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Abstract

In this study, chemically modified biochar (NSBP500, KSBP500, OSBP500) derived from starfish was utilized
to improve the adsorption ability of the SBPS500 (Starfish Biochar Pyrolyzed at 500°C) in a solution
contaminated with heavy metals. According to the biochar modification performance evaluation batch tests, the
removal rate and adsorption amount of NSBP500 increased 1.4 times for Cu, 1.5 times for Cd, and 1.2 times
for Zn as compared to the control sample SBP500. In addition, the removal rate and adsorption amount of
KSBP500 increased 2 times for Cu, 1.8 times for Cd, and 1.2 times for Zn. The removal rate and adsorption
amount of OSBP500 increased 5.8 times for Cu. The FT-IR analysis confirmed the changes in the generation
and movement of new functional groups after adsorption. SEM analysis confirmed Cu in KSBP500 was in the
form of Cu(OH), and resembled the structure of nanowires. The Cd in KSBP500 was densely covered in
cubic form of Cd(OH),. Lead(Pb) was in the form of Pbs(OH),(COs), in a hexagonal atomic layer structure in
NSBP500. In addition, it was observed that Zn was randomly covered with Zns(COs),(OH)s pieces which
resembled plates in KSBP500. Therefore, this study confirmed that biochar removal efficiency was improved
through a chemical modification treatment. Accordingly, adsorption and precipitation were found to be the
complex mechanisms behind the improved removal efficiency in the biochar. This was accomplished by
electrostatic interactions between the biochar and heavy metals and ion exchange with Ca®'.
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1. Introduction

df APEeR Qe olHA e v FEEA=
AejA B3 A A7 AFE 2HdTh 59 FFH
o= d% 2 292 B, 55 7he, v @9 A
S 994 5oz S AHEHY LYol HE T
7hotal e Aot TF&2 AEAgol jlof A=
Y A A&HH o FH o] Azt Al g A3t Fof
£ 4o 5 o] HE3 ATt Basn. oI FFE
A 72 FF2 g, 284, FH F49 9F 4 A&
4 &9 =49 dolA B 71edt vl A =2 A aeFH
vl go] AgstH, 2F A 74 2 &7 A2 ZHol A+

(Feng et al., 2011; Ngah and Hanafiah, 2008).

FAe 83 FAAL HYshs Aol Fast, 53 §
ol 9FE 712 F e FFAY EH 54, 2 59,
Mg 5 3t Aol Zastth ol FAAY EW 54
2 ARNA A GRE Fol7] 9% FHOE 2L A
U, gart FEE vo] A2 Alxste 59 B2 ATt

o

] 7012 3 QA ThHAziz et al., 2008: Danish et al., 2011; Tizo
al,, 2018). &3], 71& &A1Y &3 57L& MAAI7

aQ
—

A9 wdow FAAe) wWE BAA, 334 % AEGR
Aol EAGH 1 5 224 YL oW 59 23 A%}

He
PHoE B 9y, k2 o

glol EWE AL & At

37 848, solazsloln Se) Wyl glom, AAH
Aol Agolth. Shoba Wge 2H47] AP g ol gstel EH
2 AFNAG B G A S o) Bwe) 3, B9,
287, gole WH 5L FPAL Ak wolh. of
Z 593 Pel A el 97 Aels Tbg B9 A8EE
3| H

CEC 5 &7t &34 Aoz &#A thCheng et al,

2021; Panahi et al., 2020). &3] 2t X2 S&A| 2] W

24 9 Carboxyl group 2712 EWd] SH5S Z7HAA

FAst & Aol aRHelH, &7 A= graphite C,
o]

g
aromatic (hydroxyl group) &7 S7F2 <l 4 A7)
9, 71— Z5%E, 2 I = ¥4 593E IV
A LEEE A E3FA A &#H A ATHCheng et
al., 2021; Panahi et al., 2020). 2 EJdAE= 2 AY=
H,S0,, H;PO,, HCI, HNO; ¥ Citric acid(Chen et al., 2003;
Zhu et al., 2008), ¢Z] A2 & KOH$ NaOH 5°] A&
31 Q) O H(An et al.,, 2019; Ding et al., 2016; Li et al., 2018),
KMnO,, @8b7 28 2492 283 A2 AT £
P =3 A THAnN et al., 2019; Chen et al., 2003). Wang et al.
(2014) 2 Zhu et al. (2008) 4A@] & FT-IR £4& 54
Carboxyl group®] Z7}slR L, ol && 58 E3 =78}
Aok BustRom, Li et al. (2018)2 ¢z A
Hydroxyl group &7F} meso/micropore F3]7} 571514
HBA718 9 7—7 45FE 55 FF AAUEL=E
g v Qirh olof] wet AHG AAAE AHEFOEA
A9 FF 58 2 S5 AdE aRHer FAL

