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Changes of physical and chemical characteristics of biochar in paddy field during natural aging

WANG Hao, NAN Qiong, QIN Yong, WU Weixiang”

(College of Environmental & Resource Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: The return of biochar to the field is an important measure for soil carbon sequestration. The biochar changes in the soil determine
its carbon sequestration effect. However, long—term changes in biochar after returning to the soil have rarely been reported. In this study,
biochar prepared using rice straw was used as the test material. The change law of the biochar in the paddy soil was explored by analyzing
the soil biochar in the long—term location test field. Results showed that biochar particles in the soil experienced continuous physical
fragmentation over time, the average pore diameter decreased, and the specific surface area increased from 55.0 m*+ g™ to 259.0 m*- ¢,
Eleven years after returning to the field, the hydrogen—corbon molar ratio of biochar increased from 0.423 to 0.568, reflecting an increase in
unsaturation. After the biochar was returned to the field, the frame vibration intensity of C=0(1 600~1 630 cm™), C—0—C(1 080 cm™),
and the plane vibration of aromatic C—H (790 c¢cm™) were enhanced. Meanwhile, the type and content of functional groups showed an
upward trend. At the same time, the proportion of thermally degradable components of buried biochar continues to increase, and the thermal
stability of biochar gradually decreased. Along with the influence of environmental factors, biochar returning to the field has undergone
more significant changes, and its stability has decreased yearly, significantly different from the results of laboratory aging. Therefore, to
accurately evaluate the carbon sequestration and emission reduction effects of biochar, it is particularly urgent to carry out long—term
stability analysis and testing of the biochar returning to the field.

Keywords : biochar; paddy soil; physicochemical properties; evaluation method; carbon sequestration

Wi EE2021-07-05  FABEHI:2021-08-19

PEEE AN : F2R(1997—) 55, )i A ST R AR A A P 95 AL AL BRAJESE . E—mail : 767908335@qq.com

*BISIEE : R E-mail: weixiang@zju.edu.cn

EEWE : K A RFEEIH (42077032,41571241) 5 [H FRHE S HETHRI55 H (201SBAC02BO1)

Project supported : The National Natural Science Foundation of China (42077032, 41571241); The National Key Technology Research and Development
Program of the Ministry of Science and Technology of China(2015BAC02B01)

http://'www.aed.org.cn



ER, AR A AR A R PR A A

202247 H

B A 4 Bk e 7S TR ), e 9 Bl R LA 9
G 4= BRAZ 5 A R TR 3 5 i AN 5 0 E 2R
W A BVE W E G AR I E R i €O, HE
WK e B85 57 A 1 Jo il gl Ak ads T, AN RE SE BRAE:
Y3y, i HLAT DA 35 K 9 COn, A7 52 0 I 2%
i 28 RN Y — 2R EE SR AR B - SR Yk [
A1 2 RRAR A ER R COL B INEL) 1/4~ 1731,
e P AR S — A oRe iR A 5 30 B9 BRE
S o TR AR T KODR 25 TR A R e
AR A [ Bl 95 e KRS ARG AT A W o e Ak 5 ik
AR ZE 5, A B B A T 3 ik [ 455 A9 A7 2L
AR, D S B [ A ik W R R R AR A
TR

A W) 0 A R VAR R ) o kot S e AR AR
A= I A BOAIRATE 7, AT Tk A 0y 0 A 1] e vk
1% HEW IR th 29 85% HRRRE 2H o3 ( 32 02 05 7 iR
T3 ) FNLY 15% WY AT E 4o (122 NR A ZH)
LR HE W R R ARG E A0 B i SRR )
R Ak, B 420 U ME DA B A= W R e, B AR
GRS E TR o IR A 8 T il 46 1) A2 0 e ) A
SE A RS AT ROoRs Rk B 7E L3 rh . EW) R
R M Al i LA BV ) A T AR AR . AR R
T PR VPAS 7 vk B FRAL P BT TR A 5 &
RA5AE T2 A PR SE ) 19 E PR DAL FIA 6™ 4 30
Pak 3 BithiDAch e (e i s o VNS S8 7/ ) 9/d B Lt
P SR S W AR PR R bn . A AW
T PEIF ST 2 2R T S0 % 8 AR, Bk = 1K)
SENLETE o KT, WY PR URREIE 3R | TR AR
PR 2R A S5 2 3 X S 10 1 22 PRI DX 2R AT
RERZ I A= W) SO P e, S B 0 22 2 AR
SERXELA S BRSO . R, TR iR PR
FEREAT AP ot A A A FH L8 v A BRAL RS AR R AE
X R A DAY A FH - 38 o A W i e A A E Pk B
I BRSO, BAT B T T

