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Abstract

The flammability of wood was assessed based on fire performance characteristics: the gross calorific value (GCV)
and limiting oxygen index (LOI). Those parameters were also studied in the framework of this paper. The Scots
pine wood test specimens with dimensions of 120 x 10 x 10 mm were used for LOI determination and specimens
with dimensions of 15 x 10 x 10 mm for GCV determination. There was also studied the effect of fire-retardant
treatment which was done by the foaming fire retardant based on phosphates (ammonium polyphosphate) applied
as two-layer coating or as 24-hour impregnation. Higher gross calorific values were measured for specimens
without any fire retardant treatment — 22 298 + 131 J/g; the coating resulted in decreased value of GCV to 22 048
+ 242 J/g (by 1.12 %), and the impregnation caused decreasing in the GCV to 21 679 £+ 104 J/g (by 2.78 %) if
compared to the non-treated specimens. However, the fire-retardant treatment was influenced more by the limiting
oxygen index than by the gross calorific value.
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1 Introduction 1 Uvod

Wood is one of the most important natural Drevo je jednym =z najdolezitejSich
materials that is constantly used in many areas prirodnych materialov, ktory neustale nachadza
of today's modern world. Its important position uplatnenie v mnohych oblastiach aj dne$ného
is due to a number of its positive qualities. moderného sveta. Za svoje vyznamné
Thanks to its excellent material properties and postavenie vdaci celému radu pozitivnych
desirable effect on the environment, wood is vlastnosti.  Vdaka svojim  vynikajacim
widely used in construction and furniture materialovym vlastnostiam a ziaducim u¢inkom
production [1]. However, its significant na Zivotné prostredie sa drevo vo vel'kej miere
negative property is flammability. uplatiluje v stavebnictve a pri vyrobe nabytku

A possibility how to suppress this negativum [1]. K jeho vyraznym negativam vSak patri
is to modify wood by fire retardant treatment. horlavost.  Vyrobky z dreva zvySuju
Flame retardants reduce the flammability of nebezpecenstvo poziaru.

materials by physical or chemical ways, most
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often by a combination of them [2, 3]. There are
three ways how to reduce wood flammability:
the surface coatings, impregnation, and
lamination [4].

The paper deals with the effect of fire
retardant treatment on flammability of wood.
The economically important pine wood (Pinus
sylvestris L.) was chosen for the experiments.
The wood density was 654 kg/m?® (the density in
absolute dry state).

The flammability of wood was assessed
based on fire performance characteristics: the
gross calorific value (GCV) and limiting
oxygen index (LOI) according to the STN ISO
1928 [5] and STN EN 1SO 4589-2 [6] standards.

2 Material and Methods

The tested wood was cut into test specimens;
the specimens with dimensions of 120 x 10 x 10
mm were used for LOI determination and
specimens with dimensions of 15 x 10 x 10 mm
for GCV determination. The gross calorific
value was determined by three measurements.
For determination of the limiting oxygen index,
at least 15 samples were required. In the LOI
determination, the longitudinal section and
cross section of the samples were distinguished.

Fire retardant treatment was done by the
foaming fire retardant based on phosphates
(ammonium polyphosphate) applied as two-
layer coating or as 24-hour impregnation. Gross
calorific value was determined for the
specimens dried into the moisture content of 0
%, limiting oxygen index was determined at the
actual moisture content of the pine specimens of
8.69 %.

Due to fire retardant treatment, the weight of
the specimens increased if compared to the
untreated specimens: coating — longitudinal
section by 5 %, cross section by 12 %;
impregnation — longitudinal section by 6 %,
cross section by 21 %.

3 Results and Discussion

Gross calorific values are shown in Fig. 1.
Higher values were measured for specimens
without any fire retardant treatment — 22 298 +
131 J/g; the coating resulted in decreased value
of GCV to 22 048 + 242 J/g (by 1.12 %), and
the impregnation caused decreasing in the GCV
to 21 679 £ 104 J/g (by 2.78 %) if compared to
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Moznost'ou ako potlacit’ toto negativum, je
drevo modifikovat retardatnou tpravou.
Retardéry horenia znizuju horlavost materialov
fyzikalnou ¢i chemickou cestou, najéastejsie ide
0 ich kombinaciu [2, 3]. ZniZovanie horlavosti
dreva je mozné prakticky troma postupmi:
povrchovymi natermi, impregnaciou,
a laminovanim [4].

Prispevok sa zaobera vplyvom retardacnej
upravy na horlavost’ dreva nasej hospodarsky
vyznamnej dreviny Borovice lesnej (Pinus
sylvestris L.). Hustota vzoriek bola 654 kg/m?
(hodnota hustoty stanovena v absolutne suchom
stave vzoriek).

