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Abstract: Influence of electromagnetic treatment of the mineral filler on properties of the adhesive compositions 
for plywood production. The influence of pre-activation of natural mineral filler zeolite (clinoptilolite) in the 
electromagnetic microwave field (EMF) and in a weak pulsed magnetic field (IMP) on the physical, mechanical 
and chemical properties of adhesive compositions were investigated. The differences in the mechanisms of 
exposure of EMF and IMP on mineral filler in adhesive composition were identified. Decrease of free 
formaldehyde content from cured adhesive composition is 23 %. Increase of acidity and reduction of gel time 
were determined. Addition of clinoptilolite into the adhesive composition increases the strength of the adhesive 
layer: at untreated sample by 6 %, treated in a weak IMP by 14 % and activated in EMF by 23 %. 
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INTRODUCTION 

Urea-formaldehyde (UF) resins have the most frequent application in the 
woodworking industry for production of wood veneer based panel materials. Although, UF 
have appropriate technological, operational and economic properties, significant disadvantage 
of these adhesives is toxicity, which is determined by the content of free formaldehyde. Its 
emission leads to pollution in interior, where the wood-based materials are used. 

Considering the relevance of the using of these adhesives for environmentally friendly 
plywood production based on polymer adhesive compositions, the influence of pre-activation 
by electromagnetic microwave fields (EMF) and weak pulsed magnetic fields (IMP) filler of 
adhesive compositions was investigated with the aim to reduce the emission of free 
formaldehyde and to improve physical, mechanical and chemical properties of the adhesive 
composition. Russian companies of plywood industry are releasing products that meet the 
requirements of the European standard “EN 13986: 2005 Wood-based panels for use in 
construction. Characteristics, evaluation of conformity and marking” [1-3]. If products have 
CE mark it indicates fulfilling the requirements of the EU Directive No. 93/68/EU that allows 
their free trade to the EU markets. The formaldehyde problem is solved by several methods. 
First, avoiding the use of UF resins and their replacement by other less toxic resins (e.g. 
polyurethane adhesives). Second, the use of UFR with low formaldehyde emission. Third, the 
use of fillers, which are added into adhesive compositions and replace part (or all) fillers, such 
as kaolin, wood flour, etc. [4-7]. Each of these methods has some disadvantages, caused by 
the high cost of used glues or fillers, lowering the strength characteristics of finished 
plywood. In this paper, together with the traditional fillers (wood flour and kaolin), there is 
used natural zeolite clinoptilolite. 

Clinoptilolite is a natural nanoporous mineral with wire-frame structure, having active 
centres of different nature: unshielded (or partially shielded) cations, complexes from 
multiply charged cations and hydroxyl groups, Bronsted and Lewis acid sites, bridging 
oxygen atoms, defects of crystal's structure [8]. Size and location of channels for sorption 
processes is crucial. Besides the channels structure of zeolite contain voids, which together 
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with the channels forming polyhedral, which have the size of the free volumes of 0,6-1,1 nm. 
In clinoptilolite structure there are four types of channels of elliptical cross. Dimensions of 
decimal channels are 0,705×0,425 nm, and eight 0,46×0,395 nm. Dimensions of decimal 
channels are 0,705×0,425 nm and eight 0,46×0,395 nm. Matrix of clinoptilolite has wireframe 
open structure, exchange's ion is located in the open cavities and channels [9]. Natural 
clinoptilolite has a low adsorption capacity (6 mg/g), in this connection there are different 
ways to activate it: heat treatment or modification by reagent (acid or alkaline). Thermal 
treatment was used as an activation method of clinoptilolite [10] for manufacturing 
environmentally friendly plywood. However, these methods of activation are difficult due to 
several technological features of making adhesives, which consist in careful monitoring pH of 
used adhesive. Application of chemically activated fillers may cause changes of pH value, 
resulting in a changed curing time and pot life.  

In this research, cost-effective and efficient ways to activate clinoptilolite in EMF and 
weak IMP were selected as new types of activation methods [11, 12]. 

 
EXPERIMENTAL PART 

 
Natural clinoptilolite 

Natural mineral clinoptilolite (K95) of Slovak origin was used as sorbent-filler of the 
adhesive composition, the content of the clinoptilolite 95% and 5% hydromica, particle size is 
20 μm. Earlier, presented in [10, 13], the energy-dispersive scanning electron microscopy 
defined elemental composition of used sorbent. The mineral contains three non-metal (C, O, 
Si), and seven metal elements (Na, Mg, Al, K, Ca, Fe, Cu), see Table 1. 

 
Table 1. Elemental composition of clinoptilolite 

Field Contents of the main elements [%] 
С О Na Mg Al Si K Ca Fe Cu 

K95 5,69 54,81 0,19 0,61 5,16 26,90 2,46 1,76 0,99 1,42 
 

Activation methods 
The surface of the mineral clinoptilolite was activated in EMF and IMP. Sorbents were 

activated by the following devices: microwave with a maximum power of 800 W and two 
apparatus for producing pulsed magnetic field with the magnitude of the magnetic induction 
from 1,9 to 120 mT. Distinctive feature of the influence of IMP is presence of maximum on 
the kinetic curve of adsorption of formaldehyde of mineral sorbents after 48 hours after 
treatment in the IMP and long relaxation process [10, 16]. Therefore, treated clinoptilolite in 
IMP was introduced into the adhesive composition after 48 hours after the activation. 
Regimes of pre-adsorption treatment are characterized by following parameters: processing 
time, the power of the EMF, the value of an IMP. Treatment regimes are in Table 2. 

