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THE INVESTIGATION OF PHYSICAL AND MECHANICAL PROPERTIES
OF WOOD PARTICLEBOARDS MADE FROM POST-CONSUMER WOOD

It is found that post-consumer wood (PCW) is as yet non utilized resource of wood waste that
is suitable for manufacturing wood particleboards (WPB). It is found that graded chips from PCW
(solid wood) of categories I and II are characterized by a standard fraction content (no less than 80 %)
and meet the requirements for chips, PS GOST 15815-83. The shreds from clean: PCW when obtained
on the standard equipment similar to that which is used for processing primary raw material do not dif-
fer essentially by geometrical configuration, size as well as fraction composition from shreds obtained
from conventional wood. The high anisotropy factor of the wood particles gives grounds to expect
high strength values for WPB made from PCW.

Investigated was the influence of the PCW and binder contents in each of the layers on physical
and mechanical properties of three-layer particleboards: bending strength, tensile strength perpendicu-
lar to plane, and thickness swelling. Obtained were adequate mathematical models of dependence of
WPB physical and mechanical properties on the PCW contents in each layer and the binder.

Production techniques for PCW-containing three-layer particleboards were developed. It was
established that optimal production conditions for standard quality panels (DSTU 10632:2009) should
correspond to: for panels of PA type (13 MPa) — PCW content in the core and the face layers of the
panels may amount to up to 60 % with the average glue consumption of 11.5 %; for panels of PB type
(11.5 MPa) — PCW content may amount to 100 % in the core, and 80 to 100 % in the face layers with
glue consumption of 7 to 8 % in the core and 10 to 11 % in the face layers. The resulting effect of us-
ing PCW in WPB manufacture was estimated for Swisspan Ltd. enterprise, which lies in the fact that,
due to PCW utilization, conventional wood expenditures are reduced by 9.4 %.

Keywords: wood, post-consumer wood, wood particleboard, chips, shreds, fractional composi-
tion analysis, physical and mechanical properties of panels, bending strength, tensile strength perpen-
dicular to plane, thickness swelling, eco-economic effect.

Topicality of the subject matter. Large-scale cutting down of forests and the re-
sulting environmental impacts, wood resource scarcity — all these force the woodwork-
ing industry to seek for alternative sources of raw material [9-27]. The prospective re-
source that could be used as the raw material base for wood particleboard manufacture,
is PCW [1]. This category of wood waste has been making successfully a sort of «ca-
reer» over the last several decades, especially in West European countries. PCW in-
cludes all kinds of wooden material that is available at the end of its use as a wooden
product. Such wood mainly comprises demolition wood, packaging material, used furni-
ture [2]. PCW may contain fire retardant material, wood preservatives, paints, varnish-
es, glues, artificial films, metal, and even glass (windows) [3].

Because of its very different composition, the presence of various kinds of impu-
rity as well as the lack of appropriate machines for its conversion into valuable raw ma-
terial, the industries of many countries do not always display great interest in this prom-
ising source of wood raw material. That is why, PCW, like other industrial wood waste
is mainly landfilled. Millions of tons of wood waste have accumulated on the long-
standing refuse dumps [4]. The amount of the accumulated waste is too large to be natu-
rally decomposed [5-10].

Thus, the present study is devoted to solving the problem which is important and
pressing both for industry and the environment: replenishment of the raw material base.

! Serhiy Gayda — PhD, Assoc. Professor at the Department of Furniture Production Techniques and Wood Products Tech-
nology. Ukrainian National Forestry University. 103 General Chuprynka st., Lviv, 79057, Ukraine. Tel.: 032-238-45-04,
+38-067-791-25-22. E-mail: serhiy.hayda@nltu.edu.ua ORCID: https://orcid.org/0000-0001-7468-5661

95



The aim of the paper. The present scientific work is aimed at developing re-
source-saving technology and scientifically based recommendations concerning utiliza-
tion of PCW to manufacture WPB.

The object of study. Development of resource-saving production methods for the
use of PCW to manufacture wood-based panels.

The subject of study. Regular effects of technological parameters on the quality
of PCW-containing WPB.

Methods of study. A number of methods were used in the study, namely, exper-
iments, measuring and comparison. The wood particles from conventional wood and
PCW were obtained by way of cutting and chipping. The test specimens of panels from
PCW were made by way of flat pressing in the hydraulic press. In order to reduce the
number of systematic errors during the experiments, the method of randomization was
used. During the determination of wood particles from green wood and PCW, the fol-
lowing research methods were applied: physical research methods to determine frac-
tional composition of the particle, the particles moisture content, density, and thickness
swelling; mechanical methods to determine the bending strength and tensile strength
perpendicular to plane. The experimental data were processed by method of statistical
analysis. Also, a comparison was made between the panels made from PCW and the
panels made from conventional wood to check the conformity to the standards [28-33].

Scientific novelty of the findings. On the basis of the experimental results ob-
tained, the feasibility of PCW utilization for manufacturing flat-pressed particleboards
with adequate physical and mechanical qualities was substantiated.

The optimal ratio of the components of the chips-glue furnish with the addition of
PCW was developed, which ensures the production of P-A type of WPB according to
DSTU 10632:2009 [11]. Regression dependences were obtained for bending strength,
tensile strength perpendicular to plane, thickness swelling versus PCW content in the
face layers and the core, various glue consumption as well as pressing parameters (tem-
perature, pressing time, and pressure); these can be used for calculating technological
parameters of particleboard manufacture.

The technique for obtaining wood particles from PCW. During the studies,
demolition wood was used as raw material (Fig. 1), this wood was not dissimilar in
outward appearance to primary wood, although it was about 40 years old [7].

The raw material was chipped into small particles at the enterprise of “Hemmel-
Ukraine” company. The chipping was done on the mobile RM-800.4 chipper. The RM-
800.4 chipper is fitted with a 30 kWatt electric motor which allows the use of the ma-
chine under condition of the enterprise or nearby a source of electric power. This type of
chipper is designed for chipping wood waste into chips of 10 sm long, 10 to 25 mm
wide, 3 to 5 mm thick. The diameter of the cutter disk (which is fitted with ant jamming
system) amounts to 795 mm, the arrangement of disks is favourable for optimal feed of
wood, and also it reduces the disk wear. The speed of disk rotation is 1000 rpm, the
output of the equipment of this type is about 10 to 15 m*/hour.