A 5T LK R G AT 22 W 3 il i ), 4R 58
VAR Y5 2 338 A A b A W T3 4 0 B2 4
JUER LN E RE 2R AR E M 5 B P A A A

i, B AR HE L PPAG R T SR S R G A ) o
e R SR SE PR AR T B T ) B~ Al

| MRS

1.1 3806 AR Fit o6 #1 #

BRI AL F U T bt X AR 1L E (30°22 N, 119°
SUE) & AR PR ZAE 0 /K 356 HH - 48 A 3l 45
R R H A WA R R, AR
17.2 °CAESRER N 1490 mm, A6 i i £ 14 2E
Y o LI FERE AT A J50RE, VIR 2R 424 2 mm 5 28 F
il (4 B8 N B AR B FE 500 °C 22 A 2447 2 h il A% .
TG FH A A ) ST ) S (TC) CRVEL(TN) (R B
B (pH) | FH &8 132 e (CEC) A &k (AP) | &k
(AK) S EATRA M AN 35 1 7R o
1.2 HERESHH

FEAANS em B BURE A8 K FE B #FE 2 (3~
15 em) i HIEREA A X H S BORE 7 B -
ISR S P BRI A= W T e, o S TR S IR E A F
R, B A AR I (FESE I % 451 T L
A=W 5 55 R R BT G, R AR R IR
DU A LI NHRS 6,10, 11 4F J5 7K F R
99 - g b By A W 5T 43 SCAE 1a—Lab .0.25a—paddy |
5a—paddy .6a—paddy . 10a—paddy . 1 la—paddy , LA¥J i 4=
Py )5tk (F-BC) % B, 8 75 35 BE IR 7E 60 CF AL T
FAUAR J5 36 0 o e BRAR R EA 7 2R AE - AR A4
HL - S U8R (SEM) A4 [ 8l He 2 R S FL U 2 A
(BET) 43 b A= ) Ji o A B8 F A8 A 5 R FH G 28 43 AR
(EA) 53 B A= 90 J5i T0 2% LR A Ad B AR 21 1
% (FTIR) A1 X SR I6HL T-RE TS (XPS) 43 M A= i B
A 41 Bk ; B FH AR E R P 1 (TG-DTG ) 430 #t
AW e R FR e AR A
1.2.1 FH T B (SEM) 20

SRR B (14 A W) 5 e A i T 491 4 L B (SU-8010,
Hitachi, H Z%) #4770 4 , i 1 LS AN [R) e 1 SEM &]
1 LA BT AR A ]34 FH A BR AR T SRR A 281k
1.2.2 HERIEFBURIFLBRZS# (BET) 43 B

I 4 B 3l 4y B2 Ak 2 W B A (ASAP2020, Mi-

1 X HETEMEYRRHEREBLER

Table 1 Properties of the experimental soil and biochar

T SR HA H FH B -5 ot A R T
Sample TC/% TN/% P CEC/(cmol -kg™) AP/(g-kg™) AK/(g-kg™)
-4 2.13 0.28 5.1 8.91 0.01 0.08
H 55.20 1.51 9.8 50.10 1.20 3.30
http://www.aed.org.cn — 759 —
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1120 m*-g™'s ML FEH3IANH EH S 64 5L
J5T ¢ b 2 TR RIS AR B, 43002 96.6 m’ - ¢! T 89.2
m?eg™t Bl I B[R] A 10— 2 38, 2R W Ik e
T AR B G K IR 10 114540 51148 2 106.0 m?- g
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Wb A W % A FLAARFR (<100 nm) 47 0.034 em’ -
g FLAE A 109.20 nm. 3 S, A AW R Y
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I N EMFRERHEFEHE(SEM)E
Figure 1 SEM images of fresh and aged biochar from paddy field
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Table 2 Specific surface area and pore structure parameters of

fresh and field-aged biochar

. H;%EE% FLIAF Pore LR
Sample Specific surffme V()lume(flqo Ave{age pore

area/(m’-g™") nm)/(em’-g™") size/nm

F-BC 55.0 0.034 109.20
0.25a—paddy 112.0 0.068 53.75
5a—paddy 96.6 0.161 62.12
6a—paddy 89.2 0.112 67.25
10a-paddy 106.0 0.157 56.64
11a-paddy 259.0 0.326 23.14

