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Abstract: To study the differences in the physical and chemical properties of biochar obtained from three legumes at
different temperatures, and to determine the appropriate temperature range for legume biochar. Using leguminous plant
peanut straw, soybean straw and stylofoam as raw materials, peanut straw biochar (Pe), soybean straw biochar (Be) and
stylofoam biochar (St) were prepared at 300 ‘C, 500 ‘C and 700 C. A Fourier infrared spectrometer was used to qualita-
tively analyze the functional groups on the surface of the biochar, and the surface morphology of the biochar was ob-
served with a scanning electron microscope, and the physical and chemical properties, such as pH, C and N content,
were measured. The results showed that the carbon content of biochar prepared from three kinds of raw materials in-
creased with the increase of pyrolysis temperature at 300 C to 500 ‘C, and was basically stable after 500 C; the
nitrogen content and yield of biochar decreased with the increase of temperature. Among the biomass charcoal prepared
from the three materials, Be has the highest carbon content and C/N, and N content and yield are the lowest. The ash
content, ash alkalinity and pH of biochar all increase with the increase of pyrolysis temperature. The same pyrolysis
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ash alkalinity and pH of biochar all increase with the increase of pyrolysis temperature. The same pyrolysis temperature

and different materials are all expressed as Be>St>Pe. Both the pore size and specific surface area of biochar increase
with increasing temperature. The three raw materials of biochar form more stable aromatic compounds with increasing
temperature, and the structure is mainly C=0 and C=C. In this study, the suitable pyrolysis temperature of legume bio-

char is 500 ‘C, and the temperature rises again, which has little effect on the physical and chemical properties of biochar.
In summary, the soybean biochar produced by cracking at 500 C is more used in farmland soil improvement, and can
also try soil remediation, carbon sequestration and emission reduction applications.
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Tab. 1

Comparison of C and N content, C/N and biochar production rate of different biochars at different temperatures

% Cl%

N/% C/N

Biochar 300 C 500 °C 700 'C 300 'C

500 C 700 C 300 C 500 'C 700 'C

Pe 47.46+1.63° 54.08+0.82¢ 54.60+0.83¢
Be 64.50+0.73°  71.11+1.46* 71.26+2.41°

1.62+0.16¢
1.38+0.09"
2.16+0.11°

1.80+0.08¢
1.37+0.11°
St 64.13+£1.68° 67.50+2.54° 67.28+2.08° 2.31+0.17°

1.43+0.12°  26.34+0.29° 33.47+2.93% 36.21+2.66°
1.36+0.08" 47.18+2.23% 51.60+2.48" 52.36+3.76"
1.88+0.07° 27.82+0.28° 31.21+1.94 35.88+2.44%¢

E: ARVNGFRFIRAEBR ZER B % (P<0.05),

Note: Different lowercase letters indicate significant difference among treatments (P<0.05).
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Fig. 1 Comparisons of ash contents, ash alkalinity and pH between biochars at different temperatures
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Fig. 2 Comparisons of SEM imagesof different biochars surface at different temperatures ( 2000 )
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Fig. 3 Comparisons of EDS spectrum at the one site of different biochars surface at different temperatures

25 RBEENEVMRKKREEEBRAZTHHI I

PIIEBC (4000~500 cm™') MR ARFR, BGHR
(%) NYAERR, Ll AS R B AL 90 0 7E AN [ L
FETF B FTIR K% (K 4) o AS[EEE $ i 4 9
1 B A IR s, S EALES 3432.2924 1744
1659, 1375, 1082, 880. 785 cm ' FHiT iR B,
FE R T, B AR S . 3 RS

BRI S IR T Bl B E W AE 3432 em ™! /2
A B, R R, (R . DA
FHE A T A YA TR Y -OH 3, el iy C-H
PRSI i L IRAE 2924 cm ! [, BB 1% CH,
1 CH, ZEHAJF R B, v ReSE B R1E R S 8UIR 5
ik EAL G WL A, BT, W AR
FE 1375~1744 e P B, A=W IR s o (S in



%128

TRERAE: ARZAHRE T 3 R Y 5 BAL R o B 2533

58, T B R S = 2 C=0 il C=C [ fif
FPRBNTIR, MR T, JRIETHE . 76 1082 cm !

