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Abstract

Aim of study: This study evaluated the improvements in dimensional stability and biological resistance of
wood against fungal degradation, and termites by radiation-induced in situ copolymerization of three types of
low viscosity-unsaturated polyester resin with styrene.

Material and methods: Radiation polymerization of unsaturated polyester resin with styrene in a viscous
system was performed at ambient temperature using gamma (y)-rays. In the study, water absorption and
dimensional stability of the modified wood specimens were first determined. The wood specimens were also
tested against decay and mold fungi and termites in laboratory.

Main results: Results after 24-h water immersion of modified wood specimens showed that more than
70% of water repellent effectiveness was obtained in the wood specimens after modifications with the three
formulations of tested chemical mixtures; however, the highest anti-swell efficiency values were observed in
the specimens treated with the only one type of treating mixtures. Mold resistance tests showed that the
treating mixtures tested were not completely inhibited mold growth; however, some improvements in mold
scores were seen when compared to control wood specimens. Results showed that after modifications, the
specimens showed increased resistance against the fungi and termites considering untreated control
specimens.

Highlights: Modifications by styrene and UP resin with different formulations and gamma irradiation
greatly improved water absorption and volumetric swell of test specimens in comparison with unmodified
control specimens.
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Ortoftalik Poliester Reginesi ve Stiren ile Modifiye Edilmis Odunun

Biyolojik Performansi

Oz

Caliymanmin amact: Bu ¢alismada, ii¢ tip dusiik viskoziteli doymamus polyester reginenin stiren ile
radyasyonla yerinde indiiklenerek kopolimerizasyon sonucu ahsabin ¢iriikliik ve kiif mantarlarina karsi
performansi ve boyutsal dzelliklerindeki iyilesmeler incelenmistir.

Materyal ve yontem: Ortoftalik doymamis polyester reginenin viskoz sistemde stiren ile radyasyon yoluyla
polimerizasyonu oda sicakliginda gamma (y) 1smlar1 kullanilarak yapilmistir. Calismada, modifiye edilmis
odun &rneklerinin su alma ve boyutsal stabilitesi belirlenmistir. Ornekler ayrica laboratuvar ortaminda
ciiriime, kiiflenme ve termit dayanimu testlerine tabi tutulmustur.

Sonuglar: Modifiye edilmis ahsap numunelerin 24 saatlik suya batirilmasindan sonraki sonuglar, test
edilen kimyasal karisimlarin ti¢ formiilasyonu ile modifikasyonlar yapildiktan sonra, ahsap numunelerde su
itici etkinliginin% 70'inden fazlasinin elde edildigini gdstermistir; bununla birlikte, en yiiksek sisme karsiti
verimlilik degerleri, sadece bir tiir muamele karigiminin uygulandigi numunelerde goriilmiistiir. Kiiflenmeye
kargt dayaniklilik testleri, test edilen muamele karigimlarinin kiif olugumunu tamamen o6nlemedigini
gostermigstir; Bununla birlikte, kontrol O6rnekleri ile karsilastirildiginda kiiflenme derecelerinde bazi
iyilesmeler goriilmiistiir.

Arastrma vurgulari: Modifikasyonlardan sonra yapilan ¢iiriime ve termit dayanmiklilik testleri, kontrol
numuneleri goz oniline alindiginda, mantar ve termitlere kars1 dayanikliligin arttigini ortaya koymustur.

Anahtar Kelimeler: Isima, Polimerizasyon, Doymamis polyester, Stiren, Odun, Ciiriime, Termit
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Introduction

Modification is aimed to improve many
properties of wood material principally related
to its hygroscopicity, dimensional stability,
biological performance against fungi and
insects. Wood modification processes are
currently facing major developments. Thus,
several novel technologies and modifying
agents such as thermal modification,
acetylation,  furfurylation, and  various
impregnation and polymerization processes as
well as new monomer and polymer systems,
and resins have been successfully introduced in
the market (Sandberg et al., 2017).

