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Rezumat:

La fabricarea produselor din lemn lamelat sunt
utilizati in special adezivii pe baza de fenol. Recent,
alti adezivi, cum ar fi poliuretanii au fost promovati pe
piatd pentru aplicatii structurale, cu proprietati
remarcabile.  Adezivii  structurali  trebuie  sa
indeplineasca cerintele specifice  utilizarilor lor, in
conditii umede sau uscate, ca adezivi de tipul | si
respectiv tipul Il. Criteriile de evaluare a adezivilor
structurali, includ rezistenta la delaminare, rezistenta
la forfecare a incleierii si procentul de rupere in lemn.
Acest studiu are ca obiectiv evaluarea performantelor
incleierii cu rasini furanice si capacitatea sa de
utilizare in  aplicatii  structurale. Existd unele
investigatii cu privire la posibilitatea de a include
ragina furanica in retetele adezivilor pentru lemn, dar
utilizarea lor industriald este incd modesta. Trei
compozitii adezive experimentale pe baza de rasina
furanica si ureo-formaldehidica, au fost folosite pentru
incleierea la rece a lamelelor de fag si molid pentru a
forma o structura lamelara pentru constructii de tipul
cherestelei lamelare incleiate. Retetele adezive au
inclus rasina furanicd mixta cu alcool furturilic (FC2) si
doud rasini furanice modificate cu rasind ureo-
formaldehida (UR/FC2 si UR/FC3 cu 50% UR). S-a
testat rezistenta incleierii la forfecare prin tractiune
longitudinald si  rezistenta la delaminare in
conformitate cu SR EN 302:2004. Cea mai buna
performantd s-a obtinut cu adezivul FC2, care a
prezentat o rezistentd la forfecare peste valorile
indicate pentru adezivii structurali in EN 301:2004.
Adezivul FC2 s-a comportat mult mai bine si la testele
de delaminare, atét in conditii uscate cét si umede, in
comparatie cu ceilali doi adezivi, cu perspective de
de utilizare in structurile portante din lemn.

Cuvinte cheie: adezivi structurali; rezistenta incleierii;
delaminare; rasind furanica, rezistenta la forfecare
prin tractiune; lemn lamelat.

INTRODUCERE

Timp de secole, lemnul masiv a constituit
materialul de baza utilizat Tn constructii, datorita
caracteristicilor sale tehnice excelente si energiei

fnmagazinate scazute in comparatie cu alte materiale
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Abstract:

In wood laminated products manufacturing the
phenol-based adhesives are especially used. Recently
other adhesives such as polyurethanes were promoted
on the market for structural applications with
remarkable properties. Structural adhesives have to
fulfil the requirements according to their uses, under
wet or dry conditions as adhesive type | and type Il
respectively.  Criteria  for evaluating  structural
adhesives, includes delamination resistance, shear
strength of bond and percent of wood failure. This
study has the objective to evaluate the bonding
performance of furan based resin and its suitability for
structural purposes. There are some investigations
about the possibility of incorporating the furan resin into
wood adhesive formulations but their industrial
exploitation is still modest. Three experimental
adhesive compositions based on furan and urea-
formaldehyde resins, were used to cold-glue beech
and spruce lamellas to form a structural timber like
glued laminated timber. Adhesive formulations included
mixed furan resin with furfuryl alcohol (FC2) and two
modified furan resins with urea-formaldehyde resin
(UR/FC2 and UR/FC3 at 50% UR). Bond shear
strength by longitudinal tensile and resistance to
delamination were performed according to SR EN
302:2004. The best performance was obtained with
adhesive FC2 which showed shear strength above the
values indicated for structural adhesives in EN
301:2004. FC2 adhesive performed significantly better
in delamination tests too, both in dry and wet
conditions, compared to the other two adhesives,
showing promise for its use in load-bearing timber
structures.

Key words: structural adhesives; bond strength;
delamination; furan resin; tensile shear strength;
laminated timber.

INTRODUCTION

For centuries solid timber has constituted the
basic material used in construction due to its excellent
technical characteristics and low embodied energy
compared to other building materials. During years new
added-value products like structural timber products
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de constructii. Pe parcursul anilor au fost realizate noi
produse cu valoare adaugata, cum ar fi cheresteaua
structurald (cherestea din lemn lamelat incleiat, din
furnire incleiate, grinzi tip | etc.), Tnlocuind lemnul
masiv Tn diferite aplicatii structurale. Extinderea gamei
de produse din lemn incleiat a influentat diversificarea
tipurilor de adezivi pentru lemn de pe piatd, o
categorie speciala fiind reprezentatd de adezivii
structurali. Prin definitie un adeziv structural este un
agent de legatura folosit pentru a transfera sarcinile
necesare intre aderentii expusi Tn anumite conditii de
utilizare (Rowell 2005). Este de asteptat ca sa
realizeze o Tmbinare rigida, astfel incat aceasta sa
dea atét rigiditate cat si rezistenta structurii obtinute
(APA 1998). Acesti adezivi au o rezistenta buna la
umiditate si, Tn general, se Iintaresc atat prin
polimerizare si evaporarea solventului, ceea ce duce
la un proces rapid de reticulare.

Cei mai utilizati adezivii structurali pana in
prezent, sunt adezivii fenol-rezorcinol (PR),
melamino-ureo-formaldehidici (MUF), poliuretanici
(PUR) si epoxidici (EPX). Adezivii pe baza de
copolimeri formaldehidici ofera o buna adeziune cu
lemnul si legaturi rigide, fara fluaj, deoarece
formaldehida formeaza nu numai lantul polimeric, dar
asigura, de asemenea, reticularea (Frihart 2005).

