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Abstract. An effective composition of modified urea-formaldehyde resin 
and its use in the production of wood-plastic composite sheet materials 
intended for construction have been developed. The article studied 
modifications of urea-formaldehyde resin with epichlorohydrin and 
polyvinyl chloride with reactive compounds, the results obtained were 
studied by IR spectroscopic analysis. Key words: wood-plastic, polymer 
materials, urea-formaldehyde resins, fiberboards, plywood and adhesives 
in the manufacture of furniture, carpentry structures, phenol-formaldehyde 
resins. 

1 Introduction 

Today, on a global scale, the problem of creating and implementing innovative ideas for the 
development of effective compositions of composite wood-plastic board materials based on 
high-performance polymer materials and crushed wood shavings with high physical and 
mechanical properties and meeting modern requirements is relevant and in demand. 
Therefore, the production of composite wood-plastic board materials based on highly 
effective polymer binders and fillers from crushed cotton stalks and their introduction into 
production is of particular importance for solving this problem. 

The development of industrial production of wood-plastic board materials in the world 
is one of the main issues. Valuable properties of wood-plastic materials and boards, such as 
uniformity of microstructure and properties in different directions in volume and plane, 
relatively small changes in size under conditions of parchment humidity, provide ample 
opportunity for their production. Relatively easy manufacturability, obtaining products of 
various configurations, shapes of parts and sheet materials of large formats, as well as the 
possibility of using available polymer binders and materials for them, necessary for the 
production of materials - wood-plastic boards, which contribute to the wider use of annual 
plant stems. 

In the republic, certain work has been carried out and certain results have been achieved 
to supply the construction, furniture industry, and mechanical engineering with wood-
plastic materials (WPM) based on crushed cotton stalks and polymer binders, in particular 
urea-formaldehyde resin. The existing urea-formaldehyde resin is toxic, has a long curing 
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time when pressing boards and does not sufficiently provide high physical and mechanical 
properties of the resulting board materials. In our republic, more than 300 thousand m3 of 
composite wood-plastic materials and boards are consumed annually. Of these, almost 250 
thousand m3 are imported from abroad. Research on the modification of urea-formaldehyde 
resins was carried out with reactive compounds. At the same time, their curing was studied 
under pressing conditions. Modification modes and conditions have been developed, taking 
into account the type of modifier. At the same time, its distinctive influence on the 
properties of the binder and the process of its curing was revealed. Phenol-formaldehyde 
resins in the cured state are very brittle products and therefore in most cases are used in a 
modified form. Unmodified resins have found application mainly in gluing wood, foam 
plastic and some other porous materials. The use of pure urea-formaldehyde resins for 
impregnating paper is allowed only if the surface of the film is subsequently protected by a 
coating layer. 

Urea-formaldehyde resins are used as binders in the production of particle boards, 
fibreboards, plywood and adhesives in the manufacture of furniture, joinery structures, etc. 
Two modification methods are known: co-polymerization or polycondensation of several 
monomer compounds and the combination of finished polymers with each other and others 
monomeric or oligomeric substances. 

In the production of particleboards (chipboards) and wood-plastic materials and boards 
(WPPM), phenol-formaldehyde, urea-formaldehyde and other polymer resins are used on 
their basis. 

2 Materials and methods

Let us consider phenol-formaldehyde and urea-formaldehyde resins, which are widely used 
in the production of chipboard and DPPM. 

Phenol-formaldehyde resins are the main component of adhesive compositions, which 
have a valuable set of properties and are widely used in various industries [1]. They are 
used to produce plastics (cured resins are called resites, cured in the presence of petroleum 
sulfonic acids - carbolites, lactic acid - neoleukorites), synthetic adhesives, varnishes, 
sealants, switches, brake linings, bearings, and are also widely used in the manufacture of 
billiard balls. 

These resins are used to obtain as a binder component in the production of filled press 
compositions with various fillers (cellulose, fiberglass, wood flour), fiberboard and particle 
boards, adhesives, impregnating and potting compositions (for plywood, woven and fiber-
filled materials). 

Phenol-formaldehyde resin is a resin of synthetic origin and is used to make particle 
boards. Phenol-formaldehyde resin provides high durability and strength of adhesive joints 
when exposed to hot and warm water, therefore it is classified as a resin with increased 
water resistance. 

Phenol-formaldehyde resin is most widely used in the manufacture and gluing of 
chipboards and chipboards (chipboards). This resin cures quite quickly and has fairly high 
adhesive strength, as well as a light color. Chipboards (chipboards) made on the basis of 
phenol-formaldehyde resins are well resistant to changes in humidity and temperature 
fluctuations in the environment. When gluing particle boards, low-toxic resin SFZh-3014 is 
used, which complies with the accepted standard (GOST 20907-75*). 

