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ABSTRACT

Recently phenolic foams have been received much attention because of their excellent properties
including flame resistance, low density, high thermal stability over a broad temperature range and
low generation of toxic gases during combustion. Cedar resin was used as a toughening agent to
modify the brittleness of phenolic foam. The cedar resin was first introduced to the phenol
formaldehyde resin. The mixture was successfully used to prepare phenolic foam using appropriate
combinations of flowing agent. Benzene Sulfonic acid was employed as a curing agent.
Orthophosphoric acid and nonionic surfactant polyoxyethylene were used as foaming agent and
surfactant respectively.

The mechanical properties results showed that the incorporation of cedar resin into phenolic foam
dramatically improved the compressive strength indicating the excellent toughening effect of cedar
resin. In addition this property is depended to the percentage of the cedar resin. The apparent
density data indicated that the addition of cedar resin can increase the apparent density of phenolic
foam.

*Corresponding author: E-mail: awada.houssein@cegepvicto.ca;
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1. INTRODUCTION

Phenolic foam (PF) receives much attention in
industrial fields such as building materials for civil
construction [1]. Phenol and formaldehyde are
two main raw materials for phenolic foams
productions and currently are obtained from
petroleum [2]. The use of petroleum-based
materials can lead to environmental problems
because they are non-recyclable and non-
degradable [3]. Society is more and more
concerned about safety and health issues, while
working towards sustainability [4]. Therefore,
reinforced PF with renewable polymers are
increasingly being used as environmentally
friendly composite materials [5,6,7,8]. Phenolic
foam was also prepared from a sustainable
process [9].

Compared with rigid plastic insulation, materials
such as polystyrene [10], polyurethane [11] and
polyethylene, PF are preferred because of their
excellent properties including fire resistance, low
density, high durability, chemical resistance and
sound insulation [12,13]. Nevertheless its
mechanical properties, particularly brittleness,
restrict its application and scientists have made
many efforts to improve its toughness. Many
reports were published on the preparation of
reinforced PF. For example, the use of carbon
nanoparticles [14] modified lignin [15,16,17]
cardanol [18] and dicyandiamide [19]. In addition,
different types of organic and inorganic fillers
were used to improve the strength and stiffness
of PF [20-22].

Cedar resin has been found to contain essential
components such as resin acids, and fatty acids.
These weak acids can react with alumina powder
to produce a blowing gas H, and promote rapid
curing during the preparation of the foam.
Moreover, the presence of these weak acids
allows the decreasing of the mineral phosphoric
acid using during the foam process. Furthermore,
we can prevent the metal corrosion during the
foam process. In addition, cedar resin is a
renewable biosourced product.

To the best of our knowledge, little has been
reported about the application of cedar resin in
phenolic foam.

In the present paper, cedar resin was collected; it
was successfully used to prepare phenolic foam
modified in varying densities in the range of 30 to
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500 kg/m® and by combining proper curing
agent, surfactant and foaming agent. Finally,
phenolic foams, with increasing content of resin
were prepared. The  mechanical (the
compressive) property, the apparent density and
the water absorption were measured.

2. MATERIALS AND METHODS

2.1 Materials
Phenol, formaldehyde, barium hydroxide
(Ba(OH),), benzenesulfonicacid (B.S.A),

ethylene glycol, orthophosphoric acid (OPA),
nonionic surfactant polyoxyethylene (OP-7) and
alumina powder were purchased from Sigma
Aldrich. All of these products were used as
received. Cedar resin was collected in Lebanon
Mountain and kept in a desiccator at room
temperature until it was used.

2.2 Methods

2.2.1 Cedar’s resin purification

The purification of the cedar resin involved two
steps. In a first step, the resin was heated in hot
water bath (70-80%C) until the viscous phase was
reached. Then it was filtrated to eliminate
impurities. In a second step, the resin was
dissolved in acetone for five minutes at 70<C-
80C and then it was filtrated to remove the
remaining impurities from natural resin. The
remaining acetone was removed by evaporation.
Each step of purification was repeated two times.

2.2.2 Foam preparation

Phenol formaldehyde oligomer PFO (Resol)
brand 309 is a product of the condensation of 1
mole of phenol with 1,5 mole of formaldehyde in
the presence of Ba (OH), as catalyst at 70C
during 2h in a bath oil.

Cedar’s resin was added to the PFO, at different
amounts (5, 10, 20 30 40 and 50 wt%), using an
overhead mechanical stirrer, in the presence of
alumina powder and OP-7 (surfactant agent).
Stirring was continued vigorously for two minutes
until the mixture became homogeneous.

Then orthophosphoric acid and the
benzenesulfonicacid (dissolved in ethylene glycol
(7:3) in weight) were added to the mixture and
stirred for 60 seconds. The mass amounts (wt%)



Table 1. Experimental conditions used for the prepa
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ration of the different samples (S) tested in

this study
Component S1 S2 S3 S4 S5 S6 S7
Phenolic resin 100 95 90 80 70 60 50
Cedar resin (wt% to phenolic resin) 0 5 10 20 30 40 50
Surfactant OP-7 (wt% to PF) 3 3 3 3 3 3 3
Alumina powder (wt% to PF) 08 08 1 1 12 15 2
Benzenesulfonicacid in ethylene glycol (7:3 in weight) 5 5 5 5 5 5 5

(W% to PF)
Orthophosphoric acid (OPA) (wt% to PF)

4 4 35 35 3 3 3

of the different chemicals were fixed to the cedar
resin and phenol formaldehyde weight. Control
sample (without cedar resin) was prepared.
Above Table 1 represents the different specific
conditions used in this study. The homogeneous
mixture was quickly poured into a cubic (30 x 30
mm) cardboard mold. Formation of foam required
3 min.

