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Abstract: As a carbon-rich porous material, biochar has multiple functions such as carbon sequestration,
fertilization, and pollution abatement. However, the large-scale use of biochar in agricultural production
and environmental remediation has been constrained by its low production volume and high cost. If biochar
could be produced in the field from local bio-waste for local use, its transportation and storage costs would
be eliminated, and its overall price would be significantly decreased, thus making biochar use as a carbon-
negative (or carbon sequestration) scheme more feasible. To this end, a key technical challenge to over-
come is to create an oxygen-limited carbonization environment in the field to convert biomass to biochar.
Here we reported a method to achieve the goal. Corn (Zea mays L.) cob was used as feedstock, and lime-
water was splashed on the corn cob to form a mineral coating. The coating acted as a barrier to stop oxy-
gen penetration, thus creating an oxygen-limited condition inside the corn cob. Then, the cob was used to
produce biochar in the field via aerobic and oxygen-limited carbonization by a fire-water coupled method. A
corn cob can be conceived as a small furnace to help explain the carbonization process. The lime-coated
outer part of the cob acts as the furnace wall, whereas the inside of the cob is equivalent to the biomass in
the furnace. Biochar was formed by igniting corn cob first, letting it burn for a while, and then termina-
ting the combustion with a water mist spray. Two parameters selected from prior studies, exposure time
and mineral coating were investigated for their influence on the carbon content and other properties of bio-
char produced. Exposure time is the duration between burning charcoal falling to the ground and being ex-
tinguished by water mist spray. Specifically, with the increase of exposure time, the carbon content, spe-
cific surface area, and the contents of functional groups (i. e. , —COOH and phenolic—OH) all decreased,
and the carbon conversion rate (i. e. , the percentage of C in corn cob converted to biochar C) was the high-
est (45.17%) at 0 min of exposure time and in the absence of mineral coating. The conversion rate was in-
creased to 92. 60% for corn cob treated by limewater. This enhanced conversion rate could be ascribed to
the self-oxygen-limiting effect from the lime coating and the multiple roles of Ca®" , including ion bridging,
complexation, or m electron interaction. Carbonization of corn cob with mineral coating by fire-water cou-
pled method is a high-temperature pyrolysis involving three processes: Lime encapsulated corn cob. The
encapsulation created oxygen-limited pyrolysis inside the capsule even though the corn cob was exposed to
atmospheric environment, and Pyrolysis was quenched by water mist spray. During the pyrolysis, Ca*"
reduced the breakdown of C=0 and O=C—0 bonds, thus reducing the formation of CO, gases, enhan-
cing the carbon conversion rate, and making the carbon skeleton structure stable. The outcomes from this
research would underpin the practical applications of biomass carbonization in the field and help realize
biochar’s potential for carbon neutrality.

Key words: carbon capture; water-fire coupled method; limewater; exposure time; Zea mays L. cob

18Ry 24 4 B BT IR Btk B OB AR I 22— A W R (A ) T 20 O A R A o R A I — B R S
2 ALY O AR A B R RS R R TS g SRR Z A R TR R MR AR HE AL L G A
TERIA A Pafhit, B 2050 4F, 2EREAEITA 0. 3~2 Gt CO, @AY R ARSI F, M4 T4
AR BRI CO, 19 0. 820 ~7. 200, T ML e 76 b e v M7 22 e 2 P F 7 )4 i e g i . v
T3 o AR ) TR S AR 0.2 Gt 1 CO, BHeht. H AT, A 9 R 19 4R W AE 7= BB 20 100 7 1, 1A



s L e B R KR BT RS R BB AR R 127

e

% 3 4 =

60 %0 I & kA CO, M2y 2.4 X10° ¢, BPA] 1Al 0. 002 Gt B CO,, 5 0.2 Gt CO, 3 f7 & A1 2
100 4% 5 AN, YR 8 0 5 1Y 2 7= AL AR 20 1 400~3 700 JC/t. 17 i T Hoiti e 4 Sk 19 SF 2 %% 25
600 JG/t"*, X AE LB b o TR B RO A A W TR T A 7 R e Ak O S bR A R e B P RE
PRI T 5 e v R0 B 09 S B0 A AR KR