o b

[e)
As A

o

2 gddth

A FHAARA Eeto] F2 EEHIAL oY A5 B
77 0] °F 12,0009/kg - E(Lee et al., 2021), & H]-& &)
2 Q& it Hgell A ZF ATKGil et al., 2020; Park et
al,, 2018). ololl FZ AFAES HAT W FAAZ 54,
A " oY T TEE ZopllA B skE HALA e
25 E Fo]a 9 tiFeng et al., 2011; Moon et al., 2013;
Ngah et al., 2008; Panahi et al., 2020; Zhu et al., 2008).

AAAAL L FAY ZHANA v go] P ABkL A%
Hoz WPl F75a 9 FAZ, WOz 44 B8
o] 7}&3Fek(Li et al., 2017; Ngah et al., 2008; Panahi et al.,
2020). =5 W] T TFXolH, FF ¥ = F
A= g 2Hg7)(Carboxyl, Hydroxyl 5)& Edstar Q)
o FF& A FAAREA &&o] 7bestH, v HF
2 H7E A SHANE &7 FFE Y F Uve X
o] AtkDai et al., 2018).

Il % 200 FC] AAEL e G ANBEY &
7 E EAY 9 e Hagow Qs Al Isl
£ 1, A B2 oHes A2 deH S AuA 3
e Jd& & = AtKLee and Yim, 2014; Park et al.,
2018). olell, B7tAte] A E AT gt A77F 2o A
L2 BHoln, @A BrAE ¢ #EFd ATEE 09 EG &
A 3}A(Moon et al., 2018), A3 E L7 (Moon et al., 2014)
9 BV &A1 Al A (Lee and Yim, 2014) 59|
AT 28U, B/ AAE FEAR €8 AT e
o) F53 Aot

B AFor &8t 8 BRI (Asterina pectinifera, AP)
o] AP ATFZE 300°C, 500°Ce] s 2= A A=
g Hlo] oA FAAR o] &std FFE AP 5¥& B
3t Agteto] &z 3tH(Jang et al., 2021; Jeon et al., 2020). £
ATl M= 500°CY] 2=A AxT B E7HAH] Hlo] @3¢
(Starfish Biochar Pyrolyzed at 500°C, SBP500)E SBP500<]
a5 A 58S A7 98 s s S8 A
At o] F MA A T W WS} v L9} Batch test
£ 5% F55 A" 58 MY 75 g8 eH, SEM,
FT-IR 24& &3 Ad WAUEE TEsAt

2

2. Materials and Methods

2.1 Production of adsorbents

2 ATolA FHAR AMES E BV E dggE o
Al QIZ wgt7tol A A st 52+ &4 39 B¢ AF
st Az & o]F YA7]E #10 mesh (2 mm) ©|5}<]
az|g2 Btk o] F Hlojeat AxE A FHE 24
7] Z(Furnace, Scien Tec Co.)E AFE3te] HFF o AP
g 92 =Y E 2o Y2 T uR 4FE 1x10° torr 0|3}
2 238ty B4 248 24P olF §F 100 cof
min £ASF o2 JFAE FHEUHA 2 2% 7°C/
mino| A 500°C7HA] =@AIA 2412 B¢ #4138 APE &
A A o)F &7 Ao ojd A A &
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AW AL o]E SBP500 (Starfish Biochar Pyrolyzed at 500
°C)e2 Fystarh SBP5002 ol ol vlAAlo e B
sto] A3 dimitk AR o] AHESHATH

