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Metal ions binding by chelating ligands from new
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A new polymer bearing amidoxime chelating resin was prepared from polyacrylonitrile (PAN) grafted sago starch
and the significant binding capacity of metal ions by the resin was observed with a rapid sorption rate.

Chelating polymer materials are mainly used in analytical,oy Schoutedef?the reaction of PAN with hydroxylamine is
industrial and radiochemical laboratories, but only to a limitedshown in Scheme 1, where P is the backbone polymer.

extent in solving environmental problems. Metal pollution of

the environment presents a unique problem, since metals are NH

not subjected to biodegradation. The chelating resins contain- / 2

ing amidoxime groups have been playing a vital role in envi- @——C=N NH.OH NaOH

ronmental monitoring of toxic trace metals. The amidoxime =N+ 2 e C

chelating resins can be used for extraction of toxic metals in \\

the environment and sewage waters. The possibility of ura- NOH

nium recovery from seawater has been studied in many coun-

tries, a particularly high number of publications come from Scheme 1

Japanese scientists, which contain the synthesis of macroretic- o ) ) N

ular resins bearing amidoxime groups, because of their use ihhe amidoxime functional group was identified by IR spec-
extraction of uranium from seawatef.Most of these papers troscopy (Perkin-Elmer 1725). The characteristic absorption
involve the incorporation of a nitrile group into a polymer band of nitrile (PAN) was observed at 2245 ¢due to GN
matrix, followed by the conversion of the nitrile group into an stretching modes in addition to the same absorption bands of
amidoxime group using the alkaline solution of hydroxy- sago starcHas shown in Fig. 1a. To obtain a poly(amidoxime)
lamine. Egawaet al® prepared a macroreticular chelating resin, the amidoxime group was inserted to the PAN grafted
resin containing amidoxime by reacting acrylonitrile-divinyl copolymer, the €N band of 2245 crt disappeared and
benzene copolymer with hydroxylamine. Kubota andformed a new band of amidoxime at 1652-tand amide II
Shigehis& proposed a new route in which amidoxime groupsband of N-H at 1568 crhrespectively, as shown in Fig. 1b.
were prepared by the reaction of cyanoethylcellulose andhis result suggested that the nitrile groups of PAN grafted
acrylonitrile grafted cellulose with hydroxylamine. Fetséher copolymer were converted into amidoxime groups.
described the extraction of metals from dilute solutions by

poly(amidoxime) resin derived from fibrous homopolymers 1
and copolymers of acrylonitrile. Divinylbenzene cross-linked
poly(acryloamidoxime) resins were obtained and successfully
used in the determination of trace metals in natural wéfers.

Most of the work centralised on the uranium extraction in 8
sea water by poly(amidoxime) resin. There are very few arti- §
cles published for transition metal uptake by poly(amidoxime) ‘g
resin. This may first be introduced by the preparation of £ 2
poly(amidoxime) chelating resin from polyacrylonitrile E
(PAN) grafted sago starch. In this report, the PAN grafted (a) L

copolymer was used as a cheapest starting material to obtain
the poly(amidoxime) resin and the binding property of the
chelating resin was examined with a series of metal ions. (b)
The PAN grafted sago starch was prepared from acryloni-
trile monomer and sago starch using the free radical initiating } } } } t !
process according to the reaction mechanism suggested yoo 3500 3000 2500 2000 1500 1000 500
Ceresd? The grafting procedure was described elsewhere. |
The optimum yield of PAN grafted copolymer at the concen- cm
tration of ceric ammonium nitrate, acylonitrile, sago starch
(AGU, anhydroglucose unit) and sulfuric acid were 962 Fig. 1 FT-IR spectra of (a) polyacrylonitrile grafted sago
1073, 0.506, 0.146 and 0.190 mol/l respectively, as well thestarch and (b) poly(amidoxime) resin.
reaction temperature and period wereeG0and 90 min,
respectively. The conversion of the nitrile group into ami- Here we present the results of the binding property of
doxime was carried out by the treatment of hydroxylamine inpoly(amidoxime) resin with a series of metal ions. The sorp-
an alkaline medium. According to the mechanism suggestetion study was carried out in buffer at pH 2 to 6 and it was
found that the metal ion uptake by the resin was increased with
* To receive any correspondence. E-mail: lutrinl@hotmail.com Increasing of pH up to 6 (,Table :,l)' Th's Che,lat'ng resin exhibits
t This is a Short Paper, there is therefore no corresponding material iRigh affinity for copper, iron, zirconium, zinc, uranium and
J Chem. Research (M). lanthanum i.e. the binding capacities of Cu, Fe, Zr, Zn, U and
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La were 3.00, 2.18, 1.99, 1.61, 1.35 and 1.28 mmol/g,and uranium was observed to be 2.60 and 0.90 mmol/g respec-