The resulting chips were further converted into shreds (Fig. 2) in the RM 800.7
shredder. The plant is equipped with a dosing bin from which the material is fed
through the charging opening into the mill. The grinding is executed due to the high
speed of the core rotation — 1480 rpm. The ground material is then sifted through the
screen the mesh openings of the which are 10x10 mm, this determining the output frac-
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tion size. This type of machine ensures the finest possible grinding of chips to the size
of 0 to 10 mm owing to its cutters the number of which is 40 pcs. The productivity of
such machine is 8 m? per hour. The plant is driven by a 30 kWatt electric motor. The
moisture content of the wood particles prior to chipping amounted to 12 %. The wood
particles obtained are first subjected to drying and screening, then they are moved fur-
ther for forming various layers of mat. The drying operation was performed in the dry-
ing oven to reach the oven-dry weight at the initial temperature of 200°C. The screening
operation was performed on the laboratory-type screen where the wood particles were
separated into two fractions: core particles and particles for forming face layers.

~ %

B . ’ ‘-& " * K
Fig. 1. Post-consumer wood Fig. 2. Chips obtained from PCW

Comparative analysis of chips. Depending on the factor of cutting and the de-
gree of its effect, the process of wood chipping is characterized by the quality of chips
obtained and the operating parameters of chipping. The shape of PCW particles should
be characterized above all qualitatively (pin-shaped, twisted, cube-shaped, fibrous parti-
cles) rather than quantitatively (PCW species, density, bulk density, size distribution
curve, etc). There are methods of screen analysis for measuring sample particle size and
calculation of arithmetical mean length, width and thickness. However, in actual prac-
tice, the methods of qualitative estimate of wood particles are dominant.

The parameters that provide quantitative characteristics (particles size, their ratio,
specific surface, “ends area”) are not controlled accurately and are not related to each
other, the methods of measuring them do not allow for accurate quantitative values that
could be used to calculate composite material composition and to develop techniques
for manufacturing panels with prescribed qualities with a minimum of glue and energy
consumption. Therefore, the critical characteristics of PCW particles are the chips frac-
tional size and composition. In order to compare the geometry and fractional composi-
tion of chips, we used primary conventional wood and PCW (Fig. 3, Fig. 4).

In order to measure the moisture content of wood particles, a s 200 hygrometer
was used. The principle of the instrument operation is based on measuring dielectric
constant and loss tangent of the controlled material in the electromagnetic field created
by ring contacts of the instrument transducer. The depth of the field penetration into the
interior of the material is 30 to 50 mm, which allows the moisture content of the study
material to be measured without impairing its outward appearance.

The selection of measurement mode according to wood species or the type of ma-
terial is done by means of momentary pressing the button, this is followed by sequential
appearance of symbols H1,...H6, E1,...ES on the liquid crystal indicator. On selection
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the mode of measurement one should wait until the automatic tuning is completed out-
doors and then to continue working. The measurement mode is selected by using the
tabulated data in the instrument certificate or on the back cover of the instrument.

Lt /

Flg 4‘.‘PCW chips

The process of moisture content measurement consists in direct touching the
study material with the three-ring contacts (Fig. 5).

Geometrical dimensions of the chips were determined by measuring separate par-
ticles thickness, width and length along the wood fiber direction. The number of meas-
urements in the study amounted to no less than 100. The average size of chips was de-
termined from the data obtained by measuring a definite number of particles. The meas-
urements of geometrical dimensions indicates the quality of a separate chip, while the
fractional analysis allows for determining the shares of coarse, standard, and fine frac-
tions in the total weight.

The dimensions of chip fractional form: —/10; 10/7; 7/5; 5/3; 3/2; 2/1; 1/0,5; 0,5/0.
The sifting of the chip batch was done by means of a 71-GP screen analyzer (Fig. 6).

Fig. 5 Moisture content of PCW chips  Fig. 6. Determination of PCW chip fraction

In the process of the fractionating screen analysis, the weight of each traction was
determined by means of analytical balance to an accuracy of 0,01 g. The amount of each
fraction is expressed as a percentage to the total weight of the batch. The number of par-

98



ticles for the fractionating analysis was taken so that the whole quantity of the selected
particles was used with nothing left over. When selecting a portion of particles from a
large quantity, the method of quartering was used since finer fraction in the bulk of par-
ticles tends to fall down. The selected portion of particles weighing as much as 50 to
100 g was sifted by means of screen analyzer, fitted with a set of round screen 200 mm
in diameter, five of them possessed circular holes of diameter 10, 7, 5, 3, 2, 1 mm, and
two ones possessed wire net with meshes measuring 0,5%0,5 and 0,25%0,25 mm.

On a 5-minute sifting, the material obtained was divided into eight fractions
(Fig.7): —/10, 10/7, 7/5, 5/3, 3/2, 2/1, 1/0.5, 0.5/0. The results of the study of wood par-
ticles geometric dimensions show that fraction content practically does not vary with re-
spect to wood particles from conventional wood (Table 1), although the amount of fine
fraction (fraction content 1/0) is two time as much.

Table 1.Comparative analysis of chip fractional composition

Type of wood Fraction content, %
—/10 10/7 7/5 5/3 3/2 2/1 1/0,5 | 0,5/0
Conventional wood 0,5 2,3 2,6 32,1 28.9 20,6 10,6 2,4
PCW 0,4 1,0 1,8 28,3 25,2 19,3 19,1 49

The length, width, and thickness of particle fractions 2/1, 1/0.5, 0.5/0 were deter-
mined by way of measuring the particles projection magnified by means of slide projec-
tor. The statistical processing of the comparative experiments results was done accord-
ing to GOST 16483.0-89.

The mean dimensions of chips in a batch involved were determined on the basis
of the mean dimensions of an individual chip (length, width, and thickness) in each
fraction.

Fig. 7. Wood particles for: a) the core b) the face layers

The impact of structural and technological parameters on panels’ strength values
is demonstrated through the mediation of dimension less geometrical characteristic of
chip formation: degree of contact area. It was foundthat the degree of contact area is de-
pendent on the size of wood particles, namely, the values of bending strength and ten-
sile strength perpendicular to plane as chip fractional composition changes from fraction
5/3 to fraction 10/7. Wood particles from conventional wood and PCW do not have a
significant deviation of the fractional content.

