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Viscoelastic polyurethane (PU) foams based on modified tung oil, ethylene glycol and
polymeric MDI, and reinforced with rice husk ash (RHA), were prepared by a free-rise
pouring method and characterized in terms of density, compression and dynamic me-
chanical behavior. The density of foams ranged between 50 and 90 kg/m?>, depending on

Keywords: the position of the sample with respect to the foam rise direction and filler content. As
$°ly“re_fhane foam revealed by dynamic mechanical tests, the foams exhibited two different and broad
ung oi

thermal transitions, the temperature of their maxima depending on filler concentration.
Compression modulus, compressive strength and storage modulus increase as foam den-
sity increases but decreases as rice husk ash concentration increases due to the detri-
mental changes induced by the filler in the foam cellular structure. However, densification
strain exhibits the opposite behavior, indicating that reinforced foams can sustain slightly
higher deformations without collapsing, probably due to a reduced reactivity of the
components induced by the filler.

Mechanical properties

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction smallest structural unit. Cells are polyhedral in foams and

their edges and faces are defined by struts and walls. The

Polyurethane foam materials are widely used in appli-
cations such as packaging and cushioning, and are
attracting increasing attention from engineers and re-
searchers. They are basically made of interconnected net-
works of solid struts and cell walls interspersed by voids or
pockets with entrapped gas. The attributes of high porosity,
lightweight, high crushability and good deformation en-
ergy absorption are common to all foam materials. The
conventional approach to describe the interconnected
structure is to employ the term “cell” to represent the
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cell geometry (e.g. shape and size) and the way the cells are
packed govern the microscopic distribution of the solid
material within the cellular structure. Polyurethane (PU)
foam manufactured by mixing liquid constituents and
allowing them to react and expand (rise) upwards exhibits
normal anisotropy: cells are generally elongated in the
foam rise direction due to the foaming process, and this
gives rise to mechanical anisotropy [1]. The final properties
of reinforced cellular solids depend also on type and
loading of fibers or particles and fiber length or particle
diameter [2]. According to de Mello and co-workers [3],
particle surface state, dispersion and filler amount are other
critical parameters to define foam architecture and me-
chanical properties.
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Due to the large amounts used, disposal of these foams
causes concerns about their negative impact on the envi-
ronment. Although a small portion of used plastic foam has
been successfully recycled, most of the foams are disposed
of in landfills. However, tougher environmental laws and
increasing disposal costs have forced research institutions
and industries to look for alternatives. Numerous attempts
have been made to develop biodegradable materials to
replace petrochemical-based loose-fill packaging materials
[4]: Soyol (polyol derived from soy oil) based polyurethane
foams, free from volatile organic compound, formaldehyde
and asbestos, have been formulated to increase the
renewable content in the end products. Tan et al. [5] studied
how soy polyols affected foam properties by partially or
completely replacing the petroleum-based polyol with a
soybean oil-based polyol in a standard formulation suitable
for appliance insulation. Gu et al. [6] reported the prepara-
tion and characterization of a soy-based PU foam formu-
lated with maple pulp fiber, which could be fast foamed for
insulation. Lee et al. [7] indicated that by reinforcing soy-
bean oil derived polymer foams with bacterial cellulose
nanofibers, a new type of green macroporous polymer
nanocomposite could be manufactured via simple me-
chanical frothing of monomer. Mosiewicki et al. [8] syn-
thesized and characterized a polyol obtained from castor oil
and used it in the production of wood flour filled rigid
polyurethane foams. Wang et al. [9] converted castor oil into
its maleic acid ester and free-radically copolymerized it
with styrene to obtain biodegradable plastic foams with
high content of castor oil. Coll Ferrer et al. [10] reported the
influence of synthetic and vegetable based polyols (oxy-
propylated derivatives of glycerol) on the final mechanical
properties of polyurethane based networks. Wu et al. [11]
prepared and characterized biofoam composites using
short sisal fibers as reinforcement and acrylated epoxidized
soybean oil as matrix, aiming at replacing traditional un-
saturated polyester foams in structural applications. Casado
et al. [12] obtained a biobased polyol by chemical modifi-
cation of tung oil and used it in the production of compact
polyurethane composites reinforced with pine wood flour.
In a previous publication [13], we indicated that PU foams
based on modified tung oil presented adequate physical-
chemical properties to be considered as an alternative to
replace petrochemical based materials. However, the me-
chanical performance of the foams is also important when
semi-structural or construction applications are considered.
Therefore, the aim of this work is to report the mechanical
and dynamic mechanical behavior of green viscoelastic PU
foams based on modified tung oil and polymeric MDI and
reinforced with rice husk ash.

