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Abstract

This study evaluated decay and termite resistance of plywood panels treated
with didecyl dimethyl ammonium tetrafluoroborate (DBF) and didecyl dimethyl
ammonium chloride (DDAC) as quaternary ammenia compounds. Mechanical
Properties and bonding quality of treated plywood specimens were also tested. The
modulus of rupture (MOR) values of both DBF- and DDAC-treated plywood
specimens fulfilled minimum requirements for plywood F25-F30 (38-45 N/mmz) set
by the EN standards. The modulus of elasticity (MOE) of DDAC-treated plywood
specimens decreased when compared with DBF-treated and untreated plywood
specimens. The bonding quality values of all specimens did not meet the
requirements set by the TS standards.

The results suggest that DBF and DDAC may decrease mechanical
Properties by possible interaction with the glue and wood components depending
on both chemical structure and retention levels in treated plywood specimens.
Decay resistance tests showed that DBF-treated plywood specimens were more
resistant against the fungi tested when compared with those of DDAC treated;
however, both DBF and DDAC had no protective effect against termite attack.
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1. Introduction

Wood based composites as building materials have received considerable {

attention in recent years. Although wood based composites are generally accepted to

show a greater resistance to biodegradation than solid wood, these products are still §
susceptible to biological attack in exterior applications (Curling and Murphy, 1999;
Kartal and Green, 2003). Compatibility of commercial wood preservatives with ]

adhesives and manufacture parameters such as temperature and pressure is one of the

most important concerns in protection of wood-based composites. Inorganic copper- |§

based preservatives, boron compounds such as boric acid, borax and borates, vapor

boron and organic biocides have been proposed for inhibition of fungal and termite |
attack (Kamdem et al., 2002). Some protective chemicals to be used for wood-based |
panels may interfere with the resin and manufacturing conditions, resulting in poor }
bonding, in turn, low mechanical strength and poor durability (Barnes and Amburgey, §

1993).

fungicidal activity of QACs and their surface-activity properties have been described in

detail and considerable attention has been focused on QACs and development of novel |
types of such compounds due to health, environmental, and cost factors (Gosselin et al., |

1984; Preston et al., 1987; Matejuk et al., 2004). A novel quaternary ammonia

compound, didecyl dimethyl ammonium tetrafluoroborate (DBF), with boric tetra §
fluoride (BF;’) ion has recently been developed in the laboratories of Pharmaceutical
and Cosmetic Materials Research Department, Sanyo Chemical Industries, Ltd., Kyoto, |
Japan (Kartal et al., 2005; Hwang et al.,, 2005). Since cations and anions in the |

formulation of wood preservatives play a significant role in determining their melting
temperature, density, viscosity, solubility in water, and protective characteristics

(Pernak et al., 2004), the chemical formulation of commercially available DDAC ;
(didecyl dimethyl ammonium chloride) has been changed to develop DBF compound

(Figure 1).

Quaternary ammonia compounds (QACs) first synthesized in the late 1800s are ,
well known for their bactericidal, germicidal, fungicidal, and termicidal properties. The |
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Figure 1. Chemical structure of didecyl dimethyl ammonium tetrafluoroborate (DBF) in
comparison with didecyl dimethyl ammonium chloride (DDAC).

Sekil 1. Didecyl dimethyl ammonium tetrafluoroborate (DBF) ve didecyl dimethyl
ammonium chloride (DDAC) bilesiklerinin kimyasal yapilar:

. Our previous laboratory studies on decay and termite resistance of wood treated
with DBF showed that wood specimens treated with 0.5 and 1% DBF solutions at
retention levels of 4 and 8 kg/m’, respectively, inhibited the brown-rot fungus,
Fomitopsis (Tyromyces) palustris and white-rot fungus, Coriolus (Trametes) versicolor
attack even after a 10-day severe weathering process, suggesting that adequate fixation
of DBF in wood had occurred. DBF treatment with 0.1% concentration at 0.8 kg/m’®
retention level was, however, effective against subterranean termites, Copfotermes
Jormosanus (Kartal et al., 2005). In another study by Hwang et al. (2005), the ability of
DBF and DDAC to inhibit discolorations by selected mold and stain fungi was screened
under laboratory conditions. On the one hand, both DBF and DDAC at 1%
Concentration provided protection against the fungi tested. DBF and DDAC at lower
solution strengths were also capable of protecting wood against the fungi for 2 weeks.

