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Abstract. The main objective of the study was to d@dbthio-composites from grey alder sawdust using &ture of
birch outer bark suberinic acids as a binder, and test their mechanical properties. Ethanol-extradtbirch outer bark
was used as a raw material for the investigation. @Gheteristics (suberinic acids content, epoxy acictantent and acid
number) of the hydrolytically depolymerized birclu@r bark binder were also determined. The initidllér/binder ratio
and molding parameters (temperature and pressurejenestablished by the full factorial design. Prelinary data showed
that the increase of the pressing temperature frd®0 to 200 °C at a pressure of 3.5 MPa resulted imaor growth of
the boards’ density (up to 1.0 g/éand bending strength (up to 17.1 MPa).

Our investigation has shown that it is possible teeuone of the plywood production residues — outechibark — as a
raw material for obtaining particleboards, which hawvaechanical properties beyond the standard limitsie used method
is also environmentally friendly, easy realizable practice and has a potential to be cost-effective
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I. INTRODUCTION From natural products, plant protein-based

Processing of birch bark has a high potential inadhesives are widely used as binders. Howevere ther
both Latvia and Europe. Besides the veneer industryis a problem that the moisture resistance of such
there are other important industries, such as theoarticleboards is low [3]. It is well described time
furniture or cellulose industry in Europe, whictste  scientific literature that many natural binders énav
large amount of residual birch bark combusted forcommon drawback — food products such as soy flour
energy needs. Therefore, an industrial research wasr starch are used as the main component. In some
started to develop the knowledge basis and gain &ases, toxic and carcinogenicepichlorohydrin is
better understanding of the possibilities of bibark used, for example, to improve the water resistarice
processing in the scope of circular bio-economy. soy protein-based adhesives [4].

A common method for producing composites isto  Silver birch Betula penduldoth.) is widely used
use synthetic thermo-reactive binders: phenol-in the Latvian plywood industry, whose one of the
formaldehyde, carbamide-formaldehyde or processing by-products — birch outer bark — has a
isocyanide based resins. These composite materialsigh content of valuable extractives (up to 35 &afr
are toxic to humans during the production andoven dry (0.d.) birch outer bark). These extradive
exploitation of the products because of thehave a very wide range of different types of
formaldehyde emission. If the concentration of applications (pharmacy, cosmetology etc.); theeefor
formaldehyde is above 0.1 ppm in the air, it begins there is a high commercialization potential. It dBn
irritate the eyes, throat and nasal mucosa, asagell expected that, in the near future, the production
to cause difficulty in breathing. In 2004, the capacity of such extractives will increase sigmifitly
International Agency for Research on Cancer of the[5]. Thus, the amount of birch outer bark extrattio
World Health Organization found formaldehyde to be residues will also increase, which could be effitie
a carcinogenic compound [1]. processed into a green binder for production ofdvoo

To reduce formaldehyde emissions, adhesiveparticle bio-composites.
additives such as boric acid or calcium metasiticat A beneficial, accessible and ecological binder
can be used, but it solves the problem only péytial produced from birch outer bark is hydrophobic
(emission reductions of 15-30 %) [2]. From syntheti suberin. It consists of 40-45 % from o.d. birchesut
binders, less toxic and without harmful emissiores a bark and is usually isolated as suberinic acids or
isocyanate-based adhesives. However, these bindepartly depolymerized suberin [6], [7]. Russian
are significantly more expensive than phenol- scientists have already tried to obtain bio-contessi
formaldehyde and urea-formaldehyde binders. as a binder using isolated suberinic acids of birch

outer bark [8]. However, at the Latvian State busé
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of Wood Chemistry, a relatively simpler and hence acidified to pH 4-5 by concentrated nitric acid @b
more efficient method for processing of extractedv/v). During the reaction, suberinic acids potassiu
birch outer bark into a particleboard binder hasrbe salts were precipitated. After that these sediments
invented and patented. Following this methodolagy, were filtered, washed with deionized water anddirie
mixture of birch outer bark suberinic acids and ato the constant weight at 105 + 3 °C. The contént o
complex of insoluble bark processing residue isash in the untreated birch outer bark was detemhine
obtained together as a binder, which is mixed #With  according to the standard EN 14775 [13]. All the
filler (wood particles), and bio-composites are above-mentioned analyses were performed in
prepared by hot pressing [9]. triplicate.

