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ABSTRACT 
Drug delivery systems involving microcapsules provide an attractive way to improve the 
performance of many chemical and biological substances. These systems may be used for 
several industrial segments, especially medical, pharmaceuticals and cosmetics. PHB is a 
polyhydroxyalkanoate available in powder form, biocompatible, biodegradable and inert 
towards animal tissues. The obtained PHB/smectite clay nanocomposite improved the 
physical-chemical properties of PHB, including its biodegradability. In this work, we 
describe the preparation of microcapsules from two nanocomposites systems: a) PHB and 
Cloisite 20A organoclay (PHB1) and b) PHB and natural Brazilian green policationic clay 
(PHB2). When analyzed by XRD, the films and microcapsules did not show a d(001) peak, 
demonstrating an exfoliated structure for the nanocomposites. The films have shown by 
SEM an homogeneous distribution with the clay mineral particles spread homogeneously 
by the PHB film. The new microcapsules/nanocomposites showed an “hydrangea” 
morphology. The diameter of the microcapsules was variable between 0.5-15 µm.  

 
INTRODUCTION 

The search for better polymeric materials has placed the polymer/clay 
nanocomposites in the center of attention, especially because have been described to 
present a considerable improvement in  their properties compared to the original polymeric 
materials due to the nanoscale reinforcement [1,2]. Biodegradable nanocomposites 
comprised by polymers such as polyhydroxybutyrate (PHB), due to the current concern on 
environmental problems and biomedical applications,  can be a good alternative to produce 
microparticles type microcapsules with application in drug delivery systems [3].  

Microcapsules can be loaded with biological or chemical substances at the sphere 
surface or encapsulated within the particle and be used as drug delivery systems. The drug 
delivery systems based on polymeric microcapsules has witnessed tremendous progress in 
recent years due to their unlimited potential to improve human health [4,5]. Moreover, 
microcapsules can be used in several industrial sectors, as agrochemical, cosmetic, 
wastewater treatments and others, because they are able to encapsulate chemical and 
biological substances. Frequently used polymers include poly(lactic acid) (PLA), 
poly(lactic-co-glycolic acid) (PLGA), poly(epsilon-caprolactone (PCL), sodium alginate 
and poly(3-hydroxybutirate) (PHB) [6,7].  Recently, PHB has been described as a good 
candidate for fabricating prolonged-action drug in the form of polymeric microcapsules [3]. 
This biodegradable polymer, member of polyhydrixyalkanoates family, offers many 
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advantages over traditional petrochemically derived plastics [8]. It is a linear 
homopolymer, biosynthesized by various strains of bacteria by condensation of D(-)-B-
hydroxybutyric acid units and used as a bacterial energy reservoir. PHB can be obtained by 
extraction from bacteria or by chemical synthesis. It is biocompatible and biodegradable, 
and completely nontoxic in the environment [3, 9-10]. The properties of PHB can be 
improved by the addition of clay forming a composite.  In fact, Lim et al. (2003) [2], 
described that melting temperature and biodegradability of PHB/OMMT (organo-
montmorillonite) nanocomposites decreased in comparison to the pristine PHB. The 
mentioned characteristics are attractive and suitable characteristics for use as drug carriers.  

This work describe, for the first time from our knowledge, the preparation and 
characterization of nanocapsules-nanocomposites from two nanocomposites systems: a) 
PHB/OMMT (Cloisite 20A), (PHB1), and b) PHB/montmorilonite (MMT), natural 
Brazilian green policationic clay, (PHB2), by the solvent mediated emulsification-diffusion 
method [11].  
 
EXPERIMENTAL 
Materials 
The PHB used for the microcapsule preparation was obtained from PHB Industrial, São 
Paulo, Brazil, with a weight average molar mass of 300,000 g/mol. The OMMT (Cloisite 
20A) with positively charged quaternary ammonium (dimethyl hydrogenated tallow 2-
ethylhexyl quaternary ammonium) was supplied from Southern Clay. The Brazilian green 
clay, a natural clay with cationic exchange capacity (CEC) of 65 meq/100 g was obtained 
from Bentonisa do Nordeste (Paraíba, Brazil). Chloroform, used as organic solvent, and the 
stabilizer agent poly(vinyl alcohol) (PVA), of molar mass 88,000 g/mol, were supplied by 
Aldrich. Deionized water was used for the preparation and for dilution of the emulsions. 
 