ol F Fa& A 59 MAdES f SBP500S S5+ W
Hol 4-g47) A A2 E A8l IMY NaOH, KOH, Oxalic
acid §9& A =3t 3719 300 mL 4ZE2k22=0 SBP500
3 Z+ Aj2 &9 nguE 11022 Fto] Frtegdn olF
gatggor dEste QFH ol el 20°C, 150 rpmE 24
2t o F AH7)E AHES AFSIASH, 50 mL
UZ FH &4 o} Edo A=5A B2 72 &9
A E f& SRR 3 AFSAT Az 75°CHA 3
59 AZAIHLH o]F ZF NSBP500(NaOH), KSBP500(KOH),
OSBP500(Oxalic acid)2.2 FEatdth o]F Eo Fo} w4
Aolel] Bt AE wfuict Ao ARSI T

2.2 Characterization of adsorbents

EFAY 29 FH #FE 9 FE-SEM (HITACHI, S-
4800) £A T FH EAste 9449 7Y #EE 99 EDX
(HORIBA, ISIS310) ¥4 & F3stioH, 349 &S
9 dstE FH FZEES 9151 XRD (Malvern panalytical,
X’pert3 MRD) 2 XRF (Thermo Fisher, ZSX Primus) ¥4 &
AFstAh = F2A EAHY ZE7] #FE 99 FT-IR
(Thermo Fisher, Nicolet 6700) £43} C, H, O, N, S¢] &
S Felsly] 93 Y284 7](Thermofinnigan, FlashEA112)
A4 9 g9 EAste F59Y HIEHFHL BET £47]

(MicrotracBEL corp, BELSORP-mini II)Z & 3}%t}.

2.3 Batch test
5% AP E H7H87] 98] Cu, Cd, Pb, Zne @ AF

OSBPS00 1 T
q‘““‘—*—___Jl—)_.u
w

#
KSBF500 J

NSBPS00
‘H"“—\—\_

Intensity (a,u.)

SBPS00 ‘

AP
\_‘_\_‘_\_i‘—-—\_i

H5E A=A 22 Pb(NOs),, Cu(NOs) 3H,0, Cd(NOs),:
4H,0, (EP, Daegung, Korea), Zn(NOs),'6H,O (GR, KANTO,
Japan)9] A|<FS AMESIATH €99 pHE 0.INS NaOH$}
HNO;E AFE3te 3.00+0.052 2A 3% thJeon et al., 2020).

o2 Ao AMEE Al 1M9 NaOH (EP, OCI,
Korea), KOH (EP, Duksan, Korea), Oxalic acid (GR, Samchun,
Korea) A& AM8E 9t MR A £ $3F% A 5
< "2 A 449 55 F5= 100 mg/LE A5t
Roem, pHE 3.00£0.0502 FEsto] A Z53Th 300 mL
AzZeglx=d] 7 AP, SBP500, NSBP500, KSBP500,
OSBP500 g 3% 89 100 mLE A7IStAeh o1& 3
FLFo2Z T2 T incubatorel] 20°CAlA] 150 rppm 22 24A]
7+ ¢k wuksl ti(Jang et al., 2021). °]%F AN EF F o
Hetgom, 045 yme] AAA HE|2 HEY £ ICP- OES
(Pekin Elmer, DV-5700)2.2 2439t o]F 4 ()& A&
st} AAY 2 FAFS Atk

-~ (G=C)xV
S (D

714, VE £ BE(L), ML 249 e < 9Jnlgch
3. Results and Discussion

3.1 Characterization of adsorbents

Fig. 1& AP, SBP500, NSBP500, KSBP500, OSBP5002]
XRD £4 Z3}o]th AP+ Calcite peak®] I peak o2 2T
92 SBP5002 Calcite peak ©]9]el Portlandite peak, Lime
peako] F7HH o2 AHH AL FAATE =T NSBP500

@ 00-043-0697 > Calcite - (Ca,Mg)CO4

W 00-037-1497 > Lime - Ca0

<> 00-036-0426 > Dolomite = CaMa(COs)s
37 00-004-0733 > Portlandite - CalOH),

O 00-020-0231 > Whewellite — C,Ca0,H0

v f‘(—_.'\_ﬁ_f\_.“_)'\_._»"\./’\._,\_._ﬁ/\_ﬂ_
S A W S

A ~.—.-J| \ﬂ,n_._/"t.,_f‘v.\_j\\._f \-_.-}]\\"‘Lrg___,—./\__/\—

[ ™9
® o

[ ]
.'l__ . JL_ T_Jh;,l.llg_ﬂl\uh;

