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The objective of this study was to evaluate the effectiveness of different biochars on the removal of heavy
metals from aqueous media. The experiment was carried out in aqueous solutions containing 200 mg CdL" or
200 mg PbL" using two different biochars derived from soybean stover and orange peel (20 mg Cd or Pbg'1
biochar). Aftershaking for24 hours, biochars were filtered out, and Cd and Pb in the filtrate were analyzed by
flame atomic absorption spectrophotometer (FAAS). In order to provide information regarding metal binding
strength on biochars, sequential extraction was performed by modified SM&T (formedy BCR). The results
showed that 70 ~100% of initially added Cd and Pb was adsorbed on biochars and removed from aqueous
solution. The removal rate of Pb (95%, 100%) was higher than that of Cd (70%, 91%). In the case of Cd,
orange peel derived biochar (91%) showed higher adsorption rate than soybean stover derived biochar (70%).
Cd was adsorbed on the biochar mainly in exchangeable and carbonates fraction (1st phase). In contrast, Pb
was adsorbed on it mainly in the form of Fe-Mn oxides and residual fraction (2nd and 4th phase). The
existence of Cd and Pb as a form of surface-precipitated complex was also observed on the surfaces of biochars

detected by field emission scanning electron microscope (FESEM) and energy dispersive X-ray spectrometer
(EDAX).
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Removal rates of Cd and Pb from aqueous solution by two different biochars derived from soybean stover and orange peel.
Initial concentrations of Cd and Pb are 200 mg/L or 20 mg/g biochar (20 mg Cd or Pb/g biochar).
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Introduction

FE4e ) Asle] Fure A

gradation) ¥]o] A A] oFal HolARSZ Fofl AEiA W

W il S48 7 o st B4 skl
7FAL 4= At} (Lee et al., 2008; Peters, 1999). E3] &
FoHY B Td o4 '°ﬂ O3t L YPHETh= 2F ol
o] &3t 20&%@_‘% L=} o] AHAE AEsk=d]
ojggo] UL, AlH T sk @ RNEY H A2
o] Zxjeof thgtk 2218]E WOl FAI= Ut (KoSSGE,
2001; Lee ot al., 2008), whebd ZA|Ho]5 87 sk=lel
Foa5 A2 71es] "d 897 SHEIL Sl Aol
t} (Anthemidis and Ioannou, 2009; Ednilton et al,, 2006;
Fabio et al,, 2008; Shahryar et al., 2011).

T YA, wAbE, SARE B SAE H7E S
3} 78 ToRt ol or|AE ARE AR (Pyrolysis)3t
of A5 vloloxjo] that vt el A Hlol @A)
FTas Sl W3 A7} v HarEal Qlet (Bae and
Koh, 2011; Cao et al,, 2009; Choi et al,, 2013; Jiang et
., 2012), ®ioleat Ao R = IA 1l FEaH
(YurA 0 & >500°C, 9]: 600~700°C), A2 iy (LHt
Ao Z <500°C, 9 300°C) W F4Ersh (HTC, hydro—
thermal carbonization, <|: 180°C/20 bar) S| )t} (Ahmad
et al., 2012). Ho| A} A5 I3F Blo] 2uj20] UubA
Q] ZAL HA 1 AA7} 2 gYo] HojA= otEy, o
2} hgsio] frafet SeH SOl RAMES AATHA
L ek}, wak Bol 44 S wkgAo] 47 ol
HE ke, A AAEOT A T s A 9
210 g 31} (Gillham and Burris, 1992).

Hlo] o A ARSI AT A Ee] Sl ufel o)

OFet F=A] (porosity), A7]2 A% (electrical activation)

al

WE o
FH

HEA] (surface area with functional groups)< Y€}
ol FHEALS F7 ALE I35t 712 E2A] (carboxyl),
72 82Y (carbonyl), H& (phenol), 5}l0]E=ZA] (hydroxyl)
5ol o8l dEFE et ol 7154 AEFE0l vl
oAz stolg o] B We F2sES A ot
H, A& 7]A 212 (electrostatic attraction)of] &l =2 &
L gofo 2 HE ZFE2 A A3} (Lehmann and Joseph,
2009), T B QOIS WAt e T ER o)
olo3} (327 vlol £219t L HAAA vol @ 7hF ol
of -89 ApeolH FE4 (CAsh Ph) BAEY, FHUS
AT 80 pH Wal, FANS AT vlo] o T
3t At Fad AAAZAILY] vho] @249 o] 87FE

4 vla, Blekaat s,

HIO|2X XS} 24 8Y XN vlolodls T=
719 oA oo e 3
1515 700°Coq Theste] AT Ao (s
7°C/rmn) AL Hio] e 2} 2| A 2] AllE] of s
Sttt AlxH vio]| 2x}= 0,15 mm (100 mesh) 7|2 E4)
sfo] BAARE ALGIIATE. BAMRE A3 Hlol 3
9] o]3}akd EAJL Table 10 A3kt (2al: Ahmad et
al,, 2012, 2014; Chen and Chen, 2009), H}0]Qx} S2FA
o] AFRE Cde} Pb -8HL Cd(NOs)»2} Pb(NOy), FF8
9 (Accustandard, 1000 mg/L)& 242} 3z} 252 3]4]
sto] 2717} 200 mg/L7F HA A8 FE719t
2G4 wo]lexte] pH (K0, 1:5)= 22+ 10.63} 10.3
OF H|Lt 2FolQlar, ZreE|AS UehYITh cdef
Pb g9} %7| pHe= W5 0,82 AMIS IIJ o} 5%
NeOHE AMEalo] Sajufet 5747 2 abde] Qubael pH
HQ]el 6,0~6.2 (RDA, 2009) 0.8 ZA3}T),

