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ABSTRACT

The study focused on the abrasion resistance of beech wood
thermally treated at high temperatures. A standard test for de-
termining abradability, according to ISO 4649, was used. We
studied factors such as the anatomical direction, temperature of
treatment, and duration of treatment, as well as their effects on
abrasion resistance performance. Four temperature levels (20
°C, 160 °C, 180 °C, and 200 °C) and three durations of treatment
(1 h, 3 h, and 5 h) were used. Results showed that the anatomi-
cal direction was not a significant factor, but there was a strong
influence of temperature and duration of treatment, respective-
ly, on abrasion resistance. Due to a strong correlation between
moisture content and abrasion resistance, the equilibrium mois-
ture content of thermally treated wood could be used for the pre-
diction of abrasion resistance
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INTRODUCTION

Beech is one of the most widespread wood
species in Central Europe, and compared to
other wood species, it has very good wear
resistance (Brozek et al. 2017)!. Beech wood
has growing issues such as reaction wood, red
heartwood, poor resistance to fungi, and a
problem with dimensional stability. A high-
temperature thermal treatment affects the
wood’s chemical, physical, and mechanical
properties, and it has the potential to enhance
the wood’s properties while maintaining its wear
resistance capacity (Coelho et al. 2017)2
Effective utilization of thermally treated wood
requires well-defined changes in wood
properties (Hill 2006, Hamiyet et al. 2018)3.
Often, treated beech wood is used as decking or
flooring material, where abrasion performance
plays an important role, but abrasion
performance has not been fully investigated.
This study focused on the effect of thermal
treatment on the abradability of the treated
surface of beech wood and analyzed the
influence of different temperatures and durations
of treatment on these properties.

MATERIAL AND METHODS

Clear tangential and radial boards of dimensions
50 x 20 x 500 mm3 (RxTx LorT x R x L) were
cut from air-dried beech wood boards (Fagus
sylvatica L.). Before thermal treatment, the
boards were oven-dried. Three temperature
levels in the oxidizing atmosphere (160°C,
180°C, and 200°C) and three treatment
durations (1h, 3h, and 5h) were used. After the
treatment, the boards were placed in a
conditioning chamber at a temperature of 20 °C
and relative humidity of 65% until they reached
equilibrium moisture content. The final column
specimens (@ 16 x 15 mm) were drilled from the
boards using a 16 mm plug cutter drill bit, and
tested shortly after. A group of 15 column
specimens was tested for each thermal
treatment in the radial direction of abrasion, and
the other group of 15 specimens was tested in
the tangential direction. Abrasion resistance was
tested by moving a column specimen across the

surface of 120-grit sandpaper mounted on a
rotating drum according to ISO 4649. Since the
abrasion wear of wood is dependent on applied
surface pressure (Ohtani et al. 2003)° a
constant load was maintained on the wood
specimens during the abrasion test. The
abradability tm was expressed as a change of
mass after moving a specimen across half of the
rotating drum length (Eq. 1):

mi—ms;

1

tm

where mz is the mass of a specimen before an
abrasion test and mz is the mass of a specimen
after the test. Further, specimens were oven-
dried to evaluate their moisture content.

The significance of three factors — anatomic
direction, duration of the treatment, and
temperature of the treatment — were determined
by the ANOVA procedure using Statistica
software.

RESULTS AND DISCUSSION

A Shapiro—Wilk normality test proved the normal
distribution of abrasion resistance tm data.
ANOVA showed that the anatomical direction
did not significantly affect the abrasion
resistance (F13s7 = 3.56, p = 0.060), and thus the
rate of abradability change (percent of change
per hour of treatment) seemed to be higher in the
radial direction (Figure 1). In contrast, Autin et al.
(2015)¢ reported significant changes in the
tangential direction only when using a different
abrasion test setup. Our data showed that the
temperature and duration of treatment were very
significant (F2,3s7 = 180.50, p < 0.001 and F33s7
= 451.98, p < 0.001, respectively). Abrasion
resistance decreased after the thermal
treatment. In line with the shaker test results
provided by Welzbacher et al. (2009)’, the
abradability of wood doubled from 9% for
untreated wood to 18% for wood treated at 200
°C for 5 h. Abradability increased with the
duration of treatment at each temperature (Fig.
1).

