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APRESENTACAO

O ensino é o processo de construgcdo do saber com a apropriacdo do
conhecimento historicamente produzido pela humanidade. A Quimica representa
uma parte importante de todas as ciéncias naturais, basicas e aplicadas. O Ensino de
Quimica contribui para formacgao de cidadaos conscientes, ou seja, ensinar Quimica
com um intuito primordial de desenvolver a capacidade de participar criticamente
nas questdes da sociedade. A abordagem aplicada em sala de aula deve conter
informacdes quimicas fundamentais que fornecam uma base para participacao nas
decisbes da sociedade, conscios dos efeitos de suas decisdes.

Assim, este e-book possui varios trabalhos selecionados que abordam o
Ensino de Quimica, utilizando metodologias e ferramentas facilitadoras do processo
de ensino-aprendizagem. Além destes trabalhos, sdo apresentados neste volume
Pesquisas em Quimica.

A pesquisa é o processo de materializacdo do saber a partir da producéo de
novos conhecimentos baseando-se em problemas emergentes da pratica social. As
pesquisas em Quimica abrangem diversas outras areas do conhecimento, podendo
estar relacionadas ao avanco tecnolégico, otimizacdo de técnicas e processos,
melhoria de produtos, entre outros.

Este e-book traz para vocé leitor uma oportunidade de aperfeicoar seus
conhecimentos em relacdo ao Ensino de Quimica e as Pesquisas em Quimica,
fortalecendo acbes de ensino-aprendizagem para aplicagdo em sala de aula,
assim como abrindo novos horizontes sobre sinteses, processos e propriedades de
produtos para aplicacdo em beneficio da sociedade e meio ambiente.

Bons estudos.

Carmen Lucia Voigt
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CAPITULO 21

STRUCTURAL AND MECHANICAL PROPERTIES OF
CELLULOSE ACETATE-BASED FILMS INCORPORATED

Data de aceite: 05/12/2019

Pedro Augusto Vieira de Freitas
Laboratory of Food Packaging, Department of
Food Technology, Federal University of Vigosa,
Brazil.

Vicosa — MG

Taila Veloso de Oliveira

Laboratory of Food Packaging, Department of
Food Technology, Federal University of Vigosa,
Brazil.

Vigcosa — MG

Nelson Soares Junior

Laboratory of Food Packaging, Department of
Food Technology, Federal University of Vigosa,
Brazil.

Vicosa — MG

Nilda de Fatima Ferreira Soares
Laboratory of Food Packaging, Department of
Food Technology, Federal University of Vigosa,
Brazil.

Vigosa — MG

ABSTRACT: The improvement of biopolymers
properties, such as cellulose acetate (CA), is
important to develop new material features
to extend a product’s shelf life of food into
packaging. In this context, the objective of this
work was to evaluate the effect of Cloisite® 30B,
Cloisite® 10A and laponite clays into CA-based
films, as reinforcement materials, to improve
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WITH DIFFERENT CLAYS

the structural and mechanical characteristics
of films. The clays were added, one by one, in
each polymer dispersion at 5%, 10%, 15% and
20% (wt.). Moreover, 15% (wt.) of the triethyl
citrate was added in each polymer dispersion
to act as plasticize into the system. Film surface
features were evaluated using scanning electron
microscopy (SEM) and to characterize the film
resistance, the thickness and the mechanical
properties were determined. In this work, it
was possible to observe how the clays were
dispersed into CA matrix using SEM technique,
as well as how the clay dispersion influenced
in the mechanical properties. Film thicknesses
increased linearly with clay concentration
increment, in the other hand, the maximum
tensile strength and the elongation at break
decreased linearly. The elasticity modulus
to films added with Cloisite® 30B clay were
more rigid and brittle than films with Cloisite®
10A. Therefore, AC-based films added with
different clays showed changes in structural
and mechanical properties happened and this
behavior is able to improve the film mechanical
properties to broaden food industry applications.
KEYWORDS:  cellulose acetate, clays,
mechanical properties.
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PROPRIEDADES MECANICAS E ESTRUTURAIS DE FILMES A BASE DE
ACETATO DE CELULOSE INCORPORADOS COM DIFERENTES ARGILAS

