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Abstract

BACKGROUND: Enormous amounts of the wood biomass
wastes have been produced through various wood pro-
cessing. This study characterizes the surface characteristics
of biomass powders of Cornus controversa (CC) and
Quercus mongolica (QM) and investigates their removal
efficiency and mechanism for Pb (II) in aqueous solution on
which to base potential recycling alternative of the wood
biomass.

METHODS AND RESULTS: Batch experiments were
conducted under different conditions of Pb concentrations,
temperatures, time and solid/solution ratios. Adsorption
isotherm of Pb by CC and QM biomass was explained sig-
nificantly by the Langmuir model, indicating Pb was likely
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adsorbed on the monolayer of the surfaces. The adsorption
kinetics were fitted significantly to the double first-order
model consisting of rapid and slow steps. The respective
rate constants (k1) of CC and QM for the rapid adsorption
kinetic steps were 0.051 and 0.177 min™', and most of the
sorption reactions proceeded rapidly within 6-20 minutes.
The maximum adsorption quantities (qmax) of Pb were 17.25
and 23.47 mg/g for CC and QM, respectively. Thermody-
namic parameters revealed that adsorption of Pb on the
biomass of CC and QM was a spontaneous endothermic
reaction.

CONCLUSION(S): Results demonstrate that biomass
wastes of CC and QM can be used as Pb adsorbents judging
from adsorption isotherm, kinetics, and thermodynamic
parameters.

Key words: Adsorption, Cornus controversa, Isotherm,
Pb(Il), Quercus mongolica
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Table 1. Surface area, total pore volume and average pore diameter of the Cornus controversa (CC) and Quercus

mongolica (QM) biomass wastes

BET surface

Total pore volume x 107 Average pore diameter

Adsorbents area (m? /g) (cm® /g) (nm)
cC 0.255 2.369 37.179
oM 0.428 2.996 28.016
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Fig. 1. FTIR spectra of (a) Cornus controversa (CC) and (b) Quercus mongolica (QM) biomass wastes.
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Fig. 2. The rate curves of the double first-order kinetic
model for Pb(Il) adsorption onto Cornus controversa
(CC) and Quercus mongolica (QM) biomass wastes.

S gRIE = gl ot slow stepl] WHHE4T ko
T S Aol A ZE2 0.00007 mlnl 0.0002
min' 2 WA F& ukgo] HHs] WaF I

=2 A58k 50-800 mg/L & 849 F vkg A3}
+ Fig. 33} #th 2 42 Freundlich$} Langmuir X

Table 2. The double first-order kinetic parameters for Pb(I) adsorption by the Cornus controversa (CC) and Quercus

mongolica (QM) biomass wastes

Kinetic Adsorbents

parameters CC oM

k (min™) 5.07x102 17.67x107
k (min™) 0.80x10* 2.0x10™*
R? 0.97** 0.98**

** Significant at P < 0.01
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Table 3. Langmuir and Freundlich isotherm parameters for Pb(Il) adsorption by the Cornus controversa (CC) and

Quercus mongolica (QM) biomass wastes

Type of Isotherm
Adsorbents Langmuir Freundlich
Ki(L/mg) Qma(mg/g) R? Ke(mg/g)(L/mg)"" n’ R
CcC 0.02 17.25 0.94** 3.78 0.23 0.94**
QM 0.04 23.47 0.99** 424 0.28 0.91**
** Significant at 2 < 0.01
30 excelsa tree bark, Neem bark? K; 3kl ZZF 0.018
L/mg,0023 L/mg 7591 Z0=2 HokS uf ol tish &

25 A

20 4

q, (mg/g)

cc

| A QM
! Freundlich
i ——— Langmuir
0 T T T T
0 200 400 600 800
C, (mglL)

Fig. 3. The Freundlich and Langmuir isotherms for Pb(II)
adsorption onto Cornus controversa (CC) and Quercus

2} &7} Sl H)Sek 230 2 JERt12,21].

FAL )F0R B 2377} 1725 mg/g, A2}
%7} 2347 mglg = AZUR i ol o 94519

U Table 491 Uehdl Tk B4 vl on SAAZ
ol gt Ao S nlushd S3UeE AR B
+ Apple pomace Peanut hulls, Hazelnut husks %I

Hl8)] =2 7S YEPITh 3t Freundlich 298 28413
S wlo| = n'gke] SRS Azl tiste] 72t 0.23,

028 & 99 FAALEY WFE 4 0.1-0.590 £33l
tH22]. 3 A% Keph A4 U771 424 (mg/ g)
(L/mg)l/“gi SSU2 Kedk 3.78 (mg/g)(L/mg)l/n X
o} =2 oz YeRiTh

mongolica (QM) biomass wastes. Pb &=t gHst
ToUHFOE AT who] Qufl] e F&e] e 8]

2 T Langmuir 2l B fo40] 9l Z10® AQIEIT geUA|(E,)= A 13.76, 16.15 kJ/mol &2 H]w A She
(Table 3). WepA o] F2 5782 the F#o] obd =4 29 s LPE}”*—EHI ol Wl S wheo] ¥ ouAE 2
o G Sofl FHEo e AYoR dixE = Sk Q= shs oA SRl 73] SSue A
AAUF] Langmuir %45 K gk 0.04 L/mg 2 3354 vpo] Qe ofet Fol Nk BE 2% ZofA AG]
79 Kiftel 002 Limg 5ok % o) Zlck ol A2UFe] 800 % vhehigly, £ S7855 AGYKe] 12
% F W80 b FEUTEL O WS ofuld s} §3 wso] AUHoR AYRL HANYL 23
o SRR AU 71 Al A Adlanthus F9) A wlo] mfae] g | F2k] Agy)(AHY)
Table 4. Comparisons of Pb(I) adsorption capacities by various wood biosorbents between those available in references
and this study

