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Abstract: Biochar was modified with different concentrations of hydrogen peroxide, and the differences in its structural
characteristics were analyzed to study the modification effect of hydrogen peroxide on biochar obtained from banana
stem and the effect of modified biochar on Cr absorption of maize under Cr stress. The effects of modified biochar on
the growth, Cr uptake and accumulation of maize under Cr stress were studied. With the increase of hydrogen peroxide
concentration, the number of oxygen-containing functional groups on the surface of biochar increased, while the aro-
matics decreased and the polarity increased. After the modification, the surface of biochar was smooth, the pore diame-
ter increased, and the specific surface area and pore volume decreased with the increase of hydrogen peroxide concen-
tration. Modified biochar by 20% and 30% hydrogen peroxide mainly fixed heavy metals through the adsorption of
functional groups, reduced its biological activity, and reduced the Cr absorption and accumulation by corn. The study
showed that 20% and 30% hydrogen peroxide significantly changed the surface structure of biochar, which was condu-
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cive to alleviating the toxicity of heavy metal Cr to corn plants. 30% hydrogen peroxide modified biochar promoted the

growth of corn under Cr stress.
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Tab. 1 Basic properties of modified biochar
%% Index BHO BH5 BH10 BH20 BH30
C/% 54.11+0.09" 54.89+0.05° 44.80+0.10° 35.80+0.08* 29.90+0.12°
N/% 0.51+0.01° 0.52+0.02¢ 0.52+0.03¢ 0.62+0.02° 0.76+0.02°
H/% 3.78+0.03° 3.88+0.02° 3.27+0.01° 2.68+0.03¢ 2.71+0.01¢
0/% 23.51+0.04° 29.31+0.06° 33.82+0.06° 41.54+0.04° 41.64+0.05
C/H 14.30£0.09* 14.14£0.04° 13.70+0.01°¢ 13.35+0.13¢ 11.03+0.01°
O/H 6.21£0.06° 7.55+0.04° 10.34+0.01° 15.49+0.18* 15.36+0.06"
C/0 2.30£0.01° 1.87+0.01° 1.3240.01° 0.860.01¢ 0.72+0.01¢
(O+N)/C 0.44+0.01° 0.54+0.01¢ 0.77+0.01° 1.18+0.01° 1.4240.01°
(C+H)/O 2.46+0.01° 2.00+0.01° 1.4240.01¢ 0.93+0.01¢ 0.78+0.01°
pH 8.11£0.02° 6.27+0.06° 5.44+0.80° 4.01+0.04° 3.79+0.04°
5% /(mS-cm ™) 0.43+0.01° 0.92+0.01¢ 1.23+0.04¢ 1.39+0.01° 1.82+0.03°
pH,.c 6.37+0.04° 5.47+0.04° 5.38+0.15° 3.28+0.02° 2.15+0.01¢
e FATAR/NE FRERR A R A PR 25 57 B 3% (P<0.05),
Note: Different lowercase letters in the same row indicate significant difference among treatments (P<0.05).
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Tab. 2 Pore size structure characteristics of biochar

) LT WAL TR, SALiER LR LR S LR it
Material Sser/(m* g ™) Suiero/(m?-g ") Sueso/(M* g ™) Vrol(cm®-g ™) Viiero/(cm®- g ™) Vueso/(cm*-g ™) D1o/nm
BHO 3.1978 0.9230 2.2748 0.01331 0.00037 0.0129 16.65
BHS5 3.2987 0.8265 2.4722 0.01331 0.00031 0.0130 15.62
BH10 1.8626 0.1458 1.7168 0.00798 0.00002 0.0080 17.14
BH20 0.7633 0.5788 0.1845 0.00329 0.00025 0.0030 17.24
BH30 0.4201 0.3837 0.0364 0.00236 0.00015 0.0022 22.48
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Fig. 3 Adsorption capacity (A), pore size distribution
(B) and cumulative area (C) change of biochar
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Tab. 3 Effects of modified biochar on maize plant growth and Cr accumulation under Cr stress
ety W o w0 Hitk Cr & i ﬁ%&ﬁ%% i%ﬁa%i
Treatment  Plant height/cm  Stem diameter/mm  Fresh weight/g Cr content Oj Accumulation of Cr Cr content of PIIO-
plant/(mg-kg ™) per plant/pg char/(mg-kg™)

