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Abstract

An investigation about the thermal degradation of acetylsalicylic acid (ASA) is performed. It is verified that the thermal degradation of
ASA produces not only salicylic acid (SA) and acetic acid (AA) as products but also an ASA polymer, which is transparent and solid. And
also verified that the temperature in which the polymer is obtained influences its physical consistence (solid or semi-solid). Furthermore, the
ASA polymer is very stable from a thermic point of view, as verified by TG and DSC analysis. X-ray diffraction patterns obtained for the
ASA polymer show that it exhibits a low crystallinity.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction employed. The DSC curves were obtained in the range
30-500°C on a Shimadzu DSC-50H apparatus under nitro-
Thermal analyses have been successfully employed in thegen atmosphere, with a heating rate of@min~! and a
food and pharmaceutical industries, for example to evaluategas flow of 50 cAmin—1.

the chemical purity of substancis?]. As typical examples, The infrared spectra were obtained in KBr discs in the
could be mentioned in the studies performed for ascorbic range 4000—-400 cit by using a FTIR BOMEM appara-
acid sample$3,4]. tus model MB 102. The X-ray diffraction patterns (powder

Some previous studies have investigated the thermalmethod) were obtained on a Phillips PW 1710 apparatus by
degradation of acetylsalicylic acid (ASA49,6]. However, a using Cu Karadiation.
complete characterization of the formed residues, clarifying
the ASA thermal degradation mechanism is still lacking.

The aim of this work is to perform such study. 3. Results and discussion

In order to evaluate the effect of atmosphere on the thermal
decomposition of ASA, TG curves under nitrogen, dry air
and humid air were obtained, and are showfkig. 1. The
respective TG data are summarizedrable 1.

The TG curves obtained for ASA exhibit two mass loss
steps as follows: (1) release of salicylic acid (SA) and acetic
acid (AA), with the formation of an intermediary compound
and (2) thermal degradation of the intermediary compound.

As can be verified, the mass loss percentage associated
with the first mass loss step increases in the order: humid

2. Experimental

Acetylsalicylic acid (SANOFI) was used without further
purification.

The thermogravimetric curves were obtained in the range
30-1200°C on a Shimadzu TGA-50 apparatus under dry
air, humid air and nitrogen. A sample of 4mg, a gas flow
of 50cnPmin~1, and a heating rate of € min~! was

* Corresponding author. Tekt55-95-62131403137; air > dry air > mtrpgen. Hepce, it can bg concluded that
fax: +55-95-62131403137. water plays a prominent role in the formation of the thermal
E-mail addressrobsonfarias@aol.com (R.F. de Farias). degradation intermediary, and so, the thermal degradation of
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Fig. 1. TG curves for ASA under different atmospheres: humid air (a),

dry air (b) and nitrogen (c). Fig. 2. Infrared spectra for the transparent residues generated by the

thermal degradation of ASA for 20 min at (a) 18D and (b) 180C.

ASA giving salicylic and acetic acids is a hydrolysis process, ~ The infrared spectra obtained for the two residues are
as follows: shown in Fig. 2. The main bands are those at 1749,

I
~-OH
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In order to clarify the nature of intermediary products {500_1300 and 750 cr attributed to the €0. C—O and
formed in the thermal degradation of ASA, a detailed inves- ~_p yibrations respectively. The obtained X-ray diffrac-

tigation was performed. tion patterns for the same residues are showfidn 3. As
By using the Shumadzu thermobglﬂlce, an ASA sam- can e verified, both residues exhibit low crystallinity.
ple was heated until 18€ (at 10°C min™7) and this tem- In order to investigate the ASA thermal degradation mech-

perature was maintained for 20 min. Formation of a Crys- gnism, TG and DSC analysis or the transparent residues were
talline solid residue on the panel walls was observed. The performed. The TG curves (X€min—1, N, atmosphere)

performed infrared analysis confirmed that this product was o, o ASA and transparent residue from ASA thermal
salicylic acid. _ o degradation at 18QC are shown irFig. 4. As can be ver-

To improve the performed investigation, a 5009 ASA jfieq the thermal degradation profiles of the three samples
sample was heated in an electric furnace under air atmo-,e very different, with the transparent solid residue, exhibit-

sphere (10C min7) from room temperature to 15&, with ing a higher thermal stability, showing that it is not merely

this temperature been maintained for 20 min. It was observed, ‘mixture of SA and ASA but indeed a new compound.
that, when the sample was cooled to room temperature, thethe optained DSC curves, shown Fig. 5 confirm this
obtained product was transparent, with semi-solid aSpeCt-hypothesis.
When the same operation was repeated for another 500 mg

sample, taking 180C as the upper limit temperature, the

cooled product was a transparent solid. The 155 andC80

temperatures were chosen to take into account of the ther-

mal degradation profile exhibited by ASA (TG curves).

