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Synthesis of Hydroxyapatite/Magnetite/Zeolite Composite for Congo Red

Removal from Aqueous Solution

FANG Qiao, LIN Jian-wei, ZHAN Yan-hui, YANG Meng-juan, ZHENG Wen-jing

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

Abstract ; In this study, a novel hydroxyapatite/ magnetite/zeolite (HAP/Fe,0,/Zeo) composite was prepared, characterized and used
as an adsorbent to remove Congo red (CR) from aqueous solution. The adsorption characteristics of CR from aqueous solution on the
HAP/Fe,0,/Zeo composite were investigated using batch experiments. Results showed that the HAP/Fe;0,/Zeo composite was
effective for the removal of CR from aqueous solution. The CR adsorption capacity for the HAP/Fe,0,/Zeo composite decreased with
solution pH increasing from 3 to 4 or solution pH increasing from 7 to 11, and remained basically unchanged with pH increasing from 4
to 7. The CR removal efficiency of the HAP/Fe;0,/Zeo composite increased with increasing adsorbent dosage, while the amount of CR
adsorbed on the HAP/Fe,0,/Zeo composite decreased with increasing adsorbent dosage. The adsorption kinetic data of CR on the
HAP/Fe,0,/Zeo composite well fitted a pseudo-second-order model. The equilibrium adsorption data of CR on the HAP/Fe,0,/Zeo
composite could be described by the Langmuir and Freundlich isotherm models. The maximum monolayer adsorption capacity for CR
derived from the Langmuir isotherm model was determined to be 117 mg+g ™" at pH 7 and 303 K. The adsorption process of CR on the
HAP/Fe,0,/Zeo composite was spontaneous and endothermic. The main mechanisms for the adsorption of CR on the HAP/Fe, 0,/ Zeo
composite at pH 7 included surface complexation, hydrogen bonding and Lewis acid-base reaction. Thermal regeneration showed that
the HAP/Fe,0,/Zeo composite could be used for five desorption-adsorption cycles with high removal efficiency for CR in each cycle.
X-ray diffraction (XRD) analysis revealed that the HAP/Fe,0,/zeolite composite contained Fe,0,, and this composite had relatively
high saturation magnetization. The HAP/Fe,0,/Zeo composite adsorbed with CR could be collected from aqueous solution under an
external magnetic field quickly. Results of this study suggested that the HAP/Fe,0,/Zeo composite should be applicable for the
removal of CR from wastewater.

Key words : hydroxyapatite/ magnetite/zeolite composite; Congo red; adsorption; thermal regeneration; magnetic separation
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Fig. 1 XRD patterns of magnetite/zeolite composite and

hydroxyapatite/ magnetite/ zeolite composite
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Fig. 4 Removal of Congo red from aqueous solution by
magnetite/zeolite composite and hydroxyapatite/

magnetite/zeolite composite as a function of pH
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Fig. 5 Removal of Congo red from aqueous

solution by hydroxyapatite/ magnetite/ zeolite

composite as a function of adsorbent dosage
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Fig. 6 Adsorption kinetics of Congo red on hydroxyapatite/

magnetite/ zeolite composite
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Table 1  Kinetic model parameters for Congo red adsorption onto hydroxyapatite/ magnetite/ zeolite composite at various initial adsorbate concentrations
o 9e,exp Ge,cal ky h ly.s R
/mg-L~! /mg-g~! /mg-g~! /g+(mg-min) 7! /mg+ (g-min) ! /min
30 22.9 22.8 0.0121 6.30 3.62 0.999
50 36.6 36.0 0. 005 40 6.99 5.15 0.999
80 56.5 57.5 0.002 09 6.91 8.32 0.999

1) e ep M g BISHRSENE s g, o0 g, WRABHE B 2 BRI THIRAE s by, D9 HE Bl )2 AR H b R I 200 A A ke =5 R A R
h=kyq,? s g 5 A9 AN B A e 305 380 S o 220 LS O B ek — i PR O IR ], B BN 0 1 5 =17/ (kyg, ) 5 R HBLEARC R AL
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Fig. 7  Adsorption isotherm of CR from aqueous solution on

