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Abstract

In this study, effects of surface coatieg materials on the resistance to the
scratch (SR), abrasion (AR), cigarette burms and staining were investigated.
Melamine impregnated papers (MIP), polyurethane based varnish (PV),
polyurethane based lacquer paint (LP), continuous press Taminates (CPL),
high pressure Taminates (1IPL) and polyvinylchloride sheets (PVC) were used
as surface coating materials for particleboard. The results showed that
scratch and abrasion resistances were affected significantly overlay types.
Iligh pressure and continuous press Taminates had resistant to the staining
and burning and had the highest abrasion and scratch resistance values.

Keywords: Melamine paper, Laminate, Scratch resistance,
Abrasion resistance

1. INTRODUCTION

Over the past several years, industrial grade particleboard and fiberboard have been
recognized through the wood industry as a substrate for laminated panel constructions, utilizing
various types of overlay surfacing materials. Laminates, melamine or polyester impregnated
papers, wood veneers, vinyl films and heat transfer films comprise the types of overlay materials
(ANONYMOUSa 1996; VANSTEENKISTE 1981). The puipose of the overlays is to suppress
the absorption of water and humidity, and to eliminate the release of nocuous gas, like
formaldehyde. pesticides, ete (OZDEMIR 1996; NEMLIi 2000). Laminated wood-based
composite panels are used in office fumiture, kitehen worktops, refrigerator cabinets, Computer
tables, shower cabinets, and extemal eladding .

Decorative surface papers generally weighing between 60 and 130 g/m2. These papers are
saturated with reactive resins and partially cured at the point of manufacture. Final curing is done
at the time of hot press lamination when the resins form a hard crosslinked thermoset material.
The paper formations similar to the sheet used for high-pressure laminates. These produets are
self-bonding: that is, the resin in the paper flows into the surface of the board during lamination,
creating a permanent bond. For this reason, no adhesives are required (ANONYMOUS b 2001).
The produetion of the overlays based on melamine resin-impregnated alpha cellulose paper is
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rapidly growing, in importance. The melamine formaldehyde resin used has modifiers added to it
to enhance the elasticity of the hardened melamine resins. Other materials are added to the resin
Solutions, wvhich later on improve the impregnation of the paper and helps prevent films from
sticking to the platens. The melamine-impregnated papers usually contain %50-60 resin
(SELLERS 1996; OH 1999).

The typical construction of a continuous laminate is melamine-impregnated. alpha
cellulose overlay plus a decorative surface paper, superimposed dver one or more phenolic or
melamine resin impregnated papers. The laminate is formed on a continuous, double belt piess at
pressures of 25-50 kg/cm2 and at temperatures betvveen 135-150 °C. The thickness, vvhich is
determined by number of layers of kraft papers and the resulting amount of resin absorbed, is
normally in the 0.79 mm range. When the sheet is pressed, a Steel caul plate or a paper release
sheet is used to create a surface finish ranging from high gloss smooth, to fully textured.
Continuous laminates can be 10lled, but only into laige diameter rolls (ANONYMOUS b 2001).

Decorative laminated plastic sheets wvvhich consist of papers, fabrics or other core
materials that have been laminated at pressures normally betvveen 100-150 kg/cm2, using
thermosetting condensation resins as binders. A typical sheet of general puipose high pressure
laminates (HPL) is made from a sandvvich of melamine-impregnated, alpha cellulose overlay and
decorative surface papers, superimposed Over phenolic resin-impregnated kraft papers. The
sandvvich is pressed at temperatures exceeding 130 °C, at pressures as high as 125 kg/cm'. The
thickness, vvhich is determined by number of layers of kraft papers and the resulting amount of
resin absorbed, can range up to 9.50 mm. When the sheet is pressed, a Steel caul plate or a paper
release sheet is used to create a surface finish ranging from high gloss smooth to fully textured or
embossed. HPL is made in a multitude of solid colors and printed patterns (ANONYMOUS b
2001).

An extruded or calendared thermoplastic materials, made of polyvinyl chloride (PVC), is
used for decorative surfacing. Calendared PVC is manufactured in wvide logs slit to size, vvhile
extruded is manufactured to exact size. PVC offers unlimited color and pattern availability, a wide
range of wvidths, thicknesses, surface textures, and gloss level. The oriented surfaces as vvell as the
solid colors are generally top coated with a UV cured resin for protection. PV C is mainly used for
straight line and contour automatic edge banding applications. PVC is not recommended for soft
form applications.

