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Abstract — In this study, the lamination process on the particle board (PB) surface was carried out during the board
production and the possibilities of saving wood raw material, time, labor and cost by producing the board without the need
for cooling, sanding and a separate lamination process were investigated. For this purpose, ready-to-use boards were
obtained by covering the board surfaces with wallpaper (WP) and beech veneer (BV) with a single hot press process. The
boards were obtained by placing wallpaper and beech veneer on the surface of the chipboard draft prepared in a single layer
with a thickness of 16 mm and pressing. No fine wood chips were used on the surface. 1mm thickness BV and 300 gr/m?
WP were used to cover the PB surfaces. Urea formaldehyde (UF) was treated the surface of 2 % humid wood chips (CL)
according to its dry weight by 10 % and ammonium sulfate (AS) with 4 % according to solid UF. Concentration of UF and
AS were 65 % and 30 % before the treated the wood chips. Particle boards were produced at 650 kg/m?, at 190°C for 10
minute, by applying 30 kg/cm? pressure on PB. Density, water absorption (WA), thickness swelling (TS), modulus of
rupture and elasticity (MOR and MOE), internal bond (IB), density profile and formaldehyde emission were determined
according to the relevant TSE standards. According to the obtained results, IB strength of the coated PBs were lower than
the control PB. But MOR and MOE strength were high then control samples due to BV and WP. Formaldehyde emissions
of covered PBs were less than control samples. As a result, it was concluded that it is possible to produce the PB by pressing
at the same time with coating materials. However, it is not currently suitable for furniture production due to its low IB
strength, but it can be used as construction building material such as prefabricated house wall.
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Oz - Bu galigmada yonga levha yiizeyine laminasyon islemi levha iiretimi sirasinda gergeklestirilmis ve sogutma,
zimparalama ve ayr1 bir laminasyon iglemlerine ihtiya¢ duyulmadan levha iiretilerek odun hammaddesinden, zamandan,
iscilikten ve maliyetten tasarruf saglanma olanaklar1 arastirilmigtir. Bu amagla, tek sicak pres islemi ile levha yuzeyleri
duvar kagidi (WP) ve kayin kaplama (BV) ile kaplanmig ve kullanima hazir levhalar elde edilmistir. Levhalar, tek kat 16
mm kalinliginda hazirlanan yonga levha taslaginin yiizeyine duvar kagidi ve kaym kaplama yerlestirilip preslenerek elde
edilmistir. Yiizeyde ince odun talast kullanilmamistir. Levha yiizeylerini kaplamak i¢in 1mm kalinlikta kayin kaplama ve
300 gr/m? duvar kagidi kullanilmugtir. Levha Gretimi igin % 2 rutubette talasa (CL) tam kuru agirligina oranla % 10 kat: tire
formaldehit (UF) ve kat1 tutkal oranma gére % 4 kat: amonyum siilfat (AS) kullanilmistir. UF ve AS sirastyla % 65 ve %
30 konsantrasyonda hazirlanarak yongalara basingh hava ile puskiirtiilmiistiir. Levhalar 190°C'de, 10 dakika boyunca 30
kg/cm? basing uygulanarak 650 kg/m® yogunlukta iiretilmistir. Yogunluk, su alma (WA), kalinhgma sisme (TS), egilme
direnci ve elastikiyet modiili (MOR ve MOE), ylizeye dik yapigsma direnci (IB), yogunluk profili ve formaldehit emisyonu
ilgili TSE standartlarma gore belirlenmistir. Elde edilen sonuglara gore, kaplanmig yonga levhalarin yiizeye dik yapisma
direngleri kontrol orneklerinden daha diisik bulunmustur. Ancak levhalarin kayin kaplama ve duvar kagitlar ile
kaplanmasi, egilme direnci ve elastikiyet modiiliiniin kontrol 6rneklerinden daha yiiksek olmasina sebep olmustur. Ayrica
kaplanmus levhalarda formaldehit emisyonlarinin kontrol 6rneklerinden daha az oldugu tespit edilmistir. Yapilan ¢alisma
ile yonga levhalarin kaplama malzemeleri ile ayn1 anda preslenerek iiretilmesinin miimkiin oldugu sonucuna varilmustir.
Ancak i¢ yapisma direncinin diisiik olmasi sebebiyle kaplamali olarak iiretilen levhalar mobilya iretimine uygun
gortlmemekle birlikte bu levhalar prefabrik ev duvari gibi insaat yap1 malzemesi Uretiminde degerlendirilebilecektir.

