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Abstract

The aim of this paper is to define and to interpret gross calorific value, net calorific value and ash content when
considering chosen wood species that are used in woodworking industry the most often — spruce and oak wood.
Gross caloric value was measured by calorimeter system IKA C 5000 according to STN ISO 1928 Solid fuels [6].
Samples of spruce, oak and their mixtures were tested for gross caloric value in dry conditions. Consecutively the
gross caloric value was converted to humidity w = 8 % according to STN 1SO 1928 Solid fuels. Calorimetric rating
of gross caloric value and net calorific value were measured on three samples of each wood species. The results
showed the highest average gross caloric value achieved by sample of oak wood dust
(19,202 J-s-1). It means that oak wood dust released the biggest amount of heat when burning. Average values of
gross caloric values and net calorific values were comparable.
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1 Introduction 1 Uvod

Wood is a natural material often used in Drevo je prirodny material, ktory sa Casto
building industry. When processing wood, fire vyuziva v stavebnom priemysle. Pocas
protection is crucial. Wood dust as a side prod- spracovania drevn¢ho materidlu, treba klast’
uct of wood working (sawing, planning, milling velky ~ doraz na  dodrziavanie  zasad
and grinding) is a natural part of timber pro- protipoZiarnej bezpecnosti. Drevny prach je
cessing factories. Wood dust is posing much neodmyslitelnou  stcastou  drevarskych
higher risk than a compact wood. Wood dust prevadzok, vznika pri mechanickom opracovani
from grinding is extremely flammable and in dreva (pileni, hoblovani, frézovani a braseni)
certain conditions it can create explosive dust- a z hl'adiska rizika vzniku poZiaru je podstatne
air mixture. When storing the wood properly, it nebezpecnejsi ako kompaktné drevo. Drevny
preserves its energy content. prach, ktory sa vytvara najmé pri bruseni, je

It is considered as a main advantage of this prudko horlavy a méze za urcitych okolnosti
material. Its energy content is relatively higher vytvarat’ so vzduchom vybusni zmes.
in first 2 — 3 years because of process of drying. Velkou vyhodou dreva je fakt, Ze pri sprav-

nom skladovani si zachovava svoj energe-
ticky obsah.
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This fact is very important, because humidity in
wood is being released only while burning and
net calorific value is decreasing. When com-
busting dump wood, the combustion tempera-
ture is lowering as well. This leads to oxidation
of all of the flammable elements and fuming oc-
curs [1]. If combusting at the optimal tempera-
ture, the wood burns almost without smoke and
it is easily flammable. There is no dirt when ma-
nipulating the wood and little of ash is produced
(approximately 1% of the original mass). The
ash can be used as a fertilizer [2,3].

Woodworking industry is one of the most
mined out branches of industry. This fact lead
to a number of studies focused on physicochem-
ical and fire-technical properties of wood dust
(maximum explosion pressure, pressure rise
rate, minimum ignition energy, amount of re-
leased energy during the explosion, weight-
shortage, parameters influencing combustion
heat) in the last three decades to prevent break-
ing out the fire and explosion in woodworking
industry [4,5].

The aim of this paper is to define and to in-
terpret gross calorific value, net calorific value
and ash content when considering chosen wood
species that are used in woodworking industry
the most often.

2 Material and Methods

For coniferous wood were chosen spruce and
for hard wood oak as the representative sam-
ples.

Gross caloric value was measured by calo-
rimeter system IKA C 5000 according to STN
ISO 1928 Solid fuels [6]. Samples of spruce,
oak and their mixtures were tested for gross ca-
loric value in dry conditions. Consecutively the
gross caloric value was converted to humidity w
=8 % according to STN ISO 1928 Solid fuels.
Calorimetric rating of gross caloric value and
net calorific value were measured on three sam-
ples of each wood species.

Based on grain size analysis, the most nu-
merous fraction was chosen, which is5 - 1.0 um
from each sample. Measurements were done on
samples of pure wood and mixtures of wood and
bark as well.

The procedure for ash determination was
based on the requirements of the standard STN
Pocas prvych dvoch az troch rokov je jeho ener-
geticky obsah pomerne zvyseny. Je to spdso-
bené skuto¢nost’'ou, Ze drevo v tomto obdobi sa
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susi. Je to dblezita skutocnost’, pretoze vlhkost’
v dreve sa uvolniuje len pri spal’ovani, kedy na-
opak vyhrevnost’ klesa. Pri spalovani vlhkého
dreva sa znizuje aj teplota spalovania, ktora ve-
die k nespravnej oxidacii vsetkych horlavych
prvkov a dochddza k dymeniu [1]. Pocas spal’o-
vania pri optimalnej vlhkosti dreva, sa drevo
spal'uje prakticky bez dymu a je I'ahko zapalné.
Pocas manipulacie s nim sa netvoria necistoty a
vznika z neho malo popola (priblizne 1% po6-
vodnej hmotnosti), ktoré sa mdze pouzit ako
hnojivo [2,3].

Drevarsky priemysel patri medzi najvytaze-
nejSie odvetvia priemyslu, a preto sa pocas po-
slednych troch desatro¢i mnohé stidie zamerali
na skumanie fyzikalnochemickych a poziarno-
technickych vlastnosti drevného prachu (maxi-
malny vybuchovy tlak, rychlost’ nérastu tlaku,
minimalna energia vznietenia, minimalna tep-
lota vzplanutia, mnozstvo uvolnenej energie
pocas vybuchu, ubytok hmotnosti, parametre
ovplyvilujice spalné teplo), aby sa predislo
vzniku poziaru a vybuchu v drevarskom prie-
mysle [4,5].