Adezivii pe bazd de formaldehida au
demonstrat performanta lor ridicata si continua sa
reprezinte cea mai buna solutie pentru toate aplicatiile
structurale din lemn, in constructii. Rasinile fenolice
sunt bine cunoscute pentru utilizarea lor Tn exterior
sau conditii climatice dure, in timp ce rasinile aminice
sunt indicate pentru utilizare in conditii de interior. Pe
parcursul ultimilor zece ani, a crescut totusi utilizarea
adezivului melamino-ureo-formaldehidic ~ (MUF),
acesta oferind un compromis intre buna performanta
a adezivilor melaminici si costul redus al adezivilor
ureici si avand, de asemenea, avantajul de a fi
transparent, in contrast cu adeziviul PR care este de
culoare brun inchis (Serrano 2000, Frihart 2005).
Adezivii poliuretanici se gasesc in sisteme mono sau
bi-componente si ar putea reprezenta o optiune
viabila pentru structurile portante din lemn (Clauss
2010, Marra 2012), dar piata pentru aceste produse a
fost oarecum limitata din cauza valorilor scazute ale
cedarii lemnului in unele aplicatii (Frihart 2005,
Brandmair 2010). Adezivii epoxidici sunt adezivi
structurali care se intaresc la temperatura mediului
ambiant, dar in afara de costul ridicat, exista unele
dezacorduri cu privire la durabilitatea legaturilor epoxi
in conditi umede, limitdnd utilizarea acestuia in
aplicatii portante (AITC 1990, Frihart 2005).

In ultimii ani s-au conceput compozitii adezive
alternative, ca o optiune pentru aplicatii structurale.

S-au realizat retete incluzénd rasini furanice
mixte cu alcool furfurilic si au fost testate pe cherestea
din lemn lamelat incleiat (Petrovici s.a. 2006, Zeleniuc
s.a. 2008, Varodi 2010). Aceste rasini sunt inca
utilizate ca si lianti in turnatorii Tn timpul turnarii
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(glued laminated timber, laminated veneer lumber, I-
beams, etc) have been developed replacing the solid
wood in different structural applications. The expanding
range of glued-wood products has influenced the
variety of wood adhesives that come into the market,
among which structural adhesive systems representing
a special category. By definition a structural adhesive
is a bonding agent used for transferring required loads
between adherents exposed to certain service
conditions (Rowell 2005). It is expected to produce a
rigid joint, so it must supply both stiffness and strength
to the structure (APA 1998). These adhesives have a
good moisture resistance and generally cure by both
polymerization and solvent loss, leading to a faster
setting process.

The most commonly employed structural
adhesives used up to now, are phenol-resorcinol based
adhesives (PR), melamine urea-formaldehyde (MUF),
polyurethanes (PUR) and epoxies (EPX).
Formaldehyde condensation adhesives provide good
wood adhesion and rigid bonds that do not creep,
because the formaldehyde not only forms the
polymeric chain, but also provides the cross linking
group (Frihart 2005).

Formaldehyde-based adhesives have proven
high performance and continue to be the best option
for all structural timber applications. Phenol resins are
well known for their use in exterior or hard climatic
conditions while amino plastic resins are indicated for
interior conditions. During the last ten years however
the use of melamine urea-formaldehyde (MUF)
adhesive has increased, offering a compromise
between the good performance of melamine adhesives
and low cost of the urea adhesives and having also the
advantage of being transparent in contrast to PR
adhesive which is dark brown (Serrano 2000, Frihart
2005). Polyurethanes are found in one or two-
component systems and could represent a viable
option for load bearing timber structures (Clauss 2010,
Marra 2012) but the market for these products has
been somewhat limited because of their marginal
levels of wood failure in some applications (Frihart
2005, Brandmair 2010). Epoxy adhesives are structural
adhesives that cure at ambient temperatures, but
besides high cost, there are some disagreements on
the durability of epoxy bonds under wet conditions,
limiting its uses in load bearing applications (AITC
1990, Frihart 2005).

In recent years alternative  adhesive
compositions have developed as an option for
structural applications.

Formulations including mixed furan resins with
furfuryl alcohol have been developed and tested on
glued laminated timber in the laboratory (Petrovici et al.
2006, Zeleniuc et al. 2008, Varodi 2010). Such resins
are still used as thermo set binders in foundries during
casting iron, steel and other refractory industries
(Hoydonckx 2009). No reported application as
structural adhesives was found in the literature.

Some studies mention their use especially for
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(Hoydonckx 2009). Nu s-au gasit referiri in literatura
de specialitate privind aplicarea acestor rasini ca
adezivi structurali.

Unele studii mentioneaza utilizarea lor, mai ales
pentru fabricarea placilor pe baza de lemn, precum
placi din fibre si aschii de lemn, placi din aschii late, si
din aschii lungi si orientate (OSB) (Johns 1983,
Goodman 1998, Luna 1998) si placaj (Schultz 1990).
Cercetarile anterioare au aratat ca rasina furanica
mixta cu alcool furfurilic utilizata singura sau in
combinatie cu rasina ureo-formaldehidica (UR) in parti
egale din greutate, poate contribui evident la
imbunatatirea caracteristicilor de rezistenta ale
adezivului pentru lemnul Tincleiat la temperatura
camerei (Petrovici 2006, 2007 ). Lucrarea s-a axat pe
metodologia de baza si testele efectuate pentru
evaluarea performantei incleierii cu adezivii pe baza
de rasina ureo-formaldehidica si rasina furanica mixta
cu alcool furfurilic, in scopul de a stabili
compatibilitatea lor pentru aplicatii structurale. S-au
efectuat teste privind rezistenta incleierii la forfecare
prin tractiune longitudinala si la delaminare.