HEIRI 32.50+0.50° 2.72+0.13 1.08+0.03" 9.78+0.21¢ 1.21£0.03¢
& Crig M 21.63£0.55° 1.85+0.05° 0.70+0.03¢ 1293.41+1.39° 95.71+0.10°
BHO 24.87+0.35° 2.02+0.08" 0.98+0.03¢ 429.28+6.56" 40.64+0.62° 48.31+1.69°
BH5 24.23+0.25¢ 2.09+0.13° 0.97+0.05° 578.17+0.90° 49.63+0.08° 70.82+1.24¢
BH10 21.97+0.90° 2.13+0.08° 0.98+0.06° 445.76+0.44° 39.30+0.04¢ 76.49+3.15°
BH20 21.33£1.04° 2.14£0.01° 0.86+0.01¢ 372.88+2.48° 29.40+0.20" 100.29+1.96°
BH30 27.67+1.26° 2.69+0.16* 1.36+0.11° 348.10+6.85" 38.17+0.76° 138.70+3.12°

T FATAR/NG T 8RR A R AL BEE] 22 53 % (P<0.05 ),

Note: Different lowercase letters in the same row indicate significant difference among treatments (P<0.05).
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Fig. 4 Mechanism of biochar reducing Cr absorption in maize



1270

445 8

YRS TR AR D B4R Cr LR R HLEE
Z—

4 it

W& H,O, WREERIHImM, AW i)fLL5 &
M. HFEMBEHEE, TEERR: C=0 k).
C-H #&5h . ~OH #Rsh A K Fe-O Rl A 158
30% H,0, St tEA et 4 @ Cr il F £k
AREARIEER, B B &M RN EE
J& Cr MMhaE, B/ FORMEMRXT B4 8 Cr WL
R 20%. 30% HoO, it A= 25 i i fig
P 2 5F R AT o 4 B I 2B el R, s RO X
HEJE Cr IR,

2% 3Tk

(1] skflan, 3ok, @FLfE, B0, YONG Sik-OK. #iik
AW ) o S HAE TR B S P R[], ARl FREER
27224, 2021, 40(5): 913-925.

ZHANG Q R, JIL Y, GAO C C,LYU H H, YONG S O.
Preparation of modified biochar and its application in envi-
ronmental remediation[J]. Journal of Agro-Environment
Science, 2021, 40(5): 913-925. (in Chinese)

b, WSO, i, WER. YR FER S
J ) 5T SR ER[T]. A8 A 5 Rk, 2016, 22(5):
1402-1417.

YUAN S, ZHAO L X, MENG H B, SHEN Y J. The main

types of biochar and their properties and expectative re-

(2]

searches[J]. Journal of Plant Nutrition and Fertilizer, 2016,
22(5): 1402-1417. (in Chinese)

BRI, SR, DRAIL, DR, AERIF). DrRefbmn e
W BB A 66 S FLxh o 4 g K R PO (M B TR ().
RERISE, 2022, 43(1): 387-397.

LIAO X F, ZHONG J P, CHEN Y N, QIU T S, REN S L.

Preparation of functional attapulgitecomposite and its ad-

(3]

sorption behaviors for congored[J]. Environmental Science,
2022, 43(1): 387-397. (in Chinese)

RIGEHH, MRIRR, KR, RTHR, DIRA. A5 E ik
f A HLBE X PO (W B AT S WEIE L], BRBERR 2 4L,
2023, 43(3): 116-126.

ZHU X L, LIN S H, ZHANG X, ZHANG Z Y, MA X I.
Adsorption of Pb®” by biochar immobilized organic phos-

(4]

phorus-degrading bacteri[J]. Acta Scientiae Circumstantiae,
2023, 43(3): 116-126. (in Chinese)

BT, MU, 25, RRAE, AR, BRI, AR,
AL, XA, e R 3 D A2 8 23 BRI K R
FIRFFE[I]. BERAS5HR, 2020, 40(6): 111-117.

