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Abstract. The anion starch polymer microspheres were made of neutral starch microsphere by the
secondary polymerization and an ionization using NasPsOg as the anion reagent. The anion starch
polymer microsphere was characterized by Laser Particle Analyzer and FT-IR spectroscopy.
Adsorption behavior of anion starch polymer microsphere for metal ions was investigated by atomic
absorption spectrophotometry. The results showed that two kinds of crosslinking agent N,
N'-methylenebisacrylamide and NaszP3Oq were definitely cross—linked with glucose group, and the
average particle diameter of anion starch polymer microsphere was about 47.8 um, which had a
small average particle size. And the starch based polymer microsphere exhibited better adsorption
property for copper ions.

Introduction

Anion starch polymer microsphere was a kind of artificial natural starch derivatives, which was
synthesized by anion modification [1-4]. The adsorption ability of this polymer microsphere may
enhance by grafted the anionic group, especially could absorbed the some substance with cationic
group [5, 6]. Meanwhile, this polymer microsphere with nontoxic and environmentally friendly
could be used as metal ion adsorbent, which would not result in secondary pollution. Therefore,
anion starch polymer microsphere, a type of adsorption material, could be used for some huge
development potential fields, such as metal ions adsorption separation and waste water treatment.
However, the adsorption property of anion starch polymer microsphere for metal ions had not been
yet studied [7-10].

In this paper, the anion starch polymer microsphere was synthesized by reversed phrase emulsion
system, used N, N'-—methylenebisacrylamide and NasP3Og as the cross linking agent, initiated by
potassium persulphate—sodium bisulfite, span—60 and tween—60 served as emulsifier, approached to
the preparation and formation mechanisms of microsphere. The anion starch polymer microsphere
was characterized by laser particle size analyzer and FT-IR spectroscopy. Also, the adsorption
property of this polymer microsphere for Cu?*, Cr®* and Cd** were studied.

Experiment

Preparation of Anion Starch Polymer Microsphere. Soluble starch (Jungle Chemical Works,
SiChuan, China), Cyclohexane, chloroform, sodium hydroxide, ethyl acetate, acetone, alcohol,
Span-60, Tween—60, K;S,0g, NaHSO3;, N, N'-methylenebisacrylamide, were used to prepare the
anion starch polymer microspheres and all reaction reagents were analytical. Firstly, 2 g Span—-60 and
Tween—60 dispersed in 120 mL hex methylene with mechanical stirring. This solution was added to
three—necked flask, and was heated to 80 <€ with continuously stirred. 2 g soluble starch was
dissolved in 20 mL distilled water in 80 €€ and remained for 30 minutes to completely dissolve
starch. Secondly, this dissolve starch was added to the three—necked flask with continuously stirred
and at 80 <€ to obtained reversed emulsion. 0.2 g of N, N'-methylenebisacrylamide was dissolved in
30 mL chloroform in a three—necked flask which was deoxygenated using nitrogen prior to be used.
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004 g KyS;03 and 003 g NaHSO; were then added into the N,
N'—methylenebisacrylamide/chloroform solution. The resultant solution was mixed at 50 € for 2
hours. The product was obtained after centrifugal separation and dry 5 h by vacuum drying oven.
Finally, this product which was neutral starch based polymer microsphere added to NazP3Og solution
containing NaOH for 12 h, and washed by ethanol several times. And then, anion starch polymer
microsphere was obtained by drying 5 h with 120 <.

2StOH + NayP,0, —N3OH

St o) O—sSt + Na,P,0,

O—1ou——0
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Scheme 1. Anion - modified of starch polymer microsphere

Characterization Techniques. Particle size distribution of anion starch polymer microsphere was
measured by Laser Particle Analyzer. The chemical structure of anion starch polymer microsphere
was characterized by FT-IR spectroscopy.

Adsorption Experiment. A large number of 25 mL of Cu(NOs),, Cr(NO3); and Cd(NOs3),
solutions were placed into conical flasks with plug, and 0.1 g of anion starch polymer microsphere
was added into these solutions, respectively. These conical flasks were placed in a constant
temperature oscillator and were shaken. At different time intervals, the mixtures were taken out,
respectively, and after centrifugal separation, the Cu®*, Cr** and Cd** concentrations in the
supernatants were determined by atomic absorption spectrophotometer. And then the corresponding
adsorption amounts were calculated. The equilibrium adsorption capacity was calculated according
to the following Eq. 1.

Qu= (c, —ce)V
m 1)
Where Qe, Co, Ce, V, and m were the equilibrium adsorption capacity (mmol/g), the initial
concentration of Cu?*, Cr®* and Cd** (mmol/L), the equilibrium concentration of Cu®*, Cr** and Cd**
(mmol/L), the solution volume (L), and the mass of anion starch polymer microsphere (g),
respectively.

Results and Discussion

Particle size distribution of anion starch polymer microsphere was shown in Fig. 1. It could be seen
that average grain diameter of this polymer microsphere was 47.8 um, which had a small average
particle size and a narrow distribution.

The FT—IR spectrum of anion starch polymer microsphere was shown in Fig. 2. It showed clearly
that the characteristic peaks at 1647 cm™ were attributed to overlap the stretching vibration of C=0
and stretching vibration of acyl amide, which could be deduced logically that the starch had
definitely cross—linked with N, N'—-methylenebisacrylamide.
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Figure 1. Particle size distribution of anion starch polymer microsphere

0.50

Transmitance (%)
o
&

0.25F

4000 3000 2000 1000
Wavenumber (cm™)

Figure 2. IR spectrogram of anion starch polymer microsphere
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Figure 3. Adsorption isotherm of different ions on anion starch polymer microsphere

The isothermal adsorption curves of Cu(NOgs),, Cr(NO3); and Cd(NOs), on anion starch polymer
microsphere at 298 K were shown in Fig. 3. With the increase of the initial concentration of the
metal ions, adsorption capacity of anion starch polymer microsphere for lead ions, chromium ions
and cadmium ions became increased rapidly. When the initial concentration increased to 60 mmol/L,

148



the adsorption capacity of anion starch polymer microsphere increased slightly. It was shown that
anion starch polymer microsphere exhibited good adsorption of copper ions.

Summary

The anion starch polymer microsphere was successfully prepared by inverse suspension system. The
FT—-IR spectroscopy results showed that two kinds of crosslinking agent N,
N'—methylenebisacrylamide and NasP3;O9 were definitely cross—linked with glcosyl group. The
average particle size of starch based polymer microsphere was about 47.8 um, which had a narrow
distribution size. Meanwhile, the adsorption capacity of anion starch polymer microsphere for copper
ions, chromium ions and cadmium ions had been studied. This polymer microsphere exhibited good
adsorption capacity for metal ions, especially copper ions, which could be applied in the field of
water treatment.
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