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APRESENTAÇÃO

A engenharia de materiais, se tornou um dos grandes pilares da revolução 
técnica industrial, principalmente quando se diz a indústria 4.0, devido a necessidade 
de desenvolvimento de novos materiais, que apresentem melhores características e 
propriedades físico-químicas. Para obtenção desses novos materiais, muitos processos 
precisaram de alterações e de novos métodos, exigindo um desprendimento de força 
elevado nesta área. Grandes empresas e centros de pesquisa investem maciçamente em 
setores de P&D a fim de tornarem seus produtos e suas tecnologias mais competitivas.

Destaca-se que a área de material compreende três grandes grupos, a dos metais, 
das cerâmicas e dos polímeros, sendo que cada um deles tem sua importância na geração 
de tecnologia e no desenvolvimento dos produtos. Aliar os conhecimentos pré-existentes 
com novas tecnologias é um dos grandes desafios da nova engenharia.

Neste livro são explorados trabalhos teóricos e práticos, relacionados as áreas de 
materiais, dando um panorama dos assuntos em pesquisa atualmente. Apresenta capítulos 
relacionados ao desenvolvimento de novos materiais, com aplicações nos mais diversos 
ramos da ciência, bem como assuntos relacionados a melhoria em processos e produtos já 
existentes, buscando uma melhoria e a redução dos custos.

De abordagem objetiva, a obra se mostra de grande relevância para graduandos, 
alunos de pós-graduação, docentes e profissionais, apresentando temáticas e metodologias 
diversificadas, em situações reais.

Boa leitura a todos.

Henrique Ajuz Holzmann
João Dallamuta
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ABSTRACT: Poly (butylene adipate-co-
terephthalate) (PBAT) is a synthetic biodegradable 
thermoplastic, based on fossil resources, 
generally synthesized by polycondensation from 
combinations of diols and dicarboxylic acids. 
The PBAT can be used in applications such as 
food packaging, garbage bags, mulch films, 
biomedical materials, and other applications. In 
this study, some PBAT composites containing 
different jute fiber fabrics were prepared by the 
simple method of hot compression for further 
evaluation of their thermal and morphological 
properties. The materials were submitted to 
thermogravimetric analysis (TGA/DTG), where 
the insertion of the reinforcement in the matrix 
caused a reduction of only 3 to 4% in the thermal 
stability of the composites in relation to the PBAT. 
From dynamic mechanical thermal analysis 
(DMTA) it was possible to determine the glass 
transition temperature (Tg) at approximately 
-20°C. The composite of PBAT reinforced with 
jute and cotton fabric presented the highest 
values of storage modulus (E’) and closest 
to the values obtained by PBAT. According to 
images of the composites by scanning electron 
microscopy (SEM), fibers/polymer matrix 
interaction was observed, revealing interfacial 
adhesion between the polymeric matrix and the 
jute fiber fabrics. This work showed the viability 
of molding composites by the simple method of 
hot compression, contributing to the possible 
manufacture of biodegradable PBAT products 
with natural jute fibers.
KEYWORDS: PBAT; biodegradable polymer; 
natural fibers; composites; properties.
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AVALIAÇÃO DAS PROPRIEDADES TÉRMICAS DE COMPÓSITOS DE MATRIZ 
PBAT REFORÇADOS COM DIFERENTES TECIDOS DE JUTA E ALGODÃO

