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Abstract: Nanocellulose applications in the wood-based panels have gained a great deal in the scientific researches and industrial applications. 

Utilization of natural and synthetic nanoparticles as reinforcement in the wood-based panels has considerably increased in the last two decades due 

to their unique properties. The main property of the nanocellulose is its very high surface area. Hereby, the very small use of nanoparticles suh as 
%1-2 wt% in the composites is enough at a relatively low-cost. Nanoparticles are presently considered to be high-potential reinforcing fillers for 

the enhancement of the physical, mechanical, electrical/electronic properties, thermal resistivity, fire, durability properties of wood-based panels 
such as particleboard, fibreboard, oriendted strandboard, and plywood. The nanoparticles are applied to wood based panels dur ing the 

manufacture and after production. The raw materials such as wood or resin can be treated with nanoparticles or the finished panels can be treated 

with nanoparticles. In this study, the recent developments in the nano particles, their applications in the wood based panels, and their effects on the 
panel properties were reviewed. 
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1. Introduction

Nanotechnology is defined as the manipulation of particles between 1 
and 100 nm. The great developments were achived in the industrial 

applications of nano fillers in last two decades. Utilization of 
nanofillers have recently increased in wood and wood based panel 

industry. The aim of the addition of the nanoparticles into the wood 
and wood-based panel is to develop new and improved materials with 

significant functions, physical and chemical properties. The largest 

commercial applications of nanofillers are in the lightweight and high-
strength composites. The nano fillers can be applied to the wood based 

panels in different ways such as addition into the resin, treatment with 
wood particles or fibers, addition to the sırface coatings. Especially, 

surface applications of nanofillers are practical and easier as compared 
to other applications. The use of nanofillers in the coatings of wood 

and wood-based panels may improve water repellency, biological 
durability, antibacterial property, and fire resistance. Physical, 

mechanical, surface, barrier, and optical properties of polymeric 

coatings can be improved by nanoparticles of different shapes such as 
spheres, tubes, rods, and others. Nanosized materials like metal 

nanoparticles (silver, gold, copper…), metal oxides (zinc oxide, 
aluminum oxide…), clays etc., are widely used to achieve these 

improvements [1]. The hydrophobic character of the wood after the the 
application of coating with the nanofillers is presented in Figure 1.  

Fig. 1: Water repellency of wood after the application of coating with 

the nanofillers [2]. 

Figure 2 shows that nanocellulose did not show any negative effect on 
the on the glossiness of waterborne polyurethane paint film. 

Nanocellulose has ultra-fine size, high aspect ratio, rich active 
functional groups, and a network structure [3]. 

Fig 2: Schematic illustrations of nanocellulose-reinforced waterborne 

polyurethane as wood coating [3]. 

A general classification of nanofillers are presented in Figure 2. 

Fig. 2: Classification of nanofillers [4]. 

2. Applications of inorganic nanofillers in the wood-based panel

industry

Inorganic nanofillers have been used in wood-based panel industry for 
a couple of decades. In addition to the academic and industrial 

applications, there are also patents on the use of nanofillers in the 
wood-based panel industry. For example, Wang and Xing [5] 

developed wood adhesives containing the reinforced additives for 
structural engineering products. They patented (WO2009086141A) the 

use of any type of nanocellulose, nanocarbon, and nanoclay in any type 

of wood adhesive (UF, MUF, PF, MUPF, pMDI, protein, epoxy etc.) 
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at various ratios for the production of various types of wood-based 

panels. They reported nanomaterial and micromaterial additives 
improved the structural properties of adhesives and mostly the 

mechanical properties of the panels. 
Park and Lee [6] investigated the production of E0 grade UF using 

titanium dioxide scavenger at 0.5%, 1%, and 3 wt% based on the oven 
dry weight of UF resin. The results showed that the 1 wt% addition of 

titanium dioxide did not a significant effect on the mechanical and 

physical properties of the particleboards produced with the E0 type UF 
resin but further increment in the titanium dioxide content decreased 

the mechanical properties. Costa et al. [7] investigated the effects of 
sodium metabisulfite, ammonium bisulfite, and urea on the 

technological properties and formaldehyde emission of particleboard. 
Among the scavengers, the sodium metabisulfite was the best additive 

giving the particleboards with zero formaldehyde emission. Dudkin et 
al. [8] added aluminum oxide nanoparticles in the UF resin to decrease 

the free-formaldehyde. Kızılkaya et al. [9] investigated that the 

physical and mechanical properties of medium density fiberboards 
(MDF) produced with urea formaldehyde adhesive reinforced with 

nano-boron nitride (BN) and nano-titanium dioxide (TiO2). The 
addition of 0.5% and 1.5% nano particles into the UF resin improved 

the mechanical properties of the MDF panels. The thermal stability of 
urea formaldehyde adhesive with TiO2 is increased and maximum 

mass loss temperatures are higher than the addition of nano-BN. It was 

concluded that the adding nano-particles had a positive effect on the 
physical and mechanical properties of the MDF panels. Candan and 

Akbulut [10] investigated the physical and mechanical properties of 
nano-reinforced particleboards. The results showed that the 

incorporation of nanomaterial significantly improved the physical and 
mechanical properties of the particleboards. 