The objective of this study was to determine the applicability of DBF wood
Preservative in the formulation of phenol formaldehyde industrial plywood resin.
Modulus of rupture (MOR), modulus of elasticity (MOE) and bonding quality of the
Produced plywood panels treated with DBF were evaluated in comparison with
Commercial DDAC wood preservative. In addition, resistance of the plywood panels
treated with either DBF or DDAC was tested against white- and brown-rot fungi and
subterranean termites under laboratory conditions.
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2. Material and Methods -

2.1. Plywood manufacture

Commercially manufactured rotary cut veneers (300 mm by 300 mm by 1.18 mm
for top and bottom layers, 300 mm by 300 mm by 3.20 mm for inner layer) of Radiata
pine were used to manufacture structural plywood panels. Veneer specimens were kept
in a conditioning chamber until they equilibrated at 7% moisture content.

A commercial phenol formaldehyde (PF) resin (C-4S037-B) was used for the
glue mix to manufacture the plywood. The ingredients of the glue mix and the amount
of didecyl dimethyl ammonium tetrafluoroborate (DBF) and didecyl dimethyl
ammonium chloride (DDAC) wood preservatives are listed in Table 1. All ingredients
were weighed and the ready glue was mixed with target concentrations of 3, 6, and 9%
DBF or DDAC wood preservatives.

Each treated veneer was re-conditioned to 7% moisture content before plywood
panels were manufactured. The glue was applied to the veneers at a rate of 200 - 225
g/m® using a commercial glue spreader. The glue spread rate was kept constant by
adjusting and using the same speed and glue thickness on the glue spreader. The veneers
were weighed before and after spreading to determine the exact amount of adhesive
actually applied. The 3-ply panel was assembled immediately after the veneers were
spread with adhesive and pre-pressed at 10 kg/cm® for 30 min. The veneers were then
laid-up into a plywood billet and hot pressed using a pressure of 10 kg/cm’ at 145°C for

8 min in a press. Plywood panels were conditioned at 20°C and 65% relative humidity
for three weeks before any tests were carried out.

Table 1. The properties of glue mixture used in plywood manufacture
Tablo 1. Kontrplak iiretiminde kullanilan tutkal karigimin 6zellikleri

- :‘:';‘I’l'le Phenol  Phenol  Phenol Phenol Phenol Phenol
(Untreate resin glue  resinglue  resin glue resin glue resin glue resin glue
d control) (DBF-2)  (DBF-4) (DBF-6)  (DDAC-2) (DDAC-4) (DDAC-6)
Component
Original Phenol 234.4 234.4 234.4 2344 2344 234.4 234.4
resin (g)
Soybean powder 1.7 1.7 11.7 11.7 11.7 11.7 11.7
®
Flour (g) 18.8 18.8 18.8 18.8 18.8 18.8 18.8
Na,CO: (g) 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Water (g) 33.4 334 334 334 334 334 334
Total glue (g) 300.1 300.1 300.1 300.1 300.) 300.1 300.1
DBF (g) 0.0 9.6 19.2 28.8 0.0 0.0 0.0
DDAC (g) 0.0 0.0 0.0 0.0 12,0 24,0 36.0
Total (g) 300.1 309.7 319.3 3289 3121 3241 336.1
DBF or DDAC 0.0% 3.1% 6.0% 8.8% 3.1% 5.9% 8.6%

Plywood treatment
DBF or DDAC 0.0 2.0 4.0 6.0 2.0 4.0 6.0

(kg/m’)
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2.2. Mechanical properties

Tests of mechanical properties were conducted 0 i

plywood panels. Prior to mechanical property tests, specimrelnsszs:;z:nil;id?g:)nf;gr? e
least 3 weeks at 20°C and 65% relative humidity. Modulus of rupture (MOR Ofizt
modulus of elasticity (MOE) were measured according to EN 310 (1993) and eval) atnd
based on EN 63.6 (1996) by using Zwick Z010 Universal Test Machine (German )ua Sth
a loading capacity of 10 tons. Twenty specimens with dimensions of 76 mm b Zgowl

by panpl thlgkness were prepared from each panel. Ten specimens were cut ilwvith tlI:u'n
]opg dlrpensmn parallel to longitudinal direction of the outer layer and 10 specim ns
with their long dimension perpendicular to longitudinal direction of the outer lal;er -