METODA S| MATERIALE

Pentru testele de laborator s-au utilizat patru
compozitii adezive cu intérire la temperatura mediului
ambiant :

a) UR/FR3/H,SO;-20 — adeziv pe baza de rasina
ureo-formaldehidica (Urelit® R) si rasina furanica
mixta cu alcool furfurilic, (Urelit FR3 rasina cu
reticulare la rece), in proportii egale;

b) UR/FC2/NH,CI-20 — adeziv pe baza de rasina
ureo-formaldehidica (Urelit® R) si rasina furanica
mixta cu alcool furfurilic (Urelit FC2 rasina cu
reticulare la cald), in amestec masic egal;

c) FC2/NH,CI-20 - adeziv pe baza numai de rasina
furanica mixta cu alcool furfurilic (Urelit FC2);

d) UR/IRs - adeziv pe baza numai de rasina ureo-
formaldehidica (Urelit® R) in prezenta intaritorului tip
IR, ca proba de referinta.

Urelit® R este denumirea comerciald pentru
rasina ureo-formaldehidica cu intarire la rece, produsa
in Roménia de SC Viromet SA Victoria (Viromet
2006). Adezivii UR/FR3 si UR/FC2 au in componenta
aceleasi rasini de tipul ureo-formaldehid-furilic,
deosebirea fiind data de temperatura de intarire a
rasinii de baza. Caracteristicile acestor tipuri de
adezivi sunt prezentate in Tabelul 1.

In cercetari anterioare (Varodi 2010), au fost
studiate caracteristicile unor retete adezive pe baza
de lignina, rasina ureica clasica tip Urelit® R si rasina
furanica mixta cu alcool furfurilic in diferite proportii.
Din cele patru proportii testate (60:40, 50:50, 40:60 si
20:80), doar amestecul dintre rasina ureo-
formaldehidica si rasina furanica mixta cu alcool
furfurilic, Tn proportii masice egale, au demonstrat
proprietati adezive bune referitor la timpul de
gelificare si de intarire folosind drept intaritor acidul
sulfuric sau clorura de amoniu, dupa cum se poate
observa in Tabelul 1.
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wood-based boards, such as fibreboard, particleboard,
waferboard, and oriented strand board (OSB) (Johns
1983, Goodman 1998, Moon 1998) and plywood
(Schultz 1990) manufacturing. Previous research have
shown that mixed furan resin with furfuryl alcohol used
alone or in combination with urea-formaldehyde resin
(UR) in equal weight parts, can contribute notably to
the improvement of adhesive strength characteristics of
wood glued at room temperature (Petrovici 2006,
2007). This paper focused on the basic methodology
along with the tests carried out to evaluate the bonding
performance of the adhesives based on urea-
formaldehyde and mixed furan resin with furfuryl

alcohol in order to establish their suitability for
structural applications. Tests regarding the bond
resistance to longitudinal tensile shear and

delamination were performed.

METHOD AND MATERIALS

Four adhesive compositions which harden at
room temperature were used in the laboratory tests:
a)UR/FR3/H,S04-20 — adhesive based on urea-
formaldehyde resin (Urelit® R) and mixed furan resin
with furfuryl alcohol, (Urelit FR3 cold setting resin), in
equal weight parts;

b) UR/FC2/Ny4CI-20 — adhesive based on urea-
formaldehyde resin (Urelit® R) and mixed furan resin
with furfuryl alcohol (Urelit FC2 hot setting resin), in
equal weight parts;

¢) FC2/NH,CI-20 - adhesive based only on mixed furan
resin with furfuryl alcohol (Urelit FC2);

d) UR/IRs - adhesive based on urea-formaldehyde
resin (Urelit® R) in presence of the hardener IR, as a
reference sample.

Urelit® R is the commercial name for the cold-
setting urea-formaldehyde resin produced in Romania
at Viromet SA Victoria Company (Viromet 2006).
UR/FR3 and UR/FC2 adhesives are made up of the
same resin such as urea-formaldehyde-furyl, the
difference being the curing temperature of the resin.

The characteristics of all these adhesives are
presented in Table 1.
In  previous research (Varodi 2010), the

characteristics of several formulations composed of
resins based on lignin, classic urea resin Urelit® R and
furan resin with furfuryl alcohol in different proportions
have been tested. Of the four proportions tested
(60:40, 50:50. 40:60 and 20:80), only the mixture of
urea-formaldehyde and mixed furan resin with furfuryl
alcohol in equal weight parts as is presented in Table
1, have proved good adhesion properties in terms of
gelling time and curing by adding acid or ammonia
accelerators.