In lumen modifications where wood is first
vacuum-impregnated with liquid monomers,
then in situ polymerized, and the polymer is
finally located almost solely in the lumens of
the wood, unsaturated polyester (UP) resins are
most often used in combination with other
monomers, making them less expensive and
improving their properties. Many polyester
resins are available as commercial products in
wood modification processes. Polyester and
styrene are polymerized individually and in
combinations by gamma (y)-radiation or
benzoyl peroxide; however, mixing styrene
with polyester decreases viscosity and, in turn,
increases penetration of resin system into the
wood (Ibach & Rowell 2013). Jurkin & Pucic
(2006) have stated that UP resins are most
commonly used thermosetting resins and are
being increasingly applied for several purposes
due to their balanced mechanical and chemical
properties and a low cost (Aziz et al., 2005).

UP resins are the condensation products of
unsaturated acids or anhydrides and diols
with/without diacids and the unsaturation part
provides a site for cross-linking. Basically, UP
resins comprise polyester coils swollen to some
extent in a vinyl monomer as a solvent and
crosslinking agent and are being used as the
polymer matrix (Dholakiya, 2012). Cao and
Lee (2003) have discussed that UP resins are
commonly used in the composite industry,
provide notable mechanical and chemical
properties and increase resistance to chemicals
and weathering. The cross-linking reaction
between UP resins and vinyl monomers, i.e.

styrene, allows one polymer series to join with
other polymer series, and to yield a three
dimensional network. These reactions finally
convert the whole resin system to a hard,
thermoset solid.

The crosslinking reaction of UP resins is
mostly initiated by different curing methods
such as thermal or redox initiator even though
there are a number of concerns in such
methods i.e. incomplete conversion, difficulties
of homogeneous mixing with UP resin, release
of residual styrene and undesirable odor. The
alternative way of curing UP resins is thus
radiation technology with many advantages
over the conventional curing methods. In
radiation techniques, where no further catalyst
or additives are needed, entire curing process
can be completed at low temperatures (Jurkin
& Pucic 2006). Gamma irradiation is one of
the most used radiation techniques in wood
modification by monomers. Since wood
material contains a mixture of high molecular
weight  polymers, high-energy radiation
depolymerizes these polymers and free radicals
are formed to start polymerization (Ibach &
Rowell, 2013).

Numerous sorts of UP resins with styrene
have been effectively used for wood protection
and consolidation since the volatilization of the
polymer mixture is notably decreased from the
matrix (Mahmoud et al., 2001). The objective
of the study was to improve dimensional
stability, water absorption, decay and termite
resistance of Scots pine wood by impregnating
with UP resin and styrene under gamma
irradiation process. This paper represents
preliminary test results that are part of a larger
research project carried out with the
cooperation of Turkish Atomic Energy
Authority (TAEK). The project principally
focuses on application of radiation techniques
for protecting cultural heritage and property
such as wood, paper, textiles etc. The
application of ionizing radiation for the
disinfection of cultural heritage artifacts has
been successfully demonstrated in recent years.
The project deals with assessing the effect of
irradiation on the functional characteristics of
such artifacts’ base materials and minor
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constituents, as well as on irradiation effects
and suitable irradiation processes for larger use
of the method. In the project, several
consolidation processes are also applied to
cultural heritages by radiation processing.

Material and Methods
Wood Specimens

Test specimens were prepared from
sapwood of a Scots pine log (Pinus sylvestris
L.) obtained from Artvin, Turkey. The
specimens were cut from planed strips on
which the growth rings ran in any direction
except entirely tangential on the wide faces.
The longitudinal faces were parallel to the
direction of the grain. Transverse cuts were
prepared neatly to produce sharp edges. The
specimens did not include any cracks, decay,
stain, insect damage or other defects based on
the EN 113 and EN 84 standard test methods
(EN  1997a,b). Test specimens  were
acclimatized in a conditioning room at 20 + 2
°C and 6 5+ 5 % relative humidity (RH) for 30
days before treatment.