2.3. Bonding quality

. Bonding quality tests were performed in accordan. i

immersing the specimens in boiling water for 4 h, drying inctehew\:::}rllti]i:tle(f 114-%n(13 _
for 16 h to 20 h at 60°C then re-immersing the specimens in boiling watg1 fcf);r 4“;111
follo.wed by cooling in water at 20°C for at least 1 h to decrease temperature of th ,
specimens to 20°C. Bonding quality was a measurement of the bond strength in sheaer:

by a mechanical test by usi L , ¢
of 1000 kg, est by using Losenhausen Test Machine with a static loading capacity

2.4. Decay resistance tests

~ Plywood specimens with the dimension of 20 mm by 20

thickness were then cut from the plywood panels for dec);y resr?'srtrzlmlc):z }t):z,t‘:o‘f
}rllgnlcémlxlst;;e glfcay test was conducted according to Japanese Industrial Standards (‘JIS)
Corti) Murr(u S1:“ 1:21:(*)1({)?) using the brown-rot fungus, Tyromyces palustris (Berkeley et
i) il ( - Forestry and Forest Products Research Institute- 0507) and the
e rqt ungus, Tramete; versicolor (L. ex Fr.) Quel. (FFPRI 1030). After measuring
:veg-drled weight, specimens were sterilized with gaseous ethylene oxide. Three
vfeeti:ér;e@ }f)egr treatmen.t were plz}ced in a glass jar on the surface of 250 g quartz sand
e Wi:u 0 ml nutrient so}utlon apd inoculated with liquid fungal cultures. Liquid
glucgos cu3 res were prepared inoculating 1000 ml liquid medium which contained 40 g
E €, gopeptone, 15 g malt extract and 1000 ml distilled water. The medium was
sandecr:) 2tta Zigeg f())r 101days at 100 rpm. The nutrient solution used for wetting the quartz
for the mpaed ¢ fui gu ;1(;(:(;:,2 g g pleptone, 15 g malt extract and 1000 ml distilled water
distilled water for thf brown-rotgﬁ%nl;(il(;?e, 2 Bpeprone, 7.3 g malt extract, and 1000 m
The test jars were then incubated at 27°C for 12 weeks. Nine replicates were

. t
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2.5. Termite resistance tests

Specimens with the dimension of 20 mm by 20 mm by plywood thickness were
cut from the plywood panels for termite resistance tests. Specimens were exposed to the
subterranean termite Coptotermes formosanus Shiraki according to Japanese Industrial

Standards (JIS) JIS K 1571 (JIS, 2004). A test specimen was placed at the centre of the 1

plaster bottom of a cylindrical test container (80 mm diameter). A total of 150 worker

termites was introduced into each test container together with 15 soldiers. Five solid |
wood and five plywood specimens per treatment were assayed against termites. The }
assembled containers were set on damp cotton pads to supply water to the specimens §
and kept at 27°C and >80% RH in darkness for three weeks. Termite mortalities were j
determined every week during the tests and the weight loss of specimens due to termite
attack was calculated based on the differences in the initial and final dry weight of |

specimens after cleaning off the debris of termite attack.

3. Results and Discussion

Figures 2, 3, and 4 show MOR, MOE, and bonding quality for each type of
plywood specimens, respectively. There is no any statistically significant decrease in §
MOR values of DBF- and DDAC-treated plywood panels when compared with }
untreated specimens. Parallel and perpendicular-to-plane MOR values of the plywood |
specimens treated with DBF and DDAC and control specimens fulfilled the minimum
requirements for plywood F25-F30 (38-45 N/mm*) (EN 636, 1996). The MOE of |
DDAC-treated plywood specimens decreased when compared with DBF-treated and |
untreated plywood specimens. Perpendicular-to-plane MOE values of the plywood |
specimens treated with DBF and DDAC and control specimens fulfilled minimum |
requirements for plywood E20 (2000 N/mm?) (EN 636, 1996). Parallel-to-plane MOE |
values of the plywood specimens treated with DBF and DDAC and control specimens |
also fulfilled minimum requirements for plywood E60 (6000 N/mm?) (EN 636, 1996). ‘

Unexpectedly, the bonding quality values of all specimens did not meet the
requirements (0.8 N/mm?) set by the TS 4520 (1985). DDAC-treated plywood

specimens showed better performance in comparison with untreated and DBF-treated |
ones. The results also showed that as the amount of DBF and DDAC in the specimens §
increased, bonding quality decreased. This was much clearer in 4 and 6 kg/m’ DBF-

treated specimens.