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

LIYN,HAOY C,LIL, YUANJ S, FUCM, XIAOCYY,
HAO R Q, ZHANG C K, LIU Q. Optimization of removal
heavy metal ions from high-salt wastewater by nanofiltration
based on response surface methodology[J]. Membrane Sci-
ence and Technology, 2020, 40(6): 111-117. (in Chinese)
VHIRER, MR, St Bk ikt e )8 & 1 it ik
B EHREESARE SRBIERR), 2020, 26(4): 491-505.
XU Z M, SHI L Y. Review on photocatalytic removal of
heavy metals from water[J]. Journal of Shanghai University
(Natural Science Edition), 2020, 26(4): 491-505. (in Chi-
nese)

e, BAR, AR, U, BB, 8, BORIE. frt
FEFFAE D pIEIK o Cr(VD YR PERERFFE D). RLAET,
2022, 51(4): 1004-1008, 1014.

LIW G,LUO C W, LEI L, XIE C, ZHAO Y, CAI L, JIANG
T J. Study on the adsorption performance of lotus leaf
straw-based biochar to Cr (VI) in wastewater[J]. Applied
Chemical Industry, 2022, 51(4): 1004-1008, 1014. (in Chi-
nese)

LI R, WANG B, NIU A, CHENG N, CHEN M, ZHANG X,
YU Z, WANG S. Application of biochar immobilized mi-
croorganisms for pollutants removal from wastewater: a re-
view[J].
155563.
R, B, W, HOCE. ARG R g 12
FFAEWI AW Co(VD RS2 [J]. A (6 IR (R HRR2),
2022(2): 90-98.

WU W W, MAO L, HU H L, GAN W J. Effect of Fe-bearing

modifying agents on adsorption performance of magnetic

Science of the Total Environment, 2022, 837:

straw-derived biochars for Cr (VI)[J]. Nonferrous Metals
(Extractive Metallurgy), 2022(2): 90-98. (in Chinese)
EE5, Wiy, SRk, FEEREFAEY A E o K
FEER Cr(VDBIBEFE)]. SRR 24 (A SRR M),
2021, 38(4): 67-71.

WANG X Y, XU R L, ZHANG Q L. Modification of rice
straw biochar and its adsorption for Cr (VI)[J]. Journal of
Suzhou University of Science and Technology (Natural Sci-
ence Edition), 2021, 38(4): 67-71. (in Chinese)

LYUHH, XIASY, TANGJ C, ZHANG Y, GAO B, SHEN
B. Thiol-modified biocharsynthe-sized by a facile ball-milli-
ng method for enhanced sorption of inorganic Hg*" and or-
ganic CH3;Hg [J]. Journal of Hazardous Materials, 2020, 384:
121357.

XFEAE, JRAEHE, XUPL, 220, BERME. R b-KoFeO,
WA B Foxk Cr% W HHEREDD]. BREERL: SHER,
2022, 45(2): 67-74.

LIUZN, DENG L C, LIU K, L1'Y, LUO J N. Preparation of

magnetic biochar using K;FeO4 microwave assisted for acti-



%5 6 3]

KA HOp A AR AT A= W 5 O G54 A8 A0 SO0k R A Cr MY 52 1)

1271

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

vation of pomelo peel and its adsorption capacity for the re-
moval of Cr[J]. Environmental Science & Technology,
2022, 45(2): 67-74. (in Chinese)

EHk, BRFE, 2RV, RARME, hrHa, fUHR, Bk Bk
BEPE Wy it 4 -5 YUK AR Y U R] i AR b B IR (D). R
VP FRIER] 2R, 2023, 42(2): 424-433.

WANG G, CHEN D, L1J Z, ZHANG C P, NA H Y, DAIK,
YANG X E. Iron-based biochar sponge and submerged plant
synergistic purification on nitrogen and phosphorus in wa-
ter[J]. Journal of Agro-Environment Science, 2023, 42(2):
424-433. (in Chinese)

NI, Sk, RREIME, 20K, LR, RikdE. At
Y Xk e Cr(VD IR B RILRIBT T[T, PhImhh
2#,2021, 41(5): 1891-1900.

ZHAIF J, ZHANG C, SONG G F, JIANG S X, SHAN B Q,
SONG Z X. The adsorption mechanism of kapok biochar on
Cr (V) in aqueous solution[J]. Acta Scientiae Circumstantiae,
2021, 41(5): 1891-1900. (in Chinese)

RAvLr. BEICWORE B AR A0 T B L wE R AN AR 55
EHLRI[D]. dbat: gl AEBE, 2019.

