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Abstract - Hot melts based on high density polyethylene,
polyurethane textile fibore waste and unmodified andmodified
sulphate lignin adhesives for wood veneer bondingr@ used. For
intensification of interfacial interaction and improving water
resistance modifier 4.4' diphenylmethane diisocyanate is utilized.
Shear strength and water resistance investigationsshow
possibility of usage presented adhesives for woo@éneer bonding
and different plywood production.
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|. INTRODUCTION

Il. MATERIALS AND METHODS

In all experiments, a polish birch (Betula verrucasort)
veneer with thickness of 1,5 mm, made at the ,liasvi
Finieris” enterprise, was used as a substrate. ihitel
moisture content (determined by thermo gravimam&thod)
in the veneer was 5-6 wt. %. As adhesives were bégll
density polyethylene (HDPE) of trade mark 276-73(\0,8
g/10min., P 2,16 kg, T 180), polyurethane textile fibre waste
(PUW) (MFI 6,4 g/10min, P 2,16 kg, T 23(C), company
BASF  polyisocyanate grade 4.4 diphenylmethane
diisocyanates (DIC) with content of isocyanate goou 31,3
% (DIN 53 185), sulphate lignin (LS), and modifisdiphate

Plywoods are one of the most important laminatedvo |ignin (NLS), presented by Latvia State Wood Chéeryis

composite materials. At present for production dfedent
kinds of plywoods mainly relies on phenol, urea,laméne
formaldehyde resins and their modification
Formaldehyde is a human carcinogenic and petroczdsmare
not renewable [1]. During last decades glues basad
thermoplastic hot-melts like polyolefines, polyvirngicohol,
polyurethanes etc. have become very popular. Theyrmre
environmentally friendly than formaldehyde contamiresins
[2, 3], but these glues, hot-melts are not enticelégradable.
Now environmental protection requirements are v&rgng
therefore currently investigated adhesives used viood
bonding are derived from microbial extra
polysaccharides, starch, soy protein, and ligr@nnins which

Institute Lignin Laboratory scientists. Adhesivan§ (0,3-0,4
mm thick) were formed by compression moulding (D Bhd

products180 °C, P 1-2 MPa, t 3 min.) from HDPE and polyurethane

textile fibre waste. The gluing of the birch wood
veneer/polymer adhesive/birch wood veneer overlaiptg
were performed in hydraulic press (t 1-10 min. +ir8m
preheating) at different temperatures (140, 160, 280°C)
and pressure 1-8 MPa. The thickness of the adhdaper
after application of contact pressure was 0,1 nithe
geometry of specimens as in [2]. DIC layers wereeced on
the veneer surface by painter brush, then driedoatn

cellulattemperature 3 min. and overlap joints made as jn$Rear

strength of single overlap joints was examined avater

are generally non-toxic, absolutely biodegradabled a resjstance of plywood’s samples were tested by BV-132

produced from renewable resources [3, 4]. Thesenmait are
able to use also as additives for phenol-formaldehyrea-
formaldehyde, polyurethanes and other thermosetjiugs
what considerably diminish toxicity of glues, buhygic-
mechanical properties, for example shear strengtimtain on
the same level. Often for strengthening of adhelsiyers glue
are modified with extenders like wood flour etc].[Bt the
same time extenders decrease adhesive toxicityhohat[6]
for wood bonding use glues from mixtures of dipHemgtane
diisocyanates with gluten, tannin or maize stanghtai20 %.
Modified emulsifiable diisocyanate gives plywoocdthwbetter
strength and wood failure than glue formulationsthwi
nonemulsifiable diisocyanate. The aim of our workswto
investigate shear strength and water resistantbreé layers

standards as in [2].

I1l. RESULTS AND DISCUSSION

Previous investigation [2] showed that for wood e®n
bonding very perspective glues are hot melts basedow
density polyethylene (LDPE), ethylene vinyl acetate
copolymers (EVAC) with different content of vinyketate
groups, polypropylene (PP) with different fluidi¢iFI) and
modified with maleated polypropylene (MAPP) PP. §ddot
melts during solidification and exploitation proses do not
educe dangerous products. Made single overlapsjaimtod
veneer/polymer hot-melt/wood veneer adhesive sthefis)
is, for example for LDPE containing samples 40-b|Pa,

plywood glued with adhesives based on diphenylnmethafor EVAC 3,5-4,5 MPa, but for PP8—10 MPa, that is more

diisocyanates and different kinds of lignins. Aderence
samples single lap joints of birch wood veneergdimvith hot
melts from high density polyethylene and polyurathgextile
fibres waste were used.
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higherthan for industrial plywood glued with phenol-
formaldehyde (PF) resinsc£3,66 MPa). These results
confirm idea that adhesive strength in laminateddveystems
note not only interfacial interaction intensity Wween wood
and adhesive layers, bulso own glue cohesive strength. In
our case it is modified PP hot melt. It means thatvood
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containing composites (plywoods) strengthen glugedais
necessary. Adhesive strength after moisture alisargtoes
not decrease, but improve. This phenomenon coctsathe
well-known fact that presence of water molecules

plywood) and 1,0 MPa (&class plywood).after 72 h boiling in
water.

