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Abstract

Three layer particleboards of 500 and 650 kg/m? target density were made by spreading the core layer wood particles between
upright positioned caul plates with the intention of partial vertical orientation. This procedure was assumed to increase the
core layer compression resistance and, thus, counteract decreased panel properties in lightweight particleboard manufacture.
While internal bond strength and thickness swelling were significantly improved, bending properties were on the same level
as those of the references with conventional particle orientation. Density profiles were found to be just slightly more pro-
nounced. The lack of improvements was explained by the changed structural set-up and, thus, lacking of core layer support.

1 Introduction

In the past years, competition for wood and wood co-prod-
ucts has increased and, thus, also expenses for particles
used for wood-based panel manufacture. To counteract this
development, efforts are made to increase the material effi-
ciency of the wood (Berggren 2014), as other rationalization
measures to keep or increase plant productivity have almost
been optimized. In this context, material efficiency means
a reduction in the amount of wood used for panel manufac-
ture. However, a simple reduction of the amount of wood
for panel manufacture leads to panels of lower density and,
consequently, lower properties (Dunky and Niemz 2002).
The comparably lower particle compression in the manu-
facture of density-decreased particleboard (PB) and, thus,
the comparably fewer and smaller load-bearing adhesive
connections between the particles, have to be assumed
as the reason for the reduction of properties. While panel
properties can be compensated for up to a certain degree by
an increase in the adhesive content, in particular sufficient
bending properties require a pronounced density profile with
high-density face layers. In the conventional PB process,
high-compressed face layers are obtained as a result of the
wood loading and the applied pressing program (short clos-
ing time). Here, the heat- and moisture-induced plasticized
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face layer particles are compressed against the still cold and
highly wood loaded core layer of high compression resist-
ance. With a simple reduction of the amount of wood for
panel manufacture, the core layer particles are just less com-
pacted and provide a lower compression resistance resulting
in reduced face layer density and strength.

Following the suggestions from Plath and Schnitzler
(1974) on increased compression resistance due to oblique
and upright oriented particles in the mat (referring to the
patent DBP 967328 from Fahrni 1942), it is the intention
of the present study to investigate the potential of such ori-
entated particles in the core layer to counteract decreased
panel properties in wood-reduced PB manufacture. For this
purpose, panels with core layer particles spread between
upright positioned caul plates were made, their properties
determined and compared to those of panels with conven-
tional particle orientation.

2 Materials and methods
2.1 Panel manufacturing

The material used for panel manufacture (wood particles,
adhesive, hardener and additives), the recipe for face and
core layer particle preparation, the method of reducing
the amount of wood particles, and the applied pressing
procedure were equal to that of reference sample manu-
facture as described by Benthien and Ohlmeyer (2017).
From the four described methods for reducing the amount
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of wood particles, “Method 2” was applied. This means
that the core layer resin content was kept consistent at 8%,
while the face-to-core layer ratio was reduced from 35/65
for panels with a target density of 650 kg/m> to 46/54 for
panels with a target density of 500 kg/m?>.
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Fig.1 Schematic drawing of the spreading procedure applied to
achieve vertically oriented core layer particles (a) and visual edge
appearance and particle orientation of “Cross” and “Length” cut
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In contrast to reference sample manufacture, the forma-
tion of the particle mats with intended vertical particle ori-
entation in the core layer was performed as follows:

The core layer particles were spread between two verti-
cally positioned caul plates, which are kept at a distance
from each other via compressible spacers (see Fig. 1a).
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bending samples (b). Results from panel testing as well those of ref-
erence samples, with bending properties in (c), internal bond strength
in (d), thickness swelling in (e), and raw density profile in (f)
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2. After core layer spreading, the caul plates with the mat
between them were positioned horizontally, the upper
caul plate was removed, and the first face layer spread.

3. The first face layer was covered with siliconized paper,
the caul plate laid upon it, the so-fixed mat was turned
180-degrees, the now upper caul plate removed and the
second face layer spread.

Core layer mat formation can be understood as somehow
similar to the spreading process of extruded particleboard
manufacture. The particles come to rest loosely piled up
in the spreading form, oriented lengthwise coincidental in
the area perpendicular to fall direction. Due to this struc-
tural set-up and putting the core layer mat flat down to add
the face layers, two panel directions occur and have to be
considered in the course of bending properties. These two
panel directions will be called “Length” and “Cross” in the
following (see Fig. 1b). The edge in Length-direction of the
pressed panel is characterized by longitudinally cut particles
with lengthwise, oblique, and upright oriented particles. The
edge in Cross-direction is characterized by crosswise cut
particles with a quite loose core layer structure and partially
perpendicular to the plane direction orientated particles. In
contrast to extruded PB, where the mat is compressed in the
direction of the falling particles, the mat compression here
is done after turning the core, so that particle compression
takes place in the grain direction, or rather, more often in a
certain angle to that.

