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Abstract

The infrared (IR) spectroscopy is a good analytioal to determine the chemical changes of photctigion
caused by sunlight exposure. Wood is an excellght bsorber material, so the diffuse reflectaremdnique
can only be applied. This technique gives infororatirom the same surface layer which is affected by
photodegradation. The IR spectroscopy is a nondgsste method. This paper presents the main chémica
changes caused by light irradiation. The time ddproe of these changes is displayed as well. Wedemted
that the rain leaches out the photodegradationystsdrom the surface of outdoor wooden constractjiving
place for further degradations. The earlywood atdwood have different sensitivity to photodegraxhatthe
earlywood suffers much more degradation than latelwdasers are special light sources emitting arlg
wavelength. The wavelength dependence of photodetioa is investigated applying lasers.



INTRODUCTION

Infrared (IR) spectroscopy is a good analytical toadetermine the changes of chemical components
in wood caused by different treatments. The woadbistransparent for light, so the DRIFT (diffuse
reflectance infrared Fourier-transform) technigae be applied. The powerful Fourier-transform IR
technique gives the possibility to measure theuddfy reflected intensity of a thin layer. Thisais
perfect technique to investigate the photodegraddiecause the information is given from the same
layer which suffered photodegradation. The Kubéiaik (K-M) theory [1] was created to calculate
the absorption properties of the surface layergusie reflected light.

The K-M theory is widely applied to determine tlight absorption properties of wood and the effect
of photodegradation [2-15]. The effect of light sms [15-16], surface roughness [17-18], wood
species [19-21] and the protective effect of swfaeatments [22-23] are widely investigated by IR
spectroscopy. The penetration of light into wood #@as degradation effect can also be monitored by
IR spectroscopy [24-25].

Using lasers as radiation sources [26-27] the dumraodf the treatment can be shortened, the
wavelength of the radiation can be known exacthd the energy can be determined as well as the
intensity of radiation at the surface. By laseadintion more accurate information can be givem tha
using traditional light sources.

In this study patterns are given demonstratingubefulness of the IR spectroscopy monitoring the
photodegradation of wood.

EXPERIMENTAL

Japanese cedaCryptomeria japonica D. Don), Scots pineRinus sylvestris L.), spruce Picea abies
Karst.) andbeech Fagus crenata Carr.) samples were investigated. Planed surfagésa tangential
orientation were prepared. The sample size was B@&xImm). Samples of different series were
prepared using the same board. Earlywood and lateworfaces were investigated parallel in order to
find the photodegradation differences. The natsuallight irradiations were carried out between 5th
of May and 19th of August, 2003 (air temp. variéd4ll °C, max. RH 80%nd the daily average of
total solar power density were between 436-459 f)//im order to determine the effect of the sunlight
alone, samples were exposed outside only on susys: & mercury lamp as a strong UV light emitter
was also used to irradiate specimens (HAL 800N&taifed into a KBP.659 Nippon Denchi Co. Ltd.
chamber.). Total irradiation time was 200 hoursdanlight and 20 hours for mercury light. One part
of the samples was covered with a 2 mm thick aluminplate in all experiments. These surfaces
were used to determine the thermal degradatioreddus the applied irradiation.

The IR spectra measurements were performed witARSCO FTIR double beam spectrometer
equipped with a diffuse reflectance unit (JASCO:-8B. The resolution was 4 ¢hand 64 scans
were obtained and averaged. The background speetasbtained against an aluminium plate. The
spectral intensities were calculated in Kubelka-kI@iK-M) units. Two-point baseline correction at
3800 cmt and 1900 cr was carried out. Difference spectra were calcdldig subtraction of no
irradiated from the irradiated.

Five types of impulse laser emitting different wiavgths were used to produce the photodegradation
of the samples. The data of the applied laserprasented in Table 1.

Table 1.Physical parameters of the applied lasers

Laser type Wavelength  Impulse Impulse Impulse | YEnergy | Power density
(nm) energy time frequency | (Joule) (W/m?)
(m Joule) (ns) (Hz2)
ArF 193 10 20 10 15 4410
KrF 248,5 20 15 10 100 1.240
XeCl 308 20 20 10 100 8.870
Nitrogen 337 2,8 15 30 100 1.6°10
Rodamin 581 4 15 10 100 2.4°10




RESULTSAND DISCUSSION

Infrared spectroscopy is a useful method for stuglyhe chemical changes in wood caused by light
irradiation. The IR spectrum of wood has aroundniyemajor bands. Fig. 1 represents the DRIFT
spectrum of beech wood. The positions of the IRdbaare listed in Table 2 together with their

assignment. The latter can be given only in gerterals since wood spectra are the results of heauvil

overlapping bands of lignin, hemicelluloses andutese.
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Figure 1 DRIFT spectrum of beech wood

Table 2 Position of the bands of DRIFT spectra at#4 resolution and the band assignments

