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ABSTRACT

In recent years, alternative natural impregnation materials are being sought as substitutes for chemical im-
pregnation materials used for conserving wooden materials; therefore, such natural materials have acquired
significance in the forest products industry. In this study, the boron compounds borax and boric acid, which
are abundant raw materials in Turkey, and quebracho, a natural impregnation material, were used. For the
impregnation process, aqueous solutions of 1%, 3%, and 5% boron compounds were utilized. The test sam-
ples were impregnated according to ASTM D 1413-76 principles. Oven-dry density, retention rate, bending
strength, elastic modulus, compression strength parallel to fibers, bonding strength parallel to fibers, and
screw holding strength tests of the impregnated samples were measured, and the results were compared
with those of control samples. The retention, oven-dry density, comprehension parallel to fibers, and screw
holding strength of the samples were found to be higher than those of the control samples, whereas bend-
ing strength, elastic modulus, and bonding strength parallel to fibers were lower. After impregnation, it was
observed that there was a decline in strength values and a rise in retention rates with the increase in the
concentrations of boron compounds. The values for samples impregnated with borax were higher than those
for the samples impregnated with boric acid.

Keywords: Boron compounds, impregnation, natural impregnation materials, oriental beech, quebracho

oz

Son yillarda orman Urdnleri sanayisinde énemli bir yer isgal eden ahsap malzemelerin korunmasinda kul-
lanilan kimyasal emprenye maddelerinin yerine alternatif dogal emprenye maddeleri aranmaktadir. Bu calis-
mada, Ulkemizde hammadde olarak bol bulunan borlu bilesikler (boraks ve borik asit) ile dogal emprenye
maddelerinden olan kebrako kullaniimistir. Emprenye isleminde borlu bilesiklerin %1, 3 ve 5'lik sulu ¢ézel-
tileri kullanilmistir. Deney orneklerinin emprenyesi ASTM D 1413-76 esaslarina gore yapilmistir. Emprenyeli
orneklerin tam kuru yogunluk, retensiyon miktari, egilme direnci, elastikiyet moduld, liflere paralel basing
direndi, liflere paralel yapisma direnci ve vida tutma direnci testleri yapilarak kontrol ¢rnekleri ile kiyaslan-
mistir. Sonug olarak, yapilan testler sonucunda retensiyon, tam kuru yogunluk, liflere paralel basing ve vida
tutma direncleri kontrol drneklerinden daha yuksek ¢ikmistir. EGilme direnci, elastikiyet modull ve liflere pa-
ralel yapisma direngleri ise kontrol 6rneklerinden daha disuk ciktigi tespit edilmistir. Emprenye sonrasi deney
orneklerinde borlu bilesiklerin konsantrasyonlari arttikca direng degerlerinde disus, tam kuru yogunluk ve
retensiyon miktarlarinda ise artis gortlmektedir. Borlu bilesiklerden boraks ile emprenye edilen érneklerde
degerler borik asit ile emprenye edilenlerden daha yuksek ¢ikmistir.

Anahtar Kelimeler: Borlu bilesikler, dogal emprenye maddeleri, dogu kayini, emprenye, kebrako

INTRODUCTION

Wood as used in various areas is the only natural renewable raw material that doesn't damage the
environment. The physical and mechanical properties of wood, its anatomic structure and chem-
ical composition enable it to be used in a wide variety of products (Bozkurt and Erdin, 1997). Use
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of wooden materials has been sustained since the dawn of hu-
mankind. An organic living creature, wood is utilized in many
areas and its use is increasing day by day. Some of the reasons
for the use of wood in so many areas are: its high strength de-
spite its lightness, its anatomic structure, its easily processable
nature, its ability to hold screw and nail (Aslan, 1998; Hafizog-
lu et al, 1994; Baysal, 1994). In addition to its many favourable
features as stated above, it has certain undesirable properties.
As an organic material, its inflammability, its natural vulnerability
to destruction by insects and to decomposition by fungus, the
fact that its size changes according to equilibrium humidity de-
pending on the relative humidity & temperature of the weather,
and its fading colour under the sun’s rays are considered to be
undesirable features of the wooden material.

Mankind understood that wooden materials need to be pre-
served in their usage areas centuries ago and thereby they start-
ed to take various precautions for this purpose. Archaeological
excavations and inspections carried out on the ribs of sunken
ships have revealed that the partial carbonization of the wood
was one of the first precautions that was taken to preserve
wooden materials 4000 years ago (Hus, 1977). Even though
some wooden materials possesses a natural durability and show
stability and strength in the face of external effects thanks to
their own anatomic and chemical structure, they cannot endure
outside weather conditions for a long period of time. Therefore,
wooden materials are impregnated with several chemical sub-
stances, surface treatments are applied with various layering
and preservative substances appropriate for usage area, or it is
protected with non-chemical constructive precautions (natural,
biological and alternative wood conservation) (Kurtoglu, 1984).
According to usage area, some processes like drying, impregna-
tion and surface treatments are applied to increase the usage
life of wooden materials by making them more durable against
physical, chemical and biological factors. The most common-
ly applied protection method for wooden materials is to treat
them with an appropriate chemical and method according
to usage area Sen and Hafizoglu, 2001). In the event that the
wooden material is used without treating with such chemical
substances with respect to its usage area, it is damaged due to
impacts like insect, fungi, dampness, fire etc. Thereupon, it re-
quires repair, replacement and maintenance expense to avoid
the early end of its economic life (Richardson, 1987; Yalinkilig et
al, 1995). With the intention of preventing the destruction of
the wood by biological pests, it has been determined that im-
pregnation with boron compounds will extend usage life with
experiments (Winandy, 1990).

