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Immobilization of As and Pb in Contaminated Soil Using Bead Type
Amendment Prepared by Iron Nanoparticles Impregnated Biochar
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(Iron Nano—Particles Impregnated BioChar/bead)S A %35}k #Hl24] vlo] @ ujAS Fe(Il) -8-2Hx}b
A 8 -2 Wil o] F 248 7] AH INPBCE AH|Z=319th INPBC/beads YA |01 E 2] cross—
linking §H-3-& B8 A% a}glt}, A|%3F INPBC/bead?] E4S B7}517] 9)8f FT-IR, XRD, BET H| &%
W7 SEM-EDS £418 A5t £4 371 A1t )12} 27]7F 1-4 mm©] INPBC/bead:= o8] Aba
i W75 EAeh 2O A4S Fes0,8] A2 ZRIE ST}, INPBC/bead® 452 B7Fst
7] 1ol HgAE 1 2ol A ZfFIet v F Fad 0 H EYE ol&sto] s A AAISH 45
Sk Hjoko] TaE * Al EYE dO 2 TCLP, SPLP A& A A3 3] 28 H]&o]
715kl wheh ¢HE3) aE-e wokAl= AR 2RlESieh SPLP Al A3}, INPBC/bead 5%%] H]4: ot
3}t 382 81.56%0H F9 Aol =7t A=A vRte g AgE e}, 4719 2aE FH6kE
o INPBC/bead+= B4 % H|40F Holl thgt 3L AalE FAlof| BH6kal EoFe| pH H3tE Y077
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Abstract: In this work, Iron Nano-Particles Impregnated BioChar/bead (INPBC/bead) soil
amendment was developed to increase biochar’s reactivity to As in soil and preventing possible
wind loss. Prior to preparation of INPBC/bead, INPBC was produced utilizing lignocellulosic
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biomass and Fe(III) solution in a hydrothermal method, followed by a calcination process. Then, the
bead type amendment, INPBC /bead was produced by cross-linking reaction of alginate with INPBC.
FT-IR, XRD, BET, and SEM-EDS analyses were utilized to characterize the as-synthesised materials.
The particle size range of INPBC/bead was 1-4 mm, and different oxygen-containing functional

groups and Fe,O, crystalline phase were produced on the surface of INPBC/bead, according to the

characterization results. The soil cultivation test was carried out in order to assess the stabilization

performance of INPBC/bead utilizing As and Pb-contaminated soil obtained from an abandoned

mining location in South Korea. After 4 weeks of culture, TCLP and SPLP extraction tests were

performed to assess the stabilization efficacy of the amendment. The TCLP and SPLP findings

revealed that raising the application ratio improved stabilizing efficiency. The As stabilization
efficiency was determined to be 81.56 % based on SPLP test findings for a 5% in (w /w) INPBC /bead
treatment, and the content of Pb in extracts was reduced to the limit of detection. According to the

findings of this study, INPBC/bead that can maintain pH of origin soil and minimize wind loss

might be a potential amendment for soil polluted with As and heavy metals.

Keywords : biochar, multi-contaminated soil, stabilization, iron nanopaticles, alginate bead
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Hjo] @ 2h= =2 pH, CEC (Cation Exchange
Capacity, ol 1gh &), FHe Al o T
7)9}k ¥ FH A (specific surface area)S B854 9)
7] ol oA f7lE 9 Fase aAoR
A 4= glom B4R Eejakehd S4e T4
Hok ofl el @ HESF AL A FE&2
A A2 4= QlthLehmann et al, 2011; Enaim
al, 2020), vpo] @ xh= theFst A el Hal
oA A7 wfzZol Hio] e 4keF Fa47He
TAEE Yo7 Hpo] 228 E4(pH, who]A®
7|8 %, H3EHA, &4 7] (active functional
groups) ¥ 7|95 §)°] Z7] thErh(He et al,
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FHF(electrostatic interaction), ¥ 2FsH(surface
complexation) 3 3 (precipitation) 7 & 5
& 04 EFY fJali= A7t 712kl Sa3t AT
Y3t (Wang et al. 2019).

Shd Hio]l e xo] B 482 Eofo] oY AHE
& 7T A 08 HuEg oL} Hlo] .3} g
thet Algh w3 Harwar qlok, 9 FH Q) Hiol

LAhs Wert @7 v Eofol #-8-ste Aol
A 235 AT 53] 71AE ARgst B
o &5k ) B2 2xlo] BYAZITH(Chia et al.