— e A

26 (Degree)

Fig. 1. XRD patterns for SBP500, NSBP500, KSBP500 and OSBP500.
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oA+ Dolomite peak, KSBP500+<> Portlandite peak, Dolomite
peake] FZEFH O™, OSBP500°14+= Whewellite peak©]
FZH AT Qiu et al. 2021)2 SFA ] FE A E(Mineral
component)< FF&#9 ¥Hg Al A-ESHComplexation) &
F3(Co-precipitation) & &3l F5& A 58 T
3 B¢l o] NSBP500, KSBP500, OSBP5009] 57}
g peakES 3l & A S v MAAE 5 s
ZAoE AgE AT

AP} SBP5009] F7148HE JEHE 9<tetr] e XRF £
A Z3E Table 191 UERA At AP9F SBP500 CaO7} 5
2 23S glstAa o, AP 86%o1A41 SBPS00°] 87.2%
2 ZUke Aoz Hol g8 # Bt AstE FEHQI Ca
E A E9 &A= QI3 Ca0 FFo] F7Hs Aoz

i,

A

£ N

9t}
AP$} SBP5009] €

2824 A= Table 201 Yehf it
83 & SBP500Y +S5E2

X
EL 66.5%2 #AsF I, 8

Table 1. Major chemical composition of AP and SBP500

Proportion (%)

Compound
AP SBP500

CaO 86.0 87.2
MgO 7.24 8.50
SO3 2.68 0.21
Na20 1.37 0.42
Cl 0.84 0.39
P205 0.58 1.30
SrO 0.43 0.40
Si02 031 0.16
K20 0.17 0.88
Al203 0.14 0.05
W03 0.03 0.12
MnO 0.02 0.02

Table 2. Physicochemical properties of AP and SBP500

Parameters Unit AP SBP500
Yield wt (%) - 66.46
Moisture “ 2 0.4
Mobile matter «“ 23.03 0.47
Ash «“ 40.37 15.8
pH (1:10) «“ 7.41 12.6
C wt (%) 18.07 14.38
H «“ 1.76 0.43
(0) «“ 77.94 84.27
N «“ 223 0.91
S “ - -
H/C «“ 0.1 0.03
o/C «“ 431 5.86
N/C «“ 0.12 0.06

2% A 0.4%= Fohdte A B4t £58 749
Z Sl 3R S 23.03%0014 0.47%=2 ZAsH
BT 40.37%0 A 15.8%=2 743 Th o2
R HY F F1Y g5 A8, ALE SFEY
S 2 3y EE 9 &4 o9 Aoz dHA Ut
(Jeon et al., 2020; Lim et al., 2014; Novak et al., 2009).
St Hlo]l e GRS EHUA BdATFHO] oAl AL
2 4HA Ao (Lim et al,, 2014), £ 9424 A7 SBP500
2 18.07%(AP)elI X 14.38% = Zaste Aoz Jelgth of
E f77 BEFEAR o]Fo]x AP7} 500°C9]) & #H3
ANA F7le4e] A g8 F71g4]l CaCOy7t CO T H
2 AHA %‘% of WE AL=Z HolH o] 77.94%0 A
84.27%= 9] 44 TF F7HE TS WA A= %E&%
SH(Jeon et al., 2020). pHE 7.4114 12,602 F7tet=
< B, ol ol 4 2)~@)F 2o, APY T8 %ﬂ
CaCOy7} &3 F31A Ca09} Ca(OH),E
A BE ¢ZEsE Aoz AgdE o :‘ifﬂ«] A
gstZ SBP500S] EH| SH3te 7R AL
=™, ol Qui et al. (2021)2 EHd &A= SAS=
Asl 5% Oliﬂr BANA Qgo g Q3 ol 3 F
g 3712 AF 58& uS AAAE F okl Baskyth

0{

M =2
XLI'

(i ¥@ Mo ol

°
=
Sl
o°
g
3

=

4
319

CaCO, + H,O— Ca** + HCO; + OH~ ®)
Ca0 + H,0 — Ca(OH), 3)
Ca(OH),— Ca*" +20H )

