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Abstract

Changes in chemical components of wood cause not only the changes in wood surface, but also degradation of
some of its mechanical properties. The paper is focusing the changes in ash wood lignin during thermal loading
monitored by ATR-FTIR spectroscopy. In this research, the samples of Common ash (Fraxinus excelsior L.) wood
were heat treated in a laboratory oven under atmospheric pressure in the presence of air. The treatment was per-
formed for 3 h at three different temperatures of 160, 180, and 200 °C. The changes in lignin structure due to
thermal loading using ATR-FTIR spectroscopy were studied. Based on the results of the experiment, it can be
concluded that even at temperatures of 160 to 200 °C there are changes in the structure of the lignin macromole-
cule, while the intensity of the changes increases with increasing temperature of loading. Since lignin binds to
hemicelluloses (especially xylan), it can be assumed that degradation of the lignin macromolecule also results in
disruption of the lignin-saccharide complex and facilitates the release of hemicelluloses.
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1 Introduction 1 Uvod

Wood is a natural material that can be used for Drevo je vSestranne vyuziteny prirodny
many applications because of its many excellent materidl, a to vdaka svojim vynikajicim
material properties, such as a good strength to materidlovym vlastnostiam, ako je napriklad
weight ratio, easy workability or aesthetic ap- dobry pomer pevnosti k hmotnosti, T'ahka
pearance. However, compared to other building opracovatelnost’ alebo esteticky vzhlad. V
materials, it also has a number of disadvantages, porovnani s inymi stavebnymi materialmi ma
i.e. low resistance to heating and flammability. vSak aj niekolko nevyhod, napriklad nizku
The thermal stability of wood depends on the odolnost’ voc¢i ohrevu a horlavost. Termicka
proportion of chemical components in the wood stabilita dreva zavisi od podielu jeho
Species. chemickych zloziek.

Wood is composed mainly of polysaccha- Drevo sa sklad4 hlavne z polysacharidov a
rides and lignin. These are not insulated in the ligninu. Tieto zlozky nie su v drevnej hmote
wood mass, but linked together, thus forming izolované, ale s navzajom poprepajané,
a lignin - saccharide complex. ¢im sa vytvara tzv. lignin-sacharidovy

komplex. Lignin je aromaticky systém s

117
Delta 2019, 13(2):117-122


mailto:eva.vybohova@tuzvo.sk
mailto:eva.vybohova@tuzvo.sk

ADelta

FIRE PROTECTION & SAFETY Scientific Journal
13(2): 117-122, 2019
DOI: 10.17423/delta.2019.13.2.80

Lignin is an aromatic system with high molecu-
lar weight and amorphous character. It is com-
posed of phenyl propane units which are held
together by ether and carbon-carbon bonds.
There are three types of lignin monomers
- guaiacyl (G), syringyl (S) and
p-hydroxyphenylpropane (H) units [1]. These
differ in the number of methoxyl groups on the
aromatic ring. The content of each unit is varied
with plant types. Softwood lignin is composed
mainly of guaiacyl units, while hardwood lignin
is composed of both guaiacyl and syringyl units.
The content of lignin in wood ranging from 10%
to 30%, whereby in softwoods is higher than in
hardwood species [2,3].

Changes in chemical components of wood
cause not only the changes in wood surface, but
also degradation of some of its mechanical
properties. Under high-temperature conditions,
a series of complex chemical reactions take
place in the wood cell wall, such as oxidation,
degradation and condensation reactions [4,5].
These reactions are in progress not only in a de-
veloped fire, but also in its early stages. Even in
case that wooden constructions or products are
not directly affected by fire but they are only ex-
posed to the heat from a nearby fire, the chemi-
cal components of wood may be irreversibly
changed. The extent of these changes depends
on conditions of thermal loading (duration and
temperature) as well as on wood species.

