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Abstract — Two types of thermosetting resins MUF and UF have
been used as glues for birch wood veneer. As resins modifiers
polyvinylacetate emulsion (PVA), polyvinylbutiral (PVB) (powder
and solution), rubber latex, adipic (Ad) and sebacic (Seb) acids
have been utilized. For glued system shear strength and
deformation, bending properties and impact strength have been
tested. The best properties: adhesive activity and elasticity have
been shown by resins modified with PVB powder, rubber latex,
adipic and sebacic acids.
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|. INTRODUCTION

At present, thermosetting resins, such as melamine-urea-
formaldehyde (MUF), urea-formaldehyde (UF) resins, are
mainly used in plywood industry for wood veneer bonding [1].
These glues are toxic and educe formaldehyde during
processing and exploitation processes of laminated materials.
Therefore, many researchers are forced to solve this problem
[2-4]. Layers of the glue also are rather brittle and they have
not sufficient elasticity [5-10]. These requirements are topical
for laminated materials, which work at dynamic and impact
loads, for example, skateboards. Different authors recommend
different ways for improving elasticity of the resins: to add
rubbers [5], to modify MUF with nanoclays [6], to add other
resins-plasticizers [7, 9] and aldehydes [8]. In literature [10], to
increase the chain flexibility it is offered to use dicarbonic
acids. Skateboards are glued from seven birch wood veneer
layers and are produced by a firm “Troja”. The main problem
of producers is that skateboards fracture under dynamic
exploitation conditions (delamination of veneer layers and
cohesive fracture of the resin layers). The aims of the current
research have been to intensify adhesive interaction on the
interface wood — glue, to improve elasticity of the resins and at
the same time to decrease toxicity of the glues.

The study presents the results of the investigation of adhesion
properties: shear strength, elongation at break, flexural strength
and modulus, bending deformation and impact strength of the
laminated materials glued with different modified melamine-
urea-formaldehyde and urea-formaldehyde resins.

Il. MATERIALS AND METHODS

In the current research, 1.4 mm thick birch wood veneer was
used as a substrate. MUF resins grade “Prefere 14G571” and
UF resins grade “Cascorit” were modified by different
modifiers: polyvinyl butyral (PVB) grade Kuraray Mowital
B 60H DE10 008 842 (powder and solution in butanol),
polyvinyl acetate (PVA), rubber latex, adipic (Ad) and sebacic
(Seb) acids. NH4CI (16 % solution in water) was used as a
hardener. Adhesive properties were evaluated by shear strength
measurements of the single overlap birch wood veneer joints
[11]. Bending properties were tested for glued two veneer layer
specimens (width of 2.54 cm, length of 15 cm), but impact
strength was examined for specimens with width of 1 cm and
length of 7 cm. For all samples glued with different glues, the
following properties were tested: shear strength and
deformation (standard ASTM D-3164), bending strength,
modulus and maximum deformation ability (standard
EN ISO 178), as well as impact strength after Sharpy (standard
EN ISO 179).

I1l. RESULTS AND DISCUSSION

Optimal curing technological parameters (time, temperature
and pressure) of resins and modified glues were noted.
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Fig. 1. Relationship between shear strength of the single lap joints of plywood
and contact time at two different temperatures: 120 °C and 140 °C using
MUF adhesive. Contact pressure of 1 MPa.
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TABLE 1
RESULTS OF SHEAR AND BENDING TESTS
St?:ﬁg{h’ Shear d?::?T:’mation, Bending I:rglodulus, del?oerrr]'g;rt]igo n, gﬁggé?ﬁ
MPa mm MPa

MUF 4.83 0.98 10.47 11.75 140.78
MUF+PVA15 % 5.01 1.05 10.59 10.91 136.29
MUF+PVB(solution)15 % 5.02 1.07 6.92 12.67 14452

MUF+Latex10 % 5.22 1.05 - -
MUF+PVB(powder)20 % 6.14 1.38 4.43 12.11 140.73
MUF+Seb.acid15 % 4.55 1.09 5.54 12.25 141.49
MUF+Adip.acid10 % 4.72 111 10.98 9.97 137.86
UF 4.37 1.13 9.58 12.55 115.08
UF+PVAL5 % 4,91 1.25 12.06 9.89 128.75
UF+PVB(solution)15 % 5.06 1.05 10.76 11.69 144.03

UF+Latex10 % 5.54 1.28 - -
UF+PVB(powder)20 % 5.61 1.27 12.65 11.61 161.36

It was shown that the glued samples were able to reach
maximum values of the shear strength (4.8 MPa — 6.2 MPa) at
the contact time of 1.5 min. — 2 minutes. For example, curing
kinetic of MUF resins is presented in Fig. 1. Optimal contact
pressure was 1 MPa, but t=120 °C (for MUF and UF) and
140 °C (for MUF+PVB, UF+PVB).