2. Experimental
2.1. Materials

The natural polyol was obtained from tung oil supplied
by Cooperativa Agricola Limitada de Picada Libertad,
Argentina (saponification value = 223 mg KOH/g, acid
number = 2.11 mg KOH/g). It was chemically modified in a
two-step procedure to produce a final product which is a
mixture of different alcohols containing one or two

hydroxylated fatty acid chains with high viscosity (at room
temperature) and an average hydroxyl number of 450 mg
KOH/g, as reported in a previous publication [13]. Ethylene
glycol (Sigma) was also used as a reactive diol, with the aim
of reducing the viscosity of the polyol counterpart. The
selected isocyanate was 4,4’-diphenylmethane diisocya-
nate (pMDI) prepolymer (Rubinate 5005, Huntsman Poly-
urethanes, USA) with an equivalent weight of 131 g/eq. The
surfactant agent was a commercial silicone oil (Tergostab
B8404® Huntsman Polyurethanes), the catalyst a tertiary
amine (n,n-dimethyl benzyl amine - DMBA, Aldrich) and
the foaming agent used was distilled water.

The rice husk (RH) used in the present work was
collected from rice industries of Concepcién del Uruguay
(Entre Rios, Argentina). Rice husk ash (RHA) was obtained
by combustion of RH in air, using a laboratory oven that was
heated from room temperature to 600 °C, at a rate of
10 °C min~ L The sample was maintained at 600 °C for
90 min and then allowed to cool to room temperature in-
side the oven [14]. The obtained ash was further crushed
using an analytic mill (IKA 50, Germany), for 10 min and
only ash particles with size lower than 100 mesh (U.S.
Standard, <150 um) were used.

All the reagents were dried at 70 °C until constant
weight in a vacuum oven before use in order to eliminate
absorbed moisture.

2.2. Polyurethane foams synthesis

As in our previous publication [13] polyurethane foams
were prepared using a polyol mass ratio = 9:1 (polyol from
tung oil: ethylene glycol). The polyol blend, amine catalyst
(1 wt.% with respect to the polyol blend content), surfactant
agent (2.5 wt.% with respect to the polyol blend content)
and distilled water (4 wt.% with respect to the polyol blend
content) were mechanically stirred for 60 s to ensure
complete mixing. After that, the pMDI was added in a
equivalent NCO/OH ratio = 1.1 (the contributions of both
polyols and water were considered in the OH calculation),
the system was again mechanically stirred for 10 s and then
allowed to freely rise in a 10 cm diameter beaker at room
temperature. Neat and filled foams, containing up to 5 wt.%
RHA, were obtained. In the case of rice husk ash reinforced
foams, the inorganic material was added before the MDI.

2.3. Foam characterization

Density measurements: the density of the foams was
obtained as the ratio between the weight and volume of a
cylindrical specimen. The weight was measured with a
precision of +£0.001 g and the sample linear dimensions
(26 mm diameter and ~30 mm height) with +£0.01 mm. At
least five replicated specimens of each sample were
measured.