I 420 1 R A AR 0 4 A B R A O D kL s A R Rl A T R A N R
JH 37 Hb 15 5 BRSO A SR I JEURE S 7 S A as e 2 B BRI . RO Tl S T i, (HRE ST L
T R R AR, O B O R B A W 0 1) 26 77 A . 5 R 2B ) IO Ml e A RN B AE L D AT R I A 4
BERIRA . 32 FE 55 N D 32 7 dek SR T s T R R AR K R AT AR AR B R, Xiao %0 i R 8
G T IR KR B b R A A W B T s Lk o R S O AR ) A B AR R R A BR AR T
K7 e Tk A B A sk AR LA SR T AR A 52 3 P s e Ak, 38 3k IR K VAR K R ) 5 I 3 3k 43 AT b A B AR A I ARk Ak ot
TR, FIR SRR R A o R v S e o i P BT 118 TP R RS R O B I () 7 B SR i AL TR RS O R R NI . kR Bk K
T 25 WK VORI A I B, b, kSR T8 IR e A I U 2 b TG T A 1) S AR B 4T 1 IR T S IROR LIRS A
TRUBUR BE - WK KR K SR R AR B BT — 20 Ak T A BRI R R A Y AR W Bk T B R S
Wi, i R SR K — I 8l ™ i A B i) SRR A i e 7 1 L BB R T AL . — COOH Al phenolic—OH & & ¥ fifi %5 7
8 I [H] A JE RS T R AR, DA O min 5% B8 B[R] i i (W) B & e . AN R ZARTE T, R Rl ok B2 Oy LA R T K AR
SEERN A, AT 2 B B3 B SRR R A L T R A3 CO,. AR BRI AR AR L A S AT M A Bl A
F 40%~60%"" L 5 E BRI TR (C &8 =60 %) B bR e i A BB A7 0. 2 AR A 7 A 0 o 5 A
WA B A R T, AR, —2m R L BRI A MBI R T, B Ca SRR W] 4R A ) I Y
BRAR A i, Ca A I (i Ab /R Ik 7 484k 24 SR . 34 DL BB RS (CaCO, 28 IE AR 37 52 Fil Ak 2 S Af
(BH1E C= O it — 5 Wi 4 4 i Sk CO O 17 U T k.

YT, AWFIEE ORGSR AR W B 589 BRI Rl Tae AR 3 O A I AR e Ak AR iR B AR R A K
TR 2T AL 7 52 A s BR AR A 1, AR R A e ot R R R R P R, RIS Ca® FE b BT AE T, A
ALK =K I Bl 5 3k B B AL B0 A0 B R0 B AR S L AR W R R B kO 56 0 B R HE 5B B 0 Rk P R H AR
) S

1 #MRBERE
1.1 ks

KO . e LK B RDRLAR AT (K 14 em, I E AR 2 em) 19 ORI A T CRARE TR ORI 2 R
WM 20.76+£2.58 ), BRBEFKUEELHREMEY . ST ERTE. MR EFAS &R XX =
198 mmX95 mmX42 mm) £ .

TR KK LA A ARG 7 4l CR T B e Ak 300 il s R A oK. 3 BIFRERZ 0y 1. 74 g [194)
Mréaf, £ABE DL MARRPIRS, TSRO KKRZER. BRZEREEEHEM b, T4 CRKMAE
H Y A5 .

1.2 REHE

IR I WA AL HR 7 2, BRI JG AR AT K K I 2 AT TR A K I J2 R A D A K K AR R
WIZIATRE , FMAMEEA 1 AEE. BERGRHBET Y, BMABE 0, 0.5, 1, 2.5, 5 min N
EE I [E] B a2 B R I [ 2o K X6 A 40 e i 36 B P JBR I AS R S L 3 6 I S 7 0 R A5 R T b R 3 B
TR E] . HE T S A A K K IR 2 X T K T S ) R

BE R AT AL B . OB TE A9 T KO 2 B B AR 2 B T K R TIE A Ak B R — i) R A A A KK f 48 h
(— RS RIEERER, B— I HRE Ca(OH), MR A ERENED . LU B A KKEE,
e, % H.

il R AR A R+ T RS e 4 T % 2 DT I DX VD T AR A R A R S R R R A S g AR S
5505 (23°08'69"N, 112°41'52"E) 47, HARERAEAT . 4 oK E T A &l 1) 2 288 08 B 3 CROKOS R 78



128 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 46 %

FHAB G Sl ) Y 5) LG, S5l 2 s/ )8, PRUELTE SRR [ BR 72 vh 2 30 50, il IR AL K AR S OIMATRTE .
780~860 C)H IR E KIS, TR ARG LAk 51 K, TP r £ KIS LK S50 1), 43 514E 0,0. 5,1,
2.5,5 min % 5 B (8] R JCAR AT IOK IR JZE 1) TR K BRR IR S L8 /K (300 mL) W FE &b, A
TR TR KU 2 Y 5 K K BRI B AT AR R KK (300 mL) AORE A & rp o T R I B LB . a6t
T[] 2R F S AF & 10 i ¢ R A A B0 2R G b AT M AR B L AR AR S HE R A AR