{a}

Table 1
TG data summary for the solid state thermal degradation of ASA under
three different atmospheres

Atmosphere T1 (°C) T2 (°C) Tp (°C) Am (%)
(b
Ny 163 203 187 48.4
310 376 357 50.7 it
Dry air 155 208 182 51.4
294 355 343 48.8 : : L '
10 20 30 30
Humid air 162 211 192 60.2
295 365 348 40.2 20 /degrecs

T1, T2 and T, are the initial, final and “peak” temperature of the thermal ~ Fig. 3. X-ray diffraction patterns for the transparent residues generated by
degradation process, respectivetym is the experimental mass loss. the thermal degradation of ASA for 20 min at (a) TDand (b) 180C.
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Fig. 4. TG curves for: (a) SA, (b) ASA and (c) the transparent residue

generated by the thermal degradation of ASA for 20 min at°T80 tdl
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Fig. 5. DSC curves for: (a) SA, (b) ASA and (c) the transparent residue
generated by the thermal degradation of ASA for 20 min at°T80

Table 2
Elemental analysis results for the residues of ASA thermal degradation
at different temperatures and time intervals

Table 3
Sample T (°C) t (min) C (%) H (%) O (%) Thermal stability evaluation of the ASA thermal degradation residoegs (
ASA _ _ 60.0 4.4 355 andmy are the initial and final residue sample masses, respectively)
AS - - 60.9 4.3 34.8 T (°C) t (min) m mp Am (%)
Residue 1 150 0 59.9 4.4 35.7
Residue 2 150 10 60.5 4.3 35.2 150 0 2.00 2.00 0.00
Residue 3 150 20 61.8 4.2 34.0 150 10 1.99 1.94 2.50
Residue 4 150 30 59.9 4.4 35.7 150 20 2.00 1.88 6.00
Residue 5 150 60 62.5 4.3 33.2 150 30 2.00 175 12.50
Residue 6 180 0 57.9 45 37.7 150 60 2.00 1.67 16.50
Residue 7 180 10 61.6 4.4 34.0 180 0 2.00 1.99 1.00
Residue 8 180 20 63.1 4.2 32.7 180 10 2.00 1.84 8.00
Residue 9 180 30 59.9 4.4 35.7 180 20 2.00 1.62 16.50
Residue 10 180 60 66.2 4.4 29.4 180 30 2.00 141 29.50
Residue 11 210 0 61.3 4.3 34.3 180 60 1.43 0.97 32.50
Residue 12 210 10 64.4 4.1 315 210 0 2.00 1.82 9.00
Residue 13 210 20 63.7 3.9 32.4 210 10 2.00 153 23.50
Residue 14 210 30 61.7 4.4 33.9 210 20 2.00 1.48 26.00
Residue 15 210 60 67.3 3.8 28.9 210 30 2.00 167 32.50
Residue 16 240 0 61.8 4.3 34.0 210 60 2.00 1.35 32.50
Residue 17 240 10 65.9 3.9 30.2 240 0 2.00 171 14.50
Residue 18 240 20 67.1 3.0 29.9 240 10 2.00 141 29.50
Residue 19 240 30 67.6 3.7 28.6 240 20 2.00 1.34 33.00
Residue 20 240 60 68.7 3.7 27.7 240 30 2.00 1.30 35.00

240 60 2.00 1.24 38.00

The oxygen percentages are calculated values.
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Hence, it is verified that in the ASA thermal degradation,  The elemental analysis results are summarizéhbyie 2.
salicylic and acetic acids are formed and released in the firstAs a general result, it is observed that the carbon content of
thermal degradation step, but these are not the only productghe residues increase with an increase on both the tempera-
formed. With a first look, one could propose that the two ture and the time interval.
mass loss steps observed on the TG curve of ASA are due In order to evaluate the thermal stability of the formed
to the processes: ASA(s» SA(sS)+AA(g) and SA(S)—~ residues the mass variation for residue samples heated at
SA(g). However, the mass percentage of the solid residue150, 180, 210 and 24@ for 0, 10, 20, 30 and 60 min were
after the first mass loss step is not that expected by using thismeasured. The obtained results are summariz&alate 3.
simple mechanistic proposal, and proved with the presentAs can be verified, at higher temperatures and time inter-
data, a new compound, that is not SA, AC or ASA is formed. vals the mass losses are most significant. However, even

The formation of ASA dimmers can be proposed, as fol- after 60 min at 240C, 62% of the polymer mass is still

lows: stable.
o “{Hz GHa
C R ey (?;ac)
}
- {N:ﬁb\j—»(}wé}%ﬁ& A S £ ,,wti*\ + H0
‘é:::ii e [?"\,I/r ﬁ»*ﬂj;* C‘y
o ' Q‘::*:‘ o G ‘;‘j

The water molecules formed could react with non-
dimmerized ASA molecules giving SA and AA as products
or with the formed dimmers, starting a polymerization
process. Based on the obtained results for the samples de-
composed at 150C (semi-solid) and 180C (solid), both
transparent, could be supposed that the polymerization
process is well developed at 180.

In order to improve the characterization of the polymeric

4. Conclusions

Based on the obtained experimental results it can be con-
cluded that ASA thermal degradation produces not only SA
and AA as products but also an ASA polymer, which is
transparent and solid. It is also verified that the temperature
residues from ASA thermal degra_dation, the residu_es_flormed Isrllsvtvgrllzz t?s%ﬁg Izrrn: é;ﬁi?stz)tl? (Ijr;‘eIciLTILu;rngeI’t?h%hfslcilp(;olc_
at 150, 180, 210 and 24502.(heat||jg rate of 10C min™, mer is very stable from a thermic point of view, as verified
N2 atmosphere) were §tud|ed by infrared spectroscopy andby TG and DSC analysis.
CHN elemental analysis.

The infrared spectra to the samples obtained at the con-
sidered temperatures after heating for 20 min are shown inReferences
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