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Abstract — In this work, we show the faisability of studying thermal gradient in the thickness 
direction of a polymer by 2D imaging THz set up.  We will describe experimental procedure and data 
processing. 
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Introduction 

Thermal fields obtained by Infrared Thermography are only measured on the sample surface. Due 
to this experimental limitation, it is sometimes possible to study thin samples in order to ensure that 
the surface temperatures remain close to the average temperature across the thickness. However, this 
assumption does not hold for thick samples, and/or for high convective heat losses and/or when 
material heterogeneities develop in the thickness during mechanical tests. As XR tomography enables 
3D microstructure analysis, a challenge is now to obtain local and volume temperature measurements 
in heterogeneous situations. In 2013, Pradère et al. proposed to use the THz wavelength for 
temperature measurements at the surface using a thermoreflectance method [1, 2] based on a 
commercial THz pyrometer. Recently, they demonstrated the possibility to realize thermal 
tomography [3] with THz waves using an IR camera. In the present study, we would like to follow this 
subject of research. As a first step, we consider measurements of thermal transmittance on a planar 
polymer sample with THz waves using a THz sensor developed by T-Waves Technologies [4]. The 
main results obtained have been published in [5]. 

Experimental methodology 

The study was conducted on a POM polymer material (Polyacethal-C [12]), was chosen for its 
good transparency in the THz wavelength. The experimental design, presented in Figure 2a, illustrates 
the parallelepiped POM sample (Lx x Ly x Lz =0.045 m x 0.07 m x 0.0116 m) in the THz setup and the 
device chosen to impose the thermal loading. 2D images, acquired by a point by point setup, were 
recorded by measuring the beam intensity attenuation in transmission of an object placed at the focal 
point of this setup. The sample is moved in the plane perpendicular to the beam direction. A 
permanent 3D heterogeneous thermal state was obtained by the circulation of a heat transfer fluid 
(here water) leading to a thermal gradient in the sample, mainly in the radial direction. The sample 
support solution was chosen in order to impose symmetric boundary conditions.  

Five experiments were successively conducted at five different loading states: reference state (room 
temperature of Ta=23 °C) and four thermal loadings, corresponding to a water imposed temperature 
Twater of 30 °C, 40 °C, 50 °C and 60 °C. An infrared camera (FLIR SC6000) was focused on the entire 
front face in order to measure the surface temperature field at equilibrium. An example of the surface 
temperature along the y’ radial direction (between points A and D) is given in the red discontinuous 
plot in Figure 2b, for a thermal loading corresponding to a water imposed temperature Twater of 60 °C. 
In the same figure, we have plotted the intensity of the transmitted THz beam, denoted IT, through the 
sample along the AD line plotted in Figure 2(a), the transmitted THz increased as the distance from 
the hole increased and the temperature decreased. 
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The transmission coefficient ΓTHz across the sample thickness was calculated for each discrete point 
Mi(xi,yi) located at position (xi,yi) on the front surface using the following ratio: ΓTHZ(xi,yi)=IT(xi,yi)/I0, 
where I0 is the THz radiation emitted by the source and IT is the one transmitted across the thickness. 
Figure 2a pools the data obtained for all imposed water temperatures (Twater = Ta, 30 °C, 40 °C, 50 °C 
and 60 °C) for all points Mi located on the AE profile. Although, they were obtained in different tests 
(associated with different experimental conditions), the responses of all points for all water 
temperatures were plotted on a master curve associated with the thermo-dependence of the THz 
absorption and/or reflection coefficients. 

Discussion 

To simulate the transmitted intensity, we consider the following equation which shows the linear 
dependence of absorption coefficient α with temperature: α(T)=aα+bα(T-T0). The two parameters (aα 
and bα) of the thermal dependence can be identified using a simple analytical model of temperature 
dependence along the sample thickness. The evolution of the transmission coefficient in the radial 
direction y’ is plotted in Figure 2b for all applied water temperatures. The difference between the 
“measurement” (dashed line) and the identified “model” (continuous line) is very small and the model 
enables us to capture variations in the THz transmission coefficient with a very limited number of 
parameters. 

 

Figure 1: a) experimental setup used to impose a 3D thermal state in the POM sample. b) surface temperature 
along the y’ radial direction (between points A and D) at Twater of 60 °C (red discontinuous line); intensity of the 

transmitted THz beam IT, through the sample along the same AD line (blue continuous line). 

 

Figure 2:  a) Transmission coefficient ΓTHz across the sample thickness calculated for each discrete point 
along the radial AD line, for the four imposed water temperature. 
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Conclusion 

The analysis of THz and thermal measurements obtained on the sample profile, combined with the 
thermal model, enabled us to identify the thermo-dependence of the THz absorption coefficient.!The 
mean temperature can then be determined along the THz direction once the thermodependence of the 
transmission coefficients are known and using the constant reflection coefficient. The present 
experimental device has a rotational stage on which the sample is placed which allows acquisition of a 
2D image for each angle step, and in the future, we hope to be able to obtain 3D thermal 
measurements by THz tomography for a given material based on knowledge of the thermal 
dependence of the reflection and absorption coefficients. 
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