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Adsorption Behavior and Influence Factors of p-Nitroaniline on High Surface

Area Activated Carbons Prepared from Plant Stems
LI Kun-quan"?, ZHENG Zheng', LUO Xing-zhang'

(1. Environmental Science & Engineering Department, Fudan University, Shanghai 200433, China; 2. College of Engineering,
Nanjing Agricultural University, Nanjing 210031, China)

Abstract; Low-cost and high surface area microporous activated carbons were prepared from Spartina alterniflora and cotton stalk with
KOH activation under the conditions of impregnation ratio of 3. 0, activation temperature at 800°C and activation time of 1.5 h. The
adsorption behavior of p-nitroaniline on the activated carbons was investigated by batch sorption experiments. The influences of solution
pH value, adsorbent dose and temperature were investigated. The adsorption isotherm and thermodynamic characteristics were also
discussed. The Spartina alterniflora activated carbon ( SA-AC) has a high surface area of 2 825 m’+g ™' and a micropore volume of

1
and

1.192 em’-g™'. The BET surface area and micropore volume of the cotton stalk activated carbon ( CS-AC) are 2 135 m’-g~
1.011 cm’-g™!

nitroaniline. The Langmuir maximum sorption amount was found to be 719 mg-g~' for SA-AC and 716 mg-g

respectively. The sorption experiments show that both the activated carbons have high sorption capacity for p-
-1
for CS-AC,

respectively. The sorption was found to depend on solution pH, adsorbent dose, and temperature. The optimum pH for the removal of

s

p-nitroaniline was found to be 7. 0. The Freundlich model and Redlich-Peterson model can describe the experimental data effectively.
The negative changes in free energy (AG’) and enthalpy (AH’) indicate that the sorption is a spontaneous and exothermic procedure.
The negative values of the adsorption entropy AS’ indicate that the mobility of p-nitroaniline on the carbon surface becomes more
restricted as compared with that of those in solution.

Key words: KOH activation; cotton stalk; Spartina alterniflora; sorption isotherm; thermodynamics
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Table 1 ~ Main characteristics of the three selected activated carbons

R ES K ST1300 SA-AC CS-AC
L2/ m? g ! 1287 2825 2135
BILZ/em® g 7! 0. 667 1.374 1.038
MALE/em? o g ! 0. 641 1. 192 1.011
fL#& D,/nm 2.07 1.95 1.95
LA 25 pHopye 5.7 6.8 6.6

ik 86.29 80. 85 82.74
ST % = 0.42 0.99 1.42
A 3.07 1.52 1.18
A 7.89 11.03 13.56

100nm [§ 84800 10.0kV.5.5mm x350k.SE(U) 4/16/2009

1 &Mx CS-AC 5 SA-AC #J SEM [
Fig. 1 SEM photographs of KOH-activation carbon CS-AC and SA-AC
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Fig.2 Effect of solution pH on PNA adsorption on three carbons
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Fig.3  Effect of adsorbent doses on p-nitroaniline

on the three carbons
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Fig. 4

Isotherm curves for p-nitroaniline adsorption on the two carbons at different temperatures
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Table 2 Isotherm parameters for p-nitroaniline adsorption onto SA-AC and CS-AC
R - SA-AC CS-AC

15°C 25C 35C 15C 25C 35C

Langmuir OU/mg'gl ! 719 706 649 716 680 653
S i b/L-mg~ 0.572 0.297 0.450 0.289 0.308 0.276
4o =00/ (e e R 0.825 0.815 0.831 0.813 0.918 0.933

Freundlich Kp/L-mg ™' 308 279 288 284 258 243
g =Kyl n 4.926 4.741 5.291 4.768 4.499 4.479
R? 0.992 0.986 0.969 0.989 0.967 0.956

Ky/L-g™! 4146 3414 2081 4093 637 456
Redlich-Peterson a /L mg ! 12.123 11.167 6.150 13.275 1.817 1.294
q. =Kpe./(1 +ac.”) B 0.821 0.810 0.849 0.809 0.847 0.859
R? 0.998 0.987 0.984 0.990 0.996 0.991
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Fig.5 Plot of Inc, vs 1/T for estimation of thermodynamic parameters
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[Bliz sh . e Ah , N3 3 38 AT LA 1, 7 1 [ W
ST, X A R R e AR T R o SA-AC BBy
B R AEZE (AG®) i 48 3 (i LI 14 ¢ CS-AC Kk,
YO P B¢ SA-AC X X i J 4 i 1) 18 B 9K 2l 7 9%
Pk CS-AC K, M B BE 77 B 5k . 3 55 52 96 I 19 A9 &5
K2

®3 EMR SA-AC 1 CS-AC Xt Xt EF PR M R B3 12 S H
Table 3 Thermodynamic data for p-nitroaniline adsorption onto SA-AC and CS-AC

T -1 . . } AG°/kJ-mol ~'

i 5 g./mg-g AH /K- mol ™! AS*/1- (mol-K) ™! 15 25C 35°C
400 -14.29 -9.34 -11.42 -11.51 -11.60

SA-AC 500 -19.01 -33.04 -8.83 -9.16 -9.49
600 -24.57 -58.75 -6.48 -7.06 -7.65
400 -17.93 -24.21 -10.48 -10.72 -10.96

CS-AC 500 -13.16 -15.37 -8.42 -8.58 -8.73
600 -16.22 -32.27 -6.29 -6.61 -6.93

o [ 6] Zheng K, Pan B C, Zhang Q J. Enhanced adsorption of p-

3 &Fig

(1) LA KOH g 3% A 77 il £ 1 A B AL K 73

% SA-AC SHIFFIEPE S CS-AC 1Y b 2% 1 ALK B AL

JRAR X 7V VR )Xo i 2 R e W o K

(2) Freundlich 5 Redlich-Peterson & %I fig ™ #7-

b A 348 0% i L R e R3S PR ik SA-AC 5 CS-AC 11

U B 17 S, B I 0 45 7 T I

(3) W WA 3 25 B 55 4 W1 35 B B2 SA-AC 55

CS-AC X K YL P X il % e 15 W02 B4 o 55 A1 i

HAE(AG") SRS AE (AH") ¥k FufE , 1 W 1% Wk

B 2 I A A TR A S By ot R

e e
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