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In this work, biocomposites of poly (3-hydroxybutyrate) (PHB) / calcium carbonate from
Rhea Americana eggshells were prepared and the effects of the addition of the inorganic filler in
the polymeric matrix were assessed. The residue (powder) of the eggshell calcined at 400 °C or in
natura was inserted into a PHB solution for preparation of films via casting. Powder samples were
characterized by X-Ray Fluorescence (XRF), X-Ray diffraction (XRD) and Thermogravimetry (TG/
DTGQG) and films were characterized by X-Ray diffraction (XRD), Scanning Electron Microscopy
(SEM) and biodegradation tests according to the ASTM G 160-03 norm: the results were reported
as weight loss and visual inspection by optical microscopy (OM). From the results of the XDR,
it was perceived that the peaks in the diffractograms of the powder obtained by milling the Rhea
Americana eggshells corresponded to the diffraction patterns of the Calcite crystals, which is a
calcium carbonate polyform, and that the calcination preserved the crystalline structure, maintaining
the calcium carbonate in the samples. For the biocomposites, a peak characteristic to the calcium
carbonate in 29.57° was detected, indicating the insertion of the filler to the polymer matrix.
Through SEM the presence of small agglomerates, probably due to polymer particles that were
not dissolved, was observed for the pure PHB film. With the addition of the filler in natura a
greater porosity was formed in the surface of the biocomposite films, and with the calcined filler,
homogeneous films with reduced porosity were obtained. From the weight loss and OM results,
it was observed that the filler inserted into the polymeric matrix catalyzes the biodegradation

process up to 60 days evaluation in different ways, depending on the type of sample used.
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1. Introduction

Nowadays, synthetic polymers are being used in various
applications. This is due to the low cost, lightweight, high
strength and ease of product manufacturing. The main
drawback is the disposal causing serious environmental
risks when improperly discarded in nature'*. A way
to reduce these environmental risks would be using
biodegradable polymers obtained from renewable
sources. An important family of biodegradable polymers
is the poly (hydroxyalkanoates) - PHAs, which has
attracted great attention because they are biocompatible
thermoplastics. The PHB - Poly (3-hydroxybutyrate)
is the most known among them, which is produced by
bacterial fermentation, with mechanical and physical
properties similar to the polypropylene. Besides, the
PHB can be degraded by microorganisms in a short
period of time and in different environments, such as
soils, rivers, lakes and even in wastewater, generating
water and carbon dioxide*!’.

*e-mail:tsaeng3@yahoo.com.br

The search for viable alternatives for the use of polymeric
materials has been gradually increasing with research aiming at
the exhaustion of the main source for the production of synthetic
polymers. Since the oil crisis in the 60s and 70s, the cost of
polymeric materials reached higher values and, from then on,
the formation of composites with the incorporation of fillers
obtained from natural sources became a tangible and ecologically
viable alternative''.One of the most used fillers in polymeric
materials processing is calcium carbonate (CaCO,), a natural,
cheap, and abundant resource, which offers some advantages
such as cost reduction, being widely used as non-reinforcing
filler in the preparation of polymeric composites'>'>.

The CaCO, is found in different sources, such as eggshells,
oysters, and mussels, and is commercially extracted from
quarries. According to Rivera, Araiza, Brostow, Castano,
Diaz-Estrada, Hernandez, et al.'4, the eggshells of chicken
and ostrich have, respectively, 94% and 97% of calcium
carbonate in their compositions. The largest source of CaCO,
is the shell of greater rhea eggs, which has approximately
98.5% of this component in its composition'.
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In the literature, studies with various applications to the
eggshells were found: catalysts for biodiesel production'®"?,
use of residue of eggshell as coating pigments for printing
paper'®, eggshells as heavy metal absorbent'*2!. Other examples
that can be mentioned are the use of calcium carbonate as
filler for polymeric materials - polypropylene composites
with the eggshell of chicken?, the use of eggshell with a
SEBS (styrene ethylene / butylene-styrene) matrix as bio-
fillerand composites of green polyethylene biopolymer
with eggshell?*. However, there are no reports of the use
of the eggshells of greater rhea with a PHB polymeric
matrix, making this study an unprecedented research.
The development of this work favored an unprecedented
study capable of promoting the obtainment of low-cost
biodegradable materials, and the reuse of a large volume
of residues, such as eggshells, being a source of important
inorganic material for the industry of polymeric composites.

