB D E T G0 A 43 R AR A 32 A 60 d
G TR IR Y, AR Sk ZE R N2 2% I B i A= 4



204 RNy TFEZ (http://www.tcsae.org)

2016 4F

W4k h €O, (K 3b) , DUEMIBFIT ARt 3] 7 HHBLT
g5, BAEMIR AR BAE 0.3%% 3% 2252, H/C
T E R VPN A e R 0% A AL RE RS, kT B AR
YRR D228 R et AR AR L, B et s
PRI H/C AR PR (3R 1), R IE I B R A
BT A N T A TR AR AR A IS RN 2 23 10 e ZE R 1)
TG 2R, SEWER AU MR E R
G TR e (&1 3b) o X FIRERE — 0405 T L i
AR AR C AR A, B 05 e (R S ok i
HPUb A SR A A I e i g A — 8,

SR, ARI U T — R s o b, 75 B
5 TFREAN R 40 n EE st 229 5 [ R 0 SR i S i s 1t
b, ARE FOREIR G 5 B e R IR 4 1 IR
RHARIGEE R, N NI R e A TR 76 1
) S5 - b KRG TR IO . IR S IR I &
(AR pH AR SR, 76N T I v 2, T A
g, M T A o S AR S CIE RN B4
BN, BT ST

4% 7

TELE D) AR AL A o R R v, s S D i PR
AR SLRRAT AT T, A4S AR L AR A
[ R B T AN AR T I S S B0 AR AR b . SLIIR 5 R
Jo R0 A= 2 AR I DR B 43 A v T 31.3% 1 26.1%:
LR I A Ak AR 2 A R R, (H LR
Ja - 3R Ak R YA I ks s LA S A
W AE I RS E PEHORA G . v AL, JE R
iR S LR T AR AT N 3EAT T, W)k R
T HE AR R B SRR T I RCR .

(& % x ¥

[11 Le Quéré C R, Moriarty R, Andrew R, et al. Global carbon
budget 2014[J]. Earth System Sciences Data, 2014, 7: 521 —
610.

[2] & KER, BE, VE@K, SRR E BRIRHHEH T

HERE[D]. BRAREAR, 2013, 27(5): 681—686.
Li Feiyue, Liang Yuan, Wang Jianfei, et al. Biochar to
sequester carbon and mitigate greenhouses emission: A
review[J]. Journal of Nuclear Agricultural Sciences, 2013,
27(5): 681 —686. (in Chinese with English abstract)

[3] Lehmann J. A handful of carbon [J]. Nature, 2007, 447:
143 —144.

[4] Li Feiyue, Cao Xinde, Zhao Ling, et al. Short-term effects of
raw rice straw and its derived biochar on greenhouse gas
emission in five typical soils in China[J]. Soil Science and
Plant Nutrition, 2013, 59(5): 800—811.

[5] Crane-Droesch A, Abiven S, Jeffery S, et al. Heterogeneous
global crop yield response to biochar: A meta-regression
analysis[J]. Environmental Research Letters, 2013, 8(4): 44—49.

[6] Woolf D, Amonette J E, Alayne Street-Perrott F, et al.
Sustainable biochar to mitigate global climate change [J].
Nature Communications, 2010, 1: 1—9.

[7]

(]

[10]

[11]

[12]

[13]

LA, e, ER, & APRERE MR R EE A
IV IHIAVEANI]. AR, 2013, 34(6): 2486—2492
Jiang Zhixiang, Zheng Hao, Li Fengmin, et al. Preliminary
assessment of the potential of biochar technology in
mitigation the greenhouse effect in China[J]. Environmental
Science, 2013, 34(6): 2486—2492. (in Chinese with English
abstract)

ZRER, KL P ERC AR AT A R R S A
RIS S [D]. AR TR, 2013, 29(4): 1—7.
Li Feiyue, Wang Jianfei. Estimation of carbon emission from
burning and carbon sequestration from biochar producing
using crop straw in China[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2013, 29(14): 1 —7. (in Chinese with English
abstract)

BRER, VR, B, AR BRI R A A TR O B
i MREMER R[], RN TREAR, 2015, 31(4): 266—
271.

Li Feiyue, Wang Jianfei, Xie Yue, et al. Effect of pyrolysis
temperature on carbon retention and stability of biochar [J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2015, 31(4): 266—
271. (in Chinese with English abstract)

Zhao Xuchen, Ouyang Wei, Hao Fanghua, et al. Properties
comparison of biochars from corn straw with different
pretreatment and sorption behaviour of atrazine[J].
Bioresource Technology, 2013, 147: 338—344.

Jensen A, Dam-Johansen K, Wojtowicz M A, et al. TG-FTIR
study of the influence of potassium chloride on wheat straw
pyrolysis[J]. Energy Fuels, 1998, 12(15): 929—938.

Li Feiyue, Cao Xinde, Zhao Ling, et al. Effects of mineral
additives on biochar formation: Carbon retention, stability,
and properties[J]. Environmental Science and Technology,
2014, 48(19): 11211 —11217.

FRER, W, A, S RS R TURA K & S
BD). BRBE TRE2AR, 2015, 9(3): 1221—1226.

Li Feiyue, Xie Yue, Shi Lei, et al. Adsorption of ammonia
nitrogen in wastewater using rice husk derived biochar[J].
Chinese Journal of Environmental Engineering, 2015, 9(3):
1221—1226. (in Chinese with English abstract)

Zhao L, Cao X, Zheng W, et al. Phosphorus-assisted biomass
thermal conversion: reducing carbon loss and improving
biochar stability[J]. Plos One, 2014, 9(12): 115373 —115373.
Crombie K, Masek O, Sohi S P, et al. The effect of pyrolysis
conditions on biochar stability as determined by three
methods[J]. GCB Bioenergy, 2013, 5(2): 122—131.

