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Abstract: The aim of the study was to identify limiting factors for reusing wood through the recycling of 

window frames by conducting research under fully controlled conditions. The research involved 

manufacturing new window frames, seasoning them, and then shredding them into wood particles to prepare 

a three-layer particleboard. The proportion of wood particles in recycling was 0, 5, 10, 25, 50, and 100 parts by 

weight of the manufactured particleboard. Mechanical property tests were conducted: modulus of elasticity 

(MOE) and modulus of rupture (MOR), internal bond (IB), screw withdrawal resistance (SWR), and physical 

properties: density profile (DP), thickness swelling (TS) after water immersion, water absorption (WA), as well 

as formaldehyde emission and total volatile organic compounds (TVOC) tests. The conducted research 

indicates a significant potential for utilising wood from this sector of the wood industry, particularly 

considering variants with a higher proportion of recycled wood. MOR and MOE results are most promising 

for variants above 50 parts by weight of recycled wood. Based on the results obtained, it is clear that the 

production process should be improved or the raw material modified to enhance the internal bonding of 

particleboard, as these results were the weakest. Thus, recycled wood from window joinery has the potential 

to be reincarnated as particleboard, which continues to be widely used in their production. 

Keywords: particleboard; circular economy; recycling; window frames; furniture 

 

1. Introduction 

The three most significant issues the world is currently experiencing are the depletion of natural 

resources, climate change, and environmental degradation. It is becoming more and more obvious 

that we need to alter the way that we create and consume commodities to meet these difficulties. A 

possible way towards a more sustainable future is provided by sustainable manufacturing and goods. 

The global waste crisis has led to a rise in consumer demand for sustainable goods. Environmentally 

friendly items have become more and more in demand over the last several years [1]. Worldwide, 

the use of biodegradable goods and bio-based materials is growing in both industrialized and 

developing nations. This is required to lessen pervasive environmental contamination [2]. The use of 

natural products to preserve ecosystems is becoming more widely known because of ongoing 

assistance from the United Nations (UN). They frequently emphasize how vital natural resources are 

to all commercial businesses, as well as to those who employ natural byproducts to preserve and 

improve environmental quality [3].  

Upcycling is the practice of adding value to discarded or waste items and resources by creatively 

repairing, reusing, transforming, refurbishing, improving, and remanufacturing them [4]. Upcycling 

lowers waste, produces jobs, extends the life and quality of materials and goods, and promotes 

environmentally friendly consumer behaviour [5]. The upcycling movement has been more popular 

in the past several years, fueled by various causes including increased awareness of environmental 

issues in general and the availability of resources and garbage in particular [6]. A greater 

understanding of the governance mechanisms for sustainable development and the urgency with 

which environmental challenges must be addressed are also emerging trends. Sustainable 

development necessitates the participation of multiple factors in the shift to a society that is more 

resource-efficient. These days we have a lot of ideas for upcycling in different areas. For example, 
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using wood dust from recycled particleboard [7], ground chestnuts [8], ground banana peels [9], or 

the use of leftover coffee beans [10] as a filler in layer composite technology, used artificial grass to 

produce high-performance wood-plastic composites (WPC) [11], converting used paper and 

cardboard into textiles [11], Solid, non-biodegradable aluminium debris has been gathered from a 

variety of sources, including restaurants, gutters, trash dumps, funeral homes, event spaces, and 

producers of aluminium windows and frames. The metal has been turned into sculptures [12], use of 

crushed recycled HDPE caps to create MDF boards [13], use of sawdust from furniture factory waste 

in the production of wood-plastic composites and prototypes [14], grinding waste desks made from 

particleboard to create particleboard again [15], other scientists who have also tried to recycle 

particleboard residues to produce particleboard [16–18], the use of natural and recycled leather 

residues to produce high-density fibreboard and particleboard [19,20], or even the use of waste in 

creative creation and design, as in a study [21] where used fizzy drink cans were creatively 

transformed into different products.  