This study aimed to prepare and characterize biocomposites
based on a PHB matrix and calcium carbonate (CaCO,)
from eggshells of greater rhea (Rhea Americana) in
natura and calcined forms and verify the impacts of the
addition of the filler in the structure, morphology, and
biodegradation of films prepared by casting.

2. Materials and Methods

2. 1 Materials

As polymer matrix was used Poly (3-hydroxybutyrate)
provided by PHB Industrial SP, Brazil. The eggshell of
Rhea America was obtained at Federal University of Piaui,
Teresina Campus. The films were prepared by solution
using chloroform as the solvent, provided by Synth. The
soil used for the biodegradation tests was of the POLE
GARDEN brand, whose composition is reported in Table 1.

Table 1. Chemical Composition of the Commercial Soil.

Total Nitrogen 1%
Humidity 50%
Organic Carbon 15%

pH 6.0

C/N 18/1 g/lL
CTC 80 mmolc/Dm?

C/N:Carbon / nitrogen balance

CTC: cation exchange capacity
2.2 Preparation of the eggshells

The eggshells were cleaned with tap water and then
dried at room temperature, milled to obtain a powder,
which was sifted in a mesh # 200 (74um).

After the milling and sieving processes, heat treatment
of the powder was carried out with the purpose of
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eliminating organic matter and preserving the calcium
carbonate. The samples were calcined at 400 °C for 2
hours in a JUNG model J-200 muffle. The non-calcined
samples were referred as in natura and the calcined
samples, calcined at 400°C.

The calcium carbonate obtained from eggshells was selected
to propose a new alternative that reuses this kind of large-scale
residues, thus, this work can contribute to a new research route.

2.3 Preparation of the films (by casting)

For the preparation of the films, PHB was added to the
chloroform and the solution (ratio 1:10) remained under
stirring for 3 hours at room temperature (23 °C). The
solution then remained static under the same temperature
for 24 hours in order to facilitate the dissolution of the
PHB grains (a process called swelling) and, in the last
step, the solution was subjected to constant stirring
and heating at a temperature of 80 °C for 3 hours. After
homogenization, the solution was poured onto a marble
plate and films were formed by the evaporation of the
solvent at room temperature (23 °C). The films formed
had an average thickness of 42 um.

For the preparation of the films with percentages
of 1 or 3% of the filler (mass) was incorporated to the
solvent. Subsequently, the solution contending the filler
was stirred and heated at 80 °C for 2 hours, poured onto
a marble plate after this time and, after 30 minutes, films
were obtained. These biocomposites were denominated
as PHB + 1 % in natura (1% CaCO, non-calcined)and
PHB + 3 % in natura(3% CaCO, non-calcined) or PHB
+ 1% at 400°C (1% CaCO, calcined at 400°C) and PHB
+ 3% at 400°C(3% CaCO, calcined at 400°C).

2.4 Ray fluorescence (XRF)

A semi-quantitative chemical analysis was carried out
by X-Ray Fluorescence spectroscopy with the spectrometer
PANalyticalAxios Max was applied to filler. The samples
were dried at 60 °C for 48 hours.

2.5 Ray diffraction (XRD)

The filler samples in natura and calcined at 400 °C were
characterized by XDR with Ko cooper radiation and sweeping
20 from 2 to 60°. The neat PHB and biocomposites films
were characterized by XRD with Ko cooper radiation and
sweeping 20 from 2 to 30°, the analyses were performed in
a PANalytical equipment, model Xpert Pro MPD.

2.6 Thermogravimetry (TG)

As an additional technique to characterize the filler
after the heat treatment, a thermogravimetric analysis was
carried out under a nitrogen atmosphere with a heating range
from room temperature up to 1000 °C, the heating rate of
10 °C.min"" and drag flow 100 mL.min"'in an aluminum pan.
Analyses were carried out in TA Instruments equipment.
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2.7 Scanning electron microscopy (SEM)

The degree of dispersion of the fillers in the PHB matrix
was evaluated by electron microscopy with a Shimadzu
Model SSX-550 microscope with an accelerating voltage
of electron beam at 15kV.

2.8 Biodegradation test

In order to assess the biodegradation of the PHB and
biocomposites films in the soil, parameters defined by the ASTM
(G160-03 norm were used with samples with dimensions of 50
mmx 50 mm. Samples were weighed and selected in triplicate
according to weight and thickness, in order to avoid distortions
that could interfere with the degradation process. Films were
placed vertically in a plastic container with the prepared soil.