Treatments

Styrene and orthophthalic unsaturated
polyester (UP) resin were obtained from
Toteks Dis. Tic. Tekstil San. Ltd. S$ti. —
UniGrup, Istanbul, Turkey. Styrene is a
colorless, combustible liquid and soluble in
ethanol and insoluble in water. Styrene is
commonly used in mixtures with other
polymerizable substances such as unsaturated
polyester resins for the consolidation of wood.
UP resins are colorless to pale yellowish,
viscous liquids and used wusually with
irradiation curing for the consolidation
purposes (Unger et al., 2001).

Test specimens were weighed, and then
vacuum-treated  (the  specimens  were
submerged in the treating solution then
exposed to 30 minutes vacuum for approx. 500
mm Hg followed by a 30 minute period at
atmospheric pressure) with the UP resin and
styrene mixtures based on the EN 113 standard
test method (EN 1997a).

The used mixtures by weight (w/w) were as
follows:

MIX A: 48 % styrene + 52 % UP resin T1
MIX B: 48 % styrene + 52 % UP resin T1 UV
MIX C: 48 % styrene + 52 % UP resin T3

In these formulations, T1 and T3 are the
codes given by the manufacturer company and
UV means ultraviolet ray protective
compound. MIX represents mixtures of resin
and styrene compounds.

Since a patent application for the
modification procedures followed in the study
has been filed, no more details are available for
mixtures of the modifying agents due to the
pending patent.

After treatments, the wood specimens were
dry-blotted and re-weighed to calculate
preservative uptake as kg/m®. Retention levels
of the resin mixtures and weight gain were
calculated by specimen weights after the
treatments.

The treated specimens were then
immediately exposed to gamma irradiation
process. In the processes done at TAEK,
Ankara, Turkey, the specimens were irradiated
to 25 kGy dose by using Isotope Ob-Servo
Sanguis Co® gamma irradiator at a fixed dose
rate of 1.714 kGy/h at room temperature and
atmosphere. The specimens were then dried
again at 60 = 2 °C for 72 hours.

Water Absorption, Volumetric Swell, Water
Repellent  Effectiveness and  Anti-Swell
Efficiency of Modified and Gamma Irradiated
Wood Specimens

Water absorption (WA) was calculated
based on the below equation (Eq. 1):

WA (%)
1)

where W is the weight of wood specimen (15
(T) x 25 (R) x 50 mm (L)) after absorption in
water for either 2 or 24 h (g), and W is the
oven-dried (at 103°C) weight of wood
specimen before absorption in water (g).

Volumetric swelling (VS) was calculated by
evaluating the oven-dried (at 103°C) and wet
dimensions of the wood specimens based on
the below equation (Eqg. 2):

=((W2 — Wl) / Wl) x 100
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VS (%) = (V1 — Vo) / Vo) X 100 @)

where V1 is the wet volume of wood specimen
after absorption in water for either 24 or 48 h
(mm?3), and Vo is the oven- dried (at 103°C)
volume of wood specimen (mm?).

Water repellent effectiveness was found
according to the water absorption values of the
wood specimens as follows (Eq. 3):

WRE (%) = 100 X (WA1 — WA / WA;  (3)

where WA, is water absorption of untreated
wood specimens, while WA, is water
absorption of modified wood specimens.

Volumetric swelling coefficient (S) and
anti-swell  efficiency (ASE) were then
calculated according to the volumetric swell
values of the specimens as follows (Egs. 4 and
5):

S (%) =100 X (V2— V1) / Vi 4)

where V; is wood volume after humidity
conditioning or wetting with water, and V1 is
wood volume of oven-dried specimen before
conditioning or wetting.

ASE (%) = 100 X (ASE1 —ASE;) / ASE;  (5)

where ASE; is anti swell value of untreated
control specimens while ASE; is anti swell
value of modified wood specimens.

Fungal Decay Resistance of Modified and
Gamma lrradiated Specimens

Decay tests were achieved based on the
Kolle flasks test method based on the EN 113
standard test method (EN 1997a). The
specimens (15 (T) x 25 (R) x 50 mm (L)) were
first dried at 60 + 2 °C. For each treatment
group, 12 steam-sterilized wood specimens (15
X 25 x 50 mm) were inoculated with Trametes
(Coriolus) versicolor (MAD 697) and
Fomitopsis (Tyromyces) palustris (TYP 6137)
fungi. After 12 weeks of incubation in a
conditioning room at 20 + 2 °C and 65 £ 5 %
RH, mycelium was taken off from the
specimens before the specimens were dried at

60+2°C to constant weight. Then, weight
losses in the wood specimens were analyzed
according to the original constant weights.

