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Abstract. The paper has tested an alternative heat-insulating material for
building construction based on wood foaming. The wood waste chosen for this
test was oak wood not used in other previous experiments presented in the
literature. The purpose of the work is to replace the plastics currently used for the
production of heat-insulating materials. Using ground wood waste, a suitable
surfactant (sodium dodecyl sulfate), and distilled water, wet suspension was
prepared, foamed by stirring and then dried at 80°C. Thus, it was obtained an
optimal specimen with excellent heat-insulating properties (apparent density of
0.014 g-cm3, heat conductivity of 0.035 W-m™-K'Y). The compressive strength
had a rather low value of 715 kPa, but satisfactory for the intended purpose. By
comparison with other experimentally prepared wood foams, the oak wood foam
properties fell within the performance required by the use of the new material as a
thermal insulator in construction, being able to replace similar polymer-based
materials.
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1. Introduction

Under conditions that in the last decades of the 20™ century, the global
hydrocarbon crisis broke out (Aperjis, 1982) with severe implications on the
requirement for energy economy in all aspects of life, energy conservation by
improving the effectiveness of building thermal insulation has become one of the
specific concerns of researchers. The concern at the global level for the efficient
management of energy consumption remained valid even in the current period of
beginning the new millennium.

Currently, the main materials used in construction for the building
thermal insulation are plastics: polyurethane foam, expanded polystyrene and
glass wool. Problems related to the effect of the possible inhalation of fine fibers
on human health as well as the difficulties of recycling these materials after
decommissioning the building, are disadvantages of using these insulating
materials (Ferreira et al., 2023).

The substitution of plastics with more environmentally friendly versions
without affecting the valuable characteristics of this material type is possible by
adding some bio-materials and natural feedstocks into the composition of
products available on the market (Ferreira et al., 2023). Thus, polyurethane foams
with polyols derived from lignin (Peyrton and Avérous, 2021) and sintered
polyurethane with polyols based on bio-materials (Mukhopadhyaya et al., 2014)
were made with similar features compared to the known traditional polyurethane.

The incorporation of a gaseous phase in polymeric liquids during the
synthesis process (as in the case of polyurethane foam) or in melted plastics (as
in the case of polystyrene or polyolefin) is the method of producing polymeric
foams. The drying technique of aqueous foam is for the production of cellulose
fiber foams (Alimadadi and Uesaka, 2016). The incorporation of air into aqueous
dispersion fibers with the addition of surfactant allows the production of wet
foams, further drying in the oven (Ferreira et al., 2021; Hjelt et al., 2022).

Making an appropriate quality thermal insulator requires adequate
arrangement of the material structure to avoid the heat transfer. Thermal
insulation materials can be made from various types of cellulosic masses
including microfibrillated cellulose (Zheng et al., 2019), cellulose nanocrystals
(Seantier et al., 2016), cellulose nanofibers (Jimenez-Saelices et al., 2017),
cellulose bacterial (Fleury et al., 2020), and regenerated cellulose (Feng et al.,
2015). Cellulose-based products manufactured by lyophilization (in which water
in the form of low-pressure ice is removed by sublimation), supercritical drying
or spray drying, allow obtaining very low thermal conductivity values (within the
limits of 0.013-0.075 W-m*-K™), in general, similar to those of polyurethane
foams and silica aerogels (Pierre and Pajonk, 2002).

Recently, (Ferreira et al., 2023) designed and tested making froth from
residual pine wood, available as a forestry waste in North America. The froths
were made from stable aqueous foam precursors, containing polyvinyl alcohol as



Bul. Inst. Polit. Tasi, Vol. 70 (74), Nr. 3, 2024 49

a binder. Sodium dodecyl sulfate, sodium bicarbonate, and deionized water were
also used. By drying in the oven at 70°C into rectangular moulds, products with
low values of density (0.12-0.14 g-cm?®) and thermal conductivity
(0.042 W-m-K*) were obtained as well as satisfactory mechanical features, as
alternative materials to those based on plastic applied as insulation materials in
building construction.

