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ABSTRACT:   Fine wood powder/furanic foams were prepared with a strong predominance of the wood component. Low 
weight and density are important properties of foamed composites. Focusing on preparing light materials, 
wood foam composites were made using a chemical foaming method and expanded using diethyl ether as 
the foaming agent. The additives were added to note their effect on the density and mechanical properties, 
like impact strength and Young’s moduli, of the expanded composites. Various tests and scanning electron 
microscopy analysis were also performed. The foaming agent resulted in closed cells with varied sizes 
and more or less regular shapes, and with signifi cant density reductions and acceptable loss of mechanical 
properties.
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1 INTRODUCTION

Recent work on resins derived from natural products 
has led to the development of rigid foams based on 
natural materials such as vegetable tannins and wood 
and bark-derived materials coreacted with furfu-
ryl alcohol [1, 2]. While tannins are well known for 
their various industrial uses [3], foamed composites 
in which wood powder is the dominant component 
have excellent performance and characteristics and 
can fi nd many applications due to economic and 
environmental reasons. Among these, the availabil-
ity of low-cost raw materials, their biodegradability 
and recyclability must be cited. PVC/Wood foams 
have fond applications in cushioning and packaging 
industries. Carbon foams are widely used in many 
industrial and aerospace applications as high tem-
perature thermal insulators and as structural support 
materials. Hence, these materials have strength and 
high stiffness to prevent structural collapse during a 
crash. Foamed composites have better surface defi -
nition and sharper contours and corners than their 
non-foamed counterparts, which are created by the 

internal pressure of foaming. Foams made out of 
polymers are advantageous over the neat polymers 
in terms of materials cost and mechanical properties 
such as stiffness and strength. Foamed wood compos-
ites accept screws and nails like wood, more easily 
than their non-foamed counterparts [4–9]. Foams are 
very light solids and, if combined with stiff skins to 
make sandwich panels, they give structures which 
are exceptionally stiff and light [10]. The engineering 
potential of foams is considerable, and, at present, 
incompletely realized. In very simple terms, foams 
are composites of solid and a gas. Foams can be pre-
pared by various methods. In the case of rigid foams, 
one of the points of continuous research in order to 
upgrade them is the use of foaming agents to main-
tain strength while maintaining the foam density as 
low as possible [11–19]. 

The present work studied the preparation of wood/
furanic foams, which are really composites in which 
fi ne wood powder is in the great majority, using a 
chemical self-blowing approach, and the effect of the 
proportion of foaming agent (diethyl ether) in their 
preparation.
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2 EXPERIMENTAL WORK

2.1 Preparation of Foam Composites

The foaming process consisted of three phases: mix-
ing, expansion and curing. In the mixing process, 
appropriate amounts of wood fi ne powder (100 μm), 
furfuryl alcohol, water, formaldehyde and diethyl 
ether were mixed together in a beaker and the mixture 
was stirred mechanically using a Heidolph RZR 2020 
stirring machine at 150 rpm for 40 seconds at room 
temperature. A catalyst composed of 65% solution of 
para-toluenesulphonic acid ( pTSA ) was then added 
to the entire mixture under mechanical stirring. This 
mixture was stirred until the foam started to expand. 
After 10 minutes, the skin of the foam was cut out and 
the remaining structure was taken out of the beaker. 
The foams so prepared were kept for 2 days before 
being tested for mechanical properties. This was done 
to allow solvent evaporation and eliminate the residual 
blowing agent trapped in the foam. The proportion of 
the various constituents used for each type of foam is 
shown in Table 1. The mechanism of foaming is based 
on the strong exotherm caused by the self- condensation 
of furfuryl alcohol under acid conditions. For the pro-
portions indicated in Table 1 the temperature of the 
mixture as a consequence of this reaction reaches a 
peak of almost 80°C. This marked and rapid increase in 
temperature brings to boil the diethyl ether that foams 
the mixture due to its evaporation. Simultaneous to the 
foaming is the reaction of polymerization of the furfu-
ryl alcohol that leads to foam hardening. 

