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ABSTRACT:
The iron impregnated silica nanoparticles were successfully synthesized.  The iron intercalated silica nanoparticles
having particle size 322.0, 255.2 and 316.6 nm were found. The resulting iron impregnated silica nanoparticles were
used for removal of Cr(VI) from aqueous solutions. A simple and sensitive solid phase extraction procedure was used for
the determination of chromium at trace levels by spectrophotometric method using 1,5-diphenylcarbazide reagent. The
metal adsorption parameters such as pH, adsorbent dose and contact time were investigated. For Cr(VI), the maximum
adsorption capacity was about 89.7 % at pH 2 for the iron impregnated silica nanoparticles obtained.
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INTRODUCTION
There is considerable interest in the treatment of polluted water generated by industrial processes. Various
technologies have been developed over recent years and are now available for the removal of toxic metals
from waste water, thereby preventing the pollution of surface and ground water [1]. Chromium bearing waste
water originates from a variety of industrial processes such as electroplating, dichromate and basic chrome
sulphate manufacturing, tannery, anodizing, cutting tools, chrome mining etc. Many of these industrial
processes usually produce a large volume of waste water with a chromium concentration ranging from less
than 1 ppm to 10 ppm. The two common oxidation states for chromium in natural water are Cr(III) and
Cr(VI). Cr(III) is not a significant groundwater contaminant, whereas Cr(VI) is approximately 100 times more
toxic than Cr(III) [2].

In view of the toxic nature of Cr(VI), development of methods in order to establish their levels in the
environment and industrial quality control are quite significant. Solid phase extraction has been explored for
the preconcentration of many metal ions [3-4]. A variety of adsorbents have been used for the
preconcentration of chromium [5]. Literature survey of the preconcentration of chromium(VI) reveals that
solid phase extraction is one of the most versatile methods. The major advantage of solid phase extraction is
the high selectivity and enrichment factor.

Silica (SiO2) is considered as a waste product which is generated during production of silicon metal from blast
furnace. Because of several advantages, it is used as support material for adsorption. First, it is cheap, easily
available and non-toxic. Second, it has high surface area and so many other reasons. Furthermore, Fendorf et.
al. and other researcher describes that silica surface has been shown to highly bind Fe(III) and Cr(III) via
surface complexation [6-7]. Last two decades, researchers focused on synthesis of iron nanoparticles by new
techniques as well as in new applications of iron nanoparticles. Due to magnetic properties of iron
nanoparticles, magnetic nanoparticles in general are of great interest today. The applications of magnetic
nanoparticles in diagnosis and treatment of disease, electrical components and also used for sensor and
transducer.
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The various strategies have been reported to synthesise iron nanoparticles. Typically, Fe(0)- based
nanoparticles were prepared by reducing Fe(II) or Fe(III) in aqueous solution using a strong reducing agent
for example sodium borohydride [8]. Li et al. was prepared smaller iron nanoparticles (10 nm) by using
micro-emulsion method, instead of conventional solution method [9]. Klacanova et al. employed the
formation of Fe nanoparticles by the reduction of Fe(II) to Fe(0) with amino acid ligands in the co-ordination
sphere of the central Fe(II) atom [10].

The aim of this study was to synthesise a novel Fe(0)-based silica nanoparticles for removal of metal ions
from contaminated water.

MATERIALS AND METHODS
Ferric chloride anhydrous (FeCl3), sodium borohydride (NaBH4) and potassium dichromate (K2Cr2O7) were
purchased form Loba Chemie Pvt, Ltd, Mumbai, India. Sulfuric acid (95-98%) was procured from Merck,
India. Chromium (VI) stock solution (35.2 mg/mL) was prepared by dissolving accurately weighed potassium
dichromate in 100 mL deionized water. Water was deionised and purified with a Milli-Q water purification
system (Millipore, USA). Freshly prepared solutions were used for all experiments. All chemicals were used
without purification.

Preparation of solutions
Sulfuric acid solution (0.1 M): 0.272 mL of conc. sulfuric acid diluted up to 100 mL with water.
Diphenylcarbazide (DPC) reagent (0.025%): 25 mg of DPC dissolved in 10 mL of acetone, add 10 mL of 5 M
H2SO4 and diluted up to 100 mL with water. The solution was kept in an amber-glass bottle.

Chromium (VI) stock solution
Stock solution of Cr (VI) (17.66 ppm lit−1) was prepared by dissolving 100 mg of potassium

dichromate (Merck) in 100 ml of deionized water (Table 1). Working standard was prepared by appropriate
dilution of stock solution.