Fig. 2 AP(@)9} 500°CZ E&3| £ SBP500(b)S] E&°]
H, Fig. 32 AP, SBP500% 712 % NSBP500, KSBP500,
OSBP5009] SEM #4 Aot} 34 xHe 357 &9
A2 dia &9 wt Folstn, dutFog dEs 2%
7} AEdFE 57}-0]—‘“ Aoz BEIAEI 9tMoon et al.,
2018). Fig. 29} 2o], B¢E 93l %—2‘01 5130 E AP(a)
¢} 28] SBP500(b)lAM = AT F5& #FEE F AUTh
T3 7 E ZF NSBP500(c), KSBPSOO(d), OSBP500(e)9] &
A B2 AF An et al. (2020), Li et al. (2018), Shin et al.
(20151 E= A2 B3 F Edol A2 899 IFF 9 1o
o2 A% FF 4 2 AR I L= A W ¥sE
Bask v 9loy, B dFox <9l NSBP500, KSBP500,
OSBP5002 SBP5007 S¢te= vlw A 2 ¥4 Wsle ¢l
= Aoz #ZHAY

S92 Table 32 AP, SBP5003} NSBP500, KSBP500,
OSBP5009] BET £4 A¥olw Z} v gxHd, F579 9
B I35 A4 AAS AT 4 & F SBP500> AP

2ot 2+ 1034, 17490, 2,180 S71e A& RSk o=
500°Ce] &8 #g A L2 ot g3t A goz FE
&4 g2 g E2 AAZ QI8 2 U 71Fo] e
Wt Ao g2 HOItKLi et al., 2017; Lim et al., 2015). T}S2.2
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Fig. 3. SEM images of AP (a), SBP500 (b), NSBP500 (c), KSBP500 (d) and OSBP500 (e).
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Table 3. BET analysis results for AP and SBP500, NSBP500, KSBP500 and OSBP500

Specific surface area (m%/g) Total pore volume (cm’/g) Mean pore diameter (nm)
AP 0.33 0.002 19.5
SBP500 34 0.034 39.9
NSBP500 4.09 0.54 45.6
KSBP500 5.74 0.77 393
OSBP500 4.74 0.39 49.2

NSBP500, KSBP500, OSBP5002] BET £4] A3}, SBP5003%} t AFE B ol 4R B A IR 22 gh=
H| I A] NSBP500-2 1.24, 15.94], 1.1¥}, KSBP500-2 1.7H, WHEM(Lim et al., 2014; Oh and Chang, 2020), Table 2]
22.74), OSBP500-2 1.44, 11.54), 1.2v) S713 RS #2s) H/C, N/C 9]¢ ZAE 2 £ 95| o] hydroxyl,
%At} Ding et al. (2016)3} Peng et al. (2017)= 712 I Al amino group®] Z&717} A4 E ALoE #AHT

A §A9 T2 48t ol FHA Alold] tad F 92 AP M= 3,369 cm'el A B EA} Alol9] 4 sha
Zhell 71Q18cha Bk wp Qioh (Hydrogen-bridging) 2 <13t W2 O-H stretching®] YEFES
Fig. 4= AP, SBP500, NSBP500, KSBP500, OSBP5002] o (Mojet et al., 2010), 2,854~2,956 cm™ o] A= aliphatic C-H

FT-IR &4 ZAFo|t} 94 AP<} SBP5003} H]al A] APHE.TH stretching, 1,651 cm'9lA& amide C=0 stretching, 1,084
SBP5008] #&7]= AR oAU dieiAs ZeR emo A E B4E(C0N)Y EAE UEM = aryl carbonate,
FEHJY dutFR oz n2o|A ulo] etz AR Al F SBP500-2 3,643 cm™ ol A] carboxyl group2] O-H stretching©]
=, 3948 2 pH 52 3715k A 28 FE7]s 7448 YEFs TH(Inthapanya et al., 2019; Jeon et al., 2020).