Mold Resistance of Modified and Gamma
Irradiated Specimens

Modified and untreated control specimens
(7 mm (T) x 20 mm (R) x 70 mm (L)) were
examined for resistance to mold fungi based on
a modification of the ASTM D4445 standard
test method (ASTM 2012). Three mold fungi,
Aspergillus niger ASN 6275, Trichoderma
harzianum Rifai FS19 and Penicillium
fellutanum F66 were cultivated and retained on
2% malt agar at 27 + 2 °C, and 80 =5 % RH.
A spore suspension from the three test fungi
were made by washing the surface of
individual 2-week-old Petri plate cultures with
sterile distilled water (DW) (10-15 mL).
Washings were then merged in a spray bottle
and diluted to nearly 100 mL with DW to yield
nearly 3x107 spores/mL. The spray bottle was
regulated to deliver 1-mL inoculum per spray.
Specimens previously sterilized with steam
were sprayed with 1 mL of the suspension and
incubated at 27 + 2 °C and 80 + 5 % RH for 4
weeks. After incubation, test specimens were
visually evaluated using a scale of 0-5, with 0
showing the specimen was completely free of
mold growth, and 5 that it was entirely covered
with mold.

Termite Resistance of Modified and Gamma
Irradiated Specimens

Modified and untreated specimens (20 mm
(T) x 20 mm (R) x 10 (L) mm) were subjected
to the subterranean termites, Coptotermes
formosanus based on the Japan Industrial
Standard (JIS K 2004). Details are available in
the respective standard. The weight losses of
the specimens after 3-week-termite attack were
calculated according to the differences in the
initial and final oven-dry (at 103°C) weights of
the specimens. Termite mortality was also
found after the 3-week-exposure.

Results and Discussion

Uptake of the treating solution mixtures by
wood specimens after modifications is given in
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Table 1. The table also represents weight gain
of the specimens after modifications. The
uptake values of modified specimens much
lower than that of DW-treated control wood
specimens (723 kg/m?). This suggested that the

high viscosity (about 200-400 centipoises (cPs)
and molecular size of the compounds for
modifications played an important role in
obtaining less retention levels when compared
to DW.

Table 1: Uptake and weight gain in the specimens after modifications

Specimens/
Treatments

Uptake of modification
compounds (kg/m?)*

Weight gain after chemical
modification (%)*

Modified and gamma irradiated wood
specimens - MIX A
(48% styrene + 52% UP resin T1)

454.0 (46.5)

87.4 (15.1)

Modified and gamma irradiated wood
specimens - MIX B
(48% styrene + 52% UP resin T1 UV)

442.0 (59.0)

82.4 (15.4)

Modified and gamma irradiated wood
specimens - MIX C
(48% styrene + 52% UP)

402.0 (88.1)

72.1 (13.8)

*Each number is average of 120 specimens. Values in the parentheses are standard deviations. Uptake of DW in

unmodified control specimens was 723.0 (£ 67.2) kg/m?.

Table 2 shows water absorption and
volumetric swell values of control and
modified wood specimens as well as the effect
of the modifying agents and gamma irradiation
on water repellent effectiveness and anti swell
efficiency. The values were obtained from the
specimens immersed in DW for 24 and 48 h.
Results revealed that water absorption and
volumetric swell were greatly improved in
modified and gamma irradiated specimens
when compared to control specimens.
Interestingly, gamma irradiation in untreated
wood specimens (without the resin and
styrene) resulted in considerably less water
absorption (around 52% for 24 h immersion;
45% for 48 h immersion) in comparison with
untreated  specimens  without  gamma
irradiation. However, volumetric swell values
in gamma irradiated control specimen were
higher than those in control specimens without
gamma irradiation (around 25% for 24 h
immersion; 18% for 48 h immersion). The best
results among the modified and gamma
irradiated specimens were obtained in the
specimens treated with 48% styrene + 52% UP
resin T3 formulation. In these treatments, water
repellent effectiveness was nearly 78%; while
anti swell efficiency was 66% when compared

to untreated and non-radiated specimens for 24
h immersion. These results suggest that gamma
irradiation may have caused some chemical
changes in particularly in the hemicelluloses
and cellulose components of wood that are
responsible for water absorption.