The spacers were cut from polyurethane foam panels in a
thickness that allows the volume between the caul plates to
be spread with the amount of particles calculated from the
face-to-core layer ratio and panel size.

In contrast to reference sample manufacture, the panel
size was chosen to be 800 x 500 mm? in order to receive a
sufficient number of samples in Length and Cross direction
for bending tests, but keeping the particle mass constant like
that of reference sample manufacture.

2.2 Experimental setup

A total of six experimental particleboards with adapted core
layer particle orientation were tested, while three panels
were made for each target density (500 and 650 kg/m?). Test
results obtained from a previously published study (Benthien
and Ohlmeyer 2017) with conventional core layer particle
orientation and varied target density (400, 450, 500, 575,
and 650 kg/m®) served as reference.

2.3 Sample preparation and testing procedure
Prior to sample cutting, test panels were trimmed to a size

of approximately 600 X 370 mm?. The number of test speci-
mens for each target density was 18 (nine for each panel

direction): for modulus of elasticity (MOE) and modulus of
rupture (MOR) according to EN 310, 24 for internal bond
strength (IB) according to EN 319, 15 for thickness swell-
ing (TS) according to EN 317, and six (three for each panel
direction) for measuring the density profile. Prior to testing,
specimens were conditioned in a climatic chamber at 20 °C
and 65% relative humidity.

Thickness swelling was determined after 2 and 24 h of
water immersion (TS 2 h and TS 24 h).

Density profiles were measured as described by Benthien
and Ohlmeyer (2017).

2.4 Data treatment and statistical analysis

As target densities were poorly achieved, a linear interpola-
tion of the reference data was done in order to statistically
compare the panel properties at an almost constant density
level of approximately 455 and 600 kg/m>. Data normaliza-
tion was done on the basis of the commonly assumed linear
interrelation between property and density. In the case of
bending data, samples of 450 and 500 kg/m? and those of
575 and 650 kg/m? target density were used for straight-line
equation calculation and afterwards data normalization to
455 and 600 kg/m> each. IB and TS data were normalized
on the basis of the slope of trend line for all reference data
(400...650 kg/m?).

Statistical analysis was done applying the analysis tool
JMP from SAS, Cary, North Carolina, USA. The Tukey-test
was applied at a significance level of «=0.05 for mean value
comparison.

3 Results and discussion

The results from panel testing, the reference samples’ prop-
erties, as well as the normalized data are displayed in Fig. 1,
with bending properties in (c), IB in (d), and TS in (e). Raw
density profiles are shown in Fig. 1 f. Table 1 lists the results
from panel testing (PB with adapted core layer particle ori-
entation) and the normalized references (conventional parti-
cle orientation) for comparison on consistent density levels
(“High” =~ 600 kg/m?, “Low” =~455 kg/m?) and statisti-
cal analysis. Although normalization has to be handled with
care, it seems to be justifiable here as the reference data cov-
ers a wide range of density levels, which proves the assumed
relationship between density and property.

It can be seen from Fig. 1c that bending properties of
panels with adapted particle orientation are in the range of
panels with conventionally oriented particles. The statistical
analysis (first pairs of data being compared; I in Table 1)
shows that the properties of samples with adapted particle
orientation and panel Cross-direction are mostly minor to
those of reference samples. The bending properties of those
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Table 1 Averaged (adapted particle orientation) and normalized panel properties (conventional particle orientation) for the two targeted density

levels “High” (~ 600 kg/rn3) and “Low” (~455 kg/m3)

Density Core layer Panel direction Bending properties IB (N/mm?) Thickness swelling
level (kg/  particle orien- 3 3
m®) tation MOE (N/mm~) MOR (N/mm~) 2h (%) TS 24 h (%)
n I 10 I II n n
~ 600 Adapted Cross 9 1745(158) b - 8809 b - - - - - -
Length 9 2339(268) a - 113(19) a - - - - - -
Mean 18 1992(332) — a 101(19 - b - - - - -
- - - - - - - — 22 096(.14)a 13 7.0(0.6)b 103(1.0)b
Conventional — 24 2026(71) a a 11.2(0.6) a a 119 046(0.03)b 75 11.2(0.8)a 16.4(0.7)a
~455 Adapted Cross 9 725(105) B - 3206) B - - - - - -
Length 9 898(107) A - 4205 A - - - - - -
Mean 18 811(136) - A 3707 - A - - - - -
- - - - - - - — 24 052(0.08)A 13 5705B 75(0.8)8B
Conventional — 24 772 (46) B A 4205 A A 117 0230.03)B 75 83(0.8)A 11.5(0.7) A

Displayed data: mean value (+standard deviation) homogenous group; I and II: pairs of data being compared with each other; different letters

indicate statistical difference at a significance level of a=0.05

in Length-direction are equal to reference samples. Neglect-
ing differences in the structure of the panel with adapted
particle orientation in the core layer (Length- and Cross-
direction) by forming the mean of both data, no differences
were found between the bending properties except for MOR
at 600 kg/m? (second pairs of data being compared; II in
Table 1).