AP

3BP500

o | NSEPSO0 !
% 'W"‘“‘*‘«”—h—{fﬂ“‘“
2 D | |
] D | L
= P : o
KSEPSOD | | i ¥
L s A |
P i 1
[ [l 1
[ [ i
[ [ 1
[ ] i
[ i [
b b
03BP500 | | bl
/ [l T i
b b |
[ i ] i
Vi | i |
[ i 1 i
" vy !
i aliphatic C-H ! i
vy h I
0-H 0-H : v
oeg | Carbonat
i g8 M *C‘—D
=0 = o0y C-H
4000 3300 3000 2500 2000 1300 1m0 S0

Wavenumber (o)

Fig. 4. FT-IR spectrums for AP, SBP500, NSBP500, KSBP500 and OSBP500.
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ZEHOoZ AP, SBP500, NSBP500, KSBP500, OSBP500-<
1,805 cm™ @} 1,416 cm™ oAl C=0 stretching® C-O stretching,
874 cm™ @ 715 cm™ oA C-O stretchingo] TZH At} o]
o FE7E F2 CaCOoolAN EFAH o2 Yehtes H8715
2, B3] 9 Z8IE2 2P (C0o5Y) FEY EAE E5t=
Aoz dHA AL (Peng et al., 2017; Tizo et al., 2018;
Witoon, 2011; Wu et al,, 2014) TS Cai et al. (2009)
CaC0;9 EHelE F 1080 cm™, 870 cm™, 1400 cm™, 700
em’! FZolA EFHQ "J%‘(COs ) §% bandE 7HA X
ATk RStk §2d dig F2AAY & MAYUE
% st 87199 g
2011). ol &%ﬂ%
F e F8 WAUE
caboxylic group?] Z-&7] ofzf 2 J’}
Fo]d 4 Uti(Peng et al, 2017). 222 74 NSBPSOO,
KSBP500, OSBP500°1 A= 354 2.2 3699 cm™ ol A] Hydroxyl
group¥ O-H stretching®] F7F8 22 UElEth g NSBP
5003} KSBP500°1 4 874, 714 cm™ 2] C-O stretching Z=<]
Z3= gelsky e OSBP500914 1614 cm™ ] C=C stretching,
1315 cm™ oA C-H stretching, 781 cm™'o14] C-H stretching,
661 cm' oA C-O stretching®] F7H4 22 AAE AL &l
skt

FlO 4
II.
o
o
fu
o

C—OH+ M*"+ HO— C—OM" + HO )
2C— COOH + M**— (C—C00),M + 2H" (6)

3.2 Batch tests

Fig. 5+ 712 ¥ NSBP500, KSBP500, OSBP5009] &%
Cu
90
80
70
B0
S 50
§; a0
= 50
20 )
10 .
0
SBPS00 NSBPEOD KSBPS00 OSEP500
Pb
89
89
89
88
o 83
£ 88
> 88 T
88
87
87
87

SBPEBEOD NSBFE00 KSBFBO0 OSBPEOO

a, (ma/g)

AT FHo] MAHAJEA s A& AF<t 2=, &
Zgoz el 49 23, CudlA SBP500(14.5 mg/g)¥
9] ®la A] NSBP500- 1.481(20.3 mg/g), KSBP500- 2Hj
(28.5 mg/g), OSBP500- 5.84l(84.2 mg/g) &7+t 2™, Cd
o A= SBP500(42.9 mg/g).tF NSBP5002 1.54](63.2 mg/g),
KSBP5002 1.841(75.9 mg/g), Znol A= SBP500(81.2 mg/g)
Z H]IA] NSBP5002 1.24H(93.2 mg/g), KSBP500 1.2H)
(9.3 mg/g) 71t} Feng et al. (2011)2 7H@H orange
peel FEAAE S5 AP & 247, F& 5| A
AR 7S glstden o Md F #87] 72
g 37t 2 5% Z8U199 ZdHEoE
Z-go ot 52 o] F7M AL E HIuSGrh Zhu et
al. (2008)< citric acid2 2 7}& 3 soy bean A S T35
A &8 A% 52 59 F7HE Flstdom, ol A
A T ALE 28 TE 2 AEEL F87Y ST 7]
Agte Rustyth E3FF Li et al. (2018)S KOHE 72
potato stems®} leavesE T4 Al &8¢ 27 §3 &
g F7HE lstd e ol ME T FFHEH I/t
O-H ¥ C=0 #8719 Z= 27t 2 59 S7tl 7148
Bt old et M 59 719 a1z AF
FAAY 29 Wsle] 70T F doH, B AT
NSBP500, KSBP500, OSBP5009] §54 A 539 S7He
EdFG 7t A AASHEE HIEAHE, F87], FE JE 5
712 Q3 Aoz #gdn