RESUMO: O aperfeicoamento das propriedades de biopolimeros, como o acetato
de celulose (AC), é de grande interesse por parte da industria no sentido de
desenvolvimento de novas caracteristicas de materiais de embalagens e, ou, aumentar
a vida de prateleira dos alimentos embalados. Nesse contexto, o objetivo com este
trabalho foi avaliar o efeito das argilas Cloisite® 30B, Cloisite® 10* e laponita como
materiais de reforco em filmes a base de AC. Cada uma das argilas foram adicionadas
nas dispersdes poliméricas em concentracdes de 5%, 10%, 15% e 20% (m/m). Trietil-
citrato (15% m/m) foi utilizado como plastificante. Os filmes foram avaliados quanto as
suas caracteristicas estruturais de superficie por microscopia eletrénica de varredura
(MEV) e propriedades fisico-mecéanicas de espessura, resisténcia maxima a tracéo
(RT), alongamento na ruptura (AR) e mddulo de elasticidade (ME). As espessuras
dos filmes aumentaram linearmente, em contraste com o RT e AR, que exibiram
comportamento de diminui¢ao linear devido ao aumento de concentracao das argilas.
Em relacéao ao ME, os filmes adicionados de Cloisite® 30B foram mais rigidos e frageis
que os tratamentos incorporados de Cloisite® 10A, o que pode ser relacionado com
as caracteristicas superficiais dos filmes e a forma de disperséao das argilas na matriz
polimérica analisadas por SEM. De acordo com os resultados obtidos, os filmes a base
de AC exibiram modificagcbes nas propriedades estruturais e mecanicas de acordo
com o tipo de argila adicionada, e, estas alteragcdes podem ser capazes de produzir
diferentes materiais com potencial de aplicacdo em varios setores na industria de
alimentos.

PALAVRAS-CHAVE: acetato de celulose, argilas, propriedades mecanicas.

11 INTRODUCTION

The utilization of petroleum-based polymers to produce food packaging
have been aroused interest in many researchers in worldwide due environmental
problems related to the disposal and accumulation of non-degradable materials in the
environment. This current problem has stimulated new studies about biodegradable
packaging and renewable resources materials fields over the years (Almeida, 2010).

Biopolymers such as cellulose acetate (CA) have great potential to be applied as
packaging materials. CAis defined as a cellulose esterthat acetyl groups have replaced
by hydroxyl groups in native cellulose (Mendes and Mano, 1999). Furthermore, the
CA has hydrophobic characteristics that influence the low water solubility. CA-based
films have been produced with purpose to incorporation antimicrobial (Almeida,
2010; Bruna et al., 2014; Pola et al., 2014) and antioxidants compounds (Yang et
al., 2016), development new materials (Wu, 2012), waste reutilization (Silva, 2014),
etc. However, CA has been described with some limitations when compared to

traditionally petroleum-based materials used. Between the limitations, stand out
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lower mechanical, thermal and barrier properties. Thereby, the focus on improving
mechanical and structural properties of biopolymers as CA have grown (Souza and
Andrade, 2000; Azeredo, 2009). An alternative to improve biopolymers properties
can be the incorporation of clays into polymer matrix as reinforcement material. The
reinforcement materials must be inert and may be obtained from different sources,
which depends on its desired application (Souza and Andrade, 2000). As already
reported, possible reinforcement materials for packaging are clays (Azeredo, 2009;
Rodriguez et al., 2012; Tornuk et al., 2018).

Montmorillonite (MMT) is a typical and natural clay formed by silicon and
aluminum atoms arranged in blades (Gomes, 1988). In nature, they are hydrophilic, but
may undergo surface modifications such as organophilization. The organiphilization
process for clays is an ionic exchange of cations present within their galleries by
organic cations, making them more hydrophobic (Santos, 2007). The Cloisite® 30B
and Cloisite® 10A clays is natural MMT that undergo the organophilization process
with quaternary ammonium salts MT2EtOH (methyl, tallow, bis-2-hydroxyethyl,
quartenary ammonium) and 2MTBHT (dimethyl, benzyl, hydrogenatedtallow,
quartenary ammonium), respectively. For example, Faria et al. (2012) observed
modifications in mechanical properties of biodegradable films-based on starch and
polyvinyl alcohol added with sodium montmorrilonite (Closite®Na*).