2 Material and Methods

In this research, the samples of Common ash
(Fraxinus excelsior L.) wood with dimensions
of 32 mm x 32 mm x 120 mm (width x thick-
ness x length) were heat treated in a laboratory
oven under atmospheric pressure in the pres-
ence of air. The treatment was performed for 3
h at three different temperatures of 160, 180,
and 200 °C. One group of samples was left with-
out treatment (control sample). The dioxane lig-
nin was isolated from 10 g of each sample in
200 ml of a dioxane-water mixture (9:1) for 5 h
at the temperature of 80 °C [6]. The changes in
lignin structure due to thermal loading using
ATR-FTIR spectroscopy were studied. The
FTIR spectra were recorded on a Nicolet iS10
FTIR spectrometer equipped with the Smart
iTR attenuated total reflectance (ATR) sam-
pling accessory with diamond crystal (Thermo
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Existujt tri typy monomérov ligninu - guaj-
acyl (G), syringyl (S) a p-hydroxyfenylpropan
(H) [1]. Tieto sa lisia poctom metoxylovych
skupin na aromatickom jadre. Obsah spomina-
nych monomérov je variabilny u jednotlivych
rastlinnych druhov. Lignin ihli¢natych drevin sa
sklada hlavne z guajacylovych jednotiek, zatial
¢o lignin listnatych drevin sa skladd priblizne z
rovnakého podielu guajacylovych a syringylo-
vych jednotiek. Obsah ligninu v dreve sa pohy-
buje od 10 % do 30 %, pricom v ihli¢natych dre-
vinach je vyssi ako v dreve listnatych drevin
[2,3].

Zmeny chemickych zloziek dreva pri termic-
kom zat'azeni sposobuju nielen zmeny povrchu
dreva, ale aj zhorsenie niektorych jeho mecha-
nickych vlastnosti. Pri zvySenych teplotach pre-
bieha v bunkovych stenach rad chemickych re-
akcii, ako su oxida¢né, degrada¢né a konden-
zaéné reakcie [4,5]. Tieto reakcie prebichaju
nielen pri rozvinutom poziari, ale aj v jeho po-
¢iatocnych fazach. Chemické zlozky dreva sa
moézu nezvratne menit’ aj v pripade, Ze drevené
konstrukcie alebo vyrobky nie su priamo za-
siahnuté poziarom, ale su vystavené iba teplu z
blizkeho ohna. Rozsah tychto zmien zavisi od
podmienok termického zatazenia (Cas a tep-
lota), ako aj od druhu dreva.

2 Material a metody

V tejto praci boli vzorky dreva jasena Stih-
leho (Fraxinus excelsior L.) s rozmermi 32 mm
x 32 mm x 120 mm (3irka x hrubka x dizka) ter-
micky zatazené v laboratornej peci pri atmosfé-
rickom tlaku v pritomnosti vzduchu. Uprava
prebiehala 3 hodiny pri troch r6znych teplotach,
a to 160, 180 a 200 °C. Jedna skupina vzoriek
bola ponechana bez zatazenia (kontrolna
vzorka). Dioxanovy lignin bol izolovany z 10 g
kazdej vzorky v 200 ml zmesi dioxan-voda (9:
1) pocas 5 hodin pri teplote 80 °C [6]. Zmeny v
Strukture ligninu spésobené termickym zat’aze-
nim boli pozorované pomocou ATR-FTIR
spektroskopie. FTIR spektra boli zaznamenané
na spektrometri Nicolet iS10 vybavenom Smart
iTR néstavcom s diamantovym krystalom pre
meranie spektier metodou zoslabenia uplné¢ho
odrazu (Thermo Fisher Scientific, Madison,
WI, USA). Spektra boli merané v rozsahu



ADelta

FIRE PROTECTION & SAFETY Scientific Journal
13(2): 117-122, 2019
DOI: 10.17423/delta.2019.13.2.80

Fisher Scientific, Madison, WI, USA).spectra
were measured in the wavenumber range from
4,000 to 650 cm*. A resolution of 4 cm™ and
64 scans per sample were used. Six measure-
ments were performed per sample and the aver-
age spectra were determined and evaluated. The
OMNIC 8.0 software (Thermo Fisher Scien-
tific, Madison, WI, USA) was used for evalua-
tion.