Large volumes of garbage are now dumped into trash cans worldwide during routine building 

or demolition projects. If wooden components from building and demolition trash can be recycled or 

repurposed in some other way to create sustainable secondary goods, life cycle studies of this waste 

have shown significant environmental advantages [22–24]. Reuse with minor modification, oriented 

strand board, particleboard, paper production, and other kinds of composites are among the options 

that spring to mind. Burning the material to produce power is an additional choice. This can be 

accomplished directly in a steam generator or by turning wood waste into pellets [25] or liquid 

biofuels such as ethanol [26]. In summary, wood composite panels are often recycled using three 

methods: mechanical, thermo-hydrolytic, and chemical, or combinations thereof [27] and the biggest 

problem during wood recycling is chemical pollutants such as wood preservatives, paints, and 

adhesives are difficult to remove mechanically from wood waste. As a result, regulating these 

pollutants is critical in the cascading and reuse of resources [28], Additionally, the presence of resins, 

varnishes, paints, wood treatment products, heavy metals, and contaminating materials such as glass 

and plastics makes recycling a challenging task. Therefore, the most commonly chosen options 

include landfilling such materials, energy recovery through incineration, and material recovery 

through cleaning the raw material of these contaminants [16]. 

Household waste is the garbage that is produced every day and includes residual rubbish that 

is regularly collected as well as recyclables that are separated. Bulky waste, on the other hand, is 

typically produced in big numbers and less regularly, such as when cleaning, home remodelling, or 

moving [29]. When window frames approach the end of their useful life, they are disposed of in 

containers and become bulky garbage. Window frames are the load-bearing framework that gives 

every window its form and solidity. Because of alterations in lifestyle and economic circumstances 

that lead to the search for low-cost products for rapid replacement, bulky trash is a substantial and 

expanding waste stream in every nation. According to the US EPA Terms of the Environment 2018, 

this category of waste includes large solid waste items like furniture, appliances, car parts, trees, 

branches, stumps, and other bulky waste whose size makes it difficult or impossible to treat them 

using standard solid waste collection, treatment, or disposal methods. Because of the rise in urban 

garbage and the depletion of resources, sustainable development requires the use of recyclable 

materials [30]. 

An estimated 19 million tons of garbage, 60% of which ends up in landfills, are produced 

annually in European countries from various commodities such as furniture, mattresses, upholstery, 

textiles, and plastic garden products [31]. A study suggests that by 2030, wood supply may not be 

enough to satisfy demand in Europe [32]. Because of this, another study created WPC from bulky 

trash on an industrial scale, allowing for reduced production costs while accounting for the apparent 

decrease in the environmental effect of plastic waste as well as the lower cost of the ingredients 

employed [33]. Additional studies are being conducted on the potential for repurposing waste 

plastics in a range of uses, such as cement and (WPC), and fuel generation [34–41]. Additionally, 

utilizing waste materials - particularly recycled composites rather than virgin polymers in WPC - 

reduced material prices [42]. One potential use of recycled wood material, particularly at the final 
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stage of recovery, is its conversion into activated carbon. When added to particle boards, this 

activated carbon can reduce formaldehyde emissions by approximately 25%, this is confirmed by 

studies on Scots pine. [43]. 

If joinery waste - that is, waste from the production, usage, and disassembly of wooden windows 

and doors - is not appropriately managed, it may harm the environment. Although it’s frequently 

necessary, replacing windows generates a significant quantity of trash. Wood is a valuable raw 

material used to make windows, and getting rid of it is not always easy. The harvest of wood, a 

renewable raw material, has less of an environmental impact than the manufacturing of artificially 

derived construction materials. Recovering the raw material from old windows conserves natural 

resources and lessens the need for deforestation. Landfills are not the best place for wooden windows 

to end up because of the lengthy decomposition process that releases methane, a dangerous 

greenhouse gas.  

Thus, the purpose of this study was to use shredded wood window frames of the two most 

common surface finishes to create three layers of particleboard and an assessment of the factors 

limiting that way wood reuse. 