ol o

3.3 characteristic evaluation after batch tests

Figs. 6-9& 23 % SBP500, NSBP500, KSBP500, OSBP
5009 FAEES st FE& A F FEY] WS E &
#st7] 91§ FT-IR £4] 23 elth. 7]& Fig. 49 &FER

a0
20
70
60

50
40
30
20
p i
SBPEO0 NSBPEOD KSBPEOO OSBPEOD
Zn
100
a0
20
70
S 60
£ 50
= 40
30
20
10

SBPBOO NSBFEOO KSBFS00 OSBFEOO

Fig. 5. Heavy metal adsorption amounts for samples SBP500, NSBP500, KSBP500, and OSBP500.
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Al FEE A T e Z87] WsE #ESAT 4
SBP500° M (Fig. 6) Z+ A2l ¥ Cu, Cd, Pb, Zn AHEZ
e B 3699 cm’ ol A Hydroxyl group®] O-H stretching©)
#FFgen, 71& SBP500 AHEHNAY 2524 cm'E
C-H symmetric stretching© 2, g ¥ 2517, 2513, 2511,
2517 em' & k7o) o]Fo] ALY FE3FF 1805 cm’ Y
C=0 stretchinge 25 1797 cm'29] %7+e] o] Fo] &2
RAem, 1620 cm'olA C=C stretching®] F7}F o2 #2 5
At} 1416 cm!' oA €] C-O stretching= Z+ 1408, 1408, 1410,
1408 cm' 2 o] Fo] #AFG o iAo 2 874, 715 cm’
oAl C-O stretching®] Z=7t 4std A& #EATH
S22 NSBP500(Fig. 7)°14& 1408 cm™¢] C-O stret-
ching®ll A 1414, 1402, 1402, 1403 cm™ (Cu, Cd, Pb, Zn &)
2 97t o)Fo] FAHN M, 874 cm™ ] C-O stretching?)
2= 732 gastath. KSBP500(Fig. 8)o1 A% 1408 cm™
9] C-O stretching7} 1409, 1402, 1413, 1409 cm™ 29 o] F0]
FZHAT. S22 0SBP500(Fig. 9)°lA9 Cu: 3467,
3450 cm™2] O-H stretching, 1664 cm™2] C=0O stretching,
1422 cm™9) 1416 cm' 2.2 |5, 1315 em'7} 1318 cm™ &
o]%, 875 cm' 9 873 em'29] o)% ¥ A% 73}k 780 cm’!
2] 782 cm™ & ©]%, 661 cm'o] 667 cm'E °]%F, 714 cm™ ¢
C-O stretching®] 2% ZstE FAstAth
o8 EdoAE L9EE AY ¥ 8719 44 € )%

Wl AT #FdAM Z879% S5 1Y B FuFE
of 93t AT B S (Ahmad et al, 2014; Feng et
al., 2011; Li et al., 2018), 53] hydroxyl, carboxyl, carbonyl
groupTt T2 AAE et FEUE FEEHY HH9Z
s st ZH A EFAE Fgdth st
Atk ol Li et al. 2017)2 €3 ¥ C=C, C=0 stretching
peak®] W3StE F3l FFA G FEFERY 71— 1 FS Gl
o3t Aoz H|GEIHSH, Xu et al. (2013)2 FF o|F
COs”'¢ PO, ¢} #AZ A87]9 WstE Fd COs™, PO, O
TEEHY EFA 849 e JA 7dP9 S Aol #
@t

olo] E AT AFA Wsyl #FH FEUE &S
& Ao 4Gt 9FS 73S Aow gdEH
(oMY EAE Yehl= F87) |
F£9 FFA EFA FdHEY 2d FAd 7193E A
o=z god.

