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2. OBJECTIVE 
 

Determining the thermal conductivity of an epoxy resin with metallic filler by the method of photoacoustic effect. 
 

3. THE MATERIALS AND EXPERIMENTAL TECHNIQUE 
 

To perform the measurements by photoacoustic effect, we used the method of open cell. The following materials 
were used in this project: 

 
• Pre microphone amplifier type Tube Ultragain MIC100 Behringer; 
• Electret microphone; 
• Power Laser - He-Ne 8 mW of power; 
• Amplifier tuned type Lock-in, (SRS 530); 
• Mechanical light modulator "Chopper" Thorlabs; 
• Photoacoustic cell configuration type open (OPC); 
• Tektronix Oscilloscope. 
 

In addition, we used a resin from a polyester adhesive that had as constituents, polyacids, drying agents, glycols and 
solvents, with it, the base resin for the manufacture of epoxy resin to metal loading. 

The preparation of the resin was made towards a viable production scale if it were implemented in the industry. 
After the resin is mixed with the metal charge, the compound was subjected to intense agitation to ensure sample 
homogeneity. Furthermore, to ensure the concentration and composition of the metallic charge of the resin before 
performing the measurement tests, it was subjected to metallographic analysis (Fig. 6) by means of optical microscopes 
with viewing screens graduated in the Laboratory of  microstructural characterization of block M1 of the Department of 
Mechanical Engineering. 

Initially was used a charge of metallic copper powder with a density of 3g/cm3 and then with a density of 2.7 g/cm3. 
This material was provided without cost, as material for study and research by the company Metalpó Indústria e 
Comércio Ltda. 

The determination of thermal properties of the resin compositions was carried out similar to the metallic charge and 
the resin and two different grain sizes (different thickness) of the metal used and the procedure carried out in non-
controlled temperature of approximately 30 ° C. 

Now, as a method to obtain the thermal properties of the sample,  was used the photoacoustic, because the 
photothermal techniques, in particular the photoacoustic have shown to be extremely useful as methods of analysis of 
virtually any type of material with a very characteristic important: they are non-destructive techniques. 

They bring together a large group of experimental methods based on the conversion of light energy into heat. In this 
technique, the light energy falls transiently or periodically on the investigated material (epoxy resin with metal loading), 
being part of this energy, absorbed and partly transformed into heat as a result of processes without excitation of atomic 
energy levels and molecular . 

The temperature of the material varies with the same frequency as the incident radiation, leading to variation in 
parameters such as sample refractive index, thermal conductivity and thermal diffusivity. The diffusivity (thermal 
conductivity as well) is a parameter that gives a measure of how heat propagates into the sample and has a unique value 
for each material, hence its importance (Olenka, 2003). 

From the absorption of radiation by the material, a specific sensor detects the change in the behavior of this material, 
where many different effects can occur in the sample or in their neighborhoods. 

In the different methods of measuring the properties by the photoacoustic effect, the experiment can be prepared to 
obtain a thermal property: ߙ௦, thermal diffusivity, k, the thermal conductivity and heat capacity per unit volume ܥߩ௣. 
For review one of these properties is considered that there is a dependence of photoacoustic signal with the modulation 
frequency of the light falling on the sample. In the method of open, cell can be monitored the dependence when the 
sample passes from a thermally thin regime to a thermally thick. In Figure 1 we have a scheme of this method. 
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Figure1. Method of measurement of open cell (OPC) 
 
 

The theory of the photoacoustic effect provides the dependence of the signal amplitude and its phase depending on 
the modulation frequency. Insofar as the modulation frequency is increased the thermal diffusion length (µ) decreases, 
because of this, the sample passes from thermally thin regime (µs >> ls) to a thermally thick (µs << ls) and ls is the 
thickness of the sample (Olenka, 2003). We can observe that the dependence on thermally thin regime (µs >> ls) for 
optically opaque samples, the amplitude of the photoacoustic signal has the functional dependency on frequency in 
order:  

 
ܵ ן ݂ሺିయ

మሻ                (1) 

 
For a thermally thick sample the amplitude of the photoacoustic signal has a functional dependence on frequency in 

order: 
 
 ܵ ן ଵ

௙
݁ି௕ඥ௙                             (2) 

 
with:  
                                                                                                                                                                    