One of the main factors which is absent in PCW is bark. The values of physical
and mechanical properties of bark are considerably lower than those of sound wood.
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The bonding between bark particles as well as between bark particles and wood parti-
cles is less strong than that between purely wood particles. Therefore, the addition of
bark particles into chips lowers the strength of panels made from conventional wood.

The study of the process of manufacturing particleboard from PCW. Selec-
tion of the evaluation criterion. WPB as a structural material is characterized by a
number of factors on the basis of which we can discuss the material quality and its suit-
ability for a specific purpose. In turn, physical and mechanical qualities of particleboard
are influenced to a great extent by the very structure of the panel, the formation of
which is also influenced by a number of factors: the raw material and the equipment
used as well as production conditions. The majority of panel parameters are regulated
by relevant standards.

When determining the evaluation criteria for the resulting panels, it is necessary to
take into account both technological and economic components of the process. This is
dictated by the fact that panels made from PCW must meet the requirements for panels of
P-A DSTU 10632:2009 [11] while their production cost should not exceed the production
cost of the panels made from trunk wood. An important characteristic of physical and
mechanical properties of particleboard is their bending strength which is responsible for
panel optimal applications. By means of this parameter, it is possible to determine the op-
timum manufacturing conditions, PCW chip content and the least binder consumption in
order to obtain high-quality panels (strength, roughness and toxicity).

The above said considered, bending strength is taken as the criterion for evalua-
tion of the results of panel manufacture. Besides, there are other parameters which can
serve as criteria for the evaluation of panel quality. These are tensile strength perpen-
dicular to plane and thickness swelling.

Investigation planning. Since the process of manufacturing and testing WPB
made from PCW was investigated under laboratory conditions, multifactor planning
was applied: full-factorial plan. During the experiments, the following factors were tak-
en as variable factors: the contents of the binder and PCW particles both in the core and
the face layers. The values for PCW chips content for each layer varied from 20 to 100
% — the rest were standard technological chips; the binder content in each layer was
within the average consumption norm ranging from 7 to 16 %.

The levels of factors and factor-change intervals as well as planning matrix in
coded values (CV) and actual values (AV) are given in Tables 2-3.

Table. 2. The levels of factors-change interval under investigation

Value denotation Factor level

Ne Name Change in lower | datum level | upper

AV v interval - TV T AV [ OV AV [ CV
PCW content in

1 the core, % P. X1 40 20 | -1 60 0 | 100 | 1

PCW content in
> | the face layers, % Pe X2 40 20 (-1 60 | 0 |100 | 1

3 | binder content, % K X3 4.5 7 -1 | 11,5 0 16 1

For the purpose of reducing the number of systematic errors, the method of ran-
domization was applied which allowed for establishing random sequence of the experi-
ments conducting. The following factors characteristic of panel manufacture, were not-
ed at the fixed levels: density — 700 kg/m; specific pressure — 2.5 MPa; press tempera-
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ture — 200 °C; pressing time — 0.35 min/mm moistures content of the particles for the
core — 2 %; moistures content for the face layers — 4 %; the ratio of the layers — 50/50;
three-layer panels of 16 mm thick.

Table. 3. Matrix of planning of full-factorial plan — 2°

Values of input factors in the experiment Serial number
Ne AV Cv
P Ps K X1 X2 X3 1 2 3 4 5
1 20 20 7 -1 -1 -1 20 2 5 13 23
2 100 20 7 1 -1 -1 35 6 16 32 9
3 20 100 7 -1 1 -1 28 19 22 10 11
4 100 100 7 1 1 -1 1 33 24 4 12
5 20 20 16 -1 -1 1 36 25 8 7 26
6 100 20 16 1 -1 1 15 40 34 31 38
7 20 100 16 -1 1 1 14 17 27 18 29
8 100 100 16 1 1 1 37 39 3 21 30

Board manufacturing process. The process of fabricating specimens consists of
four steps: preparation of the binder, resin-treatment of the particles, mat formation
(Fig. 8) and pressing. A UF-WT-15 urea-formaldehyde resin was the basis for the bind-
er, the resin concentration was reduced by adding water: 64.7 to 62 % for the core and
up to 58 % for the face layers. The resulting board is presented in Fig. 9.

Fig. 8. Forming of mat Fig. 9. rticleboar pressed from PCW

Thus prepared adhesive solution was used for the cores and the face layers. In the
process of particleboard manufacture, ammonium chloride (20 % solution) is used in the
fallowing amounts: for the core — 1.5 %, for the face layers — 0.5 %, which was mixed
with the resin prior to applying it the chips.

The calculation of required proportions of wood particles, resin, curing agent for
obtaining specimens of required density as well as the relationship between face layers,
the core, and the particleboard thickness, was performed according to the recommenda-
tions of the enterprise. The blending of the wood particles, binder and curing agent was
done by hand and in a slow manner with the help of electric drill. The chips and the
binder were fed in a three-step process by using a compressor to achieve a uniform soak
of the wood particles. The process of blending was done separately for each layer ac-
cording to the prepared quantity of batch.
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The forming of mats was also done by hand. The following accessories were
used: two metal sheets (pallets), wooden box of 0.5%0.5 m, two metal stops of 0.016 m
to control panel thickness. The forming of the panel was done in the wooden box by
even distribution of the wood particles on the pallet to form three layers in the 25:50:25
ration. The loss of resined chips made up no more then 7 %. The formed mat was
pressed in the single-platen batch press into a panel all required parameters of pressing
being observed in doing so. The temperature of the press platen was controlled by ther-
mometer the error of which did not exceed 5 °C. The panel thickness was controlled by
the stops the deviation of which made up +0,05 mm from the preset thickness.

The press cycle 1. consisted of: the time Tcon needed to charge the press, the time Ta
needed for the platens to close up to the preset thickness, reaching the preset pressure, press-
ing time Tp which includes compression time Tcom as well as the time T, needed to lower the
pressure and open the press. The press time Tpr is counted from the moment of reaching a
maximum of preset pressure to the moment when the press platens begin to open.

