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Adsorption Behaviors of Lead on Multi-Walled Carbon Nanotube-

Hydroxyapatite Composites

ZHANG Jin-li'?, LI Yu'?

(1. Tnstitute of Geotechnical Engineering, Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024,
China; 2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Multi-walled carbon nanotube-hydroxyapatite composites ( MWCNT-HAP) were employed as the sorbent to study the
sorption characteristic of Pb( Il ) using batch experiments. Effects of dosage of adsorbent, pH, ionic strength, contact time, initial
concentration of lead and temperature were investigated. The results indicated that the removal of lead to MWCNT-HAP composites was
strongly dependent on dosage of adsorbent, pH, temperature, and independent of ionic strength. The maximum adsorption capacity of
lead was about 716. 13 mg-g~' at 20°C, with a solid/liquid ratio of 0.08 g-L~', pH, = 5.5 and an initial concentration of 100
mg-L~". The adsorption of Pb( I ) on MWCNT-HAP composites was a fast process and could reach the equilibrium within 60
minutes. Ninety percent of the maximum adsorption capacity could be reached in 30 minutes. The kinetic data were fitted to pseudo-
second-order kinetic model reasonably well. The kinetic sorption of Pb( I ) on MWCNT-HAP was well described by pseudo-second-
order kinetic model. The negative free energy calculated from the temperature dependent sorption isotherms suggested that the sorption
of Pb( I ) on MWCNT-HAP composites was a spontaneous process, and high temperature favored the adsorption process. The higher
correlation coefficient values (R* =0.999 8-1.0000) of Langmuir isotherm model at different temperatures suggested that Langmuir
model could be used to simulate the sorption of Ph( I ) on MWCNT-HAP. The adsorption mechanism mainly involves surface
complexation between the lead ions and the surface oxygen-containing functional groups of the MWCNT-HAP, dissolution of HAP and
precipitation of pyromorphite [ Pb,,(PO,),(OH),], ion exchange reaction between Pb’" and Ca’* of hydroxyapatite.

Key words: multi-walled carbon nanotubes; hydroxyapatite; lead; adsorption; contact time; solid/liquid ratio; pH
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Fig. 3 Effects of pH on Pb( II ) sorption to MWCNT-HAP
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Fig. 4 Effects of ionic strength on Ph( I ) sorption to MWCNT-HAP
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Fig. 5 Effects of contact time on Pb( I ) sorption to MWCNT-HAP
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. Ph (1) A ) 46 Bt ¥ J& (60 ~ 180 mg-L™") , 43 7
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Fig. 6 Fitting curves of kinetic data with the EB 7 Al U, s "ﬁ&ﬁ%%% %)J tﬁ)ﬁi%fg E/(] i jt
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Table 1  Kinetic parameters of Ph( Il ) sorption on MWCNT-HAP for pseudo-second-order kinetic model at different initial concentrations
Po De,exp Qe cal h ky R
/mg-L~! /mg-g ! /mg-g”! /mg- (g-min) ~' /g+(mg-min) "'
100 786. 60 800. 00 336.70 5.26 x10~* 0.999 8
150 858.03 869. 57 462.96 6.12x10°* 0.9999
200 895. 10 900. 90 617.28 7.61 x10°* 1. 000 0
1400 —ERE E B R ERAM. HO0<R, <1
1200 W, 2R R W R R, > 1 B, S AF I ; R =1
1000 H#yﬁmﬁlﬁw, RL:OHTJ‘,ﬂﬂjFﬁfiﬁ”ﬁBﬁ[m- A b
S0,R, <1, W] MWCNT-HAP %§Ph( I ) )1 [
T 800
& A7 ) % Bf
T 600 (2) Freundlich %5 jf W FE A AL, 0] 3R 2R
400 1
lgg. = gk + —lgp, (12)
200 "
A Ky Fn SB35 20, S35 B R 758 a5 0 0 B
0 1 1 1 1 1 1 1 Il

0 20 40 60 80 100 120 140 160
pe/mgL”!
7 ARIEEBPb( )7 MWCNT-HAP L Y% 8 I 5 i &
Fig. 7 Adsorption isotherms of Ph( I ) on MWCNT-HAP

at different temperatures
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(L-mg_l).
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5 HE A O

3 9] SR P 3 A el S5 it WA R A 2R X MW CNT-
HAP W Ph (I ) Y356 B HE AT 1005, 3R 2 4 iR A
IR 500, 18 8 L 9 4 AR 9 HL A T k. A
HA] L, Langmuir B8 () 7] P52 RAL RT B (KT
0.99), MLk 5K E Ry G B, M
Freundlich #&& %1 i n] 2R & & B8, W0, & ]
Langmuir & % 55 3& & # 7A MWCNT-HAP XfPh( I )
F18 25 5 O o 3

Freundlich & %1% % K, 7 20, 30, 40°C A, 43
Wk 246. 18 . 255.07 ., 403.92 mg-g ', EWFHIRA
FF MWCNT-HAP W ffPhb( I ), iX 5 Langmuir £
AR — 8. ANFEE S o BT 10, 38
MWCNT-HAP X Pb (1) A7 4 w5 149 25 A1 J7 il B fig
jj[53:.
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Fig. 8 Fitting curves of the Langmuir isotherm model
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Fig. 9 Fitting curves of the Freundlich isotherm model