Grey alder used to be a less desirable raw material C. Obtaining of Suberinic Acids Containing
because of its low quality; as a result, its ilian Binder
was mainly limited to household heating and low-  For hydrolytic depolymerization in a basic water
value products, such as packaging and pallets.yToda medium, the patented method was chosen [9].
the situation has changed, and sufficient amouhts oOptimized suberin depolymerization conditions like
high-quality grey alder lumber as well as procegsin alkali concentration in water, processing time and
by-products — sawdust — are available in the markettemperature were used from the previous studies of
Therefore, the main objective of the study was toobtaining suberinic acids [14]. To obtain a sulerin
obtain medium density bio-composites from grey acids containing binder, extracted outer birch bark
alder @Alnus incana(L.) Moench) sawdust using a was hydrolytically depolymerized in the solution of
mixture of birch outer bark suberinic acids and a3 % KOH (processing time — 1 h, temperature — 80-
complex of insoluble bark processing residue as &0 °C). Outer birch bark and KOH solution weight

binder, and to test their mechanical properties. ratio was 1:10. The depolymerization process was
carried out in a reactor, where the material was

Il. MATERIALS AND METHODS intensively stirred; the reactor was immersed in a

A. Preparation of Feedstock water bath. At the end of the depolymerization

The birch bark Betula pendulaRoth.) from a  process, the obtained suspension of the solution of
plywood factory in Latvia was used as a feedstack t suberinic acids potassium salts and other soluble
obtain a binder. At first, the collected birch bavks = compounds (potassium hydroxide, carbohydrates,
dried at room temperature to 7-10 % moisture cdntenetc.) and the insoluble residue (lignin, cellulost,.)
and then ground to chips by a hummer cutting millwas cooled down to a temperature of 15-20 °C and
(Retsch SM 100) to pass a 2.0 mm sieve. The outethen acidified with 65 % nitric acid solution to
bark was separated from the inner bark by theln the next step, the resulting mass was centrifuge
floating method, wherein milled birch bark was for 1 h in the sedimentation centrifuge at 2000-in
soaked by mixing from time to time in deionized rpm. The precipitate was further washed twice with
water for 24 h. Finally, outer bark (the floatingrpof  distilled water and centrifuged until the solution
the mixture) was collected and dried to 2-4 9% reached pH 3. At the end, the obtained paste dmild
moisture content in a convection-type oven at 50 °C easily mixed with wood sawdust. The suberinic acids

B. Chemical Composition Analysis of Birch Outer containing binder was obtained in two replications.
Bark D. Determination of Binder's Acid Value

Extractives of birch outer bark were analyzed by a A sample containing 0.12-0.15 g of dry suberinic
Soxhlet extraction apparatus. Samples (size ofacids was dissolved in 25 mL dimethyl sulfoxide for
particles 0.4-2.0 mm) were extracted with etha@8l (20 h and then potentiometrically titrated with 01
% v/v) for 11 h to be sure that all the extractivese ~ KOH aqueous solution using a titration workstation
removed. The optimal extraction time has been(Titralab 980). The result was expressed as mg
determined in our previous experiments [10]. To KOH/g suberinic acids.
remove alkali-soluble compounds, the extractedhbirc E. Determination of Binder's Epoxy Groups
outer bark was treated for 1 h with 1 % KOH-water = The sample containing 0.12-0.15 g of dry
solution (weight ratio — 1:10), intensively stigin  suberinic acids was treated with 5 mL of non-agseou
under reflux. The obtained solution was filtered HCI solution in dimethylsulfoxide (composition of
through a previously dried sintered glass crucible.the reagent — 100 mL dimethyl sulfoxide + 0.7 g
After that, the same volume of fresh 1 % KOH-water hydroxylamine hydrochloride + 2 mL acetone) for 20
solution was added to the liquid fraction and theh. Then the excess of HCl was potentiometrically
boiling process was continued for another 20 mintitrated with 0.1 M KOH aqueous solution using a
under reflux. The solid residue was filtered, wakhe titration workstation (Titralab 980). The blank
to pH 7 and dried to a constant weight. The comdént sample, i.e. 5 mL of non-aqueous HCI solution in
cellulose and acid-insoluble lignin in this solid dimethylsulfoxide, was also titrated. The amount of
material was determined by the Kirschner—Hofferepoxy groups was equivalent to the loss of
nitration method [11] and the TAPPI 222 standardhydrochloric acid estimated in the titration of the
method [12], accordingly. The liquid fraction was analysis and blank samples. The amount of the main
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suberinic epoxy acid (9,10-epoxy-18-hydroxy- insoluble residual suspension are acidified before
octadecanoic acid) was calculated using a moleculafiltration [8]. In this way, not only acidified selbinic
weight of 313 g/mol. The result was expressed as %acids and other compounds are separated, buthaso t
from the o.d. suberinic acids containing binder. alkali insoluble solid residue.