Keywords — Formaldehit emisyonu, yonga levha, iiretim verimliligi, ahsap esasli panel.
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1. Introduction

The consumption of forest products is increasing due to the rapid population growth in the world, and the
existing wood raw material cannot meet the needs of the industry. The efficient use of wood material or its
protection by various methods (impregnation, heat treatment, acetylation, etc.) also means the preservation of
forest assets. As a result, it is necessary to evaluate wood in the most economical way and to ensure its rational
use (Kalaycioglu, 1997). Wood composite boards such as particle board (PB) and medium density fiberboard
(MDF) have been produced in order to ensure maximum efficiency from wood raw materials. Wood-based
board products have an important place in the forest products industry. PB and MDF are heavily preferred in
many areas due to their properties. These can be listed as follows. They have a smooth surface, can be produced
in the desired thickness, have a relatively homogeneous structure, can be combined with nails, screws and
glues, can be produced in large sizes, and top surface treatments can be applied (istek et al., 2017). In addition,
other advantages are that they can be produced resistant to biotic and abiotic pests and fire, they can be easily
processed, there are no defects such as knots, rot and fiber curl seen in solid wood materials, and they are
relatively cheap (Eroglu & Usta, 2000; Istek et al., 2010).

PBs are generally used in the furniture industry and therefore surfaces of the boards are coated various colors
and patterns. Thus, PBs’ surfaces must be smooth, hard, and durable so that they can be coated and laminated.
For this reason, PBs consist of a high-density (900-1000 kg/m?) bottom and top layer (SL) and a lower-density
(500-550 kg/m?®) core layer (CL). SL layers consist of fine wood particles than CL. As the material size
decreased, its surface area was increase. Thus, more area occur where they must be glued. It means that more
glue and more cost.

PB’s surfaces can be covered with laminates, phenolic kraft papers, polyvinyl acetate-based decorative papers,
polyvinyl chloride-based papers, various resin-impregnated papers, ammonium sulfamate-impregnated papers,
and thin papers. In addition, surface coating materials such as foils, hot transfer films, wood veneer sheets,
lacquer paint and pattern printing can be also used (Istek et al., 2017; Kara et al., 2014; Mugla et al., 2014).
Also, PBs were covered to suppress the absorption of water and moisture and to eliminate the release of
formaldehyde (Vansteenkiste, 1981). The performance of coated board depends on the quality of the board
and the type of coating material (Hoag, 1993; Sparkes, 1993). Conventionally PB boards production process
were summarized below.

1. Board (PB or MDF) is produced,

2. Boards are conditioned at room temperature for 2 days,

3. The boards surface are sanded for smoothness and thickness calibration,
4. The boards surface are covered with the desired coating material,

