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Abstract. Laminate flooring products are among the essential construction and building 
materials not only because of their aesthetics, but also their ability to provide energy sav-
ing, sound insulation, prevent surface scratches, and minimize maintenance such as peri-
odic varnishing in the case of solid wood flooring, etc. Even though the laminate flooring 
products are scratch-resistant and easy to install, they must meet the standard requirements. 
Therefore, optimizing the production parameters of laminate flooring products is of inter-
est in research and development to obtain cost-effective products that not only compete in  
the market but also represent scientific communities’ studies. In this sense, production pa-
rameters such as paper properties, core material type and properties, resin utilization, press-
ing conditions (pressure, duration, and temperature), etc. come to the forefront. From this 
point of view, the effect of décor (105, 115, and 125 g/m²) and overlay (90 and 95 g/m²) pa-
per mass on the surface abrasion (SA), abrasion resistance (AR), impact resistance (IR) and 
cure properties of laminate floor products which have been industrially produced has been 
figured out. According to the results, SA, AR, IR, and cure values ranged from 3,600–4,800 
revolutions, 4.5–5.0, 110–130 N, and class 5, respectively. According to BS-EN 13329 and 
BS-EN 14323, products meet the requirements. However, the effect of paper masses on 
properties has been found to be unstable due to oscillations and no changes observed. In 
the literature, there are scarcely any studies that figure out these parameters and the authors 
think that the results of this study may provide valuable data for the comparison. 
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Аннотация. Ламинированные напольные покрытия входят в число базовых строи-
тельных материалов не только из-за своей эстетичности, но и благодаря возможности 
с их помощью обеспечить энергосбережение, звукоизоляцию, предотвратить царапи-
ны на поверхности и минимизировать уход, такой как периодическая лакировка в слу-
чае с напольными покрытиями из массива дерева и др. Несмотря на то, что ламиниро-
ванные напольные покрытия устойчивы к царапинам и просты в укладке, они должны 
соответствовать стандартным требованиям. Поэтому оптимизация параметров про-
изводства ламинированных напольных покрытий представляет интерес для научных 
исследований и разработок, нацеленных на получение экономически эффективной 
продукции, которая не только конкурентноспособна на рынке, но и репрезентует ре-
зультаты деятельности научных сообществ. В этом смысле на первый план выходят 
следующие параметры: свойства бумаги, тип и характеристики материала сердце-
вины, использование смолы, условия прессования (давление, продолжительность, 
температура) и т. д. Определено влияние массы декоративной (105, 115 и 125 г/м2)  
и покровной (90 и 95 г/м2) бумаг на истираемость поверхности, устойчивость к исти-
ранию, ударопрочность и износостойкость ламинатных напольных покрытий, произ-
веденных промышленным способом. Результаты исследования продемонстрировали, 
что показатели варьировали в пределах 3600–4800 об., 4,5–5,0, 110–130 Н и класса  
5 соответственно. Продукция отвечает требованиям стандартов BS-EN 13329 и  
BS-EN 14323. Однако было обнаружено, что влияние массы бумаги на свойства не-
стабильно: наблюдались колебания показателей или отсутствие изменений. В литера-
туре почти нет сведений об указанных параметрах, поэтому результаты этой работы 
могут представлять ценные данные для сравнения.
Ключевые слова: ламинированный пол, покровная бумага, декоративная бумага, дре-
весноволокнистая плита высокой плотности
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Introduction

Laminate floor products, composed of balance paper, core, décor paper, 
and overlay, are generally manufactured with wood and wood-based materials.  
The purpose of each layer is different such as providing aesthetic appearance (décor 
paper), surface wearing protection (overlay), a stable main structure (high-density 
fiberboar (HDF), core), and balancing the opposing layers against wrapping (bal-
ance paper).