F. Particle Board’s Preparation To obtain the suberinic acids containing binder,

For the production of wood plate bio-composites, 300.0 g (relative moisture content 5.2 %) of extdc
grey alder Alnus incana(L.) Moench) sawdust with  birch outer bark was processed. At first, bircheout
a fraction of 0.6-2.0 mm and a moisture content ofbark was hydrolytically depolymerized in alkaline
8.2 + 0.1 % was used. The mixture of the binderconditions and then the obtained suspension, after
(moisture content 78.9 + 0.2 %) prepared by alkalin cooling, was neutralized and acidified to pH 2 to
water hydrolytic depolymerization was mixed with a obtain the maximal amount of the binder in the
wood filler at the ratio of 20:80, 30:70 and 40:60. chemical exchange reaction. The resulting suspensio
Then the produced raw material was dried in a dryin was centrifuged and washed twice to pH 3, thus
chamber to a moisture content of 0.5-1.0 %. The dryremoving most of the residual acid, potassium tatra
mass (free-flowing material) was pressed on asalts and other soluble compounds. As a result,
laboratory  press  LAP-40 (Gotfried Joos 1227.8 + 36.8 g of the suberinic acids containing
Maschinefabrik GmbH & Co) for 10 min. The paste was obtained with the dry matter content of
amount of the binder %30+10 % on o.d. mass, 21.1 £ 0.6 % (259.1 £ 0.5 g). The yield was 91.1 +
temperature ¥180+20 °C, and pressing pressure 0.2 % from the 0.d. extracted birch outer bark mass
X3=3+0.5 MPa were chosen as the 3 main parameters
for realizing the full factorial design (Table I,
wherein the first value was the zero level for each

Table |
Content of Basic Components of Industrial Birch @W®ark
% from the

parameter. Plates (dimensions of the plates| No | Components o.d. raw
150%x150%10-12 mm), after pressing, were removed material
from the press without cooling. Pressed sampleg wer | 1. | Extractivesof ethanol 347409

conditioned in a climatic chamber at 55 % humidity | 2 S'Jlbs_ta”f‘?s w'“?',ehf“ 1% KOH | 36411
and a temperature of 20 °C for 48 h. The quality of solution” from which:

the obtained particle boards was characterized by (S)‘:s:'gz:ggnsse dtannins, 10 ij';il's
density (EN 323) and bending strength (EN 310), = :
which was determined on a testing machine | 3 | Cellulose** 3603
Zwick/Roell Z010 (Ulm, Germany) [15], [16]. The | 4. | Lignin** 22+02
test results are given as the average of the four| 5. | Other** 3.8
parallel bending strength measurements. 6. | Ash 21401

Ill. RESULTSAND DISCUSSION * a group of compounds, identified after extractwith ethanol

The chemical component analysis was performed components, identified after the isolation ofteactives and
in order to characterize industrial raw birch outer separation of substances, soluble in 1 % KOH smiuti
bark, and the results are summarized in Table I.