The tested adhesive compositions included rye
flour as a filler-extender additions and catalysts
according to the established receipts in previous works
(Petrovici et al. 2006, 2007), thus:
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Compozitiile adezive studiate, au inclus faina de
secara ca material de diluare-plastifiere si intaritori
conform retetelor stabilite n lucrarile anterioare
(Petrovici s.a. 2006, 2007), astfel:

e cei doi adezivi pe baza de rasina furanica mixta cu
alcool furfurilic (UR/FC2 si FC2), pot fi reticulati la
20°C numai prin adaugarea a 5% clorura de amoniu
solutie apoasa cu concentratia de 20%;

e adezivul UR/FRS include 1% acid sulfuric din solutia
cu concentratia de 20%;

¢ adezivul pe baza de rasina ureo-formaldehidica UR
include 5% intaritor IR solid conform datelor din fisa
tehnica (Viromet 2006).
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the two adhesives based on mixed furan resin with
furfuryl alcohol (UR/FC2 and FC2), can be reticulated
at 20°C only by adding 5% ammonium chloride
aqueous solution with concentration of 20%;

the adhesive UR/FR3 incorporates 1% of 20%
sulfuric acid solution;
e urea-formaldehyde adhesive UR incorporates 5%
hardener IR powder as is specified in the technical
sheet (Viromet 2006).

Tabelul 1/ Table 1

Caracteristicile adezivilor folositi in testele de laborator / Characteristics of adhesives used in the

laboratory tests
Cantitate de adeziv / intaritor / Quantity of
Caracteristicile adezivilor / Adhesive Unit adhesive / hardener
specifications UR/IRs FC,/ UR/FC, | UR/FR;
NH,CI-20 | NH,CI-20 | H,SO,-20
Compozitiile adezive / Adhesive compositions:
- Rasina ureo-formaldehidica / urea-formaldehyde resin
Ureli® R (UR), g g 100 50 50
- Rasina furanica mixta cu alcool furfurilic Urelit FC2 / g ) 100 50
mixed furan resin with furfuryl alcohol Urelit FC2 (FC2)
- Rasina furanica mixta cu alcool furfurilic Urelit FR3 /
mixed furan resin with furfuryl alcohol Urelit FR3 (FR3) | 9 - - 50
- Clorura de amoniu solutie 20% / ammonium chloride mi ) o5 o5
20% solution (NH4Cl — 20)
- Acid sulphuric 20% / sulphuric acid 20% solution mi ) } 1
(H2S04-20)
- Intaritor tip IR / solid hardener IR type g 1.5 - - -
- Faina de secara / rye flour (F) g 12.33 12.33 12.33 12.33
- Apa / water ml 1 - - -
Caracteristici fizice si chimice / Physical and
chemical characteristics:
- continut substanta uscata / solid content % 73.03 61.32 62.00 54
- pH initial / initial pH* 75 4 4 4
- vascozitatea prlnocupa FORD/ viscosity through FORD s 95 31 11 34
cup of 8 mm at 20°C
- timp de gelificare la 20°C / gelling time at 20°C, tge/* min 45 67 37 120
- 'timp de dispari't_ie a lipiciozitatii la 20°C / stickiness min ) 10 6
disappearance time at 20°C, tq
i\};?bri)”?ye),stc:.l|d|f|care / solidification time at 20 °C min 86 143 2 790
- continut de formaldehida libera / free formaldehyde % 3.5 0.7 3.5 2.15
- consum specific / specific consumption g/m2 185 100 125 120
* acc. to technical data sheet
1. Determinarea rezistentei la forfecare prin | 1. Determination of longitudinal tensile shear

tractiune longitudinala
Testarea la forfecare este utilizata frecvent
pentru evaluarea rezistentei incleierii lemnului masiv
deoarece este tensiunea cea mai comuna dintre
interfete in conditii de utilizare (Pizzi 2003). Adezivii

experimentali s-au aplicat pe doua lamele din lemn de
42

strength
Shear test is frequently used for the evaluation of
adhesive bond strength in solid wood because it is the
most common interfacial stress under service
conditions (Pizzi 2003). The experimental adhesives
were applied on two beech (Fagus sylvatica L.)
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fag (Fagus sylvatica L.) cu umiditatea de 12%.
Dimensiunile lor au fost de 300+1mm lungime,
100mm latime si 5mm grosime. Timpul de presare a
fost de 2 si respectiv 4 ore la o presiune specifica de
0.6N/mm?, la 20°C. Timpul de presare de 2 si 4 ore
este indicat pentru incleierea lemnului masiv cu
adezivi tip UR conform standardulului roméan SR
6643-96. Grosimea stratului de adeziv a fost de
aproximativ 0,1mm. Probele astfel obtinute au fost
apoi conditionate la 20+2°C si 65+5% timp de 7 zile.
Din aceeste probe s-au debitat apoi epruvetele,
conform SR EN 302-1:2004, avand dimensiunile
specificate In Fig. 1.
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lamellas with 12% moisture content. Their dimensions
were 300+1mm length, 100mm width and 5mm
thickness. Pressing time was 2 and 4 hours
respectively at a clamping pressure of 0.6N/mm?® at
20°C. The pressing time of 4 hours and 2 hours are
indicated for wood gluing with UR adhesive, according
to Romanian standard SR 6643-96. The glue-line
thickness achieved was about 0.1mm. The blocks
obtained were conditioned at 20+2°C and 65+5%
during 7 days. Specimens were taken from these
blocks, according to SR EN 302-1:2004, having the
dimensions presented in Fig.1.

2~

B

w]

o

10

150

Fig

. 1.

