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Busnauennsa exeisaneHmuozo oiamempa ma RUMOMOi NOGEPXHI COIOM AHUX YACMUHOK

BusnaveHHI 3Ha4YeHHS €KBIBAJCHTHOTO JliaMeTpa i MUTOMOI TOBEPXHi COJIOM STHUX YaCTHHOK
3a iX po3mipamu, (HOpMOIO Ta cepeTHbOApPH(PMETHYHUM JiaMETPOM OTBOPIB CHT INCIS CHTOBOTO
aHamizy 4yacTHHOK. ['padiuyHO OmHMCaHO 3aJeKHOCTI MUTOMOI MOBEPXHI COJIOM SHUX YaCTHHOK Bif
YaCTKH 1X TO37I0BXHBOTO TOJLITY, CIIBBIIHOIIEHHS JOBXWHU JI0 JlaMeTpa COJIOM STHUX YaCTHHOK Ta
KoeilieHTa KPaTHOCTI IIOTO CITiBBiIHOIICHHS.

Knrouoei cnosa: ekBiBaJICHTHHI JliaMeTp, TUTOMA ITOBEPXHS, COJIOM’ THA YaCTHHKA, KOSPIIiEHT
c(hepuIHOCTI.

UDC 674.028.9 Assist. V.R. Solonynka, assoc. prof. B.Ya. Kshyvetskyy — UNFU

WATER EFFECT ON THE STRUCTURE OF ADHESIVE FILMS
FORMED BY PVA DISPERSION-BASED COMPOSITION

The results of studies of water effect on the structure of polymeric films formed by modified
and non-modified polyvinylacetate dispersion-based adhesives (PVAD-51P trade mark) are given. Al-
so0, conclusions have been drawn concerning applicability of PVA adhesives, modified with Fenton re-
agent or acid-salt complex, for glueing wood parts depending on the usage environment for the pro-
duced articles.

Key words: modifying agent, polyvinylacetate (PVA) dispersion, polyvinyl alcohol, spectro-
photometer, infrared (IR) spectroscopy, absorption rate, transmission capacity.

Problem formulation. The manufacture of products in joinery, furniture making
and other branches of woodworking industry involves application of glueing operations,
proper choice of adhesive compositions being of great importance. The choice is pri-
marily influenced, along with economic factors, by the product's intended use and ser-
vice conditions. However, it is not unfrequent practice in furniture industry to brush
aside demands for ensuring appropriate water- and heat resistance of adhesive joints
when making articles for indoor area service. It should be noted that such an approach is
unacceptable for kitchen furniture, bathrooms as well as wares to be used in unheated
housekeeping areas.

For the purpose of ensuring appropriate service characteristics of glued articles, a
great variety of PVA dispersion-based composition have been developed in woodwork-
ing industry, while a large number of researchers all over the world are engaged in find-
ing ways of enhancing operational performance of adhesive joints [3,4,6,7]. However,
despite the fixed interest in this direction of investigations, the majority of the research
works give little attention to the study of aggressive environment effects on polymeric
films. That is why the objective of this work is to investigate the direct water effect on
polymeric films which are formed by modified and non-modified PVA dispersions.
This is to be done by studying chemical transformations of their composition by means
of infrared spectral characterization of adhesive films transmission capacity.

Methods and materials. The dibutyl phthalate-plasticized PVAD-51P dispersion
was chosen as the basis composition to conduct the experiments. Fenton reagent was
used as a modifying agent (an oxidation-reduction complex composed of ferrous sul-
phate (II)(FeSO4)) and hydrogen peroxide (H,O,, 35%), alternatively was used the mix-
ture of a 30% aqueous solution of nitric acid (HNO3) and Aluminium nitrate (AI(NOs3)3)
as modifying agent. The infrared spectra within the range of wavenumbers of 4000—400
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cm! were measured by means of a Specord — M80 spectrophotometer (produced by
Karl Zeiss, Jena, Germany), which made it possible to record changes in the transmis-
sion capacity of polymeric films 0.1...0.2 mm thick formed by adhesive compositions
under study.

