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BruiuB XiMIiYHOI0 CKJIAXy J€ePeBUHUA HA MIIIHICTh 3’€IHAHD,
YTBOPEHHUX NOJIBIHUIAETATHUMH KJIESIMH

HaBeneno anamiz BIUIMBY XIMIYHMX KOMIIOHEHTIB JEpEeBHMHHM Ha MIIHICTh YTBOPIOBAaHUX
MOJTIBIHUJIAIIETATHUMHU KJIeSIMU 3’ €HaHb. [lokazaHi pe3ynbTaTi BUIPOOYyBaHb Ha CKOJIIOBAHHS B3JIOBXK
BOJIOKOH MAacHBHOI 1 KIJIGEHOI JEpPEBHHHU SCEHs, a TaKOX B3IpIiB MOAM(]IKOBAHUX BaKyyMHO-
KOHJIYKTHUBHUM TEPMIYHUM OOPOOICHHSIM 3 METOIO 3MIHH iX XIMIYHOTO CKJIay.

Kiro4oBi ciioBa: kiielioBa KOMIO3HIIIS, TUCIIEPCisl, MIIHICTh HA CKOJIFOBaHHSI B3JIOBX BOJIOKOH,
TepMooOpoOKa, IeIr0IJI03a, TEMIIEI003a, JIITHIH, eKCTPAKTUBHI pEYOBUHHU.
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THE RESEARCH OF THE STABILITY OF ADHESIVE JOINTS OF HARD-
WOODED SPECIES (OAK WOOD), FORMED BY MODIFIED POLYVINYL-
ACETATE (PVA) COMPOSITION, TOWARDS THE INFLUENCE OF WATER
AND HIGH TEMPERATURES

The results of the research of adhesive joint strength changes of oak wood formed by adhesives
on the basis of PVA dispersion of domestic and foreign production under the influence of cyclic tem-
perature and humidity testing.

Keywords: adhesive composition, dispersion, modifying additives, ultimate split strength of
wood along the fibers.

Problem statement. Today it is difficult to imagine furniture, carpentry and other
products of woodworking industry, in which adhesive materials are not used. In fact,
owing to their application we can provide savings of raw materials, facilitate technical
process, and change the physical and mechanical, operational data of gluing materials.

Along with expanding the use of adhesives, the requirements change. First of all, ad-
hesive compositions should meet operational and technological requirements as well as be
available from an economic point of view. Besides, more attention is given to environmen-
tal requirements, which is very important for the manufacture of products for residential,
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office and other premises where a person spends most of his/her life. The existing envi-
ronmental regulations currently meet water dispersion and water-soluble thermoplastic or
thermosetting compositions and there is also part of reactive adhesives without solvents
with dry weight that is close to 100 %. In particular the compositions based on polyvinyl-
acetate dispersion belong to such adhesives. However, a significant problem is that the do-
mestic industry mainly produces adhesives based on PVA dispersion with low resistance to
the influence of humidity, water, and high temperatures [5, 6-12].

Consequently, the purpose of the study was to examine the influence of modify-
ing additives on the stability of joints based on PVA dispersion of domestic industry
towards the influence of temperature and humidity load.

Materials and methods of research. The shape and size of the samples and the
method of testing the strength of adhesive joints along the fibers were selected according to
GOST 15613.1-84 [2]. The experimental study of the influence of temperature and humidi-
ty loads were conducted according to GOST 17580-82 [4]. However, the very standard de-
signed for thermosetting adhesives is too hard to be followed while testing thermoplastic
compositions, so, only five cycles of testing were used for the research. It was enough to
see the effect of the modification, as joints formed mainly from one-component polyvinyl-
acetate adhesives are being destroyed after 3...5th cycle of temperature and humidity loads.

In order to perform the research, oak bars 25 mm thick were used, which were
exposed to planing to thickness of 20 mm. The following brands for adhesive composi-
tions were used: PVA dispersion-40P, PVA dispersion-51P, 53P-PVA dispersion and
BONIDUR W D3 by Bochem. In order to improve the operational characteristics of the
composition PVA dispersion-51P, the polyvinyl alcohol and modifying additives are
added to it: hydrogen peroxide (H202) and ferrous sulfate (FeSO4).

The formation of joints was conducted under the following operating conditions
of gluing process: pressing pressure — 0.6 MPa, glue spread — 160 g/m2, open holding
duration — 8 min., pressing duration — 40 min. The research was conducted by using la-
boratory equipment and production equipment in accordance with current standards.

The results of research. In order to determine the stability of adhesive joints of
oak wood the pre-testing procedure of samples formed by PVA dispersion-40P and
53P-PVA dispersion was conducted. The second composition is being exhibited by
manufacturer that meets European standards EN 204, by class of water resistance D3
(for forming joints, which will be operated in indoors premises where they could be
subjected to short-term influence of water and (or) long-term influence of high humidi-
ty) [3]. The results are shown in Table 1.