Throughout the biodegradation evaluation period,
humidity and temperature were controlled by means of
water spray at regular intervals. Samples collected at
intervals of 20, 30, 40, 50 and 60 days were carefully
cleaned with water and dried at 40 °C/24 hours. Along
the biodegradation tests, the films were weighted and
evaluated through optical microscopy and weight loss.

2.9 Optical microscopy

Films collected after the biodegradation tests were
analyzed by optical microscopy with LEICA device in
reflection mode with a 40X magnification.

3. Results

X-Ray Fluorescence ofin natura and calcined powder

Results of the X-Ray Fluorescence analysis for the
eggshells of Rhea Americana both in natura and calcined
at 400 °C are presented at Table 2, such as the values
found in the literature for similar fillers from different
sources as reference.

Based on results obtained in Table 2, it was observed
that the percentages of the most relevant component,

Table 2. X-Ray Fluorescence Analysis for in natura and calcined
references.

calcium oxide, were higher than 50% for both in natura
and calcined at 400°C samples, slightly increased by
calcination. The other elements are present in lower
than 0.3% percentages and few of them were altered by
calcination. The loss on ignition was greater forin natura
samples, corresponding to the loss of organic matter and
dehydration of the sample, as expected.

Regarding the shells of different origins (chicken,
oyster and mussel), it can be observed that the calcium
oxide contained on them is lower than in the samples
obtained for this study. Results confirm the literature,
indicating eggshells of Rhea Americana as an interesting
source of this type of oxide. The greatest natural source
of CaCO, is the Rhea Americana eggshells, which
have approximately 98.5 % of this composite into its
composition's.

3.1 X-Ray Diffraction of in natura and calcined
powder

The XRD curves for the eggshells of Rhea Americana
both in natura and calcined at 400 °C are shown in

Figure 1.
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Figure 1. X-Ray diffractograms for in natura and calcined at
400 ° C eggshell powder

at 400°C eggshell samples assessed in this study and some literature

Ca0 K0 SO P,0 MgO Na,0 A0 Sio Fe,0 SrO Lol
Samples 2 3 275 2 3 2 273

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
In natura 53.2 0.3 0.3 0.2 0.2 0.1 0.1 0.1 0.1 <0.1 4542
Co-400°C 553  <0.1 0.2 0.2 0.2 0.1 <0.1 <0.1 <0.1 <01 43.74
Chicken egg*  50.7 - 0.57 0.24 0.01 0.19 0.03 0.09 0.02 0.13 478
Oyster** 483 0.07 - 0.15 0.68 0.98 0.42 0.91 0.05 0.13 439
Mussel** 479  0.02 - 0.04 0.22 0.82 0.18 0.35 - 0.16 462

* Lol = Loss on ignition and results normalized to 100 %.
* Source: Freire&Holanda, 2006.
** Source: Silva, 2007.
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According to the diffractograms, the powder obtained
from the milling of the Rhea Americana eggshell has a
diffraction pattern corresponding to calcite crystals, a
polymorph of the calcium carbonate (CaCO,) (ICDD, 86-
2334), with well-defined crystalline phases, confirming the
presence of this component as majority in birds eggshells,
as reported by Wei, Xu, Li"7and Kumar, Dev and Gupta®.
The X-Ray diffraction patterns of the eggshell powder
are similar to the diffraction pattern of the industrial
calcium carbonate, as reported by Bootklad, Kaewtatip*
and Murakami, Rodrigues, Campos?’ In these studies,
the authors compared the pattern of calcium carbonate
with chicken eggshells.

The characterization by XRD of in natura and calcined
samples indicated that the heat treatment preserved the
crystal structure while maintaining calcium carbonate
in the samples, being efficient in the removal of water
and organic matter, and allowing the use of the eggshell
residues as a source of calcium carbonate.

3.2 Thermogravimetry of in natura and calcined
powder

Figure 2 shows TG and DTG curves of the powder
obtained by milling the eggshells.

Figure 2. TG (a) and DTG (b) curves of in natura and calcined at
400°C eggshell powder
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According to the TG curves, the in natura eggshell
decomposition occurs in two distinct stages of weight
loss: (i) the removal of water molecules (H,0) and
decomposition of organic matter with a weigh loss of 3.3
% in the temperature range between 50 °C and 570 °C;
(ii) the second stage involves the release of CO, from
the decomposition of CaCO, (calcium carbonate) in the
temperature range of 570 °C to 780 °C, with a weight loss
of approximately 46%. At 800 °C, the in natura eggshell
had 50.7 % of residue, which corresponds to ashes and
inorganic materials, mainly calcium oxide from the
decomposition of CaCO,.