BESRCEE . A AL B RE & B T A LT (105 O BUHIR K T ROBE 10 T oK R . FR T
(my) s FRIC°A Biochar., # 1240 A4 KK KM+ B F oK . FRBTAE (me,— ) » #3184 Ca-Biochar, i [
TR FER B R . 2k 100 HF, HET (105 “C) . % 0.
1.3 EXRBRHRMESH

AHIEPERME . © pHH . EXREREE CO, #MaiKi% 1: 10 RE (w/v. 160 r/min 5Z¥ 24 5. B
L (w/v,s 3500 r/min #.L» 20 min) . L&, FFRRFH 5 H pH it (Five Easy Plus, METTLER TOLE-
DO #ATINE ; @ K& # ERESHKE T D (h 2 SX-G18123), 800 ‘C KALALFE 4 hGlRFEE -2
800 CHIRIHED JF HAR R KB/ F SR ENE S © C, HItE & & RHATE S (Vario
MACRO cube, [ Elementar) #4170 /087 @ B Ge A & . R E Fr & 5 2 P62 (International Humic
Substances Society, THSS) #1414 & 18 i 2 15 I 2 £ KIS 19— COOH H1 phenolic—OH F&t; © i
. RHA AWM BET 46 4 B 3l b 3= 1 AR FLAE 4340 53 B1 4 (Autosorb-iQ, £ [E Quantachrome) |47
I AE 3 ® R FTIR(Thermo Fisher Nicolet iS5) X JG A3 1 A7 JK /K 13 2 F 5K ¢ B BE A 48 1k it
o (VB L 500~4 000 em™ 'y 0 BHFR A 2.0 em ) [ R FH 20 BER 0 135 f1L 85 (SEML, H
A H 3. S-4800) WLEE TG A M A A7 K I 2 T 5 Kk 3% i 5 i AR Ak

REEFEAR . LAY R AR A T HERO T 28 AR5 S8 B ot B AR ) 5 8 B 2, 38 T 5 I L AR LY g
MBS T A s BT, ARSI IR KBk B4 1L 2 (Carbon conversion rate, CCR), LAFRAF BT i &= A= ¥ it
FERAL R P R B R R T, TR AT

TG A R K 2 A 7 1R 7K R R TR KOS ¢

rm(%):%xmo% (D

Ao o N RS & () s my N MR OK IR JZE AL L KRR A 1 i) 6 KOS 2 I i (@)
Co NEREHEE (%) ; C, N Biochar B &I (%).

TRL AT IR K TR 2 T IR AR RN A K PR K R Kk
(mepp XCy)
(m X C,)
Kb ome, oy FURGIROK IR Z 1R R K KR A2 ) B R GESR  F (2) s C, oA Ca-Biochar 1y
Bk ).

K Excel 2021 $EATE0HE45 1, IBM SPSS statistics 21 #EATGETH40 0T F1 22 S PERG 36, DLEADR £ 07 25 4%
Br Cone-way ANOVA) K ER 1 C, H TR S & b fb® . K&, pHE. LRI, —COOH
Fl phenolic—OH F A EREH & HE X REBASI ¥ X (p<<0.05), [FHF, X LI EFEIR(E#4T Pearson
FHOCAIAT s B8 A8 PR AR & . 1 Origin 2021 #EAT EIF23 1.

2 ERE55H
2.1 REMEMEIARKSREXNEXRSRERGII
2.1.1 &A%

T KO R 6 B A N R B BT A R (IR 1) R R R AE K, TG AR N A KK IR 2 TR KO AR
C, H S H 2 Bl AR LA, RN T B RKET R RS, Hr&n C, H Bk ii
AL, DOAKR R S A W I O FE. IR A BOK IR 2T, C & hk il 2% 6% B ) (9 8 R i B AR, AH S, H

rCCR(%): XIOO% (2)

=



s L e B R KR BT RS R BB AR R 129

e

% 3 4 =

b R FE A A SE R R, IR R AT RE R . R RME TREM B, M BN H A O K
st 1] P £ 2 5 B 4R 3 R (8L T PR 4 ¢ o R A B I 1) A 3 ) A il T 88 2 59— COOH 1 phenoile—

OH & & Bt

= B He M.

90 [ X 9%E ] Zo4%E

a ab L Icaon),z1%E a B caon), 5135 R

804 _i‘_ ] ab + ab b be b 4
S ] — I

704 _I_ 4?[:7—(12— £ be a a a

604

504

TEIE/%

40

RITEDE/%

=
=\

304
204

10

0 0
0 0.5 1.0 2.5 5.0 0 0.5 1.0 2.5 5.0

FEHj8)/min FEHj8)/min
a. b.

