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Abstract

We investigate the energy dependence of the UV laser irradiation on DRIFT spectra of wood. Changes in the spectra have been studied with
248.5 nm wavelength of UV laser radiation. To monitor the energy dependence, a different number of laser impulses were directed towards
the sample’s surface. It can be concluded that several chemical processes contribute to the effect of the UV laser radiation. The processes
depend on several factors one of which is the amount of absorbed energy. The characteristics of wood species can be observed mainly at low
energy irradiation in the changes of spectra since these characteristics disappear with increased energy, the absorption’s changes have becon
more and more uniform. Recording the spectra of treated sample, the spectra show the degree of the surface’s instantaneous degradation. Th
differences among the observed changes in spectra may originate from both the diversity of the original spectra (the features of wood species
and surface properties) and the stage of degradation’s degree of sample. Changes in absorption become less pronounced with increasin
energy.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction them. Using UV lasers instead of traditional lamps during
the irradiation could solve all of the above-mentioned prob-
The study of the UV photodegradation of wood has be- lems. Using lasers as radiation sour{®4] the duration of
gun some decades affh?]. The investigation should have the treatment can be shortened, the wavelength of the ra-
two stages: first, the irradiation of the wood’s surface by diation can be known, and the energy can be determined
UV beam; second, the detection of the changes caused byas well as the intensity of radiation at the surface. In or-
the radiation. There are two ways of irradiation: in a nat- der to investigate the UV photodegradation’s dependence
ural environment one uses the Sun as a source or differenton the radiation energy, we used an UV laser working at
kind of UV lamps in artificial circumstances. In both cases definite wavelengths. The infrared (IR) spectrum of wood
there is no way to measure exactly the energy of radiation and its constituents has already been studied in many as-
on the sample’s surface. In addition, the UV photodegrada- pects[5-7]. The diffuse reflection infrared Fourier trans-
tion is influenced by other factors (moisture, temperature, form (DRIFT) spectroscopy is a widely accepted method
visible light and infrared radiation) and it is hard to exclude for analyzing the spectrum of wood, wood component and
pulp and to follow the changes occurring on the surface of
the wood[8—44]. The energy dependence of the changes
* Corresponding author. Tel.: +36 62 544813; fax: +36 62 544368. in the DRIFT spectra of wood materials will be discussed
E-mail addresspgy@physx.u-szeged.hu (G. Papp). below.
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2. Materials and methods light, a andb are the linear absorption and remission coeffi-
cient, respectively) of untreated samples from the spectrum

For the experiments, the samples were made of softwoods(measured in Kubelka—Munk unit) of treated samples. It is
(larch: Larix decidua scotch pinePinus silvestriy and of important that the absorbance be constant at places where
hardwoods (beechFagus silvatica black locust:Robinia there are no changes in the spectrum. On the basis of earlier
pseudoacacia The samples used were disks with 12mm studieg4] the absorbance maximum around 1373 ¢was
diameter and 1.5-2mm thickness and were chosen fromchosen as reference point. Each spectrum obtained after UV
planed, cutting age boles. Their surface contained only onetreatment was multiplied by the factor obtained by dividing
tissue (early or latewood of heartwood or sapwood) so the sur-the absorbance at 1373 chhmeasured before and after UV
face was tangential. To have uniform moisture content, the irradiation. Thus the intensity value on the difference spec-
samples were dried at 70-76 for 3 days. Dryingofwood at  tra is given in Kubelka—Munk unit. Positive values refer to
temperatures above 4Q causes loss of volatile substances the increase, negative values to the decrease of absorbance,
also, so the results may involve possible influence. respectively.

Irradiation by UV light was performed using a krypton-
fluoride excimer laser. The laser emitted light impulses with a
wavelength of 248.5 nm and with duration of 15 ns/impulse. 3. Results and discussions
The high energy of the impulses was diminished using an
energy filter and the samples’ surface was perpendicular to  To reveal the qualitative features of the spectra and their
the laser beam. The beam was made divergent using a quartgzhanges, the spectra of earlywood of heartwood together with
lens with a focal length of-10 cm, so the light reached the the relevant peak’s wavenumbers for untreated and treated
sample surface homogeneously. The detector of the energywith 8000 impulses (160 J); samples are showRimn 1 for
measuring instrument was placed immediately behind the larch (a) and beech (b). The main differences of composition
sample holder so on the energy that passed through the hole obetween hardwood and softwood can be identified in these
the holder was measured. Further increasing the distance bespectra, indifferently in the so-called ‘fingerprint region’, i.e.
tween the lens and the sample holder can diminish the energybetween 1800 and 850 crh[37].
reaching the sample. This distance and the energy filter were  For the analysis of the spectral changes caused by the irra-
set so that one sample should receive 20 mJ energy/impulsediation, the difference spectra were divided in two regions as
Each sample was repeatedly irradiated; their IR spectra werespectra between: 3800 and 1800¢m1800 and 850 crmt.
recorded after every irradiation act. The effect of 2000 pulses
per act at 10 Hz repetition rate irradiated each sample to haveg 4 Changes in the spectra between 3800 and
significant differences between the irradiated and untreatedlgoo cntl
samples. So one sample received 40J energy in one irradi-

