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ABSTRACT.  An experimental procedure has been developed to make spectral emittance and 

temperature measurements. The spectral emittance of an object is calculated using measurements 

of the spectral emissive power and of the surface temperature of the object obtained using a Fourier 

transform infrared (FTIR) spectrometer. A calibration procedure is described in detail which 

accounts for the temperature dependence of the detector. The methods used to extract the spectral 

emissive power and surface temperature from measured infrared spectra were validated using a 

blackbody radiator at known temperatures. The average error in the measured spectral emittance 

was 2.1% and the average difference between the temperature inferred from the recorded spectra 

and the temperature indicated on the blackbody radiator was 1.2%. The method was used to 

measure the spectral emittance of oxidized copper at various temperatures. 

 

 

INTRODUCTION 

 

Knowledge of the spectral emittance of an object is important in radiative heat transfer analyses in 

many different fields and for many different applications. Measurements of the spectral emittance 

of metals are used in the study of oxidation kinetics [1]. Variable emittance surfaces and coatings 

can be used to change the optical properties of a surface [2]. The mineral composition of a planet’s 

surface can be determined from the spectral emittance of the surface [3]. Spectral emittance of ash 

deposits that form in coal–fired reactors largely determines rated capacity/boiler size, operation, and 

maintenance. Spectral emittance of clouds, earth, and particles plays a role in global climate change.  

 

Three primary methods are used to measure the spectral emittance of an object [4]: 1. Measuring 

radiation emitted from a surface at a known temperature; 2. Measuring radiation reflected from the 

object; and 3. Measuring transmitted radiation through the object, or small particles formed from 

the object. For in situ emittance measurements of opaque objects, the first approach is most viable. 

This method presents more challenges than the others because it requires a precise knowledge of the 

surface temperature of the object. Both the surface temperature and the spectral emittance of a 

surface can be measured using Fourier transform infrared (FTIR) emission spectroscopy. 

 

A Fourier transform infrared (FTIR) spectrometer collects the radiant energy from a source. Surface 

temperature and spectral emittance measurements can be extracted from infrared spectra measured 

with an FTIR spectrometer. Using an FTIR is advantageous because the radiant energy over a large 

spectrum can be measured. Also, only optical access to a surface is required to measure its radiant 

energy. Thus, spectral emittance and surface temperature measurements can potentially be made in 

situ. Previous uses of FTIR spectroscopy to measure the spectral emittance of an object used a 

dedicated instrument to measure the object surface temperature [5, 6]. Previous efforts have not 

accounted for the temperature dependence of the detector located inside the spectrometer. Detailed 

analysis of the optical path and detector temperature sensitivity leading to the development of an 

instrument response function are the major contributions of this paper. These contributions are 
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