The market share of laminate products in flooring applications increases day 
by day due to their advantages against traditional flooring products such as solid 
wood parquets. This increase also brings some challenges in wood-based engineered 
product manufacturing sector. Furthermore, up-to-date standards may require some 
advancements for these products. On the other hand, cracking, brightness, staining, 
tone, and level difference are some of the major problems encountered in laminate 
flooring applications [8]. As a result, manufacturers invest in research and devel-
opment activities, and researchers report on their studies. However, when the liter-
ature has been reviewed, the limited number of studies that evaluate the influence 
of these layers’ properties on laminate flooring products has been discovered, and  
the following are some of the recent studies [1, 3, 9, 10, 12, 14, 17, 19, 21, 22]. 
The surface roughness of laminate flooring product (melamine resin-saturated paper 
overlay) has been determined by Kalaycıoğlu and Hızıroğlu [11]. Nemli [15] has 
evaluated the influence of surface coating types (varnish and overlaying materials) 
on the abrasion resistance of particleboards. However, the influence of overlay paper 
on the laminate floor product properties has scarcely been evaluated. Kara et al. [12, 
13] have figured out the effect of overlay paper on laminate floor properties. Apart 
from overlay paper, the fact is that the influence of décor paper on laminate floor 
products is uncertain, but Istek et al. [7] have evaluated this issue using particleboard. 
Therefore, this study is aimed to figure out the influence of overlay and décor paper 
properties on laminate floor properties. 

Research Objects and Methods

The core of the laminate flooring, HDF, has been produced using 75 and  
25 % fiber mixture of Oriental spruce (Picea orientalis L.) and Oriental beech (Fa-
gus orientalis L.), respectively. The refining process has been performed using An-
dritz AG 2008 (Graz, Austria). The fiber mixture has been sequentially blended with  
11.8 % wt. kg/m³ urea formaldehyde (UF) resin, 0.9 % wt. kg/m³ hardener  
(Al2(SO4)3), and 1.19 % wt. kg/m³ liquid paraffin. The moisture level of fiber has 
been set to 12.8 %. The mat has been pre-pressed and hot-pressed by Siempelkamp 
(Krefeld, Germany) press at a speed of 820 mm/s and temperature of 220 °C for 70 s. 
The boards with the density of 885 kg/m³ and the dimensions of 7.4×2,097×7,365 mm  
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have been produced. Following the cooling stage, the boards have been stored for 
5 days at a temperature of 20 °C and relative humidity of 65 %. Then, the boards 
have been sequentially sanded using 60-, 80-, 100-, and 140-grit sandpapers to obtain 
7.4±0.1 mm thickness. 

Table 1 

The resin properties during the impregnation process
Properties UF resin MF resin

Solid Matter (%) 50 54
Density (g/cm³) 1.22 1.25
Mol ratio (g/mol) 1.65 1.55
Viscosity (cP) 20–50 25–50
pH 7–9 8.8– 9.8
Jelling time (s) 20–35 –
Discharging time (s) 10–20 10–20
Water tolerance – 1/1–1/2.5

The UF and melamine formaldehyde (MF) resin properties are presented in Ta-
ble 1. The impregnation details of decor, overlay, and balance papers are presented in 
Table 2. Chemicals (hardener, antibacterial agents, etc.) have been applied to overlay 
and décor paper resins. The total jelling time of the overlay, décor paper, gravure unit, 
and balance paper resins (300 kg for each) have been 4.35, 4.50, 4.20, and 3.30 min,  
respectively.

 Table 2
The impregnation process

Paper type (g/m²)
UF (%)

1. Wash 1. Oven
temp

1. Oven
fan speed 2. Wash 2. Oven

temp
2. Oven

fan speed

Paper 
final
mass

Paper
moisture Corun-

dum
°C RPM MF (%) °C RPM g/m² % Al2O₃

(g/m²)

Decor

40
(A1–A2–A3–

A4)* 100 110 850 100 135 850

105

6.0±0.2 –
115

50
(B1–B2–B3–

B4)*

115

125

Overlay
18 – – – 100 130 850 90 6.9–7.2 12

22 (Control) – – – 100 130 850 95 6.9–7.1 12
Balance 50 – – – 100 145 800 115 6.8–7.1 –

*Product types. RPM – revolutions per minute.