It is agreed that Boron compounds are the only impregnation
material that demonstrates both insecticide and fungicide
properties against insects and fungi destroying wooden materi-
als. Boron compounds can also be used effectively against pests
like termites and insects at the same time. When compared with
traditional impregnation substances, boron compounds are re-
sponsible for lower levels of environmental damage, causing
very small amounts of acute toxicity. Boron compounds are no
more toxic than common salt to humans and animals, and they
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are colourless and odourless. They don't have corrosive effects
and they are resistant to combustion. Nowadays, boron com-
pounds are accepted as one of the safest chemicals utilized as
a preservative impregnation substance. Since their negative ef-
fects on humans and environment are at minimum levels, their
use is gaining more and more importance. Because they have
less toxic properties than other impregnation materials con-
taining heavy metals, boron compounds are considered to be
the most significant impregnation materials of the future. Apart
from their activities against pests like fungi and termites, usage
areas of boron compounds multiply thanks to increasing the
resistance to combustion (Lloyd, 1998; Kartal and Green, 2002;
Yasar and Atar, 2017).

Some boron compounds used in both the commercial sense
and scientific testing with the purpose of wood protection,
are boric acid, borax, sodium perborate, magnesium borate,
ammonium borate, diammonium octaborate, triethyl borate,
ammonium pentaborate, zinc fluorate, ammonium fluoborate,
disodium octaborate and copper metaborate (Karayazici et al.,
1980). Boron compounds are applied to solid wooden materials
in impregnation processes with many compressed and unpres-
surised procedures.

There are tannins which have the potential to be used as bio-
preservatives. The word tannin is a rather broad term and cov-
ers compounds in various chemical compositions. Tannins have
significant importance among phenolic substances which make
up of 20-30% of wood. The most important part of phenolic sub-
stances is made up of a system known as lignin. Tannins are phe-
nolic compounds that can be dissolved in phlobaphene and are
a coloured substance, and lignin can be dissolved in water and
organic solvents (Hafizoglu, 1984). Tannins are amorphous sub-
stances and they also known as tannic acid. Their colours vary be-
tween light straw and dark mahogany. Tannins are water-soluble
polyphenolic compounds, which are found intensely in high-rise
structured trees like chestnut, oak, acorn, and sumac, their chem-
ical structure varies widely and their molecular weight can reach
up to 20000 daltons. Tannins, which can be found in bark, roots,
leaves, fruit and seed parts of plants, display visual characteristics
ranging from light yellow to white in colour, from shiny to matt
and they have loose structured acrid tasting compounds (Khan-
babaee and Ree, 2001). Tannins are found in many barks, some
coniferous tree types, chestnut and oak trees. Tannins have pro-
tective features against fungal diseases of wood (Kirci, 2000).

Impregnation is the process applied by various methods with
the purpose of protection of wooden material, an anisotro-
pic material, against numerous biotic and abiotic issues (Boz-
kurt and Erdin, 1997). The success and protection level of the
impregnation process depends on the net dry impregnations
substance adhesion to the wood (retention) and the penetra-
tion depth of the impregnation substance in the wood, along
with the impregnation substance and the characteristics of the
wood (Baysal et al,, 2003). The natural durability classifications of
wooden material according to weight loss: less than 5 years are
referred as nondurable, between 5 and 10 years are less durable,
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between 10 and 15 years are moderate durable, between 15
and 20 years are durable, and 25 years and more are categorized
as very durable class (Bozkurt et al,, 1993). On the determination
of this duration, the chemicals used in the impregnation pro-
cess are as important as the properties of the wooden material.
Each chemical used has different characteristics and impact ar-
eas. Therefore, the most suitable impregnation material for each
condition should be chosen bearing in mind the impacts which
will be encountered in the usage locations of the wooden ma-
terials (Yalinkilic et al,, 1995).

The purpose of this study, is to attempt to reduce the damage
and adverse affects occurring in the environment as a conse-
quence of impregnation processes utilizing boron compounds
through the use of natural impregnation materials which do not
harm nature.

MATERIALS AND METHODS

Material

In this study, the oriental beech, which is frequently used in in-
door applications and has a wide distribution in Turkey, is used
as a sample material. The oriental beech used in the prepara-
tion of samples was grown in the province of Gimushane in
the KirtUn district in Alacadag at about 1200 m altitude. Test
samples were prepared from parts of the wood without defects
(paying attention to fiber direction) and they were then dried
until they reached air-dried moisture gradient (12%).

Quebracho, which contains plenty of tannins and is readily avail-
able commercially, is used as a natural impregnation substance.
Quebracho extract is dark coloured and contains tannin in a ra-

Table 1. Size and standards of test samples used for
determining of the physical properties

Number Test Name Dimensions (mm) Standard
1 Retention 20x20x 30 TASTM D 1413-07
2 Oven-Dry Density 20x20x 30 2152472

TASTM: American society for testing and materials; ?TS: Turkish standards

Figure 1. Extract and wood of quebracho

tio of 80% (Figure 1). The colour darkens with contact with light.
Quebracho settles quite easily. Its natural pH value is 4,9 (URL-1,
2015).

Quebracho was used in the impregnation process and the solu-
tion was prepared first. The solution was prepared by dissolving
5% mineral tannin in water with respect to weight quantity. The
impregnation mix was prepared by adding boron compounds
(in a concentration suitable for the conducted impregnation
process), to the solution. Boron compounds borax (B) and boric
acid (BA) were used in aqueous solutions in concentrations of
1,3 and 5%. In the impregnation process, mixtures of natural
impregnation materials and boron compounds were applied.
The boron compounds used in the study was supplied by Kirka,
Bigadic and Emet facilities affiliated to Eti mining works.