RESUMO: O poli(butileno adipato-co-tereftalato) (PBAT) é um termoplástico biodegradável 
sintético, baseado em recursos fósseis, geralmente sintetizado por policondensação a partir 
de combinações de dióis e ácidos dicarboxílicos. O PBAT pode ser utilizado em embalagens 
de alimentos, sacos de lixo, filmes mulch, materiais biomédicos, entre outras aplicações. 
Neste estudo, alguns compósitos de PBAT contendo diferentes tecidos de fibra de juta foram 
preparados pelo método simples de compressão a quente para posterior avaliação de suas 
propriedades térmicas e morfológicas. Os materiais moldados foram submetidos à análise 
termogravimétrica (TGA/DTG), onde a inserção do reforço na matriz causou uma redução 
de apenas 3 a 4% na estabilidade térmica dos compósitos em relação ao PBAT. A partir da 
análise térmica dinâmico-mecânica (DMTA) foi possível determinar a temperatura de transição 
vítrea (Tg), em aproximadamente -20°C. O compósito de PBAT reforçado com fibras de juta 
e tecido de algodão apresentou os maiores valores de módulo de armazenamento (E ‘) e 
mais próximos dos valores obtidos pelo PBAT. De acordo com as imagens de microscopia 
eletrônica de varredura (MEV) dos compósitos, foi observada interação fibras/matriz 
polimérica, revelando adesão interfacial entre a matriz polimérica de PBAT e os tecidos de 
fibras de juta. Este trabalho mostrou a viabilidade da moldagem de compósitos pelo método 
simples de compressão a quente, contribuindo para a possível fabricação de produtos de 
PBAT biodegradável com fibras naturais de juta.
PALAVRAS-CHAVE: PBAT; polímero biodegradável; fibras naturais; compósitos; 
propriedades.

1 | 	INTRODUCTION
The poly(butylene adipate-co-terephthalate) (PBAT) is a synthetic biodegradable 

thermoplastic polyester, obtained by the polycondensation between butanediol (BDO), adipic 
acid (AA) and terephthalic acid (PTA), developed with the aim of combining biodegradation, 
mechanical and thermal properties. The PBAT is one of the most promising materials with 
potential development prospects in a wide range of applications (MOUSTAFA et al., 2007; 
VERBEEK et al., 2019; WU and Zang, 2017).

The biodegradation of PBAT depends on its chemical structure and on the 
environmental conditions of the environment where it will be inserted. Two types of 
biodegradation of PBAT can occur, the first of which occurs through the enzymatic action of 
microorganisms, such as bacteria, fungi and algae present in the environment (FERREIRA 
et al., 2017). In the second, biodegradation occurs through a process of depolymerization 
of polymeric chains, which occurs by non-enzymatic reaction (such as chemical hydrolysis 
or thermal degradation), followed by the metabolization of these intermediates by 
microorganisms (JIAO et al., 2020).

The high production costs of PBAT when compared to non-biodegradable polymers 
are obstacles that prevent the widespread use of this material (THAKUR et al., 2015). As a 
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consequence, the development of the PBAT market will only be possible when production 
costs and their properties are similar to market-leading materials (FERREIRA, 2017). 
Polymers are normally applied as a polymeric matrix in the molding process of composites, 
and the addition of low-cost materials, such as natural fibers, that act as reinforcing agents is 
an effective way to improve the properties of the polymer and lower its final price. (OSKMAN 
et al., 2016).

Nowadays, innumerous composites reinforced with natural fibers are being studied 
aiming to contribute with the economic and scientific development (IDOWU et al., 2018). 
Among the varieties of plant fibers, jute fiber has been applied as reinforcement of composites 
in several areas due to their biodegradable, low cost and non-abrasive properties contributing 
to the disposal or recyclability of materials (ROY et al., 2018; SANJAY et al., 2016).

In this context, the study involved the development of polymeric composites using 
the commercial biodegradable polymer PBAT, reinforced with jute fiber fabrics, due to its 
mechanical properties in order to contribute to the manufacture of products, preventing 
environmental and social problems.

2 | 	EXPERIMENTAL

2.1	 Material
The molding process of the composites, the polymer matrix used was the PBAT 

(pellets) supplied by BASF, under the trade name Ecoflex® F, with a density of 1.27 g/
cm3. For reinforcement three types of commercial jute fiber fabrics (produced by Castanhal, 
Brazil) were used: (i) jute weft arrangement 1x1 (Type 1), (ii) jute and cotton I33weft 1x1 
(Type 2) and (iii) jute weft 2x2 (Type 3).