W B P P 45 R Bk Si-0-Si, 880 cm ' I
785 e I B ) I A e VAL T v T ARAR

120 Pe —300°C ---500C----700 C 120~ Be —300°C ---500C----700 'C 120~ St —300°C ---500°C----700 C

4000 3500300025002000 1500 1000 500
e Wavenumber/cm™!

4000350030002500200015001000 500
% Wavenumber/cm™

1744

3432 292 17441659 13751 ° 3432 2924 16591375 1082880 432 2924 17441659 1375 1082880
xX L =~ 1001 ° L
% R S G %\/ 3 v Mol [ s 3 100 T .. !
8 %3 /q‘f g 80F i ‘:r/ RN R Iy S /vf
é \ =17 B LR Nl E ‘\ ! = LN LI /;.. o
@ A, i @ 60L \ 3 L g 60 - N
2or U ! g |- A g or 7 g
g %'_ 401 /\ ‘/ = 401
3 g ¥
R 20| R 200 W B 0l
i ) %

0 0

0 1 | | 1 | 1 |
40003500300025002000 15001000 500
W% Wavenumber/cm™!

B4 FEBMRELE 3 FHENRIILIEE
Fig.4 FTIR spectrum of three biochars at different temperatures

3 i
31 HEBEXEWRENLERNRM

ARG 2R E 500 CHY, 3 FhERHEY) C
TR 300 CHY S E TR, AR R 500 C A
700 CHY, C FirEEAMNZE , JF HFE LT 500 C
LT, WU AR . 4R AR
REYTCh T, MEEEL 500 CHE, T ROHE R
fi B 7 G, PR RAR TR 18
C/N He Bl 24 B Th s i ok, X 5 M- b 224
IBFFE 25 R —5, Hh RS RF R CO/N &K,
= C/N HEAEY RIS N2 + 5 SRR IEN R
R ARPT A5 i 23 #2009 3 AN BB, Bl
EFEMRIRIET S, RAgER | FHERXMAREK
WA, IR, JREAPRAY R, N
VLI R, R, Bk pH BT EE T
mIte, AEYmigd i, SRR EY R,
BETEEE TR, XY RS BWE K. SR AIET,
FRVEY B, pH TR, HOR SR T
Ca™", Mg™ Ml K& th 58 T-Hr il pH THE 1Y
o A U A AU o o 2 B 9 K 3 pH
PRI BB, B EM KR, AR
W, A AR B = A R, pH AH R 3G,
A AR Bl TR T, A= B ) o R R G
Hr ) JCHLRR R L , K2 S RN, pH AR 4R =7
32 HMEBENEWKRMMEM R IERFHE
s

F O PR 5T OK B AR W, KR
(300 °C ) T A:4 sic 20 HH BT M LRI D) £ 45 HR
FLBRSS K, H 22 R A E] 500~700 CH, 4
RILBRZS P, FLRAE K, FLBEARH, X554

WIS A — B, MRMRET R, 3 M5
BlA: ok b R AR, FE R R A
T, Wb ALMELIT T, Ak oE s
IR R T, 3 R G R R MR N 300 C
1500 CHE, EZHC, OMKILE, HBiREHN
500 ‘C I 700 “CH, A= 45 P FF UG AT H Na il Mg
EEBET . KERFmMITEMISHN T EX R,
XU B AR I A A rp , HLA SR A B B A
YA R TR L H AR EROTAE, A LR
T o] PRAF T ok, AR IR IEH . 9
W H B SRR 60%L F, A s, Al
B S R A MR A, ORME S T R
PECO WY, A¥rRHi Na, K. Ca, Mg %t
FH DVSEAL Y AR IR SR T S AF TR, A R HEE R
Fok, —Emt,