In order to ensure a maximum of strength, to reduce warpage (“spring up”’) and
free formaldehyde release, the panels were conditioned separately from one another.
This is accounted for by the fact that the elevated temperatures that may persist in
closed stacks of panels up to 5 days (this is especially true for the central part of the
stack) cause the destruction of cured glue, which, in turn, results in deterioration of the
outward appearance of particleboards, increasing the content of free formaldehyde as
well as degradation of their physical and mechanical properties.

Physical and mechanical testing. The determination of the WPB physical and me-
chanical properties was carried out 5 days after the panels were pressed. The PCW-made
panels were cut on the circular saw bench to size specified for specimens testing according
to GOST 10633-78; GOST 10634-88; GOST 10635-88; GOST 10636-90 [12-15].

The tests for the bending strength &p and the tensile strength perpendicular to
plane 8¢ were conducted on the WOLPERT machine according to GOST 7855-84 (Fig.
10, a). The motion speed of the load-carrying head — 60 mm/min, the scale division — 1
kg/sm?; deviation from the actual value made up — 1%.

Fig. 10. Determination of test specimens’ strength:
a) bending strength b) thickness swelling
To conduct the tensile strength perpendicular to plane test, wooden plates were
sticked to the test specimens on both sides; thus prepared specimens were subjected to
loading for 24 hours. The specimens for determining thickness swelling were placed in
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water medium of this plant (Fig. 10, b) which houses 40 pieces of specimens, they stood
vertically for 24 hours at the constant temperature of 20+1 °C. The swellings can be cal-
culated by the phormula [12]:

Ah=(h;-h)/h*100 %

(1)

where: h is the panel’s dimensions (length, width, thickness) after conditioning, m; h; is

the panel’s dimensions after water soaking or keeping in humid environment, m.

strength perpendicular to plane, and thickness swelling are shown in Tables 4-6.

The results of experimental investigation. The data obtained from physical and
mechanical testing of pilot PCW-containing particleboard for bending strength, tensile

Table 4. The results of testing PCW-containing WPB for beading strength

No acl‘:je;t(\)/ral\; ael;le in the ezs:;;?iiiues Bending strength measurements, MPa
P Py K | x| x» | X3 Yij Y2i ¥3i Y4 Ysi
1 20 20 7 -1 -1 -1 13,20 13,00 12,90 13,10 12,80
2 100 20 7 1 -1 -1 12,70 13,20 12,80 13,20 12,80
3 20 100 7 -1 1 -1 12,31 12,50 12,30 12,24 12,10
4 100 | 100 7 1 1 -1 11,80 11,20 12,75 12,00 12,24
5 20 20 16 -1 -1 1 19,50 19,80 19,10 19,90 19,20
6 100 20 16 1 -1 1 19,23 19,32 19,28 19,21 19,11
7 20 100 16 -1 1 1 18,13 18,22 18,40 18,20 18,30
8 100 | 100 16 1 1 1 18,80 17,50 17,40 18,10 18,20

Table 5. The results of testing PCW-containing WPB for beading strength
perpendicular to plane

Factor value in the experiment

Tensile strength perpehdicular to plane

No actual values coaded values measurement, MPa
P Pt K X1 X2 | X3 Yij ¥2i NET ¥4i ¥si
1 20 20 7 -1 -1 -1 0,489 0,51 0,502 0,505 0,495
2 100 20 7 1 -1 -1 0,459 0,465 0,457 0,395 0,457
3 20 100 7 -1 1 -1 0,421 0,431 0,428 0,442 0,436
4 100 | 100 7 1 1 -1 0,326 0,345 0,344 0,341 0,346
5 20 20 16 -1 -1 1 0,658 0,658 0,647 0,645 0,642
6 100 20 16 1 -1 1 0,611 0,595 0,601 0,611 0,589
7 20 100 16 -1 1 1 0,605 0,623 0,621 0,643 0,637
8 100 | 100 16 1 1 1 0,585 0,592 0,567 0,549 0,558

Table 6. The results of testing PCW-containing WPB for thickness swelling

Factor value in the experiment

Thickness swelling measurements, %

No actual values actual values
P Pt K X1 X2 | X3 Yij ¥2i NET ¥4i ¥si

1 20 20 7 -1 -1 -1 17,29 17,13 16,97 17,51 17,34
2 100 20 7 1 -1 -1 17,12 16,94 16,89 16,87 17,20
3 20 100 7 -1 1 -1 16,24 17,69 16,97 16,47 16,87
4 100 | 100 7 1 1 -1 16,81 16,95 16,93 16,56 16,84
5 20 20 16 -1 -1 1 14,89 14,47 14,28 14,75 14,33
6 100 20 16 1 -1 1 14,29 14,21 14,58 14,17 14,55
7 20 100 16 -1 1 1 14,08 14,08 14,00 14,15 14,21
8 100 | 100 16 1 1 1 13,94 13,88 13,96 13,79 13,95

On calculating mean values and sample variances, the check on variance homo-
geneity in the experiments by means of Kohren G-criterion indicated that all the vari-
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ances were homogeneous. By using similar procedure, the variances of reproducibility
of measurements of physical and mechanical properties were calculated: for bending
strength: Sre?> = 0.112; for tensile strength perpendicular to plane: Sy = 0.0003; for
swelling: Sre> = 0.0646. The root-mean-square deviation for calculated coefficients of
regression equations made up: for bend strength: S{bi} = 0.05; for tensile strength per-
pendicular to plane: S{bi} = 0.0025; for thickness swelling: S{bi} = 0.0402.

On checking regression equations coefficients for meaningfulness and establish-
ing their confidence intervals, the calculations showed that the regression equations co-
efficients are meaningful except for eight ones (Tables 7-9), but we do not ignore them
in consideration of system approach.

