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Abstract With a worldwide trend looking for biodegradable materials, non-polluting and biomass products, the Castor oil
based polyurethane resin is an alternative to formaldehyde based resins. The Castor oil based polyurethane resin is
bicomponent type, formed from a polyol component derived from the castor beans (Ricinus comunalis) and a pre-polymer
resin. The aim of this research was to evaluate the influence of castor-oil based polyurethane resin formulation (particularly
proportion of pre-polymer/polyol) in static bending properties (modulus of elasticity and modulus of rupture) of
particleboards produced with Paricd (Schizolobium amazonicum) wood specie. Four proportions of components
(polyol/pre-polymer) were evaluated: 0.75:1; 1:1; 1:1.25 and 1:1.5. Results showed significant improvements in the modulus
of elasticity with increasing the pre-polymer component. Modulus of rupture property was not affected significantly by the
different proportions of the components of the resin, providing equivalent results. The proportion of 1:1 (polyol/pre-polymer)
could be considered the best solution for delivering better mechanical performance and use the least amount of the derivative
component of the petroleum.
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adhesive is the major cost component [3-4].

1. Introduction The synthetic origin adhesive are the most currently used,
due to its better adhesion properties and resistance to attack
by micro-organisms, when compared to adhesives from
natural sources. The main adhesives employed in panel
industries have formaldehyde in the composition, which
when released may come to cause problems to the
environment and human health. In addition, these adhesives
require high temperature pressing (above 160 °C), which
causes a high power consumption [5-6].

With a worldwide trend to use of biodegradable products,
non-polluting and sourced from renewable inputs, many
investments are being made in order to get a free
formaldehyde adhesive, but presenting the same efficiency.
The castor oil based polyurethane resin is an alternative to
formaldehyde-based adhesives [7-8].

The castor oil based polyurethane resin is the bicomponent
* Corresponding author: type, composed by a polyol and a prepolymer. Ca'stor-oil,
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The technological process of the wood sector, coupled
with availability of planted forests has enabled a number of
alternatives to the use of forest wood refuse, among them, the
production of panels [1]. The particleboards are produced
with wooden elements, with the addition of adhesives and
consolidated by hot pressing by applying temperature and
pressure [2].

In relation to the quality and properties of the panels, there
are many factors that contribute to the characteristics of the
final product. The adhesive is one of the factors that should
be considered in the production process of panels, it is
directly related to the conditions of product, use and costs.
Setting the correct type and amount of resin to be used is
very important to optimize the cost benefit, because the
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components origin the polyuretane resin, which viscosity is
defined by ratio polyol/pre-polymer [9].
The Castor oil based polyurethane resin had its technical

potential shown in several studies of wood based panels, like:

Bertolini [10], Ferro [11], Nascimento ¢ Morales [12], Souza
[13] e Varanda [14].

Despite the promising market, the use of castor oil based
polyurethane, developed by the Institute of Chemistry of Sdo
Carlos, University of S&o Paulo [15], is not used
commercially by the industry of particleboard yet. The
competitiveness of polyurethane adhesive in relation to other
existing polymers implies in the fact that it originates from
natural raw materials and renewable, in reasonable prices of
diisocyanates available in Brazil, and for not being
aggressive to humans and the environment [16].

For the purpose of using higher amount of resin
component derived from renewable sources (polyol), the aim
of this research is to evaluate the influence of castor-oil
based polyurethane resin formulation, particularly
proportion pre-polymer/polyol, in static bending properties
of particleboards produced with Schizolobium amazonicum.

2. Material and Methods

Tests were carried out in Wood and Timber Structures
Laboratory (LaMEM), Structural Engineering Department
(SET), Sao Carlos Engineering School (EESC), Sdo Paulo
University (USP).

For this research, Schizolobium amazonicum residues
obtained in LaMEM were used. After, they were processed
in mill to obtain particles (Fig. 1a).

Particles were bonded with castor-oil based polyurethane
resin, with 100% solids content (Fig. 1b). (A) component is
the polyol (castor oil derivate), density 1.20g/cm?; (B)
component is the petroleum-derivate diisocyanates, density
1.24 g/cm? (Fig. 1c).

Four proportions between polyol and pre-polymer were
evaluated, and are presented in Table 1. Two panels with
nominal dimensions 28x28x1cm, density 0.80g/cm’, were
fabricated for each experimental conditions. Adhesive
content used were 12% based on dry weight of particles [12].

Table 1. Experimental program

Experimental Polyol/pre-polymer
Conditions proportion
C1 0,75:1
Cc2 1:1
C3 1:1,25
Cc4 1:1,5

The mattress particles (Fig. 1d) were pressed at 100°C, for
10 minutes and specific pressure 4 MPa [11, 13], as showed
in Fig. le. For stabilization and complete adhesive cure,
panels were conditioneds during 48 hours (Fig. 1f). After this
period, specimens were cut to correspondent tests.

