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Study of the Effect of Alfa-x to the Urea Formaldehyde Adhesive on
Plywood
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< It was found that that the addition of Alfa-x to the adhesive mixture used on the plywood slightly decreased
strength properties of plywood that is bonded using this resin

«» It was concluded that, since formaldehyde emissions hold a significant importance for human health, Alfa-
X, Which decrease the levels of this emission

Graphical Abstract

Kontrplaklarda Ure-formaldehit (UF) tutkalina ilave edilen Alfa-x’in formaldehit emisyonu ve mekanik ézellikleri
tizerine etkileri incelenmigtir.
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Aim

This study investigated the effect of adding Alfa-x to the of urea-formaldehyde (UF) adhesive.

Design & Methodology

The content of free formaldehyde, withdrawal shear strength, and bending strength were studied in the experimental
plywood.

Originality

Alfa-x was added to the adhesive (UF) in 0, 10, and 20 wt% ratio of the total amount of the solid content.
Findings

There were higher withdrawal-shear strength and bending strength values of the ekaba plywood than the poplar
plywood values.X There were higher values of free formaldehyde in the ekaba plywood than the poplar plywood, and
the free formaldehyde content value in both samples was reduced by adding Alfa-x to the adhesive.

Conclusion

Formaldehyde emission, which is important for human health, without reducing the mechanical properties of plywood,
has been successfully reduced.
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0z
Bu ¢aligmada, iire-formaldehit (UF) tutkalina ilave edilen Alfa-x’in formaldehit emisyonu ve mekanik 6zellikleri iizerine etkileri
incelenmistir., tre-formaldehit tutkal karisimlarina belirli miktarlarda alfa-x ilave edilerek {i¢ kath kavak (Populus x
eureamericana) ve ekaba (Tetraberlinia bifoliolata) kontrplaklar1 hazirlanmistir. Uretilen kontrplaklarda formaldehit emisyonu,
¢ekme-makaslama ve egilme direnci deneyleri yapilmistir. Tutkal karigimina ilave edilen ilen Alfa-x kontrplak mukavemet
ozelliklerini ¢ok az oranda diistirmiistiir. Formaldehit emisyonu degerlerini ise istatistiksel anlamda 6nemli oranda diisiirmiistiir.

Anahtar Kelimeler: Formaldehit emisyonu, konik yay, alfa-x, egilme direnci, cekme makaslama direnci.

Study of the Effect of Alfa-x to the Urea Formaldehyde
Adhesive on Plywood

ABSTRACT

This study investigated the effect of adding Alfa-x to the of urea-formaldehyde (UF) adhesive. The content of free formaldehyde
and the bonding specifications were examined. The three-layered plywood of poplar (Populus x eureamericana) and ekaba
(Tetraberlinia bifoliolata) was prepared by adding alfa-x to adhesive mixtures in specified amounts. The content of free
formaldehyde, withdrawal shear strength, and bending strength were studied in the experimental plywood. The strength
specifications of plywood bonded with this resin were slightly reduced by adding the Alfa-x to the adhesive mixture. There was

also a moderate decrease in the content of free formaldehyde.

Keywords: Content of free formaldehyde, alfa-x, plywood, bending strength, withdrawal shear strength.

1. INTRODUCTION

It is very important to have wood and surfaces in the
wood industry. Urea formaldehyde adhesive is generally
used because it is cheap and easily available in plywood
production [1].

Synthetic resins used in plywood production are
substances harmful to human and environmental health.
Formaldehyde, which is an important component of
synthetic resins, separates from the material at the place
of use and mixes with air and creates adverse effects.
Formaldehyde has an irritating effect on the eye and nasal
mucosa. It can also cause shortness of breath and allergic
skin conditions [2].

Formaldehyde spreads from wood-based panels bonded
with amino and phenolic resins during production and
end use. The amount of formaldehyde released from
wood-based panels is affected by exterior factors such as
air humidity, air exchange and temperature and
production conditions, as well as endogenous factors
such as raw material types and resin types [3]. There are
several reports about the negative effects of
formaldehyde on human health [4,5,6].