Adsorbents Langmuir gmax(mg/g) References

Hazelnut husks 13.05 [23]

Van apple pulp 15.96 [24]

Walnut shell 31.23 [25]

Almond shells 8.13 [26]

Rice husk ash 12.61 [27]

Apple pomace 16.39 [28]

Cedar leaf ash 7.23 [29]

S. Oleasea bark 69.40 [30]

Raw maize 19.65 [31]

Peanut hulls 14.13 [32]

Cornus controversa 17.25 This study

Quercus mongolica 23.47 This study




244 Choi et al.

Table 5. Thermodynamic parameters for Pb(Il) adsorption by the Cornus controversa (CC) and Quercus mongolica
(QM) biomass wastes

Thermodynamic parameters

Adsorbent 0 0 0
Temperature(K) K « h mol) (k]A/r?lol) (k]A/ Eol) q /ﬁgl-m

288 0.094 -0.30

CcC 298 0.100 13.76 -0.57 7.4 26.71
308 0.111 -0.84
288 0.173 -0.66

oM 298 0.224 16.15 -1.47 22.67 80.98
308 0.321 -2.28

e 247} 7.4 KJ/mol 9} 22.67 kJ/molZ 9K+)2] 7S Ut FU-9] ZAnct 2 AvKTable 1)} oﬂﬁﬂﬂﬁ HojF=a1 Q)
ERfo] Rkgo] F4Q WS yERth &3 W] FEA o mgh S3URFel Al vho] e A it RhgeE §
T Yehie A5l dEZY (AS)Fk] A S5t o] o] ¥k Arrh o Wi YA 7 —% gRlgk = gl3lo
At vjo] @ miAo] A 242t 26.71 J/mol-K<} 80.98 m, S Ale] emfagl wol whg-sh W [Fig. 4-(o)]%

J/mol K= 9 #ts vehlo] whe-o] FaM =7t S71ee A wo] o] BEgSh R[Fig. 4-(H)]& W s
305

AU 5 SIS ol thbel S ioleiah vistel ) [Fig. 4(912) st EEAA )7} J we e A

WHgollA] molF clofsta Auhel ulZekithaase] R0k ol AT vloleulso)  HrjEAeto] %
e | e dsiel QA

Pb B3t 5 =X EH 54 FFUel AU vlolonlao) W F2 A BY 7

Fig. 4+ S3U79 *VEP% upo] @i A7} gt vk A §71¢] W3h= Table 63} 2t} S5 Hlo| A @t
Ty B4 W3lE Kol Mxldu|gaoeln) Yt ) H}% Zo]] 2897, 1593, 1503, 1457, 1421, 1370, 1323
SS9k A Q’]%'T"] S vud o AZuE cm :Lh—(wavenumber)ﬁ]}\ﬂgl 9729 7HAa7t YEeRkon,
SEUF] #drt g3 deE Ay Q) AZRE blo] @ w4 2920, 1594, 1321, 1228 ecm™ 3]

o AU blo] emjAl] B Ao S A1) 73] FHar v weba] S50 ale] e g}

®

Fig. 4. FE-SEM micrographs of Cornus controversa (CC) and Quercus mongolica (QM) biomass wastes: (a) CC before
Pb adsorption, (b) CC after Pb adsorption, (c) CC after Pb adsorption(color), (d) QM before Pb adsorption, (€) QM after
Pb adsorption and (f) QM after Pb adsorption(color) (250x).
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Table 6. Changes of the FTIR spectra wavenumbers before and after Pb (II) adsorption by the Cornus controversa (CC)

and Quercus mongolica (QM) biomass wastes

CC QM
Wavenumbers, cm’! Wavenumbers, cm’

Before adsorption After adsorption Differences Before adsorption After adsorption Differences
3339 3340 +1 3340 3351 +11
2897 2894 -3 2920 2915 -5
1735 1735 0 1731 1732 +1
1593 1592 -1 1594 1592 -2
1503 1502 -1 1503 1504 +1
1457 disappear unknown 1420 1421 +1
1421 1420 -1 1321 1320 -1
1370 disappear unknown 1228 1227 -1
1323 1320 -3 1028 1030 +2
1029 1032 +3 - - -

Fke] Hkgell C-H stretching, C=O stretch, aromatic
skeletal vibration, C-H deformation, C-O vibration®]
Folatiar Az wio] emjae} Jike] HkgelA = C-H
stretching, C=0O stretch, C-O vibration, C-O stretching
o] #oAsIGiES Rl

a2 E

A7 vl de) MaslaL Sl Ssreh Al
LRo] Aol oist i Al 58-S dokrr] Sjsl S
. olg HEA vl emize] ot W FH2 FRelM el &
d T FEANS o= vlg- W2 (6-20%) A s}l
A7p ok AR FAnkgelgltt Sk Al bt
o|eujxe] Hu FATRE: 742t 17.25, 2347 mg/g O 71E
o] Ak v EAAG wlolou FAAS F2 G0
HISsebAY Srsiginh web SSuee Al dl5A)
=W A FEAE g8l e Jlow AleHY, 53
A= HlEEEe] SR Hol 3ol ¥ A7)
b e s B DI = i A B o o = e A 20
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