 
Table 2. Regimes of sorbent activation 

Regimes of activation 
Methods of activation 

Electromagnetic microwave 
field  Pulsed magnetic field  

Power of the EMF [W] 200 400 800 - 
Processing time [min] 4 4 0,5; 1; 2; 4; 5; 6 0,25; 0,5; 0,75; 1 
Value of the IMP [mT] – 1,9 - 120 
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Physical, chemical and mechanical properties of the adhesive compositions with 
activated filler were determined. Each parameter was tested at least on 20 experimental 
samples. Methods of statistical analysis of the research results were used for calculation all 
values. Estimation of the error of the experimental data was carried out by methods of 
mathematical statistics for small samples [14, 15]. 

 
Research of adhesives 

Low toxic resins of Slovak origin KRONORES CB 1100 and the Russian KF-N66F 
were used as a binder for plywood. A curing agent in the adhesive composition was 
ammonium nitrate, which is traditionally used in the industry for hot curing process. Viscosity 
of the adhesive KRONORES CB 1100 was regulated by filler (wood flour) and adhesive KF-
N66F by kaolin. In this paper, the traditional filler kaolin and wood flour was partially 
replaced by activated clinoptilolite. Compositions of used adhesives and the ratio of fillers 1 
and 2 in adhesives are shown in Table 3. 
 
Table 3. Compositions of used adhesive 

Sample 
No. 

Glue Hardener Filler 1 Filler 2 

1 

KRONORES 
CB 1100  
(100) 

Ammonium 
nitrate  
(0,8) 

Wood flour 
(10) – 

2 Wood flour 
(7,8) 

Unactivated clinoptilolite  
(2,2) 

3 Wood flour 
(7,8) 

Clinoptilolite activated in EMF 
(2,2) 

4 Wood flour 
(7,8) 

Clinoptilolite activated in IMP 
(2,2) 

5 

Resin KF-N66F 
(100) 

Ammonium 
nitrate  
(0,6) 

Kaolin 
(10) – 

6 Kaolin 
(7,8) 

Unactivated clinoptilolite  
(2,2) 

7 Kaolin 
(7,8) 

Clinoptilolite activated in EMF 
(2,2) 

8 Kaolin 
(7,8) 

Clinoptilolite activated in IMP 
(2,2) 

 
All cured adhesive compositions was tested on the content of free formaldehyde by 

photocolorimeter with the use of acetylacetone method [18], dry content matter stated by 
gravimetric method at 105 ± 2 °C, pH value, gel time at 100 ° C, Ford cup consistency 6/20 
and formaldehyde emission from prepared plywood stated by chamber method according to 
EN 717-1 [19]. 

For samples 5-8, internal stress during curing of the adhesive layer was conducted. 
The system and method given in [20] was used at implementing tasks of continuous 
determination of internal stresses generated during curing adhesive interlayer.  
 
RESULTS AND DISCUSSION  
 

Physical and chemical properties of adhesives 
As a result of the research, values of the basic physical, mechanical and chemical 

properties of the adhesive compositions based on UF resins are presented in Table 4. 
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Table 4. Basic physical, mechanical and chemical properties of the adhesive compositions 

Sample No. w [%] pH t1 [s] t2 [h] C [s] c [%] fd 
[mg/m3] 

Reference values  
KRONORES 1100 65-67 7,2-8,2 37-45 > 8 45-63 0,10-0,20 0,124 

1 66 7,5 45 8,5 45 0,20 0,082 
2 66 7,5 44 8,6 45 0,20 0,080 
3 66 7,5 43 8,6 47 0,10 0,070 
4 67 7,2 39 8,4 45 0,10 0,074 

Reference values  
KF-N66F 60-62 7,5-8,5 40-60 > 8 30-50 0,10-0,15 0,124 

5 60 7,7 42 8,5 45 0,15 0,128 
6 61 7,7 42 9,0 45 0,15 0,126 
7 61 7,7 42 9,0 45 0,15 0,104 
8 61 7,5 40 8,6 45 0,15 0,115 

Note: w – dry content matter, рН – hydrogen ion exponent, t1 – gel time at 100 °C, t2 – gel time at 20 °C, C – 
Ford 6/20, с – content of free formaldehyde in hardened resin, fd – emission of free formaldehyde from plywood 

 
Mechanisms of influence 
Application of activated clinoptilolite in EMF and IMP as sorbent filler reduces the 

content of free formaldehyde from the cured adhesive composition. The curing speed 
increases, presumably as a result of the polarization of acid sites SiOH of clinoptilolite under 
the influence of weak pulsed fields and an increase due to the acidity of the adhesive. 
Addition of activated clinoptilolite has the same effect on the viscosity of the adhesive 
composition as addition of kaolin and wood flour. 