Method

The Preparation of Samples

Oriental beech (Fagus orientalis L) samples are prepared in
accordance with TS standards at the GUmuUshane University
GUmushane vocational school of higher education furniture
and decoration workshop. For each test (retention, oven dry
density, bending strength, elastic modulus, bonding strength
parallel to fibers, screw holding strength, compression strength
parallel to the fibers), 10 samples for each were prepared to use
in the study with a total of 420 samples. Test samples were pre-
pared, paying attention to fiber direction and that there weren't
any flaws in the wood samples. Any samples not in accordance
with required standards or having flaws were isolated and ex-
cluded. In this way, the aim was to prevent any errors that might
have originated from flaws in the wood samples.

Applied test standards and dimensions of wooden material
used in the determination of physical features are given in Table
1 and sample numbers tested are given in Table 2.

Applied experiment methods and dimensions of wooden ma-
terial used in the determination of mechanical properties are
given in Table 3 and sample number is given in Table 4.
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Table 2. Amount of test samples used for determining of the physical properties

Physical Wood Natural Impregnation
Properties Species Materials
Retention Oriental beech Qebracho

Oven-Dry Density

Boron Sample
Compounds Concentration (%) Numbers
Boraks 1 p.p.Xw.s.2xn.i.m.
Borik asit 3 *xb.ct xcoxr®
5 2x1x1x2x3x10=120

"p.p.: physical properties; “w.s.: wood species; *n.i.m.: natural impregnation materials; *b.c.: boron compounds; °c: concentration; °r: repetition

Table 3. Size and standards of test samples used for determining the mechanical properties

Number Test Name

1 Bending Strength

2 Elastic Modulus

3 Compression Strength Parallel to the Fibers
4 Screw Holding Strength Tests

5 Bonding Strength Parallel to Fibers

'DIN: Deutsches institut fir normung

Table 4. Amount of test samples used for determining the mechanical properties

Mechanical Wood Natural Impregnation
Properties Species Materials
Bending Strength Oriental beech Qebracho

Elastic Modulus
Compression Strength PF.
Screw Holding Strength
Bonding Strength PF.

Dimensions (mm) Standard
20 x 20 x 360 TS 2474
20 x 20 x 360 TS 2478
20x20x 30 TS 2595
50x50x 20 TSEN 13444
20x 15x 150 'DIN 53225
Boron Sample
Compounds Concentration (%) Numbers
Borax 1 m.p.'Xw.s.2xn.i.m.
Boric Acid 3 xb.ctxcxr®
5 5x1x1x2x3x10= 300

'm.p.: mechanical properties; 2w.s.: wood species; *n.i.m.: natural impregnation materials; “b.c.: boron compounds; °c: concentration; °r: repetition

Table 5. Amount of impregnate

Natural Impregnation
Materials + Boron

Wood Compounds + Impregnation
Species Concentration Number
Oriental beech Qebracho + Borax + 1% 1
Qebracho + Borax + 3% 1
Qebracho + Borax + 5% 1
Qebracho + Boric Acid + 1% 1
Qebracho + Boric Acid + 3% 1
Qebracho + Boric Acid + 5% 1

Impregnation Process

In this study, a total 6 impregnation process were conducted
(Table 5). Cell method was chosen in compliance with ASTM D
1413 principles.

The samples prepared in impregnation process first were sub-
jected to pre-combustion for 30 minutes in the impregnation
mechanism, later to impregnation treatment for 30 minutes un-
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der pressure of 10 bars (Figure 2). The samples extracted from
the impregnation mechanism were kept at a temperature of
20+2 °C and in a relative humidity of 65% for conditioning for
a week and ensured to reach an equilibrium humidity of 12%.
For the determination of retention and oven dry density, the
samples were brought to oven dry condition again after im-
pregnation and the essential measurements were carried out.
Afterwards, the physical and mechanical tests were carried out
on the oven dry samples. After impregnates samples, control
samples were subjected to testing and the results were com-
pared statically (Adanur, 2015).

The Determination of Physical Properties

Retention Rate

The impregnation of test samples was carried out according to
ASTM D 1413-07 principles. The retention rate (R, kg/m?) of test
samples was calculated using the following equation (Bektas,
1997):

R=G)-:C

%10° (kg/m’)
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Figure 2. Impregnating device employed in the impregnation process

In this equation;

G=T2-T

T1 : the weight of test samples before impregnation (g)
T2 : the weight of test samples after impregnation (g)
V' : Sample volume (cm?)

C : solution concentration (%)

The Determination of Oven-Dry Density

In the experiment to identify oven-dry density, the principles
stated in TS 2472 standard were taken into consideration, wood-
en materials were prepared in sizes of 20x20x360 mm in accor-
dance with the standard, then they were put in the drying oven.
The temperature was gradually raised to 50 °C, 75 °C and 103 +
2 °C, the samples were kept until their weight reached stability
and the samples were brought to an oven dry condition. The
samples taken from the drying oven were permitted to cool
down by placing in the desiccator with silicon dioxide (silica
gel), weighed in an analytic scale with a sensitivity of £0.01 g,
(M,) value and their sizes were measured using a digital caliper
with a sensitivity of £0.01 g, and their volumes were calculated.
The oven dry densities (D) were calculated using the equation
below (Bektas, 1997).

D, =£tL {g.l’l:m’}
V5

In this equation;

D, :The density in oven dry humidity (g/cm?)