7 LT AMEE (FTIR ) ZMATREdE— 85T
e R AE S AR R 2 10 B RE A A A 1R 3 Akt
A [ 2R T s A A ) 5 AE 3432 em ! /2
AR, U AR AR I R R R A L B R
FEFHE, W, vl PR T RS i T -OH
B hek il C-H IR Sh ki H BLAE 2924 cm!
BRI, ORI R TR, IR R -2, U PH B
T, RS B, AR
o, R IR B W R 3, MR T,
GBI, AE 1082 em™! I B BRAY 1 46 4R
B Si-O-Si, fH AT, TR Y7 P fif it
o, SR ST PN . AR R BN,
SR EE R 500 CHY, HEAERL C-H F1 O-H Ry
WSO HR Sl e 358 5, 50 B A 6 A B e IR 1 S
FHA 2 Bk, MIRERT 500 CHE, £



2534

%44

RNABOR B CH, 2, il EF &, 5% 700 C
IF, CH, 4Bl 4, T IME A it 1 55 7 e s 1 2
SRR T 500 CHE, 7558 35 B AL 45 F fli it A
58 (4 1 W b EL T AL BE T R i RE Y,
RAEY A 3P RS B AR BT

4 #ig
SRR R 500 CHY, 3 Fh SR FCRER A
YRR KA AR R BRE A pH 34

FEF 300 °C, 500 CAHI700 CILEER., %
WFoR 45 R0, SRHE Y AL P 38 B I i
500 °C, BT, R AR R B BT
WA K. KRERMKT &8 pH. Bk & Mk
Ry T HA 2 Fh A= ok, 500 C LM 2E B
KEAEY R EAF TS 5 pH, HEBEE M
fi] ik 46

£ % 3Lk

[1] AHMAD M, RAJAPAKSHA A U, LIM J E, ZHANG M,
BOLAN N, MOHAN D, VITHANAGE M, LEE S S, OK 'Y
S. Biochar as a sorbent for contaminant management in soil
and water: a review[J]. Chemosphere, 2014, 99: 19-33.
s, FREE, RIEF, BRANE, BOKEE, THE. 2
UL RE o R AT 55 5 1 4 A W o R TR RE AT RS2 I [0, 3R
Bifk2#, 2016, 35(8): 1663-1669.

GAOKF,JIANMF, YUHP,CHENPQ,XIEY C,YUP

D. Effects of pyrolysis temperature on the biochars and its

(2]

surface functional groups made from rice straw and rice
husk[J]. Environmental Chemistry, 2016, 35(8): 1663-1669.
(in Chinese)

SOHI S P, KRULL E, LOPEZ-CAPEL E, BOL R. A review
of biochar and its use and function in soil[J]. Advances in
Agronomy, 2010, 105(1): 47-82.

SANCHEZ M E, LINDAO E, MARGALEFF D,
MARTNEZ O, MORAN A. Pyrolysis of agricultural resi-

dues from rape and sunflowers: production and characteriza-

(3]

(4]

tion of bio-fuels and biochar soil management[J]. Journal of
Analytical and Applied Pyrolysis, 2009, 85(1/2): 142-144.
R, SRS, R, E/NK, B, S BImEX
FEFE e HA W) XS LTHE NoO HERK I RZm[T]. Al 3R
BiRleF2A41, 2016, 35(2): 396-402.

PANF E,HUJ P, SUO L, WANG X Q, JI Y L, MENG L.

Effect of corn stalk and its biochar on N,O emissions from

(3]

latosol soil[J]. Journal of Agro-Environment Science, 2016,
35(2): 396-402. (in Chinese)

(6] ®a, WASERK, WiEE, 1K, BS/NAR, RS, ARESE

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

AR BE T AR R A W T B BRAL R AE e AT D). AR
AP TFE2E3E, 2013, 29(13): 208-217.

