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Abstract : [ Objective ] Biochar has a certain remediation effect on heavy metal contaminated soil , but the
remediation potential of unmodified biochar is often low. Modifying biochar effectively enhances the diversity
and abundance of functional groups on its surface, expanding the sites that interact with heavy metals and
consequently enhancing heavy metal remediation efficiency.[ Method ] Three types of biochar,namely charcoal,
bamboo charcoal , and straw charcoal , nano modification and characterization of these specimens was carried out
through the use of scanning electron microscopy and Fourier transform infrared spectroscopy. A culture
experiment was conducted, with a total of 7 treatments including no biochar control, three different types of
biochar treatment, and three nano modified biochar treatments. [ Result] (1) Different types of biochar nano
modified exhibit an increase in pores, an increase in pore size, and a decrease in particle size , Enhancing the
functional group structure and strengthening oxygen—containing functional groups; (2) Nano biochar can
increase soil pH , organic carbon(SOC ), soluble organic carbon(DOC ) , easily oxidizable organic carbon(EOC),
and particulate organic carbon (POC).Among them, nano bamboo charcoal increased SOC by 20.77% compared
to unmodified bamboo charcoal treatment.Nano straw charcoal has the best effect on improving soil DOC, LOC,
and POC, with an increase of 17.05%, 10.88%, and 63.36% compared to unmodified straw charcoal,
respectively ; The addition of biochar also increased soil sucrase and cellulase activities. (3) The addition of
biochar reduces the effectiveness of heavy metal cadmium in soil, and the modification enhances the transform
of available cadmium in soil, promoting the transformation and migration of exchangeable and reducible
cadmium to oxidizable and residual cadmium. Its effectiveness is related to soil pH and organic carbon.
[ Conclusion | After nano modification of biochar, its oxygen—containing functional groups increase , which has
great potential in improving the effectiveness of soil organic carbon and Odegrading heavy metal cadmium.
Different types of nano biochar have different effects on soil organic carbon and cadmium forms, and nano straw
charcoal has the best effect.
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6 T FH 0 o A A e AR X R, pH 418, A HLITT 22.06 g/kg, R 1.02 gkg, 22
0.59 g/kg, 281 7.19 o/kg; 4 P ASHAM T i 53000 8 < AT AC 425 0.15 mg/kg, AT A JRAS 0.29 merkg, AT A AL
0.07 mg/kg, 5411 25 0.32 me/kg. X5 T AW AR e Ay ¢ RERT B¢, R BRI ok, i RASLAS by e REA T
EEBRIBAL(IX-26 , g5 Sl & A BRA R])  BROBFHE N 1:20, 8247 5 min [A]8K 5 min, B 1k i B 5 &
HEM RIS 1847 2 h s BV AT AT R AOR A e . HR ik 1.

R1 AREBEYRBEAKREYRFTDEE
Tab.1 Nutrient content of different types of biochar and nano biochar

R /(g AP/ Ak 8/ A AL/

;Ef:i pH kg (grkg) (mgekg)  (mgekg®)  (mg-kg™) 77(:1/1%
Total N SOC Available N Available P Available K

K # Wood biochar 7.90 7.35 501.48 69.07 74.46 190.65 14
YK AH Nano wood biochar 7.30 7.75 522.16 70.35 84.25 193.75 17

#77% Bamboo biochar 8.55 4.39 800.50 45.03 98.69 144.55 6
YK AT H% Nano bamboo biochar 9.13 4.10 790.85 40.95 98.23 146.35

FEFF 5% Straw biochar 8.67 2.58 573.33 46.43 115.93 203.75 30
YK AEFF S Nano straw biochar 9.35 2.61 576.63 48.65 112.20 197.40 23

1.2 RIiEit

FHENRE SR, R T AR (1) CK: TeAEY B¢ ; (2OMB: K7k 5 (3)ZB: 15 5 (4)IB: R FF ¢ 5 (5)
NMB : K AR 5 (6)NZB : GKAT 5 5 (T)NIB  GOKRFEFF ¢, BB PR 3AEE . FREL200 gid 2 mm B
AT 48F 250 mL BT FEAE P Ab B rh 253 5T 4.0 g AW (P T HIE T 2%) . 25 ClHIR
KR 8 . AEREFRD Gl A PR E LR AR A S KR AR .
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AT LR IEMR (SEMD) 2R T A4 5 43 H 45 (Nova™ NanoSEM 230; FEI Company, Hillsboro,
ARE XN, SE D) WL, B RE A 25 #4 % AR B 2T AR G35 (FTIR ) (Nicolet iS5, Thermo Fisher Scientific , 3¢
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(SHIMADZU, HA) I ; +- 4585 AL A HLIk (EOC) >R FH 333 mmol/L KMnO4 58 AL 75 I 22 5 4= 49 ik A AL
e (POC) R IR I %, i 48 5 o/ L 7S Il W4k 43 150, 65 FH o BE Ak E T 2R 0 IO
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VKAE , FH 20 mL = 467K 5 Ve R4 138, =35 20 min, B0, BIE VR . TR RAS 755 — R BUS In A
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Fig.1 SEM diagram of different types of biochar and nano biochar