Analysis series was started by extractive separatio The main adhesive component of the binder paste
a Soxhlet apparatus using ethanol as a solvents represented by suberinic acids, which react at
Extracted birch outer bark was treated with 1 % KOHelevated temperature and as a result of the
solution to determine alkali soluble substancese Th polycondensation reaction, generate a linear palyme
main soluble substance of birch outer bark wasstructure. Later, a three-dimensional elastomer is
suberinic acids, which represented hydrolytic formed, which is insoluble in organic solvents [17]
depolymerization products of bio-polyester suberin.  Taking into account the untreated birch outer bark
As shown by the results, with these two treatmentschemical composition (Table 1), the amount of the
on average, 88.3 % of the o.d. birch outer barksmasseparated suberinic acids can reach, on average, up
was separated. With the alkali treatment, not only59.3 % of the o.d. extracted bark mass. The cowtent
suberinic acids were separated, but also othesuberinic acids in the obtained paste can reach, on
compounds (phenolic compounds, carbohydratesaverage, up to 65.1 % of the o.d. paste mass.

etc.) with an amount of 14.9 % from the o.d. birch ~ The suberinic acids containing binder was
outer bark mass. In contrast, insoluble cellulose,obtained in two parallel experiments to be further
lignin and other components made only up to 9.6 %characterized with an acid number (carboxyl- grpups
from the o.d. bark mass. and the amount of epoxy groups.

In order to obtain the suberinic acids containing  After the depolymerization, the monomer
binder for production of bio-composites from wood composition of suberin mostly consists of fattydaci
particles, the method from a novel concept was used-hydroxyfatty acids, a-, -dicarboxylic acids,

[9]. This technique is unique compared to similar aliphatic alcohols and aromatic acids, depending on

methods of obtaining because the hydrolytically the plant materiako-hydroxyfatty acids are generally

depolymerized salt solution of suberinic acids &l  the most abundant group of suberin monomers in the
outer bark of silver birch, and the main compouinds
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the suberinic acid mixture are epoxy and hydroxylrepeatability of the used binder obtaining
groups containing derivatives [18]. Thus, the methodology. As demonstrated by the results, the
hydroxyl and epoxy group content can be used for th obtained binder’s acid number was 84.8 + 2.3 mg
characterization of the chemical composition

Table Il
Full Factorial Design for Plates obtained from Sastdf Grey Alder using Suberinic Acids containBigder
Experiment No.

1 2 3 4 5 6 7 8 9
Parameters
X1 - Binder (%) 20 20 20 20 40 40 40 40 30
Xz - Temperature (°C) 160 200 160 200 160 200 160 200 180
X3 - Pressure (MPa) 2.5 2.5 3.5 3.5 2.5 2.5 3.5 3.5 3.0

Y, - Density* (glcn?) 0.673+ | 0.682+ 0.764 + | 0.856 * 0874+ | 0916+ | 0931+ 1.056 + | 0.867 *

0.006 0.007 0.007 0.005 0.006 0.003 0.004 0.006 0.008
Y. - Bending 4.07 = 527+ 757+ | 1250 1210+ | 13.30+ 15.00 = 17.10 = 14.20 =
strength** (MPa) 0.34 0.41 0.39 0.29 0.35 0.86 0.83 0.67 0.48
Non load-bearing boards for use in humid conditi@®®) — Requirements for specified mechanical avellisig properties. * EN 312
requirements — 0.85 g/ém* EN 312 requirements — 15 MPa

KOH/g and epoxy group content was 1.6 + 0.1 %. Equation (2), where the response variable is
The low standard deviation values indicate that thebending strength, ¥(MPa), indicating that the same
resulting binder's chemical composition is uniform tendency that the higher values are reached if the
and therefore will affect the particle board prajgsr  chosen parameters are above the zero level. More
insignificantly. Both binder samples, after their significant influence on the plate material bending
characterization, were used in the preparation ofstrength is shown by the amount of the binder (#3.5

medium density particle boards. and pressure (+2.18), but the pressing temperature
The advantages of the binder preparationhas less significance (+1.18).
technology patented by the Latvian State Instibfte This means that the amount of the binder must be