Table 1.The results of temperature and humidity testing
of oak wood joints based on PVA dispersion

The split strength of wood along the fibers after appropriate test cycle,
Ne | Type of glue MPa

Control samples 1 3 5
1 PVA dispersion-40P | 10,95 0,92 0 0
2 PVA dispersion-40P | 11,3 32 0,48 0,06

Fig. 1 shows a graphical interpretation of strength changes of load cycles. It is
seen from graphic dependences that after the first test cycle the split strength along the
fibers for oak wood joints formed by PVA dispersion-40P is 0.92 MPa, which corre-
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sponds to 8.14 % of the initial strength, and after the third cycle the complete destruc-
tion of the researched materials occurs. Somewhat better manifested themselves joints
formed by PVA dispersion-53P. After the first test cycle split strength is 3.2 MPa (28.6
% of the original), but after the fifth — 0.06 MPa. However, these figures are unsatisfac-
tory, and such joints can be operated under the conditions of exposure to high humidity
(relative humidity in the environment that exceeds the rate of normal conditions to 10
percent or more) or direct contact with water.
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The obtained results could be explained in the following way. Low water re-
sistance of testing samples jointed with the presence of adhesive composition of an
emulsifier — polyvinyl alcohol, which is a hydrophobic substance. Unsatisfactory ther-
mal resistance connected not only with the properties of the emulsifier, but also with
low thermal resistance of the polymer base (the softening begins at 40 ° C, and at 65-70
°C polyvinyl-acetate becomes viscous-flow state) [1].

The 51P-PVA dispersion produced by "Omega" is selected for the basis of modi-
fication. The characteristics of dispersion are slightly inferior to PVA dispersion-53P,
but it is cheaper. Aiming at improvement of its operational characteristics, among which
water, humidity and thermal resistance take the central place, it was offered to add to
dispersion the ferrous sulfate (I) and hydrogen peroxide. The addition of these com-
pounds aimed primarily at their interaction with emulsifier — polyvinyl alcohol. In order
to increase the number of reaction centers, a small amount of free polyvinyl alcohol in
form of water solution is additionally added to the mixture.

As a result of the reaction between polyvinyl alcohol and sulfate of iron (II) by
the presence of the initiator in the formation of adhesive joint, the products with liquid
structure are formed that results in improvement of operational characteristics and as a
consequence — the formation of joint resistance to water:
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For examination of the modification influence, oak wood joints formed by a new
composition were tested, which we denote by abbreviations PVA dispersion-VS. The
results are provided in Table 2. In order to compare the results with existing adhesives
of European manufacturers, the samples with compositions by Bochem of class of water
resistance D3 according to the standard of EN204 were produced for the check studies.

Table 2.The results of temperature and humidity testing
of oak wood jointsbased on modifiedPVA dispersion

The split strength of wood along the fibers after appropriate test cycle,
No | Type of glue MPa

Control samples 1 3 5
1 PVA dispersion-VS | 10,74 7,03 5,08 4,43
2 BONIDUR WD3 10,91 8,09 6,03 5,49

During the analysis of graphical characteristics, constructed according to Table 2
and provided in Fig. 2, it is seen that even the modified composition is slightly inferior
to the stability of the glue BONIDUR W, but if to calculate the percentage of residual
strength after the fifth cycle, it will account for 42 % of the initial values.
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However, in order to see the modification influence, it is necessary to compare
the test results of adhesive joints formed by PVA dispersion-VS with the results ob-
tained when testing samples formed by PVA dispersion-40P and PVA dispersion-53P.
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From diagrams (Fig. 3) it is seen that the initial strength of the samples is rather smaller
(10.64 MPa against 11.3 MPa and 10.95 in PVA dispersion-53P and 40P-PV A dispersion, re-
spectively). Such difference can be explained by the fact that modifying additives occupy part
of the contact areas of the polymer base (PVA) with wood, which leads to a slight decrease in
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strength. However, after the first test cycle the positive effect of modifying additives can be
observed. The samples strength formed by PVA dispersion-VS is 7,03MPa, while joints from
PVA dispersion-40P are almost destroyed by minimum external force. Consequently, none of
the domestic compositions withstand the five cycles of testing, except the modified one
(strength of 0.06 MPa for samples formed by PVA dispersion-53P is unacceptable when used,
as such joints could be broken even by slight contact with the product).

Conclusions. It is observed that in order to provide the stability of adhesive joints of
wood on the basis of PVA dispersion of domestic production, it should be modified by metal
salts with the addition of the reaction initiators to the mixture. In this case, the complex of sul-
fate iron (II) and hydrogen peroxide was chosen. In order to ensure the best indicators of water
resistance it is also necessary to add polyvinyl alcohol to the mixture, because it increases the
number of reaction centers. It is due to the fact that adding of modifiers is primarily focused on
their interactions with additional components of polyvinyl-acetate dispersions, among which
isthe emulsifier— polyvinyl alcohol. The results shows that additional modification of polyvi-
nyl-acetated is persions of domestic production forms a composition that can compete with
common adhesives of European manufacturers by the class of water resistance D3, as a prod-
uct that has low cost of production and good operating characteristics.
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YK 674.028.9 Acucm. B.P. Cononunka - HIITY Ykpainu
JlocaixxeHHs1 CTIMKOCTI KJIeHOBUX 3’ €IHAHb
TBEPAOJIUCTAHOI NOPOAH (epeBUHHU Ay0a), cpopMOBaHUX MOAU(IKOBAHOIO
NOJIBIiHIIAETATHOI KOMIIO3UILi€10, 10 BIJIMBY BOAM i MiIBMILEHUX TeMIIepaTyp

HaBeneHo pe3ynbraTé AOCHIKEHb 3MIHM MIITHOCTI 3’€HaHb JIEPEBUHU 1yba chOpMOBaHUX
kiesMu Ha ocHOBI [IBA nmucmepcii BITYM3HSHOTO 1 3aKOPJAOHHOTO BHPOOHUIITBA MiJ BITHBOM
UKJTIYHUX TEMIIEPaTypO-BOJIOTICHUX BUIIPOOYBaHb.

Kiio4oBi cjioBa: kieiioBa KOMITO3HUIIIS, TUCTIEPCisa, MOAU(IKYIOUl T0OaBKH, MEKa MIITHOCTI
IPU CKOJIFOBAaHHI B3JIOBK BOJIOKOH.
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