Scanning Electron Microscopy (SEM): was used to obtain
photographs of unreinforced and ash reinforced foams.
Small specimens were cut from the foam samples (middle
height) using a thin blade and then immersed in liquid
nitrogen to obtain cryo-fractured (fragile) surfaces.
Samples were sputter-coated with gold prior to SEM
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observation. A scanning electron microscope Philips model
SEM 505 operated at 15 kV was used.

Compression tests: cylindrical specimens of 26 mm
diameter x ~30 mm height were cut from the foams, and
tested at room temperature in an INSTRON 8501 Universal
testing machine, according to the ASTM D1621. The
compression force was applied in the foam rise direction.
Each foam was divided into two parts (in height) and at
least four specimens of each part were tested. Samples
were first compressed to 80% of the original length at a
crosshead speed of 10 mm/min. The average values of
compression modulus (calculated as the slope of the stress-
strain curve at low deformations), compressive strength
(in accordance with ASTM D1621, it was taken as the stress
reached at the compressive yield point, since it occurs for
all samples before 10% deformation) and densification
strain (taken as the strain at the point of intersection be-
tween the horizontal plateau stress line and the backward
extended densification line, as indicated by Tondi et al.
[15]) were calculated from these tests.

Then, the samples were unloaded and allowed to
recover for 1 min. The length reached after the recovery
time (l;) was compared to the initial specimen height (1;)
and used to calculate the recovery (R;) ratio, as indicated in
Equation (1):

R = l’l_lr x 100 1)
1

Finally, specimens were subjected to another compres-
sion test at the same crosshead speed and the compression
modulus in this “deformed” condition was also evaluated.

Dynamic mechanical tests: the dynamic mechanical
properties of the samples were determined using an Anton
Paar, Physica MCR rheometer. Torsion geometry was used
with solid rectangular samples of length = 30 mm,
width = 10 mm and thickness = 3 mm. Measurements
were performed as temperature sweeps in the range -50-
130 °C at a heating rate of 10 °C/min. The frequency was
kept in 1 Hz, and applied deformation at 0.1%, to ensure
working in the linear viscoelastic range. The thermal
transition temperatures were arbitrarily selected as the
temperature of the maximum in the loss modulus curves.

3. Results and discussion

The foams were prepared using a mixture of a short diol
(ethylene glycol) added to the high-functional polyol
derived from tung oil, to reduce the viscosity of the initial
(unreacted) system and, therefore, to allow good dispersion
of the filler [13]. The addition of even relatively small
amounts of rice husk ash to the liquid mixture led to a
significant increase in the viscosity and creaming time,
resulting in a less expandable mixture as the filler con-
centration increases [13]. This is a quite typical effect in the
processing of reinforced polyurethane foams, as was re-
ported elsewhere [6,16]. For this particular system it was
corroborated that dispersing more than 5 wt.% RHA into the
liquid reactive mixture was very difficult due to the high
viscosity of the system. Moreover, the resulting foams
presented undesirable properties [13]. Accordingly, the

following discussion deals with samples containing up to
5 wt.% RHA.

Fig. 1 shows the scanning electron micrographs corre-
sponding to the unfilled and 5 wt.% filled foams, analyzed
in the transverse direction (sample A) or in the foam rise
direction (sample B). Microscopic examination of the
resulting internal structure reveals that both samples
contain open and closed cells, the latter accounting for the
greater portion in the unfilled sample [13]. The pictures
corresponding to the unfilled foam indicated that these
specimens have cells with quite similar shapes and sizes,
these forms being almost independent of the direction of
testing. On the contrary, the reinforced foam exhibits
anisotropic geometry: cells are more elongated in the foam
rise direction and also their shape and size distribution is
wider than in the unreinforced samples. In particular, some
cells with noticeably decreased size can be seen in the filled
sample, which could indicate that the dispersed RHA par-
ticles acted as nucleating sites for cell formation, as was
reported in related papers [13,17,18].