3 Results and Discussion

From the comparison of FTIR spectra of di-
oxane lignin isolated from untreated and ther-
mally treated wood (Figure 1) we can see the
most significant changes in the wavenumber
range 1,800-1,630 cm™, which is characteristic
region for carbonyl and carboxyl groups. The
maximum of peak, which in the case of un-
treated wood leaves at 1,719 cm., shifts with
increasing treatment temperature to smaller
wavenumbers. In the spectra of lignin isolated
from wood treated at temperature of 200 °C it
leaves at wavenumber 1,709 cm™. This suggests
that during thermal loading new C=0 groups
are formed [7]. Furthermore, the intensity of
this peak noticeable increases with simultane-
ously decreasing in intensity of peak at 1664
cm-1 when treatment severity increases. The
observed changes in this region of the FTIR
spectra can be explained by thermal cleavage of
B-arylether groups and subsequent side-chain —
C=0 rearrangement from o- to §-. That means
increasing in non-conjugated carbonyl groups
in relation to conjugated groups [8,9,10]. The
ratio of intensity of its characteristic absorption
bands H1719/1664 are in Table 1.

vlno&tov 4 000 - 650 cm™, pri rozliSeni 4 cm™.
Pri kazdom merani bolo uskutocnenych 64 ske-
nov. Kazda vzorka bola analyzovana Sestkrat, z
tychto analyz boli zhotovené a vyhodnotené
priemerné spektrd. Na hodnotenie sa pouzil
softvér OMNIC 8.0 (Thermo Fisher Scientific,
Madison, WI, USA).

3 Vysledky a diskusia

Porovnanim FTIR spektier dioxanového
ligninu izolovaného z termicky zat'azenych ako
aj nezat'azenej vzorky dreva (obrazok 1) mozno
pozorovat' najvyznamnej$ie zmeny v oblasti
vlnoctov 1 800-1 630 cm? ¢o je
Charakteristicka oblast pre karbonylové
a karboxylové funkéné skupiny. Maximum
absorpéného pasu, ktoré sa v pripade
nezat'azeného dreva objavuje pri 1719 cm-1, sa
so zvySujucou sa teplotou zataZenia posuva
smerom k niz§im vinoctom. V spektrach ligninu
izolovaného z dreva zat'azeného pri teplote 200
°C sa nachadza pri vlnoc¢te 1 709 cm?. To
naznacuje, ze pocCas termického zatazenia sa
tvoria nové C=0O skupiny [7]. Okrem toho,
intenzita tohto absorpéného pasu sa zretelne
zvySuje za suCasného znizovania intenzity
absorp&ného pasu pri 1 664 cm™, ked’ sa zvySuje
intenzita termického zat'azenia. Pozorované
zmeny v tejto oblasti FTIR spektier sa daji
vysvetlit' Stiepenim B-aryléterovych skupin
a naslednym preSmykom C=O v postrannom
ret'azci z a- do B- polohy. To znamena zvySenie
nekonjugovanych  karbonylovych  skupin
v porovnani s konjugovanymi skupinami
[8,9,10]. Pomery intenzit uvedenych
charakteristickych absorpénych pasov
H1719/1664 su v tabul’ke 1.