In order to reveal changes in chemical composition of the polymeric films and, as
a consequence, changes in their transmission capacity, part of the test specimens had
been kept in a water-filled reservoir for 24 hours at a temperature of 20+2°C prior to
measuring IR-spectra. The rest of the specimens, designed to taking check measure-
ments, were used to determine transmission capacity of the films without preliminary
water-soaking.

Results and discussion. In order to make effective use of modified adhesive
compositions, it is essential to know the mechanism of joints formation at the glueing
stage, similarly important is a knowledge of glued joint failure mechanism while in op-
eration. A certain information on this area can be obtained not only by way of destruc-
tive or non-destructive joint testing [2], but also by investigating adhesive films in con-
ditions similar to the environment in which these adhesive films are to be operated.

When analyzing the mechanism of wood joint formation by PVA dispersion-
based compositions, of primary importance are both the number of contact points and
the number of groups available for forming hydrogen bonds [1, 4, 5]. This is precisely
why compositions containing polyvinyl alcohol which acts as protective colloid (emul-
sifying agent) have found widespread application in woodworking industry. Polyvinyl
alcohol is a substance that contains a large number of easy-to-interact hydroxyl groups
(—OH). However, the presence of a certain quantity of such emulsifying agent also leads
to negative effects the most important of which is low resistance to direct water contact
and high ambient humidity.

To obtain initial data, testing at the first stage was performed on polymeric films
formed by PVA-51P dispersion of domestic production. The results of determining
transmission capacity of the films prior and after water-soaking for 24 hours are pre-
sented in Fig.1.
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Fig. 1. IR-spectra of films transmission capacity:
1 — PVAD-51P-formed films soaked in water environment at a temperature of 20+2°C

for 24 hours; 2 — adhesive films of a check specimens formed by PVAD-51P
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From characteristic curves 1 and 2 one can observe a decrease in absorption ca-
pacity of films at the wavenumber of 3700-3600 cm™'. Such processes are attributed to
the reduction in the number of non-associated alcohol groups (C—OH) which belong to
a great extent to polyvinyl alcohol macromolecules. When comparing the wider portion
of IR-spectrum within the wavenumber of 3700-3600 cm™!, one can observe an increase
in transmission capacity of the films after water-soaking. This corresponds to a decrease
in the share of associated alcohol groups (~OH), which is also confirmed by narrowing
half width of the aggregate absorption band at the wavenumber of 3700-2500 cm.

Besides, when examining spectral dependences at the wavelength of 3100-3000
cm’!, one can observe an increase in transmission capacity of water-soaked films. Since
this zone of the absorption band is conditioned by the presence of (=C—H) groups of
dibutylphthalate aromatic rings in the solution, it may be concluded that the quantity of
plasticizer in the films after testing also diminishes. Moreover, a spectral analysis at the
wavenumber value of 1900-1600 cm™!' has shown that the obtained absorption band is
decreasing. Such phenomenon can be attributed to a slight decrease in the share of car-
bonyl groups that enter into the composition of PVAD-51P. Furthermore, since butyl
phthalate groups of the plasticizer belong to carbonyl compounds, the increase in trans-
mission capability at the wavenumber of 1900-1600 cm™ is also a confirmation of de-
crease in its share in the water-soaked films.

Consequently, it may be concluded that the direct contact with water of polymeric
films formed by PVAD-51P results in washing-out of hydrophilous emulsifying agent —
polyvinyl alcohol (mostly these are macromolecules in the surface layers of the film and
are accessible for interaction, as well as macromolecules from the boundary layer), this
occurring due to interaction of alcohol groups (—OH) with H,O molecules. The process
of washing-out of polyvinyl alcohol macromolecules favours the removal of plasticizer
not only from the surface, but from inner layers as well.

The analysis of the results of spectral studies of adhesive films formed by PVAD-
51P and modified with Fenton reagent (Fig.2) show that the pattern of change in absorp-
tion capacity prior and after specimens water-soaking is somewhat different for the
specimens of non-modified dispersion.

