Ne 8 (149) UNIVERSUM: aseycm, 2026 e.

TEXHUYECKUE HAYKU

Cmambs nocmynuna e peoakyuro: 05.06.2026
Cmambs npuHsima k nybaukayuu: 16.06.2026
Cmambs onybnukosaHa: 28.08.2026

Y/IK 674.8+678.5

Current state of polymer binders used in particleboard production: a review

Khodjaeva Dilfuza Nazirovna

doctor of Philosophy, State Institution Fan va tarakkiyot, Tashkent State Technical University
Republic of Uzbekistan, Tashkent

Ruziyeva Barno Yuldashevna

Basic doctoral student

State Institution Fan va tarakkiyot, Tashkent State Technical University
Republic of Uzbekistan, Tashkent

Abed Nodira Sayibjanovna

doctor of Technical Sciences, Professor

Chairman of the Fan va Taraqqiyot State Institution

Republic of Uzbekistan, Tashkent

Bozorov Aminjon Nurilloevich

Doctor of Technical Sciences (DSc)

Senior researcher, SE Fan va tarakkiyot

Republic of Uzbekistan, Tashkent

CoBpeMeHHOe COCTOsSTHHE MO/IMMEPHbIX CBA3YKIIUX MaTepHuasioB,
HCIo/Ib3yeMbIx B mpou3BojicTBe [ICII: 00630p

Xoosicaeea /Jungpysa HasupoeHa

PhD

TI'ocydapcmeeHHoe yupedicoeHue daH ea mapakkuém, TawkeHmMcKuli 20Cy0apCcmeeHHbll
mexHuuecKuil yHugepcumem

Pecnybauka Y36ekucmat, . TawkeHm

Py3ueea bapHo FOn10aweeHa

0a308bili 0OKMopaHm

TI'ocydapcmeeHHoe yupedcoeHue daH ea mapakkuém, TawkeHmMcKuli 20Cy0apCmeeHHbll
mexHuuecKutl yHugepcumem

Pecnybauka Y36ekucmat, . TawkeHm

A6ed Hooupa Coltiu6icoHoeHa

0-p. mexH. HAyK, npog., dupekmop

I'Y ®an ea mapakkuem, TawkeHMCcKull 20Cy0apcmeeHHbIl mexHuuecKull yHugepcumem
Pecnybauka Y36ekucmat, . TawkeHm

Bo3opoe Amunicon Hypunnoeguu

0-p. mexH. Hayk (DSc) cm. Hayu. comp., I'Y ®aH ea mapakkuém, TawkeHmcKuli 20Cy0apcmeeHHbil
mexHuuecKutl yHugepcumem

Pecnybauka Y36ekucmat, 2. TawkeHm

Hezmamoe Catiu6xcan Caobikoguu

HayuHblll pyKogooumesnb, akademuk AH PY3, I'Y ®daH ea mapakkuem

Pecnybauka Y36ekucmat, 2. TawukeHm

33



Ne 8 (149) UNIVERSUM: aseycm, 2026 e.

TEXHUYECKUE HAYKU

Abstract

The article presents the results of research on the influence of reactive compounds on the
hardening process of both modified and unmodified carbamide-formaldehyde resin derivatives, and
determines the optimal hardening regimes for their application in the production of wood-plastic tile
materials.

Increasing requirements for the strength, performance, and durability of wood-plastic boards
necessitate the modification of carbamide-formaldehyde resins using physical and chemical
methods. This modification is aimed at improving the adhesive, physical-mechanical, and
technological properties of the binder.

As a result of studying the physicochemical properties of unmodified and modified resins, it
was established that an increase in the content of modifying additives is accompanied by an
increase in the concentration of chlorine ions in the resin. In this case, the hardening time changes
in the following sequence: polyvinyl chloride — epichlorohydrin — benzyl chloride. It has been
established that introducing a modifier in an amount exceeding 10 % of the resin mass is
inappropriate, as it leads to a significant increase in its hardening time and a deterioration of the
process's technological indicators.