2. Materials and Methods 

2.1. Materials 

Industrial particles, pine (Pinus sylvestris L.) and spruce (Picea abies (L.) H.Karst) with about 3% 

moisture content (MC), intended for use in face and core layer particleboard production (reference 

raw material) and obtained from a plant in Poland, were used. The imitation post-consumer window 

frames were prepared from pine (Pinus sylvestris L.) sawn wood in the laboratory and then painted - 

with clear varnish and white paint. Sigma Coatings paints (PPG Deco Poland, ul. Kwidzyńska 8, 51-

416 Wrocław, Poland) were used for surface finishing.  

2.2. Preparation of Panels 

Following the production process for the window frames, a waterproofing layer, a primer, an 

interlayer, and an appropriate top coat were applied. The application was carried out in accordance 

with the manufacturer’s recommendations. The window frames prepared in this manner were 

seasoned for one year and then re-milled using a laboratory knife milling machine. This laboratory 

prototype was provided by the Research and Development Centre for Wood-Based Panels Sp. z o. o. 

in Czarna Woda, Poland, and is equipped with knives and counter-knives similar to those found in 

industrial milling machines used for particleboard production. During the particles’ resination, the 

glue was sprayed over the particles with an air gun while they were being blended in a laboratory 

mixer. Silekol S-123 (Silekol Sp. z o. o., Kędzierzyn—Koźle, Poland of about 66% dry content (EN 827 

2005 [44]) urea-formaldehyde (UF) industrial resin was used, with ammonium nitrate water solution 

as a hardener, to reach the curing time of glueing mass in 100 °C of about 86 s.). Resination: 12% and 

10%, face and core layer, respectively. No hydrophobic agents were added. The panels had a nominal 

density of 670 kg m−3, 16 mm thickness, with 32% of the mass coming from the face layers. The share 

of post-consumer particles was 5, 10, 25, 50, 100 parts by weight. The manually formed mats were 

initially pre-pressed on a hydraulic press (ZUP-NYSA PH-1P125) at room temperature for 30 s under 

the maximum unit pressure of 0.9 MPa, then pressed in a hot (200 °C) hydraulic press (AKE, 

Mariannelund, Sweden) with a press factor of 20 s mm−1 of the nominal thickness of the panel under 

the maximum unit pressure of 2.5 MPa. The maximum press pressure was maintained for the first 

50% of the pressing period, then dropped by one-third for the next 20%. The maximum press pressure 

was maintained for the first 50% of the pressing time, then reduced by 1/3 for the next 20% of the 

pressing time, then again by 1/3 for the next 20% of the pressing time, and so on until the press was 

opened within the final 10% of the total pressing time. Before the tests, the created boards were 

conditioned at 20 °C and 65% ambient air humidity to achieve a constant mass and all samples were 

calibrated (sanded to the nominal thickness) before testing. 
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2.3. Characterization of the Elaborated Panels 

The initial phase of the study involved the prepared window frames, with the determination of 

coating hardness carried out according to ISO 1522 (2022) [45] standards. Subsequently, the window 

frames were processed using a laboratory knife mill (a prototype provided by the Research and 

Development Centre for Wood-Based Panels Sp. z o.o. in Czarna Woda, Poland), equipped with a set 

of knives and counter-knives typical of industrial particleboard particles production cutters. The 

resulting particles underwent testing for bulk density and fractional composition via sieve analysis. 

