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Fig.1 Structural diagram of trough for production of biochars in
field via water-fire coordinated control

1.3 HRESLERS

) £52%: HO F£55E GIHFE: 30 cmx40 cm,
WME 120 « @ 5% (H 10 cm. K 2.5 m 048k
B . @ ZiER (REOEAR 10 cm, 80 H 90°f,
HUBESBMSEHK « @ T8 (H£ 10 cm,
90°% ffy, HLUEEIRFMG) , & AN FEZENI
QLF50) . ® HFR® (HAZ 10 cm. K 1 m 15508
B R UE BT R

AR FTHESRANINEE 6 NMEAEH 6
TIBRKREREE 8 A 2.5 m K SAE A A, RS
MOEH 4 ANEEEE, b —umiiiRs =l m s s
SERHANISO, HEVMWESOERES 1 m K
PHESE, LA RA R ESIE RS, WK 2
FTms o RS B A B 2 4 B 5 ) o L 2 (R B 3R 47
AT RAUER, ¥ RRUNE R G i ELE g E,
JE AN AN, BARIEESR RN, it
CIER. TE. RN, ERERRE,
DL AL R G AT R AL B

2) BRI RS OV RS (RS
PEEEE, IR N A ER, I SAARE AR O 1.
0.5 0.25 F1 0.10 mm, M43 3815 B AEHEE RIAED

QWD RS (BAMRBHAEREE, | 220 V KRHE
WHIM. ZHAMAELR Ck 220 V HLHBEEFE
10000 V) « KZEM . L. RGH REHR) « Otk
FRRARG GRS REARWIRIEE, B E Wbk Bk
Vel CHURAT K R AN 2T 26 R 32K D KV 2 1m
(E 3 .

LESE 2958 328N 458 sHARl 6 HRE
1.Gas collecting cover 2.Airway 3.Three-way valve 4.Bent pipe 5.Air
pump 6.Exhaust pipe

B2 MAKEZR%
Fig.2 Flue gas collection system
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Fig.3 Flue gas treatment system
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Fig.4 Packing in trough of biochar production
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Table 1 Basic physical and chemical properties of biochars made from plant residues
. TCERANL ]
S:rfl:)u?es Elemental composition/% Functional groups (mol-kg™") Specific sEEiiéﬁjia/(mz‘g'l) Prod uF: tfity/% plljll-i/ lléﬁe
N C -COOH -OH
YriI% Salicaceae biochar 0.52 60.30 0.98 0.59 262.2 374 9.63
HEFF# Cotton stalk biochar 0.80 4545 1.05 0.53 16.0 24.3 8.72
752 % Reed straw biochar 0.86 43.49 1.09 0.54 30.0 30.0 9.07
%2 MEEFIRBEAZE
Table 2 Cost estimation of biochar production in field
Ei=22) S K AT il e FRAS FEM FliE 2
Indexs Diesel/(yuarrL'l) Water/(yuan~m'3) Labor/(yuan*d'l) Yield/(t-(person-d)) Cost price/(yuan-t'l) Retail price/(yuarrt'l) Profit rate/%
#{H Value 6.5 6 150 1 162.5 3000 1746
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PO R, PM 2.5 [ 949 4% 68 ug/m’, PM 10
999 [4 % 128 ug/m’, VOCs [ 0.243 [4 % 0.084 mg/m’,
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0 Bl L,

R3 BESHMIFER

Table 3 Particulate and VOC; concentrations in flue gas after treatment

SIS HE ZRAMIRGAI GRS HRE KRS RER AR AR Ky
WH Average emission of flue gas Average emission of flue gas after treatment PRyl EnviJr Uonm‘ental s on
Items i TR FT P A HRFF P Ambient air quality . ground value Air quality
Salicaceae  Cotton stalk  Reed straw Salicaceae  Cotton stalk ~ Reed straw standards grade
PM2.5/(ug'm™) 314 320 949 56 66 68 <75 51
PM10/(ug'm™) 502 544 999 100 114 128 <150 69 G;l’i%al
VOCs/(mg'm™) 0.119 0.169 0.243 0.001 0.080 0.084 04 <0.001

e PRBEAEAE I R 46 B 10 P A X I K5 A L

Note: Environmental background value is the atmospheric pollutant concentration in the test field before biochar production.
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Equipment and technology of field preparation of biochars from
agricultural and forest residues under aerobic conditions with water-fire
coupled method