LUO Y, ZHAO L X, MENG H B, XIANG X, ZHAO X R,
LI G T, LIN Q M. Physio-chemical characterization of bio-
chars pyrolyzed from miscanthus under two different tem-
peratures[J]. Transactions of the Chinese Society of Agri-
cultural Engineering, 2013, 29(13): 208-217. (in Chinese)
ASAl H, SAMSON B K, STEPHAN H M,
SONGYIKHANGSUTHOR K, HOMMA K, KIYONO Y,
INOUE Y, SHIRAIWA T, HORIE T. Biochar amendment
techniques for upland rice production in Northern Laos[J].
Field Crops Research, 2009, 111(1/2): 81-84.

ZHAO L, CAO X, MASEK O, ZIMMERMAN A. Hetero-
geneity of biochar properties as a function of feedstock
sources and production temperatures[J]. Journal of Hazard-
ous Materials, 2013, 256/257: 1-9.

TRELL, MRURZE, /R, ZEBHR. K B AR AN E]
Xof X8 2 2 W B M TR SR D). ARl TR 24l 2015,
31(24): 239-244.

ZHANG J H, LIN Q M, ZHAO X R, LI G T. Effect of
hydrothermal carbonization temperature and time on charac-
teristics of bio-chars from chicken manure[J]. Transactions
of the Chinese Society of Agricultural Engineering, 2015,
31(24): 239-244. (in Chinese)

MUKOME F N D, ZHANG X M, SILVA L C R, SIX J,
PARIKH S J. Use of chemical and physical characteristics to
investigate trends in biochar feedstocks[J]. Journal of Agri-
cultural and Food Chemistry, 2013, 61(9): 2196-2204.

AR, EREE, ERA, AR, ARBEHIRE T £
T M ¢ B P o B 25 B W PP BE (0], FRBERL272, 2014,
35(5): 1884-1890.

HUANG H, WANG Y X, TANG J C, ZHU W Y. Properties
of maize stalk biochar produced under different pyrolysis
temperatures and its sorption capability to naphthalene[J].
Environmental Science, 2015, 35(5): 1884-1890. (in Chi-
nese)

VTR, SKIES, FERAR. AR BUSRK A B oy
HERIRFR[T]. Ll AERI 224, 2014, 33(11): 2260-2265.
SUN K J, ZHANG H R, TANG J C. Properties of hydro-
chars from different sources of biomass feedstock[J]. Journal
of Agro-Environment Science, 2014, 33(11): 2260-2265. (in
Chinese)

R, LB, RHEE, X442 IR BT
RERTAYFEMALT]. AEASIREAAR, 2010, 19(3): 528-531.

HAO R, PENG S L, SONG Y T, LIU M M. Effects of dif-
ferent temperature on surface functional groups of black
carbon[J]. Ecology and Environmental Sciences, 2010, 19(3):
528-531. (in Chinese)

TR, sRivein, 2508, R, AT, SF,



%128

TRERAE: ARZAHRE T 3 R Y 5 BAL R o B

2535

[15]

[16]

[17]

[18]

[19]

[20]

[21]

FRATRIR T A Az 7 £ W 1 7™ 256 B 43 PR AR R K5 M ],
TR AL R AF 244, 2017, 51(1): 108-114.

YU X N, ZHANG X F, L1 Z P, ZHOU H J, FU Z Y, MENG
Q, YE X F. Pyrolysis

nut-shell-biochar production rate and some physical and

temperature on the pea-
chemical properties[J]. Journal of Henan Agricultural Uni-
versity, 2017, 51(1): 108-114. (in Chinese)

FTEBCE, mdly, RIFEF. ANIF BRI R RERSFT ] #
AW B AR IR (7). BREE Rl R, 2016, 36(5):
1757-1765.