Horlavost’ bola posudzovand na zéaklade
poziarnych charakteristik spalného tepla (GCV)
a limitného kyslikového Cisla (LOI)
stanovenych v zmysle noriem STN ISO 1928
[5]a STN EN ISO 4589-2 [6].

2 Material a metédy

Vzorky dreva boli narezané na rozmery (120
x 10 x 10) mm pre stanovenie kyslikového ¢isla
a (15 x 10 x 10) mm pre stanovenie spalného
tepla. Spalné teplo jednotlivych typov vzoriek
bolo stanovené 3 meraniami, pri kyslikovom
Cisle bolo potrebnych minimalne 15 vzoriek
zkazdého typu. Pri kyslikovom Cdisle sme
zarovei rozlisovali pozdizny a prieény rez
vzoriek.

Retarda¢na  uprava bola realizovana
penotvornym retardaénym pripravkom na baze
fosfatov, konkrétne polyfosfore¢nanu
amoénneho, aplikovanym formou
dvojvrstvového nateru a 24 hodinovej
impregnacie. Spalné teplo bolo stanovené
uvzoriek vysuSenych do 0 % vlhkosti,
kyslikové ¢islo bolo stanovené pri referenc¢nej
vlhkosti vzoriek borovice 8,69 %.

Vplyvom modifikacie vzoriek retardacnou
upravou sa ich hmotnost zvysila oproti
neupravenym vzorkam: nater - pozdizny rezo 5
%, prieény rez o 12 %, impregnacia - pozdizny
rez o 6 %, priecny rez o 21 %.

3 Vysledky a diskusia

Hodnoty GCV st znazornené na obr. 1.
Vyssie hodnoty GCV boli dosiahnuté u vzoriek
bez retardacnej Upravy - 22 298 + 131 J/g,
naterom sa hodnota znizila 0 1,12 % na 22 048
+ 242 J/g aimpregnaciou sa hodnota znizila
02,78 % na 2l 679 + 104 J/g oproti povodnej
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the non-treated specimens. The difference in the
GCV between the two treatments (coating and
impregnation) was 1.67 %. Alakangas [7]
reports the GCV of 22 360 J/g for Scotch pine.

vzorke. Rozdiel vhodnotach GCV medzi
upravou naterom a impregnaciou predstavoval
1,67 %. Alakangas [7] uvadza hodnotu GCV
pre Scotch pine 22 360 J/g.
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Fig 1. Gross calorific value of pine wood (NT — no treatment, C — coating,
| — impregnation)
Obr. 1 Spalné teplo borovicového dreva (NT — bez tpravy, C — povrchova tprava,
| — impregnacia)

The fire-retardant treatment affected not
only the gross calorific values but also the
resistant residue (ash). The ash values were:
samples with no treatment — 0.13 %, samples
with coating — 0.66 %, impregnated samples —
0.79 %.

The fire-retardant treatment influenced the
limiting oxygen index more than the gross
calorific value. LOI values are shown in Fig 2.

Retardacnd tGprava ovplyvnila nielen
hodnoty spalného tepla, ale aj rezistentného
zvySku (popola). Popol dosiahol nasledujuce
hodnoty: vzorky bez pravy - 0,13 %, nater —
0,66 %, impregnacia — 0,79 %.

Viacsi vplyv mala retardacnd tUprava pri
poziarnej charakteristike kyslikového ¢isla.
Hodnoty LOI st uvedené na obr. 2.
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Fig 2. Limiting oxygen index of pine wood
Obr. 2 Limitné kyslikové ¢islo borovicového dreva
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The fire-retardant  treatment caused
increasing the LOI several times if compared
with the untreated samples. Specimens with no
treatment showed the LOI value of 23.6 + 0.4
vol. % in the longitudinal section and 23.8 + 0.4
vol. % in the cross section. The coating caused
increasing the LOI by 132 % in both sections;
the impregnation caused similar increasing the
LOIl in the longitudinal section. In the
impregnation, the effect of the cut direction was
more pronounced; in the cross section, the LOI
increased by 177 %. Wang et al. [8] determined
LOI for Chinese fir for 3 various fire retardants:
50.7 vol. %, 43.5 vol. %, and 55.0 vol. %.

4 Conclusions

The gross calorific value is the highest
amount of heat that a material is able to deliver.
In terms of fire protection and safety,
respectively flammability, it is important that
the gross calorific value of materials is as low
as possible and the limiting oxygen index as
high as possible. The higher is the LOI of a
material, the less flammable material it is. The
presented results show that the chosen fire-
retardant treatment lowered the flammability of
pine wood, if evaluated on the base of the gross
calorific value and the limiting oxygen index.
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