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Abstract

The paper is focusing the calculation of the values of activation energy needed to ignite selected coniferous trees
(Norway spruce, European silver fir, Scotch pine) using the Arrhenius equation. A total of 10 samples from each
species were tested. The lowest air temperature at which the sample ignited within 600 s was recorded as the
spontaneous ignition temperature. The spontaneous ignition temperature was determined according to STN 1SO
871:2010. For the statistical dependence between the induction period and the inverse value of the thermodynamic
temperature, exponential equations were derived from the measured values. The pre-exponential factor in the
derived equations was numerically identical to the pre-exponential factor A required to calculate the ignition
activation energy. Mass loss data of individual wood species were obtained using the non-standard method. The
results of measurements showed that the activation energy values of the tested conifer species were in the range
0f 53,661 + 3,490 J-mol™. Also, differences in mass loss during the thermal loading of individual tree species were
found. The results showed that the greatest mass loss was achieved in the Scotch pine (59.04 %).
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1 Introduction 1 Uvod

In many countries, forest biomass is the best V mnohych krajinach je lesnd biomasa v
choice in terms of its potential compared to porovnani s inymi obnovitelnymi zdrojmi
other renewable energy sources [1]. Of the energie najlepSou volbou z hladiska jej
lignocellulosic materials, wood is beneficially potencialu [1]. Z lignocelul6zovych materialov
used because of its high density (high energy sa drevo vyhodne pouZiva pre svoju vysoku
content per volume), low ash content and low hustotu (vysoky energeticky obsah na objem),
nitrogen content [2]. Knowledge of the thermal nizkemu obsahu popola a nizkemu obsahu
properties of biomass is also important in terms dusika [2]. Vynimajuc poznatkami o
of fire protection [3]. For this reason, fire dostupnych zdrojoch biomasy na energetické
initiation is a key phase. It results from the fact vyuzitie su informacie o tepelnych vlastnostiach
that without initiation, the fire cannot occur [4]. materidlu dolezité aj z hl'adiska protipoZziarne;
Significant effects on the combustion process, ochrany [3]. Z tohto hladiska je iniciacia
fire initiation and thermal degradation of poziaru klIti¢ovou fazou. Vyplyva to zo
lignocellulosic materials have activation energy skutocnosti, Ze ak neddjde k iniciacii, nemoze
of the material [3]. Generally, the activation dojst k samotnému poziaru [4]. Vyznamny
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energy can be defined as the minimum quantity
of energy which the reacting wood must possess
in order to undergo a specified reaction. The
most frequently tested properties of wood
materials are the flash point temperature and the
spontaneous ignition temperature [4]. These
parameters together with the induction period
are required for the evaluation of materials in
terms of fire dynamics under thermal loading
(fire initiation) [5]. Also the activation energy
values are closely related to the process of
efficient industrial combustion of fuel -
biomass.

The main goal of this paper was to calculate
the values of activation energy needed to ignite
selected coniferous trees (Norway spruce,
European silver fir, Scotch pine) using the
Arrhenius equation. We completed the study
with mass loss data of individual wood species.

2 Material and Methods

For the research were used samples of the
coniferous trees from the territory of the
University Forest Enterprise of the Technical
University in Zvolen.

The spontaneous ignition temperature was
determined according to STN 1SO 871: 2010 in
a hot air furnace using a modified test
procedure. Samples in the solid form measuring
20 x 20 x 10 mm and weighing 2.0 g + 0.2 g
were used. All samples were dried in a hot-air
oven to a moisture content of 9.27% + 0.94%.
The density of individual wood species was as
follows: Norway spruce (455.06 kgm?),
Scotch pine (526.17 kg'm-3) and European
silver fir (454.08 kg-m™). Prior to the tests, the
samples were conditioned at 23 °C+2 °C and
50% =+ 5% relative humidity for 40 hours
according to 1SO 291: 2008.

A total of 10 samples from each species were
tested. The lowest air temperature at which the
sample ignited within 600 s was recorded as the
spontaneous ignition temperature [6,7].

The ignition time was determined using the
Setchkin Furnace test. First, the minimum
spontaneous ignition temperature and the time
to ignition were derived. Subsequently, the
temperature was increased by 10, 20, 30, 40, 50,
60, 70, 80, 90, 100 °C from the initially
determined spontaneous ignition temperature.
The ignition time was measured for each wood
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vplyv na proces spalovania, inicidciu poziaru a
tepelnu degradaciu lignocelul6zovych
materialov ma 1udaj tykajuci sa aktivacnej
energie materialu [3]. Vo vSeobecnosti mozno
aktivacnu energiu definovat ako minimalne
mnozstvo energie, ktoré je potrebné na
uskutocnenie  chemickej reakcie. Medzi
najCastejSie testované vlastnosti pri drevnych
materidlov patri teplota vznietenia a teplota
vzplanutia [4]. Tieto parametre spolu s
indukénou peribdou st nevyhnutné pre
hodnotenie materidlov z hl'adiska dynamiky
poziaru pri ich tepelnom zatazeni, t.. pri
iniciacii poziaru [5]. Taktiez hodnoty aktivacnej
energie Uzko suvisia s procesom ucinného
priemyselného spalovania paliva — biomasy.