Wemhöner Press (Herford, Germany) has been used for hot-pressing at the tem-
peratures of 202 °C (top plate) and 204 °C (bottom plate). The pressure and duration 
of pressing have been 38 kg/cm² and 14.8 s, respectively. Following manufacturing, 
the products have been acclimatized for 5 days at a temperature of 20 °C and rela-
tive humidity of 65 %. After conditioning, surface abrasion (AC3 ≥2000 revolutions, 
BS-EN 13329:2023 [4]), scratch resistance (AC3 ≥ 3.5 N, BS-EN 14323:2021[5]), 
small ball (AC3 ≥ 10 mm, BS-EN 13329:2023[4]), and cure properties of the A and 
B product types (Table 3) have been determined.
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Table 3

The experimental design of products

Product type
Decor paper Overlay paper

Raw mass (g/m²) Final mass (g/m²) Mass (g/m²) Final mass (g/m²)

A1

40

105 18 90A2 115
A3 105 22 (control) 95A4 115
B1

50

115 18 90B2 125
B3 115

22 (control) 95
B4 125

Abrasion Resistance. The 10×10cm-sized samples have been prepared for  
the abrasion test. The centre has been drilled in each of them. As seen in Fig. 1, Taber 
5155 abraser (Taber Industries, North Tonawanda, NY, USA) has been used for ac-
celerated wear testing to determine abrasion resistance. Taber abrasive wheels cov-
ered with 100-grit sandpaper have been applied to each sample surface. The sample 
surface has been controlled every 100 turns. At the end of 200 tours, the sandpapers 
have been replaced with the new ones. Abrasion resistance (AR) has been determined 
using Eq. 1.

 
( )
 

2
,

IRP FRP
AR

+
=  (1)

where AR is the abrasion resistance (revolutions); IRP and FRP are the initial and full 
removal of the pattern, respectively.

Fig. 1. The abrasion test

Scratch Resistance. Erichsen Scratch Hardness Tester 413 (Erichsen GmbH& 
Co.Kg. Hemer, Germany) has been used to determine scratch resistance. As can be 
seen in Fig. 2, the 10×10cm samples with a hole in the centre have been mounted 
on a rotating table, and load (from 3 to 6 by 0.5 N increments) has been applied to  
the surface by a diamond tip attached to the load arm till scratch has become contin-
uous. The test has been finished and the load determined when continuous scratches 
(1 mm gaps between the scratch lines) have been observed. 
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Fig. 2. The scratch resistance test

Small Ball Test. As can be seen in Fig. 3, a small ball impact tester mounted on 
the sample surface has been used to determine the impact resistance of laminate floor 
products. The thimble has been increased by 0.5 N increments to determine the max-
imum force at which no damage has occurred on the surface while the ball has been 
released. Following each drop, the surface has been checked and marked to ensure 
the presence of the damage.

Fig. 3. The small ball test (AC3 ≥ 10 mm, BS-EN 13329+A1 [4])

Cure Test. The curing performance of the samples has been evaluated using 
37 % hydrochloric acid (HCl) and Rhodamine B. A drop of the solution has been 
distilled to the surface, left for five minutes, and then cleaned. The coloration (pink 
tones) of the surface has been observed. It has been desired that the surface had 
no visible pink color (Fig. 4) on the surface which corresponds to the 5th degree. 
An increase in pink color tones on the surface leads to the 1st degree which is not 
acceptable.
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Fig. 4. The cure test samples

Results and Discussion

The surface abrasion range of the products has varied from 3400 to 4800 revo-
lutions, and the means ranged from 3600 to 4733 revolutions, as can be seen in Table 4  
and Fig. 5, respectively. According to BS-EN 13329 [4], all product types meet  
the abrasion class (AC) 3 and values are in harmony with Kara et al. [12, 13]. 