Dimensiunile epruvetelor (in mm) conform SR EN 302-1 / Dimensions of specimens (in mm) according to

SR EN

Inainte de testarea rezistentei la forfecare prin
tractiune longitudinald, epruvetele au fost supuse la
cinci tratamente de imbatranire accelerata (A1-A5),
conform SR EN 302-1:2004. Fiecare tratament a
inclus si conditionarea de 7 zile intr-un climat
standard, urmata de cicluri de imersie in apa si uscare
asa cum se prezinta in Tabelul 2.

302-1

Prior testing to longitudinal tensile shear, the
specimens were subjected to five accelerated ageing
treatments (A1-A5), as specified in SR EN 302-1:2004.
Each treatment included 7 days conditioning in
standard climate followed by cycles of immersion in
water and drying as is shown in Table 2.

Tabelul 2/ Table 2

Tratamentele epruvetelor inainte de testarea la forfecare / Treatment of specimens before testing to
tensile shear test

Cod tratament / . .
Treatment code Tratamentul aplicat / Treatment applied
Al 7 zile in conditii standard / 7 days in standard conditions
A2 4 zile imersie in apa la 20°C; testare in stare umeda / 4 days soaking in water at 20°C; wet state
testing
A3 4 zile imersie Tn apa la 20°C; apoi 7 zile uscare 20°C; testare in stare uscata / 4 days soaking in
water at 20°C, then 7 days drying at 20°C; dry state testing
Ad 6 ore imersie in apa fiarta si 2 ore in apa la temperatura de 20°C; testare in stare umeda / 6
hours in boiling water and 2 hours soaking in water at 20°C; wet state testing
6 ore imersie Tn apa fiarta; 2 ore Tn apa la temperatura de 20°C; apoi 7 zile uscare 20°C; testare
A5 in stare uscata / 6 hours in boiling water, 2 hours soaking in water at 20°C and then 7 days
drying at 20°C; dry state testing

Testele au fost efectuate pe un numar de zece
epruvete pentru fiecare tratament in parte, folosind o
masina universala de incercari (BRUNO KROLL) cu o
viteza constanta de avans de 2.0+0.5kN/min. Durata
sarciniil a fost de 50 sec pentru probele in stare
uscata si cca. 30 sec. pentru cele in stare umeda.
Rezistenta la forfecare a fost calculatd folosind
formula (1):

fe [IN/mm?] (1)

43

The tests were performed on ten specimens for
each treatment, using the universal test machine
(BRUNO KROLL) with a constant loading speed of
2.0+0.5kN/min. The duration of load was 50 sec in
case of dry specimens and about 30 sec for wet
specimens. The shear strength was calculated using
the formula:

A

( IN/mm?] (1)
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unde:

T - rezistenta |ncIe|er|| la forfecare prin tractiune
longitudinala, N/mm?

Fe - forta maxima de rupere N;

A -suprafatalncle|ata mm®.

2. Evaluarea rezistentei incleierii la delaminare
Determinarea rezistentei la delaminare s-a
bazat pe metoda standard prezentata in SR EN 302-
2:2004. Cei trei adezivi studiati s-au aplicat pe sase
lamele din lemn de molid, obtinandu-se proba
(structura lamelara), cu directia fibrelor paralela cu
lungimea si avand aceeasi orientare a inelelor anuale.
Fiecare lamela a avut grosimea de 30mm, latimea de
150mm si Iunglmea de 400mm. Presiunea apllcata a
fost de 0.6N/mm?, incleierea adezivului realizandu-se
in4orelao temperatura de 23°C Consumul specific
de adeziv a variat intre 100g/m® si 180g/m? in functie
de continutul de corp solid a adezivului apllcat
(Tabelul 1). Din proba obtinutd s-au taiat cinci
epruvete cu lungimea de 75mm, pastrdnd aceeasi
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where:

Tis - bond strength in longitudinal tensile shear, N/mm?
Fe - maximum load at fracture, N;
A - bonding surface area, mm?®.

2. Evaluation of bond resistance to delamination

The measurement of delamination was based on
the standard test method given in SR EN 302-2:2004.
The three experimental adhesives were applied on the
six Spruce (Picea abies L.) wood lamellas, obtaining
the blocks (laminated structure) with grain direction
parallel to the length and the same orientation of the
annual rings. Individual lamella had 30mm thickness,
150mm wide and a Iength of 400mm. Clamping
pressure of 0.6N/mm? was applied, the adheswes
curing being performed during 4 hours at 23° C The
adheswe consumption varied between 100g/m® and
180g/m°® depending on the solid contents of the
adhesives applied (Table 1). Five specimens were cut
from the obtained block to a length of 75mm keeping
the same section of 180mmx150mm (Fig. 2).

75

180

150

b

Fig. 2.
Forma (a) si dimensiunile unei probe (structura lamelara) din care au fost debitate epruvetele finale (b) /
Shape (a) and dimensions of block (laminated structure) from which specimens are cut (b).

S-au realizat doua tratamente de Tmbatranire a
epruvetelor, constand in trei cicluri de impregnare si
uscare. Imersia in apa sub vid si presiune, a fost
urmatd de uscare la temperatura ridicata (65+3°C),
tratament specific adezwllor structurali de tip |, si la
temperaturd joasa (28+1°C), tratament specific
adezivilor structurali de tip Il conform cerintelor SR EN
302-2. Uscarea la temperatura inalta si umiditate
relativa scazuta (12.5£2.5%) cauzeaza gradientul de
umiditate Tn lemn. Acesta conduce la tensiuni mari in
stratul de incleiere, care sunt partial perpendiculare
pe acesta datorita deformarii lamelelor (Frihart 2007).
Delaminarea s-a produs intre stratul de adeziv si lemn
sau intre stratul de adeziv propriu-zis, daca tensiunile
provocate de tratamente sunt mai mari decéat
rezistenta Tmbinarii incleiate. Conform EN 301 (2006),
delaminarea maxima pe toatd linia de Tmbinare
(Incleiere) pentru o proba nu poate depasi 5%.