The most of the available OH groups of the
cell wall are related with the hemicelluloses of
wood cell. Hill (2006) states that the OH
groups are very vital in defining many wood
properties. Many wood properties are
dependent on the occurrence of such groups
and, particularly, hydrogen-bonding
interactions between the molecular components
of the cell wall. Furthermore, the OH groups
are also responsible for water absorption
causing dimensional instability. Despot et al.
(2012) reviewed that the break down of
cellulose component in wood after gamma
irradiation is very normal and holocellulose in
the cell walls is destroyed by gamma
irradiation. Even minor doses of gamma
radiation result in a degradation of
hemicelluloses’ pentose forming different
compounds and new chemical bonds (Seifert,
1964). The dose of 500 kGy results in
increased  wood solubility  due to
depolymerization  and  destruction  of
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hemicelluloses (Chawla, 1985). Borysiak
(2010) investigated that the substance of wood
cellulose was alike during the early stage of
gamma radiation at the dose range 20-300
kGy; but, when the doses increased above the
level of 500 kGy then the cellulose content
diminished quickly. The highest irradiation
dose (9 MGy) resulted in the total destruction
of wood. Katsumata et al. (2007a, b) showed a
decrease on the degree of polymerization of
cellulose by accelerating the dose up to 100
kGy in Cryptomeria japonica wood. The
decrease in water absorption and volumetric
swell in modified specimens is because the
hydrophobic polystyrene protects the wood

lumen, causing less water penetration into the
wood (Cao & Lee, 2003). There was a
noteworthy enhancement of water repellence
between the untreated and treated wood.
Different wood species treated with a polymer
mixture containing a macro-monomer and
styrene had enhanced water repellency,
compression and bending strength (Baki et al.,
1993). Mahmood et al. (2001) showed that the
use of the wunsaturated polyester/styrene
mixtures resulted in a higher water repellent
effectiveness, and anti-swelling efficiency.
Devi et al. (2003) also found that chemical
modification by styrene and methacrylate
improved the volumetric swelling and anti-

surfaces and remains in the cell wall and shrink  efficiency in  rubber  wood.
Table 2: Dimensional stability and water absorbance test results
Water repellent Anti swell
_ Immersion Water Volumetric effectiveness efficiency
Specimens / Treatments duration absorption swell based on water baseo! on
(WA) (%)* (VS) (%)* absorption volumetric swell
WRE (%)* (ASE) (%)*
Modified and gamma
irradiated wood specimens 24 h 21.56 9.47 74.46 13.93
- MIX A (48% styrene + (2.11)C  (3.22)AB (12.09)A (2.65)C
52% UP resin T1)
Modified and gamma
irradiated wood specimens 24 h 19.18 6.92 77.28 37.16
- MIX B (48% styrene + (3.04)C (2.00)B (13.45)A (7.45)B
52% UP resin T1 UV)
Modified and gamma
irradiated wood specimens 24 h 18.90 3.70 77.61 66.36
- MIX C (48% styrene + (2.90)C (1.45)C (11.10)A (5.89)A
52% UP resin T3)
Gamma irradiated
o 40.75 13.80
unmpdlfled control 24 h (9.34)B (3.33)A - -
specimens
Untreated control 24 h 84.41 11.01 i i
specimens (11.43)A (2.09)A
Modified and gamma
irradiated wood specimens 48 h 29.99 10.79 66.15 18.21
- MIX A (48% styrene + (3.45)C (3.02A (8.88)A (3.01)B
52% UP resin T1)
Modified and gamma
irradiated wood specimens 26.85 11.31 69.69
- MIX B (48% styrene + 48h (7.21)C (1.87)A (14.32)A 14.22 (2.22)BC
52% UP resin T1 UV)
Modified and gamma
irradiated wood specimens 48 h 25.99 6.96 70.66 47.23
- MIX C (48% styrene + (4.44)C (0.76)B (10.87)A (7.43)A