P A [ /NG o B R R T Ak B ) 22 5 GE 32 1 L (p<<0. 05) . R [Al.
E1 REMEMEMARKKEZNTERERTRART LT

2.1.2 zﬁ%ﬂfé‘é 100_‘ B——

“IK K B Bl 7 i A e AL T i B AR R 1Y A3 B 4 2 Ca(OH), 544 B
ROIE 2. BRERFER . ERAWAE KA ] b
TR T RS 1 i 7 Ak 2 14 2 9 A 1 R ]
A, LL0,0.5 min F RIS RE & #F—2P
WF5E & B, AR K U 2 T G 35 4 v OR R
WL AL, B A KK R JZ AL B, 0,0.5 min
TR A B B AL B = T 51, 2206,48. 79 %.
GO AT RE A . K BB AE B i Ab 2 88 1 RIS
Hprg a5 =hmas &, P CO,(CO
CODMIE 2 E 2 45, % 88 B ()RR, BBl 2K 0 = 10 A5 )
s, ARG KRKEIET. WEABEERYT REA[E/min
SRR b BE T, AT 4 BB R Y 7 20 B2 EEMEMENAERARESNT
KPR S A SR R R E . 54N, WO TR R B R
Ca®" Bl figd it Z R X FHIE C= O S 2 A AR CO, . FEATRRER .
2.1.3 K4 FfpHH
T 10 5F [B] FARL R A IOK MR T2 52 0 T KIS A 1 K 43 1 F1 pHL (A 8504 25 SR W/R (3% D BRI I RLA
IRV T A B T KU TR I R 4 e 34) S S o e g S ) S K T % T T v AR L (H K PR R K R
Sy ik (B TG P B 2% 5 AR BOK IR JE T R AR B ORI R FE 0~0. 5 min 45 1~5 min 28 #f 8] T K
e AL 2E R . X T pH ff . Biochar B pH & Pl 5 8% I [E] &£ K M8, L 0~0.5 min 5 1~5 min
TR B 22 S B s AH M, Ca-Biochar %) pH {8 K % 28 i (8] ZE i B4, RELL 0~0.5 min 5 1~5 min
RN B E SR, B E, SRS K& R ARG FE, KSR, s pH AW
Bk K. 1 Ca-Biochar (% pH {H 5 B H 57K 43 & A S W R, LR R AT B8 5 10 A JROK TR 2 Ca™ ' 5
T FEEREM (—COOH Fl phenolic—OH) #2244 %K.

60

40 1 b d

BREEC /%
[=x

Ho.

20

JK
JK



130 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 46 %

x1 REFREMAMARKAEZMTERSRKSSEM pH EELHHE

=1

7% # B A] /min
0 0.5 1 2.5 5

VARV LD 56 4 B

Wor& /Y% TMMAKKEZE 8.75+2.52a 9.94+2.78a 10.31+2.18a  10.62+1.43a  13.99+2.03a

AT KK )2 6.6241.33¢c  10.67+0.55bc 12.524+2.33ab 13.25+3.95ab  16.8241.39a

pH fH T A KK W )Z 9.4840.13b 9. 46+0.08b 9.9440. 04a 10.14+0.16a  10.21+0. 25a

WA KKIEE 10.2540.04a  10.1040.0lab 9. 59240. 27bc 9.530. 37c 9.3240. 11c

s PR NG SR R A TR b B I 22 547 S5 2 L (p<<0. 05).
2.1.4 wk@mim

M S 2 T T A5 3¢ i ) B 2 i R 5 5 R S ) R T I K Ik 2 A B 5 SR R W (IR 3) o it A R I I A K
JCRIAT WA BRI T2 6 K0 ¢ G B 2 T AR 24y S5 0 3 o AR G A Rl AR ) 2 588 A [ A i 0 6 KO
B P R TR 25 S A Gt B S IR R OK TR 2 AT R — 0 B ORGSR Y L R T AR, BRI 2 b
., 0,0.5,1,2.5,5 min FREM LRI A4S T 9%, 6%, 21%, 19%, 18%. W5 % Kk 85 5 # 7F
SRR RREERGE , SAEREA TR R R A I RFLBRBEIE A, R BB, M B 2R b R
TR 4yt e e e T B S M B AR AR R AKIR R T A R A K, TRE R TR A S K
A Ca® ' FE s AL R AL TR R AR L 51k R AR 3