2.2 Bulk Density 

The samples were cut in 30 × 30 × 15 mm3 specimens. 
The bulk density is defi ned as the weight of the speci-
men divided by its volume. The foam’s cell dimen-
sions were also measured. The average cell diameter 
was calculated using the empirical formula Av.D = 
(π/4) D, where D is the average of a certain fi ve number 
of measured values as given in Table 1. The density of 
the wood foam is decreased as the amount of blow-
ing agent increases. Diethyl ether is used as a blowing 
agent to produce foams with a density of between 30 

to 80 kg/m3. Table 2 shows the recorded bulk density 
of the various prepared foam samples .

2.3 Weight Drop Impact Test

The test is comprised of dropping a mass of 222.9 g 
on the specimen through specifi ed heights by an 
impact machine. The mild steel impactor (striker) 
was designed with a spherical-shaped end of 20.45 
mm diameter to simulate non-deforming projec-
tiles. The schematic diagram is shown in Figure 1. 
The sandwich specimen was placed on a fl at surface 

Table 1 Amount of various constituents added for various foam specimens preparation.

Furfuryl 
Alcohol (g)

Water
(g)

Formaldehyde
(g)

Wood
Powder (g)

Diethyl
Ether (g)

PTSA
(g)

DE-4 13 8 10 40 4 15

DE-6 13 8 10 40 6 15

DE-7 13 8 10 40 7 15

Table 2 Recorded bulk densities of prepared foam 
samples.

DE 4 DE 6 DE 7

Density (kg/ m3) 69.70 52.86 48.25

Pulley arrangement

Guide system

Contact plate

Rope

Steel cylinder

Rubber sheet

Steel bags

Bottom steel 
plate 

Specimen

Concrete floor

Top steel plate

Figure 1 Schematic diagram of weight drop impact test.
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of thick plate to avoid bending, and the striker was 
dropped from a height of 81.0 mm. The surface of 
the specimen (30 × 30 × 15 mm3) developed scattered 
cracks due to the impact from the striker. The impact 
energy was obtained from the height dropped. The 
results of each type of test were measured with 
the average values of fi ve specimens, as shown in 
Table 3.

2.4 Modulus Test

The samples were cut into 15 × 15 × 30 mm3 speci-
mens. The compressive strength and behavior of 
the wood foam composite at different amounts of 
diethyl ether were tested on rectangular speci-
mens. Tests were conducted on a commercially 
available Hounsfi eld Tensometer (manufactured 
by Ensometer Limited, England). The specimen 
was fi xed as a suitable grip attached to the tensom-
eter. The compressive loading of the specimen was 
then started by rotating the handle slowly at a con-
stant load. The load and displacement values were 
recorded to obtain the Young’s modulus, as men-
tioned in Table 4. 

2.5  Scanning Electron Microscopic 
Analysis

The samples were cut into 30 × 30 × 15 mm3 speci-
mens. The cells of the wood foam composites at dif-
ferent compositions of diethyl ether were observed by 
scanning electron microscopy (Phillips PSEM 500) at 
200x magnifi cation.

3 RESULTS AND DISCUSSION

3.1 Weight Drop Impact Energy

When specimen is impacted with weight drop spheri-
cal impactor, the impact energy is uniformly dis-
tributed along the width of the specimen. The local 
deformation in the case with the spherical impactor 
is damaged and compressed only on the front face 
of the foam and energy was not transferred on the 
back side of the foam face because foam absorbed 
the impact energy [2]. Low energy impacts can incur 
damage, which is hard to detect by visual inspection. 
However, at certain energy levels, when microcracks 
are formed on the foam face, the impact damage area 
is visible. The graph in Figure 2 clearly shows that the 
impact energy decreases as the amount of blowing 
agent added is increased. This indicates that the cell 
size increases with the addition of blowing agent. It 
is assumed that each cell of foams is bonded perfectly 
and when impacted the total energy is observed by the 
cell. After being impacted by a striking object, shock 
waves are generated from the impact load and propa-
gate along the impact direction. Therefore, density of 
the foam is decreased because of the condensation of 
each cell. 

3.2 Young’s Modulus

The mechanical property of the foams depends on the 
amount of blowing agent. Figure 3 clearly indicates 
that the Young’s modulus decreases as the amount of 
blowing agent increases. This indicates that the cell 
size of foam increases with an increase of blowing 

Table 3 Calculated drop height and impact energies 
for various foam specimens.