5. The covered boards are laminated by hot press (Istek et al., 2010).

There has not been much research on the physical and mechanical properties of particle boards coated with
different surface coating materials. Some studies are as follows. Dziurka and Doniesienia (2013) produced
lightweight boards from wood and rape straw particles at a single cycle hot. It was reported that rape straw
particles can be used in the production of lightweight particle boards and are a good alternative to wood chips.
Particleboards made from rape straw coated with beech veneer to strengthen the sub-surface layers during the
pressing process have better properties than the corresponding woodchip-based particleboards. Also, these PBs
provided the necessary IB strength (0.35 MPa) according to particleboards (MOR 11 N/mm?2, MOE 1600
N/mm?2, EN 312). Rowell et al. (1989) examined the dimensional stability, decay resistance and mechanical
properties of veneer coated low density PB made of acetylated wood and reported that acetylated PBs showed
excellent dimensional stability in both liquid water and moisture tests and an 8-week soil block. In the test,
they were resistant to attack by Tyromyces palustris and Trametes versicolor. In a study on increasing the bond
strength between wood composites and wood veneers, it was reported that wood veneers provide better
adhesion strength when maleic anhydride polyethylene (MAPE) film is used. Atar (1994) revealed that
unstable furniture shelves also show little bending under constant loads when solid wood veneer is adhered to
the edges and surfaces of fiberboards and particleboards. In a study by Akkili¢ (2004), finish foil (0.32 mm
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thick, decoratively printed, resin-impregnated special paper), laminate (0.7 mm thick HPL) and Oak veneer
(Quercus petrea. 0.6 mm thick) were used as surface coating materials and it was reported that physical and
mechanical properties of particle board (PB) coated with different surface materials have improved depending
on the surface coating material. Badila (2014) studied about powder coating of veneered particle board surfaces
by hot pressing and reported that optimum results are obtained for all six coating types with a single coat and
a coating thickness of around 100-140 um. Budake1 (2010) studied to determine the adhesion strength of Scots
pine (Pinus sylvestris L.), Sessile oak (Quercus petraea L.), Eafstern beech (Fagus orientalis L.) wood veneer
and synthetic resin panel (laminate) on 18 mm particle board, medium density fiberboard (MDF) and ply-wood
material in different amounts (100, 150, 200 g/m?) which were stuck with Polyvinyl acetate (PVAc), Urea-
formaldehyde (UF) and contact (rubber based) adhesives. The highest adhesion strength was observed on
laminate on which adhesive was applied with 200 g/m? PVAc adhesive on plywood, the lowest adhesion
strength was observed on particle board which was stuck with 200 g/m? contact adhesive on Eastern beech
veneer. In a study, radial and tangential veneers made of pine, beech and oak were adhered to particleboard,
MDF, oriented particleboard (OSB) surfaces with polyvinyl acetate (PVA) and UF glue. The highest adhesion
strength was obtained from radially oriented coatings. The adhesion resistance of tangential wood coatings to
the boards was low (Kilig, 2006). In another study Goker et al. (1984) reported that when the surfaces of 16,
19 and 25 mm thick ocal type particle boards are covered with wood veneer, their strength properties increase.
Nemli ve Colakoglu (2005) studied about the influence of lamination technique on the properties of
particleboard and reported that the coating of particleboard surfaces decreased the formaldehyde emission and
veneer coating was more effective than melamine paper on the thickness swelling, bending strength, and
modulus of elasticity properties of the PB. In these studies, initially PB or MDF were produced then surface
of boards were coated or laminated by a hot press exclude Dziurka and Doniesienia (2013) and Rowell (1989).
These two studies are similar with our study in term of PB production method which is single cycle that is PB
production, and its lamination stages were made same hot press at once. But, these two studies were studied
about dimensional stability, decay resistance, low-density and alternative raw material to wood such as straw
rape.

This study focuses on two problems. First, to reduce the amount of wood in the PB. Second, to make laminating
the PB top surface easier and cost-effective. The aim of the study is to produce single layer finished PB by
veneered with BV and WP. In this way, to ensure to produce the PB by less wood raw material. Also, to
produce the finished board by BV and WP at heat press at once. In this way, the boards will not need to be
cooled, sanded and pressed in a separate hot press, thus saving time, money and labor.

2. Materials and Methods

Materials

Wood chips (CL), urea formaldehyde (UF) and ammonium sulfate (AS) used in the study were supplied from
Yildiz Entegre Bolu firm. CL moisture ratio was calculated as 2 % before gluing and 13 % after gluing
according to Equation 1. CL sieve analysis results are given in Table 1 and some physical properties of AS
and UF are given in Table 2. Samples thickness swelling and water absorbtion quantity were calculated
according to equation 2 and equation 3 respevtivelly.

, My — My
Moisture Content (MC)(%) = M x 100 (D
0
Mhn: Humid mass, Mo: Dry mass.
. M; — Mg
Water Absorption (WA)(%) = x 100 2
i
Mi: Initial mass, My Final mass.
. . Ti — Tt
Thickness Swelling (TS)(%) = X 100 3)

1

Ti: Initial thickness, T+ Final thickness.
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Table 1
Screened wood chip fractional analyses
Size (mm)  Weight (g) Rate (%)

7< 536 10%
=7 420 8%
4x4 487 9%
2x2 495 10%
1x1 482 9%
0.8x0.8 412 8%
0.5x0.5 396 8%
0.4x0.4 487 9%
0.3x0.3 433 8%
0.2x0.2 423 8%
0.1x0.1 398 8%
0.1> 221 4%
Total 5190 100%

1 m3 partcile board cost can be calculated according to updated price of the wood, resin and ammonium sulp-
hate. In the study, 650 kg wood, 91 kg UF resin (65 % concentaration) and 8 kg AS (30 % concentration) were
used for 1 m® particle board production.