Table 1. Ratio of intensity of non-conjugated to conjugated carbonyl peak Hi719/1664

TabulPka 1. Pomer intenzit absorpéného pasu nekonjugovanej ku konjugovanej karbonylovej skupine

Ha1719/1664
Control 160 °C 180 °C 200 °C
Hai719/1664 0.800 0.871 1.111 1.438
119
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Figure 1. FTIR spectra of isolated dioxane lignin from untreated (control) and thermally treated (160

°C, 180 °C, 200 °C) ash wood

Obrazok 1. FTIR spektra dioxanového ligninu izolovaného z nezat’azeného (control) a termicky zat’a-
zeného (160 °C, 180 °C, 200 °C) jasenového dreva

The characteristic absorption band for hard-
woods lignin, that contains guaiacyl and sy-
ringyl units, leaves at wavenumber 1,505 cm™.
It is assigned to C=C stretching of the aromatic
skeletal vibrations. The maximum of this band
due to treatment shifts to about 1,509 cm™,
which is a characteristic wavenumber for soft-
wood lignin contained mainly from guaiacyl
units. This suggests the cleavage of methoxyl
groups in lignin which results in a lignin more
similar to softwood or the loss of syringyl units.
Compared to guaiacyl units, syringyl units con-
tains more methoxyl groups, are less condensed
by C-C bonds and more easily released at high
temperatures [9,11,12].

The loss of syringyl units due to thermal
loading is evident also from decreasing in inten-
sity of its other typical bands at 1,326, and 1,121
cm™. Table 2 shows the relative intensity of
mentioned absorption bands. In other study [13]
it was found that low content of methoxyl
groups reduces the heat capacity (Cp) of lignin.
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Charakteristicky absorpény pas ligninu list-
natych drevin, ktory obsahuje guajacylové aj
syringylové jednotky, lezi pri vlnocte 1 505 cm-
!, Prirad’uje sa vibraciam C=C vizieb v aroma-
tickom jadre. Maximum tohto pasu sa vplyvom
termického zataZenia posuva k hodnote 1 509
m, o je charakteristicky vlnocet pre lignin ih-
li¢natych drevin, ktory pozostava hlavne z guaj-
acylovych jednotiek. Tento posun naznacuje
Stiepenie metoxylovych skupin v lignine alebo
ubytok syringylovych jednotiek, v dosledku
¢oho je lignin viac podobny ligninu ihlicnatych
drevin. V porovnani s guajacylovymi jednot-
kami obsahuju syringylové jednotky viac meto-
xylovych skupin, si menej kondenzované viz-
bami C-C a Tahsie sa uvolfuju pri vysokych
teplotach [9,11,12].

Ubytok syringylovych jednotiek v dosledku
termického zatazenia je zrejmy tiez z poklesu
intenzity dalSich charakteristickych absorp-
¢nych pasov, ato pri 1 326 a1 121 cm™. V ta-
bulke 2 st uvedené relativne intenzity spomina-
nych absorpénych pasov. V inej §tadii [13] bolo
zistené, ze nizky obsah metoxylovych skupin
znizuje tepelni kapacitu (Cp) ligninu.
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Table 2. Relative intensity of absorption bands characteristic for syringyl units

Tabul’ka 2. Relativne intenzity absorpénych pasov charakteristickych pre syringylové jednotky

Control 180 °C 200 °C
Ha326/1505 0.396 0.368 0.312
H1121/1505 1.582 1.419 1.202

4 Conclusions

Based on the results of the experiment, it can
be concluded that even at temperatures of 160
to 200 °C there are changes in the structure of
the lignin macromolecule, while the intensity of

4 Zaver

Na zaklade vysledkov experimentu mozno
konstatovat’, ze aj pri teplotach 160 az 200 °C
dochadza k zmenam v Struktire ligninovej mak-

the changes increases with increasing tempera-
ture of loading. Since lignin binds to hemicellu-
loses (especially xylan), it can be assumed that

degradation of the lignin macromolecule also  (naimi xvlanmi y dpokladat’. >
results in disruption of the lignin-saccharide zami (najmd xylanmi), mozno predpokladat, ze

complex and facilitates the release of hemicel- degradiciou ligninovej makromolekuly docha-
luloses. dza k naruseniu lignin-sacharidového kom-

plexu, ¢o napomaha uvolnovaniu hemiceluloz.

romolekuly, pricom intenzita zmien sa zvySuje
so zvySujucou sa teplotou zat'azenia. Kedze
existuju vézby medzi ligninom a hemicelulo-
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