Fe, O, -1 A1 & & A BEXF A Hb ISR 210 118 25 3 W% B 47
H. ARPE Langmuir 55 5 W7 BB A 0H 55045 21 24 pH
Ry 7 MU E 303 K B} HAP-Fe, O, -l £1 52 & 44

hydroxyapatite/ magnetite/zeolite composite
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Table 2 Values of isotherm parameters for Congo red adsorption on hydroxyapatite/ magnetite/zeolite composite

Langmuir S R B AR AR

Freundlich %5 i W Bt 55 74

q,/mg-g”" K;/L-mg~! R

Ky 1/n R?

117 0.0408 0. 968

12.2 0. 461 0.952

1) q,, AW IR 790 Kok 2 T I o i R BN W R 5 K L K T L/n 350 W BFE 85 R? M ALA AR C R 5L

% 3 N HAP-Fe, 0, - £1 & & A BRI E P 4hSC
FR PIT I T 118 45 I 1 2 B 3510 6 7K I SR 21 ) e R
DI FfFE. DA FR AT T HAP-Fe, O, -3k 47 5 4 44 BT

JK RIS fe R M B v TR 2 [ N A B 241G
(OB P B 50). PRI, HAP-Fe, O, - £1 &2 5 4 BHE
ARy — Tl B 55 5 B3R P A R B IR 2T

R3 AR EIRE IR B U 3 7k o R SR AT B R oK EA L T Pt

Table 3 Maximum Congo red adsorption capacities of various magnetic adsorbents

Tl PR B 551 F KA I Bt/ mg - g ! A 0 S A B TR o Sk ) Sk
R A B 143.6 Langmuir %535 W fH 2k (3]
KA BE R A R B 69.78 Langmuir 453 W f 2% [19]
Fe, o5 Lag o5 0, BREE K 107. 64 Langmuir %575 W% Fi £k [30]
Fey0,@ £ BIGE AR 33.66 Langmuir %515 0% f 2k [31]
L YEE /e, 0, /1 MR AR R 66. 09 Langmuir 45 W ffF£k [32]
Fe, 0, ks nt A 82. 64 Langmuir 455 W% FF 2% [33]
s kiR Fey 0, UK 66 S [34]
Fe, Cos., O, HIARZALIERRL 84 S [35]
H1ZS Zn-Fe, 0, HkiEk 16. 10 Langmuir 450 fF£& [36]
i e v v 9.43 Langmuir %5 i I £k [37]
ZRg R (u-FN) 125.4 L [38]
Jeba i i 2 IR AR P AL T (u-MFN) 109.2 SEI [38]
T SOV 1 B 240 B 49.71 Langmuir 2550 {2 [39]
HAP-Fe, O, -l f1 & & 41K 117 Langmuir %5 5 % fi 28 PN
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Fig. 8 Removal of Congo red from aqueous solution by
hydroxyapatite/ magnetite/ zeolite composite

as a function of temperature
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Table 3 Thermodynamic parameters for Congo red adsorption onto hydroxyapatite/ magnetite/ zeolite composite

-1 o -1 o -1 AG®/kJ-mol 7!
co/mg-L AH"/k]-mol AS®/J+(mol-K)
298 K 303 K 308 K
60 20.2 128 -17.8 -18.6 -19.0
80 7.59 85.7 -18.0 -18.3 -18.8
100 21.3 131 -17.7 -18.5 -19.0
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Fig. 9 Removal of Congo red from aqueous solution on
hydroxyapatite/ magnetite/ zeolite composite as a function

of coexisting ions (coexisting anion is chloride ion)
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Fig. 10 Removal of Congo red from aqueous solution on
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Fig. 11 Congo red adsorption performance of thermally-regenerated

hydroxyapatite/ magnetite/ zeolite composite
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