Wood veneers are flat cut, rift cut, quarter cut, ete. The veneers are sliced from 0.3-0.5
mm thin and are available plain, paper, or fleece backed in varying degrees of flexibility. The
backers provide stability and strength to the veneer, and minimize splintering, cracking, and
checking. The veneers may be finger or butt jointed to produce continuous coil edge banding
(VANSTEENKI1STE 1981; OZDEMIR 1996; NEMLI 2000).

The objeetive of this study was to determine the changes on the surface quality properties
related to the overlay types. Evaluated properties vvere resistances to the serateh (SR), abrasion
(AR), cigarette burns and staining.

2.MATERIALS AND METHODS

Wood particles consist of approximately 50 % beech, 30 % pine and 20 % poplar vvere
obtained from a commercial particleboard plant in Turkey and dried to 3% moisture content prior
to use. For the blending; as adhesive urea formaldehyde (UF), as a hydrophobic substance 32 %
paraffm solution and as a hardener 20 % of ammonium chloride Solutions vvere used. Three-
layered boards vvere pressed under 225 °C press temperature, 110 sec. press time and 3.5 N/mm'



INFLUENCE OF COATING MATERIAL TYPES ON THE SOME QUALITY PROPERTIES 89

pressure and produced 280x210x1.8 cm dimensions. After pressing, particleboards were
conditioned at a temperature of 20 °C and 65 % relative humidity.

Surface coating materials used in this study and their properties are given below:

1

Melamine impregnated Papers (MIP) (Raw paperweight is 70 g/m2)

In the production of melamine impregnated papers, alpha cellulose based decorative
papers were impregnated with melamine and urea formaldehyde adhesives with 55 %
solid content. Melamine impregnated papers were pressed to the particleboard
surfaces under 190 °C press temperature; 25 sec. press time and 2.6 N/mm?2
pressure.

Polyurethane Based Vamish (PV) (Beech Wood Veneer, 0.55 mm thickness)

After overlaying of particleboard with vvood veneers, surfaces were coated with filler
(solid content; 45 %) and topcoat polish (solid content: 45 %), respectively.
Polyurethane Based Lacquer Paint (LP)

After sanding (120 grit size) particleboard, surfaces were coated with the
polyurethane based paste (solid content: 75 %) and topcoat polish (solid content: 45
%), respectively.

Continuous Press Laminates (CPL) (0.55 mm thickness)

CPL was manufactured, using a combination of alpha cellulose base decorative
paper, barrier and kraft papers. The raw vveights of cellulose, barrier and kraft papers
were 100 g/m2. Melamine formaldehyde resin with 55 % solid content was used to
impregnate decorative paper while kraft papers were impregnated by phenol
formaldehyde with 45%. Papers were soaked in a resin tank before impregnated

. paper sheets pressed in a continuous press. The layers were pressed at the

temperature of 190 °C and press time of 30 second with a pressure of 2.5 N/mm2.
High Pressure Laminates (HPL) (0.55 mm thickness)

HPL was manufactured using a conbination of alpha cellulose base decorative paper,
barrier and kraft papers. The raw vveights of cellulose, barrier and kraft papers were
120 g/m'. Melamine formaldehyde resin with 55 % solid content was used to
impregnate decorative paper, while kraft papers were impregnated with phenol
formaldehyde with 45%. Papers were soaked in a resin tank before impregnated
paper sheets pressed in a multi layer press. The layers were pressed at the
temperature of 190 °C and press time of 60 minutes with a pressure of 3.5 N/mm2.

Polyvinyl chloride sheets (PVC) (0.55 mm thickness)

Wood veneers, continuous laminates and high pressure laminates vvere pressed to the
particleboard surfaces under 100 °C press temperature for 5 min. press time with 0.2
N/mm' pressure by using urea formaldehyde adhesive. Polyvinylchloride sheets were
pressed to the particleboard surface under 90 °C press temperature for 15-second
press time with 0.2 N/mm2 pressure by using polyvinyl acetate adhesive at the
membrane press.

Two panels were produced for each group and five specimens vvere cut from particlebbard
for each test. Resistances to the scratch (SR), abrasion (AR), cigarette burns and staining vvere
determined in accordance wvith appropriate standards, TS 10607 (1993), TS 10610 (1993), TS
10604 (1993), TS 10606 (1993), respectively. Ali specimens vvere conditioned to equilibrium at a
temperature of 20 °C wvith 65 % relative humidity.



90 TURGAY OZDEMIR-GOKAY NEMLI-TURGAY AKBULUT

Data for each test were statistically analyzed. One-way analysis of variance (ANOVA)
was performed (alpha= 0.05) to test differences between factors and levels. The experimental
design of this study is summarized in Table 1.