The following mechanical and physical characteristics were assessed in this study using European 

standards (where applicable): density [46], bending strength (modulus of rupture - MOR) and 

modulus of elasticity (MOE) [47], internal bonding (IB) was determined according to EN 319 [48], 

screw withdrawal resistance (SWR) [49], water absorption (WA) and thickness swelling (TS) after 2 

and 24 hours of immersion in water [50]. All mechanical properties were tested on a computer-

controlled universal testing machine (Research and Development Centre for Wood-Based Panels Sp. 

z o.o. Czarna Woda, Poland). For every test of mechanical and physical parameters, a minimum of 

10 samples of each type of panel were used. Test specimens with dimensions of 50 mm by 50 mm 

were used, and they were analysed using a Grecon DA-X measuring device (Fagus-GreCon Greten 

GmbH & Co. KG, Alfeld/Hannover, Germany) using direct X-ray densitometry scanning panel 

thickness in 0.02 mm sample step to obtain the density profile (DP). After analysing three samples of 

each test variant, a representative density profile was chosen for each panel type to be further 

analysed. The selected results were referenced to the European standard [51] where possible. 

The emission of formaldehyde (HCHO) and total volatile organic compounds (TVOC) was 

measured on three samples per tested panel using the method described in [52]. Three samples each 

from the reference variant and the variants made entirely from recycled materials were used for this 

study. 

2.4. Statistical Analyses 

Analysis of variance (ANOVA) and t-test calculations were used to test (α = 0.05) for significant 

differences between factors and levels using the IBM SPSS statistic base (IBM, SPSS 20, Armonk, NY, 

USA). A comparison of the means was performed and the homogenous and non-homogenous groups 

have been collected in Table 1. Where applicable, the mean values of the investigated features and 

the standard deviation indicated as error bars, have been presented on the plots as error bars. 

3. Results and Discussion 

3.1. Fraction Share and Bulk Density of Particles 

Figure 1 shows the fractional composition of particles from the milling of white-painted and 

clear-painted window frames compared to particles conventionally used in the particleboard 

industry. For industrial particles, most fractions fall within the 1-4 mm range. In contrast, particles 

obtained from reclaimed wood window frames are reduced during shredding, with most fractions 

ranging from 0.25-4 mm, particularly for those with white paint. A similar trend is observed with 

particles from clear varnish-painted window frames; however, these contain a higher proportion of 

fine fractions compared to white-painted particles. The higher density and brittleness of varnishes 

compared to wood likely contribute to the shortening of the particles. A similar trend of particle 

shortening was observed in studies where particleboards were subjected to repeated milling. These 

particleboards contained laminate, which has a high density similar to varnish. Additionally, with 

each successive batch of particleboard made from particleboard residues, the adhesive content 

increased. Once cured, this adhesive also has a higher density compared to wood [9]. Consequently, 

there was a significant shortening of wood fibers, as confirmed by the studies of Wronka and 

Kowaluk (2022a). 
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Figure 1. Mass fraction share of recovered particles used in research. 

Figure 2 illustrates the bulk density of various raw materials. The industrial particles, which 

were free from contamination, recorded the lowest bulk density (145 kg m−3), a finding consistent 

with the literature [53]. The blue bar represents the bulk density values of window frame mill 

particles painted with clear paint (177 kg m−3). This value is higher than that of industrial particles 

but lower than the bulk density of particles from milled window frames painted with white paint 

(192 kg m−3). The differences in these values may be attributed to the varying compositions of the 

coatings used. White paint, which contains a filler, likely contributes to the increased bulk density. 

 

Figure 2. The bulk density of used particles. 

3.2. Relative Hardness and Density Profile 

Figure 3 shows the relative hardness of the Sigma Coatings brand used. The surface with clear 

varnish exhibited a higher relative hardness of 0.15, whereas the surface coated with white varnish 

had a relative hardness of 0.11. This information is crucial when considering the fractional 

composition of the particles after milling. Harder coatings tend to be more brittle, which can lead to 

an increase in the proportion of smaller fractions, specifically those less than 2 mm, or even dust. The 

values obtained are consistent with other studies [54]. Another study investigated the effect of 

temperature on various coatings (varnishes were applied to the heated wood) including cellulose 

lacquer, synthetic varnish, polyurethane varnish, and water-based varnish. The initial heat treatment 

of the wood did not contribute to the relative hardness of the varnishes used [55]. Varnished wooden 

surfaces are exposed to a variety of external variables depending on their application. To avoid 

economic loss, it is critical to select varnishes that provide optimal performance matched to the 

specific area of application [56]. Studies report that the enrichment of the varnish with TiO2 and Al2O3 
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nanofillers promotes a reduction in the thickness of the surface layer and thus contributes to the 

hardness of the coating and the ability to absorb UV radiation [57]. 