52% UP resin T3)
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Table 2 (Continued)

Water Anti swell
. Water Volumetric repe_llent efficiency
. Immersion . effectiveness based on
Specimens / Treatments duration absorption swell based on water volumetric
04)* 0/ )\ *
(WA) (%) (VS) (%) absorption swell (ASE)
WRE (%)* (%)*
Gamma irradiated
. 48.37 15.57
unmpdlfled control 48 h (9.43)B @.IDA -
specimens
Untreated control 48 h 88.59 13.19 i i
specimens (11.09)A (2.32)A

*Each number is average of 15 specimens. Values in the parentheses are standard deviations. The same letters in each
column indicate that there is no statistical difference between the specimens according to Duncan’s Multiple Range Test

(p <0.05).

Table 3 gives mold scorings in the
specimens subjected to mold fungi for 4 weeks.
Results suggested that no modifying agents and
gamma irradiation resulted in comprehensive
inhibition of mold growth on the test
specimens even though mold ratings in
modified specimens were smaller than those in
untreated controls. Irradiation in control
specimens caused a slight increase in mold
growth.

Table 4 indicates the weight losses occurred
in the specimens subjected to fungal resistance
tests by the two Basidiomycetes fungi in
laboratory conditions. When compared to
untreated specimens (no radiation), gamma
irradiation resulted in increased weight losses
in gamma irradiated control specimens
exposed to T. versicolor, a white rot fungus.
However, slight decrease was observed in
these values when T. palustris, a brown rot
fungus, was employed. No complete inhibition
by the modifications and gamma irradiation
was observed in the decay resistance tests;
however, important decreases in weight losses
were seen after the modifications. The lowest
weight losses were obtained in the specimens
with the Mixture C with T3 type resin. Despot
et al. (2012) states that as gamma radiation
results in break-up of cellulose to smaller
water-soluble chains, and that leads to an

opening of additional micro-cracks, in which
water molecules can simply enter. As a result,
gamma irradiated wood is also more accessible
to enzymes of fungi. Unger et al. (2001)
discusses that depending on the dosage

applied, the gamma irradiation causes
formation of radicals and ionization of
molecules, thus, chemical bonds are

fragmented, cellulose chains become reduced
and functional groups are changed in wood.
Due to chemical changes in wood after
radiation, acceleration of aging can lead to
increased susceptibility to biological attack.
For increased biological resistance to fungi,
filling lumens with polymers is an important
issue since polymerization makes the cell walls
inaccessible to moisture and decay organisms.
On the other hand, the amount of polymer in
the cell wall is also crucial factor for decay
resistance. Some protection to biodegradation
is likely at cell wall polymer contents of 10%
or more (Ibach and Rowell 2013). Sandberg et
al. (2017) reviews that modified wood has
generally lowered equilibrium moisture content
and fungi hardly obtain the moisture required
for decay. Such wood also physically blocks
the entrance of decay fungi from the micro
pores of the cell walls and inhibits the action of
specific enzymes (Hill, 2006; Rowell et al.,
2009; Rowell, 2016).
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Table 3: Mold ratings after 5-week-exposure to mold fungi

Specimens / Treatments Mold rating*

Control specimens 4.5 (0.9)B
Gamma irradiated unmodified control specimens 4.8 (0.7)A
Modified and gamma irradiated wood specimens - 3.0 (1.2)C
MIX A (48% styrene + 52% UP resin T1) T

Modified and gamma irradiated wood specimens - 25 (1.7)C
MIX B (48% styrene + 52% UP resin T1 UV) A

Modified and gamma irradiated wood specimens - 4.3 (11)B

MIX C (48% styrene + 52% UP)

*Each number is average of 15 specimens. Values in the parentheses are standard deviations. On a scale of 0-5,
with 0 indicating the specimen was completely free of mold growth, and 5 that it was completely covered with
mold growth (0: no growth, 1: 20 %, 2: 40%, 3: 60%, 4: 80%, and 5: 100% coverage with mold fungi). The same
letters in the column indicate that there is no statistical difference between the specimens according to Duncan’s

Multiple Range Test (p[1<0.05).