TABLE 1

in
WATER RESISTANCE TEST RESULTS OF OVERLAP JOINED VENEER SRAMES

composites containing wood leads to a plasticizfigct [8,9]
which reduces strength properties and raises tfeerdebility.
Wood composites adhesive strength mainly are ndigd
mechanical adhesion, because wood surface is ratifieand
adhesive molecules can penetrate into the surfheeod at

the depth of 40-50 mkm [2,10]. Utilization of biggtadable
hot melt adhesives like polylactic acid and benzgda

lignocellulose fibres for wood veneer bonding [fibsed that

single overlap joints shear strength is good (4WHa), but

water resistance is worse than in the case of syiott

Shear strength, MPa
aveses [ [t [ s
boiling
DIC 6,6 4,0 43
DIC+NLS 71 2,6 18
DIC+LS 6,3 1,0 0

HDPE 7,6 2,3 2,1
PUW 5,6 2,2 14

thermoplastic hot melt glues [2]. This fact indestthat
natural biodegradable hot - melt glues have rativeak
hydrolytic stability and presence of water dimirshadhesive
layer mechanical properties. Lignins, which areoramended
as ecologically perspective adhesives for wood amitgs
[3,9] give not so good  results [7]. Shear stthraf single
overlap joined samples is 2,2-2,8 MPa. AuthorsgBp note
that pure lignins have not strong adhesive actiagainst
wood therefore use of interfacial interaction aafirs is

necessary. One of the best of them is diphenylmetha

diisocyanate [6]. We tried to improve interactioetleen
lignin and wood using 4 4liphenylmethane
diisocyanate (DIC). Results of these experimergspaesented
in Fig.1. Kinetic curves show that optimal techrgptal
parameters for wood veneer bonding with DIC and ENCS
adhesives are 5-7 min time of contact and temperd80°C.
Shear strength of glued veneer is 6,6 MPa for D@ &,1
MPa for DIC+NLS. Obviously, usage of DIC interlaymuses
considerable increase of lignin adhesive activitggmparison
with pure lignin 6 2,5-2,8 MPa) [7].

L 2

o DIC(170)
—m— DIC(180)
—o— DIC+N-Lign(170)
—o— DIC+N-Lign(180)

o, MPa

6 8 10 12 14
t, min

Fig.1. Relationship between shear strengih) f single lap joints of
laminated systems birch wood veneer/ polymer agbésirch wood veneer

Samples bonded only with DIC show the best results
(maintained shear strength values are about 4,3 M&bws
HDPE (2,1-2,3 MPa), PUW (1,4-2,2 MPa), but for DN04S
6=1,9-2,7 MPa. It means that wood veneer/DIC+NLS/wood
veneer HDPE and PUW containing systems are ahlsddor
outdoor application, but plywood glued with DIC+LS
adhesive only for indoor utilization.

For comparison it was interesting more properlyneixa
wood veneer bonding with high density polyethyldH®PE)
(Fig.2,3) and polyurethane fibre waste (PUW) hotltsne
(Fig.4) because they have high water resistance(see Table
1) and good physical, mechanical properties redativith
lignin [3].

——130C/6MPa | |
o140 C/6MPa | |
—A—150C/ 6MPa | |
0—140C/2MPa ||

o, MPa
O L N W NS Ul O N 0O ©

o B

Fig.2. Relationship between shear strengd) of single lap joints of
laminated systems birch wood veneer/ high dengityephylene/ birch wood
veneer and contact time. Contact temperatures1480,156C and pressure 2
and 6 MPa.

Fig.2,3 show that single lap joints shear strerigtheases
with increase of contact time and temperature Pigand

and contact time. Adhesives: 4! diphenylmetane diisocyanates (DIC) andpressure (Fig.3). Maximurs values (7,6 MPa) are reached at

DIC + NLS.

