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The potential of tin-loaded poly(hydroxamic acid) ion exchange resin (SnPHA), hydrous tin
dioxide (SnO,.xH,O) and hydrous tin dioxide-loaded poly(hydroxamic acid) resin
(SnOPHA) to remove heavy metals As(V), As(Ill) and Cr(VI) from aqueous solution was
investigated. Poly(hydroxamic acid) resin was prepared from poly methyl acrylate-divinyl
benzene copolymer (PMA). The ester group of the PMA was converted to the hydroxamic
acid using the hydroxylamine in an alkaline solution. The SnPHA was prepared by shaking
the PHA resin with SnCly solution. SnO,.xH,O was prepared by neutralizing a Sn(IV)
chloride solution with ammonia solution. The XRD result proved that the SnO,.xH,0O
prepared is pure. The SnOPHA was produced by direct treating SnPHA with ammonia
solution. The XRD result also contributed clear information about the oxidation stated of

Sn(IV) in the PHA resin.

In order to understand the sorption characteristics of As(V), As(Ill) and Cr(VI) by the

sorbents, batch and column studied were performed under various experimental conditions.
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The parameters studied were pH, temperature, contact time, isotherm
study, sorbent dosage, presence of competitive anions, flow rate and sorption-desorption
cycles. The sorbents were also tested to remove arsenic and chromium from industrial waste

water samples.

The results of batch study indicated that the sorption process by the sorbents was pH
dependent and endothermic. It was found that the SnO,.xH»O sorbent has the highest sorption
capacity for As(V), As(Ill) and Cr(VI), followed by SnPHA and SnOPHA. Kinetic study
showed that uptake of As(V) ion by the sorbents reached equilibrium after about 13 hours
and about 10 hours for Cr(VI) sorption. The maximum sorption capacity of the SnPHA for
As(V) and Cr(VI) at room temperature determined from the Langmuir isotherm were 38.50
mg-As/g-resin and 22.12 mg-Cr/g-resin, respectively. Meanwhile, the maximum sorption
capacity of the SnOPHA were 8.30 mg-As/g-resin and 14.93 mg-Cr/g-resin and the
maximum sorption capacity of the SnO,.xH,O were 64.10 mg-As/g-sorbent and 28.57 mg-
Cr/g-sorbent. The uptake increased with increasing sorbent dosage. In the presence of

phosphate, sulphate and chromium anions, As(V) uptake decreased.

In desorption study, As(V) and Cr(VI) could be removed almost quantitatively from SnPHA
and SnOPHA by eluting with a 0.2M NaOH solution. However, a rather low flow rates have
to be applied for sorption using the column method. The SnPHA column could be used at
least for 3 cycles and 2 cycles for SHnOPHA for removal of As(V) ions. More than 86 % of
arsenic and chromium were successfully removed from industrial waste water samples by

SnPHA.
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Keupayaan resin penukar ion poli(asid hidroksamik)-terpegun Sn(IV) (SnPHA), tindioksida
terhidrat (SnO,.xH,0), dan resin penukar ion poli(asid hidroksamik)-terpegun tindioksida
terhidrat (SnOPHA) untuk penyingkiran logam berat As(V), As(IIl) dan Cr(VI) dari larutan
akueus telah dikaji. Resin poli(asik hidroksamik) telah berjaya disediakan daripada
kopolimer poli(metal akrilat)-divinil benzena (PMA). Kumpulan ester daripada PMA telah
berjaya ditukarkan kepada asid hidroksamik melalui tindak balas dengan hydroksilamin
hidroklorik dalam larutan alkali. SnPHA telah disediakan dengan menggongcang resin PHA
didalam larutan SnCls. SnO,.xH,O telah disediakan dengan meneutralkan Sn(IV) klorida
dengan larutan ammonia. Ketulenan SnO,.xH,O yang disediakan telah tentukan melalui
analisis XRD. SnOPHA telah disediakan daripada SnPHA dengan tindakbalas secara
langsung dengan larutan ammonia. Analisis XRD juga menunjukkan keadaan pengoksida

Sn(IV) dalam resin PHA.



Untuk memahami ciri-ciri erapan SnPHA, SnO,.xH,0 dan SnOPHA terhadap As(V), As(III)
dan Cr(VI), kajian kelompok dan turus telah dijalankan di bawah pelbagai keadaan
eksperiment seperti pH, suhu, masa, isoterma,dos pengerap, kehadiran ion-ion saingan, kadar

aliran, erapan-penyaherapan dan rawatan terhadap sampel air buangan industri.

Keputusan kajian kelompok menunjukkan bahawa proses erapan dipengaruhi oleh pH dan
bersifat endotermik. Didapati SnO,.xH,O menunjukkan keupayaan erapan yang paling tinggi
bagi As(V), As(IIl) dan Cr(VI) dan diikuti dengan SnPHA dan SnOPHA. Kajian kinetik
menunjukkan keseimbangan tindakbalas bagi erapan As(V) dan Cr(VI) masing-masing
diperolehi selepas 13 jam dan 10 jam. Kapasiti erapan maksimum untuk SnPHA pada suhu
bilik yang ditentukan daripada isoterma Langmuir adalah 38.50 mg-As/g-pengerap dan 22.12
mg-Cr/g-pengerap. Manakala kapasiti erapan maksimum untuk SnOPHA adalah 8.30 mg-
As/g-pengerap serta kapasiti erapan maksimum untuk SnO,.xH,O adalah 64.10 mg-As/g-
pengerap dan 28.57 mg-Cr/g-pengerap. Erapan meningkat dengan peningkatan dos pengerap.

Kehadiran ion-ion saingan akan mengurangkan erapan ion logam.

Dalam kajian penyaherapan, hampir semua As(V) dan Cr(VI) dapat disingkirkan dari SnPHA
dan SnOPHA dengan larutan 0.2 M NaOH. Walau bagaimana pun, untuk pengerapan yang
berkesan, kadar aliran yang perlahan harus digunakan. Turus SnPHA dapat digunakan secara
berkesan tidak lebih daripada 3 kali manakala turus SnOPHA dapat digunakan tidak lebih 2
kali. Lebih 86 % daripada logam As(V) dan Cr(VI) dalam sampel air buangan industri dapat

disingkirkan oleh SnPHA.
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