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Determination of the Diffusion Coefficient and the Activation Energy of Fluoroplastics

International Information and
Engineering Technology Association

7N
. )
)

Check for
updates |

Lakel Abdelghani
Material Science Department, Faculty of Science, Biskra University, Biskra 07000, Algeria

Corresponding Author Email: a.lakel@univ-biskra.dz

https://doi.org/10.18280/acsm.440309 ABSTRACT

The aim of this research is to study four samples using the fluoroplastic scanning
calorimeter which contain different concentrations of thermally extended graphite (GTD)
in different dispersions. We noticed that the heating speed plays a very important role.
Increasing the heating speed from 5 to 10 then 15 <C/min, changes the thermal behavior
of an infinitesimally small compound regardless of the concentration and/or dispersion.
All curves each contain an anomaly in the calorimetric curves. The shape of the latter, its
energizing energy, and its intensity depend on the concentration and dispersion. The
temperature of anomalies in the calorimeter curve changes from one sample to another.
We have shown that nanomaterials that contain the smallest GTD concentration with
high dispersion and heat up at the highest heating speed deteriorate at high temperatures.
It is more resistant to thermal shocks. One of the interesting results of this work the
introduction of an amount of GTD in to the polymer improves the thermal properties of
the infinitesimal compound, and its use becomes possible in a wide range of temperature.
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1. INTRODUCTION

The technological development has resulted in new high-
quality materials with high performance and significantly
longer life spans. The technical-commercial compromise is
constantly improving. This became possible thanks to the new
combinations of materials including the insertion of
nanometric elements in various matrices, including polymers.
Thus, the obtained nanocomposites used in the various fields
are at the origin of the industrial progress and improvement of
the properties of the current used machines.

In recent decades, obtaining polymer composites reinforced
by carbon fiber, carbon foam, graphite or carbon nanotubes
have been the subject of several studies and the publication of
numerous research projects [1-9].

The development of thermally expanded graphite (GTD)
and its insertion in polymer matrices have considerably
increased the service life of mechanical parts by improving
certain properties such as increasing compressibility and
decreasing the coefficient of friction. Light weight and
inexpensive polymer materials made it possible to replace
heavy and expensive mechanical parts with nanocomposites
reinforced with thermally expanded graphite [7].

It is not only used in the mechanical industry but has
become indispensable in other sectors such as energetics,
environmental protection, medicine. Its wide spectrum of use
makes it very competitive compared to other materials.

The addition of the GTD in a nanocomposite also favors the

decrease of the percolation concentration [8], raises the
electrical conductivity [9-11], render sit thermally stable [12-
20] and delays the appearance of the vitreous phase. This
characteristic makes the material usable in a wider temperature
range before its degradation [21-28].

The different thermophysical treatments are important
actors and are responsible for the properties of nanomaterials.
The choice of the treatment they must undergo is essential
since they give them the physical characteristics allowing
them to be used according to the conditions of the environment.

The aim of this work is to study the role of the heating rate
and the influence of two essential parameters, the GTD
concentration and its dispersion since they are responsible for
the physical properties and play a fundamental role in the
choice of the polymer.

We took fluoroplastic in which we introduced thermally
expanded graphite (GTD) at several concentrations and
different degrees of dispersion.

We have chosen differential calorimetry as an experimental
technique to be able to follow the evolution of the transition
temperature of the vitreous phase and thus to have information
concerning the degradation of the nanocomposite studied.

We took 04 samples containing different concentrations of
GTD. The dispersion differs from one sample to another
(Table 1).

The DSC measurements were made in the 0-350°C
temperature range using a Setaram 92 DSC. Three heating
rates were considered to be 5, 10 and 15°C/min.

Table 1. Concentration and dispersion of GTD in the samples

Sample 20GTD60(E1) 20GTD60-100(E2) 5GTD60-100(E3) 10GTD60(E4)
%GTD 20 20 5 10
Dispersion <60 60-100p 60-100p <60u
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2. RESULTS AND DISCUSSION

The results obtained show that all the DSC curves have the
same overall appearance and show an endothermic peak
around 220°C (see Figure 1). This peak is attributed to the

In general, the increase in the heating rate causes the
intensification of the calorimetric anomaly and a decrease in

the values of the DSC whatever the sample.
For the same rate, the endothermic peak appears at almost
the same temperature with different intensities depending on

devitrification of the samples. The shape and intensity of this
peak change from one sample to another.

the GTD concentration and dispersion (Figures 2, 3 and 4).
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Figure 1. DCS curves of sample 4 obtained with tree heating rates (5

(d) Sample 4
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Figure 3. DSC curves of the four samples obtained for

Figure 2. DSC curves of the four samples obtained for
V=15 C/min
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Figure 4. DSC curves of the four samples obtained for
V=5 <T/min

As the heating rate increases (5<C/min, 10<C/min and
15 <T/min) the peaks are shifted to higher temperatures
respectively (218 <C; 222<C and 230 <C).

