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THERMAL CHARACTERIZATION OF ASPHALT MIXTURES BY
TG/DTG, DTA AND FTIR
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The quality of a road relies on the good use of the on road surface and its maintenance along the years. The technology used and the
corrections contributes to the prevention of early road destructions. Pavement with polmyer and others additives exhibits greater re-
sistance to rutting, thermal cracking, and decreased fatigue damage, stripping and temperature susceptibility. Samples of CAP 40,
SBS 440/02, L 1861/04, L 784/05 and L 2000/04 were analyzed by thermogravimetry (TG), derivative thermogravimetry (DTG),
differential thermal analysis (DTA) and FTIR. Thermal characterizations showed that the main decomposition stage refers to
asphaltenes and samples with additives exhibited a slight increase in thermal stability. The kinetic study, by Kissinger, showed that
the sample with the highest stability was the SBS 440/02. Fourier transform infrared spectroscopy (FTIR) analysis suggested that

these asphalt samples were originated from light oil.
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Introduction

Asphalt is responsible for the carpeting of almost all
the pavements in cities worldwide. Processes of as-
phalt modification involving natural and synthetic
polymers were patented as early as 1843. Projects
were underway in Europe in the 1930s, and neoprene
latex began to be used in North America in the 1950s.
In the late 1970s, Europe was ahead of the United
States in the use of modified asphalts because the Eu-
ropean use of contractors, who provided warranties,
motivated a greater interest in decreased life cycle
costs, even at higher initial costs [1]. Nowadays the
technology used and the corrections contributes to the
prevention of early road damages. In this way, re-
searches all around the globe have been studying the
components and properties of the raw material for
pavements. There are some publications about crude
oil; its components, properties and performance. It is
relevant to mention an interest study made by Kok [2]
focusing on the kinetic study of crude oil. Also was
informed that exist a correlation between activation
energy and °API [3].

Asphalt cement from petroleum, CAP, is derived
from the distillation of petroleum crude in a refinery.
The chemistry and composition of crude is highly de-
pendent upon its source. As a consequence of the
variable nature of crude oil, asphalt cement contains a
wide variety of different molecules with different po-
larity and molecular size making the chemical compo-

* Author for correspondence: cheila@eq.uftj.br

1388-6150/320.00
© 2008 Akadémiai Kiado, Budapest

sition of asphalt cement exceedingly complex [4].
CAP being a complex mixture, whose main constitu-
ents are the asphaltenes, saturated compounds and
aromatics as shown in Figs 1 and 2 [5].
Gongalves et al. [6] made an important approach
about thermal decomposition, confirming a formation
of coke during the pyrolysis of asphaltenes. Asphalt-
enes are the most important asphalt constituent and
the essential components with the largest average mo-
lecular mass among crude oils [7]. They are also a
class of materials of considerable importance in the
refinery processes, since their presence may hinder
the thermal and catalytic transformation of petroleum
residues [6]. The asphalt cements show some modifi-
cation on its physical and chemical properties when
submitted to a thermal oxidative process, therefore re-
quiring the understanding of the effects of these new
materials when added to asphalts. Asphalt cement
may be modified by several different means including
treatment with polyphosphoric acid or addition of
polymers. Acid treatment is performed at the refinery
while polymers are typically added at a terminal [4].
Synthetic  polymer as  styrene—butadiene—sty-
rene (SBS) is a block copolymer that increases the
elasticity of asphalt. It is probably the most appropri-
ate polymer for asphalt modification, although the ad-
dition of SBS type block copolymers has both eco-
nomic and serious technical limitations. Although
low temperature flexibility is increased, some authors
claim that a decrease in strength and resistance to pen-
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Table 1 Properties of asphalt samples [8]

