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Effect of Number of Nozzle Passes on the Magnetic Properties of Magnetite
Nanoparticles Synthesized Using a High Pressure Homogenizer
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Magnetite nanoparticles were synthesized from Fe(OH), using a high pressure homogenizer without any dispersing agents and
oxidant. The observed X-ray diffraction (XRD) patterns revealed that all the samples had the inverse spinel structure of magnetite
nanoparticles. The average size of the synthesized magnetite particles was found to be controlled by the number of passes in the high
pressure homogenizer nozzle. The average particle size estimated by the XRD and transmission electron microscopy (TEM) analysis
ranged from 17 to 22 nm. Magnetic hysteresis measurements were performed using a vibrating sample magnetometer (VSM) to
investigate the magnetic properties of the magnetite nanoparticles at room temperature, revealing the appearance of superparamagnetism
in the magnetite nanoparticles synthesized through 1 to 3 passes at 1500 bar.
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Fig. 1. (Color online) Schematic of the high pressure homogenizer
with reaction chamber.
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Fig. 2. XRD patterns of the magnetite nanoparticles synthesized by
high pressure homogenization method: (a) for 0 pass (non-high
pressure homogenization) and (b) for various numbers of passes.
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Fig. 3. TEM images of the magnetite nanoparticles synthesized by (a) sonochemical method, (b) non-high pressure homogenization (0 pass), and
high-pressure homogenization method for (c) 1 pass, (d) 3 passes and (e) 5 passes at 1,500 bar.
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Fig. 4. Room temperature magnetization vs applied magnetic field curves of the magnetite nanoparticles synthesized through high-pressure
homogenization for (a) 0 pass, (b) 1 pass, (c) 3 passes and (d) 5 passes at 1,500 bar.
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Table 1. Average particle sizes and magnetic properties of the synthesized magnetite nanoparticles.

Average particle size (nm)

Magnetic property”

XRD? TEM Magnetization (emu/g) Coercivity (Oe)  Retentivity (emu/g) Phase
0 pass 26 - 64 125 17 FeOOIl;I;:SEj(OH)X
500 pass 21 20 72 - ) cubie3%inel
1,000 pass 19 17 67 : ) cubie3%inel
1,500 pass 23 22 76 82 19 cubfcef];inel

9The particle size was calculated from the values of FWHM at the diffraction peak of 35.4° for Fe;0,.

®Magnetic properties were determined by VSM.
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