2.1.5 EaAEE 0] . . N
IRV K B e 4% £ KO s #—COOH 7m++ wa%wﬁ

phenolic—OH & & 43 H7 45 R F W ()& 4a.40), B b

BEFRA ] 4E K, K A5 $ 9—COOH M phenol- £ ] _%+

ic—OH & i3 5 B B e AR e, HRE 5 ] +

Bh ) 22 AT G2 R . B AR UL 0 min BgE B 407 ¢

i i T K 5 4 19— COOH Hl phenolic—OH 25 it E3m ;

T, H—COOH & &} 0. 49 mol/kg, phenol- £ 5 d P

ic—OH & &7 0. 37 mol/kg. E KGHN&BE IR 104

MR o R W —COOH #1 phenolic—OH ‘B " . m

fE A1 23 PR K B 4K B ] 2 g 78 25 S0 H T 328 3 1 4E Ak ¢ 03 1.0 25 5.0

THFE 2 Bl A R B R 4 5 T B R R T O R SREERY[8)/min

AR N 2 —. AR M (R 4b, 4d), M F0 A K K E3 REMEMEMARKEREZET

W2 Ja E K B B9—COOH M phenolic—OH & ERBRIEREREMEE

R BEIE MR, A ESASIT¥E L. X—BEERTRRET . O WA kKEZ
PEAL TR R, AR EORUS A H R O 78 80K 1 A 7 58 R AUt A (Rl 25 b B S0k ks R v £ 7 e 1)
FIIERDPIE R TR Z M & A EHEr. @ 0 min M 0.5 min 28 B[] T 42 B —COOH #l phenolic—OH
B AE A 7R B 0 B R R GlLR 2 B R B, R E RS A S 5 Ca’ g A, AR R ik 1 [R) B
FET RS AH e AL
2.2 REHBEMEAMARKSRERNT%EFRE S
2.2.1 Biochar ## Ca-Biochar 3§ #7548 % & 5 #7

TG NG RN JROK R 2 0 T 5 i 22 80 6 b (B 0 HH Sk 23 B 45 SR 2 W (I 5D, Biochar RS L% 5 L
FREFAEREA & 2 EADC, 5K & & & pH (H2 MG, 328 & ry il B = A Bh T4 lom te 3R
TR R B RE AT 5 0 ¢ it o [R) IS AT ¢ it R B 43 & B2 F pH {B. & T Ca-Biochar, @O Hk¥ LR 5 LR
FURIE ARG, RIS o i i P it B F2E Rt R AR e s © AH o b, AR % b 2 5 B e A % i Al
K, XTRE S H IR HRENEA - ERIA e O HEMRAS RS pHEMMHXE, —COOH Al



% 3 M

B, F: 40Fe B ROKIER B B2RGREKE AR E 0

131

phenolic—OH E fig A

SRR ME . PRI A R, A B pHL R B A

0.6 ] Zo % E 0.6+ [ CaOH) 5% 2 ZT‘
I
_o0s{ ¢ 05 b
'T‘OD 'T‘OD T
I
=04 b T 04
£ : c £ r
- ~ o
W 03 i ; 5 03 q I
40 T 4u ¥
o 0.2 : W 029 ¢
b e b
0.1 & 0.1
0 . ; : . : 0 ; ; ; : :
0 0.5 1.0 25 5.0 0 0.5 1.0 25 5.0
FER E/min FER E)/min
a. b.
0.45+ 0.451
0.40- O T RE 0.401 B CaOH)H %2
2 0351 2 0351
s s
1 £ |
£ 030 I < 030
ol | ol
41 0.25- 41 0.254
2 T i
B 0204 o 1
i i =020
0.151 0.154
0.10 ; ; : ; : 0.10-
0 0.5 1.0 25 5.0 0 0.5 1.0 25 5.0
FER E/min FER E/min
c. d.

B4 REMBFEMARKREZMTERSAEEDOSETUEE

S X X X

K& I% | -0.76

pHE | -0.85 0.66 ‘ ‘

KGR | -0.85

WAL % . ‘

pHfE | 095 -0.76

LXMW/ (m2.g) | 0.96 -0.72 -0.93 02 LR A (m2.g?) [ 097 -0.86 0.90
-0.4
I B/ (mol - kg ) | 0.95 -0.65 -0.87 0.97 IS B/ (mol - kg?) | -0.94 0.90 -0.86 -0.97
-0.6
YR IE B/ (mol -kg?) | 0.97 -0.70 -0.83 0.96 0.98 08yt A /mol -kg) | -0.97 0.86 -0.89 -0.97 0.98
1.0
oo olo N N N ole \ ) N
I EN A F ¥ Pt
2 S W& S
& S & &8 8
% % 2 % %’
+p<=005 **p<=0.01 N G 4 #p<m0.05 *+4p<-0.01 g B
€

