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Adsorption Characteristics of Nitrate and Phosphate from Aqueous Solution on

Zirconium-Hexadecyltrimethylammonium Chloride Modified Activated Carbon

ZHENG Wen-jing, LIN Jian-wei~, ZHAN Yan-hui, WANG Hong

(College of Marine Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: A novel adsorbent material, i. e., zirconium-cationic surfactant modified activated carbon (ZrSMAC) was prepared by
loading zirconium hydroxide and hexadecyltrimethylammonium chloride (CTAC) on activated carbon, and was used as an adsorbent for
nitrate and phosphate removal from aqueous solution. The adsorption characteristics of nitrate and phosphate on ZrSMAC from aqueous
solution were investigated in batch mode. Results showed that the ZrSMAC was effective for nitrate and phosphate removal from aqueous
solution. The pseudo-second-order kinetic model fitted both the nitrate and phosphate kinetic experimental data well. The equilibrium
isotherm data of nitrate adsorption onto the ZrSMAC were well fitted to the Langmuir, Dubinin-Radushkevich (D-R) and Freundlich
isotherm models. The equilibrium isotherm data of phosphate adsorption onto the ZrSMAC could be described by the Langmuir and D-
R isotherm models. According to the Langmuir isotherm model, the maximum nitrate and phosphate adsorption capacities for the
ZrSMAC were 7. 58 mg-g ™" and 10.9 mg-g ™", respectively. High pH value was unfavorable for nitrate and phosphate adsorption onto
the ZrSMAC. The presence of Cl~, HCO; and SO in solution reduced the nitrate and phosphate adsorption capacities for the
ZrSMAC. The nitrate adsorption capacity for the ZrSMAC was reduced by the presence of coexisting phosphate in solution, and the
phosphate adsorption capacity for the ZrSMAC was also reduced by the presence of coexisting nitrate in solution. About 90% of nitrate
adsorbed on the ZrSMAC could be desorbed in 1 mol-L ™" NaCl solution, and about 78% of phosphate adsorbed on the ZrSMAC could
be desorbed in 1 mol:L~" NaOH solution. The adsorption mechanism of nitrate on the ZrSMAC included the anion exchange
interactions and electrostatic attraction, and the adsorption mechanism of phosphate on the ZrSMAC included the ligand exchange
interaction, electrostatic attraction and anion exchange interaction.

Key words : zirconium-hexadecyltrimethylammonium chloride modified activated carbon; nitrate; phosphate; adsorption; desorption
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Fig. 1 Effects of adsorbent dosage on the removal of nitrate and phosphate by Zr-CTAC modified activated carbon
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Fig. 2 Adsorption kinetics of nitrate and phosphate on Zr-CTAC modified activated carbon
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20 ~40 mg- L~ "B}, Ze-CTAC BCPE 16 M 2% T Jf K
THBRERAY ¢, (H M 1.58 ~3.91 min; YBEREVI LA
WP 5 ~20 mg-L~" I}, Ze-CTAC 2% 345 1 ¢ W
BEK P B BRER 0 ¢, 1 1. 44 ~ 8.37 min. M
Zr-CTAC SR 2k mT DAAR P s 65 7K rp %) i 7R 5

FIWERR Eh VR BE PRI — . 255 00 b A0 1, , 1H,
Yil] Zr-CTAC B 1 % % 7K F iR R £ A 1R R
O I B L 6 DR B8 W RS 3l g 2. X R A Zo-
CTAC BT 5 A1 S W B 500 ] LA 2803 25 B Ok
FHR R h AR EE .

F1 Zr-CTAC MUEFE SR WHIK PHE S MBRBEN N N FERSHEMUESEAX R

Table 1

Kinetic model parameters and correlation coefficients for nitrate and phosphate adsorption

onto Zr-CTAC modified activated carbon at different adsorbate concentrations

0 B A %ﬂflﬁ‘w%’j Ge,exp Ge,cal ky . h o tl/‘z R
/mg- L /mg-g ! /mg-g”! /g+(mg-min) ~! /mg- (g min) /min

20 3.57 3.57 0.177 2.26 1.58 0. 999

fiF R ER 30 5.11 5.12 0.053 1.37 3.72 0. 999
40 6.18 6.23 0.041 1.59 3.91 0. 999

5 2.47 2.48 0.281 1.72 1.44 0. 999

HIEN 10 4.78 4.81 0.051 1.18 4.07 0. 999
20 7.50 7.52 0.016 0.90 8.37 0. 999
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HPVGES PR IR R 58 14 R 452 it 1 2 (R RRER: ¢ M 10
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Fig. 3 Adsorption isotherms of nitrate and phosphate on Zr-CTAC modified activated carbon
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R, = 1/(1 + ¢)K,) (9)
T, ¢, R0 HG W B B (mg- L"), TSR 0
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RUXE Ze-CTAC BV I Ve o W2 BF 7K v 8 12 6 R0 A R
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Table 2 Isotherm model parameters and correlation coefficients for nitrate and phosphate adsorption onto Zr-CTAC modified activated carbon

Langmuir A5 TR AL 0

Freundlich 25 3 W Ff A5 74

D-R S5 I B 7

IS G max ] L 1 R K, Un R 90 ] 27 . . R
/mg-g” /L-mg” /mmol-g~" /mol® k] > /kJ-mol
R ER 7.58 0.241 0.999 2.56 0.281 0.936 0.284 0. 002 62 13.8 0. 955
WL 10.9 1.53 0.994 4.93 0. 325 0. 836 0. 267 0. 001 80 16.7 0.976

% 2 Al LIA , Langmuir, Freundlich 1 D-R
TR B ASE R X Ze-CTAC B 305 1 5 W% B 7K v
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B(R*)/NF0.900. XA Langmuir F1 D-R 2510
BRFASTRY LS AT LA - T 4438 Zr-CTAC Bl P36 7
B OK R R ER W B 5 D-R OB RS AR I,
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MM 9 pH WA T Ze-CTAC B 36 2 27 % 7K rh il
FRER F IS, M9 pH #AIK(pH <5) B I ok
T OH o (A5 1 k3 AT IE F oy B AT A 22
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Fig. 4 Effects of solution pH on the adsorption of nitrate and phosphate on Zr-CTAC modified activated carbon
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Fig. 5 Effects of coexisting anions on the adsorption of nitrate and phosphate on Zr-CTAC modified activated carbon
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Fig. 6 Effects of phosphate anions on the removal of nitrate by Zr-CTAC modified activated carbon and

effect of nitrate anions on the removal of phosphate by Zr-CTAC modified activated carbon
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