BT REESE A L34 7 LA e 5 53.75
nm, A1 5.6 4 5 F L4243 518 62.12 nm F1 67.25
nm, A1 1145 % 23.14 nm.
22 EYRRTTEREARTHFIE

A=) 5T e i B R G R AR IE L AN R 3 /R o H)
AT R Y C il 55.20% , H & 1.95% N &5
N 1.51%, O F1 K 43 55 Ho 21 4y & &t S 2R R
41.36% . YR AE PR R HEAEE N A 10.25.5.,
6. 114F )5, C 1 & i 2 B SC I 1 = PR 2 T R 8
B CH RN 56.06% . 47.67% . 40.47% . 40.36%
HEAREH 334 ), A 0 e i A 5 B 4 B R L
TV 20476, 55 5.6 .11 AR A SRR 19 BE IR He 3488 1+t
0.550., E ML, LW B RBEM T VER A
Yy e A5 Bk A EE 2K B DU DA 0.423 [ %2 0.408 , R B
BOINASE A . DA 5T A S ik R JR AR Ak
SEIT W, 7R SEBR RS A S R G h AR o & Ak E
PR, R R B & /D T LR B G T
F14) ) 45 2 AR ) P A 400 o 2
2.3 EYRRA IG5

ANTRLA = B[] A= 9 I e 1 1 g 1A A2 b an 1 2
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- \ ~ /
Nl B 11a—paddy e N Y N
3 e \ ~ N
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Figure 2 Fourier transform infrared (FTIR) spectra of fresh and

aged biochar from paddy field

o HEWFORAEIS B2 R T REH A kA T B
Ak, Hop 55 Bk C=C & 22 9% 86 (1 450~1 600 cm™)
R a2 C—H AR TE AR 8l (1 375 em™) 1 58 S5 ¥ Bl &
A FH B[] (8 354 0 T A T S L A AR 11 4R J5 R AR T
42,1 C=0 (1 600~1 630 cm™) Fl C—O—C (1 080
em™) 1B 2RI I 58 B 05 A % C—H (790 em™) 19°F-
T 20 AT BT 4 i, HL 3 480 E R X R A 0 R AR T
2I8%, FE ARG SRR E | SR AW T e ik H s 48
P37 R R R MR AR . S AH b FESE
05 2 5 F T WK 1A AL I AR 0 e R A AR T
IR A= o e W AR AR B /N o A SEBRAE R, A A3
A B A R RS C—H (1 375 em™) R TE R
Bl IS | 1 S0 % S AR VAR AR ) TR I A
FC—H(1375 em™ ) B TEHRENKIR I . A A+
i T 38, A EH = 398 v 0 A 3 0 T G R B A I
C—H(790 em™) 9~V THI iR 3 H. 1 & B ik .

3 BENTEVFRTEAMEHHFE
Table 3 Elemental composition of fresh and aged biochar from paddy field

B JLFR A Elemental composition/% S EREIIRE AR 1L

Sample C H N 0+JK43(O+ash) Hydrogen—carbon molar ratio
F-BC 55.20+0.30b 1.95+0.05¢ 1.51+0.08ab 41.36+0.43d 0.423
la-Lab 55.48+0.01b 1.89+0.03¢ 1.57+0.02a 41.07+0.06d 0.408
0.25a-paddy 56.06+0.08a 2.23+0.06a 1.45+0.08b 40.27+0.22¢ 0.476
Sa—paddy 47.67+0.18¢ 2.21+0.03a 1.50+0.01b 48.62+0.22¢ 0.557
6a-paddy 40.47+0.19d 2.07+0.01b 1.27+0.04¢ 56.20+0.24b 0.614
11a-paddy 40.36+0.19d 1.91+0.02¢ 0.99+0.02d 56.75+0.23a 0.568

TE < [ A AN [ F BER A i ] 22 57 1 25 (P<0.05)

Note: Different letters in a column indicate significant differences among samples (2<0.05).
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Table 4 Composition of carbon—containing functional groups

(C1s) of biochar(%)

P Sample C_C(iCH: ¢—0 ¢=00—c=0 CO_B CC::OO
F-BC 7203 2163 585 049  27.97
la-Lab 7470 1920 610 0 25.30
0.25a-paddy 69.74 2277 556 193 3026
Sa-paddy 67.92 14361366 406  32.08
6a-paddy 69.72 1980 8.02 246 3028
11a-paddy 67.69 14.99 1251 4381 3231
— 762 —
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Figure 3 Thermogravimetric(TG) and derivative
thermogravimetric (DTG ) analyses for fresh and aged biochar

from paddy field
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