Ciel'om prace bolo urcit’ a vyhodnotit’ spal’o-
vacie teplo, vyhrevnost’ a obsah popola vybra-
nych druhov drevin, ktoré sa najéastejsie spra-
covavaju v drevospracujucom priemysle.

2 Material a metédy

Spalné teplo bolo merané kalorimetrickym
systémom IKA C 5000 podl'a normy STN ISO
1928 Tuhé paliva [6]. Zistované boli hodnoty
spalnych tepiel pre skuSobné vzorky zo smreko-
vého, dubového dreva a pre ich zmesi v abso-
lutne suchom stave. Nasledne sa vykonal prepo-
et spalného tepla na vlhkost w = 8 % podla
uvedenej normy. Kalorimetrické stanovenie
spalného tepla a vyhrevnosti bolo uskuto¢nené
na troch vzorkach z kazdej dreviny.

Na zéklade sitovej analyzy bola vybrana pre
potreby stanovenia najpocetnejsia frakcia a to
frakcia 0,5 — 1,0 um z kazdej vzorky. Merania
sa vykonavali na vzorkach Cistého dreva ako aj
na vzorkach zmesi dreva s korou.

Pri stanoveni obsahu popola sme postupo-
vali podl'a poziadaviek normy STN ISO 1171:
2003 (44 1378): Tuhé mineralne paliva - Stano-
venie popola [7]. Podstatou metddy je spalova-
nie vzorky, ktora sa zahrieva na vzduchu pri
teplote 815 ° C + 10 ° C, je Specifikovana
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ISO 1171: 2003 (44 1378): Solid mineral fuels-
Determination of ash [7]. The principle of the
method is the incineration of the sample, which
is heated in air at a temperature of 815 °C £+ 10
°C, specified at a rate and maintained at that
constant temperature. The ash content is calcu-
lated from the mass of the residue after incin-
eration.

3 Results and Discussion

Results of the gross calorific value analysis
are illustrated in the Figure 1.

rychlostou a udrziavana pri tejto konstantnej
teplote. Obsah popola sa vypocita z hmotnosti
zvysku po spaleni.

3 Vysledky a diskusia

Vysledky analyz zameranych na stanovenie
spalovacieho tepla st znazornené a na obrazku
1.
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Figure 1. Gross calorific value (average) at humidity 0 %

Obrazok 1. Priemerné hodnoty spalného tepla pri vlhkosti 0 %

The comparison of average values of wood
dust samples (Figure 1) shows that gross caloric
value and net calorific values of given wood
species are not basically different. The impact
of humidity (Table 1) is significant, whereas
values of gross caloric vales of absolutely dry
samples were more than 18,000 J-s™X. When ris-
ing humidity, measured values decreased.
When humidity w = 8 %, values of gross caloric
values achieved approximately 17,000 J-s.

Similar results were observed by Giinther,
absolutely dry samples of spruce wood shown
measured value 18,600 J-s%, for samples of oak
wood was measured value 19,126 J-s [8].
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Zo vzajomného porovnania priemernych vy-
slednych hodnét jednotlivych vzoriek prachu
(Obrazok 1), vyplyva, ze hodnoty spalného
tepla ako aj hodnoty vyhrevnosti sa pre jednot-
livé druhy drevin zasadne nelisia. Vyrazne sa
ale prejavil vplyv vlhkosti (Tabulka 1), ked’ze
absolutne suché skusobné vzorky zo vSetkych
drevin mali hodnoty spalného tepla viac ako 18
000 J-s. So vzrastajiicou vlhkost'ou klesali aj
namerané hodnoty. V pripade vlhkosti w = 8 %
hodnoty spalného tepla dosahovali cca 17 000
J-st

Podobné vysledky vo svojej praci zazname-
nali aj d’alsi autori Glinther, pre absolttne suché
sktsobné vzorky smrekového dreva zazname-
nal hodnotu 18 600 J-s-1, pre skiSobné vzorky
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Table 1 Results of the calorimetric rating

dubového dreva zaznamenal hodnotu 19 126
J-s1[8].

Tabulka 1 Vysledky kalorimetrického stanovenia

Wood Gross Calorific Value [J-57] Net Calorific Value [J-5™] Ash content

species with bark without bark with bark without bark with | without

/s korou /bez kory /s korou /bez kory bark bark

Is /bez

koérou kory

w=0 w=238 w=0 | w=8 w=0 | w=8 w=0 w=2_8 w% w%

[%] [%] [%] [%] [%] [%] [%] [%]

Oak 18,434 | 16,960 | 19,202 | 17,666 | 17126 | 15561 | 17872 | 16 247 | 0.46 0.31

Spruce 19,177 | 17,643 | 18,543 | 17,060 | 17847 | 16224 | 17191 | 15620 | 0.21 0.34

Mixture | 19,066 | 17,540 | 18,896 | 17,385 | 17746 | 16 131 | 17555 | 15955 | 0.17 0.24

The highest ash content was shown in sam-
ples of oak with bark. The values of ash content
were in range of 0.46 + 0.18 mass %. The lowest
ash content was observed in the mixture of se-
lected woods with bark in Table 1 (0.17 = 0.15
mass %).

Calorimetric rating of gross caloric value
and net calorific value according to STN 1SO
1928 was measured on the most numerous frac-
tion 0.5 — 1.0 um for all the wood dust samples.

4 Conclusions

The results showed the highest average gross
caloric value achieved by sample of oak wood
dust (19,202 J-s1). It means that oak wood dust
released the biggest amount of heat when burn-
ing. Average values of gross caloric values and
net calorific values when speaking about fire
safety are comparable.
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