The effect of both the foam density and the filler con-
centration on the mechanical properties was investigated.
To do this, specimens for compression tests were cut from
the top or the bottom of the prepared free-rise foams and
the measured densities are reported in Table 1. Clearly, the
density of the specimens obtained form the bottom of the
foams are higher than the corresponding samples cut from
the top, in all cases. As was reported in related publications
[3], density is related to foam contraction after the libera-
tion of gases. At some point during foam development, the
foam stops expanding, releases gases and contracts, accu-
mulating mass at the bottom of the block. In addition, the
overall trend of the foam density is to decrease as the
concentration of RHA increases, which is attributed to the
opposing effects of particle addition on nucleation and cell
growth: the ash particles act as nucleation sites promoting
the formation of a higher quantity of bubbles, and this
tends to increase with the filler content. At the same time,
growth of the resulting cells seems to be hindered by the
increase in viscosity, as was also noted by other researchers
[19,20]. In our case, the cells are allowed to expand more
easily in the foams containing less than 5 wt.% than in those
with higher concentrations and, therefore, a reduction of
the final foam density is observed [13]. Moreover, the
density of reinforced foams is a function of void fraction
and filler content [14,21]. As the ash has higher density
than neat polyurethane matrix, its incorporation should
cause a density increase in the final foams. Hence, the re-
sults presented in Table 1 indicate clearly that the increase
in density due to the incorporation of RHA is more than
compensated by an increase in the void fraction [13] in all
cases (i.e. samples cut from the top or the bottom of the
free-rise foams).

Fig. 2 shows the compression stress-strain curves for
selected specimens. As is the case of most rigid foams, the
compressive stress-strain curves show a linear elastic re-
gion, followed by a stress-plateau region [15,22,23]. At the
end of the latter, the stress starts increasing again. Obvi-
ously, the slope of the initial, linear, part of the curve is the
Young’s modulus; the stress reaches a peak value at the end
of the elastic region that corresponds to the compressive
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5% RHA (A)

5% RHA (B)

Fig. 1. Scanning electron micrographs corresponding to the unfilled and 5 wt.% filled foams, analyzed in the transverse direction (A) and in the foam rise direction (B).

strength. This maximum stress is sometimes followed by a
decrease before the stress-plateau is reached [15,23], as
exemplified in the curve corresponding to the 1 wt% filled
sample taken from the bottom of the beaker. Cracks initiate
at the peak stress value and the material tends to generate
fragments as a result of these cracks. The long plateauy,
typically ranging from 6% to 50% strain for samples taken
from the upper part of the foam, originates from the
coexistence of collapsed and uncollapsed zones, typical of
brittle foam undergoing successive cell wall fractures.
Beyond the plateau, densification takes place and the stress
rises sharply as complete densification begins. When total
cell collapse is completed, the compacted material begins
to behave like a homogenous solid [1]. From the curves

Table 1
Density and mechanical properties (compression tests) of reinforced foams.

presented in Fig. 2 it is clearly seen that stress value at the
plateau decreases as filler concentration increases (except
for 1 wt.% RHA, that behaves like the neat foam) and in-
creases with foam density (i.e. increased from top to bot-
tom of the foam block). As the absorbed energy during
compression tests can be calculated as the area under the
stress-strain curve, it is clear that the foams’ capacity for
compression energy dissipation decreases slightly as the
filler concentration increases. Some published studies
[24,25] showed that macro-particles disturb the macro-
scopic cell arrangement and decrease stiffness and
compression resistance, in agreement with the results
found in this work. On the other hand, de Mello et al. [3]
attributed the increase in compression energy for their

Density (kg/m>)

Compression modulus (kPa)

Compressive strength (kPa) Densification strain (%)

Neat PU Up 774+ 13 62.67 + 10.88
Down 93.0 + 4.9 91.20 + 4.20
1% RHA Up 774 + 2.7 54.50 + 2.51
Down 86.9 + 1.9 109.20 + 2.43
2% RHA Up 654 + 9.5 55.85 + 14.08
Down 723 + 4.4 76.51 + 11.31
3% RHA Up 53.0 £ 5.5 34.87 + 2.98
Down 714+ 2.7 60.50 + 3.36
5% RHA Up 56.2 + 5.2 40.79 £ 2.72
Down 66.3 + 8.3 59.61 + 7.65