HIO|2XI2| S34& SEAE ol T34 &
A AEE vlwshr] $iste], 250 mL AZFEekAAe] Cd
o} Pb 89 50 mLE Yil, FE71< LA GA Hio] @4}
S5k F
%7] vpo] @A} 9§89 pHi= Cd, Pb &4 HF 9.70]9)

31, SAR A vlo] 92} wke-goNo] pH= Cd 8.4, Pb 9.1
& Cdo] Pb Hr} Wgkon ez 7ol 257 Kl Wk
o}, o]2|gk Hio] @ A}9] & pHe HMSLZPWP ZollA

3% g0 & ekt AL HojEth FT4Y

2 21705 g 9o AT, Whggoe| pHE

Table 1. Characteristics of two biochars derived from different
feedstocks.

Soybean stover  Orange peel
derived biochar derived biochar

Pyrolysis temperature (°C) 700 700
Heating rate (°C/min) 7.0 7.0
Yield (%) 21.6 222

pH 10.6 10.3

C (%) 67.8 71.6

H (%) 1.1 1.8

O (%) 12.8 222

N (%) 1.1 1.7

Ash (%) 17.2 2.7

Surface area (mz/g) 420.3 201.0

Pore volume (cm’/g) 0.190 0.035
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Step 1 : Exchangeable ions and carbonates fraction
- Biochar 1.000 ¢ + 0.1 M CH:COOH 40 mL in centrifuge tube
- Shaking 135 rpm, room temperature, 16 h and centrifuge

Step 2 : Iron - manganese oxides fraction
- 35 mL 0.5 M HONH»~/HCI (pH 2)

- Shaking 135 rpm, room temperature, 16 h and centrifuge

FAAS

Step 3 : Organic matter fraction

1h
- add 20 mL of 1 M NH4OAc (pH 2)

- 10 mL of 8.8 M H,O; (pH 2), 1 h, room temperature, stationary then
85°C heating, 1 h, add 10 mL of 8.8 M H,O, (pH 2), 85°C heating,

- Shaking 135 rpm, room temperature, 16 h and centrifuge

Step 4 : Residual
- 21 mL HCI + 7 mL HNOs
- 4 h, heating on hot plate

Fig. 1. Modified SM&T (formerdy BCR) sequential extraction method (NIER, 2008).

=y 6

of| A 100 rpm O & 24A17Hg < WHEsEAL, WREN-E 0,45 ¢m
upof kA 2 o2 kS, 0,05 M 1

F3t 5 oz}l 9] Cd, Pb 5%E FAAS (flame atomic
absorption spectrometry; Varian, AA280FS)® =743}l
pHE S5ttt BE AP 3vhE o R Zg= it vt
oo} T ST SR cha T 2E Ao
Akstict

S = V(G—Co)/M (Eq. 1)
S = "loleat AT & F2H FEE5 HF (ng/e)

V = gRg-gHe] 85F (L)

G = W8N 27|15 %E (mg/L)

Ce = Hh-3-8-H9] -E%%L % 5% (mg/L)

M = Hjo] 2] Ak (g)

Hio|2xtof| E3E S3& SEEE  HlolA &
2HE SE59 SRS Yoliy] fIste] SM&T (formerly
BCR; Mester et al,, 1998) HI'HS AX $Asto] o835}
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St
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)7 (FESEM, Quanta FEG 250, USA)S

S Hlo| @2} FHO| 7| €A== energy dispersive X—
ray spectrometer (EDAX, Genesis, USA)Z 43¢},

Results and Discussion
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Table 2. Amount of Cd and Pb adsorbed on biochars. Each value represents the mean of three replicates. Initial concentrations of

Cd and Pb solution are 20 mg/g, respectively.

Soybean stover derived biochar

Orange peel derived biochar

Cd 13.9 + 0.33
Pb 20.0 £ 0.00

(mg/g)

18.3 + 047
19.1 + 0.06

Table 3. Changes in pH before and after adsorption reaction by biochars.

