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Abstract

The fine particulate structure of biochar limits its use as a
heavy metal adsorbent, and makes separation of the bio-
char from the solution technically challenging, thereby re-
ducing recovery of the heavy metals. To address this issue,
this study prepared biochar beads under various mixing
conditions and investigated their efficiency in removing
Pb from aqueous solutions using adsorption models.

The biochar beads were produced by mixing alginate and
biochar at different ratios: alginate bead (AB), 1% biochar
+ bead (1-BB), 2.5% biochar + bead (2.5-BB), and 5% bi-
ochar + bead (5-BB). The results revealed that the Freund-
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lich isothermal adsorption pattern of the biochar beads to
Pb was of the L-type. The highest Langmuir isothermal
adsorption capacity (28.736 mg/g) was observed in the
2.5-BB treatment. The dominant mechanism among the
kinetic adsorption characteristics of biochar beads for Pb
was chemical adsorption. Additionally, the optimal pH
range for Pb adsorption was found to be between 4 and 5.5.
The highest Pb removal efficiency (97.9%) was achieved
when 26.6 g/L of biochar beads were used. These findings
suggest that biochar beads are an economical and highly
efficient adsorbent that enables separation and recovery of
fine biochar particles.

Key words: Adsorbent, Alginate, Biochar, Biochar bead,
Pb removal
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Table 1. Physicochemical properties of biochar

SAl TH=
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7l=old, Hl=5 Axsl7] 98 1.0 mm AE Fo4e A&
Kol

ARl Aol AREE mloleate] Eejsiela] 54
Table 1014 H= nfg} 2t
Hpo] @ 4} B == Fig. 1014 B uke} 7o) 2% sodium

alginate$} 0, 1, 2.5 @ 5% biochars E&3t 492 1.47%
CaCl, gl Ye S "dojrme] 270] oF 3 mm<l ¢
o] B =S A %319 0, alginateo] Hlo] 217} 0, 1, 2.5
4 5% ¥ H|=E 717} AB(alginate bead; Control),
1-BB(1% Hlo] 22} H =), 2.5-BB(2.5% HIo] 9.2} H]=) H 5-
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Fig. 1. Simple schematic diagram of biochar bead preparation.
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Fig. 2. Biochar bead used at different biochar levels in incubatorell*] 25°C, 175 rpm © % 24|t g7k wwkslith
this study.
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Fig. 3. FTIR spectrum of biochar, biochar bead and alginate bead.
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o} A5 A= AFARIAES-2)(Pseudo-first order)
I} A xRS A (Pseudo-second order)ol] 21 H|o]
ElE #4A1Zk o]u| Pseudo-first order(Eq. 3) Y Pseudo-
second order(Eq. 4) X242 o532 o] nd3t = qlok
[29].

dg, o

ar ky(g. — ) (Eq. 3)
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dg, _
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B 45 I Langmulr Isotherm B a ky(q. —q;) (Eq. 4
49 g
= -
RS e
o
? T L .
= 25 | P {;f// P ,;//}/ Table 2. Determination of the parameters of the Langmuir
E’ 20 S and Freundlich model of Pb adsorption by AB, 1-BB,
3 = 25-BB and 5-BB
g P
Q I M= ®AB - .
10 /,/Z/)?/ m1-E3 Langmuir adsorption isotherm
i 2.5-BB
z /I/ :E-BB a” b? Equation (y=ax+b)
0 200 400 600 800 1000 AB  21.692 0147  y=0.0461x+0.3134(R2=0.9992)

Equilibrium Pk concentration (mg/L)
€ 1.8  Freundlich isotherm

Ayt ®4B

04 - W . miss
L & 2.0

0.2 +588

-2 -1 1] 1 2 3 4
Log Ge {mg/L)
Fig. 4. Adsorption isotherm of Pb by AB(alginate bead),
1-BB(1% biochar + bead), 2.5-BB(2.5% biochar + bead)
and 5-BB(5% biochar + bead).