Table 4: Fungal decay resistance tests results

. Weight loss (%) Weight loss (%)

Specimens / Treatments by T. palustris* by T. versicolor*
Control specimens 51.98 (6.48)A 42.76 (10.05)A
Gam_ma irradiated  unmodified  control 50.47 (11.53)A 49.01 (7.00)A
specimens
Modified and gamma irradiated wood
specimens - MIX A (48% styrene + 52% UP 19.09 (7.10)B 9.24 (1.58)B
resin T1)
Modified and gamma irradiated wood
specimens - MIX B (48% styrene + 52% UP 17.10 (5.58)B 6.98 (2.61)B
resin T1 UV)
Modified and gamma irradiated wood 12.14 (7.34)BC 3.46 (1.13)C

specimens - MIX C (48% styrene + 52% UP)

*Each number is average of 12 specimens. Values in the parentheses are standard deviations. The same letters in
each column indicate that there is no statistical difference between the specimens according to Duncan’s Multiple

Range Test (p<0.05).

Table 5 illustrates weight losses occurred in
the specimens and termite mortalities obtained
in termite resistance tests. Generally, the
weight losses and termite mortalities were in
good accordance. Modifications with styrene
and UP resin decreased weight losses in
comparison with control and
untreated/irradiated specimens. Considering
the low termite mortalities and weight losses of

around 5% in modified specimens, styrene and
PU-resin system was termite deterrent rather
than toxic. Gamma irradiation in control
specimens resulted in slightly higher weight
losses in comparison with control specimens;
however, termite mortalities were also higher
in those specimens in comparison with
controls.
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Table 5. Termite resistance test results*

Specimens / Treatments

Weight loss (%) after ~ Termite mortality

termite attack (%)

Control specimens 17.06 (2.71)A 4.44 (1.26)D
Gamma irradiated unmodified control specimens 17.66 (1.57)A 9.49 (0.70)C
Modified and gamma irradiated wood specimens -

MIX A (48% styrene + 52% UP resin T1) 4.50 (161)B 34.34 (0.93)A
Modified and gamma irradiated wood specimens -

MIX B (48% styrene + 52% UP resin T1 UV) 541 (149)B 34.14 (1.53)A
Modified and gamma irradiated wood specimens - 4.98 (1.08)B 21.61 (140)B

MIX C (48% styrene + 52% UP)

*Each number is average of 5 specimens. Values in the parentheses are standard deviations. The same letters in each
column indicate that there is no statistical difference between the specimens according to Duncan’s Multiply Range Test

(p [<0.05).

Katsumata et al. (2007c¢) have stated that
sapwood of Cryptomeria japonica and
heartwood of Pseudotsuga menziesii, which
are  nondurable, have become more
vulnerable to termite attack after gamma
irradiation; however, the effect of gamma
irradiation was not observed for heartwood of
Larix kaempferi and Chamaecyparis obtuse
with antifeedant substances and durable
wood. Katsumata et al. (2007a) previously
showed that gamma irradiation improved
intake by termites of C. japonica; however, it
is unclear whether gamma irradiation
increased termite feeding in wood species
with antitermite substances due to low termite
resistance of C. japonica wood.

Conclusion

UP resins are mostly used in presence of
other monomers, making them less costly and
improving their properties. UP resin and
styrene are generally polymerized in wood by
gamma radiation. In this study, modifications
by styrene and UP resin with different
formulations and gamma irradiation greatly
improved water absorption and volumetric
swell of wood specimens in comparison with
unmodified control specimens. Even though
such modifications did not inhibit completely
mold growth, decay fungi, and termites in the
specimens, weight losses is decay resistance
tests by T. versicolor and T. palustris fungi
decreased considerably while mold scorings

with two formulations of modifying agents
were smaller than those occurred in control
specimens. Modified specimens resulted in
less weight losses in termite resistance tests
in comparison with control specimens.
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