Soybean stover derived biochar

Orange peel derived biochar

before after
Cd 6.2 + 0.01 6.0 £ 0.06
Pb 6.1 £ 0.01 7.8 £ 0.01

before after
6.1 = 0.02 6.9 + 0.07
6.0 = 0.02 79 + 0.13

W soybean stover derived biochar Oorange peel derived biochar

100

80

60 -

40

20

Removal rates of heavy metals (%)

Cd Pb

Fig. 2. Removal rates of Cd and Pb from aqueous solution
by two different biochars derived from soybean stover and
orange peel. Initial concentrations of Cd and Pb are 200
mg/L or 20 mg/g biochar. Each value represents the mean of
three replicates with the standard deviation shown by enor

F2, AAEE FARE AaE 2ol Uk Park et al,
(2013) % TheFSH Hho] @2 283t Cd, Poe] AR ollA]
Hio] @ 2te] F5roll A glo] Pb7t Cdofl Bls| A|AFo] &
Ao R Yepylt), o= Fa4 3fekgol tigt X3ke, Pbe)
FARHE, QA A Sake] E3A FA0l o I
o] Aoz HWiE u} Q)

dutd o g Fa&H2 8N FolA HARES FAst
o] Cd(OH)", Pb(OH)" 9] FEiZ EAletH, T4 E&= U7
g]AJol| 4] CdCO,, PbCOs, CA(OH)s, Pb(OH): 5] FEj=
At Choi et al. (2013)9] A-toll W= Pb §1-3-8-212]
%7] pHi= 6.10]903L, F2F & pH7} 7.28 5= e
1, pH Aol o= j—*PﬂE«l A Hkar Frpskelt
2 Aol Bk 27] pHiE 6.0~6.1 o]glom, E2H
A F F=E7] "oleate] Cd 842 pH 6,082 H3}7} ¢l
O}, Ph 8912 pH 7.82 AF3F4AT} (Table 3). gaﬂx]

UEEEE SR voloA0l B2 BICY
Pb)o| ZBHEN FAAY F uioloxto] FHE ol
o SAPEE ] Slelel T A4 EES S
2342 Fig, 33} Table 49 UEhioieh. d45aue 2 v
AR §E2AL A AYste] £ ) SRS 24
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£ f71840) dRsfelol A4 BaslRlERA v &
ik T2 FEAL o uk, Fao] vho] LAt Al
1 Qe A, AA A Sof Higk ARE ==35)
7] $5to] d&FEHS A-85k3Ath 1943 exchangeable
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FAE] A B Aol G ZEE oJujsto],
2t+A|¢] Fe and Mn oxides fraction (Z¢4)& A & 1)
7r AbekEa AgE o] Sl s ofnlgith el 39
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3} 2ol 9l S ofulsu, ube} 489 residusl
fraction (HA))& 278 T2 Holl Sa50] 2= 3L
£ Z& oJuglt} (Usero et al., 1998).
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Table 4. Fraction of Cd and Pb adsorbed on biochars and their recoveries compared to their removal rates from solutions.

Total

Step 1 Step 2 Step 3 Step 4 Sum adsorbed Recovery
(mg/g) (%)
cd soybean stover derived biochar 8.28 0.07 0.01 10.5 13.9 75.8
orange peel derived biochar 13.9 0.03 0.01 15.0 18.3 82.0
ph soybean stover derived biochar 1.32 2.20 5.88 14.2 20.0 71.2
orange peel derived biochar 1.40 2.64 1.12 114 19.1 59.5
& 100 e 7 A, viol A S A2stA] o Bl Hlsf 4t
S
g msepd Aol R4 el 7tk Badt v glek, o) u
S Ostep 3 -
S us  C1RAE FEE CARY] M8 T A FF4) WA
S = Baepy  GEO] Ml ZTHIA o4 W AEO 8L AFehs
e e & 4 e SO BT Table 4= FAUPH
Soybean stover Orange peel /\zzoﬂ _46]_ El—xl— I U’]’% %331_/’\_1]% 7:”/‘\_]_:_]__ QJ’}E ﬂ
Cd
@ 550 o3k BR8-S O] A9 75.8~82.0% Pbi 59,5~
100 71.2%% et}
9
g 75 Bstep 4
T 50 o _ _ _ _ .
- Dzigz HIO|@Xx}e| EHEM u]EHA (surface area)2 S2F
2 o0 Bstep 1 Ao 5= B7isks W T shuEA 2 1 g & T
2 Soybean stover Orange peel O] Al gxHZA 9] &3S JL5lo] Tzlo] AA| = o] 01 A =
(b) Po A= BT e Asolrt, Wk mRHo] 24

Fig. 3. Percentage distribution of (a) Cd and (b) Pb fraction
adsorbed on biochar after 24 h reaction time extracted by
modified SM&T (formedy BCR) sequential extraction method.

Ullrich et al, (2003)-& Pb—Zn AL 012 Wl Z=do] 3LG-
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3 9 ghibed o] arul&ol b Kt Cd7b 7| 2235t
= AL & el Pbe] Hto] x| gk Agelo] Cd Bt
Arpal FeE ey

Lu et al. (20152 &EAS YR E A %3t vio| 22}9]
4 Qe 23, cdnt ool 49 4pel 3
A Fef7) iR o2 AEEA (eco—toxicity) W AYE0]
A (bioavailability)2] 7F=4do] A9l ¢l= AL HdtH
QiTh Ma et al, (2011)9] 3}=&e]#] Hfo] 22}2] BCR A
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Fig. 4. Scanning electron microphotographs and X-ray energy dispersion spectra of (a) soybean stover derived biochar and (b)
orange peel derived biochar before and after heavy metals adsorption.
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