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Abstract — Organic-inorganic hybrid mesoporous anion-exchange resins were prepared for the adsorption of anions
from aqueous solutions. The prepared samples were characterized using nitrogen adsorption-desorption measurements,
Fourier transform infrared (FTIR) spectroscopy, and elemental analyses. Batch and kinetic experiments were performed
to examine the anion-exchange performances of the prepared samples. Among the prepared samples, the hybrid meso-
porous anion-exchange resins functionalized with tributylammonium groups showed higher adsorption capacities for
perrhenate ions than did the resin functionalized with trimethylammonium groups. The surfactant, hexadecylamine,
which had hydrophobic alkyl chains, also showed affinity for hydrophobic perrhenate anions.
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T2 10F%E0l 289 1% (sonication S F 3 50559k wkekaL Table 1. Properties of the prepared anion-exchange resins: surface

s-gols Aejule] A Zekanl S| (ICP-AES; Flame area, pore diame‘ter, and pore voll.Jme _

Modula S, Spectro) Re®] L& Z3Iict. 7|vlE AHE Samples BET Zu;ztg)e area . Pore (drifnn;etelﬂ Por(ecr\;lgl/;Te

2Js7] 918l NaReO, 2.74 ppm =8 1 /] A2 0.1 g& 53} HMS 645.8 2.53 0.55

WRKFEA 60357t A e Al 2 0% gohs 10 mPY F B} HMS,, 853 - 0.19

9L}, o]% B 99 FA. HMS, 3716 117 033
HMS, 611.4 1.43 0.34

-

#The maximum diameter in BJH adsorption isotherm

3. 41} & &
bSingle point total pore volume
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Table 2. The elemental analyses of the synthesized mesoporous anion-exchange resins
Samples N [mmol/g, ;] C [mmol/g,,] C [mmol/g,,] (calculated from N) H [mmol/g,,] N [/nm? ;]
A-HMS 1.68 26.6 26.8 63.9
HMS 0.06 0.25 3.11
A-HMS,, 2.12 21.8 18.2 57.2
HMS,, 1.57 9.95 9.43 339 11.1
A-HMS, 2.07 26.0 26.2 64.3
HMS, 1.24 11.4 13.0 34.6 2.01
A-HMS,, 1.82 26.9 28.1 63.6
HMS, 0.96 134 14.4 35.7 0.94
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Table 3. Capacities for Re uptake of prepared anion-exchange resins in batch tests

Samples Re [ppm] Re (C/Cy) Re uptake [mgg,/g,,] Re uptake [mg,/mmol,] Re [% ads] K,
A-HMS 5.59 0.27 1.55 0.92 73.5 277
HMS 2248 1.07 - - - -
A-HMS,, 1.265 0.06 1.98 0.93 94.0 1,565
HMS,, 3.183 0.15 1.79 1.14 84.9 562
A-HMS, 0.621 0.03 2.04 0.99 97.1 3,291
HMS, 2.766 0.13 1.83 1.48 86.9 661
A-HMS, 0.1047 0.00 2.10 1.16 99.5 20,015
HMS, 1.34 0.06 1.97 2.06 93.6 1,472
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Fig. 5. The amount of the Re uptake in Kinetic adsorption tests of the
as-synthesized materials (A) and the materials after solvent
extraction (B): (a) A-HMS, (b) A-HMS,,, (¢) A-HMS,,, (d) A-HMS,,,
(e) HMS, (f) HMS,, (g) HMS, 3, and (h) HMS.
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Table 4. Capacities for Re uptake from the fits of kinetic data to the
pseudo second order equation

i

Samples 9, (ML) q, (mgg,/mmoly) R

A-HMS 4.06 242 0.956
HMS - - -

A-HMS,, 11.74 5.54 0.989
HMS,, 1821 11.59 0.999
A-HMS, 14.79 7.16 0.999
HMS, 19.49 1571 0.999
A-HMS, 2041 11.24 0.999
HMS, 19.88 2075 0.997
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