Cross A, Sohi S P. A method for screening the relative
long-term stability of biochar [J]. GCB Bioenergy, 2013, 5(2):
215—220.

Dumanli A G, Windle A H. Carbon fibres from cellulosic
precursors: a review [J]. Journal of Materials Science, 2012,
47(10): 4236—4250.

Masek O, Brownsort P, Cross A, et al. Influence of
production conditions on the yield and environmental
stability of biochar[J]. Fuel, 2013, 103: 151—155.



%12 2 KRS IR — S g A A R DR v A R i T R 205

[19] Rosas J M, Ruiz-Rosas R, Rodriguez-Mirasol J, et al. Kinetic [24] Novak J M, Busscher W J, Watts D W, et al. Short-term CO,

study of oxidation resistance of phosphorus-containing mineralization after additions of biochar and switchgrass to a
activated carbons[J]. Carbon, 2012, 50(4): 1523 —1537. Typic Kandiudult [J]. Geoderma, 2010, 154(3/4): 281 —288.
[20] Zhao Ling, Cao Xinde, Wang Qun, et al. Mineral [25] Hamer U, Marschner B, Brodowski S, et al. Interactive
constituents profile of biochar derived from diversified waste priming of black carbon and glucose mineralization[J].
biomasses: implications for agricultural applications[J]. Organic Geochemistry, 2004, 35(7): 823 —830.
Journal of Environmental Quality, 2013, 42(2): 545—552. [26] Lehmann J. Bio-energy in the black[J]. Frontier in Ecology
[21] Zimmerman A R. Abiotic and microbial oxidation of and the Environment, 2007, 5(7): 381 —387.
laboratory-produced black carbon (biochar)[J]. Environmental [27] Maroto-Valer M M, Andrésen J M, Snape C E. Verification
Science & Technology, 2010, 44(4): 1294—1301. of the linear relationship between carbon aromaticities and
[22] Cheng C H, Lehmann J, Thies J E, et al. Oxidation of black HC ratios for bituminous coals[J]. Fuel, 1998, 77: 783 —
carbon by biotic and abiotic processes[J]. Organic 785.
Geochemistry, 2006, 37(11): 1477 —1488. [28] Schimmelpfennig S, Glaser B. One step forward toward
[23] Nguyen B T, Lehmann J. Black carbon decomposition under characterization: some important material properties to
varying water regimes[J]. Organic Geochemistry, 2009, 40(8): distinguish biochars[J]. Journal of Environmental Quality,
846—853. 2012, 41(4): 1001 —1013.

Biomass co-pyrolysis with calcium dihydrogen phosphate improving
carbon fixation of biochar

Li Feiyue'?, Zhang Li*, Li Xiaoliang'?, Xie Yue'?, Wang Yan'?, Wang Jianfei**

(1. College of Resource and Environment, Anhui Science and Technology University, Fengyang 233100, China,
2. Key Laboratory of Bio-organic Fertilizer Creation, Ministry of Agriculture, Bengbu 233000, China)

Abstract: Turning biomass wastes into biochar under low temperature and limited oxygen conditions has recently proven as a
promising approach for long term carbon sequestration. In order to reveal the effects of mineral addition which is a
pretreatment of biochar production on carbon retention and stability of biochar and provide an creative idea for further
improvement of carbon sequestration potential by turning biomass into biochar. Calcium dihydrogen phosphate using as a
typical mineral was added to sawdust and dairy manure feedstock at the ratio of 20% for biochar formation through
co-pyrolysis treatment under lab condition, a typical slow pyrolysis process, heated in a Muffle Furnace at a speed of
approximately 20 ‘C/min under limited oxygen and held at 200 to 500 ‘C with every other 100 C for 1 h. Moreover, two
reliable methods were applied to test biochar stability: One was a simulated long-term stability method using chemical
oxidation treatment to assess the labile fraction of C in biochar samples after hydrogen peroxide (H,O,) oxidation, this method
was to determine the chemical stability of biochar; The other was simulated mineralization experiment to test the biochar’s
microbe-resistance stability, this method was to evaluate the biological stability of biochar in terms of microbial mineralization
rate under simulated soil microbial conditions in a lab-scale experiment. The carbon retention was defined as the proportion of
the original carbon, which was from plant photosynthesis by sequestrating the CO, from atmosphere in feedstock, retained in
the biochar after the pyrolysis. Compared with the original biochar, modified biochar produced with calcium dihydrogen
phosphate addition to sawdust and dairy manure were increased by 31.3% and 26.1%, respectively; With H,O, oxidation, the
carbon loss of modified biochar produced with calcium dihydrogen phosphate addition to sawdust was reduced by 93.1%,
compared with its unmodified biochar. However, the carbon loss of the dairy manure modified biochar was increased nearly 9
times, compared with the unmodified biochar. The cumulative CO, emission during 60-d aerobic incubation were 1.77 mg/g
for sawdust modified biochar and 5.00 mg/g for dairy manure modified biochar, which were decreased by 90.3% and 72.8%
compared with their unmodified biochar, respectively. Our results indicated that calcium dihydrogen phosphate was effective
in increasing carbon retention and strengthening biochar stabilization, which provided a novel idea for exploring and producing
the designated biochar with high carbon sequestration capacity and stability.

Keywords: biomass; minerals; carbon; calcium dihydrogen phosphate; chemical oxidation; microbe mineralization, carbon
sequestration
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