Delaminarea (D) este exprimata ca un raport

dintre lungimea totalda a Imbinarii desprinse si
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Two ageing treatments of test specimens,
consisting in three cycles of impregnation and drying,
were performed. Soaking in water under vacuum and
pressure was followed by drying at high temperature
(65+3 C), treatment specific to structural adhesives
type |, and at lower temperature (28+1°C), treatment
indicated for structural adhesives type Il according to
SR EN 302-2 requirements. Drying at high temperature
and low relative humidity (12.5+2.5%) causes a
moisture gradient in the wood. This leads to high
stresses in the bondline, which are partly perpendicular
to the bondline due to the warping of the lamellas
(Frihart 2007). Delamination occurs between glue line
and wood or within the glue line itself, if the stresses
produced by the treatments are higher than the
strength of the bonded joint. According to EN 301
(2006), the maximum delamination over all gluelines in
a test specimen may not exceed 5%.

Delamination (D) is expressed as a ratio of
delaminated (debonded) length to total length of glue
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lungimea totalda a Tmbinarii
folosind urmatoarea formula:

(pe linia adezivului),

[
D- tot.despr 100 [%’]

/ (2)

tot.incl

unde,

D - delaminarea totala, %;

liot. gespr. - lUNgimea totald a desprinderilor imbinarii,
mm;

liot. incl. - lUNngimea totala a Tmbinarii, mm.

REZULTATE $I DISCUTII
1. Rezistenta incleierii la forfecare

Rezultatele obtinute au aratat ca rezistenta
incleierii la forfecare prin tractiune longitudinala
depinde de tipul adezivului, timpul de presare si tipul
de tratament aplicat epruvetelor (Table 3).

Cele mai bune rezultate au fost obtinute pentru
un timp de presare de 4 ore pentru toti adezivii
studiati. Rezistenta corespunzatoare in acest caz
poate satisface bine cerintele normei SR EN 301
(2006) cu exceptia adezivului tip UR/FR3; a carui
valoare, pentru toate tratamentele aplicate, a fost sub
limitele  admisibile  mentionate in  standard.
Performanta scazutda a acestui adeziv poate fi
datorata continutului mare de alcool furfurilic de 51%,
si viteza redusa de intarire la temperatura camerei.
Rezistentele obtinute pentru adezivii testati au fost
comparabile cu valorile din literatura de specialitate
pentru adezivul PUR pentru incleieri Tn strat subtire
ale epruvetelor de fag (Marra 2012), dupa cum se
poate observa in Tabelul 3.
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lines, using the following formula:

[
D- tot.despr 100 [%]

tot.incl
where,
D - total delamination, %;
lot. despr. - the total delamination length, mm;
liot. inc1. - the total bondline length, mm.

RESULTS AND DISCUSSION
1. Bonding shear strength

The results obtained have shown that the bond
strength in longitudinal tensile shear depends on the
adhesive type, pressing time and treatment applied to
the specimens (Table 3).

The best results were obtained for the 4 hour
pressing for all experimental adhesives. The
corresponding strength in this case, can well satisfy the
requirements of norm SR EN 301 (2006) with the
exception of adhesive UR/FR; whose value, for all
treatments, was below the allowable limits mentioned
in standard. Poor performance of this adhesive can be
related to its high content of furfuryl alcohol of 51% and
its reduced speed of hardening at room temperature.
The tested adhesives strength were comparable with
the values found in the literature for PUR adhesive on
thin joint beech specimens (Marra 2012), as can be
seen in Table 3.

Tabelul 3/ Table 3

Rezistenta incleierii la forfecare pentru adezivii studiati in comparatie cu cerintele standard / Shear
strength of tested adhesives compared to standard requirements

Tratament Rezistenta la Rezistentala |  ppegia rezistentei la forfecare prin tractiune longitudinal /
aplicat / forfecare / Shear forfecare / Average tensile shear strength, NNmm’
Treatment |  strength, N/mm’ Shear
applied cf./acc. to SR EN strength,
301 N/mm®,
(Marra 2012)
Adeziv Adeziv Adeziv PUR UR/IRs UR/FC2/ FC2/ UR/FR3/
tipl/ tipll/ | tipl/ NH1CI-20 NH.CI-20 | HoS0.-20
Adhesive | Adhesive | Adhesive
type | type ll PUR type | 2h 4h 2h 4h 2h 4h 4h
12.6 110 | 128 | 116 | 156.7 | 149 | 183 74
At 10.0 10.0 (1.0) 12 | 12 | 1.3) | 13) | a6 | (1.9 (0.4)
6.2 56 | 90 | 78 | 10.1 | 94 | 122 58
A2 6.0 6.0 (1.3) 1.0) | 06 | (12) | (12 | A4 | (1.4 (0.3)
12.5 107 | 122 | 10.8 | 147 | 144 | 162 6.1
A3 8.0 8.0 (1.3) 1.3 | 1.4 | 1.0 | (1.4 | (.9 | (1.3 (0.4)
6.0 49 | 55 | 58 | 60 | 65 | 69 4.0
A4 6.0 NB (1.0) ©04) | 02 | (04) | ©06 | 12 | (0.4 (0.3)
11.8 75 | 112 | 84 | 123 | 102 | 159 55
AS 8.0 NB (1.2) 1.2 | 13 | 1.0 | 12 | 1.3 | (1.6 (0.3)