Wood Chemistry are as follows: 1) the extractedkbar taken as high as possible to obtain a higher bgndin
raw material is processed completely and a potassiu strength of the obtained plate materials. If weklab
nitrate aqueous solution is formed as a by-productthe properties of the plate samples obtained at the
which can be used as a plant fertilizer; 2) the rawzero level parameters (experiment 9) and compare
material, product and processing methodology are¢hem with the calculated average values of the
environmentally friendly. According to the patented experimental plan in the respective equations, ave c
methodology, the product is washed only to pH 3,conclude that density is close to that obtained
and it results in less waste water compared tad@ise  experimentally (0.84 and 0.86 g/&min the case of
of similar extraction methods (more water is used f bending strength, there is a significant differemnte
washing out to pH 7 [8]). both values (10.86 and 14.2 MPa), which means that,
To investigate the preliminary technological for better bending strength, all parameters must be
parameters of the green bio-composites obtained fro higher. The realization of such a task could inseea
depolymerized birch outer bark, the amount of thethe sample density. Therefore, it will be a great
binder (%), pressing temperature {Xand pressure challenge to obtain  bio-composites  from
(X3) were chosen as 3 main parameters for realizinglepolymerized birch outer bark, which would
the full factorial design. Response variables fog t conform to EN 312 requirements by choosing the
preliminary parameters of the pressing of bio- appropriate filler or by changing the binder
composites were chosen by the density and bendingreparation conditions [19].
strength of the obtained plate materials. The tgsul The obtained data show that the increase of the
obtained according to this method are shown inpressing temperature from 160 to 200 °C at a pressu
Table Il. of 3.5 MPa and the amount of the binder 40 % result
in a minor growth of the boards’ density (up to 1.0
Y1=0.84 + 0.10X+ 0.03% + 0.06X% (1) g/cnP) and bending strength (up to 17.1 MPa), but
their density exceeds the standard limits specified
Equation (1), where the response variable isparticle board standards. In this respect, forebett
density, Y. (g/cn®), indicating that the higher results, our next initial parameter range will & a
densities are reached if the chosen parameters afellows: 20 and 30 % of the binder should be présse
above the zero level because all the coefficierds a at 200-220 °C and at lower pressure to obtain
positive. More significant influence on the plate medium density (up to 0.85 g/émbio-composites
material density is demonstrated by the amountheft with appropriate bending strength properties (below
binder (+0.10) and pressure (+0.06), but the pngssi 15 MPa). A higher temperature was chosen based on
temperature has less significance (+0.03). the fact that it has less significance on the plate
density (Equation 1).
Y.=10.86 + 3.51X+ 1.18>% + 2.18X% (2)
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When pressing at high temperature, obviously,
there occurs the formation of grid-type structuies 2]
to the generation of new chemical bonds betweer{
suberin and the wood filler; hence, the physico-[3]
mechanical characteristics of bio-composites are
improved without the potential emission of )
formaldehyde [20].

IV. CONCLUSIONS

To obtain the suberinic acids containing binder for (5]
production of bio-composites from wood particles, a
method from a novel concept was used. The content
of suberinic acids in the obtained binder reached 6
% of the o.d. mass. The hydroxyl and epoxy group[6]
content was used for the characterization of the
chemical composition. (7]

More significant influence on the plate material
density and bending strength was demonstrated b
the amount of the binder and pressure, but th
pressing temperature had less significance. Therefo
elevation of temperature was chosen for future
investigations to obtain better mechanical properti ]
of bio-composites.

Preliminary data showed that the increase of the
pressing temperature from 160 to 200 °C at a pressu [10]
of 3.5 MPa resulted in a minor growth of the boards
density (up to 1.0 g/cfhand bending strength (up to
17.1 MPa).

Our investigation has shown that it is possible to
use one of the plywood production residues — outer[12]
birch bark — as a raw material for obtaining
particleboards, which have good mechanical[13]
properties. The used methods are also
environmentally friendly, realizable in practicedan [14]
have a potential to be cost-effective. The obtained
bio-composites do not have any harmful effects on
human health.
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