According to (Foam wood, 2023), researchers from the German
Fraunhofer Institute consider that wood foams are suitable as heat-insulating
material for building construction. Some heat-insulating materials are already
made of wood (e.g. wood fiber), but the main disadvantage is the low dimensional
stability than that of polymer-based materials. On the other hand, the degree of
insulation obtained with wood fiber panels is lower (thermal conductivity
between 0.038-0.043 W-m*-K*) compared to the level reached by petrochemical
materials (Insulation materials, 2000). In present, specialists from the Fraunhofer
Institute are conducting research for the manufacture of wood foam as a high-
performance material with heat-insulating properties. According to (Foam wood,
2023), the adopted method consists in fine grinding of wood in the presence of a
high content of deionized water until the suspension is formed. This can be
chemically or physically expanded with gas bubble-suppliers coming from
suitable surfactants introduced into the mixture or from external blowing a gas.
The expanded suspension is then hardened into an insulated room free of
moisture. The froth strength is the result of the own binding forces of the wooden
material, no synthetic adhesives being required. The tests performed on a beech
wood led to obtaining a lightweight product (density between 0.04-0.28 g-cm™),
with a porous structure (with most open cells). According to the adopted
technology, the material can be processed in the form of boards or elastic foam.
The designed technology is still being optimized.

A fine wood powder allowed the manufacture of wood-furanic foam with
the dominant proportion of the wooden component (Srivastava and Pizzi Pizzi,
2014). The main characteristics of the foamed composites were the low density
and thermal conductivity values. The method of preparing wood foam composites
was that of chemical foaming and the used expanding agent was diethyl ether.
This contributed to the formation of porous structure with closed cells, but with
variable sizes and relatively irregular shapes.

The authors’ team of the current paper tested a method of obtaining a
porous structure of wood waste (oak wood in the form of sawdust) by removing
the lignin from the wood composition (Paunescu et al., 2023). The method
adopted, inspired by the technique of manufacturing cellulose and paper by
removing lignin for other technological purposes, was based on the chemical
treatment of wood using the aqueous solution composed of NaOH, Ca(OH), and
distilled water. The result was obtaining very low values of density
(0.024 g-cm) and thermal conductivity (0.031 W-m-K1), compressive strength
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having a satisfactory value (0.9 MPa) for applications in thermal insulation of the
building construction.

The paper exposed further is an authors' contribution to developing the
new wood foam preparing technique in order to obtain a material with exceptional
thermal insulating properties, suitable for use as an insulating material in
construction, a valuable alternative to the existing plastic-based materials.

2. Methods and Materials

The wooden material subjected to tests was oak wood in the form of
sawdust recycled from a wood-working workshop. The waste was ground in pre-
wetting conditions in a small laboratory knife-grinding device. Over the finely
ground wood (grain size between 150-800 pm selected after the sieving process)
an adequate surfactant was added in very small ratios to reduce the surface tension
of the wood/water suspension and facilitate foam formation. The surfactant
chosen was sodium dodecyl sulfate SDS (purity over 98.5%). The wood together
with the surfactant were subjected to homogenization by mechanical agitation.
The suspension had a content of about 19 wt. % solids, the rest being distilled
water. The suspension expanding was carried out in an electrically operated
homogenizing device by stirring at 7000 rpm for no more than 10 min, until it
was found that the froth volume remained constant. After completing the
foaming, the wet froth was loaded into stainless steel rectangular moulds. These
were subjected to drying in a laboratory electric oven at 80°C for 10 hours, still
keeping a theoretical moisture content of at least 5 wt. %.

The materials used in this experiment were oak wood waste as the
wooden material, sodium dodecyl sulfate as a surfactant, and distilled water for
the suspension formation.

According to the data in literature, the oak wood waste has not been tried
before in the wood foaming process. It was recycled in form of sawdust and after
grinding had grain size under 800 pm.