respectively at pH 6. Although the binding capacity of coppertively, and their kinetic study shows that the rate of sorption for

is high, other metal ions also have significant sorption capacityopper and uranium was 12 and 13.5 nyjp){( respectively.

as shown in Table 1. The sorption capacities of metal ions wertlowever, although the overall metal ion capacities of our

pH dependent and the selectivity towards these metal ions is ipoly(amidoxime) resin are similar to those of other research

the following order: Ctr > Fe¥* > Zr3* > Zr?* > US* > La®* > workers, the rate of sorption is bettgy,&9 min) than for other

Gt > NB* > Th** > As®* > Ceé* > Th** > Ni2t > PPt >Dy3* reported poly(amidoxime) resins.

> C*> Cr*> Co* > Ca* > Mg2* > Na'. In conclusion, the poly(amidoxime) chelating resin was
prepared from PAN grafted sago starch and the sorption capac-

Table 1 Metal ions capacity by poly(amidoxime) resin. ities of a series of metal ion were found to be high. This resin
Metal ions Metal ions capacity (mmol/g) has the advantage of faster rate of equilibrium compared to ear-
pH lier amidoxime resins probably due to the presence of the new
backbone polymer. In future our work will be extended to the
2 3 4 5 6 extraction of toxic metals from the environment.
Cu?* 0.89 1.12 1.59 2.72 3.00 A
Fe3 0.68 0.88 1.01 1.61 2.18 Expe"“?e"t?'h roxylamine (NBH) soluion About 42.10 g of
34 reparation of hydroxylamine solution About 42.10 g o
r 0.56 0.71 1.56 1.58 1.99 hydroxylamine hydrochloride (N}¥DH.HCI) was dissolved in 300 ml
Zn? 0.55 0.88 1.18 1.33 1.61 methanolic solution (methanol: water; 5:1). The was neutral-
us+ 0.68 1.03 1.12 1.19 1.35 ized by NaOH solution and the precipitate of NaCl was removed by
filtration. The pH of the NEOH solution was adjusted to pH 10 by
3+ !
La 0.78 0.89 0.99 1.05 1.28 NaOH solution.
Gd* 0.59 0.89 0.88 0.85 1.12 Preparation of the poly(amidoxime) resPAN grafted copolymer
Nd3+ 0.39 0.65 0.76 0.91 1.07 (20.00 g) was placed into the round bottom flask and th
4 solution was added, the flask was equipped with a mechanical stirrer,
h 0.31 0.52 0.83 0.82 1.01 condenser and water bath. The reaction was carried out@tf@o
As®* 0.19 0.55 0.75 0.81 1.00 2 h. Then, the resulting poly(amidoxime) resin was separated by fil-
Ced+ 0.52 0.61 0.75 0.92 0.97 tration and washed several times with methanolic solution for
34 (methanol: water; 5:1). The resin was treated with 200 ml of
Tl_jz 0.29 0.50 0.85 0.88 0.96 methanolic 0.1M HCI solution for at least 5 min. Finally, the resin
Ni#* 0.25 0.48 0.62 0.71 0.83 was filtered and washed several times with methanolic solution and
Pr3+ 0.19 0.30 0.55 0.72 0.82 dried at 50C to a constant weight. _ o _
Dy3+ 0.40 0.53 0.58 0.61 0.72 Metal ion binding by the resiiThe metal ions binding to the resin
yz ' ' ' ' ' were measured using a batch equilibration technique with varying pH
Cd* 0.18 0.19 0.25 0.41 0.56 of solution (pH 2 to 6). For the batch technique, the resin was dried
Cr3+ 0.12 0.18 0.32 0.25 0.37 at 50°C to constant weight. Exactly 0.2000 g of dry resin was placed
2 into a series of 100 ml capacity polyethylene bottles and the resins
C°2 0.08 0.11 0.22 0.37 0.47 were allowed to equilibrate with distilled water (25 ml). Then 0.1M
Ca® 0.13 0.19 0.20 0.46 0.56 sodium acetate buffer at various pH 20 ml and 0.1M metal solution
Mg?2+ 0.14 0.21 0.22 0.29 0.41 20 ml were added to each bottle. The mixture was shaken for 24 h
Na* 0.11 0.11 0.18 0.24 0.33 using a rotary shaker. After equilibration, the supernatant solution