*X 2 Langmuir 5 Freundlich & #! £ #{
Table 2 Isothermal parameters for Langmuir model

and Freundlich model

B ZH 20C 30C 40C
Q/mg-g~" 1070. 16 1268. 53 1522. 64

Langmuir  b/L-mg ™' 0.041 1 0.0368 0.0511
R? 0.998 6 0.994 0 0.9923
Ky/mg-g ™' 246. 18 255.07 403.92

Freundlich n 3.709 5 3.3932 4.0188
R 0.967 8 0.9722 0.9714

2.7 WRBER T AR
AT IR B AR AL X MWCNT-HAP W B Pb( 1)
MIsZm Gl A R AEAE (AG) | kAR (AH) R4
(AS) 5S35, 3010 8 2 W BE 2 N7 04 4 g 22 34007, A
7 B 5
AG = - RTInK, (13)
AG = AH - TAS (14)
A R & AR B [8.314 - (Kemol) '], T
B 0 BE (K K, 3R 85 W B 40 o 7 [ AH 5 9 A
FRAE R (mL-g ™), AIFR(13) 5K (14) 75 .

AS AH
InK, = — - — 1
nip R RT (15)

PR (15) kIG5 5] AH A1 AS, 345 1 I
F3. B GEREWE AG(EHIY N A, 6 W B R
KT A R T R N AT

%3 Pb( )7 MWCNT-HAP F R H A F S
Table 3 Thermodynamic parameters for Pb( Il ) sorption on MWCNT-HAP

Po ] /K AG y AH N AS y R
/mg-L~ /kJ+mol /kJ+mol /J+ (mol-K)

293 -7.069

60 303 -8.331 29.890 126. 141 0.8890
313 -9.592
293 -5.716

100 303 -6.699 23.107 98.371 0.9600
313 -7.683
293 -5.141

140 303 -6.082 22.443 94.142 0.9980
313 -7.023
293 -4.401

180 303 -5.218 19.537 81.701 0.9570
313 -6.035

3 MWCNT-HAP £ & # £ 53Pb( 1 ) B IR B 41 5l

K 10 %5 # MWCNT-HAP 5 1 2% Ph( 1) (&
MWCNT-HAP &) XRD [&. 7E 26 4 26.15° 29.38° .
34.19°, 41.59° 4 -1 | (% 437 5 i S HAP 14 47 4

i, ] MWCNT | 44 W T HAP®Y. 71
Ph( 1) ) MWCNT-HAP H Bl 8% 5 8% 5 i 17 54
W 1 S B B R I IS A W S AR L R (3)
X (6) 1. WA 5,Ca® W BE S5 Ph( 1) W 4t B
AANE 11 7R 96 &, MWCNT-HAP %f Ph( 11 ) f
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Fig. 12 Schematic diagram for sorption of Ph**
onto oxidized MWCNTSs
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Fig. 10 X-ray diffraction spectra of MWCNTSs and
Pb( 11 ) loaded MWCNT-HAP
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Fig. 11 Relationship between the concentration of sorbed Ph*>* and

the amount of released Ca>* | final pH in solution at equilibrium
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Fig. 13 Adsorption isotherms of Pb( Il ) on different adsorbents
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W HE R 1 mol- L™ HNO, dEAT i Wik . i 50
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MWCNT-HAP fit ffi . 1264 a0, W HiPb( 1) 19
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Ph( 11 ) B MW 24 94% , 3 W] MWCNT-HAP &
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() o 0 AR, T I B/ B i A Ok Bk AR TR I g
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Table 4  Data of sorption/desorption

i 2 m/g m,/g % B /mg - g ! i W /mg-g ! fift % ./ %o
1 0.016 2 0.009 7 622. 88 589.75 94. 68
2 0.016 6 0.009 8 635. 85 598.70 94. 16
3 0.0100 0.009 5 0 0 0
optimization [ J]. Water Research, 2008, 42(4) : 951-960.
6 #it

(1) MWCNT-HAP 3 Ph( 1T ) W& B i) 3= 22 H1L )
4G HAP ) fg-Ui ¥E . Pb*" 5 Ca™" B 7 55 4.
MWCNT-HAP 2 i & S H GEH 5 Pb** (45 & K.

(2) £ pH 3.5 ~5.5 Ll N, MWCNT-HAP X%}
Ph(II) EBRFRE.

(3) MWCNT-HAP W B Pb( 11 ) Jhy ek 2 i , 30
min 7] 35 5 KW B 09 90% , 60 min B AT 35 %1 W% [
V. P gk Eh ) AR T A iR MWCNT-HAP
W R Ph (10 ) i 8l g 2 72

(4) MWCNT-HAP X§ Ph( I1) 4 W B S e $Aasd
e, e A F T 0BT, Langmuir A58 80 57 58 45 KT 41
MWCNT-HAP % Ph (1 ) fi% 25 Vi 08 Bt 2ot 72

(5) BFIREXT MWCNT-HAP £BRPh( 1)
USRS AR TN

(6) MWCNT-HAP 3 Pb( 1T ) Y W B fig 7 i w5
THE . B MWCNTs, JZiHE - i F 52, & 1.
MWCNTSs 45 0% fft 55 .
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