2.2	 Samples Preparation
The composites were molded in a hydraulic press (Marconi, model MA 098/A), with 

a hot compression molding method, force of 5 tons (t), temperature of 160°C during 30 
min. The composites obtained were identified as: Composite 1 (PBAT/Jute Fiber – type 1), 
Composite 2 (PBAT/Jute Fiber – type 2) and Composite 3 (PBAT/Jute Fiber - type 3).

2.3	 Thermal and Morphological Caracterization
The thermogravimetric analysis (TGA) was realized in a Shimadzu equipment (model 

TGA-50), with heating rate of 10ºC.min-1, inert atmosphere (nitrogen), temperature range of 
25 – 800ºC. Heat flow was 50mL.min-1 and approximately 8 mg of sample weight.

The dynamic mechanical thermal analysis (DMTA) of the materials were performed 
using a TA Instruments equipment (model Q800) in bending mode dual cantilever clamp, 
1 Hz of frequency, temperature range from -40 to 60 ºC and heating rate of 5 ºC.min-1. 
Rectangular samples with dimensions of 63 mm length 12.7 mm width and 3 mm thickness 
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were used.
Morphological analysis by scanning electronic microscopy (SEM) of the composites 

were carried out in Hitachi microscopy (model TM 3000) in Analy mode, 5 and 15kV and 
with copper conductive tape. The samples were dried in an oven during 4 hours before the 
analysis and the magnitudes were 50 and 80 times.

3 | 	RESULTS AND DISCUSSION

3.1	 Thermal Analysis
The Fig. 1 show the TGA and DTG (Derivative Thermogravimetric Analysis) curves. 

For PBAT results, only one stage can be observed during its decomposition process in the 
temperature range from 325.61 to 522.02°C. Similar results were found in the literature 
(MOUSTAFA et al., 2007) with a small degradation range, indicating that PBAT can be 
considered relatively stable up to approximately 320°C. 

Considering the composites 1, 2 and 3, some differences were observed when 
compared to PBAT. The initial thermal decomposition temperatures observed was about 
253.32, 233.26 and 102.88°C for the composites 1, 2 and 3, respectively while for the PBAT 
it was observed an initial temperature about 325.61°C. These variations can indicate the 
differences in the compositions of the samples and decomposition processes characteristics 
(MORAIS et al., 2017; MAIA and MORAIS, 2016). It was also possible to observe that the 
addition of reinforcements slight decreased the thermal stability of PBAT. However, this did 
not affect the thermal properties of the composites obtained. 

Three stages of mass loss can be observed.  The first stage is in temperature 
range from 16.45ºC to 119.38ºC for the composites 1, 2 and 3. The first stage can indicate 
devolatilization process, moisture and volatile loss. These values were observed in the 
literature [9,10]. The second stage observed can be related to the hemicellulose and 
cellulose decomposition, in an average temperature range between 228.99 and 457.24°C. 
In the literature it was found that thermal conversion of hemicellulose and cellulose can 
occurs between temperatures of 220-315°C and 327-450 °C of decomposition, respectively 
[8–10]. In the third stage there was mass loss at an initial average temperature of 446.72°C, 
indicating lignin decomposition and more thermally stable structures. The residual mass 
was in the range of 3.6-5.8%, which can be related to the jute fiber and some inorganic 
residues.
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Fig. 1: TGA and DTG curves: (A) jute fiber fabric and (B) PBAT and composites. 

3.2	 Dynamic Mechanical Thermal Analysis (DMTA)
DMTA curves and values are presented in Fig. 2 and Table 1. According to the DMTA 

curves in Fig. 2A, at temperature of -43ºC it is possible to observed that PBAT presented 
the highest storage modulus (E’) value, about 1990 MPa, and the composite 2 decreased 
10.55% when compared with the PBAT (Table 1), but when comparing with the composites 
1 and 3 it presented the highest E’. The composites 1 and 3 showed a decrease about 33% 
in the storage modulus, which may be related to weak fiber/matrix interface adhesion. 