JIAN M F, GAO K F, YU H P. Effects of different pyrolysis
temperatures on the preparation and characteristics of
bio-char from rice straw[J]. Acta Scientiae Circumstantiae,
2016, 36(5): 1757-1765. (in Chinese)

ALI-WABEL M I, AL-OMARAN A, EL-NAGGAR A H,
NADEEM M, USMAN A R A. Pyrolasis temperature in-
duced changes in characteristics and chemical composition
of biochar produced from conocarpus wasters[J]. Biore-
source Technology, 2013, 131: 374-379.

FHEX, Rk, WEE, TN, THE, Bk, &S, &
. AR AW BB R LLIEPE T K NoO HERU 0
[J]. t4%, 2017, 49(6): 1172-1178.

JIYL,SUOL,XIEY, WANG X Q, FANG Y G, YANG L,
ZHAO L R, MENG L. Effects of different biochars on
hainan latosol properties and N,O emission[J]. Soils, 2017,
49(6): 1172-1178. (in Chinese)

UZOMA K C, INOUE M, ANDRY H, FUJIMAKI H,
ZAHOOR A, NISHIHARA E. Effect of cow manure biochar
on maize productivity under sandy soil condition[J]. Soil Use
and Management, 2011, 27(2): 205-212.
TAGHIZADEH-TOOSI A, CLOUGH T J, SHERLOCK R R,
CONDRON L M. A wood based low-temperature biochar
captures NH3-N generated from ruminant urine-N, retaining
its bioavailability[J]. Plant and Soil, 2012, 353(1/2): 73-84.
RS, BEZ, [EEBE, XIE2, [HAF, BEX. AR
AWy et B RE (D] AR FREE R 22 4, 2018,
37(6): 1193-1202.

SUOG,LYUHH, WANGY Y,LIUY X, HEL L, YANG
S M. Study on the adsorption properties of nitrogen by dif-
ferent biochars[J]. Journal of Agro-Environment Science,
2018, 37(6): 1193-1205. (in Chinese)

L, A, RO, SREE, BKINHE. EY i Mo
TR B MR X - A~ 1 o B A 7= R B S [ 7], Al
FREERF2AR, 2012, 31(10): 1948-1955.

GAO HY, HE X S, CHEN X X, ZHANG W, GENG Z C.
Effect of biochar and biochar-based ammonium nitrate fer-
tilizers on soil chemical properties and crop yield[J]. Journal
of Agro-Environment Science, 2012, 31(10): 1948-1955. (in

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Chinese)

0, RSIIK, TR, ER. AW EEER ki
T HP ST R ER (D). AP E A 5 Rk = 4, 2016, 22(5):
1402-1417.

YUAN S, ZHAO L X, MENG H B, SHENG Y J. The main
types of biochar and their properties and expectative re-
searches[J]. Journal of Plant Nutrition and Fertilizer, 2016,
22(5): 1402-1417. (in Chinese)

XIERH, BOEER, BEW e, VLA, M, BRIAE, R
2. AR B IR B X BRI B SR e AL M B A s i [
R EAR R EA2E4R, 2019, 42(5): 895-902.

LIUHR, XIECY,KANG Y L, JIANG S T, MEI X L, XU
Y C, DONG C X. Influence of different pyrolysis tempera-
tures on physical and chemical properties of biochar derived
from pear branches[J]. Journal of Nanjing Agricultural Uni-
versity, 2019, 42(5): 895-902. (in Chinese)

MU, R, THRR, TR, AW, AR, e
FRATRIRBE T T ORAH AT 2 7 38 S AR AR PRS2 A (0], M
HFREARFAR, 2017, 23(5): 1268-1275.

YE XF,ZHOUHJ, YU XN, ZHANG XF,LIZP,FUZY,
MENG Q. Physiochemical properties and yields of
corn-stalk-biochar under different pyrolyzed temperatures[J].
Journal of Plant Nutrition and Fertilizer, 2017, 23(5):
1268-1275. (in Chinese)

RE, 7RNA, B, AR Y s Rt B
Wl PO IFIT I R [D]. HERELAERE, 2014, 29(1): 68-79.