DE 4 DE 6 DE 7

Absorption volume (cm3) 1.36 1.36 1.36

Dropping height (cm) 21.45 18.35 17.75

Impact energy (J) 0.469 0.401 0.388

Table 4 Various Young’s moduli for the prepared foam 
specimens.

DE 4 DE 6 DE 7

Young’s modulus (MN/ m2) 2.496 1.484 1.25 Figure 2 Variation of impact energy with diethyl ether in the 
sample.
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agent, which affects the strength and modulus of the 
foam composite. The main factor is that the densifi ca-
tion rate depends on the density of the foam, which 
follows the power law [3]:

 €d = dx 

where €d is the densifi cation rate and d is the density.
Figure 4 confi rms that the density decreases with 

an increase of diethyl ether blowing agent due to an 
increase of pore size. The average density value is 
mentioned in the fi gure with the percentage varia-
tion of 10%. This study confi rms the fact that chang-
ing the blowing agent changes the modulus properties 
of foams because densifi cation absorbed the energy 
under the compression.

3.3 Cell Size Observation

Since tannins have a very high reactivity with formal-
dehyde under acid condition, it is very diffi cult to fi nd 
out the correct condition to use tannins to prepare 

Figure 3 Variation of Young’s modulus with diethyl ether 
in the sample.

Figure 4 Variation of density with the amount of diethyl 
ether.

foams. The curing rate of tannin/formaldehyde sys-
tems starts at 25°C. The curing reaction should not 
begin before a suffi ciently high temperature is reached 
to let the solvent play its role of blowing agent. Tannin-
based foam requires a signifi cantly higher proportion 
of furfuryl alcohol to obtain a mixture which is not too 
viscous and a homogeneous distribution of the tannin. 
Figures 5–7 show the distribution of cell sizes that was 
obtained for the different formulations. The results 
show that the cell size changes from each observation; 
the average cell size is obtained and indicates that 
the cell size decreases with the increase of blowing 
agent, as shown in Figure 8. Scanning electron micros-
copy investigation confi rms that the average cell size 
increases with increasing amounts of diethyl ether 
blowing agent. 

More details about the microcellular structure of 
the foams are shown in Figure 9. The closed cells with 
varied sizes and more or less regular shapes are clearly 

Figure 5 Variation of cell diameter with number of 
observation in DE4 sample.

Figure 6 Variation of cell diameter with number of 
observation in DE6 sample.
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Figure 7 Variation of cell diameter with number of 
observation in DE7 sample.

Figure 8 Variation of average cell diameter with diethyl 
ether.

(a) (b)

(c) (d)

(e) (f)

Figure 9 High magnifi cation scanning electron microscope images of wood foam composites at 200x with different compositions: 
(a) DE 4, (b) DE 6 and (c) DE 7; and images of wood fl our foam composites with different compositions showing dimensions for 
cell size (d) DE 4, (e) DE 6 and (f) DE 7.
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visible in the SEM images at 200x magnifi cation. The 
cell structures clearly indicate that each cell is made 
up of edges, cell walls, and windows in the cell walls. 

4 CONCLUSION

Based on experimental observations, the following 
results can be concluded:

i. Diethyl ether added to the mixture is suitable 
for blowing agent. An increase in the blowing 
agent content always results in a decrease in 
the density of the foam. With diethyl ether as 
the blowing agent, foams of this type with a 
density from 30–80 kg/m3 can be produced.

ii. Since the catalyst is pTSA, its impact on 
mechanical properties and density does not 
appear to be excessive. The results show that 
as long as the foams completely expanded, 
varying the amount of catalyst does not much 
affect either cell size or foam density (results 
not shown here).

iii. The impact energy and Young’s modulus are 
decreased with the increase of blowing agent, 
which indicates the cell size increases and 
does not bear the absorption energy and mod-
ulus with respect to low blowing agent due 
to change in density. However, the Young’s 
modulus depends upon bulk density accord-
ing to the relation: 

 E ∝ ρa 

where a is the proportionality constant.
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