AHHOTanus

B cratbe mpejcTaBieHbl pe3ysbTaThl UCC/I€Q0BAaHUM BAUSIHUSL PEAKTUBHBIX COeAUHEHWM Ha
TpoLleCcC OTBep)KJeHUs] KaK MOAUGUIMPOBAaHHBIX, TaK U HeMOAU(PUIIMPOBAHHBIX ITPOM3BOAHBIX
Kapbamu10opMasbIerJHONW CMOJIbI, @ TaKXKe OIpe/ie/IeHbl ONTUMA/IbHBIE PEXXUMBI OTBEPIKIEHUS
JI7IS1 UX TIPUMEHEHUs] B IPOM3BO/CTBE JPeBeCHO-TVIACTUKOBBIX IJIUTOK.

[oBbimieHWe TpeOOBaHMM K TIPOYHOCTH, SKCIUTyaTal[AOHHBIM — XapaKTepUCTUKaM U
JIOJITOBEYHOCTH  JIDEBECHO-TVIACTUKOBBIX TUTUT 0O0yC/1aBIvBaeT He0OXOAUMOCTb MOAUGDUKAI[UH
KapbamMusioopMasnbIeruJHbIX CMO  (PU3UKO-XUMUUECKUMH MeToAiaMd. OTa MOAU(UKALUS
Hampap/ieHa Ha yiyullleHue aJre3uOHHBIX, (PU3MKO-MeXaHWYeCKUX U TEeXHOJOTMueCKUX CBOWCTB
CBSI3YIOLIIETO0.

B pe3ynbrate wu3yueHus (UIUKO-XUMHUUECKUX CBOMCTB HeMOAUGMUIMPOBAHHBIX U
MOJU(PULIMPOBAHHBIX CMOJI YCTAaHOBJIEHO, 4YTO YyBe/JWYeHHe COJiepKaHUsl MOAUGMUIMPYIOLIUX
J00aBOK COTPOBOXKIAETCSI YBeTMUeHNeM KOHIIEHTPALMK XJI0PUJ-UOHOB B cMovie. [Ipu 3ToM BpeMms
OTBEDXKJEHHsI W3MeHsIeTCSI B  C/eAyIolel TI0C/e[0BaTeIbHOCTUA:  TIOIUBUHUIXJIOPUZ,  —
MUXJIOPTUJIPUH — OEH3WU/IXJIOpU/[,. YCTaHOBJIEHO, UTO BBefleHHe MOAu(HUKaTopa B KOJIWYECTBE,
npeBbimatoirieM 10 % OT Macchl CMorbl, HellesiecooOpa3HO, TIOCKOJIBKY 3TO TIPUBOJUT K
3HAUMTeSbHOMY YBEJIMUEHHWI0 BpeMEeHM ee OTBEepXKIeHWS W YXyALIeHU) TeXHOJIOTHYeCKUX
TrioKasareJieli Tipoliecca.

Bub6morpaduueckoe onucanue: CoBpeMeHHOE COCTOSIHUE TI0/IMMEPHBIX CBA3YIOLMX MaTepHasioB, UCIO/b3yeMbIX B IPOHU3BO/ICTBE
OCII: 0630p // Universum: TeXHAYeCKHe HayKW : 3JIeKTPOH. HayuH. XypH. XomkaeBa J.H. [u zap.]. 2026. 8(149). URL: https://
Zuniversum.com/ru/tech/archive/item/23053

For citation: Current state of polymer binders used in particleboard production: a review // Universum: Technical Sciences :
electronic scientific journal. Khodjaeva D.N. et al. 2026. No. 8(149). Available at: https://7universum.com/ru/tech/archive/item/
23053

34


https://7universum.com/ru/tech/archive/item/23053
https://7universum.com/ru/tech/archive/item/23053
https://7universum.com/ru/tech/archive/item/23053
https://7universum.com/ru/tech/archive/item/23053

Ne 8 (149) UNIVERSUM: aseycm, 2026 e.

TEXHUYECKUE HAYKU

Keywords: polymer, urea-formaldehyde resin, modification, reactive compounds, benzene
chloride, epichlorohydrin, polyvinyl chloride, gossypol resin, lignin, composite wood-plastic plate
material.