Table 4

The test results

Products

SA 
(AC3 ≥ 2000 rev.)
(BS-EN 13329 [4])

 AR
(AC3 ≥ 3.5 N)

(BS-EN 14323 [5])

IR, Small Ball
(AC3 ≥ 10 mm)

(BS-EN 13329 [4])

Cure
(1–2–3–4–5)

Left Center Right Left Center Right Center Left Center Right

A1 3,400 4,800 4,400 5 5 4.5 110 5 5 5
A2 4,800 4,800 4,600 4.5 4.5 5 130 5 5 5
A3 4,300 4,600 3,600 4.5 4.5 4.5 120 5 5 5
A4 4,000 4,200 4,400 5 5 4.5 120 5 5 5
B1 4,200 4,200 3,600 5 5 5 110 5 5 5
B2 4,400 4,800 4,400 5 5 5 120 5 5 5
B3 4,000 4,400 4,000 5 4.5 4.5 120 5 5 5
B4 3,600 3,600 3,600 4.5 4.5 4.5 110 5 5 5

The averages and changes in surface abrasion are illustrated in Fig. 5. For  
A type products, when the final mass of the décor paper has increased from 105 to  
115 g/m², 12.7 % (A1vs A2) and 0.8 % (A3 vs. A4) increases in surface abrasion have 
been observed for 90 and 95 g/m² overlay final mass groups, respectively. Therefore, 
the advance in surface abrasion has almost been zeroized when the overlay final mass 
has increased from 90 to 95 g/m². For B type products, a 13.3 % increase (B1 vs B2) 
and 12.9 % decrease (B3 vs. B4) have been observed within the 90 and 95 g/m² overlay 
paper groups, respectively, when the décor paper final mass has increased from 115 
to 125 g/m². Within the same décor paper final mass, an increase in the overlay paper 
final mass (90 to 95 g/m²) has caused –0.8 % (A1 vs. A3), –11.3 % (A2 vs. A4), 3.3 %  
(B1 vs. B3), and –20.6 % (B2 vs. B4) alterations in surface abrasion. When compar-
ing the product types in the same décor and overlay paper masses, surface abrasion of  
the B1 and B3 have been 15.5 and 1.6 % lower than A2 and A4, respectively. As can 
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be seen in Table 2, the impregnation process parameters have been the same. Howev-
er, even if the 1.6 % difference can be neglected, the reason for the 15.5 % difference 
has not been normal and is associated with 2 essential differences between the A and 
B types of products such as 10 g/m² excess of the décor paper raw mass and the fiber 
types.
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Fig. 5. The surface abrasion alterations

The averages and changes in abrasion resistance are illustrated in Fig. 6. For A 
type products, AR 3.4 % has decreased (A1 vs. A2) and 7.4 % has increased (A3 vs. A4) 
when the décor paper final mass has increased from 105 to 115 g/m² while the overlay 
paper final mass has been 90 and 95 g/m², respectively. Also, a 6.9% decrease (A1 vs. 
A3) and a 3.6 % increase have been observed when the overlay paper final mass has in-
creased from 90 to 95 g/m² while the décor paper final mass has been 105 and 115 g/m²,  
respectively. However, as can be seen in Table 4, AR of A1 and A4 are equal, and im-
proving the décor and overlay papers’ final masses has not provided any improvement. 
For B type products, an increase in the overlay paper final mass has caused adverse 
effects (–6.7 % for B1 vs. B3 at 115 g/m² and –10 % for B2 vs. B4 at 125 g/m²).  
AR has not changed and has decreased by 3.6% when the décor paper final mass has 
increased from 115 to 125 g/m² for the 90 and 95 g/m² overlay paper final mass, re-
spectively. When A and B type products are compared considering the same décor and 
overlay paper masses (115 and 90 g/m² for décor and overlay, respectively), a 7.1 % in-
crease (A2 vs. B1) and a 3.4 % decrease (A4 vs. B3) have been observed in AR. There-
fore, a stable improvement in terms of paper mass has not been generally achieved.
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Fig. 6. The abrasion resistance alterations
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Bardak et al. [2] have evaluated the influence of décor paper grammage (80.15 
to 130.03 g/m²) on AR of particleboards and have stated that an increase in mass 
provides advancement in AR. An increase in density with an increase in mass which 
decreases the pore amount of the décor paper by impregnation to holes is attributed 
to the AR improvements as Bardak et al. [2] have expressed.