It was found that the most effective modifiers of the resins
were PVB powder (up to 20 wt%) and latex (till 10 wt%). For
these modified adhesives, the maximum greatest adhesive
strength and good elasticity of the adhesive layer were observed
(see Table 1). Elasticity of the joints was evaluated by the
elongation numerical value of the samples at the break. PVB
powder from which adhesive films were prepared showed a
better adhesive activity (shear strength 8.0 MPa) than resins
modified with 20 wt% PVB powder (6.14 MPa) or resins
modified with PVB solution in butanol (5.03 MPa). Obviously,
in this case the positive strengthening effect gave PVB curing
process, during which PVB did not educe gaseous products in
comparison with traditional thermosetting MUF and UF resins.
Volatile products form the defects into adhesive layers and on
the surface of substrate which decrease the strength of the glued
joints. Presence of water (hardener NH4Cl solution) also
increases the amount of the gaseous products in the layers of
the glue.

Bending experiments showed that actually in all cases the
modification of the glues based on UF resins improved flexural
properties of the glued laminated materials, for example
flexural modulus and strength. The best bending properties
were gained for the samples glued with UF+PVB (powder)
resins (bending modulus of 12.65GPa and strength of
161.36 MPa). On the contrary, MUF modified resins showed
better elasticity because the samples glued with these glues
fractured at the greater deformation than in the case of the
modified UF resins. Practically in all cases for MUF resins
flexural modulus decreased, but bending strength changed a
little in limits of +/— 4 MPa, that is about 3 %. Better elasticity
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of the modified MUF resins during bending tests is somewhat
strange and difficult to explain because MUF resins have
greater amount of the chemically active amino groups than urea
resins. Melamine has three amino groups, but urea contains
only two amino groups. Therefore, melamine resins during
curing process have to form more crosslink bonds among the
molecules than urea resins. As a result, deformation ability has
to decrease, but we have observed an opposite tendency.
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Fig. 2. Impact strength test results for wood and specimens glued with glues
MUF + different modifiers.

It is a well-known fact that urea and melamine resins are
cured at the presence of acid catalysts therefore we have
attempted to cure resins with adipic and sebacic acids instead
of traditional catalyst NH4Cl. Simultaneously, the addition of
organic dicarbonic acids (10 wt% — 15 wt%) lengthened
macromolecules crosslinks, which increased the deformation
ability of linked systems. Gained results were promising: shear
deformation of the samples increased by about 13 %, flexural
modulus — by about 5 % (MUF+10 wt% adipic acid), bending
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strength and deformation — by about 5% (MUF+15 wt%
sebacic acid) in comparison with the samples glued with resins
cured with NH, Cl catalyst.

Impact strength was noted only for monolithic wood and
glued veneer specimens with glues, which gave the best results
at shear strength tests: MUF modified with adipic, sebacic
acids, latex and PVB powder. Impact strength (A) experiments
(see Fig. 2) showed the same results as in the previous studies.
All glued samples had higher impact strength in comparison
with virgin wood. A numerical values changed from 2.83 kJ/m?
up to 4.55 kJ/m? that is more than for virgin wood (2.15 kJ/m?).
The greatest impact strength (4.55 kJ/m?) was reached by the
samples glued with melamine-urea-formaldehyde resins
modified with adipic (10 wt%) acid. The samples glued with
pure MUF resins gave only A=3.25 kJ/m?, that is smaller than
that of specimens glued with modified MUF+10 wt% rubber
latex (3.51 kJ/m?) and MUF+15 wt% sebacic acid (3.42 kJ/m?)
resins.