M, : The weight of sample in oven dry humidity (g)
V, : The volume of sample in oven dry humidity (cm’)

The Determination of Mechanical Properties

The Determination of Bending Strength

For determination of bending strength, the principles stated
in TS 2474 (1976) standard were followed and the test samples
were prepared in 20x20x360 mm sizes in accordance with these
standards. The dimensions of the test samples were determined
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by measuring with a digital caliper with a sensitivity of +0.01 g.
The distances between the midpoints of the cylindric fulcrums,
where the test items were placed, were set at 15 times (15x20
mm = 300 mm) the thickness of the test item. Loading was con-
ducted uniformly with a constant fixed speed on the surface
of the test item. The loading speed was set to 6 mm/min. Test
speeds were set so that the test items would break after 1.5+ 0.5
minutes starting from loading on test items. The force measure-
ments (Pmax) on the instant of breaking point were read and
bending strength (oE) was calculated according to the formula
below (Bektas, 1997; Kasal et al,, 2010).

3F

e -1

_ 2
Og 2 b.b? (Nfmm*™)

In this equation;

Pmax : The pressure applied at breaking point (N)

| :The space between fulcrums (mm)

b ;The width of test specimen vertical to annual rings (mm)
h ; The thickness of test specimen tangent to annual rings
(mm).

When the static bending strength needed to be adjusted to a
12% moisture value, this figure was calculated using the follow-
ing equation.

&

W-

[ . =a'lx[1+ lzlm‘mm’}

In this equation;

a : 0.04 (correction factor for humidity amount)

W : the humidity amount for wood calculated in accordance

with TS 2471

The Determination of Elastic Modliiliis

In this step, the elastic modulus for the difference of force ap-
plied to elastic deformation area (AF) was calculated using the
difference between deflections in samples (Af) by means of the
equation below (Bektas, 1997).
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_ AFDL 2
E 4.h.h’15fmm )]
In this equation;
AF : the force equal to the difference between the arithmetic
means of the lower and upper limits of loading at the elastic
deformation area (N)

L ; The space between fulcrums (mm)

Af : The deflection in net bending area, the difference between
arithmetic means of deflection results measured at the lower
and upper limits of loading (mm)

b ; Section width of test item (mm)

h ; section thickness of test item (mm)

When the pressure strength needed to be adjusted to a 12%
moisture value, this figure was calculated using the following
equation.

o
W-
In this equation;
o : 0.02 (correction factor for the humidity amount)

W the humidity value for wood calculated in accordance
with TS 2471

E,,=Ex[1+ =

]cm::nf]

The Determination of Compression Strength Parallel to the
Fibres

TS 2595 (1976) was the basis for determining compression
strength parallel to the fibres. Control and test samples were
prepared from wooden material of the dimensions 20x20x30
mm. Before the experiment, the cross-sectional area where the
force was to be applied was measured at 0.01 mm sensitivity
(axb), the maximum force at breaking point (Pmax) was deter-
mined and the compression strength was calculated by the fol-
lowing formula (Bektas, 1997).

Pax N
Twr = a.b )

In this equation;

ow// :Compression strength parallel to the fibres (N/mm?)
Pmax :The maximum load (N)

aand b : Cross-sectional dimensions of the test piece (mm?)

When the pressure strength needed to be adjusted to a 12%
moisture value, this figure was calculated using the following

equation.
x [l+

In this equation;
o :0.05 (correction factor for the moisture value)
W :the moisture value of wood calculated in terms of TS 2471

o
w-12

o, =0,

] (Nmm®)

The Determination of Screw Holding Strength

TS EN 13446 was taken as the basis for determining the screw
holding strength. The screw holding strength was conduct-
ed in the radial direction. Wooden materials of dimensions
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50x50x20 mm were prepared from the test samples. The mid-
points of the cross sections of the prepared test samples were
determined and screws were inserted in such a way so that
2/3 of the 35 mm screws would enter the wood. In this study,
according to the principles frequently favored in the furniture
industry and specified in TS 431, screws measuring 3.5x50 mm,
made from low carbon steel, with a flat countersunk head,
with a star twist and helical gear, were used. The thickness of
the test pieces and the depth of penetration were determined
by measuring with + 0.1 mm sensitivity according to EN 325
(Percin and Ayan, 2012).

The Determination of Bonding Strength Parallel to Fibres
The test specimens used in the test for bonding strength paral-
lel to fibres were bonded with a high quality PVA based and D2
norm wood adhesive, resistant to outdoor conditions. The glue
used was polyvinyl acetate (PVA) based - a white glue which is a
strong glue that can be used in any kind of wood and becomes
transparent when it is dry. It is in D2 norm and it is resistant to
medium levels of humidity. It can be diluted with water, is ideal
for framing works and has excellent adhesion strength. It is used
in hardwoods, MDF, chipboard and any kind of woods where
the purpose is to bond it to other materials of its kind. Approxi-
mately 10 minutes of application time is needed to ensure ade-
quate adhesion (URL-2).

TS EN 205 was taken as the basis for determining the bonding
strength parallel to fibres. The test specimens were prepared
from wooden materials with dimensions of 20x15x150 mm. A
constant pulling force was applied, homogeneous to the cross
section of prepared samples, for 1.5-2 minutes. The maximum
force (F) at the moment of breaking was determined by main-
taining the application of force until the sample broke. Adhe-
sion strength (oY) was calculated as follows (Uysal and Kurt,
2005).

F

A

In this equation;
oY :bonding strength (N/ mm?)

F

axh

(Nimm?)

