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Abstract

The determination of the reflectance for directional irradiation of diffusely reflecting sample is
important to improve the knowledge of thermal exchanges. !t appears necessary to have some
complete reflectivity measurements. Thus an infrared scattering instrument has been build and we
have done measurements on several samples. The incidence angles range from. 10° to 80°. The use
of a Fourier Transform spectrometer permits measurements in the 650 cm-1 - 8000 ecm-~1 wavenumber
range (1.5 ym-15 um) and the maximal spectral resolution is 0.125 cm-1. The instrument was tested
on an alumina sample at room temperature. The wavenumber range is 1300 cm-1 - 8000 cm-1.

1. Introduction

In many situations, some materials are under an important thermal radiation. Radiation
plays an important part of the thermal transfer at elevated temperature and in the vacuum.
Therefore the optical characteristics studies are important for applications as brakes and
satellites. In many cases, the optical properties of opaque specimens (transmittance t(1)=0)
are characterised by the spectral reflectance for directional irradiation p (A). The spectral
absorptance for directional incidence o (A) and the emittance & (A), are linked by:

o(A)=1-a(h) ©)
&A) = afd) )

Equation (1) is the Kirchhoff law and equation (2) is a statement of energy conservation.

Several methods were used to study optical characteristic [1]. The emittance .or
calorimetric methods [2] allow only global measurements of the various coefficient g, o or p.
Some experiments measure the reflected radiation in the whole hemisphere with integrating
sphere [3] but cannot measure the directional reflectance. To have more information about
the reflection phenomena, it appears necessary to measure the directional distribution of the
reflected radiation [4,5].

That's why we have build an instrument being able to measure the directional distribution
of reflected radiations at several wavenumbers. The sample is at room temperature and the

~angle of incidence can vary from 10° to 80°. The polarisation of the incident beam is also
controlled.

2, Experimental procedure

The reflection method consists in focusing a monochromatic beam onto the sample and
measuring the incident and the reflected flow. The rate of these two flows gives the
reflectance of the sample. This rate is calculated at an angle of incidence and an angle of
reflection. If the sample is motionless, the source and the detector have to move around the
sample in the whole hemisphere (figure 1). The use of a Fourier Transform spectrometer [6]
permits measurements in the 1.5um - 8um wavelength range with a thin resolution (at 2 pm
the accuracy is 1rim). A hot wire gives the infrared radiation which goes through the
Michelson interferometer. The signal reflected by the sample is measured by the detector.
The Fourier Transformation of the signal gives the intensity of the signal for each wavelength
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but only for the signal which undergoes the Michelson. Then the furnace radiations do not
interfere with the measurement. And secondly, this spectrometer is sensitive and fast
because it measures all wavelength frequencies simultaneously. We have used a Nicolet
550 FT-IR spectrometer, a globar as infrared radiation source, a KBr beamsplitter and a MCT
detector. To measure the reflectance at different polarisation states, we have used a wires
grid polarizer.

For these reflection measurements the FT-IR spectrometer source radiation is dlrected
through the interferometer where it is modulated, then directed via a parabolic off-axis mirror
on the sample. The reflected beam is collected by an other parabolic off-axis mirror and
focused onto the detector. The use of a metallic mirror provide us a total achromatism. The
utilisation of the spectrometer as source radiation forces us to have a fixed source.
Therefore, we have to use a sample holder with rotating axes. It is the same about the
detector, because of the fragility of its cooling system, it could only rotate in a horizontal
plane. Finally, the sample holder has two rotating axes: one vertical and one horizontal. The
detector has one vertical rotating axis (figure 2).

This system of a moving sample raises a problem about the control of the polarisation of
the incident beam. Indeed, as the sample has two axes of rotations, the incident beam
polarisation plane changes, with the sample position. That's why we have to put the polarizer
on a rotating system. Thus, the polarizer foliows the plane of polarisation and the incident
beam is always parallel or perpendicular to the incidence plane. The angle of rotation of the
polarizer is calculated as a function of the rotation angles of the sample.

The experimental configuration forces us to work with the angles i, 6 and ¢ defined in
figure 2 (named in the following i,, 6, et ©,). But for more clearness, we have done the result
with the angles i, 8 and ¢ of the figure 1 (named iy, 8; and ¢4).

The normal to sample is the zeros of the angles iy, 64, ¢, and q,,

The incident beam gives the zeros of the angles i, and ¢..

The relations between iy, 8:and ¢q.and i;, 8, and o, are:

cos(i,) =cos(@,) +cos(i,)~1 .
cos(6,) = cos(8, — i) +cos(p,) —1 , 3

sin(p, )

SN = @) x sin)

The measurement of the incident beam is a question of interest. The first solution was to
measure the incident flow with a removable mirror. It appears really easier to normalize the
sample spectrum with a reference spectrum. A gold mirror was placed at the sample
position. The reflectance (totally specular) of this mirror is known (0.97) in the entire
wavenumber range of our measurement. The accuracy of the measurement is limited by the
solid angle of the detection. The mirror which focuses the reflected beam on the detector
collects the flow with a 2° solid angle.

This solid angle could be reduced, but for low reflecting sample it will increase the signal
to noise ratio and the inaccuracy.

Measurements were carried out for:

Angles of incidence:

ranging from 0 ° to 80° with a 10° step.
Angles of reflection:

In the plane of incidence:

with a 2° step near the specular reflection and with a 10° step further.
Out of the incidence plane:

with a 10°step in the plane perpendicular tot the plane of incidence.




" http://dx.doi.org/10.21611/qirt.1998.036

Finally 351 angular configurations were carried out for each polarization state of the
incident beam. For every sample, 702 spectra were acquired for a wavenumber
measurements range from 1300 cm™ to 8000 cm™. This great number of measurements
gave a complete reflectance study of the sample.

3. Results

The large number of results make the data reduction very long and difficuilt. This great
quantity of measurements could seem to be useless, but it appears for the less diffusive
sample that the measure near the specular reflectionare still too out spaced. The angular
resolution of the directional distribution have to be thinner. We have specially looked at the
spectral reflectance in the plane of incidence for several angles of incidence as a function of
the wavenumber.

The directional distribution: of reflected radiations (at 2 pm) got the same appearance
whatever the angle of incidence; but the reflectance increases with the incidence angle
(figure 3). For an incidence angle of 70°, alumina have a quasi specular reflectance; and it is
more specular at 8000-cm™ than at 2000 cm™ (figure 4). The reflectivity of the nickel is
presented (figure 5) at 5um and for-an incident angle of 40° as function of the two angle of
rotation teta and phi.

The water absorption band at 4500 cm™ makes the ‘measurement impossible to be
performed at this wavenumber. The simple solution will be to work -under a controlled
atmosphere. We tried to dry the air, but the volume of the instrument was too big to allow a
good measurement at this wavenumber value.

4. Conclusion

This work consists in the conception and the realisation of an instrument to study the
reflectance of an alumina sample. The originality and the principal interest of this study is the
great quantity of measurements, which could be made thanks to this instrument. The
reflectivity of a sample is studied at any angle of reflection and any angle of incidence. The
use of a FT-IR spectrometer allows to get measurement in a large wavenumber range and to

-, study samples with a weak reflectance. Every kind of sample could thus be studied at room

' temperature. However, other measurements could be done by taking data every degree. The
wavenumber range could be increased by using several detectors and beamsplitters.
A cooling or heating system could be build to study the reflectance at several temperatures.
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Fig. 4a. Alumina reflectance for an incidence angle: i=40°
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Fig. 4b. Alumina reflectance for an incidence angle: i=70°
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Fig. 5. Nickel reflectance at 5 ym