2.68 +0.28 58.55 + 2.17
4.33 +£0.18 55.62 + 3.38
2,66 + 0.15 61.82 £+ 1.56
4.77 £ 0.19 57.02 + 2.53
239+ 0.26 62.60 + 1.27
3.57 £0.31 61.76 + 2.82
234 +0.24 61.69 + 2.32
344 +0.24 62.21 + 144
1.96 = 0.14 63.33 £ 2.67
274 £ 0.22 61.20 + 1.37
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Fig. 2. Compression stress-strain curves for RHA filled and unfilled poly-
urethane foams.

filled foams to the small size of the PET particles, in addi-
tion to the good adhesion between the filler and the
PU matrix.

The compression modulus, compressive strength and
densification strain of RHA filled foams are also presented
in Table 1. In all cases, the compression modulus and
compressive strength increase with density, since in
compression the stiffness arises from buckling of cell walls
[8,22]. The higher density is related to more compact
cellular structures, hence there is more material per unit
area and the modulus and strength increase [26]. In Fig. 3,
the compressive strengths (o) of all samples were plotted
as a function of density (3). The continuous line is evidence

5.0

T T
Compressive strength (kPa)

Density (kg/ms)

Fig. 3. Compressive strength of RHA filled and unfilled polyurethane foams
as a function of density (3). Inset: compressive strength of neat polyurethane
foams vs. 3.

that the relationship o, proportional to 8 [22,27,28] holds
in our system. The exponent a is associated with the
structure and deformation mechanics of the cellular ma-
terial. According to Sanders and Gibson [27], the theoretical
values of a are 1.5, 2 and 1.36 if the foams are based on
open-cells, closed-cells or hollow spheres, respectively. In
our case, the best fitting of all data (unreinforced and rice
husk filled foams) gives a value of a = 1.47, which is very
near that of open-celled foam. However, if only the unfilled
foam is considered, the fitted value increases up to 2.08
(see inset of Fig. 3), confirming that the open-cells are a
consequence of the addition of RHA and not due to the use
of the modified tung oil.

On the other hand, the general trend for compressive
modulus and compressive strength is to decrease with filler
concentration. Samples filled with 1 wt.% RHA and taken
from the bottom of the foams are the ones that showed a
different tendency, which can be attributed to heteroge-
neities in these specific foams. This behavior has been re-
ported previously for other filled foams: Guan and Hanna
[26] reported that foams had higher mechanical proper-
ties when cells were uniform in size, evenly distributed,
hexagonal/pentagonal in shape, and unbroken. Verdejo
et al. [29] confirmed that the negative impact of the addi-
tion of carbon nanotubes (CNTs) on the foam compressive
mechanical properties was due to the changes in foam
microstructure (i.e. varying densities and cellular struc-
tures), which dominate over the reinforcing effect of the
CNTs at the very low loading fractions involved in their
work (up to 0.2 wt.%). In our case, it was also shown (mi-
croscopy analysis) that RHA incorporation causes severe
disruption of the foam morphology which results in
reduced compression properties.

The overall trend for the densification strain is to in-
crease slightly with RHA content but to decrease with foam
density. There are a few exceptions in the most concen-
trated samples, but they are attributed to specimen het-
erogeneities. Even the differences between samples are
low, this indicates that filled foams can sustain higher de-
formations without collapsing because they are a little
more flexible than the neat polyurethane foams, which can
be related to a lower cross-link density. This will be further
discussed in the following section (dynamic-mechanical
behavior).