The intensities of all peaks also increase with increasing
heating rates. The highest intensities occur at a rate of
15<C/min whereas the highest intensity value is observed for
the 5 GTD 100 sample containing 5% GTD with a dispersion
of between 60 and 100 um. Similarly, the smallest intensities
are observed at the lowest rate of 5 <C/min and the minimum
value of- 7.0mW/mg corresponds to the 20 GTD 60 sample
containing 20% TEG and a dispersion lower than 60 um (see
Table 2).

In general, it can be seen that for the same concentration of
GTD and a different dispersion, the peaks appear at the same
temperature for a given speed. However, the peaks
corresponding to the 60 - 100 um dispersion are more intense.

In the same way, it is found that for a given dispersion, the
peak of the sample containing the smallest concentration is the
most intense.

Considering the various samples between them, it is noted
that for the sample 1, the differences in the values of the DSC
for the different speeds are constant, while for the other
samples 2, 3 and 4, a different behavior is observed. Indeed,
the curves measured at speeds of 5 and 10 <T/min overlap. The
curve corresponding to the speed of 15 <C/min is totally
detached from those of the two previous ones. The peaks are
the most intense at this speed. We also found that the increase
in dispersion is causing a strong intensification of the
calorimetric anomaly when the heating rate is 15 <T/min.

Decreasing the heat ingrate makes the peak intensity of the
DSC clearly decrease.

As heating rates increase and GTD concentrations decrease,
the calorimetric anomaly is at least twice as great. The
variations of the DSC curve become monotonous on both sides
of the peak.

For the same concentration equal to 20% in GTD, we
noticed that when the dispersion passes from the smallest
value (< 60 um) to the higher value (60 - 100 pm) the

intensities of the calorimetric peaks increase whatever the
heating rate. From the point of view of the heating rate, we
find that the curve corresponding to the speed of 15 <T/min is
completely detached from the other two. For the dispersion of
60 — 100 um, the curves obtained with the heating rates of 5
and 10 <C/min have the same pace up to 230<C, then we see a
sharp increase of the DSC for the speed of 10 <T/min. At
350<C, the difference between the two curves is close to 100 %.
The following figure (Figure 5), shows that 15<C/min and they
stand out completely from the others obtained at speeds of 5
and 10 <T/min.

20% GTD <60 1 V=15°C/mn
—=—20% GTD 60-100 p V=15°C/mn

-30 ;
50

T T T
200 250 300 350

T/°c

T T
100 150

Figure 5. DSC curves of samples containing the same
concentration of GTD and having different dispersions

For dispersion (60 - 100 um), the concentration of GTD has
effects on the peak of the DSC curves. When the difference
between the concentrations is large (5% and 20%), the
anomaly intensities increase with the increase in the heating
rate. Whatever the rate of heating, the material with less GTD
has the peak of the highest DSC and the largest DSC values.
When the concentration is (10% and 20%), the peak intensities
also increase with increasing heating rate and are highest when
the heating rate is greatest (15 <C/min), Figure 6.
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Figure 6. DSC curves of samples having the same dispersion
at different concentrations of GTD

Table 2. Peak intensities by concentration and dispersion of GTDs

Samples 20 GTD 60 (mW/mg) 20 GTD 60-100 (mW/mg)5 GTD 60-100 (mW/mg)10 GTD 60 (mW/mg)
\'%A) -7.0 -9.2 -7.5 -8.4
V10 -12.5 -10.0 -11.3 -114
V15 -18.6 -20.5 -29.0 -20.6
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3. DETERMINATION
ENERGY

OF THE ACTIVATION

To calculate the activation energy (Ea) we used the three
methods of Kissinger (KAS), and Ozawa, and Boswell [29,
30]. Determining the activation energy of a system from the
evolution of the Minimal temperature of the endothermic peak
(Tpic), as a function of the velocity V, by the following
relations:

Y=1 v B +C (1)
=nN—=—
Teic TpicR
Y =InV= —1.0518( ) +C, ()
PIC
Y=1 v E +C (3)
=n—= -
Toie  TpicR 7

where,
C, C; and C; are constants.
E: activation energy (KJ/mol).
R: Perfect gaz constant (8.314 KJ/mol.K).