Table 2
Materials properties in PB
. Solid Content  Density Viscosity
Materials status (%) (gr/cmd) p (cp)
UF solution 65 1.284 7.4 300
AS solution 30 1.154 5.4 12

Preparations of PB

UF glue, AS hardener and CL chips were dosed at the mixing ratios given in Table 2. For each PB samples,
1700 gr CL chips at 2 % humidity were poured into a 180-liter concrete mixer. The mouth of the mixer is
covered with a metal plate with a 30 mm diameter hole in the middle. UF glue solution dosed at the rates
specified in Table 3 was sprayed into the mixer with an air gun at 4 bar pressure within 60 seconds. After the
spraying process, the mixer continued to work for 2 minutes, and an effective mixing of the glue and chips
was ensured. The glued chips were taken from the mixer and poured manually in a mold with an area of 500
x 500 mm. There is 2 mm steel sheet at the bottom of the mold. UF glue was applied to the surfaces of wood
veneer by 100 g/m? and paper coatings with a sponge. After the adhesive coatings were placed on the PB mat,
a 2 mm thick steel sheet was placed on them. The prepared PB mat was placed between the hot press heating
plates. The PB mats were pressed in a hot press at 190 °C for 10 minute at were sized 400 x 400 mm and
conditioned for 48 hours. The conditioned PBs were cut on a circular saw and samples (8 samples for each
test) were prepared for mechanical and physical analysis. Totally 4 different PB samples were produced
including control group and they were symbolized CTRL, BV, WP and BV-WP. The meanings of the sample
symbols are given in Table 3.

Methods

Test samples and dimensions were prepared according to TS EN 325 (2012) and TS EN 326 (1999). After the
sizing of PB by cutting of edges, the test specimens were kept at 20 + 2 °C and 65 % = 5 % relative humidity
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(RH) for two weeks. The physical and mechanical analyzes of the test samples were determined according to
the relevant standards. Density (DN; n = 8), thickness swelling (TS; n = 8), moisture (MC; n = 8), internal
bond (IB, n = 8), bending (MOR; n = 8) and modulus of elasticity (MOE; n =8) were made according to TS
EN 323 (1999), TS EN 317 (2005), TS EN 322 (1999), TS EN 319 (1999), TS EN 310 (1999) standards,
respectively. Formaldehyde emission was determined by perforator method according to TS 4894 EN 120.
Analysis results were evaluated using the SPSS statistical software program. One-way analysis of variance
(ANOVA) was performed to determine statistically significant differences between samples (P <0.05). In ad-
dition, Duncan's test was used to analyze significant differences between groups.

Table 3
Materials ratios in PB.

1 2 Pro-
UF/CL Sample Produced PB and Coating Materials CL UF AS

wiw  Code @ @ @ “
10% CTRL Uncoated PB samples 1700 235 20 2
solid BV  Beech veneer coated PB (top and bottom sur- 1700 235 20 2
UE WP Wallpaper coated PB (top and bottom surface) 1700 235 20 2
BV-WP Beech veneer and wallpaper coated PB (topand 1700 235 20 2

1: 65% solid Urea-formaldehyde solution, 2: 30% solid Ammonium sulfate
3. Results and Discussion

Physical analysis results

According to the MC analysis results, it was determined that there was not a significant difference in the
moisture content of the samples. It was seen at Table 4 that BV has lowest and BV-WP has highest MC value.
Coating materials blocked the emission of wood-based composites (B. D. Park et al., 2016; J. Y. Park et al.,
2013; Shishlov et al., 2021). It can be said that WP blocked the moisture emission of PB more efficiently than
BV coating. There are significant differences between the TS values of the samples. The highest TS value is
in CTRL samples. Here, it can be said that the coating materials both BV and WP reduce the water absorption
of PBs. Same TS results obtained other studies. Nemli and Colakoglu (2005) reported that surface coating
materials decreased the thickness swelling and formaldehyde emission of particleboard, significantly. Hwang
et al. (2006) also reported that thickness swelling of the liquid packaging paperboard (LP) particleboards were
smaller than those of the other particleboards.