M ST EL AN SOE T (FTIR ) I (37 | U 5 ok S W - S8 HIL I A) ‘1 RE AT 28540 22 530 N[l

SR W) e 2T AT B R AE DA A 2 IO [R] (T 2a) , ELARR A1 I P R A 3 38 A7 A — o 110 22 5, el M iy 3
a b
O-H 0=C=0 c=C C-0 C-Cl

O-H 0=C=0 Cc=C -0

NJB

B :
W o
C-Br

"‘\N\/"—v—“—\/‘f\pw “"‘W—VW

500

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000
F¥/em™ Wave number F¥/em™ Wave number

a: RUEEYI D b PR A e o TBREFEA s MB AR ; ZB A 3¢ s NIB : JUKFEFF5¢ s NMB : YK AR s NZB : KA %
a:non—modified biochar;b: Nano modified biochar. JB: Straw biochar; MB: Wood biochar; ZB: Bamboo biochar; NJB: Nano

straw biochar ; NMB : Nano biochar ; NZB : Nano bamboo biochar.
2 AR B AR S A ) i 9 FTIR 430t

Fig.2  FTIR images of biochar and nano modified biochar
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Tab.2 Displays the soil pH and organic carbon content under various nanobiochar applications

e YR IR AT ML/ Gy BACAT LR/ OB A B/
Treatment pH (g-kg™) (mg-kg™) <g'kgil) (g-kg™)
SOC DOC EOC POC
Xt i# CK 4.50c 11.54e 31.82€ 3.95¢ 1.87¢
K% MB 4.68bc 19.80d 43.73d 4.50b 3.12d
YK A 5 NMB 4.95ab 19.93d 57.43c¢ 4.83a 3.72¢
5% 7B 491ab 26.71b 50.27cd 4.35h 3.56¢
YK AT B NZB 4.64bc 31.71a 54.13¢ 4.46b 4.04b
F&#F ¢ 1B 4.81be 22.99¢ 67.15b 4.41b 4.33h
PAKFEFF B NIB 5.18a 25.73b 78.60a 4.89a 5.12a

ARG TR A AL BRI P<0.05 7KF L AFAF i F 22 5

Different lowercase letters represent significant differences between treatments at the P<5% level.
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WX LS RE T 55 o S I AE ) 1 e BCPE A ) e 340 AT A A 4 T S8 48 A AT O D 2 A e Ak ok B A5, DA
980/ - g v i i 4 A A AUk (81 3) o it fin A= ) e A B A A A% 4 v IR A8 4R % 1, Hirh NMB
AR FRFN MB Ab PR i A4 1 e dn e AL T CK R T 23.33% M126.67% . 45 ] 3840 A B 7E AN Rl A= W o
ARHT R E/MK IR A CK . MB \NMB . ZB \JB \NZB F1 NJB, H:H L NJB Zb B R e i 38 SR de LR, 5 CK
AH B 25 FEAIK 59.09% (P<0.05) , FEAS [RI PR 28 A= Wy e b B epr | DA AT 6 55 42 Jd T B (R de e s ml 3 i
HRTEA R LR Wy 5 A BR i R E/ MR CK L JB . ZB \NZB .NMB . MB #I NJB, NJB 4b B 5 CK A [t 5l 3 [
KT 48% . AN KEAUH:JG 1 A= 1 o 5 A A0 A= 1 e A L, JHE - 398 ] S8 J8 A B T 3 R A B S AR A T T B
Horb ] A2 #2547 NMB UNZB . NJB 43 5l F B T 13.33%.23.08% .25% , W] 3R R 254843 9 T B T 10.53% .
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Fig.3 Effects of different types of nanobiochar on the forms of heavy metal Cadmium in soil
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Fig.4  Shows the influence of various types of nano—biochar on the proportion of Cadmium forms in soil
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Fig.5 Correlation between soil organic carbon and cadmium forms under the addition of Biochar
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