The storage modulus indicates the elastic response of the material, so the larger the 
E’ the greater its elastic modulus (SANGRONIZ et al., 2018). Usually, polymeric materials 
present viscoelastic characteristics, and the increase of E’ can indicate higher interactions 
and strong adhesion at the interfaces (LORANDI et al., 2016). In literature it was found that 
at ambient temperature, about 25 and 43°C (BHATTACHARJEE and BAJWA, 2018), the 
storage modulus of polymers and composites are similar, with values equal for composites 
2 and 3 (Table 1). Therefore, in the case of the E’ results obtained for these composites, the 
fibers did not cause significant effects on the mechanical behavior of the materials.

The Fig. 2 (B) shows the loss modulus (E”) of the PBAT and composites. The E” result 
obtained for PBAT is suitable due to be a polymer that dissipates more energy. According to 
the results presented in Table 1 it is possible to observe that the composite 2 presented a 
decrease of 2% and the composites 1 and 3 a decrease of 16.86 and 28.11% respectively, 
comparing to PBAT. The loss modulus values of the composites 1, 2 and 3 were obtained 
at temperatures -25°C, -26°C and -27° C, respectively and these values are similar those 
found in the literature (PAN et al, 2018).

The glass transition temperature (Tg) was determined by the maximum peak of Tan 
delta curves in DMTA analysis (BHATTACHARJEE and BAJWA, 2018). The Tan delta curves 
in Fig. 2 (C) represent the glass transition temperatures (Tg) of the PBAT and composites. 
Table 1 also presents the Tg obtained through the Tan Delta curves. According to the values 
described, it is possible to verify that there was no significant difference between the glass 
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transition temperature of PBAT and the composites. The Tg values found are similar the 
results obtained in the literature (MOUSTAFA et al., 2007; PAN et al, 2018). As can be seen 
in Table 1, the results obtained for PBAT and composites were similar.

Fig. 2: DMTA curves considering PBAT and Composites: (A) Storage Modulus (E’), (B) Loss Modulus 
(E”) and (C) Tan Delta.

Storage Modulus (E’) 
(MPa) Loss Modulus (E”) (MPa) Tan Delta

Temperature (°C) -43 25 43 -27 -26 -25 40 -
PBAT 1990 141 112 249 - - 4.49 -19.36
Composite 1 1333 159 122 207 - - 4.49 -19.36
Composite 2 1780 168 137 - 244 - 4.49 -18.50
Composite 3 1333 168 137 - - 179 4.49 -18.21

Table 1: Values obtained from DMTA analysis. 

3.3	 Scanning Electron Microscopy (SEM)
Fig. 3 shows the micrographs of the side surfaces of the composites revealing the 

fiber/matrix interface and fiber arrangement in the composite. It is possible to observe that 
jute fiber fabric is wrapped by the polymer. From the micrographs by SEM, it is possible 
to verify that there was some interfacial adhesion between fibers and matrix. This also 
reveals that the molding process with the parameters used obtained satisfactory results 
(FUKUSHIMA et al., 2013).
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Fig. 3: Micrographs of interfaces fiber/matrix: (A) Composite 1, (B) Composite 2 e (C) Composite 3.

4 | 	CONCLUSION
The study involved the development of polymeric composites using a commercial 

biodegradable polymer, PBAT, reinforced with jute fiber fabrics. The mechanical and thermal 
properties of composites reinforced with jute fiber fabric were like that of PBAT without 
fibers. Thermal results of the composites showed a smaller decomposition temperature 
in comparison with PBAT. Additionally, results showed slight differences in PBAT glass 
transition temperatures and composites, with values around to -20ºC. SEM analysis showed 
certain adhesion in the fibers/matrix interface because the continuous phase (matrix) 
involved the dispersed phase (fiber reinforcement) in the composites.

This work proved to be viable the molding of composites by the simple method 
of hot compression, contributing to the feasibility of future manufacture of products with 
biodegradable PBAT and natural jute fibers, also preventing environmental and social 
problems.
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