 

Figure 3. Relative hardness of the applied coatings. 

The diagram in Figure 4 shows the relative hardness for the clear varnish and the white paint 

used in the tests. The blue line shows the density profile of the white paint, which has a lower density 

and does not penetrate the wood as deeply as the clear varnish (orange line), which may be due to 

the presence of fillers in the paint. The lack of fillers in the paint makes the paint penetrate the wood 

better, which can affect some test results, such as water absorption or bulk density. Paint layer 

thickness can vary greatly depending on solvent evaporation, surface tension gradients, and paint 

application processes [58] and also the temperature of the liquid top coating can impact the viscosity 

of the coating, which therefore affects the dry film thickness on wood surfaces [59]. In addition, the 

durability of the tested coating was discovered to be better for spruce wood, demonstrating that 

different wood species can influence the total life and performance of the paint covering [60]. 

 

Figure 4. The density profile of the surface of the finished window frames. 

3.3. Modulus of Rupture and Modulus of Elasticity 

The results for the Modulus of Rupture (MOR) are presented in Figure 5. It was observed that 

the MOR value increases with the amount of recycled content. A similar study investigated the effect 

of density and bonding on the properties of particleboard made from milled window frames, 

recording comparable MOR values for boards with a density of 700 kg m−³ [61]. Unfortunately, not 

all of the produced variants met the MOR standard values. The most promising results were observed 

in particleboards made entirely from recycled material and the highest values were recorded for 

particles from lacquered window frames. Depending on the origin of the raw material used, the 
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density of the particle board may need to be individually tailored, as it largely determines its strength 

regarding various mechanical properties including MOR [62]. 

 

Figure 5. Modulus of rupture of tested composites. 

The Modulus of Elasticity (MOE) is shown in Figure 6. The trend is similar to that observed for 

the Modulus of Rupture (MOR): as the recycled wood content increases, the MOE also increases. 

However, unlike the MOR results, all variants met the standard for MOE. Research confirms that 

using recycled wood can help reduce parameters such as the modulus of elasticity (MOE). 

Nevertheless, the results obtained also met the required EN 312 standards [63]. During the 

preparation of the particleboard, dust fractions can also form, for example, during the mixing of the 

raw material with the adhesive. Studies confirm that the presence of dust fractions in the core layer 

of the board can contribute to the weakening of MOE parameters [64]. 

 

Figure 6. Modulus of elasticity of tested composites. 

3.4. Internal Bond 

The results of the Internal Bond test are depicted in Figure 7. Notably, most variants failed to 

meet the minimum IB requirements. However, the variant composed entirely of recycled particles 

successfully met the test standard. Thermally modified wood (TMW) was tested for recycling into a 

three-layer particleboard. Boards were produced with recycled wood contents of 0, 20, 50, 100. As the 

TMW content increased, the IB value decreased [65]. The aforementioned thermo-modification of 

wood can adversely affect the wettability and thus the sticking of wood particles, which is confirmed 

by similar studies using TWM [66]. 
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Figure 7. Internal bond of tested composites. 

3.5. Screw withdrawal Resistance 

Screw withdrawal resistance (SWR) is shown in Figure 8. The lowest SWR values were recorded 

for variants where the alternative crude was 5, 20 and 25 parts by mass. The highest values were 

recorded for particleboards made entirely of reclaimed wood, for the particleboard made of particles 

with clear varnish the values obtained were even higher than for the reference board. The density of 

the substance under test determines SWR, which can significantly increase as density increases 

[67,68]. In contrast, other studies report that recycled wood contributes to lower SWR values [52,69], 

but it is worth bearing in mind that the recycled raw material and, above all, its form does matter, so 

it is important to use larger fractions, especially in the core layer [70]. 