Additives to Density at . . . .
Penetration at Melting Viscosity  Sulfur/
Sample asphalt 20/4°C o e . o SARA
(mass/mass%) (gmL) 25°C, 100 g/dmm  point/°C 135°C/cP %
CAP 40 n.a 1.06 30 n.a. 570 n.a. n.a.
0,
SBS 440/02 f)" styrene 1.07 52 51.4 720.8 na. n.a.
utane styrene
0, -
L1selios  0>7epoly- 1.03 66 50.6 3567 094 na.
phosphoric acid
10% saturates
3% maleic 40% aromatics
L 784/05 anhydride 1.05 33 60.1 900 n.a. 18% resin
32% asphaltenes
0,
£2000/04 /POl 1.03 102 46 233 0.932 na.
phosphoric acid
n.a.: not available
etration is observed at higher temperatures [1]. In this ~ Experimental

study [8], different mixtures were evaluated as show-
ing in Table 1. Besides knowing the components and
behavior of asphalts, it is important to study the ki-
netic of these oil derivates. Kinetic data was neces-
sary for a reliable performance prediction by using a
model, such as Arrhenius method [9].

The aim of this research is to characterize by
TG/DTG and DTA, and FTIR the different samples of
asphalt mixtures comparing thought a kinetic study
their activation energy and thermal stability.
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Fig. 1 Representatlon of asphalt components: a — saturated,
b — asphaltenes, ¢ — aromatics and d — resins [5]
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Fig. 2 Structure model of asphalt suggested by Strategic High-
way Research Program [5]
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The asphalt samples used during the experiment was a
CAP 40 (asphalt cement of petroleum pure),
SBS 440/02 (cap with 3 mass/mass% SBS),
L 1861/04 (cap with 0.5 mass/mass% polyphosphoric
acid), L 784/05 (cap with 3 mass/mass% maleic anhy-
dride), L 2000/04 (cap with 1 mass/mass% poly-
phosphoric acid). All samples were supply by
CENPES/Petrobras from Brazil.

Thermal analysis

All samples were evaluated by thermal analysis on a
TA Instruments, model SDT 2960, under nitrogen at-
mosphere, sample mass around 5 mg, with heating
rate of 10°C min™', heated from room temperature to
1000°C. The nitrogen flow during the experiments
was 120 mL min"'. The TG/DTG and DTA were per-
formed at three different heating rates as 8, 10 and
12°C min™'. All the experiments were performed
three times for reproducibility.

Fourier transform infrared spectroscopy

Samples were also analyzed on a Spectrum one FTIR
Spectrometer, (Perkin Elmer Co., Norwalk, CT, USA),
from 4000 to 650 cm ' with ATR.

Results and discussion

Figure 3 shows TG, DTG and DTA curves for Brazil-
ian asphalt sample, CAP 40, showing a decomposi-
tion stage on the TG, from 290 to 500°C, with mass
loss of 80% suggesting the decomposition of asphalt-
enes to produce coke [6]. The DTG curve confirms
one stage and the maximum mass loss rate at 460°C

J. Therm. Anal. Cal., 93, 2008



CHARACTERIZATION OF ASPHALT MIXTURES

g
=)
=

= %
& <
2 £
s 2
5]
Z
3
o
0 T ; " . -2
0 200 400 600 800 1000
Temperature/°C
Fig. 3 TG/DTG/DTA curves for CAP 40 sample
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Fig. 4 TG/DTG/DTA curves for SBS 440/02 sample

and DTA curve reveals one endothermic event at
around 460°C [10].

TG/DTG and DTA curves for asphalt sample
SBS 440/02 (Fig. 4) showed one decomposition stage
(DTG) at 462°C and one endothermic event at around
470°C on the DTA curve. This sample showed a very
similar thermal behavior when compared to CAP 40.

Figure 5 presents L 1861/04 sample. TG curve
showed one main stage of decomposition starting at
337 and ending at 500°C. DTG analysis had a mass
loss rate at 450°C representing the decomposition of
asphaltenes. The DTA curve showed one endother-
mic event at 470°C and another small event at around
830°C possibly showing the presence of coke.

Figure 6 exhibits thermogravimetric curve for
asphalt L 784/05 sample, presenting one decomposi-
tion stage (281 to 500°C) but two decomposition
stages were observed on the DTG curve, first at
350°C, which can be attributed to additives’ evapora-
tion (maleic anhydride) and the second one at 462°C,
referring to the decomposition of asphaltenes. DTA
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Fig. 6 TG/DTG/DTA curves for L 784/05 sample
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Fig. 7 TG/DTG/DTA curves for L 2000/04 sample

curve showed one endothermic event at 460°C, indi-
cating the degradation of the asphaltenes.