Conifers(cm™) Beech (cm™) Assignment
2472 3520 OH stretching
2930 2957 CH and C}stretching (asymm.)
2904 2915 CH and C}stretching (symm.)
1740 1750 CO stretch. in unconj. ketone, acetyhaeyl groups
1662 1655 KEO; CO stretching in conj. systems
1599 1603 aromatic skeletal breathing with CO shieg
1510 1510 aromatic skeletal
1457 1465 C-H deformation (asymm.)
1427 1436 C-H deformation (asymm.)
1373 1387 C-H deformation (symm.)
- 1342 C-H deform., C-OH stretch., syringyl ring
1319 - CH wagging, C_H deformation
1275 1277 Gry-O, guaiacyl ring breathing with CO stretching
1238 - GO stretching, OH i.p. bending, acetyl in sylans
1170 1174 C-O-C stretching (asymm.)
1132 1138 C-O-C stretch. (symm.), arim. C-H i.dod®mation,
glucose ring vibration
1047 1096 GO
1003 1006 &nyirO
898 906 C-H deformation of cellulose




The difference spectrum shows only that peaks whidmged by photodegradation. Positive peaks
represent the increase and the negatives the deciafathe absorption. Fig. 2-3 represent the
difference IR spectrum of beech caused by 200 bonlight irradiation. The most important region
(fingerprint region) is zoomed in Fig. 3. Severpéstral changes can be observed on the difference
spectra in Fig. 2-3. The OH bans decreased aro688 8m" and increased around 3496 trThe
CH, valence vibrations are presented between 283basrd 3000 ci. After irradiation the carbonyl
band between 1680 and 1900 tincreased and the peak of the aromatic skeletmhtibn arising
from lignin (1510 crit) decreased together with the guaiacyl vibratidr282 cnt. The band for the
aromatic skeletal vibration at 1603 ¢ralso decreased in the case of beech. The intefmifgase in
the range of 1100 to 1200 éniC—O-C and C—-O-H) is the expression of ethertsiand OH group
consumption followed by dehydration during UV inattbn.
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Figure 2 Difference IR spectrum of beech wood @0 hours of sunlight irradiation
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Figure 3 Difference IR spectrum of beech wood &0 hours of sunlight irradiation (fingerprint reqg)

The enlarged segments of the difference spectfégin3 reveal an intensity increment in the cartbony
region in two distinct wavenumber ranges: at 1788" ¢CO stretching in unconjugated ketones,
carboxyl groups and lactones) and at 1710 ¢@O stretching of various functional groups). The
intensive band appears at 1764"dmcase of conifers.



The IR spectroscopy is suitable to monitor the tuependence of photodegradation. This is well
demonstrated in Fig. 4; where the changes of diffee IR spectra are visible after 5; 10; 17; 25; 35
50; 70 and 100 hours of mercury lamp irradiatiosually two peaks develop in the 1900 and 1680
cmi’ region during the exposure of wood to UV radiationsoftwoods these peaks are close to each
other. These highly overlapped bands are sometiisésie as one broad band if the irradiation is
strong enough or prolonged. At the beginning addiation the peak at 1710 €nis growing faster
than the peak at 1764 ¢mThe trend changes after 50 hours of treatmere. détrease of aromatic
skeletal vibration at 1510 ¢hand the decrease of the guaiacyl vibrations aP 28" are also well

demonstrated in Fig. 4.
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Figure 4Difference IR spectrum of Scots pine (earlywood pasapwood) caused by 5; 10; 17; 25; 35; 50; 70
and 100 hours mercury lamp irradiation

The rain can leach out the photodegradation preduein the surface of wood. It can be detected by
IR spectroscopy. Fig. 5 represents the effect Oft&furs mercury lamp irradiation and the leaching b
distilled water during one day. Leaching removeaiakable part of carbonyl groups. The two main
peaks decreased differently. Most part of carboafsorbing at 1764 chwas leached out, but the
others absorbing at 1710 ¢rwere only partly removed.

—UV treatment for 200 hours

After soaking for 1 day

Relative units
(=]
(=]
|

02 -

" Difference

| T T T T
1900 1800 1700 1600 1500 1400 1300

Wavenumber (cm™)

Figure 5 Difference IR spectra of spruce sapwoatsed by 200 hours mercury lamp irradiation folloviesd
one day leaching in distilled water

The lasers are suitable to determine the waveledgipendence of photodegradation. Here is
presented only one new result. Further resultsb&afound in other publications [16, 26, 27]. The
decrease of CHgroups during photodegradation is questionableeSpapers report this change but



the others not. Mostly mercury lamp irradiationates this decrease. Figure 6 shows clearly thgt onl

short wavelengths produce the degradation of CldggoThe mostly used xenon lamps do not emit as
short wavelengths as splitting of CH groups nedttTs why most of papers report that CH groups
are intact by photodegradation.
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Figure 6 Difference IR spectra of Scots pine (emolyd part of sapwood) caused by lasers emittirgfi8tand
308 nm. The total irradiation energy was 100 Jauleoth cases.

The surface of wooden elements becomes rough dioimgterm outdoor exposure. The sensitivity
difference to photodegradation between earlywoatl latewood is well demonstrated in Fig. 7. The
degradation of lignin in latewood (presented atQlBai") is much less intensive than in earlywood.
More carbonyl groups are created in earlywood thanlatewood. The changes caused by
photodegradation are greater on the whole exanmigggdn in the case of earlywood.
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Figure 7 Difference IR spectra of Japanese cedaed@ywood (E) and latewood (L) caused by 120 &our
sunlight (S) irradiation
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