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Laser Microraman Study of Reduced Synthesized Spinel Powders
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Abstract

The Raman effect is the excitation or de-excitation of vibrational modes resulting
from the inelastic scattering of light from a gas, liquid, or solid with a shift in energy
from that of the usually incident radiation.

Raman microscopy was performed on synthesized spinel powders of solid solution
Fe,Cr,, 0, to determine the dependence of the vibrational modes upon the metal
cations. The powders were synthesized in a combustion reaction using metal nitrates
and urea. The oxide powders were reduced in a hydrogen/argon gas flow at high
temperature.

Spinel Structure

The spinel structure is named after the mineral spinel (MgAl,O,); the general
composition is AB,QO,. It is essentially cubic, with the O - ions forming a fcc lattice. The
cations (usually metals) occupy 1/8 of the tetrahedral sites and 1/2 of the octahedral
sites and there are 32 O-ions in the unit cell.
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Spinel Synthesis

Iron Chromite spinel powders (Fe,Cr,,0,) were synthesized in a combustion
reaction. After the combustion reaction, XRD showed poor crystal structure, or even

the corundum structure, instead of the desired spinel. Due to the high heat at which
they were synthesized, the spinel (Fe;0,) form tended to oxidize down to the corundum
(Fe,O,) structure.
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To convert the samples to the spinel phase, the samples were heated to 700C in a
reducing environment of 2% H, / 98% Argon gas flow.
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Raman Microscope
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This is the micro-Raman spectrometer used to collect all of our spectra.

Raman Data
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A typical Raman spectrum of an iron chromite

The peaks of the Raman spectra were then fit using PeakFit software to determine
the positions of the Raman peaks. For many samples, only the A, mode was
visible.

Numerous Raman spectra were acquired on each sample at different spots and
varying laser intensities to check uniformity of the powder. For the most part, all the

spectra were consistent at similar laser powers and at different spots on the sample.

Fe; ,Cry 80,

Fe; 6Cry 40,
Fe,CrO,

Fe, 4,Crq 60,

This table displays the Raman bands for Fe,Cr, 0.
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Laser Intensity

A major problem we ran into when taking the data was that the power density of our
laser spot, was too great and caused heating of the sample, which shifts the energy of
the Raman modes to lower energy (wavenumber). For these iron chromites, it also
converts the spinel phase to the corundum phase.

This conversion to corundum is permanent, remaining even after the intensity was
reduced. We realized that it was necessary to use very low intensity
and slowly remove a few strong neutral density filters to avoid oxidizing the sample.
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This series of Raman spectra shows the conversion of the spinel phase to y-
Fe, 0, and finally to corundum phase a-Fe,0,

Conclusions

The reduction of the chromite powders was successful in producing high crystalline
spinel phase samples which was confirmed using XRD.

The Raman position of the A1g mode shows no obvious trend on the amount of iron
within the iron chromite. Literature shows that the lattice constant change is not
linear for Fe,Cr,, 0, and so the dependence upon cation exchange may not be obvious.

However, forms of iron oxides are common corrosion products of stainless steel in high
temperature environments, and Raman spectroscopy provides a useful tool for identification
of these products.
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