Table 7. Checking regression equation coefficients for meaningfulness,

their confidence intervals for bending strength

Coefficient Coifflféem t(q,f)S{bi} | Conclusion f?{iie?ﬁ ‘mer"a];'i‘i:ffsagﬁ
bo 15,651 0,11 Meaningful 15,54 15,76
b -0,119 0,11 Meaningful -0,22 0,01
b2 -0,517 0,11 Meaningful -0,62 -0,41
b3 3,094 0,11 Meaningful 2,99 3,20
bio -0,026 0,11 No meaningful -0,13 0,08
b1z -0,021 0,11 No meaningful -0,13 0,09
ba3 -0,104 0,11 No meaningful -0,21 0,00

Table 8. Checking regression equation coefficients for meaningfulness,
their confidence intervals for tensile strength perpendicular to plane

Coefficient Coifflf;em t(q.f)S{bi} | Conclusion bc‘iffse?g mtem&‘;::fggﬁ;
bo 0,521 0,01 Meaningful 0,52 0,53
b -0,031 0,01 Meaningful -0,04 -0,03
b -0,029 0,01 Meaningful -0,03 -0,02
b3 0,091 0,01 Meaningful 0,09 0,10
bio -0,006 0,01 No meaningful -0,01 0,01
b3z 0,005 0,01 No meaningful 0,00 0,01
ba3 0,015 0,01 Meaningful 0,01 0,02

Table 9. Checking regression equation coefficients for meaningfulness,
their confidence intervals for thickness swelling

Coefficient Cosgfl“llcl:;ent t(q,fy)S{bi} Conclusion ,;: 3:?%?; ? 1nterva£i‘tjr(::kr):i Sa gii

bo 15,604 0,08 Meaningful 15,52 15,69
b -0,082 0,08 Meaningful -0,16 0,01

b -0,185 0,08 Meaningful -0,27 -0,10
bs -1,376 0,08 Meaningful -1,46 -1,29
b1z 0,025 0,08 No meaningful -0,06 0,11

b3 -0,014 0,08 No meaningful -0,10 0,07
b23 -0,039 0,08 No meaningful -0,12 0,04

The regression equation coefficients obtained as a result of the full-factorial plan re-
alization possess a clean physical meaning. The coefficient b, is equal to the output value
and of all factors are fixed at the basic level. The sigh of the coefficient b; points to the na-
ture of corresponding factor influence: if bi>0, the output value tends to increase with an
increase of the factor x; value, and vice versa. The absolute value of the regression coefti-
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cient in the model points to the extent to which the response function is affected by the cor-
responding factor. The higher absolute value of the coefficient, the stronger influence on
the output parameter change has the factor to which the given coefficient corresponds.
Thus, the extent of the factors effect on the output values can be compared by means of lin-
ear regression model and so revealing the most important factors.

In order to evaluate the ability of the obtained models to describe output values
with the same degree of accuracy as the experimental results, the mathematical models
were checked for their adequacy by Fisher F-criterion by means of which the variances
of adequacy Saa® and reproducibility Sy.? are compared.

The calculated adequacy variances for physical and mechanical properties of
PCW-containing particleboards made up: for bend strength Sa.s?> = 0.040; for tensile
strength perpendicular to plane Saa? = 0.00059; for thickness swelling Saa? = 0.0306.

The calculated values for Fisher criterion for physical and mechanical properties
of PCW-containing particleboards made up: for bending strength Fea = 2.821; for ten-
sile strength perpendicular to plane Fea = 0.437; for thickness swelling Fear = 0.512.

The tabulated value for Fisher criterion is equal to 250. By comparing the calcu-
lated values for Fisher criteria with the tabulated ones, we can see that the inequality
Fea < Frap 1s accomplished for physical and mechanical properties of PCW-containing
particleboards. That is, the mathematical models obtained are considered adequate and
can be used to describe objects. Thus, the calculations done made it possible to obtain
the following regression equations of the full-factorial plan with actual factor values for
physical and mechanical properties.

ob = 8,145 — 0,00043-P. — 0,0053-P¢+ 0,729-K + 0,000016-P.-P¢+ 0,00011-P.-K — 0,00057-P¢ K
ot = 0,442 — 0,00088-P. — 0,0015-Ps+ 0,0136-K + 0,0000035-P.-Pr+ 0,000028-P.-K — 0,000083 - P+ K;
Ah =19,37-0,0021-P. —0,0031-P¢s+ 0,288-K + 0,000016-P.-Ps+ 0,000076-P.-K — 0,00022-P¢K;

The data of regression equations describe the physical and mechanical properties
of PCW-containing particleboards and allow output values to be calculated for any
point of the experiment zone provided that x; = [-1;+1], where i = 1, k.

Since the influence of factors and their interaction on the response function is best
analyzed graphically, three groups of diagrams were constructed by regression equa-
tions: the relationship between output value (bending strength, tensile strength, and
thickness swelling) and PCW content both in the face layers and core at the constant
values for the binder at the minimum, mean, and maximum levels (Fig. 11-13).

Graphical representation of the relationships obtained allows for revealing charac-
ter of variable factors influence on the properties of the resulting particleboards, since the
full-factorial plan was realized here, all the dependences have linear character. As is seen
from the diagrams, the PCW content in the particleboards behaves equally at different
binder content levels that is the bending strength is decreasing within from 19.469 to
12.030 MPa range, the tensile strength is decreasing within the range of 0.646 to 0.344
MPa, while the thickness swelling is also decreasing from 17.22 to 13.93 %. The dia-
grams also show that the lines do not run parallel to one another, and the angle of their
slope varies as certain variable factors change. This points to the fact that the influence of
factors interaction is just as significant as the influence of the individual factors.

Our study has demonstrated that for a given 700 kg/m? particleboard density and
an average glue consumption of 11.5 %, an increase in PCW chips content in the face
layers from 20 to 100 % results in decreased bending strength by 6 % while the same
increase in PCW content in the core makes up only 1 %. The use of a 100 % PCW par-
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ticles content and glue consumption of 11.5 % both in the core and the face layers re-
sults in the bending strength of 15 MPa, which is 8 % smaller than for the case of a 20
% PCW content. The conditions being the same, it was found that the tensile strength is
essentially influenced by the increased content of PCW particles in the core an decrease
in the tensile strength amounted to 9 %. The physical and mechanical properties of the
particleboard are most influenced by the glue content. With increasing the glue content,
the strength is also increasing (by 30 %) while the thickness swelling is decreasing (by
15 %). The reason for this lies in the fact that there is a greater amount of adhesive
spread per unit surface area of the wood particles, and this glue film prevents the water
from penetration into the interior of wood particles. Also, due to the absence of bark
from PCW nparticles, there is an increase in the strength by 2 to 5 % in the PCW-
containing particleboard compared to panels made from conventional wood.
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Thus, WPB that has a 60 % PCW particles content and the glue consumption of
11.5 % produces composite materials that meet the requirements for the P-A type of par-
ticleboards according to DSTU 10632:2009 «Wood particleboards. Specificationsy» [11].
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Conclusions and recommendations:

1. It has been found that PCW of categories I and II (30 to 50 % of the total volume) is an im-
portant wood resource and can essentially expand the raw material base for WPB manufacture.