2.3 Characterization

2.3.1 Mechanical property measurements

The mechanical property  measurement
(compression strength) was performed on a
Instron equipment (British Co). Compressive
force (N) values were collected by the "Instron
Bluehill" program. The sample dimensions were
30 x 30 x 30 (mm). A load was applied, at a
constant rate of 20 mm/min, until it was reduced
to 30% less of its initial height. Each result was
replicated five times.

The compressive strength of the foams is given
by the following expression.

o =F/S with

0: Modulus compressive strength (Pa)

F: Compressive force (N)

S: surface area m’

density

2.3.2 Water absorption and

measurements

Water absorption is used to determine the
amount of water absorbed. For the water
absorption test, the samples were dried in an
oven at approximately 60C. Weigh each 12
hours. Samples are dry when the weight is
constant for two consecutive readings. Once a
constant weight value is obtained, the sample is
placed in a desiccator to cool. Immediately upon
cooling, the samples were weighed. The
materials were then emerged in water at room
temperature (23<C). Weigh each 12 hours. Once

a constant weight value is obtained the weight is
measured. Before each measuring, water was
removed from the surface of the sample with a
towel before measuring.

Water absorption of the cubic foam sample was
measured in function of the cedar resin contents.
Water absorption is expressed as modification in
weight percent.

Percent Water Absorption (W%) = [(Wet
weight - Dry weight)/ Dry weight] x 100

2.3.3 Volumetric mass density measurements

The volumetric mass density [p=mass
(m)/volume (v) (g/cm®)] was measured on cubic
samples of 30£0.05 mm using a high precision
balance (Shimad zu balance EB-4300 DVW).
The dimensions of the sample were verified at
three different locations and used to calculate the
volume (v).

3. RESULTS AND DISCUSSION

3.1 Compressive Strength

Pure and modified phenolic foams were
successfully  fabricated. The results  of
compressive strength measurements as a
function of the cedar resin are presented in
Fig. 1.

The compressive strength of pure phenolic foam
is 300 KPa. After the addition of the cedar resin,
the curve shows that the compressive strength of
phenolic foam modified with cedar resin was
divided into two stages. In the first stage, the
compressive strength increased as the cedar
resin percentage increased. A significantly
improvement was observed when 5% of cedar
resin was used. The maximum value of o is
observed when 20% of cedar resin (550 KPa) is
administered. This significant improvement may



be attributed to two reasons: the flexibility of the
cedar resin-phenolic foam and the decrease in
the open structure.

g 4
g &

IS
in
o

2 o
g &

Compression strength (KPa)
[ ey
3 2

g

0 10 20 30 40 50 60
Cedar resin (wt%)

Fig. 1. Compressive strength of phenolic
foam samples in function of the cedar resin
(% in weight)

In a second stage, a decrease in the
compressive strength was observed. This
decreasing can be correlated to the saturation of
the foam pore by the presence of the cedar resin.

Even a 40% of cedar resin we observed that the
measured value of the compressive strength was
also higher than of the pure phenolic foam.

This result showed the possibility of replacing a
high amount of the phenolic foam (petroleum
source) with an ecofriendly ingredient (cedar
resin). The obtained reinforced foam can be
considered as environmentally friendly composite
materials. In addition, we improved the
compressive strength of the PF. In addition,
these results indicate that the cedar resin can
improve the compressive strength of the phenolic
foams significantly, and the appropriate content
should be below 20% in weight.

3.2 Volumetric Mass Density

The volumetric mass density of the pure phenolic
foam and of the phenolic foam modified with the
cedar resin was measured. The results are
presented in Fig. 2.

The volumetric mass density of pure phenolic
foam is 40 Kg/cm3. After the addition of the
cedar resin, the curve shows that the volumetric
mass density of phenolic foam was increased
when the cedar resin percentage increased. This
result can be related to the high viscosity of the
cedar resin and the saturation of the foam open
structure. It is also noticeable that a high value of
density can alter the use of phenolic foam. The
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amount of the cedar resin will be depending on
the final use of the modified foam. A typical
formulation containing 5% in weight of cedar
resin can be used to obtain modified phenolic
foam with a low density value. On the other
hand, formulation containing 20% in weight can
be used to obtain modified phenolic foam with a
high amount of renewable component.
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Fig. 2. Volumetric mass density of phenolic
foam samples as a function of the cedar resin
(% in weight)

3.3 Water Absorption

Finally, the water absorption of the pure phenolic
foam and of the phenolic foam modified with the
cedar resin was measured. The results are
presented in Fig. 3.
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Fig. 3. Water absorption (%) of phenolic foam
samples in function of the cedar resin resin
(% in weight)

Increasing content of cedar resin from 0% to
50% has decreased the water absorption
demonstrating the feasibility of this approach to
improve the resistance to water absorption
compared to conventional phenolic foam (not
containing cedar).



4. CONCLUSION

In this work, cedar resin was used to reinforce
phenolic foam. The introducing of 40%, in weight,
of the cedar resin has significantly improved both
the mechanical properties and the resistance to
water absorption of the foam. Nevertheless, the
presence of the cedar resin increased the
density. Depending on the final application (high
or low density), the amount of cedar resin will be
adjusted. A typical formulation containing 5% in
weight of cedar resin can be used to obtain
modified foam with a low density value. On the
other hand, formulation containing 20% in weight
can be used to obtain modified foam with a high
amount of biosourced polymer. Effort should be
done during the preparation in order to optimize
the conditions requested to control the density.
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