The purpose of the calcination was the removal of
water and any organic matter present in the eggshells, in
order to reduce possible variation on the aspects of the
films due to contamination of the filler, since systems
would be prepared with the biodegradable polymer,
sensitive to the presence of impurities.

Samples calcined at 400 °C did not have the weight
loss initial stage detected in in natura samples. This
result was expected because of the temperature range
used in the heat treatment, confirming the efficiency of
the heat treatment in the removal of organic matter and
water. For these samples, only a single weight loss step
of approximately 45% was observed between 560 and
770 °C, associated to the previous reaction.

These results were also observed by Pereira, Okumura,
Ramos, Cavalheiro, Nobrega?® and Caliman®, when they
used chicken and ostrich eggshells with hydroxyapatite,
respectively.

According to the obtained results for X-ray fluorescence,
X-ray diffraction, and thermogravimetry the conditions
of the thermal treatment selected for the calcination were
efficient since the structure of the calcium carbonate was
not altered and the impurities were removed. Besides, the
thermal stability of the filler was highlighted, confirming
the viability of the method for the preparation of polymeric
composites at high temperatures.

3.3 X-Ray Diffraction of biocomposites with
powder in natura

The XRD curves for samples of neat PHB and PHB
containing 1 or 3% of powder in natura are shown in
Figures 3 and 4.

According to the diffractogram, films prepared with neat
PHB showed more defined basal reflections at 28 values 13.56°,
16.34°, 20.16°, 21.47° 25.43°. These reflections were also
observed by Abdelwahab, Flynn, Chiou, Imam, Orts, Chiellini*.
For samples containing powder in natura, an important basal
reflection can be detected at 20 value 29.57°, corresponding
to the presence of CaCO,, indicating the incorporation of
the filler to the polymer, and confirming the diffractogram
previously discussed for the fillers. Similar behavior was
reported by Kang, Pal, Park, Bang, and Kim?, who used the
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Figure 3. XRD curves for neat PHB and PHB with 1 or 3% of
powder in natura

Figure 4. XRD curves for neat PHB and PHB with 1 or 3% of
powder calcined at 400 °C

chicken eggshell as bio-fillingin an SEBS (styrene-ethylene/
butylene-styrene) matrix. The authors noted the presence of
this characteristic peak on composites, confirming the presence
of the reinforcing element calcium carbonate.

It can be observed that, with the filler, films possibly
had their crystallinity increased, a fact observed due to the
higher order and intensity of the diffraction peaks.

With the increase of calcined filler, it occurred an
increase in the intensity of the peak at 20 value 29.57°.
Most significant differences are observed in the optical
microscopy and scanning electron microscopy analysis
and evaluation of the biodegradation.

3.4 Scanning Electron Microscopy of
biocomposites and neat PHB

Figure 5 shows the micrographs of neat PHB and
biocomposites with both in natura and calcined fillers.

It was observed that samples containing neat PHB have
a homogeneous and continuous surface, as reported by
Santos, Oliveira, Paoli, Freitas, Rosa*. SEM images showed
the presence of small clusters on the surface, possibly due
to some undissolved polymer particles in the solvent, which
may be associated with the preparation conditions.

For 1% of filler, the solvent evaporation rate may have
been altered, leading to the formation of a structure with a
large number of pores of varying sizes. The increase in filler
percentage promoted the formation of clusters, indicating poor
dispersal by the method adopted. There was also porosity, but
with smaller pores. The reduction of porosity may have been
caused by the slower evaporation of the solvent due to the
presence of fillers agglomerates. Similar aspect was observed
by Kang, Pal, Park, Bang, Kim?, by using a styrene-ethylene/
butylene-styrene matrix with chicken eggshell, with large
clusters with low adhesion to the polymer matrix.

The surface of the biocomposites with calcined filler was
more homogeneous with small pores dispersed throughout
its length and with a significant reduction of the presence
of fillers agglomerates, possibly due to the elimination on
humidity and organic matter in the sample, which allowed
better dispersion and homogenization of the systems.

3.5 Biodegradation test

Figures 6 and 7 show the mean values for visual inspection
and weight loss, respectively, in each of the films after the
biodegradation periods.

Based on data presented in Figures 6 and 7, the increase
of biodegradation can be observed for all systems over time,
but with variations in the intensity of degradation depending
on the type of composition.