2015). IBI (International Biochar Initiative)2] X
aLof wp2 1 A& (fast pyrolysis)ste] Al
UAFE o] FojZl vo] @ 445 E ool A-8-5}= 2o
A vigol oJgt f-A o] WhAgsk=T, 2%7F AT
(spreader)ol BAsk= T4l FAIE|L 3%7t A
& FA7A olFstz Aol A AR 25%7F H
A= oA A E o] F °oF 30%7F FAE 4 3
thal sRgltHMajor 2010), ©]9F BlEe] H|4: 29 &
%o H& flal vio] a7t A8H Bl A Hiol
oxpo] E4or Qe Al Ayt Rkt
(Vinthange et al. 2016; Gregory et al, 2015). B}
ol @2} A-g-u} A& vlgol wE ESF pHO| e
Hpo] @ 2} 21-g-0] AdubAel avte d#A e, B
& pHO| 52 o] eap7F S B S04 &
SHAS a7 o] 2 QIS B 7] A g H]
aof tiet F&F Ase A7) B4 o] 34
Z7MA1Z1tk(Liang et al. 2006).
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Hpo] @210] A2 sl 7% AFA] QI Hi

[ =3 —
A Aoy A2 hes 33U A4 A9

O 7 WP FARES AFskal e et e
33] At 179 Fet 4 & AdE et HE
A& ol-&sto] INPBCE A|£8H= -2 Figure 1
I+ ZTH(Choi et al. 2020). A= HEAE 0.25
M Fe(NOy); &8} 1:10(w/w) H- &= A7 Zot &
e}t & teflon—sealed stainless steel autoclave
oA 220°C, 3AIZF =70l #EHES- skl 2
HHE-0] A ool Al Akl 2o Hxst
UL}, 0% olF FHEI AE7IE o]&ste] 600°Ce]
A IAZE 52 i*éﬁ}%"iq o]% % TE °o]&5}o]
33] M AstaL 4
INPBC=

INPBC/beadQJ Az 2 o 2 Sodium
alginate 2% -&9¢f INPBCE sodium alginate2}-2]
A HIEo] 3i1(w/w)o] Hes FYskaL 1A 53t
Z3lelgith, INPBCY} sodium alginate £8-&2 4
&F H39} bead makerE ©|-&stod 0.25 M CaCl, &
Hol ok -4 HoJA| =5 5tof gel FEO| bead”}

Biomass and
Fe(lll) nitrate
solution mixture

Pruning residues

Hydrothermal
reaction
(220°C, 3h)

(1:10 w/w)

!

Calcination
(600°C, N2
atmosphere, 1h)

INPBC

After hydrothermal
reaction

Figure 1. Procedure for the preparation of INPBC.
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BHEES stk 0% FRSF ol8sle] 33 4
H5}7 9 80°ColA 24417k 53t 7 Z310] INPBCE
$Hgatodet. INPBC/bead S g3kt

2. INPBC/bead EMT7}

FT-IR (Fourier Transform Infrared Spectrometer,
Cary 610 Agilent)?} XRD (X—ray Diffractometer, D8
Discover, Bruker AXS)7} Z¥Z} A28t INPBC/bead
ol W71k A B4 98 ALSESIc ASAP
2420 (Micromeritics)= BET (Brunauer Emmett
Teller) B U1} 7|5 7] E4of AREE S
HYSHA] ] A e fdAl 2719 A8 & eHg s}
Aol i S dotr 7] 93l SEM (Scanning
Electron microscope) £412 7+zF JSM—-7800F
(JEOL)& ol-g-8tof Adaystaict,

3. EY A= 25
2 Aol A ARE LAEGS H1FA S3FAtl

A AFHE Aolch, SFARE A T A4 A
of Y8l 9lom 19164 Hure Ajzto g & o
T2 T& AAks] flal 7hsEdlom dRE A
ggloy FER A7, A 5oz ¢ls) 1 FH A
£A2l % oH7} H“ﬁﬂ‘”ﬁ} S B FE(~15

Table 10 715}t 24 Eoko] EALS AlokE
(clay loam)o] 1.2 pH: 6.6, CEC= 14.7 cmol./
kg2 SHelE|glch, Hjaoh {of i 247k 3237,
776.2 mg/kg® I 149 9] tf) 7|2& Z7}5t0]
SR Eoke E3to HmoFl Ao g Sl i,

4. EY HiS &

INPBC/bead®] B 5 vt 5459 HAst
A5 B SIs) S8A B WeFaES AN
stk woF AR e et 2o e @RS

300g¥ B FA| tiH] 2.5, 5%(w/w) INPBC/bead
g RUoA B FR4Z BYY PHEE
30%7} HE2 24519t} orAs} Aew Eoke
ABE PTHORE SANT AL F YRANA 4F
5t wepsigiet,