Another clay, which could be used as reinforcement material in packaging, is
the laponite. Laponite is a typical synthetic clay from smectites group obtained by the
diatomites purification. Its main features are high purity, colorless dispersion, light
gels production, dispersed in water quickly, unaffected by high temperature, non-
toxic material, biodegradable and low cost (Li et al., 2015).

Therefore, this work aims to develop biodegradable films based on cellulose
acetate incorporated with clays Cloisite® 30B, Cloisite® 10A and laponite as reinforcing
materials to evaluate its structural and mechanical resistance properties.

2| MATERIALS AND METHODS
2.1 Materials

MMT clays Cloisite® 30B (30B) and Cloisite® 10A (10A) were kindly provided
by Southern Clay Products (Gonzales, TX, USA). Laponite clay was kindly provided
by Colormix® (Brazil). The plasticizer triethyl citrate (TEC) was obtained by Merck
(Darmstadt, Alemanha). Acetone was purchased from Vetec Quimica (Duque de
Caxias, RJ, Brazil). CA (SD = 2.5; MW= 2,024,000 g mol") was kindly provided by
Rhodia Solvay Group (Santo André, SP, Brazil).
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2.2 Preparation of films

The films were produced by casting method (Sorares and Hotchkiss, 1998),
with proportion CA and acetone of 1:10 (w/v). The CA weight was constant for all
films produced. For each film, Cloisite® 10A, Cloisite® 30B and Laponite were added
at 5%, 10%, 15% and 20% (wt.), wherein the percentage added was relative to CA
weight. The polymer dispersion was closed and kept for 24 h. After that, it was added
of TEC at 15% (wt.) and maintained in a ultrasonic bath for 20 min, poured under flat
glass plates, and dried at 23 °C for solvent evaporation. As the same way, control
films were prepared without clays (0% wt.).

2.3 Scanning electron microscopy (SEM)

The micrographs of films were recorded by Scanning Electron Microscope
(SEM - Model TM3000, Japan). Samples (0.5 cm?) were fixed in stubs covered with a
carbon layer (between 20 to 30 nm) (Camilloto, 2015). The acceleration voltage was
in automatic mode. The images were taken at 500x magnification.

2.4 Thickness

Film thicknesses were determined with a digital micrometer (Model 547-401,
Mitutoyo, Japan, accuracy of 0.001 mm). Measurements were performed at 10
random points in each sample.

2.5 Mechanical properties

Mechanical properties of films were characterized by tensile strength (MPa),
elongation at break (mm) and elasticity modulus (MPa) using a Universal Testing
Machine, model 3367 (Instron Corporation, Norwood, MA, USA) according to ASTM
D882 method (ASTM, 2012). Film samples (17.5 x 2.0 cm) was grabbed by two
grips initially separated by 125 mm, and stretched at a crosshead speed of 12.5
mm.min-'. Each treatment was evaluated in three repetitions, and each repetition in
quintuplicate.

2.6 Statistical analysis

The experiment was carried out in a completely randomized design with only
one factor (clay concentration), with three repetitions. The data were analyzed by
ANOVA, and for each response, a regression equation (at 5% probability level) was
adjusted when possible, regarding the quantitative factor. All statistical analyzes were
performed with Minitab Statistical Program, version 17.
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31 RESULTS AND DISCUSSION
3.1 Scanning electron microscopy (SEM)

SEM technique was used to evaluate the microscopic structure of the clay
composite films. Cellulose acetate agglomerations could be noted by SEM images as
expressed in Figure 1. White aggregates, that appeared in the images, had different
sizes and could be related with cellulose acetate clusters because this structure was
observed even in the films that did not have the clay incorporation into the polymer
matrix. The superficial heterogeneity for all the treatments was caused by the difficult
to dissolved the cellulose acetate polymer in the acetone solvent during casting
method used to prepare the composite films.

