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Removal and Recycle of Phosphor from Water Using Magnetic Core/Shell

Structured Fe,0,@ SiO, Nanoparticles Functionalized with Hydrous Aluminum Oxide

LAI Li', XIE Qiang'*, FANG Wen-kan', XING Ming-chao', WU De-yi'"

(1. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. School of
Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: A novel magnetic core/shell structured nano-particle Fe, 0, @ SiO, phosphor-removal absorbent functionalized with hydrous
aluminum oxides (Fe,0,@ Si0, @ Al O, -nH,0) was synthesized. Fe,0,@ Si0O, @ Al,O, -nH,0 was characterized by XRD, TEM,
VSM and BET nitrogen adsorption experiment. The XRD and TEM results demonstrated the presence of the core/shell structure, with
saturated magnetization and specific surface area of 56.00 emu+g~' and 47.27 m*-g~", respectively. In batch phosphor adsorption
experiment, the Langmuir adsorption maximum capacity was 12. 90 mg-g ™" and nearly 96% phosphor could be rapidly removed within
a contact time of 40 min. Adsorption of phosphor on Fe, 0, @ SiO, @ Al,O, -nH,0 was highly dependent on pH condition, and the
favored pH range was 5-9 in which the phosphor removal rate was above 90% . In the treatment of sewage water, the recommended

-1

dosage was 1.25 kg+t™. In5 cycles of adsorption-regeneration-desorption experiment, over 90% of the adsorbed phosphor could be

desorbed with 1 mol+L ™" NaOH, and Fe,0,@ Si0,@ Al,0, -nH,0 could be reused after regeneration by pH adjustment with slightly
decreased phosphor removal rate with increasing recycling number, which proved the recyclability of Fe,0,@ SiO, @ Al, O, -nH,0O and
thereby its potential in recycling of phosphor resources.

Key words : magnetic nano-particle; hydrous aluminum hydroxide; core-shell structure; phosphor; removal; recycle
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Table 1  Elemental composition of Fe; 0, @ SiO, @ Al,O5 -nH,0
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Fig. 1 XRD patterns of magnetite Fe; 0, , Fe;0,@ SiO, ,
Fe;0,@Si0,@ Al, 05 -nH,0
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Fig. 3 Phosphor adsorption isotherm of
Fe;0,@ Si0, @ Al, 05 -nH, 0
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Table 3 Parameters of phosphor adsorption by
Fe;0,@Si0,@ Al, 04 -nH,0

WEEC A 28 Bl
O max 12.90
Langmuir AT K, 0.238
25 r 0.995
Ky 4.610
Freundlich £ 1/n 0.078
r 0. 966
O max 14.32
Langmuir FE IR K, 0. 296
50 r 0.998
Ky 5.387
Freundlich £ 1/n 0.212
r 0.972

1) A RE
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Table 4  Comparison of phosphor adsorption capacities

of tested materials

R MR/ C Q e/ mgg ! SCik
HEPEA AR 25 12.9 EN TN
T AR 50 14.32 NI
27308 30 5.03 [15]
Wk 25 5.20 [16]
LK RER T 30 45.45(LLERERERTT)  [7]
a-Al,0, 25 0.32 ~0.736 [21]
Ak 21 ~22 8.21 [31]
B AL 22 35.03 [32]
I3 30N 22 42.78 [32]
[aE7308 22 6.42 [32]
KR WAL 25 2.61 [33]
FR-REYH K R 25 8.8 [34]
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Table 5  Parameters of adsorption kinetics models for phosphor

adsorption by Fe;0,@ SiO, @ Al, O, -nH, 0

T 2 Bl

q. 0. 157

ME— A K 0.002
r 0.294

q. 1.828

g K, 0.171
r 0.999

1) r* AR
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