Indoor products including core panels of doors, sub
flooring, and furniture are made using composite wood

*Sorumlu Yazar (Corresponding Author)
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products including plywood, particleboard, and MDF [7].
One concern for these products is air pollution in
residential buildings, which causes health problems.
Building materials and construction products cause emit
pollutants including acetaldehyde and formaldehyde [8].
The products containing formaldehyde such as plywood,
oriented strand board (OSB), resins, insulating material,
fabrics, and glues are the main anthropogenic sources
affecting humans in closed environments [9]. Large
amounts of formaldehyde are manufactured in industry
and widely applied. The terpenoid and ozone reaction in
the indoor environment produces formaldehyde [10]. For
this reason, wood adhesives without formaldehyde
should be developed based on industrial safety standards.
There should be emphasis on the replacement or
reduction of formaldehyde contents in adhesives
[11,12,13,14].

A study investigated the volatile acetic acid and
formaldehyde emissions effect on the plywood exposed
to boric acid and borax. Borax reduces formaldehyde
emissions, while boric acid increases them [15]. Any
material that creates a panel causes volatile organic
compound (VOCs) emissions. Recently, formaldehyde
emission from UF adhesive has been examined [16]. To
evaluate the health and environmental effects of the
board materials based on wood, formaldehyde emission
should be taken into account [17]. An effective and
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simple approach that suppresses the emission of
formaldehyde from plywood can be provided using
natural compounds including vanillin, catechin, and urea
[18]. The adhesive strength in boards of the laminated
veneer lumber (LVL) can be enhanced by adding boric
acid to melamine-urea-formaldehyde adhesive [19].
There has been extensive study on the boron treatment
effect on the dimensional, biological, and mechanical
characteristics of the wood-based materials. According to
measurements  using the  desiccator  method,
formaldehyde  infused with  borax  decreases
formaldehyde emission caused by the plywood panels
[20]. Furthermore, there have been studies on the effect
of adding borax pentahydrate to urea-formaldehyde (UF)
adhesive on the plywood bonding characteristics and its
content of free formaldehyde. The plywood withdrawal
shear strength and bending strength are not statistically
affected by adding borax pentahydrate, but the content of
free formaldehyde is reduced [21]._ Formaldehyde
content of decorative boards based on larch bark (0.6
g/cm3 ) was analyzed when bonded with five different
types of adhesive systems: urea-formaldehyde, polyvinyl
acetate, the mixture of 70% urea-formaldehyde + 30%
polyvinyl acetate, polyurethane, and tannin-based
adhesive. A self-agglomerated board was also analyzed.
In the case of boards bonded with tannin-based adhesive,
this natural polymer acted as a formaldehyde scavenger
[22].

The aim of this study is to investigate the effect of alfa-x
in decreasing the free formaldehyde content in urea-
formaldehyde adhesive which is used in the production
of plywood, and to determine the ideal mixture ratio by
researching the effect of the alfa-x that is added into the
adhesive mixture in different ratios on the mechanical
characteristics of the material.

2. MATERIAL AND METHOD
2.1. Wood material

To produce plywood in experiments, poplar (Populus x
eureamericana) and ekaba (Tetraberlinia bifoliolata)
tree species were used for constructing the veneers. The
veneers were made from one lumber for both trees types
to ensure the biological and chemical properties of the
tree species found in veneers.

2.2. Adhesive

Plywood was produced with urea-formaldehyde (UF)
adhesive. Approximately 90% of wooden boards are
produced using this plywood, as it requires a short setting
term in the hot-press, and it is transparent, easy, and
inexpensive. The urea-formaldehyde 2265 adhesive
(Polisan Chemical Industry Company, Kastamonu,
Turkey) technical properties were as follows: storage for
90 days at 20 °C, viscosity at 20 °C is 100 to 200 (cps),
density at 20 °C is 1.22 to 1.23 (g/cm?), rate of solid
material (wt%) is 55 + 1, pH at 20 °C is 7.5 to 8.5, molar
ratio (formaldehyde /urea) is 1.35, and free formaldehyde
(%) is at most 0.8.

A rolling press was used by applying 180 g/m? of the
adhesive double glue line on the sample surface. The test
plywood was produced using urea formaldehyde (UF)
adhesive with a solid content of 55 wt%. A hardening
agent, i.e., 15 wt% of ammonium chloride (NH4CI), was
added to 10 wt% of the liquid adhesive. An additive of
wheat flour was added to the adhesive in 55 wt% of the
solid matter.

