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1. Introduction
Plastics have been increasingly used in our daily lives 

in various types of products: bottles, containers, cars, etc. 
Several possibilities have been considered to minimize the 
environmental impact of conventional polymers. An important 
alternative is the use of biodegradable polymers, which can 
be degraded by microorganisms such as bacteria, fungi or 
algae. Natural additives such as starch, cellulose and lignin 
are used in conventional formulations of the plastics1. Starch 
is an abundant raw material which allows the development 
of recyclable products. When this material is biodegraded 
or incinerated releases CO2 into the atmosphere. This starch 
characteristic has attracted a strong interest in conventional 
polymer market by incorporating it in polymer mixtures2. 
In addition, the use of starch is an excellent alternative for 
edible films and coatings due to its easy processing, low 
cost, abundance, biodegradability and edibility3-7.

The plasticizers are generally, small and low volatile 
molecules. They are added to polymeric films to improve the 
processability and increase flexibility. The amount and type of 
plasticizer employed in starch films influence the functional 
properties of the starch films8,9. These molecules interact 
with the polymer chain through intra and intermolecular 
forces (hydrogen bonds), reduce the stiffness of the film and 
reduce the viscosity of the system. Plasticizers do not alter 
the structure of the material; however they make it possible 
to increase the free volume of the polymer chains10,11.

Carboxylic acids have great ease of forming hydrogen 
bonds through its COOH group. The oxalic, succinic and 
adipic acids are acids that have different sizes in their carbon 
chain; a chain of two, four and six carbons respectively11. 
This study aims to evaluate whether the size of carbon chains 

of oxalic, succinic and adipic acids influences the chemical 
properties of flexible thermoplastic starch films11-13.

2. Material and Methods
2.1. Materials

Corn starch was donated by Cargill Agrícola S.A. (Porto 
Ferreira, Brazil). The other reagents employed in this study 
were: oxalic acid (MERK), adipic acid (dynamics) and 
succinic acid (VETEC).

2.2. Methods
2.2.1. Biofilms preparation

Flexible films formed by corn starch and various 
plasticizers as oxalic acid, adipic acid and succinic acid 
have been developed through the casting process. The gel 
formed was put in an oven at 40 °C for 18 h for drying. 
A formulation of 5% acid in the total dry matter (acid and 
starch) was used. The codes of the formulations are: Oxa 5%, 
Adip 5% and Suc 5%.

2.3. Characterization
DSC analyzes were performed in EXSTAR, model DSC‑6220, 

all samples were analyzed between 25 °C and 600 °C with a 
heating rate of 20 °C min–1. The thermogravimetric behavior 
of the materials was analyzed in a thermobalance Shimadzu, 
Model TGA-50, between 25  °C to 1000 °C at a rate of 
20 °C min–1 heating under nitrogen flow. The diffractograms 
were obtained on Shimadzu X-ray diffractometer model 
XRD-6000, operating with CuKα radiation (λ = 1.548 Å) 
with 30 kV and 20 mA current, using samples in the form of 
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powder. The tests were carried out at ambient temperature 
(25 °C) and with angles 2θ between 5 and 50º (2o min–1). 
The spectrometer used was a Shimadzu model IR Prestige-21, 
using the ATR. Scanning Electron Microscope JEOL 6390LV 
was used to analyze the surface. All samples were coated 
with gold, using injection of argon.

3. Results and Discussion
Figure 1 shows the thermogravimetric curves for pure 

materials and biofilms. It is observed that the starch is more 
thermal resistant than pure carboxylic acids. Among the 
acids, adipic acid showed the highest thermal resistance. 
By analyzing the DTG curves, starch had two events, the 
first referring to moisture and the second referring to its 
degradation. Adipic acid showed a single event with a 
maximum around 282 °C related to its degradation, succinic 
acid had also two events with maxima around 188 and 252 °C 
related to their degradation and oxalic acid presented two 
events, the first related to moisture and the second referring 
to its degradation.