WU Y, XU G, LYU Y C, SHAO H B. Effects of biochar
amendment on soil physical and chemical properties: current
status and knowledge gaps[J]. Advances in Earth Science,
2014, 29(1): 68-79. (in Chinese)

AJAAR, B, RSN, WL ATTE, SF ARRR
JETARABE Y A=W o BALRHPE AT (3], A= B fk 2y 1
F2, 2021, 55(4): 21-28.

ZHU Q L, CAO M, ZHANG X B, TAOK, KE Y C, MENG
L. Physicochemical and infrared spectroscopic properties of
gramineae plants biochar at different pyrolysis tempera-
tures[J]. Biomass Chemical Engineering, 2021, 55(4): 21-28.
(in Chinese)

YUAN J H, XU R K, ZHANG H. The forms of alkalis in the
biochar produced from crop residues at different tempera-
tures[J]. Bioresource Technology, 2011, 102(3): 3488-3497.
B AN A 9y S5 SO AN 2 U RE o 2 e ) A
FRAERSZIMD]. dbat: shEERER K, 2017.

WEI S Y. Influence of biomass feedstocks and pyrolysis
temperatures on physical and chemical properties of bio-
char[D]. Beijing: University of Chinese Academy of Sci-
ences, 2017. (in Chinese)

FRME, EBER, s, U, 7 BE, TR, JLE



2536 O AE B F R 5 44 %
Wy 0T P I A AL BT LB D], AR b R4 4R, (in Chinese)
2016, 47(5): 83-90. [32] #0ME, ABTE, ZEBUNS, BIOLE, skiEE, SR ANREE
WANG H'Y, WANG X C, ZHANG Y J, DAI L, XU M M, B Py B BT F A BT[] AL B R 5 PR A 4,
DING Y J. Comparison of biochars characteristics from 2017, 34(6): 543-549.
biomass residues produced through slow pyrolysis[J]. Jour- SUNT,ZHUXP,LIDP,GUZY, ZHANG J X, JIAH T.
nal of Northeast Agricultural University, 2021, 47(5): 83-90. Comparison of biochars characteristics from different raw
(in Chinese) materials[J]. Journal of Agricultural Resources and Envi-
[30] EAM, BT, R4, Wi, EEE, GIRE. EYIRAIK ronment, 2017, 34(6): 543-549. (in Chinese)
T+ WL S LA Ay pa 2T, A E ARSI AR, 2012, [33] ZHAO B, O’CONNOR D, ZHANG J L, PENG T Y, SHEN
20(8): 976-981. Z T, TSANG D C W, HOU D Y. Effect of pyrolysis tem-
MAL,LYUN, YEJ,RU S B, LIG F, HOU Z A. Effects of perature, heating rate, and residence time on rapeseed stem
biochar on organic carbon content and fractions of gray de- derived biochar[J]. Journal of Cleaner Production, 2018, 174:
sert soil[J]. Chinese Journal of Eco-Agriculture, 2012, 20(8): 977-987.
976-981. (in Chinese) [34] JAEEE, 8%, XA, AW Bom e i S IR 138 h

[31]

B, KBS, e AR SO R A F
T AE = i 8 S A (1], SREERLE, 2020, 41(4):
1914-1920.

YANG C D, ZONG Y T, LU S G. Dynamic effects of dif-

ferent biochars on soil properties and crop yield of acid

farmland[J]. Environmental Science, 2020, 41(4): 1914-1920.

IR R RS M [T]. A IRGERE A4, 2011,
30(10): 2075-2080.

ZHOU G Y, DOU S, LIU S J. The structural characteristics
of biochar and its effects on soil available nutrients and hu-
mus composition[J]. Journal of Agro-Environment Science,
2011, 30(10): 2075-2080. (in Chinese)





