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Abstract : In this research a adsorbent, PVA-Zeolite bead, was prepared by immobilizing zeolite with PVA. The results of XRD
and SEM analysis showed that the prepared PVA-Zeolite beads had porous structure and the zeolite particles were in mobilized
within the internal matrix of the beads. The adsorption properties of Sr ion and Cs ion with the adsorbent were studied by different
parameters such as effect of pH, adsorption rate, and adsorption isotherm. The adsorption of Sr ion and Cs ion reached equilibrium
after 540 minutes. The adsorption kinetics of both ions by the PVA-Zeolite beads were fitted well by the pseudo-second-order
model more than pseudo-first-order model. The equilibrium data fitted well with Langmuir isotherm model. The maximum adsorption
capacities of Sr ion and Cs ion calculated from Langmuir isotherm model were 52.08 mg/g and 58.14 mg/g, respectively. The
external mass transfer step was very fast compared to the intra-particle diffusion step in the adsorption process of Cs ion and Sr
ion by the PVA-Zeolite beads. This result implied that the rate controlling step was the intra-particle diffusion step.
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Fig. 1. XRD diffractograms of (a) Zeolite, (b) PVA-Zeolite beads,
and (c) JCPDS card (#39-222).
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Fig. 2. Photographs of (a) whole PVA-Zeolite bead, and SEM images of the PVA-Zeolite beads prepared (b) PVA 3 g-Zeolite 2 g,
(c) PVA 4 g-Zeolite 2 g, (d) PVA 5 g-Zeolite 2 g, and () PVA 4 g-Zeolite 3 g.
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Fig. 3. Absorption capacity of strontium ion for different PVA
and Zeolite contents (PVA-Zeolite beads: 2.0 g/02 L,
pH: 6, concentration: 20 mg/L, temperature: 20C),
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Fig. 4. Effect of contact time on the adsorption of Sr ion and Cs ion by PVA-Zeolite beads (PVA-Zeolite beads: 2.0 g/0.2 L, pH:

B, concentration: 20 mg/L, temperature: 207C).
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Table 2. Kinetic data calculated for absorption of Sr and Cs ion by PVA-zeolite beads

Pseudo-first-order

Pseudo-second-order

lon Co (mg/L) - -

0 (Mg/g) ki (1/min) r A Qe (%) 0k (Mg/g) ko (9/mg-min) r A G (%)

20 13.0541 0.0057 09663  17.2286 18,7266 0.0007 0.9987 0.0953

30 20,0494 0.0070 09918 38191 25 5754 0.0004 0.9979 0.4404

. 50 317629 0.0075 0.9502 1.9457 37.0370 0,0003 0.9985 0.1251

100 365397 0.0054 0.9903 7.6414 48 3092 0.0002 0.9983 0.2023

150 45 3450 0.0071 09781 07742 531915 0.0002 0.9983 0.0938

200 415210 0.0062 0.9796 7.3995 55.8659 0.0002 0.9972 0.2007

20 17.7609 0.0064 0.9805 27275 19,5313 0.0005 0.9972 0.5525

30 233851 0.0063 0.9847 2.3950 29 5858 0.0003 0.9972 0.2561

50 39,6742 0.0081 0.9383 35729 42 5532 0.0002 0.9981 0.3764

Cs 100 412355 0.0061 0.9892 5.9407 543478 0.0002 0.9949 0.1263

150 43,9521 0.0073 0.9695 5.0159 587295 0.0002 0.9990 0.4436

200 54,4128 0.0121 0.9658 03310 58.8530 0.0003 0.9954 0.6674
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Fig. 5. Plot of q: vs t"2 for the adsorption of Sr ion and Cs ion by PVA-Zeolite beads.
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Table 3. Parameters of intraparticle diffusion model

First linear part Second linear part

N gy K ?
(mg/g min'?) (mg/g min'?)

20 10731 09900 03347 09725
30 12794 09656 04505 09332
50 18551 09927 07609 09577

5 00 21599 09740 1.1151 0.9631
150 23914 09748 11178 09459
200 2725 09703 11756 09189
20 10332 09578 03393 09662
30 13013 09578 06282 09505

O 18463 09401 08634 09458
100 25451 09708 10352 09492
150 29603  0.9650 09590 08639
200 35641 09758 07092 08046
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Table 4. Comparison of adsorption isotherm constants of Sr
ion and Cs ion by PVA-zeolite beads

Langmuir Freundlich

lon gy ke 2 A4 ke o 2 Ad

(mg/g) (L/mg) (%) (L/mg) (%)
Sr 5208 00626 09992 01588 99155 03239 09619 0.6448
Cs 5814 00560 09998 00831 95706 03528 09547 09112
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