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Abstract

The doctoral thesis summarizes the studies on the thermal insulation capacity of bark and
development of a new insulation substance. Barks are available in Hungary in large quantities,
but they are not widely used as insulation material. After the presentation of general heat
insulation and anatomical knowledge, the thesis devoted a large part on the literary review of
the bark, since so far the demonstration of the systematic use of the bark is missing in the

literature. So my thesis is trying to make up for this gap.

Thermal conductivity properties of both broadleaved and coniferous tree species were studied
during the examination. Based on these results, the scopes of the tested species were further
narrowed, while we got the best results showing black locust. The effect of compression on
the thermal insulation capacity of grained bark was examined, and the different fractions were
produced made of grained bark. Furthermore, the heat insulation capacities of bark sheets
were investigated until we reached the best result for material combinations. We examined the
bark sheets formaldehyde emissions and three broadleaved trees vaper permeability was also

determined.



1. Introduction, aim of the research

Nowadays, the importance of improving insulation property of different insulation materials
is more and more emphasized. Moreover, several investigations proved that using wood as
building material results less CO2 emission with lower energy intake, reusable and thus it is

more environment friendly than other building materials.

In Hungary, primary wood processing produces about 600 thousand cubic meters of bark
every year. In most cases, with adequate preparation, the insulation capacity of bark chips
used mostly as by-product is comparable to that of the commonly used rock and glass wool

and foam insulation materials.

In the present research the heat insulation capacity of different chipped coniferous and a

broadleaves wood bark was investigated.



2. Materials and methods

In the first part of the work five bark species were measured such as black locust (Robinia
pseudoacacia), pannonia poplar (Populus euramericana cv. Pannonia), larch (Larix decidua),
spruce (Picea abies) and scots pine (Pinus silvestris). The measurements were done in wet
condition and in comparison at 12% water content as well. Based on the results, the group of
tested species were further narrowed. The chosen broadleaved timber species are black locust
(Robinia pseudoacacia), the poplar clone ‘Pannonia’ (Populus euramericana cv. Pannonia)
and the oak (Quercus robur L.). All three species have especially big bark-to-wood proportion
of about 12-20 % based on the diameter of the trunk; however, their barks contains a lot of
additional incrustation substances, and therefore are not suitable for mulching. Nevertheless,
the high content of incrustation substances provides an advantage with respect to resistance to
decay and therefore increases the durability. Based on the best results, the bark of black locust

was further investigated.

The change in the thermal conductivity of three broadleaved species was tested with
compression method. Acacia showed the best results, therefore different thicknesses of glued
sheets of acacia were used to establish the ideal adhesive thickness. Various fractions of the
acacia bark were prepared and then compression thermal conductivity tests were carried out.
Three fractions were used for preparation of bark sheets. Formaldehyde emission of the bark
sheets was also tested. We had the opportunity to investigate the natural vapour permeability
of the natural bark of three wood species. Results of these experiments will be analysed and

opportunities for further research will be determined.



3. Conclusions

Findings suggest that in addition to the species, the wood moisture content has also a decisive
influence on the thermal insulating ability of chips. Our results clearly demonstrate that wood
chips produced from the bark of some wood species can be used successfully as insulation

material.

The CO2 balance of wood bark is excellent facing other generally used insulation materials.
The bark is mainly “byproduct” of wood industry and the bark insulation can be reused on the

end of life cycle.

Based on the vapour permeability studies we can say that vapour permeability of natural

(acacia) bark is outstanding.

After examining the formaldehyde emission it was determined that this parameter is much
lower in the bark sheets than the allowable limit. Thus it can be concluded that the bark has

formaldehyde absorption capacity.



4. New scientific results of the PhD thesis:

1. The measurements clearly show the role of moisture content — similarly to the wood —
in the insulating ability of bark chips. Because of the high specific heat and good
thermal conductivity of the water, the thermal conductivity values of the system is
influenced unfavourably. The water fills partly the cell cavities and in the cell wall
also provides a better "thermal contact”, and the water vapour is able to carry large
amount of heat because of its high specific and latent heat. Based on the measured
results | determined the percentage of heat transfer coefficient change caused by 1%

change in the moisture content. results in a change.

2. Tests were carried out to determine vapour permeability of three species of bark. |
found that the bark of the has substantially better vapour permeability than the wood,

therefore, more suitable for insulation.

3. It was found that the thermal conductivity of the bark varies depending on the particle
size. The fine grain bark gave the best results. It was also concluded that the fraction
analysis is essential to making the bark sheets, because the bark powder having
smaller particle size than 1mm has a negative effect on sticking.

4. After examining the formaldehyde emission it was determined that this parameter is
much lower in the bark sheets than in other particleboards. Formaldehyde is present in
bark sheets in in much lower amount than the permissible content described in the

standard.

5. 1 developed an insulating cover, which has a similar thermal insulation values than the

currently used general insulation products.
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