The examination of characteristic curves 1 and 2 (Fig.2) shows no evidence of
substantial decrease in films absorption capacity at the wavenumber value of 3700—
3600 cm™! (except for the end part of the band absorption arm at wavenumber up to
3600 cm™), yet the spectral region of the 3700-3300 cm™'wavenumber still shows an in-
crease in the film transmission capacity, while the region of 3700-2500 cm'shows nar-
rowing halfwidth of the aggregate absorption band for the water-soaked specimens.
Such change in spectra pattern points to a decrease in the number of associated groups
(—OH) as well as slight decrease in the number of non-associated alcohol groups.

On examination of IR-spectra within the wavenumber of 3100-3000 cm™' (ab-
sorption band zone is conditioned by the presence of (=C—H) groups of dibutyl
phthalate aromatic ring in the mixture), no decrease is observed in the absorption capac-
ity of the water-soaked films (with the exception of the initial part of the absorption
band arm at wavenumber up to 3100 cm™). Similarly, no substantial increase in trans-
mission capacity is observed for the region within 1900—1600cm™'. This is attributable
to the retention in the mixture of the most part of macromolecules with (—C=0O) groups
which enter into the composition of PVA and dibutyl phthalate, this being true even un-
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der the action of water. Therefore, the introduction of Fenton reagent into adhesive
composition can produce adhesive films that have better strength characteristics for
glued joints with short-term contact with water. This is due to the fact that the rate of
film transmission capacity increase in the regions associated with valent oscillation of
hydroxyl or other oxygen-containing compounds capable of formation hydrogen bonds
is far lower than similar characteristics of films formed by non-modified PVA disper-
sion.
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Fig.2. IR-spectra of film transmission capacity:

1 — adhesive film formed by PVAD-51P modified with Fenton reagent and water-soaked
at a 20+£2°C temperature for 24 hours; 2 — adhesive film of check specimens formed by
PVAD-51P and modified by Fenton reagent

That is, even after the direct contact of polymeric films with water, there remain a
large number of groups that are capable of chemical interaction (first of all to form hy-
drogen bonds) with wood components. Practical application of such compositions fa-
vors strength retention of glued joints in service. Besides, the direct contact of polymer-
ic films with water does not cause the plasticizer washing-out, which ensures high elas-
ticity of the films. Technologically, plasticizer retention in the film has a positive effect
since this prevents from accumulating strains in adhesive joints at alternating loads thus
enhancing their durability and operating strength.

The best results, from the standpoint of ensuring high strength characteristics of
adhesive wood and wood-based joints glued with PVA dispersions, are obtained by
films formed by PVAD-51P compositions modified with a 30% aqueous solution of ni-
tric acid (HNO;) and Aluminium nitrate (AlI(NO3)s3) (see Fig.3).

The examination of characteristic curves land 2 (Fig. 3) as well as comparison
with the results of similar investigation of other adhesive formulations presented in
Figs.1-2 point out that the decrease in the absorption rate of films formed by dispersion
modified with acid-salt complex at the wavenumbers of 3700-3300 cm™! is lower than
that for the two previous formulations. The narrowing halfwidth of the aggregate ab-
sorption band in the region with the wavenumbers of 3700-2500 cm! is also less due to
water action as compared with all other adhesive formulations. Initial characteristic fig-
ures when determining absorption capacity of PVAD-51P modified with nitric acid
(NHO;) and Aluminium nitrate (AI(NOs);) are the highest of all the three study compo-
sitions, while the rate of increase in the films transmission capacity due to water action
is the least. Hence, it can be assumed that there is a small portion of oxygen-containing
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compounds that are capable of forming hydrogen bonds both at the stage of wood adhe-
sive joint formation and during these joints service. Besides, both the films formed by
PVAD-51P and modified with Fenton reagent, and those formed by the same dispersion
but modified with HNOs and AI(NOs); at the wavenumbers values of 3100-3000 cm’!
and 1900-1600 cm'show no decrease in the film absorption capacity. This points to the
absence or a slight washing-out of plasticizer from the mixture, which has a positive in-
fluence on the strength and performance of adhesive wood joints.
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Fig. 3. IR-spectra of film transmission capacity:

1 — adhesive films formed by PVAD-51P composition modified with nitric acid (HNO3)
and Aluminium nitrate (AI(NO3)3), water-soaked at a 20+2°C temperature for 24 hours;
2 — adhesive films of check specimens formed by PVAD-51P composition and modified
with nitric acid (HNO3) and Aluminium nitrate (AI(NO3)3)