Figure 7 shows TG, DTG and DTA curves for
Brazilian asphalt sample, L 2000/04, which shows
one decomposition stag on the TG, from 306 to
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Table 2 Summary of TG/DTG properties results for the asphalt samples

Sample Onset temp./°C Mz);icn;rl;n;./tf gl p- FTD/% Mass loss/% 11158})%153;
CAP 40 290 460 500 80 20
SBS 440/02 312 462 500 83 17
L 1861/04 337 450 500 83 17
L 784/05 281 462 500 86 14
L 2000/04 306 450 487 85 15

FTD: final temperature decomposition

487°C, with mass loss of 85%. The DTG curve shows
one stage and the maximum mass loss rate at 450°C.
DTA analysis presented a similar behavior to sample
L 784/05.

Table 2 presents a summary of their results for
thermal analysis (TG/DTGQG). It was interesting to ob-
serve that for all the samples mentioned a similar ther-
mal behavior only in the maximum temperature de-
composition was found, but different on the first de-
composition stages and showed different amount on
residue at 1000°C, suggesting inorganic compounds.
It could be guessed that to add polymer such as: sty-
rene butane styrene or reagents like: polyphosphoric
acid and maleic anhydride in asphalts to obtain as-
phalt mixtures could bring an increase in their thermal
stability. So for a better understanding of these re-
sults, it was made a preliminary kinetic study using
Kissinger model [11].

In the course of this research, three heating rates
were performed as shown in Figs 8—10. An evaluation
of DTG curves was done by applying Kissinger
model as shown in Table 3. Activation energy values
indicated that the sample with SBS exhibited the
higher value (120.29 kJ mol "), suggesting this as-
phalt mixture as the highest thermal stability. When
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Fig. 8 DTG curves for asphalt samples with heating rate of
8°C min '
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comparing with a kinetic study made by other authors
[12, 13], in which was evaluated the activation energy
of crude oil and crude oil mixtures; it is interesting
mentioned that the values found for asphalt mixtures
were superior than for crude oils, as expected.

Figure 11 exhibits a comparison with five sam-
ples of asphalts with different additives. These FTIR
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Fig. 9 DTG curves for asphalt samples with heating rate of
10°C min ™'
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Fig. 10 DTG curves for asphalt samples with heating rate of
12°C min™'
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Table 3 Activation energy values

Samples Activation energy/kJ mol™! R?
CAP 40 84.47 0.99
SBS 440/02 120.29 0.99
L 1861/04 59.23 0.98
L 784/05 95.80 0.99
L 2000/04 80.43 1.00
10060
- 90 _ \: (M/
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=2 Ens
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Wavenumber/cm
Fig. 11 Comparison of FTIR spectra of asphalt samples,
CAP 40, SBS 440/02, L 1861/04, L 784/05 and
L 2000/04

spectra presented similar absorption bands, a stretching
on the C-H bond occurred at frequencies between
2920 and 2851 cm . There are also two bands charac-
teristic for aromatic at 1600 and 1456 cm . It’s rele-
vant to say that these comparison spectra of samples
suggest that by the ‘fingerprint’ bands (866, 808, 740,
722 cm'") the asphalts were originated from a light oil.

Conclusions

The present study demonstrates thermal analysis
combined with FTIR proved to be an effective tool for
characterization of the asphalts mixtures. TG/DTG
and DTA curves for Brazilian asphalt samples when
heated from room temperature to 1000°C, reveals one
main decomposition stage on the TG, between 290 to
500°C, with mass loss around 80%, suggesting the
decomposition of asphaltenes for all of the samples.
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The DTG curves presented a different behavior, so
these curves were used for kinetic parameters. The
sample with SBS exhibited the highest activation en-
ergy value; which corroborated with an increase on
thermal stability. The comparison FTIR spectra of as-
phalt mixtures suggest that by the ‘fingerprint’ bands
these asphalt samples were originated from a light oil.
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