SEME T HCE BEMI R RRIE. ZLAML IR A R R W (& 6) . O A4 KK IRJE T COOH, phenolic

a. THRE

b. Ca(OH),5 11352

Bs ERAEMERKREERSRRIEREXHH
2.2.2 RAHIaAe B RAK%E FTIR B ZAHE L
BEIR O min £ i (] 9 7K YA KRG A7 IR K 5 KA 0K 5 R o Sl S AR A 0 A0 I WOt i

0.8
0.6
0.4

0.2

-0.2
-0.4
-0.6

-0.8

OH



132 BHERXFFHROAAAFZR http://xbbjb. swu. edu. cn % 46 %

I I 2 B T AL A%, SRR R S T 1

BE bR, P ARE, B ERERAS pomificH
WK Z T Calt R AT R s @ COO- o)

Vel g, TTAEJE T Catt S5 TH AR 3674
M @ Aromatic-H W Uk 1 & A4 T 4T 8%, —
AR Ca't 5 n T A R o

PG KA £ KK )ZE T Ca® it 2 Fh 3 o
WS R P& R ERRE L ET RN, A“’gﬂ”'H
7 — e 37 =i = -C-O
A R 1k T;_C O Wy 2L AR CO R  emwe - o
(AR EATE =R VL N ——Ca(OH), i Wik &
2.2.3 RAHioA B KKK E SEM B # % 1L
#%:ZE 40IOO 36I00 32IOO " 2(I)00 16IOO 1I200 8(I)0

0 min 5 85 I 1) T 6 (21 70 FILAT 16070 7 46 S o
K ZE (R 7Th) BY B K0 2% B & 6 B RIS

A " B 6 0minZERBE TELIEHRF
kil jﬁf@*”a@k{%ETm‘SEM Pl i e £ FROKSEERGH TR FIIR B
BRZEF) TE Y, B[R] B IR A7 AR 3 £ ) 2R ) T
(AJBE R K A3, 1 CaCOHD, ¥4k )2 40 B A T K0 2% 1 B B 2R 45 #) 4 %, 17 76 W 2 L B B o a) B
(8] B9 2R M) B8 /D a5 AR R T i b 2R TR e i ) R AR

=1

= ,
“ " > 2
LEIY L, PO LGN

15.0kV 9.3mm x1.00k 10/31/2022 14:37

alih. o LN W 4
...........

15.0kV 9.6mm x1.00k 10/31/2022 14:41

a. THEMBRKEE b. Ca(OH),F 4% 2
7 Omin RERME TEMNEBRMNARKEEERRREALRTL

3 iFig

“OR-KBR B R R AL R P K S A I IR B R . © BRI, FORIS R R IR R 1
FEPEATE A AR BRBE AR TS 43 s @ BB, T ROE R TE B K AL . S T b T e TR B AR AR R
IR be I S5 A Ak . Bt AR R, AR5 kA . i, HRBEIE KA O MRbeAR I, kSR B KAk, B
LW IR 56 K B s Ja SRk, LR BRI, oK e R A SR K, A AR k. Ol ik — 0 g
HACIT R, AT B AR R A KO — N R R A, R s AR MR A U R L NS A Y T e T S
oAb 3t AR S Rk i 2 T RS B AEUVE T L PR AT e T AR 0 ek R BV L3R T A S I D R b Y R
SRR A ) R R R B T I A B ARk VK i R IR A A AR R BRI Lk B R, B R TR A AP A
[ ER A BT B R A T A A A O, THARE Y 0B A, B B R S B 2 BRI R 2) o [ 2 1 B ik i R 25
A3 . H OCE S EFRAE D RS (& 1, B 515 H 2 m A (& 3) FUVE 68 & 2 B (& 4a,
de) . pH H (F D4,

CaC(OH), W YRIZMIIG, — 5T, W2 AL 8T 7 AT F — 20 50 X < BR AU 7 09 B e BE . 5 i 3



% 38 B, F: 40Fe B ROKIER B B2RGREKE AR E 0 133

BEL B 1 T AR A Ak 40 55 O, A i, B AR A B B (181 2) X5 Nan P BT 45 R, H L BB
HHSFE T CaCO; L E I B Y 72 L4 1 BH B (14 7 2082 &5 1 A= 0 5 e B i & f 5 O3 — J i, Ca® ' nl i ad P
BTSRRI Ca’t g AR AT S a5 A i S R BE A AR AR BHL LR B AR
T S A R S TR O Al e 2R A (TR 7D, T B v A R (IR 2) AR T e S i e R T AL (R 3) L A
6 G FUA 1 A R K W 2 A 1F T M G B S0 P 32 AT 1) 28 AL Bt b TR BA 1 R R B ek R A e AL A A A
KEEIZIG s —COOH Fil phenolic—OH B B8 P 7% & Fifi % 58 B (8] i ZE < i34, sE w5 pH H 59 FE A,
— 71T, MR R K U 2 B A A R R B A A5 KO TR A HOF O 78 5 A9 0 78 50 BR A0 A v (T 2 b T R
SE R A AR P R B ) B AE KOS B T B 2 & /B BERTS Y 5 53— 7T . 0 min A1 0. 5 min B EER ] T 4
B E)—COOH Hl phenolic—OH A HREHFER M M R E TAE S S Ca™ 454, 788 9 i [5] 5358 4
ISR A K