Table 1: The Experimental Design of the Study
Tablo 1. Arastirmanin Deneysel Dizeni

Board Type Surface Coating Material Type
Levha Tipi Yizey Kaplama Malzemesi Tipi

1 MIP

2 PV

3 LP

4 CPL

5 HPL

6 pPvC

3. RESULT AND DISCUSSION

Values for average scratch and abrasion resistances and resistance to the cigarette bums
and staining of the overlay types are presented in Table 2.

Table 2:  The Quality Properties of Overlay Types and Rcsults of Statistical Analysis
Tablo 2:  Yiizey Kaplamalarinin Kalite Ozellikleri ve istatistik Analiz Sonuglari

Type SR (N) AR (Rpm) Resistance to Cigarette Burns Resistance to Staining
Tipi Sigara atesine dayaniklilik Lekelenmeye dayaniklilik
1 3,48 D 428 D - +
2 240 E 396 E R +
3 0,16 F 423 D - +
4 6,06 B 696 B + +
5 7,08 A 750 A + +
6 4,46 C 452 C - +
Note: Different letters represent statistical difterence (p < 0.05), + = Resistatit, - = No resistant

The scratch and abrasion resistances ranged from 0.16 to 7.08 (N), and 396 to 750 (Rpm),
respectively. The ANOVA showed that the overlay types significantly affected these properties.

While the highest abrasion resistances vvere found in the order of HPL, CPL, PVC, LP and
MIP, the PV had the lovvest value. This may be due to differences on the resin type, amount used,
and manufacturing conditions of the overlays. The effect of the overlay type on the abrasion
resistance is shovved in Figire 1.
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Figure 1: Effect of overlay type on the abrasion resistance
Sekil 1:  Asinma direnci lzerine ylizey malzeme tipinin etkisi

While the highest scratch resistances vvere found in the order of HPL, CPL, PVC, MIP,
PV, the LP had the lovvest value. This is because of the difference in resin used for the overlay
manufacturing. The effect of the overlay type on the scratch resistance is shovved in Figire 2.

Figlure 2: Effect of overlay type on the scratch resistance
Sekil 2:  Cizilme direnci Uzerine ylizey malzeme tipinin etkisi

The results shovved that ali of the overlay types vvere resistant to the staining. Hovvever,
except for CPL and HPL, the other overlays vvere not found the resistant to the cigarette burns.
This is due to differences in the application of resin formulation on the overlays. In the production
of CPL and HPL, only melamine formaldehyde resin wvas used on the surface layer. Hovvever, for

the melamine paper production, melamine and urea formaldehyde adhesive formulation was
applied the layer. I

3. CONCLUSION

Particleboard and MDF are the substrate of choice vvhen it comes to most vvood-based
panel laminating applications. Both of these materials are manufactured as uniform, flat panels
that provide excellent surfaces for the application of laminating materials such as high pressure
laminates, veneers, melamine papers, poly vinyl chloride and more. These laminated panels are
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then used in the construction of cabinets, fumiture, paneling and other industrial product
applications (NEMLI /USTA 2003; PIZZI 1983)

This study showed that the performance of the laminated product was dependent on the
surface overlay types. According to the results, overlay types affected surface properties. In the
light of this study, it was found that HPL and CPL could be used for horizontal and vertical
applications.

Additional work is needed to determine the effects of other overlay types, resin
formulations used, resin absorption percentages and overlay thickness on the surface properties.
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Kisa Ozet

Bu calismada, yongalevhalarda cizilme direnci, asinma direnci, sigara
atesine ve lekelenmeye karsi dayanikliliga yuzey kaplama malzemelerinin
etkisi arastirilmistir. Yongalevha yuzey kaplamasi olarak melamin
emprenyeli kagit (MIP), politiretan bazli vernik (PV), poliliretan bazh lake
boya (LP), surekli pres laminati (CPL), yiuksek basin¢ laminati (HPL) ve
polivinilklorir kaplama (PVC) kullanilmistir. Sirekli pres laminati ve
yuksek basin¢ laminatlari hem sigara atesine ve lekelenmeye karsi dayanildi
hem de en yiksek ¢izilme ve asinma direncine sahiptir.

Anahtar Kelimeler: Melamin kagit, Laminat, Cizilme direnci,
Asinma direnci

OZET

Son yillarda, yongalevha ve liflevhalann yizeyi ¢ok fazla miktarda gesitli yizey kaplama
malzemeleriyle kaplanmak suretiyle kullaniimaktadir. Bu kaplama malzemeleri; boya ve
vernikten baska, laminatlar, melamin ya da polyester emprenye edilmis kagitlar, ahsap
kaplamalar, vinil filmleri ve 1si transfer folyelerinden olusmaktadir.

