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The Influence of Fire Protection Compounds on Thermal Conductivity

and Moisture Behaviour

Within the framework of a coopera-
tive project sponsored by the FNR,
the influence of fire protecting
compounds for insulation made
from renewable raw materials on
thermal conductivity and moisture
behaviour is being tested. The goal
is to better assess the exact con-
centrations required, with the goal
of maintaining the natural charac-
ter of the insulation materials.
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nsulation materials from renewable raw

materials as all other building materials
underlie the regulation of the legislation.
These regulations guaranty security for the
user. Especially for building materials from
renewable raw materials two aspects must be
regarded, on the one hand the fire protection
and on the other the moisture behaviour.

The raising of moisture in the materials
can be avoided if the materials are handled
professionally, i.e. damages by the growth of
fungi did not occur. In the case of fire it is
different. The insulation material must have
a protection before it is used in the building.
The main products which are used are borate
compounds. The question which is raised
here is a question about the used concentra-
tions. Are they necessary and how is their in-
fluence on the thermal conductivity, the
moisture behaviour and how is this connec-
ted with the possible growth of fungi.

Thermal conductivity and fire protection

The investigations were started with the
measuring the thermal conductivity of dif-
ferent insulation materials from renewable
raw materials with different kinds of fire
protection salts and different concentrations
of them. The insulation materials were made
from different raw materials like flax, hemp,
wood fibre, wood wool, sheep wool and cel-
lulose. All products from the list of the mar-
ket installation program of the BMELV. Also
prototype materials were investigated (e.g.
mixtures from sheep wool and hemp fibres).
The measurements were made on a new
bought instrument (,,Jambda-Meter EP-500
following EN 1946-2”) (Fig. la and 1b).
Samples up to a thickness of 200 mm can be
measured with this instrument. Materials
like pouring and plugging material were
measured in a frame made of PU-foam with
a thickness of 100 mm to avoid possible in-
homogeneity of the materials. To get compa-
rable results, a uniform density (approxima-
tely 65 kg/m?) was used; otherwise the data

of'the manufacturers were used. The samples
were measured in non-dried conditions, be-
cause this way the handling is better as if the
materials must be packed into hermetically
closed bags to avoid the uptake of humidity
after drying. After the measure the samples
were dried at 70 °C in a drying furnace with
fresh air (DIN EN ISO 12570) and the esti-
mated water content was used to calculate
the thermal conductivity for the dry material
(DIN EN 12667).

The samples were supplied with different
fire protection salts with different concen-
trations and mixtures (borax, boric acid, am-
monia phosphate, silicate and soda). Mainly
borate compounds were used (table ). Un-
der the investigated materials products made
from cellulose/waste papers were present.
Based on a relative homogeneous raw mate-
rial the different products showed changing
thermal conductivity, depending on the con-
tent of fire protection salts (Fig. 2). The re-
sults of these measures show that the used
borate compounds influences the thermal
conductivity of the materials in different
ways. The results for sample 1, consisting of
22 % fire protection salt and 78 % waste pa-
pers, showed the lowest thermal conductivi-
ty in comparison with the two other tested
materials (sample 2 /18 % fire protection salt
and sample 3 /11 % fire protection salt). Ad-
ditionally the material had the highest mois-
ture content. The reason for this can be found
in the hygroscopic character of the used
salts. If this behaviour is typical for all mate-
rials from renewable raw materials or espe-
cially for waste papers must be evaluated in
further investigations with other fibre mate-
rials.

Result

It could be proven that the fire protection salt
concentration in insulation materials from
renewable raw materials has different influ-
ences on the building physical properties of
the materials. This result contains courses of
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Fig. 1a and 1b:
Instrument for
measuring the
thermal conduc-
tivity with the
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Fig. 2: Influence of the concentration of the fire protection salts on the thermal conductivity
Table 1: Results of the preliminary experiments
materials
A-1g minus for mass refering | volume refe- |measul
. L apparant dry . moisture moisture ring moisture es
kind of product |composition density | density moist dry content content content
[kg/m?] | [kg/m] [ [W/m-K)]| Wi{m-K)]| SD [%] [%]
flax mat flax, binding fibres, borate 63,2 57,9 0,0342 0,0322 | 0,0003 0,06 6,20 0,36 2
hemp mat hemp, binding fibres, borate 53,5 50,8 0,0364 | 0,0350 | 0,0002 0,04 4,09 0,21 2
i [ 1 0 - [
cellulose, blow in 89 % Papier, 9 % Borsaure, 2 % 698 | 647 | 00453 | 0,0420 |0,0006 0,08 7,74 0,49 4
insulation Borax
H [ 0, 1 i 0
cellulo;e, blow in (82 % paper, 7 % boric acid, 11 % 697 63,4 0,0440 0.0402 | 0,0007 0.09 939 0,59 4
nsulation borate
H 0, 0 1 i 0,
ceIIquse, blowin {78 % paper, 16 % boric acid, 6 % 69.9 62.8 00440 | 0.0397 | 0,0005 011 11,02 0,69 4
nsulation borate
sheep wool, blow 144 o, cheen wool 696 | 639 | 00394 | 00363 |0,0006 0,08 8,45 0,54 4
n insulation
sheep wool, blow |5, ¢ o een wool, 40 % hemp 666 | 612 | 00423 | 00391 |0,0016 0,08 7,96 0,49 4
n insulation
snhﬁ]i‘;,"a"zgr'] BIow 56 94 sheep wool, 50 % hemp 695 | 642 | 00475 | 0,0442 |0,0009 0,07 7.43 0,48 4
sheep wool, blow 4 . o0 wool, 70 % hemp 695 | 643 | 00487 | 00452 |0,0014 0,08 7,68 0,49 4
n insulation
mat from cloth fibres from cloth 42,0 40,5 0,0297 0,0287 | 0,0007 0,03 3,38 0,14 2
wood fibre plate wood fibres 148,9 136,4 0,0392 0,0364 | 0,0002 0,08 7,68 1,05 2
cork plate baked cork particles 113,4 109,6 0,0405 0,0395 | 0,0006 0,03 2,52 0,28 2
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