In a previous study, it was found that the addition of nano-SiO2 into 
the urea formaldehyde resin improved the adhesive bond quality and 

the hardness of wood [11]. In another study, Chen et al. [12] studied 

the properties of fiberboard based on nano-
lignocelluloses/CaCO3/PMMA composite. They reported that the 

composites materials had good mechanical, dimensional stability, and 
thermal properties which improved when the nano filler loading was 

increased. 
Kumar et al. [13] produced MDF panels with multiwalled carbon 

nanotubes (MWCNT) using UF resin. The response surface 
methodology was employed to optimize the relationship between the 

three variables which were pressing time, percentage of UF resin and 

percentage of MWCNT. The optimum conditions based on the internal 
bond strength were determined as 8.18% of UF resin, pressing time of 

232 s, and MWCNT of 3.5%. 
The effect of alumina (Al2O3) nanoparticles on the physical and 

mechanical properties of MDF panels was investigated by 
Alabduljabbar et al. [14]. . The nanoparticles were added into the UF 

resin with different loading levels, 1.5%, 3%, and 4.5% by weight, 

respectively. The results showed that the properties of the MDF panels 
with nano filler were better than those of the control MDF panels. The 

results also revealed that increasing alumina nanoparticles in the UF 
resin positively affected the mechanical properties of the MDF panels  

Iždinský et al. [15] studied the influence of zinc-oxide and silver 
nanoparticles in acrylic coatings applied to the surface particleboard 

and MDF. It was concluded that the antibacterial resistance of the 

panels was higher if these composites contained a higher amount of 

formaldehyde due to contact with water or humid environments. 
Valle et al. [16] investigated the influence of SiO2 nanoparticles on the 

mechanical and physical properties of particleboard. SiO2 
nanoparticles were added to UF resin. The results showed that the 

combination of SiO2 nanoparticles and UF resin improved the 
resistance to thickness swelling by 42% and thus enhanced the 

dimensional stability of the particleboard.  

Gul et al. [17] investigated the influence of iron oxide (Fe2O3) 
nanoparticles on the physical properties of MDF panels. Three 

different loading levels of nano ironoxide (0.5, 1.5, and 2.5 wt%) were 
used in the experiments. It was determined that the addition of 

homogeneously dispersed iron oxide nanoparticles significantly 
improved thickness swelling. The curing temperature and thermal 

stability of the resin improved due to the addition of 
Fe2O3 nanoparticles. The presence of iron oxide nanoparticles in an 

epoxy polymer contributed to a stiffer matrix that, effectively, 

enhanced the capability of improving the physical properties of the 
MDF panels. 

Chotikhun et al. [18] determined the formaldehyde emission and 
mechanical properties of the particleboards produced from Eastern 

redcedar using silicone dioxide (SiO2) nanoparticles added modified 
starch as a binder. Nine different types of panels were manufactured 

having nanoparticle contents of 0%, 1%, and 3% at three density levels 

of 600, 700, and 800 kg/m3. The results showed that the nanoparticle 
content above 1% adversely affected the mechanical properties of the 

particleboard. Very low formaldehyde emission value of 0.07 ppm was 
determined for the particleboards. 

 
3. Applications of organic nanofillers in the wood-based panel 

industry 

The utilization of organic nanofillers has considerably increased in last 

decade, especially cellulose nanofibers (CNFs). Generally, there are 

two representative CNFs, nanocrystalline cellulose (NCC) and 
microfibrillated cellulose (MFC). NCC is generally prepared by acid 

hydrolysis under strict conditions and has high crystallinity and low 
aspect ratio. The product, microfibrillated cellulose (MFC), exhibits 

gel-like characteristics. NCC suspensions have liquid-crystalline 
properties. A third nanocellulose variant, bacterial nanocellulose 

(BNC), is prepared from low-molecular-weight resources, such as 
sugars, by using acetic acid bacteria of the Genus luconacetobacter 

[19]. 

Use of nanocelluloses as reinforcements in adhesives for the 
production of reconstituted wood panels has several benefits such as 

possibility of altering the properties of adhesives, gain in mechanical 
and physical properties of panels and reduction in formaldehyde 

emissions by panels using synthetic adhesives [20]. Veigel et.al [21] 
added the CNFs in the UF and MUF resin at of 0, 1, and 3 wt% 

contents of the CNFs. They were prepared by mixing an aqueous CNF 

suspension with UF and MUF adhesives. The particleboards and 
oriented strand boards (OSBs) were produced under laboratory 

conditions. Particleboards prepared with UF + 1 wt% CNF showed 
reduced thickness swelling, better internal bond and bending strength 

than boards produced with pure UF. The reinforcing effect of CNF was 
even more obvious for OSB where a significant improvement of 

strength properties of 16% was found.  
 
Table 1. The family of nanocellulose materials [22].  