Fig. 102 A& % 7z SBP500, NSBP500, KSBP500, OSBP
5008 THY F3& EA FHE #ESH] Y9 FE-SEM #
A Aol xF o2 FF% E(Cy, Cd, Pb, Zn)Z 4F&
Agste] A AT KSBP50091 4 Cus U= (NanoWire)
TZMa et al., 2016)9] Cu(OH), IS T &+ e
TESH KSBP500°14 Cde= 85 HA 9] Cd(OH), ¥ Hi(Saghat-
foroush et al., 2012)2 Wwo] Ho) = A& FZATh Pb
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Fig. 6. FT-IR spectrums of SBP500 after heavy metals adsorption.
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Fig. 9. FT-IR spectrums of OSBP500 after heavy metals adsorption.

= NSBP500S 53 2438 945 FZ(Cunha et al., 2014)
9] Pby(OH),(CO:, S B3 E3 Zne KSBP500] A
H(plate)Z T2 = FE|(Giri et al, 2013; Wahab et al.,
2007)9] Zns(COs)x(OH)s ZAEE FA9Z Hode RS
TEE F AATh olHd FES 2 2)~4) %} Bo] TE&Y
el 4138k OH-, HCO5™, CO"# 53479 4] (7)~(10)
I 22 dhgoz AMHJS Ao ggdrt %9 o=
CaCOE F4ELE & B 29 FHANANE v 2
A= g1 4= AATh Du et al. (2011)2 A 2 aragonite
9} mollusk shellE &&3t4] Cd, Pb, Zng A2 A] Z+ CdCO;,
Pb3(CO3)2(OH),, Zns(CO3)2(OH)s 55 Bt A2 B
stom, ole ol2nd 9 FAAE HEE SFHE(CO)
o 93t F&-84E A 7Idske AR Rusiyth &
3b Aziz et al. (2008)9] limestoneS FZA 2 &3 ATolA
Cd, Zn& A7 Al o|2REHE FF CICO; Z Zns(COs)(OH)s
O Z AAHEYI B S, Lee et al. (2017)9] Crab shell
S FHAZ g8 AFAAME PbY HIE F=E £ U
CaCOs9] &3l o Bad(COos™)ell st A2 2, SEM
S &9 T FEE 530 Pby(CO3(OHp L2 AXES <l
StA ) PR T 2 Alidoust et al. (2015)9] oyster shell& &
A2 &8 dFNA Cd7t Cd(OH),Z, Garcia-Sanch and
Avarez-Ayuso (2002)9] calciteS &8 ATNA ZnI Cd7}
CdCOs, Zns(CO3,(0H) 2.2 FHE ALZ BIsHT. o]
o o]d ATENA F HAUZOE A Ca®'He] o] &n

T

oo K

Sorfo Rl
i
2
Lo

AL gt om, Al-Degs et al. (2006) Ca®* 9]

I F3oly &a9(Cos™) EFAE 4=
2 = FHl ZsHA FFEv
foem, Ay FAAAE o] FHA FFES B
(Retention)9tt}al B 135} THAI-Degs et al., 2006; Garcia-
Sachez et al., 2002; Godelitsas et al., 2003; Goez del Rio et
al.,, 2004).

o

fz oy

FAAY 25 A 34 WY HEWF, 3,
287, ol u 58 F9 S m Gk ol
o8 QJIELS FF5 A g 9FE WA, &5
£ WAUE B 573517 dEel Folxl S5 wet o
2 WAYZe] yerd 4 AthQiu et al, 2021). o]o] £ &
FAME £3F4 A8y & SEM, FT-IR E4& £ 535
A dis dde] MAYSZ 75k Aol obd £§F
A MAUEE Futshs Aoz ddsych
CuO+ H,0 — Cu(OH), @)
Cd**+ OH — Cd(OH), ®)

6Zn* "+ 2HCO:™ + 60H — Zng(CO,),(OH) s+ 2H™ (9)

3PV +2COF+ 2H,0 — Pb,(CO,),(OH), +2H"  (10)
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Fig. 10. SEM analysis of heavy metals adsorbed on adsorbents.

4. Conclusion

2 QFA = ¥ E7FA S SBP5002.E A Z ¥ SBP500
£ NaOH (NSBP500), KOH (KSBP500), Oxalic acid (OSBP

50002 3std AYE S A2 ol F g3 77 2
g 9 2d E4E7IE AFsAh XRD £4 27, AP

L
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