From each panels, five specimens were obtained to
determine the modulus of elasticity (MOE) and rupture

modulus (MOR) in static bending, performing ten specimens
for each experimental conditions. Tests were carried out
according Brazilian standard ABNT NBR 14810 [17]
recommendations.

@




54 Fabiane Salles Ferro ef al.:

Mechanical Properties of Particleboards Manufactured with Schizolobium amazonicum

and Castor oil Based Polyurethane Resin: Influence of Proportion Polyol/Pre-Polymer

®

Figure 1. Particleboards production process

In statistical analysis of results, effect of ratio
polyol/pre-polymer in particleboard mechanical properties
(MOR and MOE) was searched. Variance analysis and
Tukey tests, conducted at 5% confidence level, were applied
to identify different mean values. Results were compared
with other researchs and normative standards: ABNT NBR
14810-2 [18], ANSI A208.1 [19], CS 236:66 [20] and EN
312 [21].

3. Results and Discussions

Table 2 presents the results of the mean values and
coefficient of variation (CV) obtained for MOE and MOR in
static bending for the panels produced.

Table 2. Results of MOE and MOR (MPa) from the particleboards
produced

Experimental R
conditions MOE (MPa) CV (%)
Cl 1882,40 16,68
1599,85 6,84

1938,40 14,24

2 2064,15 5,48
2096,45 10,38

< 2089,88 4,02
2324,48 11,12

< 2312,26 8,89

Experimental .
conditions MOR (MPa) CV (%)
21,86 13,45

“ 19,00 12,58
18,77 14,70

< 20,61 8,48
20,49 13,96

“ 19,96 19,90
23,39 15,15

C4 23,40 12,93

It is observed in Table 2 that the highest values of MOE
and MOR were obtained for panels of experimental
condition C3.

For the MOE property, only the experimental condition
C3 showed mean values that reached the minimum value of
2300MPa required by standard EN 312 [21]. The
requirements defined by ANSI A208.1 [19] and CS236-66
[20] standards, which requires minimum values of 2400 and
2450MPa, respectively, were not achieved by the

particleboards produced. Brazilian standard ABNT NBR
14810 [13] do not mention these properties.

For the MOR, all experimental conditions met the
minimum requirements of 18, 16.5, 16.8 and 16MPa
required by ABNT NBR 14810-2 [18], ANSI A208.1 [19]
CS236-66 [20] 312 and EN [21], respectively.

Similar results were obtained in others researchs with
particleboards manufactured with Pinus sp. wastes treated
with CCB and castor oil based polyurethane resin in ratio 2:1
(polyol: pre-polymer). Results obtained showed mean values
for modulus of elasticityto of 1834 MPa [10].

Iwakiri et al. [22] manufactured particleboard with
Schizolobium amazonicum wood species and urea
formaldehyde resin, found mean values of 15.59 MPa for
MOE. In this case, it is important to emphasize the
superiority of the results obtained in this study to such
property, a fact that should be related to the resin used.

Table 3 shows the Tukey test performed to check the
influence of the proportion of polyol pre-polymer on the
modulus of elasticity (MOE) and modulus of rupture (MOR).
Same letters imply treatments with equivalent medium.

Table 3. Tukey test results

Experimental conditions

Properties C1 2 3 ca
1741,1 2001,3 2093,0 22683
MOE (MPa) A AB AB B
20,4 19,7 20,3 23,4
MOR (MPa) A A A A

It is observed in Table 3 that only the MOE was influenced
by the ratio of the components of the castor oil based
polyurethane resin, in order to increase the pre-polymer led
to the highest MOE. Through the Tukey test results (Table 3),
it was found that the MOE from the experimental condition
C1 differ from condition C4.

The modulus of rupture was not influenced by the
proportions of the components, presenting mean values
statistically equivalent.

Similar behavior where the increase of the prepolymer
component provided to increase the performance of
materials as observed by Pereira [23], and is related to the
fact that the rigid reinforcing phase (diisocyanates) has on
the properties of the material.

4. Conclusions

It is possible to conclude that ratio polyol/prepolymer,
components  castor-oil  based polyurethane resin,
significantly influenced the modulus of elasticity in static
bending of the particleboard evaluated in this research. The
increase in cited ratio resulted in higher mean values for the
investigated properties. For the modulus of rupture, mean
values were statistically equivalent.

Ratio 1:1 (polyol/pre-polymer) can be considered the best
solution, considering the mechanical performance and the
use of the least amount of petroleum-derivate component.
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