Ty

F . force at the moment of breaking(N)

A : bonding area (mm?)

b :width of bonding surface (mm)

a : thelength of the bonding surface (mm)
RESULTS AND DISCUSSION

Physical Properties

An analysis from statistical information is given average values
are in Table 6, an analysis of the variance from statistical infor-
mation on the determination of retention and oven dry density
quantities of the experimental samples is given in Table 7, the
least significant difference (LSD) is in Table 8, and graphical rep-
resentations of results are in Figure 3.

As shown in Table 6, the highest average retention rate of sam-
ples in an air-dried state (12%) in test samples was 194.80 kg/m?
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in samples impregnated with a 5% borax solution. It was found
that the retention rate increased as the boron compound con-
centration increased in all impregnation processes that were
carried out. In test specimens impregnated with quebracho -
which is one of the natural impregnations - the density value
in oven dry conditions was found to be 0.57 g/cm® in the im-
pregnation with the highest 1% borax. The oven dry density val-
ue of the control samples was identified as 0.53 g/cm?. Full dry
density values of the boron compounds impregnated with bo-
ric acid solutions seemed to be lower than those impregnated
with borax solutions. It was found that as the concentration of
boron compound increased in the impregnation solution, the
oven dry density values increased.

Table 6. Amount of some physical properties of beech wood

In Toker’s (2007) study, he impregnated oriental beech woods
with various concentrations of borax and boric acid. Retention
rates were found out to be 4.95 kg/m? with 1% boric acid con-
centration, 13.86 kg/m? with 3% boric acid, 26.69 kg/m? with 5%
boric acid, 5.03 kg/m?® with 1% borax, 15.20 kg/m? with 3% borax
and 25.22 kg/m?* with 5% borax. In this study also, the concen-
tration of the boron compound and the retention rate increase
in direct proportions. The results we obtained are consistent
with this study. In this study Peker et al., 1999 found the reten-
tion rate to be 10.57 kg/m?in samples impregnated with (borax
+ boric acid) by impregnating oriental beech woods with boron
compounds, phosphorus compounds, ammonium compounds
and organic solvents.

Boron Compounds

Borax Boric Acid

Impregnation Materials S.S. 1% 3% 5% 1% 3% 5% Control
Qebracho Retention Amount (kg/m?)

M 29.00 96.33 194.80 539 45.96 127.56 -

SX 3.10 11.53 13.76 2.51 4.36 12.08 -

Oven-Dry Density (g/cm?)

M 0.57 0.56 0.55 0.53 0.55 0.56 0.53

SX 0.04 0.04 0.03 0.04 0.04 0.02 0.03
S.S.: Statistical Symbol, M:Mean, Sx:Standard Deviation
Table 7. Multivariate analysis of variance for the determination of the physical properties of beech wood

Retention Amount Oven-Dry Density

Source of Varience F.D. S.S. S.M. F.V. F.D. S.S. S.M. F.V.
Boron Compounds 1 33244.60 33244.60 396.36% 1 0.0034 0.0034 267
Solution Concentration 2 21167031 105835.16  1261.82* 2 0.0007 0.0004 0.29
bc*c 2 4840.08 2420.04 28.85% 2 0.0054 0.0027 2.15
Error 54 4529.25 83.88 54 0.0682 0.0012
Total 59 254284.24 59 0.0777

F.D.: Degrees of Freedom; S.S.: Sum of Squares; S.M.: Mean of Squares; F\V.: F Value; *, **: 1% and 5% significance level, respectively

Table 8. Test results of LSD with physical properties of variable of impregnating agents, boron compounds and solutions

concentrations

Retention Amount (kg/m?)

Oven-Dry Density (g/cm?)

Factor Material ™ ’LSD M LSD
Boron Compounds Borax 106.71 a 4.7409 0.56a 0.0184
Boric Acid 59.64b 0.54a
Solution Concentration 1% 17.20°%c 5.8064 0.54 a 0.0225
3% 71.14°b 0.55a
5% 161.18 % 055a

'M: Mean; ?LSD: Least significant difference; *a,b,c: Mean grouping
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In his work, GUr (2003) impregnated the samples, which
were prepared from scots pine and red pine woods, with the
vacuum pressure technique using Tanalith C and vacsol WR
impregnation materials. After the impregnation process, the
samples’ specific weight were found to increase. By impreg-
nating scots pine and oriental beech woods with certain im-
pregnation substances, the changes that occur in oven dry
and air dry densities were investigated. As a result, the air dry
density of scots pine was determined to be affected most in
vacsol, styrene + MMA, and isocyanate while the oven air den-

0.58

sity of scots pine was determined to be affected most by vac-
sol, isocyanate, paraffin + boric acid + borax and isocyanate
(Ors et al,, 1999). It is observed in literature that impregnated
materials increase the density of wooden materials. Studies
on beech species around the world indicate that (according
to the density classes), air-dry density is between 0.50 — 0.69
g/cm?® and that the beech enters the group of trees in me-
dium density (Bozkurt and Erdin, 1990). In this study, it was
determined that full dry density findings values were close to
those in literature.