Type of nano 
cellulose 

Selected reference and 
synonyms 

Typical sources Formation and average size 

Microfibrillated 
cellulose 

(MFC) 

Microfibrillated cellulose, 
nanofibrils and microfibrils, 

nanofibrillated cellulose 

Wood, sugar beet, potato tuber, hemp, 
flax 

Delamination of wood pulp by mechanical 
pressure before and/or after chemical or 

enzymatic treatment diameter: 5–60 nm 
length: several micrometers 

Nanocrystalline 
cellulose 

(NCC) 

Cellulose nanocrystals, 
crystallites, whiskers, rodlike 

cellulose microcrystals 

Wood, cotton, hemp, flax, wheat 
straw, mulberry bark, ramie, Avicel, 

tunicin, cellulose from algae and 

bacteria 

Acid hydrolysis of cellulose from many 
sources diameter: 5-70 nm length: 100-250 

nm (from plant celluloses); 100 nm to 

several micrometers (from celluloses of 
tunicates, algae, bacteria) 

Bacterial 
nanocellulose 

(BNC) 

Bacterial cellulose, microbial 
cellulose, biocellulose 

Low-molecular-weight sugars and 
alcohols 

Bacterial synthesis diameter: 20-100 nm; 
different types of nanofiber networks 
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Atta-Obeng et al. [23] added microcrystaline cellulose (MCC) in 

phenol-formaldehyde resin at the levels of 0, 3, 6 and 10 wt% 
(wt/wt).and then tested their thermal and shear strength properties. 

Their results showed a viscosity increase and a slight reduction of 
the curing temperature by 4°C. The heat of reaction was a function 

of cellulose loading with the maximum heat of reaction occurring at 
3 wt% loading. The shear strength of the PF adhesive was increased 

by a factor of 1.7 with a 10% cellulose loading.  

 
Atta-Obeng [24] produced particleboards from the wood particles of 

sweet gum and pine trees and phenol-formaldehyde resin. The 
addition of 10% nanocrystaline cellulose decreased the mechanical 

properties, increased thickness swell and decreased spring back. 
Cellulose reinforcement lowers the cure temperature as well as the 

thermal stability of the neat PF adhesive. Lap shear tests revealed an 
increase in shear strength with the addition of cellulose. 

 

As known, the formaldehyde emission is one of the most important 
issues in wood-based panel industry. The researchers focus on the 

decreasing formaldehyde emission from the wood-based panels. In 
literature, there are plenty of experimental studies on decreasing 

formaldehyde emission from wood-based panels such as plywood, 
oriented strand board, particleboard, MDF. For example, 

Cademartori et al. [25] added small percentages of aluminium 

oxide nanoparticles into UF resin and investigated thermo-
mechanical properties of the composites. They reported that 

aluminium oxide nanoparticles were effective to reduce the 
formaldehyde emission (14%) from MDF based on the results of the 

desiccator test. Ayrilmis et al. [26] modified super E0, E0, and E1 
grade UF resins using microfibrillated cellulose (5 wt%). The 

laminated veneer lumbers (LVLs) were produced from the 
unmodified and modified SE0, E0, and E1 grade resins. The total 

volatile organic compounds (TVOC) and HCHO of the LVLs were 

determined at 25 °C, 35 °C, and 45 °C for 30 min using a thermal 
extractor. The total volatile organic compounds (TVOCs) from 

wood-based panel considerably decreased with increasing amount of 
MFC. 
 
Ayrilmis et al. [27] investigated that the relationship between urea–

formaldehyde (UF) adhesives (E0 and E1 classes) and 
microfibrillated-cellulose (MFC) and its effect on the mechanical 

properties of laminated veneer lumbers (LVLs) were investigated. 

The tensile shear strength of the LVLs significantly increased (2.89 
to 3.35 N/mm2) as the MFC suspension was increased to 3.75 g in 

the 7.50 g E0 class UF adhesive, while it slightly increased (3.10 to 
3.16 N/mm2) as the MFC suspension was increased to 2.5 g in the 

8.75 g E1 class UF adhesive. The MFC was found to be valuable 
nanoscale reinforcing filler for the improvement of bond 

performance of UF adhesive, in particular, E0 class adhesive, in the 

production of wood-based composites. 
 

Nanocellulose is known to form an airtight film on the surface of 
wood and various other small particles such as pigments. This 

makes nanocellulose-based coatings highly suitable for the 
protective treatment of wood surfaces. VTT (Technical Research 

Centre of Finland Ltd.) scientists have developed a new 
nanocellulose coating to protect wood-based materials from fire 

(Fig. 3).  

 
 
Fig. 3: Nanocellulose coating protects wood-based materials from 

the fire. 

 

4. Conclusions 

This study summarized recent applications of nanofillers in the 

wood-based panels. The improvements in the dimensional stability, 
surface properties, formaldehyde emission, mechanical properties, 

biological durability of the panels were determined. Furtheremore, 
the modification of the wood resins which improves the resin 

properties was efficiently carried out in the studies. Nanofillers have 
unique properties to improve physical, mechanical, and thermal 

properties of wood-based panels. It is expected that the utilization of 
the nanofillers as reinforcement in the wood-based panels, 

particularly nanocellulose will considerably increase in near future.  
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