The increase rates of 2-hour and 24-hour TS values of the samples are similar. There is approximately 29 %
difference between the 2 hour and 24-hour TS values of the samples. Thickness swelling is an important feature
for the end-uses of wooden boards. The wooden board will swell when it gets moisture, and this can cause
breakage at the joining points. For this reason, it is better to cover the surfaces of PBs with coating materials
that minimize moisture exchange. According to the 2-hour and 24-hour TS analysis results, it was determined
that BV showed a better coating property than WP. Same result obtained by Biiyiiksar1 (2012) and Nemli et
al. (2005).

Table 4

Physical properties of PB test samples.

samples MC (%) TS (2hr) TS(24hr) WA (2hr) WA (24 hr) Density (kg/md)
P Sig: 0,093 Sig: 0,000 Sig: 0,001™ Sig: 0,000 Sig: 0,000™" Sig: 0,096™"
BV 3,79 A7 (0,9)° 45A (x15) 63 A (x28) 71A(x14) 101A (x23) 786 A (£27)
WP 4,01 AB (0,6) 67 BC (x10) 87 B (¥11) 119B (x11) 146 B (+x14) 780 A (+23)
BV-WP 4,6 B (+0,6) 63B (8) 81B(#9) 113B(x12) 138B (x13) 772 A (+24)

CTRL  44AB(02) 77C(+2) 94B(x2) 109B(x4) 132B(#5) 782 A (+3)

Fkk

“Standard deviation, “Letters symbolize the Duncan analyzes groups, ““One-way Anova significant level
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The water absorption (WA) values of the samples are also similar to the TS values. The best water absorption
blocking properties was obtained BV sample. Similar results were obtained in other studies about wood veneer
coating materials. Cahyono et al. (2020) laminated the MDF surfaces with avocado (Persea americana),
mahogany (Swietenia mahogani), and pine (Pinus merkusii) veneers and reported that the wood veneer
lamination decreased the water absorption of bord. Also, Buyiksari et al. (2012) reported that when the board
were compressed, WA values for both 2-h and 24-h decreased with increasing press pressure and temperature.
They explain this issue as follows, it may be related to the densification of the surface and decreasing porosity
of the veneers. When wood material is alive, it likes water, but when it is used as timber, they do not like water.
For this reason, an important part of the studies are on preventing the water exchange of wooden materials
from ambiance. For instance, Kartal (2001) treated the PB with chromated copper arsenate (CCA) and achieved
to decrease wettability, water absorption and thickness swelling of PB. Ozkan et al. (2020) impregnated the
wood materials by waste oil and reported that waste oil decreased the water absorption of wood materials, and
it improves the physical properties of wood in terms of impregnating material. Karabulut (2022) produced
fireproof, water-repellent polymeric composite particle board from peanut shells and reported that its water
holding capacity was reduced from 37 percent to 20 percent with the addition of phenol formaldehyde. Also,
many studies have been carried out similar to these studies (Gozalan, 2016; Guler et al., 2015; Nemli et al.,
2006).

180 1
160 1
140
120 1 B TS2hr
1001 W TS24hr
80 1 B WA2hr

60 B WA 24hr
401

20 1

Thickness swelling and
water absorption (%)

CTRL BV WA BV-WA

Fig. 1. Physical properties of PB: Thickness swelling (TS) and water absorption (WA).

It is seen in Fig. 1 that the analysis results of the samples show similar curves. Also, there are significant
differences between the PBs densities. Both BV and WP coating materials alter the PBs densities. The density
of the samples were increased by BV coating material at the highest rate (756 kg/mq). But this is not important
significant as statistically. The high densities of the PB provide high mechanical properties. In PB production,
the mechanical properties of the board generally improve as the densities increase. But in this study, the
differences in mechanical properties were caused by the surface coating materials.

Density profile

The top and bottom surfaces of the PB must be smooth and hard in the case of coating or laminating its surfaces.
In order to achieve this purpose, the surface layers of PBs are produced more densely (900-1100 kg/m?) than
core layer (500-550 kg/m?®) (Istek et al., 2010). Therefore, finer wood chips are used in the surface layer. As
the wood chips get smaller, their surface area also increases. This means more area that needs to be covered
with glue (Schwarz et al., 1968). Therefore, the solid glue ratio used in the surface layer is higher than in the
core layer while producing PB. This type of PB production creates a density profile as in Fig. 2d.
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Fig. 2. Density profiles of samples, a) coated with beech veneer (BV), b) coated with wall paper (WP), c)
coated with beech veneer and wall paper (BV-WP), d), uncoated PB sample.