300 M 12000

2 E
057 25 250 _ﬂ 2 too0o
T =3 by =™ | 0 0
0s6 5 s s 0 =
E) £x= 200 - M 8000 &
z £ z
055 '@ 2
g g i Z150 6000 8
g E =
054 & £% 5 <
é £ 2 Z100 4000 %
|} 053 & ?_"5"_-‘;5 m
SE=
052 fﬂi 50 2000
52 » 6.65
23 0 i X £ =
0.51 & o
3% 2% 1% 3% 5% 1% 3% 5%
Boric Acid Control g = Borax Boric Acid Control
Boron Compounds
Boron Compounds XX Bending strength (N/mm?) | Compression strength parallel to the fibres (N/mm?)
23 Amount of Retention (kg/m?) @™ Oven-Dry Density (g/em’) :ijzwmr:::::i s(::;f;h (N/mn?) S5 Bonding strength parallel to fibres (N/mnr’)
Figure 3. The average values of physical properties of Figure 4. The average values of mechanical properties
beech wood impregnated with quebracho and boron of beech wood impregnated with quebracho and boron
compounds compounds
Table 9. Amount of some mechanical properties of beech wood
Boron Compounds
Borax Boric Acid
Impregnation Materials S.S. 1% 3% 5% 1% 3% 5% Control
Qebracho Bending Strength (N/mm?)
M 67.40 72.80 83.20 62.60 86.70 75.10 106
Sx 8.68 9.05 943 13.21 12.03 13.73 15.5
Elastic Modulus (MPa)
M 8293 8968 9257 8596 9187 9283 10400
Sx 821 913 935 1012 1183 1459 1460
Compression Strength Parallel to the Fibers (N/mm?)
M 50.57 48.08 4342 46.37 4841 52.07 44.39
Sx 1.66 293 6.09 559 2.30 1.97 3.74
Screw Holding Strength Tests (N/mm?)
M 297.40 239.30 264.90 281.80 235.70 234.30 199.36
Sx 40.35 37.56 1143 19.95 27.78 50.12 16.13
Bonding Strength Parallel to Fibers (N/mm?)
M 411 373 4.09 4.86 444 3.92 6.65
SX 1.32 0.95 0.57 091 0.56 1.16 1.95

S.S.: Statistical Symbol; M:Mean; Sx: standard deviation
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As a result of the variance analysis conducted, it was determined
that the oriental beech samples impregnated with quebracho
and boron compounds had a 1% significance level difference
between retention rate and boron compounds and solution
concentration (Table 7).

As can be seen from Table 8, the highest retention amount of
the physical properties in the oriental beech was found 106.71
kg/m? in borax among boron compounds and to be 161.18 kg/
m?* in 5% concentration among solution concentrations. The
highest oven dry density amount was found 0.56 g/cm? in bo-

rax among boron compounds and to be 0.55 g/cm? in samples
impregnated at 3% and 5% among solution concentrations.

In beech samples impregnated with quebracho from natural
impregnation substances, it is seen that the retention rates of
boron compounds impregnated with borax are higher than bo-
ric acid. It has been observed that as the concentration of the
boron compounds increases in all impregnation processes, the
retention rate also increases. The highest retention rates were
obtained at 5% concentration. Oven dry density values were
found to be higher than those of control samples without im-

Table 10. Multivariate analysis of variance for the determination of the mechanical properties of beech wood

Bending Strength (N/mm?)

Elastic Modulus (MPa)

Source of Varience F.D. S.S. S.M. F.V. F.D. S.S. S.M. F.V.
Boron Compounds 1 1.67 1.67 0.01 1 484201.7 484201.7 0.24
Solution Concentration 2 2787.63 1393.82 11.48* 2 74351433 37175717 1.82
bc*c 2 1407.63 6043 0.01* 2 1987233 99361.7 0.05
Error 54 6559.00 12146 54 110080990.0  2038536.9
Total 59 10755.70 59 118199058.3

Compression Strength Parallel to the Fiber Screw Holding Strength Tests (N/mm?)
Boron Compounds 1 38.08 38.08 1.38 1 413340 413340 0.94
Solution Concentration 2 5.51 2.75 0.10 2 29738.80 1486940 3.39%
bc*c 2 424.78 21239 7.68% 2 1830.00 915.00 0.21
Error 54 1492.64 27.64 54 415117.00 3843.68
Total 59 1961.01 59 518697.70

Bonding Strength Parallel to Fibers

Boron Compounds 1 2.77 2.77 1.94
Solution Concentration 2 2.64 1.32 092
bc*c 2 276 1.38 0.96
Error 54 77.19 143
Total 59 85.36

F.D.: Degrees of Freedom; S.S.: Sum of Squares; S.M.: Mean of Squares; FV.: F Value; *, **: 1% and 5% significance level; respectively

Table 11. Test results of LSD with mechanical properties of variable of impregnating agents, boron compounds and

solutions concentrations

Bending Elastic
Strength Modilis
(N/mm?) (MPa)
Factor Material X LSD X LSD
B.C. Borax 7447 a 5.71 8839a 739.1
Boric Acid 74.80 a 9019 a
S.C 1% 65.00 b 6.99 8445 a 905.2
3% 79.15a 9073 a
5% 79.75 a 9270 a

Compression Strength ~ Screw Holding Bonding Strength

Parallel to the Strength Parallel to Fibers
Fiber (N/mm?) (N/mm?) (N/mm?)

X, LSD o LSD X, LSD
4736 a 272 267 a 34.29 398a 0.62
4895 a 251 a 441 a
4847 a 333 290 a 41.99 449 a 0.76
4825a 250 ab 409 a
47.75 a 238b 407 a

B. C.: Boron Compounds; S. C.: Solution Concentration; MPa: Megapascal; LSD: Least significant difference; a,b,c: Mean grouping
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pregnation. The highest full dry density value was in samples
impregnated with 1% borax (Figure 3).

Mechanical Properties

An analysis from statistical information is given mean values
in Table 9, variance analysis related to bending strength, elas-
tic modulus, compression strength parallel to the fibres, screw
holding strength and bonding strength parallel to fibres are
shown in Table 10, LSD test results in Table 11, and graphical
representations in Figure 4.