IV. CONCLUSIONS

The research has shown that the best modifiers that improve
the adhesive activity and elasticity of urea-formaldehyde (UF)
and melamine-urea-formaldehyde (MUF) resins are polyvinyl
butyral (PVB) powder, adipic (Ad), sebacic (Seb) acids and
rubber latex. These modifiers give the best shear strength and
shear deformation and bending properties of the glued wood
veneer specimens. Modification of resins with adipic acid and
rubber latex additions leads to an increase in the impact strength
and gives the highest A numerical values.
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Janis Kajaks, Arsénijs Kolbins. Melamina-urinvielas-formaldehida (MUF) un urinvielas-formaldehida (UF) adhezivas aktivitates un
modificéSanas iespéju pétijumi

MUF un UF termoreaktivos svekus loti biezi lieto koksnes Iim&Sanai, galvenokart koksnes slanaino plastiku, piemeram, saplaksna izgatavoSanai.
Sie sveki ir dabai nedraudzigi materiali, kas gan parstrades procesd, gan ekspluaticijas laika izdala toksiskus produktus, galvenokart
formaldehidu. Saciet&jusi sveki nav ar pietiekami elastigi, kas ir loti aktuala probléma, ja salim&to konstrukciju, pieméram, skrituldgli, ir jaslogo
dinamiskos un triecienslodzes apstaklos. P&tijums veikts sadarbiba ar uznémumu “Troja”, kas razo skrituld€lus no septinas kartas salimétam
bérza finiera loksném. Razotaju galvena probléma ir finiera slanu atslanoSanas un limes slana koheziva sabrukSana skrituld€la paaugstinatas
dinamiskas slogosanas apstaklos. P&tjjuma galvenais uzdevums bija ar dazadu modifikatoru palidzibu uzlabot izmantoto MUF un UF sveku
adhezivo aktivitati, palielinat limes slana elastibu un vienlaicigi samazinat sveku toksiskumu. P&tfjuma ka sveku modifikatorus izmantoja
polivilbutirala plévi, pulveri un $kidumu butanola, kaucuka lateksu, polivinilacetata emulsiju, ka ari dikarbonskabes — adipinskabi un
sebacinskabi. Sakotngji noteica paraugu saliméSanas optimalos tehnologiskos parametrus un konstatgja, ka maksimalo adhezivo stipribu
paraugiem var sasniegt jau pirmajas 1,5 1idz 2 termiska kontakta minttes, ja kontakta spiediens 1 MPa. Termiska kontakta temperatara MUF un
UF svekiem bija 120 °C; un svekiem, kas modificéti ar polivinilbutiralu, bija 140 °C. Salim&tajiem paraugiem noteica bides stipribu un
sagrausanas deformaciju, lieces izturibu, moduli un maksimalo izlieci, k@ arT vislabakajiem limju sastaviem noteica triecienizturibu. Vislielako
adhezivo stipribu (bides izturibu 8 MPa) paradija paraugi, kas saliméti ar tiru PVB plévi, kuru izmantoja ka Iimi-kaus&umu. No modificétajam
MUF un UF sveku limém vislabakos adhezivas aktivitates un elastibas raditajus sasniedza Iimes, kuram pievienotas polivinilbutirala pulvera un
kauCuka lateksa piedevas. Labi rezultati (ipaSi triecienslodzes izturibas gadijuma) ieguti ari tad, ja ka sveku modifikatorus izmanto
dikarbonskabes — sebacinskabi un adipinskabi.
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SAunuc Kasike, Apcenuii Kosoun. UccienoBanne aare3MOHHbIX CBOMCTB MeJaMUHO-MOYeBUHO-(popManabaerugusix (MM®), MmoueBHHO-
dopmansaerugabix (M®) cMoJ1, 1 BO3MOKHOCTH MX MOAU(PUKaLMKU

