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Adsorption Kinetic and Thermodynamic Studies of Lead onto Activated Carbons

from Cotton Stalk
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Abstract: Low-cost high surface area microporous carbons were prepared from cotton stalk and cotton stalk fiber by H,PO, activation.
The adsorption of lead ions on the carbons was investigated by conducting a series of batch adsorption experiments. The influence of
solution pH value, contact time and temperature was investigated. The adsorption kinetics, thermodynamic behavior and mechanism
were also discussed. The surface area and pore structure of the activated carbons were analyzed by BET equation, BJH method and H-
K method according to the data from nitrogen adsorption at 77K. Boehm titration, Fourier transform infrared spectroscopy (FTIR) , the
point of zero charge( pH,,; ) measurement and elemental analysis were used to characterize the surface properties. The results show that
the carbons from cotton stalk and cotton stalk fiber have high surface area of 1570 and 1731 m® + ¢, and high content of oxygen-

"', The adsorption experiments show that the carbons have high adsorption

capacity for lead, and the maximum adsorption equilibrium amount was found to be 120 mg + g™ '.

containing functional groups of 1.43 and 0. 83 mmol - ¢
The adsorption amount increased
with contact time, and almost 80% of the adsorption occurred in the first 5 min. The pseudo-second-order model describes the
adsorption kinetics most effectively. The Freundlich isotherm was found to the best explanation for experimental data. The negative
change in free energy( AG") and positive change in enthalpy ( AH’) indicate that the adsorption is a spontaneous and endothermic
process, and the adsorption of lead ions onto the carbons might be involved in an ion-exchange mechanism.

Key words: H, PO, activation; cotton stalk; activated carbon; adsorption isotherm; adsorption mechanism
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Fig. 1  Adsorption apparatus for kinetic experiment
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Table 1  Main characteristics of the three activated carbons
ST1300 CS-AC CSF-AC
Sppp/m> - g~ 1287 1570 1731
Vi /cm® + g™ 0. 667 0.904 1. 020
Vi /cem® + g7 0. 641 0. 638 0.671
Vg /om® « g~ 0.034  0.363 0. 362
Dp/nm 2.073 2.303 2.357
pHpse 5.7 4.3 4.5
86.32 81.87 82.73
0.44 2.61 2.54
/% 3.04 4. 46 2.31
6.98 11.08 11.01
non 0.79 0.43
0.07 0.26 0.09
/mmol - g 7! 0. 09 0.27 0.15
0.12 0.11 0.16
2 CS-AC CSF-AC ST1300
, CS-AC 521, 1152, 1570, 3445
cm ! , 1152, 1570 em ™'
; CSF-AC 1152, 1570, 3445 c¢cm ™!
CS-AC,CSF-AC
[13]
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Fig.2 FTIR spectra of the three selected carbons
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Effect of solution pH on the adsorption
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2
3. R, , ,
Freundlich Langmuir ). Freundlich
s Freundlich n>1,
[22]
, 3
2
Table 2 Parameters of three kinetic models for adsorption of lead
Elovich
o qe mea p I% p e ./ me - B
Jmg L7 /mg g e, cal ] 1 ] R? e 2 ] R? £/ mg | E ] R?
/mg - g /min ~ /mg - g~ /min ~ (g min) ~ /g« mg~
CS-AC 50 43 41 0.7241  0.945 42 0.029 1 0.982 5844 0.2714 0.943
100 83 79 0.3238  0.988 83 0.0055  0.991 317 0.091 6 0.901
CSF-AC 50 47 44 0.8402  0.955 46 0.0258  0.973 18 125 0.2724 0.972
' 100 91 83 0.3457  0.983 88 0.0055  0.995 402 0.0887 0.921
140
120 v/;‘ 120 L CS-AC /A
/ — X _/..
100 | v / 100 - R S
T / % // -
W 80| . 2 80 /S A
ED / u E ‘/ S .
£ — - | e
= 60L & -— 60 [/
/ — ‘/ L
- L/
A —u— STI300 wor | ==
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1 1 | | | | 1 L L L 1 1
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Fig.5 Adsorption isotherms for lead adsorption on carbons Fig.6  Adsorption isotherms for lead on CS-AC at different temperatures
3
Table 3 Isotherm parameters for Pb( I ) adsorption onto various carbons
ST1300 CSF-AC CS-AC
25C 25C 15C 25C 35C
) 0°/mg - g 70 123 109 121 124
Fangmuir -! 0.115 0. 167 0.073 6 0.0851 0.152
0. =bQ%. /(1 +be,) ~ /Lome e : : : :
2 0.929 0.948 0.930 0.950 0.962
) Ky/L+ mg™! 19 36 22 26 32
Freundlich
Koc UVt n 3.567 3.481 3.012 3.031 3.211
q. =Kye,
l R? 0.963 0.967 0.989 0.988 0.964
2.5 J+(mol-K) '], T (K).
CSF-AC . CS-AC ,
, , CS- K, K,
AC AG -
(8)  ,AH' AS (9) K, = a/a, =vq./(v.c,) (10)
0
AG” = - RT InK, (8) ,a, a,
InK, = AS/R - (AH'/R)/T (9) v, v,
LASY AH [J- (mol-K) '] In(q./c.) q. , q.
- [24]
(J-mol™"),R [8.314 0 InK,
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Table 4 Thermodynamic data for adsorption of Ph( II ) onto

CS-AC evaluated at different temperatures

T AG° AH® AS°
) InK,
/C /kl ~mol™"  /kJ+mol™'  /kJ+(mol - K) !
15 3.41 -8.17 11.88 69. 80
25 3. 64 -9.03 11.88 69. 80
35 3.73 -9.56 11.88 69. 80
4 , AG’
0
’ ’ 9 AG
’ ’ b
0
CS-AC (AH") s
CS-AC ,
s CS-AC
9 Y

(11) ~(13)
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