ܾ ൌ ݈௦ ቀ గ
ఈೞ

ቁ
భ
మ                 (3) 

 
Of parameter b and knowing the thickness of the sample ls we evaluate the thermal diffusivity of the material. In 

dependence of the transition between these two regimes, have a value at which the thermal diffusion length equals the 
thickness of the sample µs = ls. This occurs at a certain frequency. In this case the parameter of thermal diffusivity can 
be evaluated in light of this frequency fc at the transition point by the relation: 

 
௦ߙ  ൌ ߨ ௖݂ ݈௦

ଶ                 (4) 
 

3.1 Method of measuring 
 

For this method a sample is considered optically opaque wherein the periodic heating by light incident on the sample 
is performed in the sample-air interface resulting acoustic effect piston. The sample was placed directly on the 
microphone. To ensure the coupling microphone-sample, was passed up a thin layer of silicone grease on the surface of 
the microphone, which in addition to helping the coupling function is to isolate the chamber air photoacoustic that the 
external environment. Before the start of the experiments, some standard procedures in the measurement equipment 
were taken. First, the set light of He-Ne laser for focussing it at right angles on the sample surface towards the bore and 
the microphone, as can be seen in Fig. 2 and Fig. 3. Furthermore, it is necessary that the sample surface has low 
reflectance, as this measurement process is by absorption of light and heat generation, resulting that the larger the 
absorption, the greater the amplitude of the photoacoustic signal. Because the surface material has a high degree of 
reflectivity (very common in metals), it was necessary the deposition of a thin layer of black ink. The adopted to carry 
out the measurements, all samples had their surfaces on the side of excitation, covered by a thin layer of black ink for 
better heat absorption. 
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Figure 2. Experimental apparatus off. 
 

 
 

Figure 3. Experimental apparatus on. 
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When starting the measurements, was waited for the stabilization of the amplitude and phase of the photoacoustic 
signal. The phase of the photoacoustic signal was then adjusted in the lock-in to 180 °. This is done so that there is no 
phase inversion (-180 ° to 180 °) in the course of action and that a standardization in measurements can be made. 

Subsequently set up a frequency modulation initial 20Hz from which we made a sweep from 20Hz to 300Hz. After, 
the filters were activated until the frequency of 60Hz and then reactivated at a frequency of 120Hz, which are the first 
two harmonics of the frequency range analyzed. 

To perform these measurements, was developed an program for data acquisition in LabView ® platform as shown in 
Fig. 4. With this program, as there is a variation in the frequency manually, the program stores the generated points and 
automatically generates a curve of the photoacoustic signal by frequency modulation. 

 

 
 

Figure 4. Display program data acquisition in LabView (in Portuguese) 
 

Finally, after detection and storage of components of intensity and phase of the photoacoustic signal in their 
respective frequencies, these data were analyzed (Prandel, 2009). 
 
4. RESULTS AND DISCUSSION 
 

First, to check the response of the microphone was carried out a scan on a sample of carbon paper, which is known 
and depends on the inverse of the modulation frequency. The result was satisfactory. After this check, was given start 
measurements on the first sample that was a resin which had copper powder density 3g/cm3.  

Then with the calibrated microphone, can be traced the graph of intensity’s logarithm against the frequency’s 
logarithm, allowing indicate the frequency region in which there is a predominance of diffusion behavior thermally 
thick. Applying the logarithm function in both members of Eq. (5) is obtained from the linear Eq. (6) for adjusting the 
amplitude and phase of the photoacoustic signal: 
 

ܵ. ݂ ൌ  eୠ√୤ ൅ C               (5) 
 
.ሺܵ݊ܮ ݂ሻ ൌ  ܾඥ݂ ൅  (6)               ܥ
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In order that the coefficients “C” (constant) and “b” were obtained in the experimental graph of Ln(S.f) versus ݂
భ
మ, 

and S is the signal and f the frequency (Fig. 5). Knowing the sample thickness (݈௦), the thermal diffusivity of the sample  
 :௦ was obtained by the equation (7)ߙ

 
ܾ ൌ  lୱሺ గ

ఈೞ
ሻ

భ
మ                 (7) 

 

 
Figure 5. Ln (S.f) versus ݂

భ
మ for the first sample. 