Foams are dispersed gas-liquid systems. They can never be obtained
from pure liquids and substances from the solution enter into their composition,
as is the case of surfactants called also foaming agents. By reducing the surface
tension of the solvent, surfactants facilitate the foam formation and enter into the
composition of its membranes, structuring them by giving properties of viscosity
and surface elasticity (Moldovan, 1978). Sodium dodecy! sulfate (SDS) with
purity over 98.5% was the chosen surfactant in this experiment. Sodium dodecyl
sulfate (C12H2sNaO4S) is commercially available in crystalline or powder state
(Sodium dodecyl sulfate, 2018).

Four experimental versions of material composition were adopted, being
shown in Table 1. The surfactant amount varied within the limits of 16-28 mg
under the conditions of wet suspension kept constant at 200 g.
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Table 1
Wet suspension composition in tested versions
Version | Oak wood | Surfactant Distilled Wet
waste SDS water suspension

©) (mg) ©) ()

1 38 16 162 200

2 38 20 162 200

3 38 24 162 200

4 38 28 162 200

The investigation methods utilized in this work are usually used in
research activities. Archimedes' principle was used to measure the apparent
density of wood foam specimens. Using ASTM C642-97 standard, the apparent
porosity was determined by dividing the difference between wet and dry weight
by the difference between wet weight and suspended weight of the sample.
Thermal conductivity was measured at room temperature using the HFM448
Lambda heat-flow-meter (SR EN 1946-3:2004). Measuring the compressive
strength was performed using a universal testing machine. The specimens were
compressed at 1.4 mm-min? (ASTM D695) and the compression strength was
determined at 10% compression (ASTM D1621-16). The microstructural
appearance of foams could be examined with the Biological Microscope MT5000
model, 1000 x magnification. Water uptake was determined by keeping wood
foam samples in humidity room at 85% humidity for 30 days according to ASTM
C272/C272M-18.

3. Results and Discussion

After drying the wet froth at 80°C for 10 hours, wood foam specimens
shown in Fig. 1 were analyzed in physical, thermal, mechanical, water uptake, and
microstructural terms as mentioned above methods. The results of these
determinations for each of the four experimental variants are presented in Table 2.

Table 2
Main characteristics of wood foam specimens
Characteristic Version Version Version Version
1 2 3 4
Apparent density (g-cm) 0.022 0.019 0.017 0.014
Apparent porosity (%) 88.5 89.4 90.6 91.2
Heat conductivity (W-m-K1) 0.051 0.046 0.039 0.035
Compression strength (kPa) 875 804 747 715
Water uptake (wt. %) 5.9 5.2 4.8 4.3
Pore size (mm) 0.5-0.9 0.8-1.3 1.1-1.7 1.5-1.9
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Fig. 1 — Images of wood foam specimens
a—specimen 1; b — specimen 2; ¢ — specimen 3; d — specimen 4.

The data in Table 2 indicate performance values of heat-insulating
properties of oak wood foam (apparent density between 0.014-0.022 g-cm™ and
heat conductivity in the range of 0.035-0.051 W-m*-K?). Apparent porosity
reached very high values (88.5-91.2%). As expected, the mechanical strength of
the wood foam was affected, having quite low values within the limits of 715-
875 kPa. Among the four experimentally made samples, the specimen
corresponding to variant 4 has obtained the best thermal insulation properties
favouring excellent insulation and at the same time the lowest level of expanded
material strength. Water uptake of specimens was at a normal level for this type
of foamed material (between 4.3-5.9 wt. %).

The microstructural aspect of the wood foam specimens is shown in Fig. 2.
According to these pictures, the pore size could be identified. The largest pore sizes
were obtained in the case of the sample corresponding to version 4 (1.5-1.9 mm). In
addition, the porous structure of the foam is partially open. The same
characteristic was also observed in the sample corresponding to variant 3. The
pore size range of this sample was 1.1-1.7 mm
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Fig. 2 — Microstructural appearance of wood foam specimens
a— specimen 1; b — specimen 2; ¢ — specimen 3; d — specimen 4.