Conclusions. Based on the examination of the IR-spectroscopy of specimens
formed by PVAD-51P prior and after water-soaking at a 20+2°C temperature for 24
hours, it was established that there occurs washing-out of hydrophilous emulsifying
agent (polyvinyl alcohol) during its interaction with water molecules, the process taking
place both in the surface layers and in the inner layers of the films. This is favored by
partial soaking of polyvinylacetate macromolecules. In addition, along with the removal
of the emulsifying agent macromolecules, there occurs washing-out of the plasticizer.
This results in increasing rigidity and decreased elasticity of the films due to reduced
mobility of polymeric basis chains (PVA). The above- described processes, which take
place when glueing wood with non-modified PVA dispersion is characterized by a dras-
tic reduction of joints strength resulted from direct contact with water, increased rigidity
and brittleness, which is also due to accumulated stress set in the glue line.

On analyzing IR-spectroscopy curves for films formed by PVA dispersions and
modified with Fenton reagent or with the mixture of nitric acid and Aluminium nitrate,
it was found that although the specimens water-soaking for 24 hours results in polyvinyl
alcohol washing-out, this rate of washing-out is lower than that for non-modified spec-
imens, while the plasticizer removal from the mixture, except for the surface layers,
does not take place. That is why modified PVA dispersions are useful in formation of
wood and wood-based joints for those articles which are to be used in the environment
with possible short-term water influence or ambient long-term high relative humidity.
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Also, the comparison study of different adhesive composition formulations, whether the
study films were exposed to water or not, has shown that the best indexes of absorption
capacity within the range from 3700 cm™! to 2500 cm™! in the regions with the presence
of associated and non-associated (—OH) hydroxyl groups in the layers are referred to
those specimens that are formed by PVAD-51P dispersion modified with 30% aqueous
solutions of nitric acid (NHO3) and Aluminium nitrate (AI(NOs);). In practical terms
this means it is precisely this kind of composition that is able of forming the most dura-
ble and water-resistant adhesive joints.
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Bnune BoaM Ha CTPYKTYPY KJIeHOBHX IIIBOK c(p)OPMOBAHHX
3a AonomMoror komno3uuii Ha ocHoBi IIBA gucnepciii

Hageneni pe3ynbTaTil TOCIiIKEHb BILTUBY BOJIM Ha CTPYKTYPY MOJIIMEPHUX IIJIIBOK OTPUMaHHUX
3 Mot (iKoBaHKX 1 HeMOIU(IKOBAaHUX KJICIB Ha OCHOBI MOJIiBiHIIaeTaTHol auctepcii mapku [1BAJI-
S1I1. 3po0eHi BUCHOBKH I110JI0 MOXKIUBOCTEH BiKopucTanHs [IBA kieiB Moan(ikoBaHUX peakTHUBOM
®deHTOHA a00 KHUCIOTHO-COJITHAM KOMIUTEKCOM B 3aJIS)KHOCTI BiJI MOXKJIMBHX YMOB eKcILTyararlii cgo-
PMOBaHUX HUMH BUPOOIB.

KirouoBi cioBa:moaudikyrodi J00aBKH, MOMiBIHIIAETAT, AUCIIEPCis, MOJIBIHIIOBAN CIUPT,
cnekTpodorometp, [Y-ciekTpocKomis, IHNTEHCUBHICTh OTJIMHAHHS, IPOITyCKHA 3/IaTHICTb.
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OPTIMIZATION OF MOISTURE AND TEMPERATURE EFFECTS ON STRENGTH
AND DURABILITY OF THERMOPLASTIC ADHESIVE WOOD JOINTS

Presented is optimization methodology, also a gradient method is proposed to estimate opti-
mum values of atmospheric moisture and ambient temperature effects on strength and durability of
thermoplastic adhesive wood joints. By means of the proposed gradient method and methodology as
well as mathematical modeling stress-strain state of bonded wood joints, the optimization of atmos-
pheric moisture and ambient temperature influence on strength and durability of thermoplastic adhe-
sive wood joints under operating conditions has been carried out. Optimum values for atmospheric
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