The moisture content of the wood was rather low
and was not at the level of equilibrium moisture
content. The samples most probably underwent
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some drying during the plug cutter drilling and
abrasion test sanding.

The density of wood decreased after the
treatment. The temperature was a significant

Figure 1: Abradability of thermally treated beech wood. Bars stand for the 95% confidence

level.

Table 1: Results of abradability t,, moisture content MC, and density of thermally treated
beech wood. The standard deviation is in brackets.
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factor influencing the density (F2,3s7 = 101.9, p <
0.001). Due to lack of homogeneity between the
the main change
observed at 200 °C (Fig. 2).

in density was

T[°C] time [h] # of specimens tm [%0] MC [%] density [g/cm?]
20 0 15+ 15 9.19 (1.22) 4.95 (0.28) 0.695 (0.017)
160 1 15+ 15 10.83 (0.87) 4.70 (0.18) 0.702 (0.027)
160 3 15+ 15 11.22 (0.66) 4.17 (0.17) 0.701 (0.008)
160 5 15+ 15 12.20 (0.94) 3.91 (0.18) 0.685 (0.016)
180 1 15+ 15 9.84 (1.60) 3.84 (0.19) 0.671 (0.018)
180 3 15+ 15 12.10 (0.74) 3.44 (0.22) 0.696 (0.020)
180 5 15+ 15 13.35 (1.97) 3.38 (0.23) 0.686 (0.018)
200 1 15+ 15 11.77 (0.50) 3.45 (0.22) 0.681 (0.019)
200 3 15 + 15 13.87 (1.96) 2.70 (0.18) 0.672 (0.013)
200 5 15 + 15 18.16 (2.45) 2.13 (0.25) 0.636 (0.017)
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Figure 2: Density of thermally treated beech wood. Bars stand for the 95% confidence level.

GARY

Figure 3: Linear approximation of abradability t,, for moisture content and wood density.
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Duration of treatment was also a significant
factor (Fs3s7 = 63.1, p < 0.001).

Abradability, moisture content, and density of
the thermally treated beech wood after abrasion
tests are summarized in Table 1. Since the effect
of the anatomical direction was not significant,
the data for both anatomical directions and the
same treatment were grouped. The optimal
treatment of beech wood is characterized by a
temperature of 180 °C and duration of 1 h.
Although the abrasion resistance dropped by 7
% compared to untreated wood, the reported
improvement of other properties such as
dimensional stability and fungi resistance (Bal
2015, Boonstra et al. 2006)%° outweigh this
change. Beech wood, treated at this condition,
performed comparably to untreated hornbeam
(Brozek 2017)%.

The correlation coefficient between abradability
and moisture content (R?> = 0.630) was
significant, while that between abradability and
wood density was not significant (R? = 0.190) at
the significance level a = 0.05. Linear
approximation of abradability confirmed that the
change of abrasion resistibility is more
influenced by the change in moisture content
than the change in the density (Fig. 3).

Therefore, the moisture content could be used
for the prediction of the abrasion resistance of
thermally modified beech wood.

CONCLUSIONS

The abrasion resistance of thermally treated
beech wood was examined, and the effect of
treatment was investigated. The following
conclusions were proposed.

1. High-temperature thermal treatment
significantly influences the abrasion
resistance of beech wood, while the effect
of the anatomical direction of sanding
was not significant.

2. Both temperature and duration of
treatment significantly affected abrasion
performance.

3. The moisture content of the treated beech
wood could be used as a good prediction

tool for the estimation of abrasion
resistibility.
Despite the effect of thermal treatment on
abrasion resistance, treated beech wood can be
used for decking and flooring. Optimal thermal
treatment in an oxidizing atmosphere is at a
temperature of 180 °C for 1 hour.
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