The physicochemical properties of phenol-formaldehyde resin SFZh-3014 are shown in 
Table 1. 
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Table 1. Physico-chemical properties of phenol-formaldehyde resin SFZh-3014 

Name Indicators

Content of non-volatile substances (dry residue),% 46-52

Viscosity according to VZ-4, s 17-90

Alkali content, % 6.5 – 7.5

Free phenol content, % no more 0.10

Free formaldehyde content, % no more 0.15

After boiling for one hour in water, the strength limit of the 
plywood layer when chipped is -MPa, not less

1.5 

 
Phenol-formaldehyde resins in the cured state are very brittle products and therefore in 

most cases are used in a modified form. Unmodified resins have found application mainly 
in gluing wood, polystyrene foam and some other porous materials. Phenol-formaldehyde 
resins are obtained by polycondensation of phenol with formaldehyde. 

Depending on the ratio of the starting reagents and the polycondensation conditions, 
resins with different properties can be obtained. Thus, with an equivalent ratio of reagents 
or with an excess of formaldehyde in the presence of an alkaline catalyst, resole-type resins 
are formed; with an excess of phenol in an acidic environment, novolac resins are formed. 
Resol resins contain methylol groups, due to which they can enter into a further 
polycondensation reaction, leading to the formation of a polymer with a spatial structure - 
resit. The curing process, i.e. transformation into resite occurs slowly at normal 
temperatures - from 6 months. up to 1 year; At elevated temperatures, the curing rate 
increases greatly. In the presence of acid catalysts, resol resins cure at a faster rate and at 
room temperature. 

Resins in the resit stage are infusible, insoluble and have fairly high heat resistance; at 
temperatures above 2800C they begin to gradually degrade. A study of the thermal 
destruction of phenol-formaldehyde resins showed that at these temperatures the formation 
of diphenyloxide bonds takes place, increasing the degree of cross-linking of the system. 
During thermal-oxidative destruction, first of all, methylene groups are oxidized to 
carboxyl groups, which at a temperature of about 2000C are able to interact with the 
formation of polymers with high heat resistance [2]. 

Novolac resin molecules do not contain methylol groups and therefore are not able to 
enter into a polycondensation reaction and do not form spatial structures. Novolac resins 
can be rendered infusible and insoluble by treatment with formaldehyde, paraform, or 
hexamethylenetetramine. Most often, novolac resins are cured using 
hexamethylenetetramine at elevated temperatures. Some characteristics of phenol-
formaldehyde resins are shown in Table 2. 
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Table 2. Characteristics of phenol-formaldehyde resins

Name Trade name Molecular 
mass 

Melting 
point, OC 

Density, 
kg/м3 

Content of 
methylol 
groups,% 

p-tert-Butylphenol 
formaldehyde resin Phenophor  B 500-600 65-80 1100 ≥12 

p-tert-
Octylphenolformaldehyde 

resin
Phenophor  О 900-1200 75-90 1040 ≥9 

Bromomethylated p-tert-
butylphenolform-maldehyde 

resin
Phenophor BB 1000-1400 60-80 - ≥10 

To obtain adhesives, mainly phenol-formaldehyde resins of the resol type with a 
molecular weight of 700-1000 are used. Novolac phenol-formaldehyde resins are used 
much less frequently, mainly in modified adhesives. Resins from cresols and substituted 
phenols are of less interest for the production of adhesives. 

Phenol-formaldehyde resin in appearance is a transparent and homogeneous liquid, 
from dark cherry color to red-brown, within a batch of the same color, without mechanical 
impurities. However, at a temperature of 100... 105 degrees, the degree of curing of SFZh-
3014 resin is insufficient. Moreover, they have high alkalinity associated with the 
conditions for the synthesis of low-viscosity resin. Therefore, to produce slabs with 
increased water and weather resistance, suitable for use in elements of standard low-rise 
housing construction, it is necessary to improve the technological properties of the resin [3]. 

By modifying the SFZh-3014 resin with aluminum sulfate, the curing process is 
deepened and accelerated, and water resistance is increased. 

However, they are toxic because they contain free phenol and formaldehyde and also 
hydrolyze cellulose. 

Toxic materials are used in production. Both phenol and formaldehyde are poisonous 
and flammable. Formaldehyde is carcinogenic. 

Phenol-formaldehyde resins can have harmful effects on the skin, they can cause 
dermatitis and eczema [4]. Uncured phenol-formaldehyde resin can contain up to 11% free 
phenol. 