Table 1. Preparation of Cr(VI) solution

Sr.No. mL of Stock sol. Conc. Of sol.(ppm)

1 0.5 0.08

2 1.0 0.17

3 1.5 0.25

4 2.0 0.34

5 2.5 0.42

6 3.0 0.51

Calibration curve
To an aliquot of working standard solutions containing 0.08-0.5 ppm in 10 mL test tube and add 1 mL of 0.1
M sulphuric acid and followed by addition 2 mL of DPC solution (freshly prepared). Stir it well and kept
aside for 20 minutes and measure absorbance at 580 nm wavelength. Measured absorbance is shown in Table
2 and calibration curve is shown in figure 1.
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Table 2. Measured absorbance

Sr.No. Conc.(ppm) Absorbance

1 0.08 0.007

2 0.17 0.013

3 0.25 0.022

4 0.34 0.029

5 0.42 0.041

6 0.51 0.049

Figure 1. Calibration curve for Cr(VI)

General procedure for synthesis of Fe(0)-silica nanoparticles
Acid treatment: In a beaker, 1.300 g of Si-0.1 was weighed and 100 mL of deionised water was added to this
and sonicated for 15 min. Then 0.3 mL Concentrated HCl was added to above mixture while stirring on
magnetic stirrer. Stirring was continued for 2 hrs at RT. After 2 hrs sample was centrifuged and material was
dried in petri dish at RT.

In a three neck round bottom flask, 100 mL 30% methanol in water was taken and 0.498 g of FeSO4. 7H2O
was added and dissolved with stirring. While stirring above acid treated silica was added to it. Then sonicated
for 20 minutes and N2 was bubbled into it. Then round bottom flask was transferred to magnetic stirrer and
equipped with N2 and dropping funnel. 3.601 g of sodium borohydride was dissolved in 50 mL of deionised
water and added to reaction mixture with stirring through dropping funnel at RT. After 6 hrs stirring was
stopped and sample was centrifuged and washed with water. The final centrifuged sample was directly used
for chromium treatment.
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RESULTS AND DISCUSSION
SEM and Particle size analysis

The external morphology of the nanoparticles was observed via scanning electron microscopy (SEM;
Quanta 200 3D, dual beam Environmental Scanning Electron Microscopy (ESEM) microscope). Whereas,
particle size distribution of iron impregnated silica particles was carried out by Brookhaven Instruments
90Plus nanoparticle size analyzer.

The morphological analysis of Fe(0) impregnated silica nanoparticles were performed by SEM. Figure 2
shown representative scanning electron micrographs of iron impregnated silica nanoparticles. The small pores
and particles were observed on the surface of iron impregnated silica nanoparticles.

Figure 2. Scanning electron micrographs of iron impregnated silica nanoparticles
The particle size distribution of iron impregnated silica nanoparticles is shown in Figure 3 and

average particle size of iron impregnated silica nanoparticles is presented in Table 3. The result shows that
average particle size of silica nanoparticles 322.0, 255.2 and 316.6 nm were found.

Table 3. Average particles size of silica nanoparticles

Code SiO2-0.1 Fe(0) SiO2-0.25 Fe(0) SiO2-0.5 Fe(0)

Average
particle

size (nm)
322.0 255.2 316.6

Figure 3. Average particle size of iron impregnated silica nanoparticles
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Effect of pH
Table 4 and figure 4 represents the comparison of percentage adsorption of Cr(VI) at different pH for the Si-
nanoparticles synthesized with variation in iron. Adsorption studies of Cr(VI) were studied in the pH range of
2-8. The experimental results revealed that the Cr(VI) adsorption on the nanoparticles was high (89.7%) at
low pH (pH = 3). Cr(VI) exists in aqueous phase in different anionic forms such as chromate (CrO4

2-),
dichromate (Cr2O7

2-), or hydrogen chromate (HCrO4
-). The dominant form of Cr(VI) at lower pH is HCrO4

-.
Increasing the pH shifts the concentration of HCrO4

- to other forms as CrO4
2- and Cr2O7

2- .

Table 4. Effect of pH

pH of Soln SiO2-0.1 Fe(0) SiO2-0.25 Fe(0) SiO2-0.5 Fe(0)

2 71.5 75.3 71.1
3 89 89.7 74.5
4 71.8 71.7 71.1
6 71.4 71.8 72
8 71.4 71.5 71.6

Figure 4. Effect of pH

Effect of adsorbent dose
The various doses of Fe-Silica nanoparticles 50 to 250 mg mixed with the metal ion solution having

concentration 40 ppm and kept it at room temperature for 24 hours. The adsorption capacities for different
doses were determined by keeping all other factors e.g. pH and temperature constant (pH-2; temperature-30oC
respectively). The effect of adsorbent dose on the adsorption of Cr(VI) is presented in Table 5 and Figure 5. It
inferred that the percent removal of Cr(VI) increases with increase in  weight of Fe(0)0.1-Si resin due to the
greater availability of the exchangeable sites or surface area at higher concentration of the adsorbent. For the
40 ppm of Cr(VI) concentration at pH 2, optimum values of percentage adsorption and adsorbent
concentration are  99% and 250 mg respectively.
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Table 5. Effect of absorbent dose

Polymer (mg) % Adsorption

50 47.5

100 83.7

150 84.7

200 96.2

250 99

Figure 5. Effect of adsorbent dose

CONCLUSION
A method for preparation of Si-iron nanoparticles by reduction of iron is proposed. The synthesised

iron impregnated silica nanoparticles were used for removal of chromium from contaminated water. The metal
adsorption parameters such as pH and adsorbent dose were investigated. For Cr(VI), the maximum adsorption
capacity of the nanoparticles obtained was about 89.7 % at pH 2.
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