2. Processing procedures for WPB manufacturing have been developed with the use of PCW as
raw material. By using Full-factorial, Plan-2°, a multyfactor experiment was conducted and the plan-
ning matrix has been elaborated. It has been found that graded PCW chips (solid wood) of categories I
and II are characterized by a standard fraction (no less than 80 %) and meet the requirements for chips
PS GOST 15815-83 [16]. The chips prepared from clean PCW, provided that they are obtained on the
standard equipment, do not differ essentially by geometry, shape, and fraction composition from those
obtained from conventional wood. Investigations have been carried out to assess the influence of
PCW and binder contents in each of the layers on physical and mechanical properties of tree-layer par-
ticleboard: bending strength and tensile strength perpendicular to plane, and thickness swelling.

3. Adequate mathematical models were obtained for physical-and-mechanical parameters of WPB
versus the PCW and binder contents in each later. It has been revealed that for a given 700 kg/m? den-
sity, the boards made from PCW, depending on the PCW category (quality) and glue consumption, hat
a 8 to 10 % decrease in the bending strength and 12 to 32 % decrease in tensile strength compared to
boards made from conventional wood, they also meet the requirements for P-A type of particleboards,
DSTU 10632:2009 «Wood particleboards. Specification». It has been revealed that thickness swelling
for PCW-made particleboards with an average glue consumption of 11.5 % is 3 to 5 % less compared
to boards made from conventional wood, also, the glue consumption increase from 7 to 16 % results in
the thickness swelling reduction by 18 % under the same manufacturing process conditions. This is ac-
counted for by the fact that PCW particles lose bound moisture after long-lasting usage (20 to 40
years) that is, they become more porous and this, in turn, is responsible for greater amount of these
particles per unit volume, thus promoting their greater compactness, which prevents the penetration of
moisture. It has been found that the optimum conditions for manufacturing boards of standard quality
(DSTU 10632:2009) are as follows: for P-A type (13 MPa) — PCW particles content in the core and the
face layers may amount to 60 % with an average glue consumption of 11.5 %; for P-B type of boards
(11.5 MPa) — PCW particles content in the core amounts to 100 % and 80 to 100 % in the face layers
with glue consumption in the core being 7 to 8 % and 10 to 11 % in the face layers.
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4. Estimated was the effect of introducing the results obtained in practice at the Swisspan Ltd. En-
terprise, which lies in the fact that the use of PCW in the particleboard manufacture leads’ to the re-
duction of costs for conventional wood by 9.4 % [10].
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V]IK 674.815. Hou. C.B. I'aiioa — HIITY Ykpainu

Hocaigkennst pi3MKo-MeXaHIYHUX BJIACTUBOCTEM
JAePEeBUHHO-CTPYKKOBHUX IIUT i3 BJKUBAHOI 1ePeBUHU

Bcranosneno, mo BxuBana aepesuna (BXX/]) € HesagissHuM pecypcoM JepeBHHUX BiAXOiB, TPUIATHUM
IUIs. BAPOOHHITBA JiepeBUHHO-CcTpY>KK0oBUX 1T (JICII). BeranosneHo, mo BigcopToBana Tpicka 3 BXX]] (ma-
CUBHOI JIEpPEBHHH) MEPINOI Ta APYroi Kareropii xapakTepU3yeThCsl BMICTOM KOHIUIIHHOT (hpakiiii i Biamosigae
Bumoram 110 Tpicku [1C 3rigao F'OCT 15815-83. Crpysxka i3 unctoi BX/I, sxuio BoHa oxepkaHa Ha aHAJIOT14-
HOMY OONaJHaHHI, K€ BUKOPHCTOBYIOTH AJISI MEPEpPOOICHHSI MEPBUHHOI CHPOBUHH, 32 TEOMETPUUYHUMH PO3-
Mipamu, GpopMoro Ta (GpaKIiHHUM CKIAA0M HE CYTTEBO BiIPI3HSAETHCS BiJ CTPY)KKH 3 TPATUIIHHOI AEPEBUHMU.
Hocnimkeno BB BMicTy BXX] y koskHOMY 13 11apiB Ta B’ SHDKY4I0ro Ha (i3HKO-MEXaHIgHI BIACTUBOCTI TpHUIIIa-
poBux JICII — MiHiCTE IPH CTATUYHOMY 3THHI, PO3TATY NEPHEHIUKYISPHO 0 TUIOMIMHN TUTUTH Ta HAOPAKaHHS
3a TOBIIWHOIO.

I'padiuna iHTEepIIpeTalis OIEPIKAHUX 3AICKHOCTEH 103BOJIMIA OOIPYHTYBATH XapaKTep BIUIMBY 3MiH-
HUX (HaKTOPIB Ha BIACTUBOCTI opepikaHuX IIUT. OCKiNbky OyB peanizoBaHHK MOBHO(AKTOPHHIA IUIaH, TO BCi
3aJIeKHOCT1 HOCATH JIiHIMHKHN XapakTep. 3 rpadikiB 1odpe BuaHo, mo Bmict BXX/] B mianazoni 20-100 % B ACII
BeJie cebe OHAKOBO TMPH PI3HOMY BMICTI B’ sDKydoro. 30Kpema, mpu BuTparti kieto 11,5 % MinHicTh pu cTaTu-
YHOMY 3rHHI cniazgae 3 16,25 go 15,0 MIla., npu po3Tary nepneHauKyISIpHO A0 IUIOMIMHYU TunTH — Big 0,575 no
0,455 MlIla, a HaOpsikaHHs 3a TOBIIUHOW — 3 15,90 o 15,36 %. Ha rpadiuyHux 3aneXHOCTSIX TaKOX YiTKO BUJI-
HO, ITI0 JIiHIi MiX c000I0 HE € TapaJleIbHUMU 1 KyT X HAXWITy 31 3MIHOIO TIEBHUX 3MIiHHHX (akTopiB pizHuH. Lle
CBIYHTH TIPO T, 10 BILIUB B3a€MOIIH (aKTOPIB € TAKOK 3HAYHKUM Yy MOPIBHSIHHI 3 BIULIMBOM CaMHUX (haKTOpIB.