The excellent partial results obtained by researchers from the Fraunhofer
Institute (Foam wood, 2023) regarding the apparent density (up to 0.04 g-cm)
and thermal conductivity (below 0.04 W-m™.K?) of beech wood foams,
comparable in value to those of polystyrene and wood fibre thermal insulation
panels, have were almost reproduced in the experiment presented in this work
using oak wood waste and a surfactant (sodium dodecyl sulfate) recommended in
the case of cellular concrete preparation (Moldovan, 1978), to form the necessary
suspension in the presence of distilled water.

It should also be mentioned the performances reported by (Ferreira et al.,
2023) regarding the production of a pine wood foam under the conditions of using
a residual wood available in North America, sodium dodecyl sulfate, sodium
bicarbonate, polyvinyl alcohol, and deionized water, the apparent density being
reduced up to 0.12-0.14 g-cm™ and heat conductivity to 0.042 W-m*-K1,

Different species of poplar wood were also used as feedstock in other
experiments mentioned in the literature.

In principle, worldwide research for the manufacture of wood foam as a
substitute for heat-insulating materials based on polymers is in full swing.
Specialists from the Fraunhofer Institute examine the possibility of also applying
other lignocellulosic materials and estimate that in a few years the manufacture
of wood foams could reach an industrial-scale.
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4, Conclusions

The work objective is the production of an alternative thermal insulation
material for building construction using the advanced technique of foaming wood
waste. This new material should have the ability to replace the current heat-
insulating materials based on plastics applied in construction. Currently,
researchers in this field are testing different production techniques and several
types of wood waste, the results being promising, but the optimal solution for
production on an industrial-scale has not yet been reached. The current work
aimed at testing an oak wood waste, un-used in previous experiments presented
in the literature in order to obtain wood foam with physical, thermal, mechanical,
and microstructural performance characteristics suitable for use as an insulating
material in construction. The results showed excellent values of apparent density
(0.014-0.022 g-cm®), heat conductivity (0.025-0.051 W-m*-K™1), water uptake
(4.3-5.9 wt. %) as well as a low but satisfactory level of compression strength
(715-875 kPa). The product obtained through the optimal experimental version
having a density of 0.014 g-cm, thermal conductivity of 0.035 W-m-K™!, water
uptake of 4.3 wt. %, and the compression strength of 715 kPa is at the value level
of this material type produced so far in experiments reported in the literature.
Considering the current trend of replacing plastic-based materials, as in the case
of heat-insulating materials usually applied in construction, as well as the
continuation of worldwide research for this purpose, the authors' team of the
current work have as future objective developing the own research on this
investigation topic.
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TEHNICA AVANSATA DE PRODUCERE
A SPUMEI DE LEMN CA MATERIAL TERMOIZOLANT ALTERNATIV
PENTRU CONSTRUCTIA CLADIRILOR

(Rezumat)

Lucrarea a testat un material alternativ termoizolant pentru constructia cladirilor
bazat pe spumarea lemnului. Deseul de lemn ales pentru acest test a fost lemnul de stejar,
neutilizat Tn alte experimente anterioare prezentate in literatura de specialitate. Scopul
lucrdrii este inlocuirea materialelor plastice utilizate Tn mod obisnuit pentru producerea
materialelor termoizolante. Utilizand deseul de lemn macinat, un surfactant adecvat
(dodecil sulfat de sodiu) si apa distilata, a fost preparatd o suspensie umeda, spumata prin
agitare si apoi, uscatd la 80°C. Astfel, s-a obtinut un produs optim cu proprietati
termoizolante excelente (densitate aparenti de 0,014 g-cm™, conductivitate termica de
0,035 W-m-K1). Rezistenta la compresiune a avut o valoare destul de scazutid de 715 kPa,
dar satisfacdtoare pentru scopul propus. Prin comparatie cu alte spume de lemn preparate
experimental, proprietatile spumei din lemn de stejar s-au incadrat in performanta ceruta
de utilizarea noului material ca izolator termic Tn constructii, putdnd inlocui materiale
similare pe baza de polimeri.