(deviatiile standard in paranteze / standard deviation in parentheses)

NB - test ce nu e necesar pentru acest tip de adezivi / NB - not a required test for this adhesive

Rezistenta la forfecare pentru toti adezivii a
fost mai mica pentru epruvetele testate in stare
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The tensile shear strength for all adhesives was
lower for wet specimens (treatments A4 and A2),
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umeda (tratamentele A4 si A2), in comparatie cu cele
testate Tn stare uscata (tratamentele A3, A5 si A1).
Performanta incleierii a fost influentatd semnificativ de
cresterea timpului de imersie si fierbere in apa, ceea

ce a dus la descresterea rezistentei acesteia.
Valoarea rezistentei la forfecare a fost peste
6.0N/mm® pentru adezivul FC2 si sub limitele

standard (6.0N/mm?) pentru adezivii UR, UR/FC2 si
UR/FR3, adezivi ce au avut ih compozitie 100% si
respectiv 50% rasina ureo-formaldehidica, cunoscuta
pentru durabilitatea limitata la apa. Rezistenta creste
pe masura ce proportia de rasina ureo-formaldehidica
este complet eliminatd din retetd. Acest lucru este
evident in cazul adezivului FC2, care a prezentat cele
mai mari rezistente, cu aproximativ 40% si 30%
pentru epruvetele testate in stare uscata si respectiv
in stare umeda, in comparatie cu adezivul de referinta
(UR/IRs).

FC2 a fost cea mai adecvatd compozitie
adeziva cu o vascozitate relativ scazuta care a umplut
porii lemnului, crednd astfel o Tincleiere/imbinare
durabila. Performanta buna a incleieriii a fost de altfel
demonstrata si de procentul de rupere in lemn de cca.
80%, in comparatie cu 60% pentru UR/FC2 si mai
putin de 40% pentru UR/FR3 si UR.

2. Delaminare

Epruvetele debitate din probele Ilamelare
incleiate, cu fibrele lemnului drepte in toate lamelele,
au fost supuse unui ciclu de Tmbatranire accelerata cu
scopul de a induce tensiuni mari, prin umflari si
contrageri repetate, in stratul de adeziv. Dupa cum
este specificat in standardul EU pentru delaminarea
probelor de lemn-lemn, media acestor delaminari,
pentru fiecare din conditiile de fabricare nu trebuie sa
fie sub 5% pentru rasinoase si 8% pentru foioase.
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compared to the dry ones (treatments A3, A5 and A1).
Increasing soaking time and boiling in water, has
influenced significantly the bonding performance
decreasing the bond strength. The value of tensile
shear strength was above 6.0N/mm? for FC2 adhesive
and below standard limits (6.0N/mm?) for UR, UR/FC2
and UR/FRS3, the adhesives in which compositions
100% and respectively 50% represents urea-
formaldehyde resin known for its limited durability
against water. The strength increases as the proportion
of urea-formaldehyde resin is completely eliminated
from the formulation. It is obviously on adhesive FC2,
which shown the greatest strengths, with about 40%

and 30% higher for dry and wet specimens
respectively, compared to the reference adhesive
(UR/IRs).

FC2 was the most adequate adhesive

combination with a relatively low viscosity which filled
the wood pores, creating thus a durable bond. Its good
bonding performance is also demonstrated by
percentage of wood failure of about 80%, compared to
60% for UR/FC2 and less than 40% for UR/FR3 and
UR.

2. Delamination

The specimens cut from blocks with flat grain in
all the glued lamellas, were subjected to an
accelerated ageing cycle with the aim of inducing
severe shrinkage and swelling stresses on the glue
line. As specified by the EU standard for wood-wood
delamination samples, the average delamination for
each manufacturing conditions shall not exceed 5% for
softwoods and 8% for hardwoods.

ian ‘ EEMean delamination,% =t=Type | | o [ E=ean delamination % —~—Tvoell |
\3 W 10— b
9 2 90 —
5§ % i PR e
T N .: £ 70
o B
B E 50
g 4 2w
T 30 T
g 01 § 201
g 109 g 10
s U ol
URlrs URIFC2 URIFR3 URIIrs URIFC2 FC2 URIFR3
Adheswetype Adhesive type
a b

Fig. 3.
Procentul de delaminare mediu pentru adezivii studiati dupa fiecare tratament de imbatranire accelerata
/ Average delamination percentage of experimental adhesives after each accelerated ageing treatment:
a) uscare la temperatura ridicata / high temperature drying; b) uscare la temperatura scazuta / low

temperature drying

Dupa cum se poate observa din Fig. 3, exista
diferente foarte mari intre adezivi in ceea ce priveste
delaminarea. Este cunoscut faptul ca in stratul de
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Great differences in delamination characteristics
are visible between adhesives, as is shown in Figure 3.
It is known that less stresses are induced in the bond
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incleiere sunt induse mai putine tensiuni daca atéat
lemnul cat si adezivul au reactii dimensionale similare
la cicluri de umiditate.