KnwoueBble coBa: rmonuMep, KapbamugodopmanbaeruaHasi CcMoa, MOJU(UKALUs,
PEaKIIMOHHOCIIOCOOHbIE COeAMHEHUS], XJIOPUCTbIA OeH30/1, SMUXJIOPTUAPUH, TOJIUBUHUIXIOPUI,
TOCCHIIO/IOBAst CMOJ1a, TMTHUH, KOMIIO3UI[UOHHbIN IPEBECHO-T/IACTUKOBBIN MJTUTHBIM MaTepHal.

Introduction

Wood-plastic materials are among the most dynamically developing types of woodworking
industry products and hold one of the leading positions in the world in terms of production growth
rates. Their widespread use is due to a number of valuable properties, including high uniformity of
structure and characteristics across the entire volume of the material, size stability under changing
humidity conditions, as well as good operational performance.

An additional advantage is the technological ease of manufacturing products of various
shapes and configurations, including large-format sheet materials. The possibility of using
affordable polymer binders and using single-year plant stems as raw materials expands the raw
material base of production and contributes to the wider implementation of wood-plastic materials
in various industrial sectors. [3; 7; 10; 13].

Research object. To study and analyze the states of polymer binders used in the production of
particleboard (PB) and wood-plastic materials and boards (WPMB), we examined phenol-
formaldehyde, urea-formaldehyde, and other polymer resins in this article.

Study results and their analysis. Let us consider the phenol-formaldehyde and urea-
formaldehyde resins widely used in the production of PB and WPMB [4; 8; 9].

Phenol-formaldehyde resins are the primary component of adhesive compositions, possessing
a complex of valuable properties and found wide application in various industrial sectors.
Establishing the relationship between composition, structure, and properties is one of the key tasks
of the modern stage in the development of adhesive material production technologies. Solving this
task will allow for the purposeful development of composite materials and adhesive compositions
with a specified set of properties, including increased heat resistance and weather resistance, as well
as significantly simplify and intensify the technological process and improve the quality of finished
products. [2].

These resins are used as a binding component in the production of filled press compositions
with wvarious fillers (cellulose, glass fiber, wood flour), wood-fiber and wood-wool boards,
adhesives, and impregnating and filling compositions (for plywood, woven, and fiber-filled
materials).

Phenol-formaldehyde resin is a substance of synthetic origin and is used for the manufacture
of wood shavings. Phenol-formaldehyde resin ensures high stability and strength of adhesive
compounds under the influence of hot and warm water, which is why it is classified as a highly
water-resistant resin [1].
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Phenol-formaldehyde resin is most widely used in the manufacture and bonding of WSB.
Such resin hardens quite quickly and possesses very high adhesive strength and a light color. When
gluing wood shavings, low-toxic SFJ-3014 grade resin is used, which complies with the accepted
standard (GOST 20907-75%).

Table 1.
Physicochemical properties of SFJ-3014 phenol-formaldehyde resin
Name Indicators
Content of non-volatile substances (dry residue), % 46-52
Viscosity according to VZ-4, s 17-90
Alkaline content, % 6.5-75
Free phenol content, %, not more than 0.10
Free formaldehyde content, %, not more than 0.15
After boiling in water for one hour, the strength limit of the plywood layer during 1.5
cracking is -MPa, at least.

Phenol-formaldehyde resins are obtained by the polycondensation of phenol with
formaldehyde. Phenol-formaldehyde resins of the resole type are formed at an equimolar reactant
ratio or in the presence of excess formaldehyde under alkaline catalysis, whereas novolac resins are
obtained in the presence of excess phenol under acidic conditions. The hardening process, i.e., the
transformation into resite, occurs slowly at normal temperatures from 6 months to 1 year; at
elevated temperatures, the hardening rate increases significantly. In the presence of acid catalysts,
solution resins harden at a higher rate and at room temperature.

Resins in the resite stage are insoluble, insoluble, and possess fairly high heat resistance. At
temperatures above 280 °C, they begin to decompose gradually. The study of the thermal
destruction of phenol-formaldehyde resins showed that at these temperatures, the formation of
diphenyl oxide bonds occurs, increasing the degree of system adhesion. During thermo-oxidative
destruction, primarily, the oxidation of methylene groups to carboxyl groups occurs, which at a
temperature of about 200 °C are capable of interacting to form heat-resistant polymers [11].