T [ A P A 9 I I S W B D KL AR AR S AT AE P2 ik ok 100 242 < L 3 N A W) IR 0 4 A A B AL
TORERERRE. {H H ATIR E AW R AR IR E S R S 0.2 Gt CO, B 7E BAAI 2238 100 %, 30 B A 3L
B HAR AP Y FORAD B — R BR Y, X g8 R IR R A H R A PR A W ROk 1 P A R L s
. B H AT Z 0L R RN BUBROR VA& . A R A R ) M A S L X aE U7 AR B R Y S A
AN FE AN R B R AL R, DA SE B A 4 I B HE OB R Bh B R R E AR, AR R K U 2 R DR
Bt 7K KR Bl 7 3 04 ) e R AR M 1T B L B IRBE . T A A B T FORS I A AR | Ak B 2R 45 4 5
P KOS e 1 B 2 B , ARHIF S AT S A ) I R £ HE IO S 4R L ES S Al R S

4 Zig

1) 7K 7 B Sk Ak T L B R Ao Ay R KGN A B AU AR R A 1 B ALK K v i R i ot AL L
Az I e ity M 0T S IR T R I R] B R R R AE G, ROKGE P B AL R (45, 17 B iR A 2200) .
#Am—COOH, phenolic—OH ‘B R8I & . L2 AR 3 52 3 3120 3 R AIK 1) LA

2) M AUA BOK MR 2 AT 2 B v ORGSR I B AL R, DL 0~ 0.5 min % #E B[R] T 09 i Ak RS
(92.60%~79.42%). —J i, WEERWBETERRIR T AW S O, Wi, &5 TR~ 55—
JrTH . WRE T Ca® ' ik 22 Ry 2 BH Lk e SR T 2R R S . HE— R T R B R AR T e 42
45H.

S E 30

[1] WOOLF D, AMONETTE J E, STREET-PERROTT F A, et al. Sustainable Biochar to Mitigate Global Climate Change
[J]. Nature Communications, 2010, 1: 56.

[2] HOSSAIN M Z, BAHAR M M, SARKAR B, et al. Biochar and Its Importance on Nutrient Dynamics in Soil and Plant
[J1. Biochar, 2020, 2(4). 379-420.

[3] AL-WABEL M1, HUSSAIN Q, USMAN A R A, et al. Impact of Biochar Properties on Soil Conditions and Agricultur-
al Sustainability: A Review [J]. Land Degradation and Development, 2018, 29(7): 2124-2161.

[4] QIUM Q, LIU LJ, LING Q, et al. Biochar for the Removal of Contaminants from Soil and Water: A Review [J]. Bio-
char, 2022, 4. 19.

[5] CHENG N, WANG B, WU P, et al. Adsorption of Emerging Contaminants from Water and Wastewater by Modified
Biochar: A Review []J]. Environmental Pollution, 2021, 273: 116448.

[6] WANG G H. LIUF, TARIQ M, et al. A Comparative Study on Various Indicators for Evaluating Soil Health of Three
Biochar Materials Application [J]. Journal of Cleaner Production, 2022, 343 131085.

(7] FTwide, peifpid, JRe{, 4. A5 M EIRSIRH N, O HEas R s (1], PR REFM AR, 2023,
45(11): 166-175.

[8] CHAGAS] K M, DE FIGUEIREDO C C, RAMOS M L G. Biochar Increases Soil Carbon Pools: Evidence from a Glob-
al Meta-Analysis [J]. Journal of Environmental Management, 2022, 305: 114403.

[9] BRASSARD P, GODBOUT S, RAGHAVAN V. Soil Biochar Amendment as a Climate Change Mitigation Tool: Key
Parameters and Mechanisms Involved [J]. Journal of Environmental Management, 2016, 181: 484-497.

[10] FAWZY S, OSMAN A I, YANG H P, et al. Industrial Biochar Systems for Atmospheric Carbon Removal: A Review



134 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 46 %

[11]

(12]

(13]

[14]

[15]

(16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]
[33]

[34]

[J]. Environmental Chemistry Letters, 2021, 19(4): 3023-3055.