The mechanical properties of plywood specimens treated with DDAC and DBF
may suggest that these preservatives did not adversely influence bending values |
however, bonding quality decreased in DBF-treated specimens when compared with !
control and DDAC-treated plywood specimens. Bonding quality values in untreated §

control specimens were much lower than the requirements set by TS 4520 (1985),

suggesting that the glue used in the study is not compatible with the manufacturing

process or wood species. This observation was also seen in the DBF-treated specimens,

suggesting that the PF resin, heat and pressure in manufacturing process were not |
compatible with DBF wood preservative. It is clear that DBF has a considerable effect |
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on bonding performance of PF resin. However, DDAC had I i

quality of plywood specimens when compared with untreatetctileczflf;:)tl (;nel;(i)rrrlil:g-
however, these specimens’ bonding quality was still lower than the standafd valuez’
Several researchers have stated that water-soluble preservatives may generally ha .
little or no .effect on the bonding performance of urea—formaldehyde resin; ho}\l)vev: ;
these chemicals may have a negative effect on the bonding performance,of hen;i
formaldehyde .re§in (Laks and Manning, 1995, 1997; Tsunoda et al. 2002; Akbilut et
al., 2004). This is most likely due to gelling of phenolic adhesive ‘;)y suc’h chemical

before the adhesive can penetrate wood structure (Barnes and Amburgey, 1993) i
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Figure 2. MOR values. in plywood specimens (2, 4, or 6 kg/m® DBF or DDAC retention

:tlatt'hf‘ piy(;y%od spec;mens; the same letters on each bar indicates that there is no
1stical difference between th i i ’ i
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Sekil 2 Kontrplak §meklerinde MOR degerleri (2, 4, ve 6 kg/m® DBF ve DDAC

retensiyon degerleri; barlardaki aym harfler istatistiksel bakimdan (Duncan’s multiply

Tange test (P<0.05) farklilik olmadigim géstermektedir).
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Figure 3. MOE values in plywood specimens (2, 4, or 6 kg/m3 DBF or DDAC retention |

in the plywood specimens; the same letters on each bar indicates that there is no

statistical difference between the specimens according to the Duncan’s multiply range |

test (P<0.05)).

Sekil 3. Kontrplak 6rneklerinde MOE degerleri (2, 4, ve 6 kg/m’ DBF ve DDAC
retensiyon degerleri; barlardaki aymi harfler istatistiksel 1 bakimdan (Duncan’s multiply

range test (P<0.05) farklilik olmadigim gostermektedir).
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Figure 4. Bonding quality in plywood specimens (2, 4, or 6 kg/m* DBF or DDAC ,
retention in the plywood specimens; the same letters on each bar indicates that there is |
no statistical difference between the specimens according to the Duncan’s multiply 1§

range test (P<0.05)).

Sekil 4. Kontrplak orneklerinde baglanma kalitesi degerleri (2, 4, ve 6 kg/m® DBF ve ]
DDAC retensiyon degerleri; barlardaki ayni harfler istatistiksel bakimdan (Duncan’s |

multiply range test (P<0.05) farklilik olmadigim gostermektedir).
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Average weight losses in untreated plywood specimens exposed to T. palustris
and T. versicolor were 31.9 and 29.4%, respectively. DBF had a significant effect on the
susceptibility of plywood specimens to the brown-rot fungus, 7. palustris. Higher
weight losses were found in the plywood specimens treated with DBF and exposed to
the white-rot fungus, 7. versicolor compared with those exposed to 7. palustris (Table
2). However, the weight losses in DDAC-treated plywood specimens were considerably
higher than those in DBF-treated ones for both fungi.

Table 2 shows the weight losses and termite mortalities in plywood specimens
after 3-week termite exposure. Average weight loss in untreated plywood specimens
was 17.9%. Plywood specimens with DBF- and DDAC-treated veneers resulted in
weight losses, which are either lower or slightly higher than untreated plywood
specimens. All plywood specimens with treated veneers showed slightly higher termite
mortalities than untreated plywood specimens. In general, termite mortality conformed
to specimen weight loss. These results suggest that DBF and DDAC have no protective
effect against termite attack in the plywood specimens.