When phenol-formaldehyde resins are cured in plastic (phenoplasts), cross-linking of 
oligomeric fragments of the resin occurs with the participation of the free phenol contained 
in it, while the content of phenol incorporated in the phenol is reduced to trace amounts; 
sanitary standards of the Russian Federation regulate the permissible amounts of migration 
of phenol and formaldehyde for products made of phenolic plastics; in particular, for 
products in contact with food for phenol - 0.05 mg/l, for formaldehyde - 0.1 mg/l [4-6]. 

Therefore, as noted above, it is necessary to modify the phenol-formaldehyde resin or 
replace it with another more non-toxic urea-formaldehyde (urea) resin, 

It should be noted that phenol-formaldehyde resin is not produced in our republic due to 
the lack of raw materials for producing phenol. In addition, they are very expensive and 
therefore in short supply; they will need to be purchased in foreign currency. 

Urea-formaldehyde resin (M resol type fastener) is a polycondensation product of urea 
and formaldehyde in the presence of a catalyst. 

Urea-formaldehyde resin is colorless and can be easily painted in any color in the mass. 
Urea-formaldehyde resin is produced by the interaction of urea and formaldehyde, taken 

in the form of an aqueous solution - formaldehyde. The synthesis is carried out in two 
stages: first, dimethylolurea, which is not yet a polymer, is formed by the interaction of 
urea and formaldehyde in the presence of ammonia; Then, when an acid (for example, 
oxalic) is added, condensation occurs, leading to the formation of a polymer. The synthesis 
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is carried out in a porcelain cup into which urea, formalin and a small amount of ammonia 
solution are loaded. The mixture is stirred and boiled for 8 - 10 minutes. The viscosity of 
the mixture gradually increases. Then oxalic acid is introduced, mixed and the mass is 
poured into a test tube. The test tube is placed in a thermostat and kept for 1 hour at a 
temperature of 50 - 60 C. In this case, the mass hardens: it turns from viscous to glassy [6]. 

The production of urea-formaldehyde resins for adhesives can be organized by batch or 
continuous methods. 

The use of urea-formaldehyde resin was carried out with the addition of a 30% 
ammonium chloride solution as a hardener. 

Butanolysis of urea-formaldehyde resins occurs best in a slightly acidic environment. At 
the same time, the process of polycondensation also continues. 

The production of urea-formaldehyde resin is essentially no different from the 
experiment just described. Fill the test tube one third with a saturated solution of urea in 
formaldehyde, add 2 drops of 20% hydrochloric acid and heat the mixture over low heat to 
a boil. It then boils spontaneously, eventually becoming cloudy and quickly thickening, 
acquiring the consistency of rubber. 

Urea-formaldehyde resins are also used to produce adhesives that are resistant to rot, 
wood pests, and light. 

The use of pure urea-formaldehyde resins for impregnating paper is allowed only if the 
surface of the film is subsequently protected by a coating layer. 

Urea-formaldehyde resins are used as binders in the production of particle boards, 
fiberboards, plywood and adhesives in the manufacture of furniture, carpentry, etc. 

Condensation products of urea with formaldehyde are very common adhesives for 
gluing wood, plywood and other wood materials. 

The first condensation products of urea with formaldehyde (urea resins) were obtained 
back in 1896, but the production of urea resins was established only in 1920-1921. 

3 Results and discussion

Urea-formaldehyde resins were produced in the form of cast transparent organic glasses 
(for example, half-glass) or pressed products of various shapes, but they turned out to be 
short-lived due to insufficient water resistance and cracking. Therefore, these resins were 
not used in technology before introducing filler (cellulose, wood flour, cotton fiber) into 
them. The use of fillers has reduced the sensitivity of products to changes in climatic 
conditions. Although transparency was partially lost in this case, light resistance and the 
ability to paint products in light colors were preserved, and in some cases translucent 
products were also obtained. These properties have made it possible to use urea-
formaldehyde resins in decorative technology, in which phenol-formaldehyde resins are 
unsuitable due to their dark color. Co-condensation resins of urea, thiourea and 
formaldehyde cure faster and have better water resistance than urea-formaldehyde resins. 
But they gradually become stained, which also limits their use [7]. 

It should be noted that the physicochemical properties of particle boards and wood-
plastic boards using urea-formaldehyde resin are low, not durable enough and do not fully 
meet the requirements of GOST. 

In this regard, there is a need to modify urea-formaldehyde resin by physical and 
chemical methods and improve their adhesive and physical-mechanical properties in order 
to produce wood-plastic boards with high strength and performance properties and 
durability. 
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