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Article history: Background: The use of products obtained from gluing of wood,cdirectly,
Received 12 January 2016 contributes to the conservation of forest resoyrtem the point of view of its full use.
Accepted 22 February 2016 However, the synthetic resins used in the bonding abtained by petroleum
Available online 1 March 2016 derivatives, whose price has grown steadily in megears as a result of the reduction
of fossil resources. An alternative would be the ws compounds derived from
Keywords: renewable sources, such as tannins, instead obpHemthermore, driven by energy
Adhesive, tannin, triacetate policies that encourage the use of renewable ssuvee are in the midst of a biodiesel

production surge. One of the co-products of biagigsoduction is glycerin, which
corresponding itself to 10% of the total mass @& tibtained oil. Glycerin, or more
specifically the glycerol, may be converted to gl triacetate. Thus, the objective
herein was to prepare environmentally friendly ailes, using glycerol triacetate and
tannins. For preparation of the wood adhesives;eghyt triacetate and 430, were
mixed at 80°C for one hour. After this proceduhe tannin was added and the material
subjected to the curing process. Adhesives A anieB produced with 25 and 40%
tannin, respectively. The analysis of the adhesilifisred only in solids content and
viscosity. The shear strength and rupture percenvaues indicate that the prepared
adhesives have great potential and can be used eanatfiy in the future.

INTRODUCTION

The growing concern with the environment couplethwiie reduction of fossil resources has provided t
search for development of ecologically sustainabid economical materials (JAHANSHAH#t al, 2016;
GOULART et al, 2012).

The gluing of the raw material, wood, in any forpafels, waste, and others), has contributed irttlirer
the conservation of natural forest, since it allaWs production of by-products with equal quality those
produced with solid wood.

The adhesive or resin (binding agent) have grepbitance on the final quality of different typespainels
(PIZZI&MITTAL, 2003), since the structural balanad the product is checked through the adhesive bond
between the wood elements, their distribution andntation in the structure of the compound (ALBI&O
MORI; MENDES, 2012).

The four main types of adhesives currently usethéncomposite panel industry wood based are: urea-
formaldehyde (UF), melamine formaldehyde (MF), piidormaldehyde (PF) and resorcinol formaldehyde
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(RF), being that the adhesives PF (Figure 1) anditéRhe most used (ZHAN& al, 2013; GOULARTet al,
2012).
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Fig. 1: Formation of phenol-formaldehyde (CARDONA; KU; CH2ENOUX, 2011)

The synthetic resins are made with petroleum prsgluechose price has grown steadily in recent ydaus.
to the high value of the raw material used in thenafacture of adhesives, these account for mutheofinal
cost of the panels (ALBIN@t al, 2012; Llet al,, 2016).

A collage using natural adhesives such as tanmddignin, has received special attention, becéesides
being a renewable font, its use reduces the emisdioarcinogenic gases deriving from the collagth whenol
formaldehyde (MANSOUREt al, 2011;CARDONAet al, 2011; . JAHANSHAHRet al, 2016).

For being formed of polymer structures, the conddrtannins, alone, is a mixture of prepolymers ydad
polycondensation with the binding agent (CARNEIBaL, 2001).

According Maminskiet al (2011), in the literature, there are reports lo@m tise of polyesters as curing
agents of coatings, being that esters of glycerelused to obtain polyglycerols, which in turn ased in
polyester synthesis utilized in the preparatioadtiesives.

Glycerol is a sub product of biodiesel manufactéimaned by 10% of the total mass of produced bigelie
With the production of this biofuel on a large s;ahere will be increasing supply of glycerol, amts that
have no established market, generating a large@mentally abilities (AYOUB& ABDULLAH, 2012).

Recently, much research has been directed to thefusxcess glycerol, aimed at producing higheueal
added materials (ISMAlkt al, 2010).

For Ferreireet al, (2011), a good alternative to glycerol surplusdoiced in the biodiesel production chain
is the esterification of it.