Water resistance test results are presented ireTlatffrom
these results we can see that first and secondéhdpdiésts
endure samples glued with HDPE, PUW, DIC and DICSNL
but do not endure samples with DIC+LS adhesiveci@pens
water resistance tests have passed if shear direhgamples
maintains more than 1,8 MPa after 4 + 4 h boilih{jclass

temperature 148C, time of contact 3-4 min. and pressure 2
MPa which are greater than in cases of DIC and DICS
adhesives. In the same time good water resistancbserved
(see Tablel). Therefore hot melts based on highsigen

polyethylene are perspective for wood veneer banfth
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—o— HDPE adhesive | |
B—PUW adhesive | |
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Fig.3. Relationship between shear strengih) f single lap joints of
laminated systems birch wood veneer/ polymer asbésirch wood veneer

and contact pressure. High density polyethyleneRHPcontact temperature,

140°C and time 2 min, polyurethane fibre waste (PUWiperature 200C,
time 3 min.

Recycling and utilization of synthetic polymer wass
actual problem. A lot of waste forms during textiteterials
manufacturing processes. The main problem to etiiaste is
different finishes on the surface of textile fibres fabrics.
Technological parameters influence on shear stheraft
adhesive joints glued with untreated PUW is presgrin

(Fig.4).

= =
3% <
<
©-180C |
B8-190C |
—A—200C |—

t, min

Fig.4. Relationship between shear strengi) ¢f single lap joints of

laminated systems birch wood veneer/polyurethahee fivaste adhesive / 2.

birch wood veneer and contact time. Contact tentpers 180, 190, 206C
and pressure 6 MPa.

Kinetic curves show that shear strength of ovejlapts
increases with increase of contact time and tentpera
Maximum of ¢ are reached at temperature of contact ZD0
and time of contact 2-3 min. Numerical valuessofiepends
on temperature and vary from 4,35 MPa up to 5,#aMt is
much more than for industrial plywood glued withepbl
formaldehyde resins. Textile fibres and fabricsaig/contain
different finishes which could hinder adhesive iatgion on
surface polyurethane hot melt and wood veneer.€efbey we
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prepared PU adhesive films from PUW treated witifedent
solvents. Results of these experiments are prasénteg.5.

4 T T
) %_} ][I

1 2 3 4 5 6

Fig.5. Dependence of shear strength of singledagg of laminated systems
birch wood veneer/polyurethane fibre waste adhésiro wood veneer from
fibre waste treatment method. Contact temperat8e8 @, time 2 min. and

pressure 6 MPa.

1-adhesive films (AF) processed from crude fibr2sAF processed from
crude fibre waste and then refined with aceton&F3from fibres washed

with water, 4-AF from fibres washed with water aadetone, 5-AF from

fibres treated with acetone, 6-AF from fibres wakhéth boiling water.

Gained shear strength values (Fig. 5) change fréniMPa
up to 4,1 MPa (contact temperature 4B0pressure 6 MPa
and time 2min.). The best results show adhesivedenfimm
treated films (2) and AF processed from textilerdib waste
treated with acetone (5) and boiling water (6).f&#nce

between reached values of untreated and treated adhesives

is not significant (about 14,1 %), therefore unteda
polyurethane textile fibre waste use for wood versmnding
is possible. This opinion confirms good water regise of
samples (see Table 1). Obviously in this case #isomain
role for reaching high adhesion strength of sampiésy
mechanical adhesion between hot melt moleculesvesmtl
veneer surface [10].

V. CONCLUSIONS

The investigations of shear strength of overlaptgbirch
wood veneer/polymer adhesive/birch wood veneerebiwith
hot-melts based on high density polyethylene, pelthane
textile fibres waste and unmodified and modifiednins
adhesives show that:

1. All investigated adhesives are possible to usewood

veneer bonding.

Use of 4. 4' diphenylmethane diisocyanate as interfacial

activator promote the increase of shear strengthveater

resistance of systems.

1. 3. Plywood made from birch wood veneer glued witfhh
density polyethylene, polyurethane textile fibresteahot -
melts, 4.4 diphenylmethane diisocyanate and '4.4
diphenylmethane diisocyanate + modified lignin aseful
for outdoor conditions, but plywood glued with %.4
diphenylmetane diisocyanate + unmodified ligninyofdr
indoor applications.
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Ugis Grinbergs, Janis Kajaks, Skaidrite Reihmane. Ekolgiski perspekfivu adheavu izmantoSana koksnes savieno3anai