JIOCHiIPKEHHSIMU BCTAHOBJIEHO, 10 MPH UIbHOCTI ikt 700 M*/kr Ta cepenuiit Butpati ket 11,5 %,
30imbIeHHs BMICTY cTpy»ku 13 BXK/] y 30BHImHIX mrapax Big 20 1o 100 % 3MeHIIye MiITHICTh IPH CTATUIHOMY
3ruHi Ha 6 %, a Take X 301IBIICHHS Y BHYTPIITHROMY IIapi MPUBOIUTH 10 3MeHIIeHHs Titbku Ha 1 %. Ipu 100
% surotosnenHi mut i3 BXK/] Ta cepenniit BUuTpati kieto aist ABoxX mapis 11,5 % MinHICTh IpU CTaTHYHOMY
3ruHi craHoBwia 15 MIla, mo Ha 8§ % MeHIe, HiX TpH HAIOBHEHHI JIEPEBOCTPYKKOBOTO Kmimumy Ha 20 %
cTpyxkoro i3 BXKJ/[. AHaIOTi9HO MPH THUX K€ YMOBaX BHUSBIICHO, IO HA MIITHICTh TIPH PO3TATY MEPIICHIUKYIISIP-
HO JI0 TUIOIIMHY TUTMTH CYTTE€BO BIUBa€ 30u1bIIeHHS BMicTy cTpyXku BXK/] (3 20 mo 100 %) y BHyTpimIHbOMY
mapi, HiX y 30BHILIHIX. Bennmuuna MiltHOCTI 3MeHIIyeThesl Ha 9 %, aine BiAMOBigae BUMOram A0 it Mapku I1-
A 3a JICTY 10632:20009.
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Haii0inpmwmii BiivB Ha (pi3MKO-MEXaHiYHI MOKa3HUKH IUIMT Mae BMIcT Kieto. [lpu 30imbleHHi BMICTY
KJICIO MIIHITH 301IbIIYETHCS, 8 HAOPSKaHHS 3a TOBLIMHOIO 3MEHIIyeThCs. Lle 3yMOBiIeHO OibIIMM MOKpHBaH-
HSIM JIEPEBHHUX YaCTHHOK IUTIBKOIO KJIEIO, SIKa MEPENIKOIKA€E MPOHUKHEHHS BOAM y CEPEeIUHY JECPEBHUX YaCTH-
HOK, a TaKOX BiACYTHICTIO KopH B ckiaai BXK]I, sika HeraTHBHO BIUIMBA€E Ha MPOLECH CKICIOBaHH, TOOTO Ha ¢i-
3uko-MexaniuHi BiaactuBocTi T JCII. Kpim Toro, ekcnepuMeHTalbHO JA0BEIEHO, 10 KOHTPOJIBbHI eKcIepu-
MeHTalbHi 3pa3ku i3 100 % BUKOpHCTaHHSAM TPAAHIIHHOT CHPOBHHH NPY OJTHAKOBIH BUTPATI KJI€I0, MAIA MEHIII
(hi3uKO-MeXaHIYHI BIACTUBOCTI, HIK TUUTH 13 20 % HamoBHeHH:sM i3 BXK/I: Mexa MiIHOCTI OCTaHHIX MpH CTa-
TUYHOMY 3rHHI Oy’na 6inpIioio Ha 15 %, npu po3TsIry nepneHAuKYISIPHO 0 IUIOMIMHY IUTUTH TaKOX O1JIBIIO0
Ha 22 %, a HaOpsAKaHHA 3a TOBIIMHOIO Oyno meHmmM Ha 17 %. Tlo-epie, 3pocTaHHs MOKAa3HUKIB y Aiama3oHi
BMicTy cTpyxku 3 BXJI Bin 0 % mo 20 % 3ymoBnene 30uiblIeHUM BMicTOM (y J1Ba pas3u) ApioHoi dpaxii (1/0)
y ctpyxui 3 BX/] (Tabsn. 1); no-npyre, ApiOHI YaCTUHKH 3aOBHIOIOTH IIYCTOTH 1 TUM CaMUM 301JIBIIYIOTH ILJIO-
Iy CKJICIOBAHHS, 1110 BIUIMBAE HA TTOKA3HUKU MIITHOCTI; MO-TPETE, PHU JOOABJISIHHI ii 10 30BHIINIHIX MIAPiB — I10-
KpaITy€eThes CTPYKTypa MOBEPXHi (IMOPCTKICTH) OJCPKAHUX IUIHT, a PU TOOABIISTHHI 10 BHYTPIITHHOTO ITapy —
HEIUTOCKA CTPYXKa (CKpy4eHa, KyOMKOIO1i0HAa) YaCTKOBO PO3TAIIOBYETHCS HE B TUIOIIMHI IUTUTH, a TiJ KyTOM,
II0 3yMOBITIO€ OUTBIINHI OMIp PO3TATY HEPHEHANKYIISIPHO TUIOIIMHI TUTUTH, OCKUTBKH Ha 1I€ BIMBAIOTh HE TIJIbKH
KJICEBI IIBH, aJie i BOJIOKHA JIEPEBUHH.

TakuM 9rHOM, €KCTIEpUMEHTAJIHFHO BCTAHOBIIEHO, 110 Tpu BMicTi 60 % BXK/] Ta cepenHiit BuTpati Kiero
11,5 % y ACII, oxepskaHi KOMIO3ULiIHI MaTepiaiy BiAMOBINAIOTH BUMOTraM 10 miuT Mapku [1-A srigao JCTY
10632:2009 «IlmuTti nepeBUHHO-CTPYKKOBI. TeXHITHI YMOBI».