The Alpha-X antifire is aphosphate based product with a
proprietary formulation. Its unprecedented effectiveness
as a flam-reterdant is a result of its innovative
formulation including also special coupling agents.
Usable as an additive in the production process of
different materials, it will be homogenously distributed
in the material and imbue it with its unrivaled fire-
protection capabilities from the very beginning. It
surpasses all requirements demanded for modern flame
reterdants: absolutely effective, universally applicable
and finally safe. The Alpha-X antifire powder includes
special titanium-derived coupling agents which react
with free protons at the inorganic interfere resulting in the
formation of organic-titanium mono-molecular layers on
the inorganic surface. Typically, titanate-treated
inorganics are hydrophobics, organophilic, and
oganofunctional. Fillers may be pretreated or treated in
used in polymers, titanates: increase adhesion; reduce
embrittlement; allow higher filler loading; optimize
particulate dispersion; increase flow filled and unfilled
polymers at lower process temperature; prevent phase
seperation. The use coupling agents (<10%) are mainly
compose of pyrophoshato-O, silicon dioxide and
titandioxide.

The Alpha-X antifire is used as a complement to the
polymer and is added to the production processes of
various products. It is used in thermoplastic, paint, cable,
synthetic, membrane, and wood-based boards. It is
effective up to 1500 °C against flammability. Alfa-x was
added to the adhesive in 0, 10, and 20 wt% ratio of the
total amount of the solid content. The technical properties
of the Alpha-x are given in Table 1.

Table 1. Technical Properties of the Alpha-X Chemicals

Appearance Dry powder

Color White

Granular size <50 Mm

pH 3.74

Relative density ~ 0.847 (g/cm?)

Odor None

Storage g%(ijsl’,[ Lj;irr('ay place; protected from
Web www.alfa-x.eu (info@eurosis.de)

2.3. Bending strength

The specifications of BS EN 310 (1993) were followed
to analyze the plywood bending strength [23]. The
samples measuring 50 mm in width and 150 mm in length
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were prepared for examination (10 replicates) and the
axis of length was in the same direction with the exterior
layers fiber direction. Then, the samples were adjusted to
the new climate in the air conditioning cabin at relative
humidity of 65% and temperature of 20°C. The sample
bending strength was calculated with the following
method:

3.fl
o, =
° 2.ba’

where o. is the bending strength (N/mm?), f is the
maximum force at the breakage moment (N), | is the
distance of the support points (mm), b is the sample piece
width (mm), and a is the sample piece thickness (mm).

2.4. Withdrawal-shear strength

BS EN 314-2 (1993) was followed to determine the
withdrawal-shear strength [24]. The samples measured
250 mm in width and 100 mm in length were prepared
for examination (10 replicates) such that the axis of
length was in the same direction with the exterior layers
fiber direction. The samples were adjusted to the new
climate in the air conditioning cabin at relative humidity
of 65% and temperature of 20 °C. The withdrawal-shear
strength was calculated with the following equation.
F F

)

Ow Azﬁ 2

where oy, is the withdrawal-shear strength (N/mm?), F is
the maximum force at the breakage moment (N), b is the
cross-section sample width (mm), and | is the cross-
section sample length (mm).

The universal test device for mechanical experiments is
given in fig.1.

Figure 1. Universal test device

2.5. Free formaldehyde Measurements

The content of free formaldehyde (in 3 replicates) was
calculated for measurement of free formaldehyde in the
laboratory at the quality control management department
of Kastamonu Integrated Company (Kastamonu,

Turkey). The TS 4894 EN 120 (1999) was applied for
conducting the measurements [25].

The perferator test device in which formaldehyde
emission tests are performed is given in fig.2.

0

AT _ '?"‘j?\
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s

Figure 2. Perferator test device

2.6. Preparation of experimental samples

The middle layer measuring 2.2 mm and also outer layers
ekaba and poplar veneers measuring 1.1 mm were
employed to produce a three-layered plywood in size of
80 x 80 % 0.4 cm. The electric heated hydraulic press with
the press area of 150 x 300 cm? was applied to press the
boards. The press area pressure was set at 10 (kg/cm?),
and the temperature was 110 °C according to the
applicable standards. Pressing lasted for 5 min.

3. RESULTS AND DISCUSSION

Table 2 shows the withdrawal-shear strength and bending
strength average values in the ekaba and poplar plywood,
which was produced to determine the effect of adding
Alfa-x to the adhesive mixture in different ratios
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Table 2. Withdrawal-Shear Strength and the Bending Strength Values (N/mm?)