Cielom tejto prace bol vypocet hodndt
aktivacnej energie potrebnej na vznietenie
vybranych ihli¢natych drevin (smrek obycajny,
jedla biela, borovica lesna) pomocou
Arrheniovej rovnice. Stadiu sme doplnili
udajmi o ubytku na hmotnosti jednotlivych
druhov drevin.

2 Material a metodika

Na vyskum boli pouzité vzorky ihlicnatych
drevin Z0 zaujmového uzemia
Vysokoskolského lesnickeho podniku
Technickej univerzity vo Zvolene.

Teplota vznietenia bola stanovena podla
STN ISO 871: 2010 v teplovzdusnej peci
pomocou modifikovaného skisobného postupu.
Pouzili sa vzorky vo forme granul s rozmermi
20 x 20 x 10 mm s hmotnostou 2,0 g = 0,2 g.
Vsetky vzorky boli vysusené v teplovzdusnej
peci na obsah vlhkosti 9,27 % + 0,94 %. Hustota
jednotlivych drevin bola nasledovna: Smrek
obycCajny (455,06 kg-m-3), Borovica lesna
(526,17 kg'm-3) a Jedl'a biela (454,08 kg-m-3).
Pred testami boli vzorky kondiciované pri
teplote 23 °C £ 2 °C a relativnej vlhkosti 50 %
+ 5 % po dobu 40 hodin podl'a ISO 291.

Celkovo sa testovalo 10 vzoriek z kazdej
dreviny. Ako teplota vznietenia sa zaznamenala
najnizsia teplota vzduchu, pri ktorej sa vzorka
zapalila do 10 minut [6,7].

Cas do vznietenia vzorky bol stanoveny
pomocou testu v teplovzdusnej peci. Najprv
bola odvodena minimalna teplota vznietenia
a Cas do vznietenia vzorky. Nasledne sa teplota
zvySovala o 10, 20, 30, 40, 50, 60, 70, 80, 90,



13(2): 111-116, 2019

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2019.13.2.79

sample at the specified temperature. Each
measurement was repeated 5 times and then the
time was calculated as an average value.

For the statistical dependence between the
induction period and the inverse value of the
thermodynamic  temperature,  exponential
equations were derived from the measured
values. The pre-exponential factor in the
derived equations was numerically identical to
the pre-exponential factor A required to
calculate the ignition activation energy.

Mass loss data of individual wood species
were obtained using the non-standard method.
The method consists in exposing the samples to
a thermal load of a 1000 W radiation panel
located 30 mm far from the sample for 600 s.
The mass loss of the samples (g) was recorded
every 10 s.

3 Results and Discussion

Table 1 presents the following results, the
average value of the induction period, the
average value of the spontaneous ignition
temperature, the pre-exponential factor A and
the value of the activation energy of the
individual species.

100 °C oproti pdvodne stanovenej teploty
vznietenia. Cas do zapélenia sa meral pre kazdu
vzorku dreviny pri stanovenej teplote. Kazdé
meranie bolo opakované 5 — krat a nasledne sa
¢as vypocital ako priemernd hodnota.

Pre statisticki zavislost medzi indukénou
periddou a inverznou hodnotou
termodynamickej teploty boli z nameranych
hodnét odvodené exponencionalne rovnice.
Pre-exponencionalny faktor v odvodenych
rovniciach bol numericky totozny s pre-
exponencionalnym faktorom A, ktory je
potrebny na vypocet aktivanej energie
vznietenia.

Udaje o tbytku na hmotnosti jednotlivych
drevin boli ziskané pouzitim nenormovej
metoédy. Metoda spociva vystaveniu vzoriek
tepelnému zat'azeniu radiacnym panelom s
vykonom 1000 W nachadzajucim sa vo
vzdialenosti 3 cm od vzorky po dobu 600 s.
Hmotnostna  strata  vzorieck  (g) sa
zaznamenavala kazdych 10 s.

3 Vysledky a diskusia

V tabul’ke 1 st uvedené nasledovné vysledky
t. j. priemerna hodnota indukénej periody,
priemernd hodnota teploty vznietenia, pre-
exponencionalny faktor A a hodnoty aktivacnej
energie jednotlivych drevin.

Table 1. Overview of activation energy and its calculation input parameters values

Tabul’ka 1. Prehl’ad aktiva¢nej energie a hodnoty jej vstupnych parametrov vypoctu

. Spontaneous . Activation energy
Induction S Pre-exponential
X ignition of spontaneous
Wood period factor N
: . .,  temperature ., ignition
species /Induk¢na Teplota /Pre-exponencialny I Aktivacna eneroia
/Drevina doba -plota faktor vacna energ
2 (s) vznietenia AC) vznietenia
T (K) Ea (J-mol?)
Norway
spruce 276 705.48 0.015 57,598
/Smrek
obycajny
Scotch
Pine 266 696.39 0.031 52,440
/Borovica
lesna
European
silver fir 288 702.65 0.047 50,944
/Jedl'a biela
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As shown in Table 1, the Scotch pine
reached the lowest induction period, followed
by Norway spruce and the European silver fir.
Also the lowest spontaneous ignition
temperature was reached at Scotch pine
followed by European silver fir and the highest
temperature was reached at Norway Spruce.
The above results shows that the lowest ignition
temperature may not immediately mean the
lowest activation energy.