Novolac resin molecules do not contain methyl groups, and therefore are unable to undergo
polycondensation reactions and do not form spatial structures. Novolac resins can be converted into
an insoluble and non-melting state by treating them with formaldehyde, paraffin, and
hexamethylene tetramine. Novolac resins are most often hardened using hexamethylene tetramine at
elevated temperatures. Some characteristics of phenol-formaldehyde resins are shown in Table 2
[12].

Table 2.
Characteristics of phenol-formaldehyde resins
Name Trade Molecular Melting Density, | Content of me
name mass point, °C kg/m?3 thyl groups,
%
p-third-Butylphenolformaldehyde resin Phenofor B | 500-600 65-80 1100 >12
p-third-Octylphenol formaldehyde resin Phenofor O | 900-1200 75-90 1040 >9
Bromethylated p-tert-butylphenolfor-mal- | Fenofor 1000-1400 60-80 - >10
dehyde resin BB
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To obtain adhesives, phenol-formaldehyde resins of the resolution type with a molecular
weight of 700-1000 are primarily used. Novolactic phenol-formaldehyde resins are used
significantly less frequently, primarily in modified adhesives. Resins from cresols and substituted
phenols are of less interest for producing adhesives.

Phenol-formaldehyde resin is a transparent and homogeneous liquid in appearance, ranging
from dark cherry-brown to red-brown, within the same color batch, without mechanical impurities.
However, at a temperature of 100...105 °C, the hardening degree of SFJ-3014 grade resin is
insufficient. At the same time, it possesses high alkalinity, which is associated with the conditions
for synthesizing low-viscosity resins. Therefore, to manufacture slabs with increased water and
atmospheric resistance suitable for use in elements of standard low-rise house construction, it is
necessary to enhance the technological properties of the resin.

By modifying SFJ-3014 grade resin using aluminum sulfate, the deepening and acceleration
of the hardening process are achieved, and water resistance is increased.

It should be noted that phenol-formaldehyde resin is not produced in our republic due to the
lack of raw materials for obtaining phenol. Furthermore, it is very expensive and, accordingly,
scarce; therefore, it will be necessary to purchase this product in foreign currency.

But the main disadvantage of phenol-formaldehyde resin is its toxicity.

Phenol-formaldehyde resins can have harmful effects on the skin, causing dermatitis and
eczema [13]. Uncured phenol-formaldehyde resin can contain up to 11 % free phenol.

When phenol-formaldehyde resins are rejected in plastic (phenoplastics), the sewing of
oligomeric resin fragments occurs with the participation of free phenol contained within it, while
the content of phenol incorporated into the phenoplastic decreases to trace amounts; the sanitary
regulations of the Russian Federation regulate the permissible quantities of phenol and
formaldehyde migration for products made of phenoplastics; specifically, for products in contact
with food products, for phenol — 0.05 mg/l, for formaldehyde — 0.1 mg/1.

Therefore, as noted above, it is necessary to modify the phenol-formaldehyde resin or replace
it with another, less toxic resin, i.e., urea-formaldehyde (carbamide).

It should be noted that in our republic, urea-formaldehyde resin is primarily used as a polymer
binder in the production of wood-plastic tile materials.

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

It is colorless and easily stains into any color in mass.

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

Urea-formaldehyde resins are used as binders in the production of wood shavings, wood fiber
boards, plywood, and adhesives in the manufacture of furniture, carpentry structures, etc.

Products of carbamide condensation with formaldehyde are very common adhesives for
bonding wood, plywood, and other wooden materials.
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Conclusion

Thus, the results of the analysis show that wood-sheet and wood-plastic slabs manufactured
using non-modified urea-formaldehyde resin are characterized by insufficiently high
physicochemical and operational indicators, limited durability, and in some cases do not fully meet
the requirements of current standards.

In this regard, modifying urea-formaldehyde resin using physicochemical methods to enhance
its adhesive, physicochemical, and technological properties is a pressing task. The implementation
of this approach will allow for the production of wood-plastic slabs with improved strength
characteristics, increased resistance to external influences, and a longer service life.
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