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 This work studies the synthesis of low density particles (LDPs) 
based on crosslinked polyester, each particle containing 
numerous air-filled vesicles. Due to its particular internal 
structure and rigidity they can be used as fillers in wood-based 
panels to reduce the final density and keep their desired 
mechanical performance. Important process variables as stirring 
conditions, type of cure initiator and drying conditions were 
studied. Particles well vesiculated and with diameters in the 
range 1- 4 mm were prepared and its performance in wood-based 
panels is an on-going study.   

 
Introduction 
In the last decades, the furniture industry’s 

demand for light wood-based panels has increased, 
in particular due to the popularity of “takeaway” 
furniture. Consumers prefer products that are 
available at time of purchase and that can be easily 
handled which justifies lightness as the 
fundamental requirement. On the other hand, there 
is a current trend in furniture design that involves 
high thickness components, and hence a reduction 
of weight is desirable, for economical (material 
and transportation costs), environmental reasons 
(resources, eco-efficiency), and organizational 
reasons.   

Numerous approaches have been made to save 
weight by using low density wood species [1] or 
other plant fibers (e.g. hemp [2]), sandwich panels 
with foam core [3] or honeycomb core [4], or by 
incorporating polymeric particles during wood-
based panels production (e.g. expanded 
polystyrene [5]). However, the reduced weight 
comes along with a decline of the mechanical 
properties (bending strength and internal bond), 
the porous edges decrease the resistance to axial 
withdrawl of screws and prejudices the quality of 
finishing (coating, edge lamination) and 
machinability. In this study, low density particles 
(LDPs) made of crosslinked polyester were 
introduced as light fillers for wood-based panels. 
These particles combine low density and high 
mechanical resistance as a result of an internal 
multi-alveolar structure separated by rigid 
polymeric walls. Some studies about the 
production of multivesiculated polyester particles 
with a mean size of 10 µm are already available in 

the literature [6] still with the purpose of its 
application as opacifiers in paints. In the wood-
panels case, larger particles (diameters above 
1mm) are desired. In this study, the influence of 
the stirring rate conditions, type of cure initiator 
and the drying process conditions on final internal 
vesiculation, particle size and density were 
studied. The performance of the optimized 
particles will then be evaluated in wood-based 
particleboards. 

 
Particles preparation and characterization 
For producing LDPs, an organic phase 

comprising unsaturated polyester dissolved in 
styrene, is dispersed in an aqueous solution of 
polyvinyl alcohol (PVA) at high stirring rate. A 
base is previously added to the organic phase, 
causing the neutralization of the polyester 
carboxyl groups and forming polyester salts which 
leads to the diffusion from the external aqueous 
medium. This entrapped water forms the internal 
vesicles, and the whole system becomes a water-
in-oil-in-water (W/O/W) emulsion (double 
emulsion). A radical polymerization is then 
initiated by adding a water soluble initiator system 
(cumene hydroperoxide in combination with a 
metal redox activator). 

Final LDPs are then washed with distilled water 
and dried at 80 ºC for 2 hours. 

Final particle size distributions were obtained by 
sieving (sieves with open mesh of 100 µm, 1 mm 
and 2 mm, supplied by Retsch). Particle 
morphology and internal vesiculation were 
observed by scanning electron microscopy (SEM), 
using a JEOL JSM-6301F, Oxford INCA Energy 
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350 equipment. For this purpose, dried particles 
were encapsulated in epoxy resin, and the resulting 
composite was fractured after hardening at 90 °C 
overnight. Before being analyzed, samples were 
sputtered with gold/platinum using a K575X 
Sputter Coater by Quorum Technologies. The bulk 
density of the particles was determined by mercury 
porosimetry. 

 
Results 
During the dispersion phase, the studied stirring 

rates were: 200 RPM, 600 RPM, 750 RPM, 1000 
RPM and 1400 RPM, maintaining the rest of 
process variables. Figure 1 depicts the internal 
morphology of the particles and two different 
trends seem to exist.  