Films based on neat PHB showed a low mass loss
until the fiftieth day of testing, then, an acceleration of the
biodegradation occurred around 60 days of evaluation. With
the addition of the in natura filler, the biodegradation process
increased considerably, reaching levels above 90% at the
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Figure 5. Scanning Electron Microscopy of films containing neat PHB (a); PHB with filler in natura: 1% (b) and 3% (c); PHB with 1%

(d) and 3% (e) of calcined filler. Magnification 1000x

third collection with 1% of filler. By increasing the content
of in natura filler, films got more susceptible to microbial
attack, leading to almost 80% degradation index with 20
days of evaluation and total loss from the 3™ collection. This
behavior can be associated to the presence of porous regions
on the surface of the films, which facilitates the penetration
of microorganisms in the structure, promoting a more intense
biodegradation in less time of exposure to soil, as previously
observed by scanning electron microscopy.

The images of the optical microscopy of the collected
samples are illustrated in Figure 8.

It was possible to observe non-homogeneous degradation
of the samples, the formation of cracks and voids, dark
regions indicating the accumulation of bacterial colonies
and around the voids, the darkening of the structure. The
OM images indicate that the degradation takes place
layer by layer, as observed by Corréa, Rezende, Rosa,
Agnelli, Nascente®! for PHB samples.
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Figure 6. Visual inspection of the neat PHB; PHB with in natura filler: 1% and 3%; PHB with calcined filler with 1% and 3% along the

biodegradation period

A smooth surface can be an obstacle for the contact of
water and lipase molecules with polymer chains, as illustrated
in Figure 9. Studies carried out by Molitoris, Moss, De
Koning, Jendrossek®? confirm the dependence of the rate
of PHA hydrolysis to the surface area.

For films with calcined filler, was possible to observe
a considerable reduction in the biodegradation rate of
the samples, which can be explained by the removal of
water and organic matter present in the sample, even
in small proportions. The increase in calcined filler
percentages slightly accelerated the biodegradation of

the films, with the formation of a smaller number of
voids and less pronounced erosion of the surface.

Another possibility to different levels of degradation
according to the type of filler adopted may be associated
with a change in crystallinity of the samples: biodegradation
occurs initially in the amorphous region.

Bootklad, Kaewtatip®® developed thermoplastic starch
and hen eggshells composites, and concluded that the organic
components in the eggshells facilitated the microorganism's attack.

In fact, the biodegradation of the films was strongly
influenced by the type and filler percentage adopted. PHA's
biodegradation process is dependent on the environmental
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Figure 7. Weight loss of the neat PHB; PHB with in natura filler: 1% and 3%; PHB with calcined filler with 1% and 3% along the

biodegradation period

Figure 8. Optical Microscopy of biocomposites

condition such as temperature, humidity, pH, the presence
of nutrients for microorganisms and intrinsic characteristics
of the material, such as crystallinity, additives, surface area
and type of monomers.

4. Conclusions
According to the RXF, RXD, TG/DTG results, it was

concluded that the heat treatment of the eggshells resulted
in the elimination of organic matter and humidity without

Figure 9. Scheme of attack of bacteria on various surfaces. (Adapted
by Wang, Mo, Yao, Wu, Chen, Chen*?)

affecting the crystal structure, preserving calcium oxide as a
major component. For biocomposites the X-ray diffractograms
presented peaks characteristics to the calcium carbonate and
different intensities and small shifts in the diffraction planes
with the variation of the calcium carbonate. In the Scanning
Electron Microscopy - SEM - images, it was observed films
with most of the surface regular and with the small filler of
polymer agglomerations. Plenty of pores with different sizes
were observed in the surface of the biocomposite films with
the in natura filler. A more homogenous surface was observed
for the biocomposite films with the calcined filler, also, a



Biodegradation of Poly (3-hydroxybutyrate) /Eggshellsystems 9

lower amount of pores with smaller sizes and the formation
of fewer agglomerates were observed. Biodegradation was
intense for all systems, being influenced by the type of filler
adopted. The neat PHB films presented a small weight loss until
the 50™ day of the test, and the biodegradation process was
accelerated after the 60" day of the test. With the addition of
1 % of the in natura filler, the biodegradation process reaches
out over 90 % in the third withdrawal. With the increase of
the in natura filler the films were more susceptible to the
microorganisms attack, displaying a degradation index of
approximately 80 % at the 20" day of the test and a total
degradation at the third withdrawal. For the films with the
calcined filler, the biodegradation rate of the samples was
decreased, as observed in the weight loss values, and the
increase of the filler content did not influence the films'
degradation. The used of the Rhea Americana eggshells
shows a great potential as the filler for developing polymeric
biocomposites.
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