Films incorporated with Cloisite® 10A and Cloisite® 30B clays had a good
dispersion within cellulose acetate polymer matrix regardless the clay concentrations
(Figure 1b, 1c, 1d and 1e, respectively), corroborating with Rodriguez et al. (2012)
that added Cloisite® 30B clay to CA-based films prepared by casting method. Tornuk
et al. (2018) study found similar results and a homogeneous linear low density
polyethylene-based active films added with MMT and essential oils was obtained.

A balance between molar mass and surface clay groups is important to
understand the resultant mechanism of the clay dispersion. Cloisite®10A and Cloisite®
30B undergo the organophilization process, and the few presence of the hydrophilic
groups in the clay surfaces associated with the huge molar mass of it favored the
interaction between the clays and the CA due to the polymer hydrophobic nature when
compared with hydro-soluble polymers. This behavior influenced in clay interactions
and dispersions, and because of that, possibly both clays have organized into the
polymer matrix in intercalated or exfoliated conformations. The organic molecule
interactions with polymeric matrix expands the distance between the clay planes due
to the hydrophobicity features and allows other interactions between them (Paiva et
al., 2008).

In other hand, CA films incorporated with laponite 5% (wt.) was heterogeneous
and it caused by the laponite agglomeration when dispersedin CA, once this compound
is more soluble in hydrophilic systems (Figure 1f). The laponite agglomeration could
be easily visualized in Figure 1g when the concentration of laponite was 15% (wt.),
and this behavior showed that the concentration influenced on the enlargement of
the structure. Moreover, the incorporation of laponite within polymer matrix caused
fractures in the CA film (Figures 1f and 1c). This work corroborated with and Valencia
et al. (2018) studies that also found agglomerates and fractures caused by laponite
addition in the film surfaces, which would may explain the higher variation rates in
mechanical properties.

It is worthwhile to mention that SEM analysis is one of the techniques used to
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evaluate conformation acquired by layered clays when added within polymer matrix.
In addition to SEM, X-ray diffraction and transmission electron microscopy analyses
have a crucial importance in evaluating these systems.

Figure 1. SEM images of the CA-based films added of different clays at: control film (0% wt.) (a),
Cloisite® 10A clay at 5% and 15% (wt.) (b and c, respectively), Cloisite® 30B clay at 5% and 15%
(wt.) (d and e, respectively) and laponite clay at 5% and 15% (wt.) (f and g, respectively) (the
images were taken at 500x magnification.).

3.2 Thickness and mechanical properties

CA-based films characterization was performed to understand the influence of
the different clays in the film mechanical properties, and equations were adjusted for
thickness (Y,), tensile strength (Y,), elongation at break (Y,) and elasticity modulus
(Y,) (Table 1).

Clay Mechanical property Adjusted equation Faj** R?

Cloisite® 10A Thickness (mm) Y, =51.73 + 0.58"x 0.80 0.58
Tensile strength (MPa) Y, =30.86 — 0.31"x 0.87 0.52
Elongation at break (mm) Y,=10.13 - 0.36"x 0.13 0.59
Elasticity modulus (MPa) Y, =1329.0 - 36.70"x 0.86 0.92

Cloisite® 30B Thickness (mm) Y, =46.00 + 0.67*x 0.06 0.67
Tensile strength (MPa) Y, =32.27 — 0.44*Xx 0.10 0.85
Elongation at break (mm) Y, =8.96 - 0.23"x 0.87 0.81
Elasticity modulus (MPa) Y,=1121.8 + 24.5"x 0.97 0.60
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Laponite Thickness (mm) Y, =67.30 + 2.89"x 0.68 0.76

Tensile strength (MPa) Y, =25.45-0.71"x 0.05 0.69
Elongation at break (mm) Y,=8.12-0.15"x 0.63 0.81
Elasticity modulus (MPa) Y,=917.34 + 204 - -

Table 1. Adjusted equations, lacks of fit (Faj) and coefficients of determination (R?) for thickness
and mechanical properties CA-based films added by different clays.

*Significant by t-Test (p<0.05).
** - P-value for the lack of fit to the model (not significant for p>0.05).