 

 
Figure 1. Middle of a fractured polyester particle 
produced with different dispersion stirring rates: 200 
RPM (a), 600 RPM (b), 750 RPM (c), 1000 RPM (d) and 
1400 RPM (e).  

 
For the lowest shear rates, the number of 

vesicles in the middle of the particle increased, 
maintaining an average size of 2 µm (Figure 1a, 1b 
and 1c) which means that the higher stirring was 
favouring the diffusion of external water into the 
organic droplets. SEM images from a peripheral 
zone of Figures 1a and 1b evidenced a larger 
number of vesicles and corroborated that lower 
stirring rates were not enough to promote water 
diffusion towards the centre of the droplet.   
Higher stirring rate caused successive droplet 
rupture/coalescence, leading to large heterogeneity 
in final vesicles sizes (Figure 1d). Finally, at 1400 
RPM, vesicles were almost uniformly formed with 

much larger sizes (15 µm), as showed in Figure 
1e. The improvement in vesiculation justified the 
decreasing in measured densities values from 1000 
kg/m3 to 600 kg/m3.    

Due to the influence of dispersion parameters on 
the final particle sizes, a second step, at lower 
stirring rate, was implemented in order to allow 
droplet coalescence and formation of larger 
particles. Figure 2 shows the particle size 
distribution of LDPs studied at these conditions. 

 

 
Figure 2. Influence of the implementation of a second 
lower stirring rate during the dispersion phase on the 
final particle size distribution.  

 
As predicted, the implementation of a lower 

second stirring period favoured the coalescence of 
the organic droplets into bigger one, leading to a 
displacement of the final distribution to the right 
and removing particles smaller than 100 µm. Not 
so predictable was the observed tendency for 
obtaining larger particles by increasing the first 
stirring rate. In this regime, higher stirring is 
increasing droplet coalescence due to more 
frequent collisions.  

Cured particles fractured during the final drying 
stage at 80 ºC (Figure 3), probably due to internal 
pressure created by water vapour combined with 
residual stresses originated during cure. Replacing 
the water-soluble radical initiator by an organic-
soluble one, solved the problem, due to a more 
uniform curing throughout the entire particle. 

 
 

 
Figure 3. Fractured particles after the drying process at 
80 ºC for 2 hours. 
 

Due to the importance in obtaining particles with 
the lowest density, the final drying process is a 
critical stage. Particles with the same diameter (4 
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mm) were first dried at 80 ºC for 2 hours to avoid 
the internal fracture. One of the series was then 
kept at this temperature while the other particles 
were left to dry at 105 ºC till the final mass keep 
constant. The volume of the particles was 
indirectly measured by a caliper rule. Figure 4 
shows the evolution of the calculated density in 
relation to the initial value (d/do) during the drying 
process. The density of the polymer (polyester 
reticulated with styrene) was determined by water 
pycnometry and it corresponded to 1211 kg/m3.  

 

 
Figure 4. Evolution of the normalized density of 
particles during the drying process.  

 
As predicted, the drying process can be 

accelerated by increasing the drying temperature 
and it was verified that it not compromised the 
internal structure. According to the results, it 
might be possible to take off the internal water 

from the vesicles after 48 hours. The final density 
of the dried particles corresponded to 600 kg/m3. 

 
Conclusions 
Low density particles (LDPs) made of 

crosslinked polyester that incorporate numerous 
air-filled domains and with sizes in the range 1 - 4 
mm were synthetized. For its preparation, some 
process variables are now well understood: higher 
stirring rates during the dispersion of polyester 
droplets leads to less dense particles due to better 
vesiculation. Larger particles can be obtained by 
implementing a second step at a lower stirring rate. 
Tendency to fracture during drying was eliminated 
by using an organic-soluble cure initiator. LDPs 
must be dried at least 2 days at 80 ºC, to remove as 
much water as possible and achieve the lowest 
density.  

We are now evaluating the performance of these 
particles in wood-based panels, namely the 
intended compromise between panel density, 
internal bond and bending strength.  
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