ation act, which means an energy density of 510 RJ/fo In the OH-band region (3700-3050 cf) a decrease and

be sure that we will have _S|gnlf|cant dlfferences with these an increase in the absorption can be observed depending on
energy dozes several preliminary experiments were done. In

these experiments, we have made about 50 repetitions to set

up the above measurements. The presented results are related @orroms oo ofh
to individual sample, they are not an average of them. The 2k L
irradiation was carried out at atmospheric pressure and in N\ CHibands
open space. The sample surface was not cooled and was not 1L \\ R
sanded. '

DRIFT spectra were recorded between 3800 and
850 cnt ! with 4 cm 1 resolution and with 256 scans by us-
ing a Fourier-transform infrared (FTIR) spectrophotometer,
Bio-Rad Digilab Division (FTS-65A). To exclude the direc-
tion dependenck85,36], the disks were placed always in the
same position; they were hit by IR beam with the grain. Base-
line correction was performed with straight-lines in two steps
between: 3800 and 1900 cry 1900 and 850 cmt.

Changes caused by the UV irradiation in the chemical
structure of wood samples were investigated by analyzing . . \ . ; .
the difference spectra obtained by subtracting the appropri- 8500 3000 2500 2000 1500 1000
ate spectrum (measured in Kubelka—Munk (ia&,24] the Wavenumbers/cm'

absorbance analogue unitin diffuse reflectance spectroscopy}':ig' 1. DRIFT spectra of earlywood of heartwood for larch (a), and for beech

KM= a/b=(1—R)?/2R, whereR s the fraction of incident (b) between 3800 and 850 crh without treating (solid) and irradiated with
light remitted by a sample with zero transmitted fraction of 160J (dashed) and their difference (thin solid).

(b) Beech

6r earlywood of heartwood
OH-blands T

Kubelka-Munk units
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05f@ 60 Larch 3560 cnr! was assigned to absorbed water weakly bound
fia0 , certywood of heartwood in [38], 3460-3412cm! to O---H stretch in wood[39],
N 3570-3450cm! to valence vibration of H bonded OH-
,/" 80J "'v-! . groups (intramolecular) in cellulogd0], 3455-3410 cm?!
@ g 4032 ,\!f,ff:-:___i to O(2)H---0O(6) intramolecular in cellulose[41],
5 0.0 ~<==* —7 — 3375-3340 cm! O(3)H- - - O(5) intramolecular in cellulose
'§ [41,42]) 3310-3230cm! O(B)H---O(3) intermolecular
Eau (b) - Saedh in cellulose [41-43] 3400-3200cm! valence vibration
= 05| j v, earlywood of heartwood of hydrogen bonded OH-grouf@0]. A summary of band
§ !,f’ 120\J\ assignments was published recently in Ré4]. With this
S N parallel, the appearance of hydroxyl groups started, but this
Y S process is slower. It was shown[B0,31], that the intensity
b 80J of bands varies depending on the particle size, or the particle
404 size and concentration of wood powder influence the DRIFT
3500 3000 2500 spectra. One of the reasons that the sample surface became
Wavenumbers/cm-1 more and more rough is that the high energy density laser

impulses reach the samples within a short period of time. So
Fig. 2. Difference spectra of earlywood of heartwood for larch (a) and for the sample is capable of adsorbing more and more moisture
beech (b) between 3800 and 2250¢nirradiated with different impulse from the Surrounding air. This adsorbed moisture content ap-
numbers from UV lasers. . . .

pears as an increase in the OH band region. In thgr@re

. (3000-2900 cm?) the rise is dominant in absorption for

fthe energy. For low energy, the left side of the bgnd and EVENihe softwood even for low energy, while for the hardwood a
its centre are decreasing. For 40 and 80 J, this decrease ISiecrease in absorption was found for energy even up to 120 J,

much more characteristic than the meaninglessincreaseinth%ut for high energy (160J) only an increase in absorption
absorption on the right side of the band. Around the maxima can be observed in the spectra of the investigated samples.