The activation energy (Ea) is obtained from the slope of the
line Y as a function of (1/Tpic) where C, C; and C, are
constants. The line was drawn using the original software by
the linear fit option (Figure 7, 8, 9 and10).
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Figure 7. Activation energies of fluoroplastics containing
20% GTD with dispersion (< 60 pm)
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Figure 8. Activation energies of fluoroplastics containing
20% GTD with dispersion (60-100 pm)

220

methods of Kissinger
o methods of Ozawa
4—methods of Boswell

> -8 e U
TTT——a
-10 4
12 4
-14 -— e
: . . — =
0,00198 0,00199 0,00200 0,00201 0,00202 0,00203 0,00204
1/Tpic

Figure 9. Activation energies of fluoroplastics containing 5%
GTD with dispersion (60 — 100 um)
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Figure 10. Activation energies of fluoroplastics containing
10% GTD with dispersion (< 60 pm)

The calculation of the activation energy of 4 samples for the
speed V=5 °C/min by the three methods are very close. The
values of the energies are grouped in Table 3.

Table 3. Peak intensities by concentration and dispersion of
GTD

Ea(mW/mg) Kissinger Ozawa Boswell
20 GTD 60  -3.54£2.05 -7.0+1.77 -5.0+1.71
20 GTD 60 -100-7.91+5.00-9.24+4.83 -5.5+4.92
5 GTD 60 -100 -7.26+1.88-7.442.17 -7.5+7.71
10 GTD 60  -4.14+2.05-8.4+3.00-6.21+2.71

Table 4 reports the activation energy determined by three
different methods of the four samples for the speed
V=10°C/min.

Table 4. Peak intensities by concentration and dispersion of

GTD
E.(mW/mg) Kissinger Ozawa Boswell
20GTD 60  -11.5+1.76 -12.5+1.05-10.0+2.01

20 GTD 60 - 100 -8.8942.21 -10.0+£3.19-11.2+2.71
5GTD 60 - 100 -10.3£2.05 -11.3+2.24 -9.5+1.33
10GTD 60  -11.144+3.11-11.442.28-8.49+1.01

Table 5 reports the activation energy determined by the
three methods of the four samples for the speed V=15°C/min.



Table 5. Peak intensities by GTD concentration and

dispersion
Ea(mW/mg) Kissinger Ozawa Boswell
20GTD60(E1) -16.6+£5.02 -18.6+4.05 -15.0+4.71
20GTD60-100(E2) -19.8+1.08 -20.5+2.05 -19.2+7.71
5GTD60-100(E3)  -25.0£2.05 -29.0+1.43  -30+0.89
10GTD60(E4) -18.6+£6.25 -20.6+4.08 -18.4+5.22

4. OTHER RESULTS

In the same context, additional analyzes concerning
microstructures, X-ray diffraction, the influence of pressing,
measurements of the parameters of the network before and
after annealing as a function of the pressure, the stress and the
degree of crystallinity were carried out. The results obtained
are summarized below.

Figure 11 shows the microstructures of thermally expanded
graphite and fluoroplastic-based nanocomposites containing
GTD.

(a) GTD particles with dispersion down to 40 microns, (b, ¢, d and e.)
Fluoroplastic-GTD mixture 5% (vol.) At different magnifications

Figure 11. Microstructure of GTD particles

5. CONCLUSION

The results obtained in this work are essential since they
illustrate the positive role of the addition of thermally
expanded graphite in a polymer matrix. The degradation
temperature of the finished product has shifted to high
temperatures. So, its use has become possible under less
favorable conditions (high temperature, friction, wear, ...) This
result is confirmed by the measurements of other physical
quantities favored the formation of clusters and the increase of
the elastic limit which are responsible for the improvement of
the mechanical properties.

We have shown that the DSC curve obtained for the heating

221

rate of 15 °C/min is the most important whatever the
concentration and dispersion in GTD. All curves have a
calorimetric anomaly whose activation energy and intensity
and onset temperature vary with dispersion and GTD
concentration. For the heating rate of 15 °C/min, the DSC
curve of the sample containing 5% GTD and the 60 - 100 um
dispersion shows the most intense peak and its temperature of
appearance is the highest. So, this sample is the one that is the
most resistant to thermal shocks and degrades the least in front
of the other three.

We noticed that when the heating is carried out with the
speed of 15 °C/min, the influence the dispersion (samples
containing the same concentration in GTD and having two
different dispersions: < 60 and 60 — 100 pum) results in the
largest DSC values. The intensities of the calorimetric peaks
are also the most intense.

Comparison between two samples with the same dispersion
and two different concentrations also shows that the DSC
values and the activation energies and the intensities of the
peaks obtained are much greater when the heating rate is
15 °C/min before those obtained when the speeds are 5 and
10 °C/min.
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