Thus, the objective this study was repurpose thieegbl, from the preparation of the wood adhesisieg
tannins and glycerol ester (triacetate). Theseablyes are not aimed at only add value to a resiafuthe
biodiesel production chain, but also solve the [@wis found in the toxicity of formaldehyde resirsed in
bonding of wood panels.

MATERIAL AND METHODS
2.1. Raw material:

The raw material used in this study is the blacktlwaannin that it was given by TANAC, obtained
powder form, and commercially available glycerolgiiek).

n

2.2. Preparation of the adhesives:

Different combinations were made in this studydoilitate mixing between the glycerol and the taramd
the chosen proportions are shown in Table 1. Itadaked 1 mL of sulfuric acid for each 100 g mixture

To prepare the mixture, the glycerol triacetate sméuric acid were mixed at 80 ° C for 1 hour. éfthis
period, the tannin was carefully added to the m&tand it was stirred slowly at 60 ° C for 50 mirhe
adhesive was left for 12 hours for the "cure" atmotemperature and then was left in a oven at 80f6r 4
hours.

Table 1: Mass composition of each adhesive
Adhesive Glycerol triacetate (TAG) Tannin
A 75 25
B 60 40
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2.3. Characterization of the adhesives:
2.3.1. Elemental analysis (CHNS-O):

Approximately 3 mg of tannin and each prepared sidkevas analyzed for levels of the elements O\ H,
and S in a FLASH EA device, series 1112. The oxygerient was obtained by difference.

2.3.2. Spectroscopy in theinfrared region (FTIR):

The analysis of tannin and adhesives prepared Bctsscopy in the infrared Fourier transform
spectroscopy (FTIR) was performed on the equiprimadzulRAffinity-1, serie FTS 3000, in the spattr
range 400-4000 cthand a resolution of 4 ¢l The samples were prepared as KBr pellets (3 nspoiple to
97 mg of KBr).

2.3.3. Thermogravimetric analysis (TGA and DTA):

The Thermogravimetric analysis of tannin and pregaadhesives were held in a thermomechanical
analyzer Shimadzu DTG-60AH. Approximately 5 mg atle sample were used, these being heated @ 10
min“*from 30°C until 900C, under atmospheric air at a flow of 30mL rhin

2.3.4. Analysis Differential scanning calorimetry (DSC):

The tannin and adhesives were subjected to DSG/sasakarried out in a thermomechanical analyzer
SHIMADZU DSC-60A. Approximately 5 mg of each samplere used, these being heated t8CLin*from
30°C until 500C, under atmospheric air at a flow of 30 mL thin

The kinetic parameters were obtained from the D8fWec T (onset) and\H were determined by the
program Ta-60 ws collection monitor. Initially irelv a base line from which was determined the ahiti
temperature and final temperature of the exotheraidng process. The integration of the area of the
exothermic peak represents the total haét)(involved in there action.

For each sample were used three heating rates518nd 20 °Cmiti, and were evaluate the following
kinetic parameters: activation energy, enthalpy eming temperature of the adhesive. The activatinergy
(Ea) was determined using the Barrett method (198id) calculated by the equation proposed by Kigsing
(1957):

In (=/Tp?) =In (A,R/T) —Ea/ RTp

Where g is the heating rate; i§the absolute peak temperature (Ton set) in eaatinlg rate, Ais the pre-
exponential factor Arrhenius, R is the universa ganstant (8, 3145 J mbK™) and Ea the energy reaction
activation.

In this method, the logarithm of heating rate (bdhe absolute peak temperature (Tp) squared iteplas
a function of the inverse absolute peak temperdipg

2.3.5. Solids content and pH determination:

The determination of solids content was performegdhe gravimetric method. One gram of the adhesive
was dried in an oven at 103 + 3 °C. After this pdrithe material remained in a desiccator for 1Buteis. Then
we proceeded again the weighing. The solids pesigentvas calculated from the difference betweerairand
final weight divided by the initial mass. The pHeaenination of the tannin, triacetate and adhesiveie made
by direct reading on pH meter or potentiometer.

2.3.6. Viscosity Determination:

The viscosity was determined by the equipment RhyKCR 301 (Anton Paar), using the Rheoplus / 32
V3.31 program. The determination was performedatr temperature and the thickness of the adhesied u
was 1mm.