SONG S H. Phosphorus supply and transformation in molli-
sol under reduced phosphate rate and plastic film mulch-
ing[D]. Beijing: Chinese Academy of Agricultural Sciences,
2019. (in Chinese)

ZHANG J, WANG Q. Sustainable mechanisms of biochar
derived from brewers’ spent grain and sewage sludge for
ammonia-nitrogen capture[J]. Journal of Cleaner Production,
2016, 112: 3927-3934.

MA Q, SONG W, WANG R, ZOU J, YANG R, ZHANG S.
Physicochemical properties of biochar derived from anaero-
bically digested dairy manure[J]. Waste Management, 2018,
79: 729-734.

NOVAK I M, LIMAL I, XING B, GASKIN J W, STEINER
C, DAS K C, AHMEDNA M, REHRAH D, WATTS D W,
BUSSCHER W J, SCHOMBERG H. Characterization of de-
signer biochar produced at different temperatures and their
effects on a loamy sand[J]. Annals of Environmental Science,
2009, 3: 195-206.

CHEN M, WANG F, ZHANG D, YI W, YI L. Effects of
acid modification on the structure and adsorption NH,-N
properties of biochar[J]. Renewable Energy, 2021, 169:
1343-1350.

SCUTRE, WREE, FHEGHE, BRUE, Tk, REL A4
Xof A ) 1 T 1R IO P A SRR Ay A W s e[
A TR, 2016, 11(2): 628-635.

WEN F Y, CHEN J, TIAN L P, LIANG N, ZHANG D, WU
M. Chemical oxidation of biochars and the impact on bi-

sphenol asorption[J]. Asian Journal of Ecotoxicology, 2016,

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

11(2): 628-635. (in Chinese)

GUO J H, CHEN B L. Insights on the molecular mechanism
for there calcitrance of biochars: interactive effects of carbon
and silicon components[J]. Environmental Science & Tech-
nology, 2014, 48: 9103-9112.

HUFF M D, LEE J W. Biochar-surface oxygenation with
hydrogen peroxide[J]. Journal of Environmental Manage-
ment, 2016, 165: 17-21.

CONG P, SONG S, SONG W, DONG J, ZHENG X. Bio-
chars prepared from biogas residues: temperature is a crucial
factor that determines their physicochemical proper-
ties[JJOL]. Biomass Conversion and Biorefinery, 2022.
(2022-08-22)[2023-01-10] https://doi.org/10.1007/s13399-02
2-03229-y.

STEFANIUK M, OLESZCZUK P. Characterization of bio-
chars produced from residues from biogas production[J].
Journal of Analytical and Applied Pyrolysis, 2015, 115:
157-165.

PARIYAR P, KUMARI K, JAIN M K, JADHAO P S.
Evaluation of change in biochar properties derived from dif-
ferent feedstock and pyrolysis temperature for environmental
and agricultural application[J]. Science of the Total Envi-
ronment, 2020, 713: 136433.

CARDENAS A E, GASCO G, PAZ FERREIRO 1,
MENDEA A. The effect of biochar and compost from urban
organic waste on plant biomass and properties of an artifi-
cially copper polluted soil[J]. International Biodeterioration
& Biodegradation, 2017, 124: 223-232.

SONG X, LIU H, CHENG L, QU Y. Surface modification of
coconut-based activated carbon by liquid-phase oxidation
and its effects on lead ion adsorption[J]. Desalination, 2010,
255(1/3): 78-83.

WANG Y, LIU R. H,0; treatment enhanced the heavy met-
als removal by manure biochar in aqueous solutions[J]. Sci-
ence of the Total Environment, 2018, 628: 1139-1148.

QIU Y, CHENG H, XU C, SHENG G D. Surface character-
istics of crop-residue-derived black carbon and lead (II) ad-
sorption[J]. Water Research, 2008, 42(3): 567-574.

ZUO X ], LIU Z, CHEN M D. Effect of H,O, concentrations
on copper removal using the modified hydrothermal bio-
char[J]. Bioresource Technology, 2016, 207: 262-267.