The surface density of PB particularly affects the MOE and MOR strength. The bending strength increases as
surfaces density increases (Wong et al., 1999). It was seen in Table 5 that the surface density of BV-WP higher
than other samples. This caused the MOR strength to be higher than BV and WP (Table 6). All samples’ central
densities were nearly same because the samples were produced same CL wood particles. But surface densities
were different because samples were laminated with different materials (with BV, WP and BV-WP). The sur-
face densities of all coated samples were higher than CTRL because the coating materials increased the surface
density of PB. Higher surfaces density was obtained from BV-WP. When Fig. 2a and Fig. 2c is examined, it
is seen that there are sudden drops in density between the coating material and the PB. This situation is not
seen in Fig. 2b and Fig. 2d. This means that there are some gaps between the coating material and the PB. In
this case, the desired strong adhesion between the coating material and the PB was not achieved. However, the
coating of the surface increased the bending resistances. Similar density profile curve was obtained by Dziurka
and Doniesienia (2013).

Table 5
PBs’ density profiles.

Surface density  Average density Central density  From peak to peak

Samples (kg/m?) (kg/m?) (kg/m?) (mm)
BV 1046 786 630 14,4
WP 1011 780 675 12,9
BV-WP 1062 772 658 13,1
CTRL 900 782 681 12.3
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Mechanical analysis results

Surface coating materials increase the MOR strength of PBs (Nemli et al., 2003, 2005). In this study, the
highest MOR strength was obtained from BV-WP samples. Similar results were obtained in similar studies
with different surface coatings (Buyuksari, 2012; Ibrisevic et al., 2019). In general, the bending strengths of
PBs increase as their density increases, but here (Table 6) the BV coated PBs have the highest densities, but
the MOR strengths are low.

Table 6. Mechanical properties of PB test samples.

MOR MOE IB
Samples (N/mm?) (N/mm?) (N/mm?)

Sig: 0,000 Sig: 0,207 Sig: 0,000
BV 12,5 B™ (2,5)" 3426 A (+796) 0,10 A (+0,07)
WP 12,6 B (+1,6) 3082 A (+340) 0,14 A (+0,03)
BV-WP 14,3 C (+1,1) 3465 A (+165) 0,10 A (+0,04)
CTRL 10,4 A (£0,7) 3244 A (63) 0,29 B (£0,17)

“Standard deviation, ““Letters symbolize the Duncan analyzes groups, ~“One-way Anova significant level

UF glue was used for bonding BV and WP coating materials to PBs. UF is an adhesive that cures under the
influence of temperature. The adhesion strength of UF decreases when sufficient heating does not provide. It
can be said that the BV coating blocked the press heating to the PBs’ inner part and therefore negatively affects
the curing of the UF. This caused low MOR strength on BV coated PB although its densities were high. It was
seen in fig. 3 that MOR strength range of BV was so large. It means that veneer laminations is a attention
needed issue in terms of press heating and pressure. If the press temperatures, press pressure and amount of
glue are not the same in each pressing, the MOR resistances can be in a wide range. In this study, the MOR
resistance range was a bit too large, although it had been noted. Also, contrary to MOR strength of BV was
low, the MOE strength was high. Here, it can be said that BV gives to PB more elastic properties. If BV did
not hinder the thermal conductivity, it could further increase the mechanical properties.

18 1
16 4
@
S 14 !
2 121
o &
5 E 1 & = MOR
8= s B MOE
T Z
® 6 HIB
o
% 41 " E e -
2 "
B ¥ &
0
CTRL BV WP BV-WP

Fig. 3. Mechanical properties of PB: Modulus of rupture (MOR), modulus of elasticity (MOE), internal bond
(1B), density.