HjoFo] F2H 5 INPBC/bead®] EYF 5 H]4 U
wo] bgs} aakE wetaly] $1aiA] TCLP (Toxicity
Characteristics Leaching Procedure, USEPA 1311),
SPLP (Synthetic Precipitation Leaaching Procedure,
USEPA 1312)& AH&-sH3iTh. ﬁ**l@iﬂ R

1S Table 20] #7]8H0tE 82 AJE o]% &2
= 2349 =5 [CP-O0ES (Inductively Coupled

Plasma Optical Emission Spectroscopy) (Optima

Z0] o} - =
48 o s ]— = Oo L] 7300DV, Perkinelmer)E o]-&3dlo] EA45}%i T}
37 O A5} & sz A=L 2 _ B ] L
T]:( s A e ]T}flm , ]"*MM SRR 2bge AEd o vie 9 W 9ys age
A3 5 24 g g5 B & - -
T n A BT T o) A o) §5909] SEE ogtel ARt
e BT HAE7IENIER 2018)3 Ef2}et
EAH(NAAS 2010)0] w2} 245190 1 23S Stabilization efficiency(%) G (C )C) x 100 (1)
Table 1. Physical and chemical properties of contaminated soil
Soil textur Bulk density . CEC Exchangeable cation (cmol /kg) As Pb
oil texture
(g/em) P (cmolerkg) [ Ca Mg K (mgkg) | (mgke)
Clay loam 0.92 6.6 14.7 9.71 1.03 1.93 323.7 776.2
Table 2. Purposes and procedure of extraction methods
Method TCLP SPLP
Purpose EPA hazardous waste decision Soil, waste water elution ability evaluation
Extractant (pH) 0.1M glacial acetic acid (2.88) Diluted H2SO4+HNO3 (3:2)(4.2)
Soil solution ratio 1:20 1:20
Extraction condition 30 rpm, 16 h rotating at room temperature 30 rpm, 16 h rotating at room temperature
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1. INPBC2| EM

INPBC/bead?®] FT-IR spectras Figure 29|
e 2t Wavenumber 3330 cm ' F22] Zo]
Y2 13+= carboxyl acid O—H¢} phenolic —OH
1%, aromatic C-H 152 YelHTH(Mandal et
al. 2020). T3t ~1600, 1000 cm ™ F-Loj| 4] A
1 3= 7F7} carboxyl groupd} C—O esterS e}
WHeh(Lyu et al, 2017), E3F 555 cm ™ oA §
A% 1A= Fe—029F 22 A AlekE9 ZFe o3t
Aog dHA rf(Mandal et al. 2020). wehA
INPBC/bead= FHf= o] At4 o #5719

-OH RC(-0)=0 C-OFe-

Transmittance (a.u.)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 2. FT-IR spectral analysis of INPBC/bead.
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Figure 3. XRD patterns of INPBC and INPBC/bead.
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Figure 31} 0] XRD patterns A X H, INPBC
9} INPBC/bead= 2-Theta 26.6° S--ojl A 73¢ 1
35 BY+=g), o]= graphite planeS 9Ju|stil &
AA ol LA F gk F27F o 9 a4 3o
A WEE Q] 7] o th(Nelli et al, 2018), INPBC
o] 7%= 9-Theta 44,63} 65,0° FLo) A Fe'o] 2
e U= 927k 2RIESITE o]« Fe(l)7F
INPBC A& I ofA] Fe'® #ighe 2 oju]s}r]
1 AL th2 3} At (Pardhan et al, 2013, Trevor
et al, 2009, Wu et al. 2015).

(WU

Fe(NO), + 6,0 — Fe(H,0)¥ +3NO;  (2)

Fe(H,0)¥" — FeOOH,, + 3H" +4H,0 (3

FeOOH + H,0 +3H' + Fe** + 3H,0 4)
2Fe +3H,0 — Fe,Oy,y + 6H' (3)
6F6203(S) + C(‘) — 4Fe304(_‘,> + C02(E) (6)

%+ INPBC/bead+= 2—Theta 35.9, 43.2, 57.0,
62.6" F-Lol A Fes0.8] AAAS 9nlst= 737}
gholE]gl=t|, o] INPBC/bead®] A% 4 Z
INPBC 3#H2| Fe'7} =0l A Akt=] 91 7] wj<l A
© 2 At Th(Liu et al, 2017).