Nanocomposite Preparation 
Nanocomposites were prepared by dispersion of clays and dissolution of PHB in the 
organic solvent. Polymer PHB was dissolved in the organic solvent (3% w/v solution) at 
37-40°C for 30 min. Cloisite 20A and Brazilian green clay were dispersed in the same 
organic solvent (2% w/v), separately, at room temperature for 10 min. The organoclay and 
the polycationic clay dispersions were added to two PHB solutions and then mixed by 
magnetic stirring for 1 hour. After this time, 2 mL of each mixture were placed within 
covered glass dishes and kept under the hood overnight to evaporate the solvent. The 
formation of PHB/OMMT and PHB/MMT films were observed to occur after complete 
evaporation of the solvent. 
 
Microcapsule Preparation 
The microcapsules PHB/OMMT and PHB/MMT nanocomposites (NCN) were prepared 
from the nanocomposite organic solutions by the solvent mediated emulsification-diffusion 
technique [11]. Briefly, each PHB/OMMT or PHB/MMT solution was dropwise added to 
1.0% PVA solution (1:3, w/v). The solutions were stirred vigorously, for 20 min, to obtain 
an O/W emulsion.  Subsequently, excessive deionized water was added to the emulsion, 
under stirring at 700 rpm, for 20 min.  The organic solvent was drawn from the emulsion by 
evaporation under reduced pressure. Microcapsules/nanocomposites were purified by 
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several rinsing with deionized water and immediate centrifuge at 10,000 rpm for 3 min. 
After purification the NCN were dried in vacuum desiccator and stored for further analysis. 
 
CHARACTERIZATION 
X-Ray diffratometry of the films 
The PHB/OMMT and PHB/MMT films were analyzed by X-ray diffraction (powder 
method, Philips X´PERT MPD diffractometer, using Cu Kα radiation, at 40kV and 40mA, 
at a scan speed 2Θ/s = 0.020 and step of 1s) to observe the formation of nanocomposites, 
by confirming the insertion of PHB into the layered clays. 
 
Morphological, size and surface analysis 
Electron microscopy techniques were used to assess the size (mean diameter) and 
morphology of PHB1 and PHB2 nanocomposite films and microcapsules. Scanning 
electron microscopy (SEM) was used to analyse the films deposited on the flat steel holder. 
The sample was coated under vacuum by cathodic sputtering with gold and palladium 
(Technics, Balzers). For the microcapsules, the SEM technique was used to analyze their 
surface. Additionally, the microcapsules’ samples were placed on the sample holder, coated 
with carbon and aluminum in a JEE-4C vacuum evaporator and observed by using a JEM-
100C electron microscope. 
 
RESULTS AND DISCUSSION 
Powders of PHB, Cloisite 20A (OMMT) and polycationic green clay (MMT) were 
manipulated to develope two differents PHB/OMMT and PHB/MMT nanocomposite films, 
and microcapsules.  When analyzed by XRD the films and microcapsules did not show a 
d(001) peak, demonstrating an exfoliated structure for the nanocomposites (Figure 1). By 
SEM, it was possible to observe that the same films have shown an homogeneous 
distribution of the mineral clay particles within the PHB film (Figura 2).  The SEM analysis 
has shown that microcapsules obtained from the PHB/OMMT and PHB/MMT 
nanocomposite solutions were microspheres of regular spherical shapes, presenting 
significantly heterogeneous diameter in the range from 0.5 and 15 µm (Figure 3). The novel 
microcapsules were also characterized by an uniform porous surface, which resembles an 
“hydrangea” morphology (Figura 3). This morphology is similar to that described by 
Shishatskaya et al. (2008) who have prepared microcapsules from pure PHB. The 
exfoliated structure of the material described here, observed by X-ray diffraction analysis,  
shows that silicate layers of the clays are uniformly dispersed in the polymeric 
biodegradable film matrix as verified in Figure 2, wich increased the interfacial surface 
area of  nanocomposite material.  In this work we have demonstrate that it is possible to 
obtain nanocomposite films and microcapsules using a PHB/organoclay or 
PHB/polycationic in natura smectite clay. But more studies would be necessary to 
investigate more specific properties of these new microcapsules. Nevertheless, additional 
studies are required to investigate specific properties of these new microcapsules.. We 
anticipate that the microcapsules nanocomposites here studied would have potential 
applications as carriers in the development of drug delivery systems.  
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Figure 1. X-ray diffraction of films prepared from a) PHB; b)Green clay; c)Cloisite 20A; 

d)PBB/Cloisite 20A; e)PHB/Green clay. 
 

 

 

     
Figure 2. Micrographs of films prepared from PHB/Cloisite20 (a) and PHB/green clay  (b) 

nanocomposites and pure PHB (c). 
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Figure 3. Micrographs of microcapsules prepared from PHB/Cloisite20 (a) and PHB/green 

clay  (b) nanocomposites presenting morphology compared to an “hydrangea” and 
heterogeneous diameters (c). The bar is 5 µm. 
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