2.3.7. Mechanical analysis:

The shear strength resistance analysis was perfbaveording to ASTM D 2339-98 (ASTM, 2000), for
bonded joints. These joints were made using twergsed slatRinusspp.

The adhesives synthesized in this work were usédl aviveight of 250 gifi In order to evenly distribute
the adhesive over the entire area, it was manaalbied with a spatula on one of the slats. In ptdémprove
contact between the plates, facilitating the transind penetration of the adhesive into the wduwel stats are
placed on one another and brought for the assefob® minutes after application of the adhesive.

For the polymerization of the adhesive the joinerevsubjected to the hydraulic press with 10 Kgf cm
Zpressure at 17Q for 10 minutes. It used the same pressure, teanper and time for all synthesized
adhesives.
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RESULTS AND DISCUSSION

3.1. Characterization of the prepared adhesives
3.1.1. Elemental analysis (CHNS-O)

The elemental analysis (Table 2) allows quantifyirdative to the initial molecule (tannin), chasde the
ratios C:O, and then evaluate the formation ofdatlieesive prepared.

Table 2: Elemental analysis (CHNS-O) of the tannin, triatetand adhesives.

Material %N %C %H %S %0
Adhesive A 1,0 44,4 6,2 0,4 48,2
Adhesive B 1,1 43,5 59 0,2 49,3
Tannin 1,1 48,7 5,3 0,1 44,9
Triacetate 0,0 47,9 6,1 0,0 46,0

It is observed in Table 2 that the carbon perceniagthe adhesive are lower than the values foand i
tannins and triacetate and the amounts of oxygerhigther, which is explained by the fact that adlessare
formed by a higher percentage of triacetate (75&06G%0). At the glycerol ester the ratio C: O is émywvhich
explains the increase in oxygen content in the gnegp adhesive. In addition, the adhesive is foriogd
condensation of two tannin molecules and a moletideetate and final adhesive also shows the 1@ti®
lower for the tannin (Figure 2).

3.1.2. Spectroscopy in the Infrared Region (FTIR):
The production of adhesives from the condensatibmaonins with glycerol ester (triacetate) can be
observed by characteristic bands of the tannintaacetate persistent in the adhesive spectrunu(eig).

Tannin 1730 cm™ C;C aromatic

(¢

Adhesive B

:

Adhesive A

Transmitance (u.a.)

]

Triacetate

2900 cm™

1350 e XL030 cm™
T T T T T T T T v T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Fig. 2: Infrared spectrum of the tannin and the triaceththe adhesives A and B

According Ismailet al (2010), the bands at 1730 and 1230'cpresent in the spectrum of the adhesives
and triacetate, are ester group characteristics.

The bands at 1620 and 1450 tmorresponds to C = C aromatic present in bothtspeexcept at the
spectrum triacetate (RAMIRES&FROLLINI, 2012).

The band at 1350 cfappears in the spectra of triacetate and adhesiwesis linked to C-C bonds in the
same (RAMIRES& FROLLINI, 2012).

At 1030 cm™ is observed bands related to the binding of th@ & primary alcohols with intensity much
higher in the spectrum of adhesives (ZHANGaL, 2013).

According Li et al (2016), the band observed in both spectra ne@f 29" is related to the axial
deformation -C-H. The band in the region of 333M4m” can be assigned to the stretching vibration of
hydroxyl phenolic, observed in both spectra, exegphe spectrum triacetate.

Based on IR spectrum, a possible structure foptepared adhesives is proposed in Figure 3.
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TriacetatgTAG)

Adhesive Water

Tannin Tannin

Fig. 3: Scheme of the adhesive formed from the base okgly triacetate and tannins

The esterification of glycerol increases its coripltyy with the tannins and is due to strong nugailic
character of carbonyls present in the triacethts, this reacts with the tannins on C6 or C8 caxdfdhe ring A.

According to Carneiret al (2011) are the C6 positions and / or C8 fredadfdnoid units which constitute the
reactive sites in the tannin.