 

Figure 8. Screw withdrawal resistance of tested composites. 

3.6. Water Absorption and Thickness Swelling 

The water absorption diagram is shown in Figure 7. Water absorption decreased as the post-

treatment wood content increased, both after 2 and 24 hours. The particleboards made entirely of 

post-consumer wood and coated with clear varnish exhibited the best dimensional stability. The clear 

varnish penetrated deeper into the wood (as shown in Figure 4), covering more of the wood surface. 

This deeper penetration likely contributed to the improved dimensional stability by reducing water 

absorption. A similar situation was obtained when testing particleboards made from other 
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particleboards, where the WA also decreased as the proportion of recycled wood particles increased 

[52]. Factors influencing WA were also identified, these include the bulk density [71] of the starting 

raw material or it could be the quality of the internal bond, the weaker the WA increases more [72]. 

 

Figure 9. Water absorption of tested composites. 

Figure 10 displays the results of thickness swelling after 2 and 24 hours. As the proportion of 

recycled wood increases, the swelling decreases. This is attributed to the higher presence of varnishes 

in the manufactured panels, which are less prone to water absorption and, consequently, swelling. 

The best results were observed in samples with clear varnish, as they exhibited the lowest swelling. 

A similar trend was observed when testing particleboard made from recycled particleboard. The 

recycled boards were pre-cleaned by boiling, then properly prepared and used to manufacture new 

particleboard [15]. 

 

Figure 10. Thickness swelling of tested composites. 

3.7. Density Profile 

Figures 11 and 12 illustrate the density profiles of the manufactured particleboard variants 

produced from wood reclaimed from window frames. Upon analyzing the density profile of the 

panels produced from white-painted window frame particles, it is evident that the overall 

reproducibility is fairly consistent, with no significant discrepancies. However, a closer inspection 

reveals a lower density in the central part of the panel. Additionally, as the proportion of recycled 
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particles increases, density fluctuations become more pronounced. These variations could contribute 

to the poor perpendicular tensile strength observed. Moreover, the presence of larger particles coated 

with varnish, which has a much higher density than wood, may also affect the density profile, leading 

to the observed irregularities in the graph. The density profile of the particleboards made partially or 

entirely from particles derived from window frames painted with clear varnish shows a similar trend 

to previous observations. However, a key difference is noted in the outer layers of the particleboards 

and their shape. This difference may be due to the order in which the layers were deposited, with 

finer particles settling at the bottom of the mats. Consequently, the density peak on the left side is 

more pronounced, particularly in the board where the recycled fraction is 100%. The brittleness of 

the varnish contributes to an increase in the proportion of the dusty fraction, affecting the overall 

density distribution. Research indicates that if the density of the core layers can be reduced due to 

various reasons – in this case, the presence of paint and varnish – while maintaining appropriate 

density in the surface layers, high-strength parameters can be retained [73]. The density of the tested 

particleboards in the core layer does not significantly differ from the reference variant, but it is worth 

noting that the bulk density of recycled materials was higher depending on the applied finish, which 

can also decrease the mechanical properties of the tested wood composites [74]. 

 

Figure 11. Density profile of composites made from recycled white painted window frames. 

 

Figure 12. Density profile of recycled window frame composites painted with clear varnish. 
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3.8. Formaldehyde and TVOC Emission 

Total volatile organic compounds (TVOC) and formaldehyde emissions from transparent wood 

varnish and white paint, as it has been presented in Figure 13, can exhibit similar levels after one year 

due to several factors. Initially, both products release a high concentration of VOCs and 

formaldehyde as solvents and other chemical components evaporate during and after application. 