Recovery ratio relates to resilience, and refers to the
ability of a material to recover its original shape after it has
been deformed. A greater recovery ratio indicates a greater
degree of rebound of a material after being compressed.
Since the foams based on tung oil were rather flexible, R;
was evaluated and is presented in Table 2. It decreases as
the density of the foams increase and increases as rice husk
ash content increases, especially for the most concentrated
samples. However, it is clear that the foams are not
perfectly elastic bodies (i.e. complete recovery of the orig-
inal dimensions when the compression force is released
[4]), since the recovery ratio is quite far from 100%. More-
over, the elastic stiffness decrease after a loading/unloading
cycle is particularly significant in all cases, as can be seen
from the comparison of compression modulus obtained
from the first and second compression tests (Tables 1
and 2), indicating that they behave as viscoelastic (VE)
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Table 2
Mechanical properties of reinforced foams (compression tests) deter-
mined after 1 min of recovery.

R; (%) Compression Compression
modulus modulus ratio
(2nd test) (kPa) (2nd/1st)
Neat PU Up 58.95+0.71 4.87 +0.90 0.078
Down 50.64 +2.63 842 + 1.09 0.092
1%RHA Up 5892 +1.47 5.13+0.34 0.094
Down 53.88+1.03 791 +0.56 0.072
2%RHA Up 65.32 +£5.07 334 +0.95 0.060
Down 61.65+42.36 4.88 +0.23 0.064
3%RHA Up 71.89 £297 3.08 +£0.26 0.088
Down 62.09 +1.43 420+ 0.92 0.069
5% RHA  Up 70.18 £2.80 3.04 + 0.40 0.075
Down 65.38 =4.57 4.27 + 0.53 0.072

(low resilience) foams. In fact, it was indicated that VE foam
is prepared using a polyol blend of high- and low-
molecular weight polyols and a polymeric isocyanate,
including polymeric MDI [30], which are the reagents used
in this work.

The dynamic mechanical behavior of composite foams
as a function of the temperature is shown in Fig. 4a and b.
Data presented in Fig. 4a are useful to confirm the
compression behavior, since a decrease in the storage
modulus as filler concentration increases is seen. There
were, however, some curves that did not strictly follow this
trend: the 1% reinforced foam exhibited a larger storage
modulus than neat PU foam in the low temperature range
(below 65 °C), and the composite containing 2 wt.% RHA
presented the lowest storage modulus, although these in-
consistencies were attributed to heterogeneities in the
selected samples. It should be keep in mind that, by
applying both a fixed deformation and a temperature ramp,
the transitions and also the defects appear with higher
intensities than in static mechanical tests or differential
scanning calorimetry (DSC). Moreover, the dynamic me-
chanical behavior of this polyurethane foam and its derived
composites is quite complex, due to both the heterogeneity
of the precursors selected to produce the samples (i.e. a
high functionalized natural polyol with a wide distribution
of molecular weights, polymeric MDI, ethylene glycol, etc.)
and to processing problems (high viscosity mixture, parti-
cle agglomeration, density variation with foam height).

From Fig. 4a, it is also seen that the glassy to rubbery
transition covered a considerable temperature range in all
cases, and started at lower temperature as the filler con-
centration increases. This fact can be more clearly observed
from Fig. 4b, where it is also seen that there were at least two
wide transitions that appear with quite different intensities
in the 0-40 °C and 50-130 °C ranges for the unreinforced
and 1 wt.% RHA reinforced foams. The wide ranges of tem-
peratures covered by the transitions indicate that many
different relaxation mechanisms are involved. This result is
in very good agreement with the comments of Petrovic [31]
and our previous results [32]: the broad glass transition
observed in these types of cross-linked polymers is the
result of the complexity of the vegetable oils derived net-
works. In fact, the natural polyol obtained from tung oil is a
broad mixture of different polyalcohols containing one or
two hydroxylated fatty acid chains, as well as small amounts

T T
107 |- Storage Modulus (Pa) a-

N, .
Neat PU N Yoy
— -1% Rice husk N "~
— — -2% Rice husk ™ M
=--=-=3% Rice husk ~
"
===-m=e- 5% Rice husk ':::‘\.‘
h
10° 1 1 I 1 1
-40 0 40 80 120
Temperature (°C)
4 0 1 Os T T T T
’ I Loss Modulus (Pa) b
3.0 10° i
1% RHA
S
2010 Neat PU 7
3% RHA
1.010°

|
-40 0 40 80 120
Temperature (°C)