Yuzey kaplama malzemelerinin kullanim amaci, levhanin su ve rutubet almasini
azaltmak; levhaya dekoratif bir goriinus kazandirmak; levhadan formaldehit vb. gazlarin ¢ikisini
azaltmak, lekelenmelere karsi diren¢ saglamak ve levhalarin cizilme ve asinma gibi fiziksel
etkilere karsi dayanikliligini artirmaktir.

Yuzey kaplama malzeme tiplerinin yongalevha ve liflevhaya yukarida belirtilen 6zellikleri
ne derece kazandirdigi ve aralarindaki farkliliklar 6nem arzetmektedir. Bu nedenle, arastirmanin
amacl, cesitli yizey kaplama malzemelerinin levha 6zellikleri Gzerine etkisinin ortaya konulmasi
olarak belirlenmistir. '

Arastirmada ylizey kaplama malzemelerinin tasiyicisi olarak, %50 Kayin, %30 Cam % 20
Kavak yongalarindan Ure-formaldehit tutkal ile laboratuar sartlarinda ii¢ kath ve 280x210x1.8
cm boyutlarinda Uretilen yongalevhalar kullanilmistir. Levhalarin Uretiminde, 225 °C pres
sicakhgi, 110 san. presleme siiresi ve 3.5 N/mm2pres basinci uygulanmistir. Uretilen levhalar 20
°C sicaklik ve % 65 bagil nem sartlarinda kaplama malzemeleri (zerlerine yapistirilana kadar
bekletilmislerdir.
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Uretilen levhalar iizerine yapistirilan yiizey kaplama malzeme tipleri asa§ida verilmistir:

1 Melamin emprenyeli kagit (MIP) (Ham gramaj 70 g/m2)

2. Polilretan bazli vernik (PV) (0.55 mm kalinlikta Kayin kaplama iizerine)

3. Polilretan bazl lake boya (LP)

4. Surekli basing Laminati (CPL) (0.55 mm kalinlikta)

5. Yiksek basing laminati (HPL) (0.55 mm kalinlikta)

6. Polivinilklorir (PVC) (0.55 mm kalinlikta)

Her bir yuzey kaplama malzemesi igin iki levha Uretilmis ve her bir deney igin beser
ornek hazirlanmistir. Hazirlanan ornekler Gzerinde ¢izilme direnci (SR), asinma direnci (AR),
sigara atesine dayaniklilik ve lekelenmeye karsi dayaniklilik testleri sirasiyla TS 10607 (1993),

TS 10610 (1993), TS 10604 (1993) ve TS 10606 (1993) standartlarina gore yapilmistir. Deneyler
yapilmadan 6nce bitiin érnekler 20 °C sicaklik ve % 65 bagil nem sartlarinda klimatize edilmistir.

Sonuglar basit varyans analizi (ANOVA) ile karsilastiriimistir (a= 0.05). Arastirmanin
deneysel diizeni asagidaki tabloda verilmis bulunmaktadir:

Tablo 1: Arastirmanin Deneysel Diizeni

Levha Tipi Yizey Kaplama Malzemesi Tipi
1 MIP
2 PV
3 LP
4 CPL
5 HPL
6 PVC

Arastirma sonucu bulunan asinma direnci, ¢izilme direnci, sigara atesine dayaniklilik ve
lekelenmeye karsi dayaniklilik degerleri Tablo.2’de verilmistir.

Tablo 2: Yiizey Kaplamalarinin Kalite Ozellikleri ve istatistik Analiz Sonuclan

Levha Tipi SR (N) AR (Rpm) Sigara atesine Lekelenmeye karsi
dayaniklilik dayaniklilik
1 3,48 D 428 D +
2 2,40 E 396 E +
3 0,16 F 423 D +
4 6,06 B 696 B + +
5 7,08 A 750 A + +
6 4,46 C 452 C - +

Not: Farkl harfler istatistiki farklihgi temsil etmektedir (p < 0.05), + dayanikh, - dayaniksiz

En yuksek asinma direnci siastyla HPL, CPL, PVC, LP, MIP ve PV’de elde edilmistir.
Cizilme direncinde de en yuksek deger HPL kaplamalarda bulunmustur. HPL ve CPL laminatlar
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sigara atesine karsi yeterli dayanikliliga sahipken, diger kaplama malzemeleri dayaniksiz
bulunmustur. Ayrica butiin kaplama tipleri lekelenmeye karsi dayanikli bulunmustur.

Bu sonuglara g6re, yongalevha ve liflevha Uzerine uygulanan yizey kaplama
malzemelerinin cesitli fiziksel ve kimyasal etkilere karsi dayamkliklari arasinda énemli farklar
bulunmaktadir. Bu bakimdan kullanim yeri istekleri dikkate alinarak yiizey kaplama malzemesi
tipi secgilmelidir.
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