In the impregnated test specimens, the bending strength in the
case of air dry (12%) was found to be 86.70 N/mm? in samples
impregnated with the highest 3% boric acid solution. In the
control samples, the bending strength value in the case of air-
dry (12%) was found to be 106 N/mm? The bending strength
of the beech samples impregnated with the boron compound
mixture and natural impregnation material was found to be
lower than the control samples. In the impregnated test sam-
ples, the elastic modulus in the case of air dry (12%) was found
to be 9283 MPa in samples impregnated with the highest 5%
boric acid solution. In the control samples, the elastic modulus
in the case of air dry was found to be 10400 MPa. The maxi-
mum value of the compression strength parallel to the fibres
was found to be 52.07 N/mm?in samples impregnated with 5%
boric acid. The compression strength parallel to the fibre values
of the impregnated specimens were higher than the control
samples. The average screw holding strength value was found
to be 297.40 N/mm? in samples impregnated with the highest
1% borax. In all of the impregnation processes carried out, screw
holding strength of the impregnated samples were higher than
the control samples. In the control samples, the average screw
holding strength value - in the case of air-dry (12%) - was found
to be 199.36 N/mm? However, in the bonding strength parallel
to fibres it was found to be 4.86 N/mm?in samples impregnated
with the highest 1% boric acid. In the control samples, the aver-
age bonding strength in the case of air dry was found to be 6.65
N/mm?Z In all of the impregnated samples the bonding strength
values came out lower than the control samples (Table 9).

Reductions in strength created by impregnation substances are
related to their chemical structure and their fixation reactions
with wood. The impregnation substances containing acidic
chromium have a hydrolytic depletion reaction with wood sug-
ars, thus forcing interaction with the cell wall materials. During
this process, which is considered a fixation, metals are reduced
to a less water-soluble form by oxidation of cell wall compo-
nents. However, the temperature applied before impregnation
and during the fixation process accelerates these hydrolytic
reactions that occur in the wood, leading to increases and de-
creases in mechanical properties (Temiz et al., 2004).

Toker (2007) impregnated beech wood with different concen-
trations of borax and boric acid in his work and found that the
bending strength decreases as the solution concentration in-
creases. He found that while the average bending strength was
101 N/mm? in the non-impregnated control samples, it was
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89.34 N/mm? in the specimens impregnated with borax solu-
tion and the average bending strength perpendicular to the
fibres was 88 N/mm?in the specimens impregnated with boric
acid solution. It has been reported that finding low or high val-
ues for bending strength may be due to the different materials
used. In literature, studies show that the bending strength of
the oriental beech wood varies between 100 and 150 N/mm?
and the average value is around 120 N/mm? (Keskin and Togay,
2003). In this study, the bending strength of non-impregnated
control samples was determined to be 106 N/mm?. This value
was found to be in accordance with the literature.

The elastic modulus values of beech wood in literature were
found to be as follows: Fagus orientalis (Europe) 16000 MPa
(GUler and Bektas, 2000), 15700 MPa (Bozkurt et al., 2000), 13082
MPa (Malkogoglu, 1994) Fagus orientalis (Andirin) 12750 MPa
(GUler and Bektas, 2000), Fagus orientalis (Iran) 11820 MPa (GUler
and Bektas, 2000). In this study, elastic modulus of non-impreg-
nated control samples was determined to be 10400 MPa.

The compression strength parallel to fibres values of beech
wood were determined to be 57.2 N/mm?* (Malkogoglu, 1994),
60 N/mm? (Bozkurt et al,, 2000) and 62.9 N/mm? (Erdinler, 1999)
in different studies conducted in literature. In the control sam-
ples, the compression strength parallel to the fibres value in the
case of air dry (12%) was found to be 44.39 N/mm? - similar to
the value in literature. The findings relating to the determina-
tion of compression strength parallel to the fibres which we ob-
tained are similar to those in the work of Keskin.

Acikel (2007) found out that if the screw holding strength is
ordered from high to low according to the impregnation sub-
stance it is as follows: boric acid, borax, immersol-aqua and that
in particular boric acid, borax and a boric acid + borax mixture
have a greater effect on screw holding strength than other im-
pregnation substances. According to the test results, the im-
pregnation process increased the screw holding strength. This
may be due to the fact that the impregnation substances enter
the cell wall cavity in the tree and affect the contact surface area.
Itis seen that the screw holding performance values of wooden
materials with a high density is high in literature. In this work
too, the screw holding strengths increased. The screw holding
strength of the impregnated beech samples is higher than the
non-impregnated control specimens and shows similarities to
the studies in the literature.

Altinok and others (2009) in their study found that borax de-
creased the bonding strength by 15.6% in PVAc glue, 21.5% in
UF glue and 37.7% in PU glue. It is seen in studies in literature
that there is a decrease in bonding strength in impregnated
wooden materials with pressure applied impregnation meth-
ods. Many factors influence bonding strength such as the im-
pregnation method, the amount of retention, and the nature of
the impregnation material. In his work Rowell (2005) investigat-
ed the factors that influence the bonding strength of wooden
materials. As a result of the study, it was determined that many
factors influence bonding strength however the most signifi-
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cant factors were wood, production method, glue and place of
use.

As a result of the variance analysis conducted; it was determined
that there was a difference of 1% significance between the solu-
tion concentration and the boron compounds * concentration
in the change in bending strength. There was a 1% significance
level difference between the concentration and the boron com-
pounds * concentration at the parallel pressure strength. A dif-
ference in 5% significance was found between screw holding
strength and solution concentration (Table 10).