Table 2. Weight loss in decay and termite resistance tests and termite mortalities
Tablo 2. Ciiriime ve termit testlerinde elde edilen agirlik kayiplarn ve termit 6liim
yiizdeleri

Decay resistance tests Termite resistance tests

Weight loss Weight loss Termite mortality
(%) (%) (%)

T. palustris T. versicolor Soldier  Worker
Untreated control 31.89 A 2040 A 17.88 AB 0.00 10.00
7.30 3.60 1.61 0.00 2.00
DBF (2 kg/m’) 244D 1623 C 15.10 B 222 12.00
0.30 5.96 0.66 3.85 0.67
DBF (4 kg/m®) 2.11D 16.57C 14.82B 8.89 22.00
0.54 8.56 1.95 7.70 4.16
DBF (6 kg/m’) 245D 19.29B 10.66 BC 8.89 24.22
0.64 8.79 1.33 7.70 3.67
DDAC (2 kg/m®) 21.19B 3272 A 17.70 AB 8.89 11.56
4.98 4.35 1.31 385 1.68
DDAC (4 kg/m®) 27.98 AB 27.37 AB 20.08 A 4.44 12.89
6.31 7.59 2.36 7.70 0.38
DDAC (6 kg/m’) 21.75B 14.68 C 1529B 444 23.11
5.07 4.79 1.87 3.85 9.10
Radiata pine solid - - 1917 A 2222 18.00
wood - - 0.48 16.78 1.76

Figures in italics~ are standard_ deviations. The same letters in each column indicates that there is no statistical difference
between the specimens according to the Duncan’s multiply range test (P<0.05). 2, 4, or 6 kg/m* DBF or DDAC retention in
the plywood specimens.
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Our previous studies showed that both DBF- and DDAC-treated solid wood
specimens were effective against the same fungi in the same decay tests and the
subterranean termites in the same termite resistance tests (Kartal et al., 2005; Hwang et
al., 2006; Kartal et al., 2006; Hwang et al,. 2007a; Hwang et al., 2007b). A study using
alkyl ammonium compounds by Acker and Stevens (1993) showed that little protection

against fungal resistance under laboratory conditions was conferred on poplar plywood |

at a retention level of 3 kg/m’, and only at higher retention levels of such compounds,

full protection could be achieved. The results from our present study may suggest that |
DBF and DDAC interfered with the glue used in the plywood manufacture. It might also
be concluded that the temperature of 145°C during plywood manufacture had an effect
on DDAC wood preservative. Our previous laboratory thermal analyses revealed that §
DBF was degraded at the temperatures as high as 250°C; however, DDAC was i
degraded at a temperature of 150°C (unpublished data). Incorporation of either DBF or §

DDAC into adhesive before plywood manufacture may have also resulted in weak
penetration of the preservatives to wood surfaces, decreasing chemical retention levels
in the veneers used in the plywood manufacture.

4. Conclusions

No considerable change was seen in mechanical properties of plywood
specimens treated with DBF and DDAC wood preservatives in comparison with
untreated control specimens. Decay-resistance tests revealed that DBF wood
preservative was much more effective against the fungi tested than DDAC. Plywood
specimens treated with either DBF or DDAC was not resistant to the termites under
laboratory conditions. The results suggested that the PF resin used under the study and
manufacturing conditions were not compatible with DBF and DDAC wood
preservatives. In such plywood panels, more retention levels of DBF and DDAC are
needed to obtain complete protection against biodegradation by wood-degrading fungi
and termites. Since mixing either DDAC or DBF with PF resins can cause bonding and
biocide efficacy problems, treatment of veneers with the preservatives before plywood
manufacture may result in higher composite performance and better durability against
biodeterioration. Likewise, modifications in manufacture process such as lower pressure
time might limit any possible changes in the glue and preservative matrix.