3.1.3. Thermogravimetric analysis (TGA and DTA):
The figure 4 shows the thermogravimetric curve (T&#A DTA) of the tannin and adhesives A and B.
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Fig. 4: Thermogravimetric analysis of the tannin and ailtessA and B (TGA and DTA)

The TG and DTA curves shown in Figure 4 exhibiteayvsimilar profile with two mass losses. According
Ramires & Frollini (2012), it is because the tanmiegradation begins at approximately 230 ° C and
decomposition of the aromatic rings near 485 °t@ tbserved in the TG curves of the adhesivebtggnning
of the mass loss at temperatures below 200 ° G [bss of mass at a temperature below 200 ° Qaserkto
the stage of condensation of the prepolymer, wrockurs during formation of the adhesive which is
accompanied by the release of water (ZHA&I@L, 2013).

3.1.4. Analysis Differential scanning calorimetry (DSC):

The tannin degradation begins at approximately 280 which can be observed by exothermic peakeén th
DSC curve of Figure 5. The endothermic peak ne&r°43 also present in tannin DSC is due to vaptdaaof
the volatiles derived from the decomposition ardacnanhg (RAMIRES& FROLLINI, 2012).
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Fig. 5: Analysis of exploratory calorimetry of the tannin

According to Moriet al (2002), the reactivity of the adhesive can balistli by differential scanning
calorimetry (DSC) allows to determine the kinetergmeters of the polymerisation reaction duringateng
of the adhesive. Looking at the Figure 6 and i& d@bserved that the adhesives produced with tamase have
several broad peaks at cure temperature (TablBhg)same was observed in the study of Mol (2002) to
analyze the cure of the adhesives from tannin ftbenbark of three species &ucalyptusby differential
scanning calorimetry. In this same study, Mori fduhat the commercial adhesive black wattle tamais two
curing peaks, 126 and 216 ° C.
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Fig. 6: Scanning calorimetry analysis of adhesive A
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Fig. 7: Scanning calorimetry analysis of adhesive B
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The kinetic parameters obtained from the DSC cuofdke adhesives prepared in this study are pteden
in Table 3.

Table 3: Kinetic parameters of curing adhesives A and B d€etivation energyAH: enthalpy, T: temperature

Kinetic parameters/ Adhesives Ea (kJ Ml AH (JgH* T peak (°C)*
. 132,76
Adhesive A 18,07 41,59 15861
. 122,86
Adhesive B 17,49 28,79 16324

* Average of three heating rates (10, 15 and 20.° C
** Referring to curves obtained with a heating ratd.0 ° C mint

The values determined for the kinetic paramete¥dawer than the values found by Metial (2002), who
found value 28.3 kJmolfor commercial adhesive based on tannin of blaaktlev (Acacia molissimp Lower
activation energy values ensure lower energy copfomand less time during working conditions, aifilog
choosing the best adhesive based on its formulation

3.1.5. Content of total solids and pH determination:
In Table 4 are the solids content values for adiessi and B.

Table 4: Solid content values for adhesives A and B

Sample Solid content (%)
Adhesive A 31,87
Adhesive B 19,82

The solid content found for the adhesive A is higtian that found for the adhesive B, however; both
values are lower than the values suggested by Almetial. (2010). For these same authors, the solid coofent
adhesive must be greater than 40%. According hvé@05), low solids content can cause problenetirg to
penetration of adhesive, producing the glue linentgry".

At the Table 5, it is observed that the prepardieaiyes have pH close to 3, ideal for producinghtbst
glue line, because according Carnestaal (2001), in general, it is observed that the ailkegrepared with a
pH below 3 react faster and therefore produce waselts.

Table 5: The pH values for the tannin, adhesives and tiaéee

Sample pH
Tannin 52
Adhesive A 3,1
Adhesive B 3,3
Triacetate 6,2

The acidity of the prepared adhesives is explamethe formation reaction of the same (Figure 3)iclw
occurs by condensation of the triacetate molecatestannin, condensation occurs during the relefseter
which reacts with acetic acid to form triacetate.