Xiao Liang'?, Yuan Guodong>**, Bi Dongxue'?, Wei Jing', Shen Guanhua’
(1. Key Laboratory of Coastal Environmental Processes and Ecological Remediation/Yantai Institute of Coastal Zone Research, Chinese
Academy of Sciences, Yantai 264003, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China,
3. School of Environmental and Chemical Engineering, Zhaoqing University, Zhaoging 526061, China;
4. Guangdong Dazhong Agriculture Science Co. Ltd., Dongguan, 523169, China)

Abstract: Biochar has been reported for its beneficial effects on soil carbon sequestration, soil fertility improvement, and the
immobilization of metal and organic contaminants in soils. Its large-scale agricultural and environmental application, however,
is constrained by its high production cost in association with expensive equipment and operations and its high transportation
cost of moving agricultural and forest residues to biochar production plant and delivering biochar to the end users. Exploring a
technology for directed conversion from agricultural and forest residues to biochar in the field for local applications can
significantly reduce the production and transportation costs of biochar, thus helping its applications. By mimicking the nature,
where only agricultural and forest residues, water and fire were required for biomass carbonization and charcoal formation, a
method for biochar production in the field was proposed and described in details. Briefly, this involved an aerobic process of
biomass carbonization in a brick-constructed trough, and the formation of biochar by a fire-water coupled method. The
carbonization process had the dual features: combustion on the surface of biomass and oxygen-limiting pyrolysis inside of the
biomass. Three operational processes of aerobic carbonization and its termination were used to suit the production of biochars
from different types of residues: 1) Large Salicaceae branches were ignited at one direction of the trough for aerobic
carbonization, followed by a water-mist spray for immediate termination of the carbonization; 2) Medium-size cotton stalk was
ignited at one direction for carbonization and then sprayed by a water column to crosscut formed biochar; 3) Small hollow reed
straw was ignited at multiple directions, then water mist was sprayed layer by layer on biomass. The dislocated holes on side
walls of brick trough performed as ignition points, channels for water mist and air ventilation channels. The biochars produced
in the field by the proposed technology were characterized in this study. The biochars were relatively homogeneous, and the
conversion rates from biomass to biochar were about 30%. Carbon content of biochar was 43.49%-60.30%, and nitrogen
content was 0.52%-0.86%. The biochar also contained the abundant surface functional groups, with a carboxyl group content
of 0.98-1.09 mol/kg and a phenolic hydroxyl group content of 0.53-0.59 mol/kg, and the specific surface area of the biochars
varied between 16.0 and 262.2 m*/g, which underpins their use as adsorbents for cations, such as ammonium ions and some
heavy metals and other extraneous ions and molecules. The flue gas generated from the burning of the Salicaceae, cotton stalk,
and reed straw in the carbonization process was treated by a multiple-step process to reduce particulate matter concentrations.
PM 2.5 in the treated flue gas was reduced to 56, 66 and 68 ,ug/m3 for Salicaceae, cotton stalk, and reed straw, respectively,
and the corresponding PM 10 was reduced to 100, 114 and 128 ug/m’, which meet the national emission standard. The biochar
preparation technology provided herein is simple to operate, low in cost, and highly efficient. Based on labor, fuel, and water
inputs, the productivity was 1 t/d per person, and the cost was 162.5 yuan/t by farmers. This technology for producing low-cost
biochar would make its agricultural and environmental applications feasible.

Keywords: biomass; wastes; biochar; water-fire coordinated control; acrobic carbonization