5 ml was collected for metal ion determination. The initial and final
amount of metal ion concentration was determined by using AAS
(GBC-903) and ICP (Perkin-1000).

; ; .-~ Kinetic exchangeThe rate of exchange of copper in sodium
The ratg ?f e)<5C0F:;lnge ?}f copperion W?S (ljetedmf“ned ?]nd theﬁma?cetate buffer (pH 4) was determined by using 0.1500 g of resin beads
required tor o exchange was calculated from the methoi, 10 m of the 0.1 M copper solution for various time intervals.

described by Leet al** The rate of copper exchange was rapid The copper ion concentration was determined as described above.
i.e. t,, <9 min. Therefore, overall metal ions uptake by this The time required for 50% exchangg,Jtwas calculated from the
resin can be achieved within a short period compared to othetot of the copper capacity (mmol/g) versus tithe.

chelating resind88The chelate complex of the amidoxime lig- _

and with a metal ion is presented in Scheme 2, where P is t ecelvgglzzszoMarch 2000; accepted 30 November 2000
backbone polymer and n is the oxidation state of metal (M). ~@P€r

30.2000 g dry resin and 20 ml of 0.1M metal ion solution.

_ References
/NH 1 H. Egawa, M. Nakayama, T. Nonaka, E. Sugiharappl. Polym.
C

| Sci., 1987,33, 1993.
@—Cz NOH— I M

2 H.Egawa, T. Nonaka, S. Abe, M. Nakayamhappl. Polym. Sci.

NH,

1992,45, 837.

N. Kabay, H. Egawal. Appl. Polym. Sgi1994,51, 381.

N. Kabay, T. Hayashi, A. Jyo, H. Egaw@, Appl. Polym. Sci
1994,54, 333.

H. Egawa, N. Kabay, T. Shuto, A. JybAppl. Polym. Sci1992,
46, 129.

H. Kubota, Y. Shigehisa, Appl. Polym. Sgi1995,56, 147.
C.A FetschenrJ. S. Patent1963, 3088798.

F. Vernon, T. ShatReactive Polymerd4,983,1, 301.

R. Lei, X. Jie, X. Jun, Z. Ruiyud, Appl. Polym. Sci1994 53, 325.
R.J. Ceres&lock and Graft Copolymerizatipdohn Wilely &

Scheme 2

w0 ~NO® [ W

An extensive sorption study on poly(amidoxime) resin was 9
undertaken for extraction of uranium from sea water by Egawd0

et al125They found that the sorption capacity of uranium is
about 0.96 mmol/g. Kabagt al® reported that the sorption
capacity of copper and uranium was 3.6 and 1.47 mmol/g,,
respectively. Vernon and SHgrepared a chelating resin bear- 13
ing hydroxamic/amidoxime groups and the binding of copper

Sons, New York, 1973, vol. II, pp. 3.

1 R. Lutfor, S. Sidik, W. M. Zin, M Z Ab Rahman, A. Mansor,

H. Jelas,J. Appl. Polym. Sci2000,76, 516.

F. SchoutedemMakromol Chemistry1957,24, 25.

C.H. Lee, J. S. Kim, M. Y. Suh, W. Le&npal Chim Acta1997,
339, 303.