3.1.6. Rheological study / viscosity determination:

The flow behavior of the adhesives A and B are shiowFigures 8 and 9, respectively.

The adhesives A and B exhibited increased of tlearshates proportional to the shear stress, whie t
adhesive B has the same shear rate at higher es|tadnich is explained by its high viscosity.

From the graphics of the rheological study (FigBrand 9), the viscosities for adhesives A and B2&@
and 2388 cps, respectively.

According with the viscosity values shown in Talfle the adhesive provides lower viscosity to the
synthetic resin UF, PF, RF, and the adhesive Bydrigalues to UF and PF resins.
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Fig. 9: Graphic of the rheological study of the adhesive B
Table 6: Viscosity values for the synthetic resins and tasfiormaldehyde adhesive

Adhesive Viscosity (cP) 25° C Reference

Phenol - formaldehyde (PF) 574 Goulertal, 2012

Urea - formaldehyde (UF) 380 Tostetsal, 2004
Resorcinol formaldehyde (RF) 5500 Albino; Mori; Mg, 2012

Tannin formaldehyde (TF) Higher than 6000

Carnetral, 2001.

The high viscosity presented by the adhesive Biestd higher tannin content in its composition, athis
expected because, according to Mairal (2012), the use of tannin in the production dfiegives increases the
viscosity thereof. What is consistent with dateCafrneiroet al (2001), who also found high viscosity values
prepared as tannin adhesives and formaldehyded bl

The viscosity value of the adhesive is a deterngirfactor for a good collage, as very viscous adtassi
have greater difficulty in spreading, in contrast fess viscous adhesives that can come to forinealige
"hungry" (GOULARTet al 2012).
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3.1.7. Mechanical analysis:
The Table 7 shows the strength values found foesigths A and B.

Table 7: Mean values for shear strength and percent of i@ibde

Adhesive Shear strength (Mpa) CV (%) Wood failir@ (
A 1,79 27,52 5
B 1,49 16,13 5

Where: CV = coefficient of variation

The low shear strength values observed in adhepiegsgared in this study (A and B) is due to thenilan
composition thereof. In studies reported by Cametral (2001), all tannic adhesives were less resigtan
phenolic adhesives.

Albino et al. (2010) evaluating the anatomy of bonded jointh &ucalyptus grandisvood observed shear
strength values between 3.81 and 5.73, using assaahresorcinol - formaldehyde (Cascophen- RS-2d#)
the addition of hardener (FM) on a one for fivet@athesive. These values were higher than foutioeirstudy,
which occurs due to the resorcinol formaldehydesatlte is a thermo-hardening strong.

The average calculated for the joints of pari§&h{zolobium parahyb&ar. amazonicum analyzed by
Urbinati (2013) is 2.80 MPa, using the phenol-foldehyde extended in 22.5% of wheat flour.

It is observed also in Table 7, that both adhessleswved low percentage of wood failure values. For
Urbinati (2013), the failure percentage in the waddhe indication of the resistance of the woodelation to
the glue line resistance. The most suitable istti@atvood's resistance equals the resistance gfidledine.

Table 8: Bonding requirements in the standard EN 314-2 (CE393)

Shear strength (MPa) Wood failure (%)

0,20<fv< 0,42 >80

0,42<fc< 0,62 >60

0,62< fc< 1,04 > 40

1,04< fv No requirement
Conclusion:

The infrared spectra showed characteristic bandsheftannin and from triacetate persistent on the
spectrum prepared of the adhesives.

The prepared adhesives showed relatively low vabfeactivation energy, which ensures lower power
consumption and less time spent in the healingga®and bonding.

The content of total solids, the viscosity and steti@@ss are dependent on the amount of tanniseipréa
the adhesive. The values of shear strength anepeof break, that show that the adhesives aretahlse, it is
observed that a low solids content in the adheBiveas offset by the high viscosity thereof, notdaroing the
glue line "hungry" caused by low solids contents;thick”, caused by the high viscosity thereof.

The adhesive prepared in this study has great faltesince they do not have in their composition,
formaldehyde, which is considered carcinogenicthedefore poses risks to human health.
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