and the right side of the band, the absorption is increasing by
the increase in energy. In this range, the difference spectra
are always positive for 120 and 160 J. At the same time, the 3.2. Changes in the spectra between 1850 and 850 cm
definite decrease on the left side of the band is followed by an
increase, and for 160 J, the difference spectra have became The absorption wavenumbers of the CO stretching in non-
positive for all samplesHig. 2). conjugated ketones, carboxyl groups and lactones are be-
It seems from our investigations that there are more tween 1730 and 1780 cm [25] and the non-conjugated
processes in the OH-band region during irradiation. For low aliphatic carbonyls absorb between 1700 and 1750'cm
energy, these processes are dominant and cause a decrease[##6]. The tissues of woods behaved differently in this range
absorption on the left side range of band. This is very likely (1780-1700cm?). A broad absorption increase around
due to the decomposition of H-bridge bonds, which do not 1740cnT! can be observed for latewoods after irradiating
need large amount of energy to decompose. A band at abouthe samples with KrF laser at both energy levéig (3, left)
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Fig. 3. Difference spectra of softwoods and hardwoods between 1850 and 168@adiated with different impulse numbers from UV lasers.
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in agreement with earlier resulfd], while for earlywoods 03f

two different peaks appeared (around 1755 and 1725¢m Sl . BHE {01,

in the difference spectréig. 3, right). These two peaks are 0zl . el =515
—*—|HE —+—LSE

more pronounced for the hardwoods.

A decrease in absorbance around 1650 teonjugated £ o4} 1600 cm’

carbonyl groups and adsorbed water in wood capillaries) can 5

be observed in the spectra for low irradiation energy, which '§ 0.0 =

is followed by an increase for higher energies. The differ- ﬁ - . )

ence spectra became positive after irradiating the sample with = i :

160J. The decrease can be attributed to loss of water as well é 01} /

as to the conjugated=© groups. But for higher energy the - e

number of conjugated carbonyl groups is increasing and this 0.2} —

rise depending on the wood’s species, exceeds the rate of de- 03—+ BHL —e—LHL

crease (Se€ig. 4(a) and (b)). Inthe range of 1620-1560th — = |HE —+— BHE

(syringyl units and carboxyl ions of lignin), our observations B4 0 m 0 150

contradict those of the literature dealing with time-depending Energy/J

processes of changes in absorptjerli7]. All of them re-

ported the continuous decrease of intensity both for hard- Fig. 5. Difference spectra of woods as a function of energy for the band at

wood and softwood. In our experiments, the intensity was 1600cnT? in the case of soﬂwpods (a) and in the case of hardwoods (b).
. . . The symbols are the same adig. 4.

squarely growing in the case of softwod@8], which was

slower for low energy and more pronounced for high energy s pigher and decomposition becomes dominant at low ener-

(Fig. 5@)). In the case of hardwoods’ tissues, the intensity ies

was decreas:ing for low energy but it was followed t?y anin- = The characteristic absorption band of aromatic rings

crease for high energyF(g. b)). The likely reason is that 54,14 1510 cmt is decreasing for all of the samples even at

due to photodegradation two rival processes are present. Theq j 't this decrease is slower for higher energy. The bands

decomposition of the syringyl units decreases the band in-yo yeen 1460 and 1315 crhare practically unchanged dur-

tensity whereas the growing concentration of the carboxyl i, tractional treatment of softwoods; while in the case of

10ns Increases the band intensity. I,n softwood, the syringyl hardwoods the initial decrease in intensity was followed by

content of lignin is low, so that the increase of the number __icrease around 1460 and 1425¢r(Fig. 6a)) and a re-

of carboxyl ions at low energy surmounts the effect of the 1,5 apje intensity increase was observed around 131%cm

decomposition of the rings. This is the reason why there is (Fig. &(b)) which is Ch rocking vibration derived from cel-

not only decrease but also a slower increase in the absorptioqulose[40]_ The band around 1273 crh (Fig. 7), belonging
even at 40J. However, for hardwoods the syringyl content to the guaiacyl units of lignin is decreasing in agreement

with Refs.[2,8]. The absorption is continuously decreasing

02l ® SHL —= SHE (a) around 1234 cm! for earlywood of larch’s sapwood, while
[YobHL <lst there is no change for the other samples. Also continuous, but
01F—4—LHE —¢LSE s
0.0 e R =
P = // 000 p® 1425 cm-‘/./
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Fig. 4. Difference spectra of woods as a function of energy for the bands at 1 i I .
1650 cntt in the case of softwoods (a), and in the case of hardwoods (b). 0 40 80 120 160
The abbreviated letters in (a): the first S, scotch pine; the second S, sapwood; Energy/J

the first L, larch; the last L, latewood; E, earlywood; H, heartwood, and in
(b): B, beech; the first L, black locust, while for the others are the same as Fig. 6. Difference spectra of hardwoods as a function of energy for the bands
in (a). at 1425 cntt (a) and 1317 cm! (b). The symbols are the same asig. 4.
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0.0 (@) of the surface’s instantaneous degradation. The differences
f——t 4 among the observed changes in spectra may originate both
01 *\—‘\N:\ from diversity of original spectra (the kind of wood and sur-

face properties), or from the stage of degradation’s degree of
sample. If the products of degradation are left on their sur-
face, they defend the bonds of underlying layers from UV

radiation and the degradation processes are weakening.

0.2+

[—e—SHL —=—SHE

|——LHL —<+—1LSL
—4—|HE —e—|SE

Kubelka-Munk units

g3
' 1273 cm! (b)
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