Dupad cum se poate observa din rezultatele
delaminarii, acest lucru nu s-a Tntdmplat cu adezivii pe
baza de rasini UF, toate epruvetele fiind peste limita
de 5% si 10%, cerinte specifice pentru adezivii de tip
I, respectiv de tip I. Adezivul UR/FR3 a inregistrat
cea mai mare valoare pentru delaminare (peste 90%)
pentru ambele tratamente. Comportamentul poate fi
determinat de véascozitatea ridicata a acestui adeziv,
obtindndu-se astfel o interactiune redusa intre stratul
de lemn si adeziv si o incleiere saraca. Delaminarea
pentru UR/FC2 cu 50% rasina ureo-formaldehidica a
fost usor peste limita admisa pentru adezivii de tip | si
Il. Cele mai bune rezultate au fost obtinute pentru
FC2 (delaminare de 0.9% pentru adezivul tip | si
1.05% pentru tipul 1l), compozitia adeziva pe baza
numai de rasina furanica mixta cu alcool furfurilic.

Reteaua extrem de reticulatda a alcoolului
furfurilic obtinut prin reactia de policondensare rasinii
furanice Tn prezenta intaritorului ar putea fi
responsabila pentru comportamentul bun al adezivului
FC2 sub tratamentele ciclice de umezire si uscare.
Mai mult, rasina furanica incorporata intr-un adeziv
conventional imbunatateste stabilitatea lui termica
(Pizzi si Balgacem 2003).

CONCLUzZII

Performanta adezivilor testati, obtinuta prin
testele de forfecare prin tractiune longitudinald si
delaminare au aratat, asa cum era de asteptat, ca
adezivii pe baza de rasini ureo-formaldehidice (UR /
IR, UR/FC2, UR/FR3), nu au indeplinit cerintele
pentru adezivii structurali. In ciuda rezistentei bune la
forfecare la 4h presare (cu exceptia adezivului
UR/FR3), acesti adezivi au cedat la testul de
delaminare (procentul de desprindere fiind mai mare
de 5%), excluzandu-se posibilitatea utilizari lor in
conditii de exterior.

Adezivul FC2 a avut o comportare semnificativ
mai buna atdt in conditi uscate cét si umede,
prezentand o rezistenta la forfecare cu aproximativ
50% mai mare decét valorile din standard si fata de
adezivul de referinta. La acest adeziv s-a observat de
asemenea o buna rezistenta la delaminare prin
aplicarea unei presiuni de incleiere de 0,6N/mm2.
Procentele ridicate de rupere in lemn sugereaza, de
asemenea, buna calitate a stratului de incleiere.

Din rezultatele prezentate, rasina furanica mixta
cu alcool furfurilic poate fi privitd ca un posibil adeziv
pentru aplicatii structurale, in cazul nostru cherestea
lamelara incleiata. Aceasta reprezinta o alternativa
interesanta la unii adezivi clasici in contextul reducerii
emisiei de formaldehida si utilizari unei materii prime
regenerabile. Caracterul regenerabil al furfurolului din
care se produce alcool furfurilic ar putea juca in
favoarea sa pentru utilizarea acestuia in viitor. Aceste
rezultate au doar caracter preliminar, fiind necesara
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line if similar dimensional responses to moisture
cycling for both wood and adhesive are performed.

As can be seen from the delamination results, this is
not happened with UF based adhesives, all the
specimens being over the limit of 5% and 10% required
for Type Il adhesive and Type | respectively. UR/FR3
adhesive, registered the highest delamination rate
(over 90%) along the bond line for both treatments.
The problem could be the found in high viscosity of this
adhesive resulting in a low surface interaction between
adhesive and wood substrate and a poor bond line.
Delamination for UR/FC2 with 50% urea formaldehyde
resin was slightly over the requirements for Type | and
Type |l adhesives. The best results were achieved for
FC2 (delamination 0.9% for type | adhesive and 1.05%
for type 1l), adhesive composition based only on mixed
furan resin with furfuryl alcohol.

The highly cross-linked polyfurfuryl alcohol
network achieved by polycondensation reaction of
furan resin in presence of hardener might be
responsible for the good behavior of FC2 adhesive
under the cyclic moisture and drying treatments.
Furthermore, furan resin incorporated into conventional
adhesive improves its thermal stability (Pizzi &
Balgacem 2003).

CONCLUSIONS

The performance of tested adhesives achieved
through longitudinal tensile shear and delamination
tests showed, as expected, that the adhesives based
on urea-formaldehyde resin (UR/IRs, UR/FC2,
UR/FR3) didn’t pass the requirements for structural
adhesives. Despite their good bond tensile shear
strength for 4h pressing (excepting UR/FR3 adhesive),
they failure to delamination test (delamination
percentage being higher than 5%), excluding the
possibility of their use in outdoor conditions.

FC2 adhesive performed significantly better in
both dry and wet conditions, showing good bond shear
strength with about 50% higher than standards values
and reference sample. Good resistance to
delamination was also observed for this adhesive at
an applied gluing pressure of 0.6N/mm?2. High wood
failure percentages also suggest the good quality of
bondline.

From the results presented, it appears that mixed
furan resin with furfuryl alcohol can be seen as
possible adhesive for structural applications, in our
case glued laminated timber. It represents an
interesting alternative to some classic adhesives under
the context of formaldehyde emission reduction and
renewable raw material use. The renewable character
of furfural from which is produced the furfuryl alcohol
could play in its favor for its use in the future. These
results have only preliminary character, being
necessary to carried out other tests to prove their
suitability for structural applications.
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lor pentru aplicatii structurale.
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