Similar results were obtained by Martinka et
al. [4]. This study reported the effect of different
form of Norway spruce on activation energy.
Reported activation energy values were as
follows: 44,097 J-mol* (dust sample), 48,106
J-mol? (granular sample) and 59,044 J-mol?
(pellet sample). According to the author value
of the ignition activation energy appears to be
more suitable for evaluating the resistance of
materials compared to the spontaneous ignition
temperature because method according to STN
ISO 871: 2010 allows the determination of the
ignition temperature of the sample to the nearest
10 °C, whereas it is possible to measure the
basic input quantity for the calculation of
activation energy (ignition time) with the
accuracy of 1s.

Other study of the Norway spruce activation
energy value were obtained by Zachar et al. [5]
where reported value was 67,150 J-mol?, which
represents a difference of 14.22%. These
differences can be attributed by the complex
composition of spruce wood and also the
procedure for achieving the individual variables
necessary for the calculation of the activation
energy according to Arrhenius equation.

Figure 1 shows the mass loss (%) during the
thermal load of the sample over 600 s. The
development of the curves of the individual
samples shows the Scotch pine achieved the
greatest mass loss (the balance of 40.96 % of the
sample mass), while the smallest mass loss was
reported in the Norway spruce (the balance of
46.22 % of the sample mass).
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Ako je uvedené v tabulke 1, najniz$i cas
vznietenia sa dosiahol pri Borovici lesnej,
nasleduje Smrek obycajny a Jedl'a biela. Taktiez
najniz8ia teplota vznietenia sa dosiahla pri
Borovici lesnej, nasledovala Jedl'a biela a
najvysSia teplota sa dosiahla pri Smreku
obyc¢ajnom. Vyssie uvedené vysledky ukazali,

cvwe

cvwe

Podobné vysledky ziskal aj Martinka a kol.
[4] pri testovani vplyvu formy smrekového
dreva na aktivaénti energiu vznietenia. Ich
namerané hodnoty aktivacnej energie boli
nasledovné: 44 097 J-mol? (vzorka z prachu),
48 106 J-mol? (vzorka vo forme granule)
a 59 044 J-mol* (vzorka vo forme pelety). Dalej
autori uvadzaju, Zze hodnota aktivacnej energie
vznietenia sa pre porovnavanie odolnosti
materidlov javi ako vhodnejSia v porovnani
s teplotou vznietenia, pretoze metoda podla
STN ISO 871: 2010 umoziuje stanovenie
teploty vznietenia vzorky s presnostou na
10 °C, pricom na meranie zakladnej vstupnej
veli¢iny pre vypocet aktivaCnej energie (Cas
vznietenia) je mozné s presnostouna 1 s.

Iné wvysledky hodnét aktivacnej energie
u Smreka obycajného ziskali Zachar a kol. [5],
kde ich hodnota predstavovala 67 150 J-mol?,
¢o predstavuje rozdiel 14,22 %. Tieto rozdiely
mozno pripisat komplexnému  zloZeniu
smrekového dreva a tiez postupu na dosiahnutie
jednotlivych  premennych potrebnych na
vypocet aktivacnej energie podla Arrheniovej
rovnice.

Obrazok 1 nam zobrazuje percentudlny
priebeh ubytku na hmotnosti pocas tepelného
zatazenia vzorky pocas 600 s. Vyvoj kriviek
jednotlivych vzoriek ukazuje, Ze najvacsi
ubytok na hmotnosti sa dosiahol u Borovice
lesnej (zostatok 40,96 % hmotnosti vzorky),
zatial Co najmensSia strata hmotnosti bola
zaznamenana u Smreka obycajného (zostatok
46,22 % hmotnosti vzorky).



FIRE PROTECTION & SAFETY Scientific Journal
A@ eém 13(2): 111-116, 2019
DOI: 10.17423/delta.2019.13.2.79

100 «

Mass/Relativna hmotnost’ (%)

--------- Scotch pine Borovica lesna

- = = Norway spruce/Smrek obycajny

European silver fir /Jedla biela

0 60 120 180 240

300 360 420 480 540 600
Time/Cas (s) |

Figure 1. Mass loss of tested coniferous wood species

Obrizok 1. Ubytok na hmotnosti testovanych ihli¢natych drevin

4 Conclusions

The results of measurements showed that the
activation energy values of the tested conifer
species were in the range of 53,661 + 3,490
J-mol®. Also, differences in mass loss during
the thermal loading of individual tree species
were found. The results showed that the greatest
mass loss was achieved in the Scotch pine
(59.04 %), followed by European silver fir
(56.97 %) and the wood species with the least
mass loss was Norway spruce (53.78 %).
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