Fig. 4. a) Storage modulus and b) loss modulus as a function of the tem-
perature for RHA filled and unfilled polyurethane foams.

of unreacted agents (triethanolamine) that could not be
separated from the final liquid product [32]. Therefore, the
glass transitions of network sections with low, medium and
high cross-link density become superimposed to achieve
the wide transition observed by dynamic-mechanical
testing. Moreover, the short diol added in this work to the
foam formulation increases the inherent complexity of the
system, leading to two broad transition peaks, clearly
noticed in formulations containing very low amounts of RHA
(0 and 1 wt.%). As Tg values in this temperature range were
not previously observed for the compact (not foamed)
polyurethanes prepared without the addition of ethylene
glycol and cured under pressure and at higher temperature
(75 °C as opposed to room temperature) [8,32,33], it is
attributed to the relaxation of the pendant chains and low
cross-linked zones of the polymeric matrix. For more
concentrated samples, this low temperature peak is hardly
noticed, probably due to physical interactions developed
between the filler and the pendant chains of the polymeric
network, which restrict the motion of the latter. On the other



V. Ribeiro da Silva et al. / Polymer Testing 32 (2013) 665-672 671

hand, the main transition (which occurs at higher temper-
ature) appears for the neat foam at approximately the same
temperature range as that reported in our previous works
[8,32,33] and decreases noticeably as filler content in-
creases. Hence, it is related to the relaxation of zones of
higher cross-link density, but also to the decreasing level of
physical filler-matrix interactions developed in the system,
as the result of the increased viscosity of the reactive liquid
mixture due to increasing additions of ash. In fact, chemical
filler-matrix interactions are not expected in this system,
since the rice husk ash contains about 94 wt.% of SiO,
(without residual char), as confirmed by X-ray fluorescence
tests [13]. Regarding these proposed physical filler-matrix
interactions, it is interesting to highlight that the larger the
concentration of RHA, the lower is the high temperature
thermal transition, indicating that the presence of filler in-
creases the chain mobility of the high cross-linked zones of
the polymeric matrix, which is associated with a larger
fraction of free volume in the network due to lower inter-
action between the polymer chains. Probably, the presence
of particles leads to decreased cross-link density of the
polymeric matrix, due to diffusion problems in the high
viscosity reactive liquid mixture (i.e. particles interact with
liquid reactives, retarding or preventing the formation of
urethane bonds). A similar effect was noticed by Silva et al.
[16] in one of their works, although the explanation pro-
posed by the group was completely different: they observed
that the fibers (cellulose residue, in this case) could induce a
decrease in the reactivity of the components of their rigid
polyurethane foams since the OH groups of cellulose
chemically reacted with part of the MD]I, leaving less isocy-
anate groups available for the reaction with the polyol
component.

4. Conclusions

New composite foams with a high percentage of their
composition based on renewable resources (polyol derived
from tung oil, rice husk ash) were prepared. The replace-
ment of a small part of the modified tung oil by a low
molecular weight diol lead to reactive liquid mixtures of
adequate viscosity, but also to foams with viscoelastic (low
resilience) behavior, that are able to recover part of the
deformation applied in compressive tests. Both unrein-
forced and RHA filled samples exhibited a density gradient
in the foam rise direction due to the free rise method
selected for the preparation. The addition of rice husk ash
led to samples with reduced compression modulus,
compressive strength, thermal transitions and storage
modulus respect to the unfilled foam, mainly due to
detrimental changes induced by the filler on the liquid
mixture reactivity and the foam cellular structure. How-
ever, densification strain exhibits the opposite behavior
indicating that reinforced foams can sustain slightly higher
deformations without collapsing.
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