Nemli et al. [16] have stated that when the grammage of the melamine paper, 
used to cover particleboards, increases from 70 to 100 g/m², significant improve-
ments are observed on modulus of rupture (MOR), modulus of elasticity (MOE), and 
thickness swell (TS) (24h). Remarkable increases in density as seen in Bardak et al. 
[2] are assumed as one of the main factors that cause improvements in the properties.

It has also been reported that abrasion has decreased with an increase in the over-
lay paper final mass at 23 g/m² corundum amount. But when the corundum amount has 
increased to 28 g/m², a more than 4 % decrease has been reported by Kara et al. [12]. 
In this study, oscillations are the fact instead of general increase or decrease behaviors. 

The averages and changes in impact resistance (IR) are presented in Table 4. 
For A type products, IR has increased by 18.2 % (A1 vs. A2) and has not changed (A3 
vs. A4) when the décor paper final mass has increased from 105 to 115 g/m² while 
the overlay paper final mass has been 90 and 95 g/m², respectively. Furthermore, IR 
has increased by 9.1 % (A1 vs. A3) and has decreased by 7.7 % (A2 vs. A4) when 
the overlay paper final mass has increased from 90 to 95 g/m² while the décor paper 
final mass has been 105 and 115 g/m², respectively. For B type products, an increase 
in the overlay paper final mass has provided a 9.1 % improvement for B1 vs B3 at 
115 g/m² and a –8.3 % worsening for B2 vs B4 at 125 g/m²). The same improvement 
and worsening are valid when the décor paper final mass has increased from 115 to 
125 g/m² for the 90 and 95 g/m² overlay paper final mass groups (B1 vs B2 and B3 
vs B4), respectively. When A and B type products have been compared considering 
the same décor and overlay paper masses (115 g/m² and 90 g/m² for the décor and 
overlay ones, respectively), A4 and B3 have not presented numerical difference while 
a –15.4 % decrease has been observed for A2 vs. B1.

Kara et al. [13] have noted 20 to 25.25 N IR of the laminate flooring which 
has been determined by a large diameter ball test. In the literature, there are scarcely 
any studies for the comparison. However, the results of this study fit the standard 
requirements.

As can be seen in Table 4, no numerical differences have been observed in cure 
properties within and between the groups. As for IR, the results of this study have not 
been sufficient compared to the literature due to the lack of reported values. It may be 
thought that the discussion of the results is insufficient. However, when the literature 
is reviewed, laminate floor properties evaluated in this study are limited to a few 
studies that have already been mentioned. Therefore, industrially produced laminate 
floor products should be further studied for detailed evaluation.

Sıradağ [20] has stated that extending the storage duration can reduce (up to  
15 % after 2 years of conditioning) the free formaldehyde amount of laminate floor-
ings. However, the influence of such a storing time on the physical and mechani-
cal properties of laminate flooring with HDF core has not been reported. However, 
Çamlıbel and Aydın [6] have reported that 3 days of conditioning before the tests has 
provided around 1 and 1.4 % increases in MOE and surface soundness of the particle-
boards while a 3.5 % decrease in water absorption (WA). However, neither short nor 
long periods of storage influence on the properties have been the aim of this study.
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It has been expressed that laminate flooring is sometimes considered as infe-
rior to natural flooring materials, even though many of its qualities are objectively 
superior [18]. Besides the outstanding physical and mechanical performance, per-
ceptual salience is one of the prominent features of the laminate floorings as an 
aesthetic product.

In this study, production variables have been limited, and consistent chang-
es in the features have not been observed. Therefore, further experimental designs  
(3–5 grammage groups for each layer) should be evaluated to better understand  
the influence of the final grammage of the décor and overlay paper on the product 
features.

Conclusion

The influence of the décor and overlay paper final mass on abrasion, impact, 
and cure properties of laminate floor products produced in industrial conditions 
has been figured out. Considering the standards, products meet the requirements of  
the commercial market. However, at this stage, behavioral stability of the influence 
of paper mass on the properties is not the fact when overall results are taken into 
consideration. 
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