Mechanism of the IMP effect is discussed with using approaches given in [21-25], 
based on the influence of weak IMP and the activation of complex systems by spin level. 
Relatively complex structure of clinoptilolite enables a polarization of SiOH groups in 
electromagnetic fields, their acidity above conventional silanol groups [26]. Adhering to these 
views are also likely disordering in spin groups AlOH, FeOH, MgOH, hydroxylated cations, 
etc., and as a result, formation of the radical pairs, which is the active centres. Vortex 
magnetic field induced by alternating pulsed magnetic field, probably influences the 
orientation of the dipole active sorption centres and stimulates the non-equilibrium state with 
the excitation of additional active sites, having a high adsorption activity. 

Exposure of EMF is the absorption of the wave energy to a greater extent of 
adsorption's bound water molecules in the composition of clinoptilolite. This process happens 
instantly, in a second [27]. Thus intermolecular bonds are broken between molecules of the 
water and the matrix structure of clinoptilolite [10]. Under the influence of the microwave 
field, dipoles of water continuously rotate perpendicular to the direction of motion of the 
electromagnetic wave and if the temperature reaches 100 °C cause its evaporation. Available 
ions in the structure of the mineral acquire position directed to towards of the actions of field 
lines and due to the frequent change of direction is quite rapid rubbing them with heat [27]. 
Movement of dipolar molecules and ions in the structure of the mineral leads to rapid heating 
of the sample and the emission of water from the mineral. 

Maximum values of the sorption capacity were determined for EMF – power of 
microwave field 800 W, the processing time 4 min, for IMP the processing time 0,5 min, 
magnetic induction 71 mT. 
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Physical and mechanical properties of adhesive bonds 
The strength of the adhesive layer was determined by the internal stresses for adhesive 

compositions with natural filler (Sample 6), treated in the microwave EMF (Sample 7) and in 
IMP (Sample 8), results are presented in Table 5. 

 
Table 5. The value of internal stresses in the adhesive layer depending on the method of 
activation for filler clinoptilolite 

Sample No. The magnitude of the internal stresses (Ϭ) [MPa] 
5 1,19 
6 1,12 
7 0,95 
8 1,02 

 
Internal stresses in the adhesive composition containing inactivated clinoptilolite 

decreased by 6 % in comparison with the samples made according to the traditional technique 
[7]. Activation of the mineral in the microwave EMF increases the strength of the adhesive 
layer up to 20 %, when processed IMP up to 14 %. 
 
CONCLUSIONS 

Reduction of the content of free formaldehyde from cured adhesive composition based 
on Slovak KRONORES CB 1100 (KR) and Russian resin KF-N66F (KF) was determined. 

Application of clinoptilolite activated in EMF reduces free formaldehyde emission 
value from plywood by 17 % for adhesive KR and 11 % for KF. IMP activation reduces 
emission of free formaldehyde by 23 % for KR and 11 % for KF. 

The influence of clinoptilolite activated in the EMF on physical and chemical 
properties of adhesives was following: 

− decreasing of gel time of prepared adhesive composition within acceptable values, 
which allows to reduce time of pressing of plywood, 

− increasing of acidity of the adhesive composition in the range of acceptable values, 
reduces the amount of hardener and reduces economic costs. 

A reduction of the internal stresses was found in the cured adhesive layer, with the 
introduction of untreated clinoptilolite by 6%, which was activated in the EMF and weak IMP 
– 23 % and 14 % respectively. 

Analysis of the mechanisms of EMF exposure and weak IMP on clinoptilolite was 
created. Activation in EMF contributes significantly and changing in the motion of the dipole 
molecules and ions in the structure of clinoptilolite. This leads to a rapid and strong heating of 
the sample, breaking bonds between water molecules and active centres of mineral. Activated 
filler can be used for the adsorption and reduction of formaldehyde emission from adhesive 
compositions. Treatment in weak IMP has macroscopic response, short periods of activation 
and low energy, likely due to the spin-disordering, polarization of dipoles of active centres 
and irreversibility of the process in the form of lack of desorption. 
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Streszczenie: Wpływ pola elektromagnetycznego na własności wypełniacza mineralnego w 
masach klejowych do produkcji sklejki .Zbadano wpływ wstępnej aktywacji wypełniacza 
mineralnego - zeolitu naturalnego (klinoptylolitu) w polu mikrofalowym (EMF) oraz w 
słabym pulsującym magnetycznym (IMP) na fizyczne, mechaniczne i chemiczne właściwości 
mas klejowych. Określono różnice w mechanizmach ekspozycji wypełniacza mineralnego w 
masie klejowej na EMF i IMP. Zmniejszenie zawartości wolnego formaldehydu z 
utwardzonej masie klejowej wynosi 23%. Określono wzrost kwasowości i zmniejszenie czasu 
żelowania. Dodatek klinoptylolitu do kompozycji klejącej zwiększa wytrzymałość spoiny 
klejowej: w próbkach kontrolnych o 6%, przy IMP do 14%, a EMF o 23%. 
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