It is seen in Fig. 3 that the analysis results show similar curves that are similar in which Fig. 2 exclude IB
strength of CTRL (0,29 Mpa). Best IB strength was obtained CTRL samples. Here, it can be said that covering
materials (BV and WP) negatively affect the IB strength because they hindered to heating transfer to the PB
inner parts. Therefore, UF adhesive could not cure, and sufficient bonding was not carried out between the
wood particles. This problem can be overcome by using thinner (0,5-1 mm) BV and WP coatings and increa-
sing the press temperature (200-2005 °C). Overall, it can be said that BV, WP and BV-WP covering materials
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increased the MOR strength and density of PB but decreased the IB strength of PB according to analysis
results. In other studies, it was reported that BV coated PBs have better performance than PBs coated with
other types of coatings. The high density of BV was the main factor affecting this performance. Mechanical
strength was also improved with any increased adhesive spread rate onto the particleboard substrate (Ibrisevic
etal., 2019).

Formaldehyde emission

UF (65 % concentration) was used in the production of PB. The UF/wood chip solids ratio is 10 %. According
to the formaldehyde emission analysis, the emissions of BV, WP and BW-WP samples are lower than CTRL.
It has also been reported in different studies that coating the surfaces of PBs reduces the emission values (Kim
etal., 2010; Nemli & Colakoglu, 2005; Ulker et al., 2021). Formaldehyde emission is harmful on human health.
It has been measured that the probability of indoor pollution can be 10 times higher than outdoor pollution
(Zhang and Smith, 2003). For this reason, formaldehyde quantity must be decreased from indoor furniture.
Sun et al. (2016) studied about volatile organic compound (VOC) and reported that the PB released Acetic
acid, Butyl ester, Benzaldehyde, Ethylbenzene, Benzyl Alcohol, Acetophenone, Tetradecan are harmful to
environment. Controlling VOC emissions by the authorities is very important for the protection of adult and
child health. These arrangements are also useful for controlling indoor odor problems from furniture. Recently,
two board manufacturers in Europe reported that they are using high renewable content "no added-formal-
dehyde™ (NAF) adhesives in the production of PB. A few years ago, two German factories (chipboard, MDF)
used guebracho (Schinopsis sp.) and wattle (Acacia sp.) tannin-based adhesives in the production of PB (Rof-
fael et al., 2000) Despite these developments, the main adhesives used in the European wood-based panel
industry today contain formaldehyde.

Formaldehyde emissions
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Fig. 4. PBs’ formaldehyde emission results.

In this study, both PB’s formaldehyde emission quantities were decreased thanks to coating it by BV, WP and
BV-WP and the PB lamination method has been facilitated. Fig. 4 shows that coating the PB with BV or WP
decrease the formaldehyde emissions by about 40 %. Also, it can be said that covering with BV is more effec-
tive than coating with WP.

4, Conclusions

In this study, the top and bottom surface layers of PBs were canceled and BV and WP coatings were used
instead of these surfaces. Thus, it is aimed to save wood raw material by canceling the surface layer, which
has a high density and constitutes approximately 30 % of the board mass. Also, un-sanded PBs cannot be
laminated because of surface roughness and uncalibrated thickness in the conventional PB production. But, in
this method it is possible because the PB lamination process was carried out at the time of PB production.
Overall, PB lamination process can be realized with low cost thanks to this method and can be saved labor and
time. Here, BV and WP were used to cover on PB mat and laminated by a heat press. Then produced PB were
characterized for mechanical and physical properties. Obtained result showed that uncoated CTRL sample has

219



Journal of Bartin Faculty of Forestry 2023, Cilt 25, Say: 2, Sayfa: 211-222

best IB strength but lowest MOR. This mean is BV and WP layer hindered the heating transferring to PBs
inner part. This issue caused the uncured UF adhesive in the PB core. Thus, wood particle could not be bond
each other sufficiently. In mechanical properties, exclude the IB strength, MOR and MOE better than CTRL.
Also, in term of physical properties WP and BV-WP better than CTRL or same. Formaldehyde emissions were
decreased thanks to laminating with BV and WP (from 5,3 to 2,23 mg/100gr). BV was more effective than
WP in term of decreasing emission. It can be concluded that, if the BV was used thinner (may be 0,5-1 mm)
its physical properties can be better. As a result, PB laminations process can be realized on single layer PB and
in this way can be saved time, labor and wood raw materials. With this method, pressure on the forest can be
decreased and realized clear and environment friendly production.
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