INPBC/bead= LA|H|O|EE 0|83} H|=310] 4
32 - FEE 712 9101 Table 37 o] A}
9] A7) A 24 A1} 1-4 mm Abo]}l Ao & e
o gf 2R A= 1,00-2.00 mme| I71E

Table 3. Size distribution of INPBC/bead

>4.00 mm |4.00-2.00 mm |2.00-1.00 mm | <I1.00 mm
0.00% 8.45% 91.55% 0%

Table 4. BET surface area, t-plot pore volume and average
pore width of INPBC/bead

BET surface | t-plot pore Average
area volume pore width
(m/g) (cm/g) (nm)
INPBC 3224 0.11 333
INPBC/bead 82.4 0.03 4.02
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Figure 4. SEM image of INPBC/bead;

(a) x 35, (b) x 6,000,

MR Ao 2 3olE it INPBC} INPBC/bead
o] 71554 Hlwstelen) A1E Table 40| Wet
Witk INPBC/bead®] H]EH A2 82,4 m*/go =
I FH 9] INPBC(322.4 m*/g) Rt} HE FH =
NAEEA 7N o)l Hrf vz A o] oF 3 9ulf v
oAl= AL E YEkith

Figure 4+ INPBC/bead®] SEM o] u] %] o]
Figure 4(a)2} (b)ol Al =13 4= gl%o] INPBCS}
T3ty &R Y ol E 9 cross—linking ¥ A3}
(gelation)o]l &Jal| H|=9] FEfE o] FaL glom FH
o] YA|H|o|E Aof EeiitoiZ] FEE M= A
2 PR}, E3F Figure 4(c)9F #ro] INPBC/
bead EHoll= 100 nme] & YR} #R5HA B
wo] Q= AC R LEpT

Al A o BT INPBC/bead 2F43HA,
INPBC/bead® 2.5, 5% 443t EoFo] 43 pH,
CECE Table 5l #7|5}3ict, b3}t 2] & B
o] pHE 6.64-6.73 2.2 ] A Eok2] pH(6.62)
of w4l =A S} A oEkT), o]+= INPBC/bead
&) F/doll 7V7ke pH(7.16) WE o2, P3| 28
Hl& Z7tol w2 pH Aol ShelefA] ohglt, =3t
oty sl A2 & EoFo| pHE ZEduistlo] =
W FEFoA] AJAISH= A4 EoF pHRI 6-73F &
dat= g B9k CECY 49 b3t A= &
24.86—27.93 cmol./kg 0.2 FA3}F 2] A(14.73
cmol/kg)oll vlsl F7Fsk= AaE 2t o] =gt
FA2 INPBC/beads w2 W3 24(239.65
cmolo/kg)e 7HAL Qlom, o] 2 Ql3f eHy3} A e

Table 5. pH and CEC of contaminated soil, INPBC/bead and treated soil after 4 weeks

i CEC Exchangeable cation (cmolc/kg)
Conditions pH
(cmole/kg) Ca2+ Mg2+ K+
Contaminated soil 6.62 14.73 9.71 1.03 1.93
INPBC/bead 7.16 250.35 239.65 1.20 2.04
INPBC/bead 2.5% 6.64 24.86 Pl 1 ], 1.12 2.29
INPBC/bead 5% 6.73 2793 24.23 0.92 2.29
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Figure 5. TCLP extractable As, Pb concentration and
stabilization efficiency of INPBC/bead (a) As,
(b) Pb (I/B=INPBC/bead).
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(iron oxide, goethite, magnetite) 3 ol A]
o] Fe—As—O FEj <] 233 F4dshH 1 7]
ol o} Zth(Dixit et al. 2003; Vinthange et
).

Biochar = FeOH, + AsO3,,, + 3H,, <
= FeHzASOj;(J) + H20<1> (7)
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Biochar = FeOH,,, + AsO%,,, + 2H,, <
= FEHASOE(_‘,) + HzO(]) (8)

Biochar = FeOH,, + AsOiy + 3H,, <
= FeHzASO4(S) + HQO([) (9)

Biochar = FeOH,,, + AsO%,,, + 2H,, <

Biochar = FeOH,) + AsOj,, + H,, <
= FedsO%, + H,0,, (11)

o] o4 3H= INPBC/bead BHE] 72 EAI TS
(~COOH) ¥ o] =54 15(-OH) ¥} 22 Ak4 3
F s 7ol o5t S]] 7191 Ao ' sy o]
&gt 71212 4] 12, 1337 ZtHCao et al. 2009; Lu
et al, 2012), E3F INPBC/bead?] =& wshy 24
of gFo = st A2l 3 B CEC7F 57ket A
& nEEtS o o] we w3k IAEtlE Ao R

RaEl=g
— COOH + M + H,0 — — COOM* + H,0"  (12)

2

- OH+ M+ H,O0 —» - OM" + H,O" (13)

(3) SPLP A&
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Figure 8. SEM images and elemental mapping of INPBC/bead collected from treated soil.
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