Figure  1c shows the thermogravimetric curves of 
biofilms. It was observed that the film containing adipic acid 
as a plasticizer had higher thermal stability due the higher 

thermal resistance of the acid itself, when compared to the 
other acids. By analyzing the DTG curves of biofilms only 
one single event, related to the film degradation, occurred. 
Small changes were observed in the maximum temperature 
of degradation, when compared to the maximum temperature 
of the starch, indicating a possible interaction between the 
acids and corn starch. Figure 2 shows the DSC curves of 
the precursors and biofilms. By analyzing the curves of the 
precursor, events regarding to the melt temperature and 
degradation of materials were observed. These degradation 
events corroborate the results found in DTG curves. According 
to the literature, it is possible to analyze the miscibility of 
materials evaluating the displacement of the glass and melting 
temperatures of the precursors in the films. It was observed 
in all films a displacement of melting and degradation 
temperature. The film plasticized with succinic acid showed 
better miscibility due to the lower degradation temperature 
obtained, when compared to the other films. Therefore, we 
can infer a likely interaction of starch with all carboxylic 
acids and that this interaction is more significant in the film 
containing succinic acid.

Figure 3 shows the XRD diffraction patterns of pure acids 
and biofilms. According to the crystallinity of the carboxylic 
acid used as plasticizer, it could be observed structural changes 

Figure 1. TG and DTG curves of the precursors and biofilms.
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in the biofilm produced. In Figure 3b, starch presented a 
semicrystalline profile. The film containing adipic acid 
also presented a semicrystalline event at 2θ=22°, related 
to the presence of unreacted adipic acid. Films containing 
oxalic and adipic acid were less crystalline than corn starch. 
Thus, it is possible to infer that an interaction of these acids 
with starch may occur. When analyzing the XRD pattern 

of the film containing succinic acid it was observed a halo, 
indicating that the material was amorphous. Therefore it can 
be inferred that succinic acid interacted more significantly 
with starch in comparison with other acids, these results 
corroborate the results of the DSC.

Figure 4 shows the spectra obtained from the pure acids 
and biofilms. In Figure 4a, events characteristic of carboxylic 

Figure 2. DSC curves of the precursors (a) and biofilms (b).

Figure 3. XRD diffractograms of the precursor (a) and biofilms (b).

Figure 4. FTIR spectra of the precursors (a) and biofilms (b).
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acids can be observed: the 3420-3200 cm–1 region refers 
to OH bond and the region between 1710 and 1690 cm–1 
refer to the C=O bond. The events in 1460 and 1420 cm–1, 
observed in adipic and succinic acid, were attributed to the 
CH2 grouping. To the adipic acid, the CH2 band also appears 
in the region of 720 cm–1, because this acid has the unit of 
repetition –(CH2)n– greater than three. The bands related to 
CO bond appear in the regions 1420 and 1300 to 1200 cm–1. 
In the Figure 4b it is possible to verify the spectra of the 
films and the corn starch. In corn starch there is a band at 
2933 cm–1 representing the methyl group of the CH stretching, 
a spectrum at 1087 cm–1 related to the stretching of secondary 
and primary alcohols and another spectrum at 1648 cm–1 
related to the presence of water6. In all spectra of biofilms a 

band between 3000 and 3500 cm–1 related to the stretching 
of OH bond was observed. The region of 1690-1710 cm–1 
is related to the presence of C=O of carboxylic acids. 
To 5% ADIP, the band was more intense when compared 
to the other films, confirming the presence of residual acid. 
The formation of ester, obtained by reaction of the alcohol 
present in the starch and the carboxylic acid present in the 
films, was observed in all biofilms and showed two separate 
ranges: 1300-1250 and 1200-1050 cm–1.

By analyzing the micrographs of the surface of the films, 
Figure 5, it is possible to see a more homogeneous surface 
in the film containing succinic acid. Therefore, these results 
corroborate the results of other analyzes demonstrating better 
interaction between the starch and succinic acid.

Figure 5. Scanning electron micrographs of the surface of ADIP 5% in 50x (a) and 250x (b), OXA 5% in 100x (c) and 500x (d), SUC 5% 
in 100x (e) and 500x (f).
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4. Conclusions
It was possible to obtain films of adipic, succinic and 

oxalic acids with starch by the casting process. Analyzing 
the thermal behavior of the films it was observed a greater 
interaction of succinic acid with starch. The films containing 
oxalic acid and adipic acid were less crystalline than corn 
starch. When analyzing the XRD pattern of the film containing 
succinic acid it was observed a halo indicating an amorphous 
material. The FTIR spectra showed the formation of ester 

and thus one can infer a likely interaction of the acid with 
starch. Therefore, it was shown that the size of the fatty chains 
influence on the thermal and structural properties of biofilms 
and that succinic acid was the most reactive with starch.
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