 
Thus, the values of the thickness of the sample (݈௦ = 0.3 x10-3 m), and the b value found from the graph, there was 

obtained a value of diffusivity equal to 0.5 x10-4 m2/s. With this value according to Eq. (8) was obtained value of 
thermal conductivity for the sample: 

 
݇ ൌ  ௣                (8)ܥߙߩ 

 
The value of k = 69,75 ௐ

௠௄
 was obtained for a value of ܥߩ௣ equal to 1395x103J/m3k obtained experimentally 

according to the hot wire (Fukushima, 2011). 
For the second sample that was a resin which had copper powder density 2.73 g/cm3, the initial calibration was 

carried into the microphone using an aluminum sample of the same dimensions of the sample of resin (0.2 x 10-3m). 
The calibration curve is shown in Fig. 6. 
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Figure 6. Calibration curve of the microphone for the sample of aluminum. 
 

Then, with the calibrated microphone, was repeated the same procedure performed in sample 1. Thus, it can be 
traced the graph of intensity’s logarithm against the frequency’s logarithm, allowing indicate the frequency region in 
which there is a predominance of diffusion behavior thermally thick. Applying the logarithm function in both members 
of Eq. (5) is obtained from the linear Eq. (6) for adjusting the amplitude and phase of the photoacoustic signal. 

In order that the coefficients C (constant) and b were obtained in the experimental graph of ln (S.f) versus ݂
భ
మ 

(Fig. 7). Knowing the sample thickness (݈௦), the thermal diffusivity of the sample ߙ௦ was obtained again by using Eq. 
(7). 
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Figure 7. Graph of Ln (S.f) versus ݂
భ
మ  for the first sample. 

 
With thickness values of sample 2 (݈௦ = 0.2 x 10-3 m), and found the value of b in the graph, gave a diffusivity value 

of 0.79 x 10-4 m2 / s. With this value according to Eq. (8), the value of thermal conductivity for the sample was 
obtained. 

Thus, the value of k = 110,3 W/mK was obtained for the second sample with a value equal to 1390x103 J/m3k to  
 .௣, obtained experimentally according to the hot wire (Fukushima, 2011)ܥߩ

Furthermore, it is also known that the porosity, size, shape and particle size distribution affect the physical and 
mechanical properties of the materials in its manufacture (Prandel, 2009). In the case of such resin predominates to the 
metallic charge, it only being coated with a polymeric layer as shown in Fig. 8. 

 

 
 

Figure 8. Epoxy Resin in micrographic analysis. 
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5. CONCLUSIONS 
 
The photothermal techniques, in particular the photoacoustic, have proved extremely useful as methods of analysis 

of virtually any type of material. One of the important features of this technique is that they are non-destructive. 
The temperature of the material varies with the same frequency as the incident radiation, leading to variation in 

parameters such as sample refractive index, thermal conductivity and thermal diffusivity. The diffusivity and thermal 
conductivity is a parameter that allows a measure of how heat propagates into the sample and has a unique value for 
each material, hence its importance (Olenka, 2003). 

The data acquisition was done using a program developed in Labview platform and wiyh the data obtained, was 
possible to build graphs with the help of software Origin ® [6] and thus was possible to determine their characteristic 
equations and analyze the behavior of the samples in ambient conditions, and finally possible to find conductivity 
values for each resin sample type. 

The values found were satisfactory compared to the values found in the literature (Araujo and Rosenbenrg, 1976) 
and (Konzelmann et al., 2008) since the resin does not conduct electricity and to which the resin had copper powder 
density of 3g/cm3 was obtained a thermal conductivity of  69,75W/mK and the resin which had copper powder density 
of 2.7 g/cm3 and a thickness of 0.2 x10-3m was obtained a thermal conductivity of 110,3 W/mK. 

This is due to the fact that the resin present in the metal charge is surrounded by a polymeric layer as shown in Fig. 
8. This feature prevents the passage of electric current, however, does not prevent the transfer of heat, being beneficial 
in cooling applications of electronic and telecommunications equipment requiring heat exchangers which are only 
electrical insulators. 

This electrical insulating property can be proven in the lab after lab tests are performed with an electrometer, which 
was obtained by an electrical resistance of approximately 39GigaOhm. 

Furthermore, the results are reliable because the parameters were calculated by means of the acquisition of data 
demonstrated error 0,186%, which proves that the method used OPC was useful and effective. 
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