Didecyl Dimethyl Ammonium Tetrafluoroborate (DBF) ve
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Kisa Ozet

Bu ¢ahsma didecyl dimethyl ammonium tetraﬂuorob.orate (DBF) ve didecyl
dimethyl ammonium chloride (DDAC) ile emprenye edilmis kontrplak levhalar‘m
mekanik ozellikleri ile mantar ve termitlere karsi dayamkhhgim incelemektedir.
Levha orneklerinin yarilma direnglerinin (MOR) EN standardlan tarafl.n('ian
belirlenen F25-F30 (38-45 N/mm?) limitlerden diisiik olmadifi fakat elastikiyet
modiillii (MOE) degerlerinin DDAC ile emprenye edilen 6rnekle:rde' DBF. ve
kontrol levhalarina karsiik azaldigi belirlenmistir. Yapisma direnci degerlerinin
ise TS standardlar1 tarafindan belirlenen limit degerlerinden diisiik oldugu
bulunmustur. Boylece DBF ve DDAC emprenye maddelerinin, tl-ltkal. ve odun
komponentleri arasmda olasi etkilesimlerden dolayr mekanik ozellikleri olumS}lz
etkileyecegi belirlenmistir. Ayrica, DBF ile emprenye edilen levhalarin DDAC ile
korunanlara karsihik test edilen mantarlara kars daha dayamikl oldugu fakat her
iki maddenin de termitlere kars: levhalar: koruyamayacagi bulunmustur.

Anahtar Kelimeler: Didecyl dimethyl ammonium tetraﬂuoroborate., didecyl dimethyl
ammonjum chloride, kontrplak, biyolojik dayamklilik, mekanik 6zellikler.
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1. Giris

Odun esash kompozitler son yillarda yap: malzemesi olarak 6nemli bir ilgi
gormektedir. Odun esashi kompozitler masif oduna gére biyolojik degredasyona karsi
daha fazla dayamklik gostermesine ragmen bu iiriinler dig ortam uygulamalarinda
biyolojik saldirilara karsi halen hassastirlar (Curling and Murphy, 1999; Kartal and
Green, 2003). Odun esasli kompozitlerin korunmasinda emprenye maddelerinin
tutkallar ile sicaklik ve basing gibi tiretim parametreleri arasindaki uyumluluk en 6nemli
konulardan birisidir. Bakir esasl emprenye maddeleri, borik asit, boraks ve boratlar gibi
bor bilesikleri ve organik biyosidler mantar ve termit saldirilarinin engellenmesi amaci
ile 6nerilmektedir (Kamdem et al., 2002).

Ik olarak 1800’lerin sonlarinda sentezlenen dértli amonyum bilesiklerinin
(QAC) bakterisit, fungisit ve termisit etkileri iyi bilinmektedir. Yeni bir dortlii
amonyum bilesigi olan didecyl dimethyl ammonium tetrafluoroborate (DBF) Eczacilik
ve Kozmetik Malzemeler Aragtirma Birimi, Sanyo Kimya Endistrileri, Ltd., Kyoto,
Japan laboratuvarlarinda gelistirilmigtir (Kartal et al.,, 2005; Hwang et al., 2005).
Emprenye maddelerinin formiilasyonlarinda anyonlar ve katyonlar bu maddelerin erime
sicakligl, yogunluk, vizkozite, suda ¢dziiniirliik ve koruyucu ozelliklerini belirlemede
dnemli bir rol oynadifindan (Pernak et al., 2004), ticari olarak elde edilebilen didecyl
dimethyl ammonium chioride (DDAC)’in kimyasal formiilasyonu DBF bilesigini elde
etmek amaci ile degistiriimistir.

Bu ¢aligmanin amaci endiistriyel kontrplak tutkali olan fenol formaldehidin
formiilasyonuna odun koruyucu olarak DBF’in uygulanabilirlifini ortaya koymaktir.
DBF ile emprenye edilerek iiretilmis kontrplak panellerin yarilma direnci (MOR),
elastikiyet modiilii (MOE) ve yapisma kalitesi ticari bir emprenye maddesi olan DDAC
ile kargilagtirmali olarak degerlendirilmistir. Ayrica, DBF ve DDAC ile emprenye
edilmis kontrplaklarin beyaz ve esmer ¢iiriiklik mantarlan ile toprak alti termitlerine
kars1 dayaniklihik 6zellikleri belirlenmigtir.

2. Malzeme ve Yontem

Kontrplak iiretiminde radiata gamindan ticari olarak iiretilmis soyma kaplamalar
kullamilmugtir. Kaplama o6rnekleri kondisyonlama kabininde %7 denge rutubetine
ulasincaya kadar tutulmustur.