The highest bending strength change was obtained as 74.80 N/
mm? in boric acid for boron compounds and as 79.75 N/mm?
for samples impregnated at 5% concentration in terms of solu-
tion concentration. The highest elastic modulus values were
obtained in specimens impregnated with boric acid at 9019
MPa in boron compounds and 5% concentration at 9270 MPa
in solution concentration. The highest change in compression
strength parallel to fibres was obtained in samples impregnat-
ed in 1% concentration with 48.95 N/mm? boric acid for boron
compounds and with 48.47 N/mm? for solution concentration.
The highest screw holding strength value was obtained in sam-
ples impregnated in 1% concentration with 267 N/mm? borax
for boron compounds and 290 N/mm? for solution concen-
tration. In the impregnated samples, the highest compression
strength parallel to fibres values were obtained in 1% concen-
tration with 4.41 N/mm? boric acid for boron compounds and
with 4.49 N/mm? for solution concentration. It has been report-
ed that finding low or high values relating to the determination
of these strength values may be due to the difference in the
materials used (Table 11).

As can be seen in Figure 4, the bending strength of the beech
samples impregnated was found to be lower than the control
samples. The average elastic modulus values were lower than
the control samples and the increase in the elastic modulus
values increased as the solution concentration increased. It
was found that the compression strength parallel to fibres was
higher than the strength control samples. In terms of solution
concentration, the compression strength parallel to the fibres
was determined in the boric acid samples with the highest con-
centration of 5%. In all of the beech samples impregnated with
quebracho and boron compounds, the screw holding strength
was higher than the control samples. All of the beech samples
were found to have lower bonding strength than the control
samples. It can be argued that this decrease is due to the fact
that boron compounds negatively affect the chemical structure
of the glue used, making it difficult for the glue to penetrate into
the wood material, and it also adversely affects adhesion and
cohesion forces between the layers (Ozcifci, 2005).

CONCLUSION
As a result of impregnations made, it was found that the re-

tention rate of borax in boron compounds is higher than boric
acid. According to this result, it can be said that borax is a better
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absorber than boric acid. The retention rates increased as the
concentration of the boron compounds increased. The highest
retention value was detected in samples impregnated with a
solution of 5% concentration. This can be explained as the con-
centration of the boron compound increases, the amount of the
substance bonding to the wood increases. As a result of the ex-
periments, the oven dry density values of the impregnated sam-
ples were found to be higher than the control samples. This can
be interpreted as the fact that the boron compounds used in
the impregnation process have salt properties and thus increase
the density of the wood material. The average oven dry density
value was found to be higher in borax from boron compounds.
It was seen that the increase in the boron compound concen-
tration also increased the oven dry density value. It was found
that the oven dry density values of the impregnated samples
were higher than those of non-impregnated control samples,
which is consistent with literature.

After the impregnation process, a general decrease was found
in the bending strength perpendicular to the fibres. It was found
that as the boron compound concentration increases, the in-
crease in the bending strength parallel to the fibres of the test
samples increases. This can be attributed to the impregnation
salts in the crystal structure being placed between the micelles
in the cell wall, resulting in a decrease in the bonding property
of the material. The values in the elastic modulus were found to
be lower than the control samples. It was found that in boron
compounds values were lower than the control samples and
compared to boric acid lower results were obtained from borax.
As the solution concentration increased, the elastic modulus
values increased. As a result of the experiments conducted, it
was found that the compression strength parallel to the fibres
were generally higher than the control samples. In the boron
compound concentration, the highest value was found in bo-
ric acid at 5% concentration. As a result of the tests conducted,
the screw holding strength was found to be higher in the im-
pregnated samples than in the control specimens. It was found
that borax in boron compounds has higher values than boric
acid. As the concentration of the boron compound increased, a
decrease in screw holding strength was detected. Despite this
decrease, even the screw holding strength values in 5% concen-
tration were higher than the control samples. As a result of the
tests made, the bonding strength of the impregnated samples
was found to be lower than the control samples. It was found
that boric acid in boron compounds have higher results than
borax. The highest value in boron compound concentrations
was found at 1% concentration.

According to the results of the tests conducted, if we compare
the boron compounds with each other, it is determined that in
the samples impregnated with borax, retention, oven dry den-
sity and screw holding strength values were higher than boric
acid, and elastic modulus and bonding strength parallel to fi-
bres values were lower. If we compare the test results with the
control samples, oven dry density, compression strength par-
allel to the fibres and screw holding strengths in the impreg-
nated samples were higher than the control samples. Bending
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strength, elastic modulus and bonding strength parallel to the
fibres were lower than the control samples.

Alternative impregnation materials, which do not harm nature
and humans, should be sought instead of chemical impregna-
tion materials used in the preservation (impregnation) of wood
materials, which have occupied a prominent place in the glob-
al forest products industry in recent years. In this study, some
properties of wood materials were tested by applying mixtures
of natural impregnation substances that are rich in boron and
tannin - which have enormous potential in Turkey - to wood
materials. Thus, it was aimed to increase the use of these mate-
rials in the impregnation field and thus contribute to the coun-
try's economy and the environment.

In this study, quebracho was used as a natural impregnation
material, and borax and boric acid were used as chemical im-
pregnation substances. In works to be conducted later, it may
be recommended using different boron compounds with dif-
ferent natural impregnation materials. In addition, this blend
can be compared by determining the effects on the wood ma-
terial by adding other ingredients.

The objective is to increase industrial use of the application of
mixtures of boron minerals to wood materials, which have a
great potential in Turkey, as well as natural impregnation mate-
rials rich in tannins. It follows that this will therefore contribute
to the economy of the country.

In addition, natural impregnation materials which are not harm-
ful to nature and human beings should be used rather than
chemical impregnation substances used in the preservation
(impregnation) of wooden materials — substances which have
occupied an important place in the global forest products in
recent years.
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