Over time, these emissions decrease significantly as the materials cure and stabilize. A year post-

application, the residual emissions from both products primarily come from the degradation of the 

remaining organic compounds in the cured film. Transparent wood varnish and white paint often 

contain similar base components, such as resins, solvents, and additives, which release VOCs and 

formaldehyde as they slowly break down. The differences in initial composition become less 

significant over time as the more volatile components have already evaporated, leaving behind 

compounds with similar stability and degradation rates. Moreover, environmental factors such as 

temperature [75], humidity [76], and air exchange rates affect the emission rates of both materials 

similarly. These factors influence the diffusion and off-gassing processes, leading to comparable 

TVOC and formaldehyde levels in indoor environments after prolonged exposure. Manufacturing 

standards and regulations also play a role. Both varnish and paint products are subject to stringent 

guidelines to limit harmful emissions, ensuring that their long-term emission profiles align with 

safety standards [77]. Consequently, the residual levels of TVOCs and formaldehyde after a year tend 

to converge within a narrow range dictated by these regulations [78]. In summary, the similarity in 

TVOC and formaldehyde emissions from transparent wood varnish and white paint after one year 

is due to the comparable long-term behaviour of their chemical components, influenced by 

environmental factors and regulatory standards. This convergence highlights the importance of 

considering both initial and long-term emissions when evaluating the environmental impact and 

safety of coating products. 

Formaldehyde and TVOC emission tests showed no significant differences in the manufactured 

panels compared to the reference variant. Formaldehyde emissions can depend on several factors, 

including ambient conditions such as temperature and high humidity. However, it is worth pointing 

out here that the newly recycled window frames were manufactured using relatively new coatings, 

which may comply with current emission standards or the formaldehyde content is negligible. A 

study comparing functionalized paint with regular formula paint found statistically significant 

decreases in formaldehyde levels in rooms coated with the functionalized paint. This emphasizes the 

critical role that paint quality plays in formaldehyde emissions. In addition, the recycled material was 

seasoned for about a year, so some of the formaldehyde may have escaped. 

 

Figure 13. Formaldehyde and Total Volatile Organic Compound emission of recycled window frame 

composites painted with various finishing materials. 
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Table 1. The statistical assessment results of mean values. 

Test type 

Alternative raw material particles share [%] 

0 
5 10 25 50 100 

V P V P V P V P V P 

MOE a b c c c c c b c a b 

MOR a b c b b b, c b, c b b a a 

IB a b c c d b c e b f g 

SWR a b b b c b b b b d a 

TS 2h a a a a b c a a b d d 

TS 24h a b b a a a c a, b a, b d a, b 

WA 2h a a, b b c b, c d d c e f f 

WA 24h a b b c c c c d d b d 

HCHO a n.a. 2 n.a. n.a. n.a. n.a. n.a. n.a. n.a. a a 

TVOC a n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. a a 
1 a, b… homogeneous group 2 n.a. – not available. 

4. Conclusions 

The results show that the increasing content of textile fibers in HDF panels has no strong and 

significant influence on physical properties including density profile, thickness swelling after 

immersion in water, and water absorption, even with neither the hydrophobic agent nor water-

resistant resin applied. The highest impact is on mechanical properties, in particular internal bonding 

and screw withdrawal resistance. Even the lowest values of modulus of elasticity and modulus of 

rupture, achieved here with 20% by weight of upholstery textile fibers, meet the requirements of 

European standards. It can be concluded that with a not excessively high fiber content from textile 

waste, taking into account the subsequent use of the HDF produced, it is possible to utilize the 

recovered upholstery textile fibers as an addition to wood fibers when producing the MDF-type 

panels. It can help to reduce the amount of textile waste and is a promising result regarding circular 

economy rules, waste upcycling, and carbon capture and storage (CCS) policy. 

The bulk density of varnished or paint-coated wood particles is higher than that of unfinished 

wood particles. Coloured varnishes (paints) increase bulk density more than clear varnishes. The 

presence of varnish during the chipping of post-consumer wood contributes to shorter particles. 

White varnish, due to its filler content, penetrates the wood less intensively, resulting in higher 

density but lower hardness compared to clear varnish. 

The levels of formaldehyde and VOC emissions from varnished or paint-coated wood particles 

are not hazardous to health. 
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