Kontrplak iiretimi igin tutkal karisiminda ticari bir fenol formaldehit (PF)
reginesi (C-4S037-B) kullanilmustir. Biitiin tutkal bilesenleri tartillug ve hazirlanan
tutkala % 3, 6 ve 9 konsantrasyonundaki DBF ya da DDAC emprenye maddeleri
karistinlmgtir.

Kontrplak panelierinin iiretimi 6ncesinde emprenye edilmis her kaplama % 7
rutubete ulasak sekilde tekrar kondisyonlanmustir. Tutkal kaplama yiizeyine 200-225
g/m’ oraninda uygulanmgtir. Tutkal piiskiirtiilmiis 3 kaplama hemen birlestirilmis ve 10
kg/cm’ basing altinda 30 dakika 6n basing uygulanmugstir. Daha sonra 10 kg/cm® basing
altinda 145°C’de 8 saat sicak pres uygulanmstir. Testler 6ncesinde kontrplak paneller
20°C sicaklik ve % 65 bagil nemde 3 hafta boyunca kondisyonlanmustir.
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Kontrplak panellerden kesilen &rnekler lzerinde yarilma direnci (MOR) ve
elastikiyet modiilii (MOE) EN 310 (1993) standardina gére yapilmms ve EN 636 (1996)
standardina gore degerlendirilmigtir. Yapigma kalitesi denemeleri EN 314-1 (1993)
standardina gore gerceklestirilmigtir.

Ciirtime testleri Japonya Endiistriyel Standarti (JIS) JIS K 1571 (JIS, 2004)’e
gore esmer ciiriiklik mantan Tyromyces palustris (Berkeley et Curtis) Murrill (FFPRI —
Forestry and Forest Products Research Institute- 0507) ve beyaz ¢iiriikliik mantan
Trametes versicolor (L. ex Fr.) Quel. (FFPRI 1030) kullamilarak yapilmistir. Termit
denemeleri ise JIS K 1571 (JIS, 2004) standardina gore Coptotermes formosanus
Shiraki toprak alt1 termiti kullamilarak gerceklestrilmigtir.

3. Sonug ve Tartisma

DBF ve DDAC ile emprenye edilmis kontrplak &rneklerinin MOR degerlerinde
emprenyesiz Orneklerle karsilastinldiginda istatistiksel anlamda 6nemli bir azalma
olmadif tespit edilmigtir. DBF ve DDAC ile emprenye edilmis kontrplak 6rnekleri ve
kontrol &rneklerinin paralel ve dikey yondeki MOR degerleri kontrplak igin gerekli
minimum sartlan1 saglamistir F25-F30 (38-45 N/mm?) (EN 636, 1996). DDAC ile
emprenye edilmis 6rneklerin MOE degeri DBF ile emprenye edilmig 6rneklere ve
kontrol drneklerine gore daha disiik olarak tespit edilmistir. Beklenmedik bir sekilde
higbir 6rnekte TS 4520 (1985) standardinda belirlenen yapisma kalitesi degeri (0.8
N/mm?) saglanmamistir. DBF ve DDAC emprenye maddeleri ile emprenye edilmig
kontrplak o6rnekleri ile emprenye edilmemis kontrol omekleri karsilastirildifinda
mekanik 6zelliklerde 6nemli bir degisiklik goriilmemistir.

T. palustris ve T. versicolor mantarlarina maruz birakilan emprenye edilmemis
kontrplak 6rneklerinde meydana gelen ortalama agirlik kayiplari siras1 ile % 31.9 ve %
29.4 olmustur. DDAC ile emprenye edilen kontrplak 6meklerinde DBF ile emprenye
edilenlere gore her iki mantar tiirlinde de 6nemli derecede daha yiiksek agirhik kayiplari
meydana gelmistir.

Termit denemeleri sonucunda emprenye edilmemis kontrplak orneklerinde %
17.9 agulik kayb1 meydana gelmistir. Emprenye edilmis biitiin kontrplak drneklerinde
emprenye edilememis kontrplak 6rneklerine gore hafif derecede daha yiiksek termit
Sliimleri gorilmiistiir. Bu sonuglar DBF ve DDAC emprenye maddelerinin kontrplak
Ornekleri iizerinde termit saldirilarina karsi koruyucu bir etkiye sahip olmadifim
gostermektedir.

Elde edilen sonuglar ¢alisma ve iiretim kosullarinda kullanilan PF reginesinin
DBF ve DDAC emprenye maddeleri ile uyum géstermedigini ortaya koymaktadir.
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