1-BB  26.667 0.137  y=0.0375x+0.2745(R2=0.9914)
25-BB 28736 0.243  y=0.0348x+0.1435(R2=0.9964)

5BB 19920 0.207  y=0.0502x+0.2425(R2=0.9996)

Freundlich adsorption isotherm
K 1/n”

Equation (y=ax+b)

AB 5.618 0.224
1-BB  6.990 0.235
25-BB 6375 0.279
5-BB 4811 0.249

y=0.2241x+0.7496(R2=0.9536)
y=0.2348x+0.8445(R2=0.9488)
y=0.2793x+0.8045(R2=0.9381)
y=0.249x+0.6822(R2=0.9219)

a": maximum adsorption capacity, b?: adsorption bind-

ing force, K¥: Freundlich constant related to pollutant
adsorption capacity, 1/n”: Freundlich constant related to
adsorption strength.
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Pseuda-first order madel Fig. 6. Adsorbed Pb of biochar bead(2.5% biochar + bead)
10 ‘; treatment under different pH.
) MM\
Eo.s L ¢ \ 30 . 7 100
?. 00 |k LI 25 L . leo =
T Y T o =
k] = . a
8 \“\\\ E 20 o
as | ~ g o
s 15} =
1.0 : . . . : ‘ £ . —e |% T
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Centact time (h) 2 L {20 &2
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3.5 I Pseudo-second order model & Removal rate of Pb
0 ' 0
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25 F // Dosage (g/L)
(=] //.‘
Pt - Fig. 7. Adsorbed Pb of biochar bead(2.5% biochar + bead)
£ .51 /,/ under different bead dosage.
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LI //
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'/ 2 wusiglon ¥ ATAng fAs:
0.0 : : . -
10 20 30 40 50

Contact time (h}

Fig. 5. Adsorption kinetic data of Pb by 2.5-BB.

S HYth pH 4-5504+= Pb S& o] 16.44-16.76
mg/g o= fAKEI O, pH 59l 7HE 2 FX%H(16.76
mg/g)< Rtk Wang 5917} Shin 5(33]¢] A A el
AT AR FAE 559 22 doles T4 A%
}Z.}ii% e o]i,] ’0‘7\1—31:0] 71—/&-3}%
th ©]i= Pb %OU pH7} 2k Pb §olo]l H'7
aol, ofol &9l F4 o] & H ¢} nlo| 9} nj=9] i)
A= &2 915 Al s FARe] Ask] o
10|tH34,35]. Kolodynska 5{36]7 Taty-Costodes &{31]

A

Table 3. Adsorption kinetics parameters

HIO|RX} HIE FE 20| UE Pb MH =

2.5-BB A #|7-¢] Fj7kel W& Pb A|lA &JJrE Pb AA
9 FAA 9] AT FAFoRE Bkl 2.5-BB A
27 FYUEE 2.6-26.6 g/L WSIE 819l on, 7 AFE Fig,
7o) YR o] Ak= 2.5-BB A@l7-9] FHo] zﬂzﬂ

of w2} Pb A|71&0] 23.6%0M4 97.9% % F7Feh= A%

ot} SHAIRE S| w9 A Pb SaE FEo] %
7Fetell w2t 24.38 mg/ gl 10.30 mg/g o= AatSit
E?jak 7}01] u}u_ Pb 3‘11—31:4 A= zzﬂg O]:jL]- _‘@ﬂxﬂ
ek Aol o] uka|g] Al oJgt Ao|tH37]. wEhr] F2AIQL
2.5-BB Ag|7-9] FSl%o] 57l whe} Pbel F AR
S7FIIAIRE, F2A 9] A Pb AlARE sk A

Pseudo-first order model

Pseudo-second order model

qel) ](12)

qel) k23) RZ

2.5-BB 7.993 0.147

0.894 16 0.090 0.998

qe”: Pb adsorbed at equilibrium (mg/g), k?: Pseudo-first order reaction rate constant, &>: Pseudo-second order reaction

rate constant.
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H2o] ¢Sk Pb 3% Pb §949] pHZL 3 o 7F¢
siokow, pH 4-5.5004= fAFE Pb 535 B3IHh 2.5%
Hjo] @ 2} H]=(2.5-BB) A2|7-9] F{1%o] 26.6 g/LY # Pb
AA FEo] 97.9%% 7 Eokth oo AdE n|Fe] &
uf, vfo] @A} v == wpo] @ake] RS AR AnlE 1EE
FHARA Ggo] 7FeT Ao et
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