CA-based film thickness equations increased linearly (p <0.05) as function of
clay concentrations (Figure 2). There was not difference in CA-based film thickness
when Cloisite® 10A or Cloisite® 30B were added in polymer matrix. However, the
laponite addition resulted in enlargement of the composite film thickness. This result
could be explained by Cloisite® 30B and Cloisite® 10A clay surface modification due
to the cation ion exchange caused by organophilization process, making these clays
more compatible in organic solvents. However, laponite clay added in CA matrix had
no structural modification and presented bad dispersion in organic solvents, because
of that, this clay agglomerated increasing film thickness. Moura (2016) produced
hydroxypropylmethylcellulose films with different laponite concentrations but there
was not difference in thickness due to the laponite good dispersion in water, a polar
solvent.
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Figure 2. Thickness (mm) behaviors to the AC-based films incorporated with different contents of
Cloisite® 10A, Cloisite® 30B and laponite clays.

Tensile strength and elongation at break are mechanical properties measured
at the maximum material deformation during the tensile test, resulting in polymer
chains maximum stretching and orientation (Pola et al., 2016). Both properties,
tensile strength and elongation at break, decreased linearly with the increase of
clay concentration into polymer matrix (p<0.05) (Figure 3). This behavior could be
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explained due to the interactions between clays and polymer chain that promoted
rupture points in the composite films as found in the SEM images. Differences in
elongation at break were observed among Cloisite® 10A and Cloisite® 30B clays only
for concentrations above 5% (wt.) (Figure 3a). However, for tensile strength, the clay
type no influenced in this mechanical property (Figure 3b), supported by Almeida
(2010). Therefore, Cloisite® 10A and Cloisite® 30B clays have been able to influence
tensile strength and elongation when incorporated in different polymer matrices
(Chen et al., 2017; Zhang et al., 2017; Tornuk et al., 2018).
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Figure 3. Elongation at break (mm) (a) and tensile strength (MPa) (b) to the AC-based films
incorporated with different contents of Cloisite® 10A, Cloisite® 30B and laponite clays.

No significant difference (p>0.05) was observed for elasticity modulus in films
incorporated with laponite andthe average was 917.34 +204 MPa. Aggregated particles
visualized by SEM images could describe the high standard deviation in this property.
Elasticity modulus equation decreased linearly (p<0.05) for CA-based films added
with Cloisite® 10A (Figure 4). In other hand, opposite behavior (p<0.05) was obtained
for this property to samples incorporated with Cloisite®30B clay, whereas the elasticity
modulus equation increased linearly (p<0.05). Although Cloisite® 10A and Cloisite®
30B are natural MMT clays modified with salts of quaternary ammonium, the slight
difference among them affected how the clays interacted with CA chains, influencing
directly in the elasticity modulus. Films incorporated with Cloisite® 10A became less
rigid than films incorporated with Cloisite® 30B, when more clays were added into
polymer matrix. Rodriguez et al. (2012) reported elasticity modulus increment when
Cloisite® 30B was added into CA matrix. Zhang et al. (2017) observed similar behavior
in chitosan-polyvinyl alcohol films added within charged sodium lactate and MMT. In
other hand, Orsuwan and Sothornvit (2017) added MMT into banana flour-based films
and the elasticity modulus decreased under higher MMT concentrations. Therefore,
the different intercalation levels and the kinds of interaction between clays and the
polymeric matrix influenced the differences observed in mechanical properties.
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Figure 4. Elasticity modulus (MPa) to the AC-based films incorporated with different contents of
Cloisite® 10A and Cloisite® 30B clays.

4|1 CONCLUSIONS

Sustainability, environmental conservation and eco-friendly behavior are
requirements to incentive the use of biodegradable packaging avoiding plastic
accumulation in the nature. To achieve this new tendency the development of new
biodegradable materials has been conducted, such as the use of CA-based films.
However, CA films have some problems with mechanical properties that could be
solved by clays addition in polymer matrix, as reinforce material. This work could
observed differences for mechanical and structural properties for films added with
different types of clays and the interactions among the clays and the polymers
influenced in their behavior. CA-based films added with laponite presented the highest
results for structural and mechanical properties, possibly due to their low dispersion
capacity on organic solvents such as acetone and the weak interaction with cellulose
acetate. However, for the AC-based films incorporated with MMT clays, Cloisite®30B
provide composite films more rigid and brittle than Cloisite® 10A clay.
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