BATISTA R, YOUNG P, LAWRENCE J, et al. Biochar Market Profile Report [J]. Gippsland Climate Change Net-
work, Worcester Polytechnic Institute, 2021, 210. 1-62.

CAMPBELL R M, ANDERSON N M, DAUGAARD D E, et al. Financial Viability of Biofuel and Biochar Production
from Forest Biomass in the Face of Market Price Volatility and Uncertainty [J]. Applied Energy, 2018, 230: 330-343.
DAHLAWI S, NAEEM A. RENGEL Z. et al. Biochar Application for the Remediation of Salt-Affected Soils: Challen-
ges and Opportunities [J]. Science of the Total Environment, 2018, 625; 320-335.

JIAOY X, LID Y, WANG M, et al. A Scientometric Review of Biochar Preparation Research from 2006 to 2019 [J].
Biochar, 2021, 3(3): 283-298.

ZHOU Q F, HOUGE B A, TONG Z H, et al. An in-Situ Technique for Producing Low-Cost Agricultural Biochar [J].
Pedosphere, 2018, 28(4): 690-695.

KesE, T, REM, % B CRABZE"H &AW RBER S R BIRIE [J]. PR Kl CH AR RO . 2019,
41(6): 15-20.

MARRIS E. Black is the New Green [J]. Nature, 2006, 442(7103): 624-626.

HARDER B. Smoldered-Earth Policy: Created by Ancient Amazonian Natives, Fertile, Dark Soils Retain Abundant Car-
bon [J]. Science News, 2006, 169(9): 133.

WARDLE D A, NILSSON M C, ZACKRISSON O. Fire-Derived Charcoal Causes Loss of Forest Humus [J]. Science,
2008, 320(5876): 629.

XIAO L, FENG L R, YUAN G D, et al. Low-Cost Field Production of Biochars and Their Properties [J]. Environmen-
tal Geochemistry and Health, 2020, 42(6). 1569-1578.

Ke5e, REM, AL, S RO S E B K - B gk e e BORBESE [T Rl TR 24, 2019, 35(11):
239-244.

NAN H Y, YIN ] X, YANG F, et al. Pyrolysis Temperature-Dependent Carbon Retention and Stability of Biochar with
Participation of Calcium: Implications to Carbon Sequestration [J]. Environmental Pollution, 2021, 287: 117566.
XIAO X, CHEN B L, CHEN Z M, et al. Insight into Multiple and Multilevel Structures of Biochars and Their Potential
Environmental Applications: A Critical Review [J]. Environmental Science and Technology, 2018, 52(9): 5027-5047.
XIAO L A, WU J H, LI W H, et al. Mineral Coating Enhances the Carbon Sequestration Capacity of Biochar Derived
from Paulownia Biowaste [ J]. Agronomy, 2023, 13(9): 2361.

FigZ, sk, BRI EYR QR Fe/Ca X ALZEM h B WM [T]. 2 ARSHE TREMR PRI,
2023(3): 205-214.

SHAFIZADEH F. Introduction to Pyrolysis of Biomass [J]. Journal of Analytical and Applied Pyrolysis, 1982, 3(4):
283-305.

HAMELINCK C N, VAN HOOIJDONK G, FAAIJ A P. Ethanol from Lignocellulosic Biomass: Techno-Economic Per-
formance in Short-, Middle- and Long-Term [J]. Biomass and Bioenergy, 2005, 28(4): 384-410.

TRHELL, MO, BN, SF. O A AL R B A (] R 2R FE Ak BRAR AR 0 AT ST [T RO LB A, 2018,
49(11): 298-305.

TRAA, IR, RARER. W AR E S L RERSEE N A [T] R RERE MR, 2021, 40(5);
913-925.

WS, 8K, kTR, S APk SRR XS 6 K o A8 KR A RRIE R 2w [T, PR KA ARl CH AR
AR, 2022, 44(12) : 136-144.

RO, BRI, AF AEW s FERARL A BT K TR R B (T, MYE IR S IEEEA, 2016, 22(5): 1402-
1417.

FRO, Rerh, 2P%, % AFERE G &L RE - wRE (1] ek, 2019, 48(5): 511-520.

LIUM M, ZHAO Z Y, LU Q X, et al. Release of Dissolved Organic Carbon from Biochar and Formation of Humic-
Like Component during Photoreaction: Effects of Ca®" and pH [J]. Water Research, 2022, 219 118616.

FEWH, £, AR, S BTN 2 00 45 K P B R R RS AT BEIR S R AT ST (). B E RO B IR S X, 2017,
38(6): 13-20.

EERE oM
B I