As can be seen from Fig. 1d, IB of panels with adapted
particle orientation almost doubles that of panels with
conventionally oriented particles in both the high-density
and the low-density levels, and is statistically significant
(Table 1). TS of panels with adapted particle orientation
in the core layer was found to be superior to that of panels
with conventionally oriented particles after 2 and 24 h of
water immersion (Fig. 1e). Differences were found to be
statistically significant (Table 1). The averaged and, to a
consistent thickness of 16 mm, normalized density profiles
of reference samples, high-density samples (mean sample
density: 599 kg/m?), and low-density samples (mean sample
density 452 kg/m?) of panels adapted particle orientation
in the core layer are displayed in Fig. 1f. Density profiles
of panels with adapted particle orientation, both high- and
low-density, were slightly more pronounced in comparison
to those of nearly the same density reference samples.

Although the targeted particle orientation in the mat after
spreading and in the panel’s core layer after pressing was not
examined quantitatively, its presence (and still maintenance
after pressing) can be concluded from significantly improved
IB and TS. Still slightly, but yet more pronounced density
profiles were assumed to indicate that the direction of core
layer particle spreading and, thus, particle orientation has an
influence on the mat’s compression behaviors. It was how-
ever surprising that the more pronounced density profiles
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are not accompanied by increased bending properties. The
targeted structural set-up of the core layer may serve as an
explanation, since it cannot evenly assist the face layer in the
support of resulting forces from bending loads as conven-
tional spread core layer particles can do. In contrast to panels
with the core layer particles spread between upright posi-
tioned caul plates, the core layer particles of conventionally
spread PB are oriented lengthwise coincidental in the panel’s
plain direction and, thus, serve as a strengthening element.
The strengthening effect of the core layer was mentioned by
Wyss (1981), when comparing the mechanical principals
of PB manufactured in accordance with the Fahrni and the
Behr—-Homogenholz procedure. While the bending strength
of the Fahrni panel was realized by a special kind of face
layer particles, fine face layer particles of the Behr—Homoge-
nholz panel needed the core layer as a strengthening element
to provide sufficient properties. Panels with core layer parti-
cles spread between upright positioned caul plates can just
provide a support of the face layer in the case of the panel
Length-direction, as here lengthwise oriented particles were
found. This means in sum, that the benefits of the higher face
layer density can only be effective if the core layer provides a
certain amount of strength support in the form of lengthwise
oriented particles. Otherwise the weak tensile and compres-
sive strength of the core layer in the plane direction covers
this effect.

Improved IB and TS can be explained by the higher
strength and the lower swelling properties of the wood
in grain than in the radial and tangential direction. The
oblique and partially vertical oriented particles in the core
layer presumably serve as reinforcement and have a bar-
rier effect like crosswise-adhered veneers in the case of
plywood.
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4 Conclusion

Test panels of low and common density were made by
spreading the core layer particles between vertically posi-
tioned caul plates, intending to compare their properties with
those of references without adapted core layer particle ori-
entation. This approach aimed to investigate the potential of
more or less vertically oriented particles in the core layer in
order to counteract decreased properties from density reduc-
tion in wood-reduced PB production. Particle orientation in
the core layer was assumed to be beneficial in terms of mate-
rial efficient panel manufacture, as the mechanical strength
and the swelling properties in the wood’s grain direction
are superior to those in the radial and tangential direction.
Aside from a direct improvement of IB and TS, an increase
of the core layer compression resistance has, thus, a more
pronounced density profile (in particular high face layer
densities) and, in consequence, improved bending proper-
ties were expected. The missing improvement of bending
properties was concluded to be a result of the core layer
particle orientation, which enables the core layer to assist
the face layer in the support of forces resulting from bend-
ing loads. Possible benefits of the higher face layer density
were covered by the weak tensile and compressive strength
of the core layer in the plane direction. Improved IB and TS
were explained by the higher strength and the lower swelling
properties of the wood in grain direction and the resulting
barrier effect from oblique and partially vertically oriented
particles in the core layer.

To benefit from the advantages of core layer particle
orientation, a supporting layer has to add or use specially
shaped particles as face layer material. To increase the num-
ber of vertically oriented particles in the core layer, the par-
ticle spreading between upright positioned caul plates has to
be arranged with an additional guiding device.
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