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Abstract 
 
The reducing the toxicity of plywood and particle board is one of the most important tasks of 
researchers in the field of adhesives. High absorption capacity sorbents have schungite. His addition 
to the adhesive reduces the emission of formaldehyde and accelerates the process of gluing. 
 
 
 

1. Introduction 
 
Making eco-friendly wood products needs to be improved as the properties of adhesives 

and technology of  wood gluing. 
Producers and consumers of urea-formaldehyde resins have long been engaged in the problem of 
reducing the formaldehyde content in the product. This offers various 
formaldegidoulavlivayuschiesubstance is a substance which reacts with free formaldehyde, forming a 
relatively harmless products or block it. The disadvantages of the use of many substances 
formaldegidoulavlivayuschih include reducing bond strength. 
 
It is known [1] a large amount of natural materials for use as modifiers and urea-phenol-formaldehyde 
resins, to reduce the toxicity of products and the efficiency of production. One is shungite [2] - 
complex sorbent catalyst or catalyst support having both properties of carbon and silica materials. 
 
 Studies have shown the possibility of using shungites to reduce the toxicity of laminated wood 
materials in adhesive technology and plywood particleboard glue based on urea-formaldehyde resins. 
Application schungite sorbents allows not only to reduce the toxicity of plywood, but also speed up 
the process of bonding (patent RU № 2437911 from 27.12 p.2., 2011). [2] 
 
The methodology of the study. 
 
   To conduct the study used a birch veneer. As the modifier used schungite sorbents (Table 1) with a 
particle size of 0.2-0.8 mm. 
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Таблица  1 The chemical composition of shungites Karelia (parts by weight,%) 
SiO2 TiO2 Fe2O3 Al2O3 CaO MgO Na2O K2O С Cr2O3 № 

участка 
54,5 0,22 2,04 4,62 1,50 0,66 4,28 1,15 31,0 0,03 I 
59,1
0 

0,02 0,89 4,87 0,28 0,66 4,66 1,40 28,1 0,02 II 

64,8
1 

0,02 0,79 5,00 0,28 0,64 4,80 1,84 21,8 0,02 III 

 
     In line with modern concepts schungite sorbents have a framework structure. In addition to the 
voids cages of water molecules are cations sodium, potassium, magnesium and calcium. Their 
positive charge is compensated by the negative excess charge tetrahedral SiO4. 
       Shungites silicon-frame construction of the elementary structural units that are packed tightly and 
do not contain free cavity connecting intersecting canals. In these channels can enter the adsorbate 
molecules. Depending on the size molecules penetrate some others not, i.e. schungites have the 
property of adsorption, referred to as "molecular sieve effect." 
       During the study determined the ability of schungite sorbents to reduce the content of free 
formaldehyde in urea-formaldehyde adhesive resin KF-MT-15. Preliminary assessment of the 
reactivity of the adhesive in accor- 
dance with molecularly - adsorption theory of adhesion was performed on the basis of changes in 
the surface tension of the adhesive interfacial liquid - gas when administered various amounts of 
modifiers in accordance with Young's equation: Wa = σzhg (1 + cos) wherein: Wa - the work of 
adhesion; σzhg - the surface tension at the interface liquid - gas - anσжг – 
поверхностноенатяжениенаграницеразделафазжидкость – газ; ϕ  - уголсмачивания. 

 
Results and analysis. 
 

The research results are presented in Fig. 1-4. Their analysis showed that an increase in the amount 
introduced into the resin schungite sorbents free formaldehyde content is reduced to 5 times in a 
modified adhesive from 0.15 to 0.03% (Fig. 1, 2), with decreases in particleboard swelling and water 
absorption. 

 
P and p. 1. Dependence of the content of free formaldehyde adhesive resin KF-15, MT-shungit 

sorbent amount and duration of exposure after cooking 
      The formaldehyde content of the resin depends on the fractional composition of the filler particles 
(Fig. 2). The finer the particles of the filler, the smaller the formaldehyde content in the resin. 
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Pand p. 2.Dependence of the content of free formaldehyde adhesive resin KF-15, MT-shungit of 
sorbent and its particle size. 

        
 With decreasing particle size from 0.8 mm to 0.2 mm, the content of free formaldehyde is reduced 
from 0.15 to 0.013%. 
      The studies found that used in the production of wood-based urea-formaldehyde resin adhesive 
curing formaldehyde stands out more than the content of the resin to cure. Thanks to the selective 
sorption of polar molecules of formaldehyde shungites permeate "input" window and linger there. 
Reactivity modified adhesive decreases significantly when schungites content not more than 10 wt. 
parts per 100 wt. including urea-formaldehyde resin (Fig. 3).gle. 
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P and p. 3. The dependence of the contact angle of the modified adhesives on the amount and particle 

size of the filler introduced resin CM-MT-15. 
       
  As a result of the optimization of the modified Shungites based adhesive CF - MT-15 by the "center 
of mass of the conditional" on the basis of our regression equations: 
 Y1 = 0.062 - 0.003 0.0155 X1 + X2, (1) 
 V2 = 54.1 + 2.01 + 0.51 X 1 X 2(2) 
 
      2,5<X1<12,5; (3) 
    0,2<X2<0,8, (4) 
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recommended values of the input shungites and their particle size equal to 8 wt. parts and 0.3 mm, 
respectively. With these values the separation of free formaldehyde does not exceed 0.033%, and the 
contact angle - 70. 
In equations 1-4: 
U1 - free formaldehyde content,%; 
U2 - angle, º C; 
X1 - the number of input shungites% 
X2 - the size of their particles, mm.  
The study of the curing process of the modified adhesive Shungites conducted by IR spectroscopy 
(Fig. 4). 
 

    
  a) b) 

 
Fig. 4. IR - spectrum adhesive resin KF-MT-15: 

a) 10 parts by weight schungite sorbents, and; b) without filler 
 
      Spectral analysis confirmed that schungites accelerate the curing of adhesives, from our point of 
view, due to they contain alkali metal oxide catalysts. 
    The positive results of testing of the developed industrial structure and modes of bonding glue 
plywood of "Kaduysky plywood mill" suggest that the use of sorbents schungite significantly reduces 
the toxicity of the laminated material. 
 
CONCLUSIONS 
 
Application shungites as modifiers of urea-formaldehyde resins to reduce their toxicity and release of 
free formaldehyde from plywood and particle board due to the composition, structure and adsorption 
properties of this natural material. 
    The introduction of the urea-formaldehyde resin sorbents schungite accelerates the curing of them 
thanks to the presence of reactive elements shungites. 
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