BucHoBKH Ta pekoMeHIaii:

1. Bcranosneno, mo BXK/[ nmepmoi Ta npyroi kateropiii (30-50 % Big ycboro 00’emy 30MpaHHs) € 3HAY-
HUM PECYpCOM JIEPEBUHH Ta CYTTEBHM J0AATKOM 10 OCHOBHOI cpoBHHH Yy BUpoOHUITBI JCII.

2. Pospobaeno texuomoriro BuroroieHas JICII 3 BukopructanHsam B sskocTi cupouan BXX]I. 3a Buxopruc-
tanHs [1OI1-2° npoeneno 6araToGakTOPHKI €KCIIEPHMEHT Ta PEali30BAHO MATPHUIIO ITaHyBaHb 3TiJIHO METO-
VKK J0CTiIKeHb. BetaHoBieHo, mo BigcopToBaHa Tpicka 3 BXKJI (MacuBHOI nepeBUHM) MEPIIOi Ta APYroi Ka-
Teropii XapakTepu3yeThCsl BMICTOM KOHIUIINHOI (pakiii (He menme 80 %) i BiAmoBigae BUMOraM A0 TPICKH
IIC 3a 'OCT 15815-83. Crpyxka i3 uncroi BXK/I, skmio BoHa ojepkaHa Ha aHAJOTIYHOMY OOJIaTHAHHI, SKE
BUKOPHUCTOBYIOTh JIs1 IEPEepPOOIICHHS IEPBUHHOI CUPOBHHH, 32 TEOMETPUUYHIMHU po3MipamH, Gopmoro Ta ¢pax-
iHUM CKJIaIOM HE CYTTEBO BiIPi3HAETHCS BiA CTPYKKH 3 TpaguUiiHOI nepeBuHH. 30ibIIeHUH BMICT APiOHOT
¢bpakii (1/0) y ctpyxui 3 BXK]I y nianazoni Bmicty crpyxku 3 BX/I Big 0 % mo 20 % y mimuTi 3yMOBIIIO€E 3poc-
TaHHA MOKa3HUKiB (pizuko-mexaniyaux nokasHukiB JICII. KoedinieHT aHi30TpoIii CTPYKOK Ja€ MOKIHBICTH
nepeadavaTy MoKa3HUKM MiHOCTI T i3 BXJ[. 6. OnepkaHo ajekBaTHI MaTeMaTHYHI MOJEMI 3aJIe:KHOCTI
(dizuko-mexaniunux nokasHukiB JCII Big Bmicty BXK/] 1 B’spkydoro B Ko>kHOMY 13 miapiB. BcTaHoBieHo, 110
npu mrieHOCTi 700 Kr/M® womnty i3 BXKT (100 %) manm, B 3anexnocTi Big BMicty BXK]T (20-100 %) Ta Butpatn
kJero, Ha 8-10 % MeHIy MiIHICTh IPU CTATUYHOMY 3THHI Ta Ha 12-32 % MeHIy — npH po3TIry HepHeHINKY-
JISIPHO IO TUTOIIMHM THTATH, HiXK 13 BMicToM BXK/] 20 %, 1, mpu 11b0MYy, BiIITOBITAIA BUMOTaM JO TTUT Mapku 1-
A JICTY 10632:2009 «IIaut mepeBUHHO-CTPYKKOBi. TeXHITHI YMOBI».

7. 3’sacoBano, mo Habpsikanns 3a ToBmuHo 11 JCIT i3 BXX/] (100 % ) npu cepenniii Butparti kiero 11,5
% € Ha 3-5 % menmuM, HiX y T i3 20 % Bmicrom BXK/I, kpim Toro mpu 3MiHi KinbKocTi kiero Bix 7 % no 16
% U TUX JK€ YMOB BUTOTOBIIEHHS HaOpsSKaHHS 3a TOBITUHOIO 3MeHITyeThes Ha 18 %. [Ipuunna — nepeBHi yac-
tuHkH 13 BXK] micns tpuanoro Bukopuctanns (20-40 pokiB) BTpadyaroTh 3B’A3aHy BOJIOTY, TOOTO € OiiblI mo-
pHUCTUMH, a 1€ 3YMOBIIOE iX OUIBINY KUTBKICTh B OJMHUII 00’ €My, IO CIIPHSE MiABUILEHOMY YIIUIBHEHHIO 1X
MiX c00010, TOOTO 3MEHIITY€E IPOHUKHEHHS BOJIOTH.

8. BcranoBieHo, 1o parioHaTbHIM YMOBAMH BUTOTOBIICHHS ITUT cTaHmaapTHOT sikocTi (JICTY 10632:2009)
BigmoBigatoTe: st Mt Mapku [1-A (13 MIla) — Bmict BXK/[ y rummTi y BHYTpIIIHEOMY Ta 30BHILIHIX IIapax
Moxe cTaHOBUTH 10 60 % mipu cepeaniit Butparti kiero 11,5 %; ms ot mapku [1-b (11,5 MlIla) — Bmict BXK/
y BHyTpimHbOMY 70 100 % Ta 30BHImHIX mapax Moxke ctaHoBUTH 80-100 % mpu BUTpaTi KJI€l0 Yy BHYTPIIIHbO-
My mmapi — 7-8 % Ta 30BHIHIX mapax — 10-11 %.

9. Po3paxoBaHo e(eKTHBHICTh BiJ BIPOBaIKEHHS OTpUMaHUX pe3ynbraTiB BuroroieHus JCII 3 Bukopuc-
taasM BJXKJ] wa mignpuemcti TOB «Cucnan JlimiTemy, sSKi MOIATAIOTH B TOMY, IO 3aBASKH 3aTyYCHHIO
BIK/I, 3MeHmaThsCs BUTpaTH Ha TPAAUIiiHY JepeBuHy Ha 9.4 %.

Karo4dosi ciioBa: nepeBuHa, BXKHMBaHa AEPEBHHA, AEPEBUHHO-CTPY)KKOBA IUINTA, TPicKa, CTPYKKa, aHaJi3
(dpakiifiHoro ckiaaay, GpizHuKo-MexaHi4Hi BIACTHBOCTI IUIUT, MILIHICTD PH CTATHYHOMY 3THHI, MIIIHICTb IIPH PO-
3TSAry NEPICHIUKYJIAPHO TUIOIIKHI, HAOPSIKaHHS, €KOJIOTO-eKOHOMIUHA €)EKTHBHICTb.

110