XUE Y, GAO B, YAO Y, INYANG M, ZHANG M,
ZIMMERMAN A R, RO K S. Hydrogen peroxide modifica-
tion enhances the ability of biochar (hydrochar) produced
from hydrothermal carbonization of peanut hull to remove
aqueous heavy metals: batch and column tests[J]. Chemical
Engineering Journal, 2012, 200: 673-680.

UCHIMIYA M, CHANG S, KLASSON K T. Screening



1272

Fics o545 %

[33]

[34]

[33]

[36]

[37]

[38]

biochars for heavy metal retention in soil: role of oxygen
functional groups[J]. Journal of Hazardous Materials, 2011,
190(1/3): 432-441.

UCHIMIYA M, WARTELLE L H, KLASSON K T,
FORTIER C A, LIMA I M. Influence of pyrolysis tempera-
ture on biochar property and function as a heavy metal sor-
bent in soil[J]. Journal of Agricultural and Food Chemistry,
2011, 59(6): 2501-2510.

QIAN L, CHEN B. Dual role of biochars as adsorbents for
aluminum: the effects of oxygen-containing organic compo-
nents and the scattering of silicate particles[J]. Environments
Science and Technology, 2013, 47: 8759-8768.

LEHMANN J, RILLIG M C, THIES J, MASIELLO C A,
HOCKADAY W C, CROWLEY D. Biochar effects on soil
biota: a review[J]. Soil Biology and Biochemistry, 2011,
43(9): 1812-1836.

RAH, e, B, oKk, 25, R, XIH,
E TR, T AR BOE BT T SRR & A
FERHZI[T). AR IS IERRER, 2017, 23(2): 369-379.

SONG D L, XI X Y, HUANG S M, ZHANG S Q, YUAN X
M, HUANG F S, LIU Y, WANG X B. Effects of combined
application of straw biochar and nitrogen on soil carbon and
nitrogen contents and crop yields in fluvo-aquicsoil[J]. Jour-
nal of Plant Nutrition and Fertilizer, 2017, 23(2): 369-379.
(in Chinese)

ZHANG K, CHEN L, L1 Y, BROOKES P C, XU J M, LUO
Y. The effects of combinations of biochar, lime, and organic
fertilizer on nitrification and nitrifiers[J]. Biology and Fertil-
ity of Soils, 2017, 53(1): 77-87.

XI5, FHERREE 24 KOS QB A X R B SE 1] BREE
5%, 2019, 31(7): 40-42.

[39]

[40]

[41]

[42]

[43]

LIU X M. Study on soil environmental safety and pollution
prevention counter measures[J]. Environment and Develop-
ment, 2019, 31(7): 40-42. (in Chinese)

BAE, Wik, KRR, XIEAK, 5, £, TR
SR AEYIBCRARBON /N F SR B Al e e E T Y
ST, T EAOL R SR, 2020, 22(3): 31-37.
XIAHX,YUDY,ZHUQH, LIU XD, LI Q, WANG S M,
DING W Q. Effect of different biochar extracts on seed ger-
mination and seedling fluorescence of Brassica campestris[J].
Journal of Agricultural Science and Technology, 2020, 22(3):
31-37. (in Chinese)

W, FEFESE, WA, SRR, AR, KA, IVE. ORI
AW R AR KRS & 28 K4t R H IR ). i E sk
2F3H 4, 2014, 30(30): 50-55.

WANG J, ZHUANG S Y, CAO Z H, CAI X J, CHENG S,
ZHANG W, SUN P. Effects of different biochar extracts on
rice germination and seedling development[J]. Chinese Ag-
ricultural Science Bulletin, 2014, 30(30): 50-55. (in Chinese)
LIN Y, MUNROE P, JOSEPH S, HENDERSON R,
ZIOLKOWSKI A. Water extractable organic carbon in un-
treated and chemical treated biochars[J]. Chemosphere, 2012,
87(2): 151-157.

AESCHBACHER M, GRAF C, SCHWARZENBACH R P,
SANDER M. Antioxidant properties of humic substances[J].
Environmental Science & Technology, 2012, 46(9): 4916-
4925.

TRANEL A K SRR R 3 AR K S AR BRI A W 1 5
MA[D]. PLFH: PLBHAr R, 2022.

ZHANG X Y. Effects of biochar aqueous extract on growth
and rhizosphere microorganisms of barley[D]. Shenyang:

Shenyang Agricultural University, 2022. (in Chinese)