Bending Strength Values

Withdrawal-shear Strength Values

Wood Type Values Alfa-x ratio (wt%) Alfa-x ratio (wit')
0 10 20 ] 10 20
Max. 97,68 97.38 96,94 13.15 12,48 12,12
Min. 92 .64 91.52 9083 12.01 11.87 10,94
Ekaba
Average 9553 Q4 28 93 &R 12.44 12.15 11 .89
Stand., Dev, 1.33 1.47 1.44 0.30 .16 0.37
Max. 81.12 T8.47 75.15 9.75 9,78 9.61
Min. 67.00 6841 6998 9.34 .13 B.O8
Poplar
Average T4.07 73.39 72.72 9.53 0.44 9,38
Stand Dev. 348 2.37 1.48 0.12 0.16 0.22
Sample Number 10 10 10 10 10 10

There were higher withdrawal-shear strength and
bending strength values of the ekaba plywood than the
poplar plywood values. However, the withdrawal-shear
strength and bending strength values of both samples
types were reduced by adding the Alfa-x to the adhesive.
Variance analysis was used to examine the interaction
between these obtained values, as shown in Tables 3 and
4. For the poplar and ekaba plywood, the variance
analysis results showed an insignificant effect of adding
the Alfa-x to the adhesive mixture on the bending
strength, with a 5% error margin. The effect of adding the
alfa-x to the adhesive mixture on the withdrawal-shear
strength was slightly significant, with a 5% error margin.

Table 5 shows the content of free formaldehyde. The
content of free formaldehyde in plywood was reduced by
adding the alfa-x to the adhesive mixture. There were
higher values of free formaldehyde in the ekaba plywood
than the poplar plywood, and the free formaldehyde
content value in both samples was reduced by adding
Alfa-x to the adhesive. Variance analysis was used to
examine the interaction between the values, and Table 6
shows the obtained results. There was a relatively
significant effect of adding the Alfa-x to the adhesive
mixtures in ekaba and poplar plywood on the content of
free formaldehyde, with a 5% error margin.

Table 3. Results of the Bending Strength Variance Analysis

Source of Variance Df  Sum of Squares Mean Squares F test P
Tree Type 1 6723.38 6723.38 1534.012 0.000
Alfa-x ratio (Wt%) 2 23.007 11.504 2.625 0.082
Wood*Alfa-x 2 0.782 0.391
Error 54 236.67
Corrected total 59 6983.84 4.383 0.089 0.915
Table 4. Results of Withdrawal-Shear Strength Variance Analysis
Source of Variance Df Sum of Squares Mean Squares F test P
Tree Type 1 110.134 110.134 1857.433 0.000
Alfa-x (wt%) 2 1.22 0.625 10.542 0.000
Wood*Alfa-x 2 0.40 0.200 3.373 0.042
Error 54 3.202 0.059
Corrected total 59 114.986
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Table 5. The Free Formaldehyde Content Values

Content of formaldehyde (mg/100g)

Wood type Values Alfa-x ratio (wi?a)
0 10 20
Max. 45.81 23.17 21.79
Ekaba Min. 45.11 2181 21.01
Average 45.46 2219 21.40
Stand. Deviation 0.35 018 0.40
Max. 3822 29.03 21.88
Min. 3810 28.90 21.63
Foplar
Average 3813 28.97 21.78
Stand. Deviation 0.06 0.06 0.13
Table 6. Results of Free Formaldehyde Content Variance Analysis
Source of Variance Df Sum of Squares Mean Squares F test P
Tree Type 1 0.445 0.445 T.844 0.016
Alfa- x ratio (wi%) 2 1357.17 678,58 11963.37 0.000
Wood* Alfa-x 2 133.42 66.71 1176.08 0.000
Error 12 0.681 0.057
Corrected total 17 149172

4. CONCLUSIONS

Plywood is mandatory in places where robustness and
resistance are at stake. In this study, formaldehyde
emission, which is important for human health, without
reducing the mechanical properties of plywood, has been
successfully reduced.

1. There were higher withdrawal-shear strength and
bending strength values of the ekaba plywood than the
poplar plywood values. It was shown that adding the
alfa-x to urea formaldehyde decreased to a small
extend the strength characteristics of plywood which

is bonded with this resin.

. Besides, there was a less extreme decrease in content
of free formaldehyde. There were higher values of free
formaldehyde in the ekaba plywood than the poplar
plywood, and the free formaldehyde content value in
both samples was reduced by adding Alfa-x to the
adhesive.

3. The conclusion was that Alfa-x reducing
formaldehyde emissions levels should be used
preferably in building material because such

emissions are highly important for the human health.
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