Darta veikti petijumi par videi draudigaku adhezivu izmantoSanas i€égn koksnesimeSanai idz Sim bieZi lietoto termoreaktivo fenola-
formaldehda imju viea. Konkreti, bérza finiera savienoSanai izmantatnkes-kaugumi uz augsta muma polietiena un poliuretnu iedru
tekstilapstides atlikumu Bzes, & af nemodificta (LS) un modifiéta ligrina (NLS) adhewi un to maigumi ar diizociaatu. Adhevas
mijiedarlibas starp finiera lokeém un iegita sapiik&pa idens iztuibas palielii8anai izmantots stafzfu modifikators 4,4 difenilmetina
diizociarits (DIC). Bides stipibas unadens iztutbas @gtijjumu rezuliti, kas iediti sagraujot finiera frlaidsavienojumu adh&ms paraugus,
paiada, ka visus izmantotos adiazs ir iesgjams pielietot finiera saheSanai un dailas kavaliites saplkSpu razoSanai. DIC izmantoSana
finiera saimeSanai dod iesrojamu adhewas stiptbas un sapkSpa idens iztuibas pieaugumu. Sajaucot DIC ar nemodificligninu vai
modificgtu ligninu un izmantojot tos finierarheSanai, nodro at¥irigus rezulitus. Rtjjumos konstats, ka pirmo adh@zu maigjumu sistmu
(DIC+LS) var izmantot sapk3nos, kas pared@t tikai iekSdarbiem, jo tiem nav pietiekami labdens iztuiba, bet otrie adh®&zu maigjumi
(DIC+ NLS) piedod sapkdgiem lieliskutdens iztuibu, kaslauj tos izmantot @fra apsiklos.

Yruc I'pundepre, SAnnc Kaske, Ckanapure Peiixmane. Mcnoib30Banne 3K0/10rH4ecKH MePCNeKTHBHBIX aire3WBOB ISl COeHHEeHHsI
ApeBeCHHBbI

B pabote cremana TMombITKa MPUMEHUTH NMPHPOAE Oojiee APYKHBIX aAre3UBOB-KIIEEB AN CKICHUBAHHS JIPEBECHHBI BMECTO NPHMEHSAEMON B
HACTOSIEe BPEMsI B MPOMBIIUIEHHOCTH NMPOU3BJACTBA (anep. s coenuHeHus 6epe30BOro IIMOHA MPUMEHEHBI KJIEH PaciliaBbl HA OCHOBE
MOJMOTUICHA  BBICOKOM  IUIOTHOCTH, IIOJIMYPETAHOBBIX  BOJOKHHCTBIX  OTXOJOB  TEKCTHJIBHOIO  IPOM3BOACTBA U aArC3HBBI
HeMOU(UINPOBAHHBIX ¥ MOAN(MUIUPOBAHHBIX JIUTHUHOB. 7SI HHTEHCHHKANN Mex(a3HOro B3aMMOACHCTBHS HCIIOIH30BaH MOANGDHUKATOP
4.4 mudenmnveran auusommanar (JIALT). VccnenoBaHus IPOYHOCTH Ha CABHI H BOZOCTOMKOCTH HAXIECTOMHBIX 0GPAsIioB (amep MoKa3aiu
BO3MOJKHOCTb TIPIMEHEHUS BCEX MPEACTABICHHBIX aATe3UBOB JUIS CKJICHBAHMS O€PE30BOTO IIMOHA U MOITYYESHUs Pa3JIMYHBIX IIPOMBIIUICHHBIX
(anep. ANre3WBHl M3 YHCTOTO M MOMU(UIMPOBAHHOTO JIMTHUHA HE JAIOT OIIYTHMBIH IPHPOCT CAWUTOBOH NPOYHOCTH M BOJOCTOHKOCTH
ckieeHHOl aneprl. Hanpotus, ncnons3oBanue JIUI B kauecTBe Kies-aare3ruBa Mo3BoJsIeT 3HAYUTEIBHO MTOBBICUTh AATC3HOHHYIO IPOYHOCTh
(baHep ¥ yNyIUIUTh WX BOJOCTOMKOCTH. [IpuMeHeHue B KadectBe kiest cmecu UL + nemoauduubipoBandbii muraud (JIC) u JIULL +
MouduuupoBanuslit aurauH (HJIC) cOOTBECTBEHHO HAIOT HE OAHO3HAYHBIC PE3yAbTAThHI [IepBble CMECH aAre3uBOB MO3BOJIIOT IIOTYYaTh
(anepy Ul MCIONIB30BaHUS TOJBKO BHYTPH NOMENIEHUH a CKJIEHBas JUCThI JPEBECHHBI BTOPOH CMECBHIO KJIEEB MONydyaeTcs BOAOCTOMKast
(anepa ncnoab3yeMast TakxKe JUIsl HapyKHBIX padoT.
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