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Manufacture of Novel Composites Synthesized with Ferromagnetic and
Nano-Sized Prussian Blue and Deriving Optimum Conditions
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Abstract 1In this study, a new type of composite material combined with carbonyl iron, a relatively strong ferromagnetic
material, was prepared to overcome the current application limitations of Prussian blue, which is effective in removing radio-
active cesium. The surface of the prepared composite was analyzed using SEM and XRD, and it was confirmed that nano-sized
Prussian Blue was synthesized on the particle surface. In order to evaluate the cesium removal ability, 0.2 g of the composite
prepared for raw cesium aquatic solution at a concentration of 5 Lg was added and reacted, resulting in a cesium removal rate
0f 99.5 %. The complex follows Langmuir’s adsorption model and has a maximum adsorption amount (qe) of 79.3 mg/g. The
Central Composite Design (CCD) of the Response Surface Method (RSM) was used to derive the optimal application conditions
of the prepared composite. The optimal application conditions achieved using Response optimization appeared at a stirring speed
of pH 7, 17.6 RPM. The composite manufactured through this research is a material that overcomes the Prussian Blue limit in
powder form and is considered to be excellent economically and environmentally when applied to a cesium removal site.

Key words  cesium, ferromagnetic, Prussian blue, adsorption, optimum condition.
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Fig. 1. Manufacturing process mechanism of Carbonyl iron with
Prussian blue.
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Table 1. Design of experiment with independent factors and their low and high level values by CCD.

Coded values -a -1 0 1 +a
Independent factors Lowest Low Centre High Highest

pH T, 3 5 7 9 10

Rotation speed (RPM) T, 5 10 15 20 25
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Fig. 2. SEM images of particle surface characteristics (A) Carbonyl
iron, (B) Oxidation, (C) Silazation, (D) Prussian blue composite.
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Fig. 3. X-ray diffraction (XRD) peaks of Carbonyl iron, Prussian
blue, and Novel composites with Prussian blue.
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Table 2. Batch test results and distribution coefficient data of cesium removal in water through composites.

Cesium peak

Cesium concentration (pg/L)

Removal rate (%) Distribution coefficient (Kq, mL/g)

Initial Cons. 299,208 5
After reaction Cons. 1,127 0.022

99.5 113,136
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Table 3. Adsorption isotherm test results of cesium removal in
water through composites.
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Table 4. Central composite design and experimental data to removal
of cesium by a novel composites.

9 (Mg/g) K R’ Kr(mg/g) n R’ Std  Run pH RPM Removal of
79.3 027 097 1807 078 091 order order type O (@) (2 cesium (%)
1 4 1 1 5 15 88.32
7 ~ Langmuir isotherm 2 8 1 1 9 15 92.43
) e sonem 3120 1 s 25 94.56
2 . 4 6 1 1 9 25 95.33
2 - 5 1 1 3020 6731
3 6 13 -1 1 10 20 92.34
% 7 9 -1 1 7 10 96.71
£ § s -1 730 9958
2 o 110 1 7 20 99.58
0 . . : . : ; : . 10 2 0 1 7 20 99.58
0 5 10 15 20 25 30 35 40
Equilbrium Concentration (mg/L) 11 1 0 1 7 20 99.58
Fig. 4. Adsorption isotherm graph by Langmuir and Freundlich of 12 10 0 1 7 20 99.58
the composite. 13 3 0 1 7 20 99.58
Table 5. ANOVA (analysis of variance) of response surface quadratic by central composite design in response surface method.
Source of variations DF Seq SS Adj SS Adj MS F-value P-value
Regression 5 919.340 919.340 183.868 48.99 0
Linear 2 323.506 92.581 46.291 12.33 0.005
Square 2 593.045 593.045 296.523 79.01 0
Interaction 1 2.789 2.789 2.789 0.74 0.417
Residual error 7 26.271 26.271 3.753
Total 12 945.611
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