TepmopeaktuBHple MM® 1 M® cMOI1bI YaCTO UCHOIB3YIOTCA AT CKIIEMBAHUS IPEBECHHBL, B OCHOBHOM NP IIPOU3BOACTBE JPEBECHO-CIOUCTHIX
TUIACTHKOB U IPEBECHO-CTPYKEUHBIX IIUT. JJaHHBIE CMOJIBI HE SBISAIOTCS KOJNOTMYECKH YHUCTBIMHU, U IPUYUHSIOT BPe]] OKpYKarollelt cpene; Bo
BpeMsI TPOU3BOJICTBA U AKCILTyaTalluy MaTePUaIbl, B KOTOPBIX HCIONIB3YIOTCS JaHHBIE CMOJIBI, BBIIEISIIOT TOKCUYHBIE TPOTLYKTHI, OCHOBHOM U3
KOTOPBIX — ()OpMAaJbIErUA. 3aTBEpACBIIME CMOJBI TAKXKE HE SBITIOTCS IOCTAaTOYHO 3JTACTUYHBIMH, YTO HPENCTaBIsIET COOOH aKTyalbHYIO
npoOJyieMy Ul M3AENUH M KOHCTPYKIMH, ITOJBEPTarolINXcsl AMHAMHYECKHMM W yOapHBIM Harpyskam, Hampumep — ckeifroopmos. [laHHOe
HCCIIeIOBaHNE TIPOBENICHO B COTpYAHHUYECTBE ¢ GupMoii ,, Troja”, KoTopas, B YHCIe IPOYNX HNPOIYKTOB, MPOU3BOIHUT TAKXKE M CKEHTOOPIHI.
CkelfTOOpABI IPOM3BOAATCS W3 CEMH CIIOEB CKIEEHOro Oepé3oBoro ImoHa. [naBHas mpobieMa Ui MPOM3BOJUTENEH — paccloeHue H
KOTE3HOHHOE pa3pyIIeHUE KIEEBOTO CIIOS BO BPeMs MOBBIIICHHBIX IWHAMHYECKUX HArpy3ok ckeifToopga. OCHOBHas Ieldb JaHHOTO
HCCIIEI0BAaHNs —YyIydIlIeHHe aJre3UOHHBIX CBOMCTB CMOJ H TOBBILIEHHE MACTHYHOCTH KJIEEBOTO CJIOSI IIPH MOMOIIM JOOaBICHUS Pa3IUUHBIX
MOU(UKATOPOB, U OJHOBPEMEHHOE CHIDKEHHE TOKCHYHOCTH CMOJ. B KauecTBe MOAN(UKATOPOB OBUIM MCIONB30BAHbBI: MOJUBUHWIOYTHPAIIb
(I1BB) (mnéuka, HOpoIIOK, pacTBOP B OYTUIOBOM CIHPTE), JATEKC, IMYJILCHS MOJMBUHUIIAIIETATA, TaK Ke OBUIN HCIIOIb30BaHbl TUKAPOOHOBEIE
KUCIIOTHI (aAuNuHOBasA, cebaruHOBass). B Hadame uccrnenoBaHust ObLIM OIpPEAENCHHBI ONTUMAJbHBIE TEXHOJIOTMYECKHE MapaMeTphbl JUIs
mpeccoBaHusl 00pas3loB. BbUI0 KOHCTATHPOBaHO, YTO MAaKCHMAJbHYIO aAre3dio OOpaslbl JOCTHTANM yXe IPH IEepBBIX JBYX MHHYyTax
TepMOKOHTaKTa, Ipu nasieHnu 1 MIla. Temneparypa npeccoBanus 1t cMoi Obu1a Beiopana 120 °C u 140 °C mins cMost MOIU(HIIMPOBAHHEIX
MOMBUHUIOYTHpaseM. M3roTosneHHbIe 00pa3ibl ObUTH TPOTECTHPOBAHBI Ha CABUT (MaKCHMalIbHAs crila M AeopManus ), H3rub (MakcuManbHast
cmia, geopManus ¥ MOIYIb), TaK JKe IS JIyYIINX KOMIIO3UIINI OblIa olpesieNieHa yaapHas BsI3KocTh. CaMast 00JIbIIast aare3noHHast HPOYHOCTD
ObUTa KOHCTaTHPOBaHAa y 0Opa3llOB, CKIECHBIX NMPH MOMOLIH IUIEHKH (KJIeH-paciuiaBa) W3 NONMBUHIIOyTHpans (cwia casura 8 Mlla). U3
MouduupoBaHHEIX MM® 1 M® cMo stydmire pe3yapTaThl 0 aare3MOHHON MPOYHOCTH M 3ACTHYHOCTH OBLIH MOJTYYEHBI IPH 100aBICHUI
nopomka [IBb u maTekcHOH 3MyJIbCHM, Tak K€ XOpPOIIME pe3yabTaThl ObUIM MOTYydYCHBI NPH HCHONB30BAaHUU B KadeCTBE MOIH(UKATOpPOB
aIUITIHOBON U ce0aIMHOBOM KUCIIOT, OCOOCHHO B CIIydae yIapHOU BSI3KOCTH.
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