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THE EFFECT OF DRYING INTENSITY ON THE COLOR
CHANGES OF PINE WOOD (PINUS SYLVESTRIS L.)

Aleksandra Konopka — Jacek Baranski — Kazimierz A. Orlowski —
— Daniel Chuchala

Abstract

The effect of the selection of drying process parameters on the color change of Scots pine
wood (Pinus Sylvestris L.) is presented. In this work the experimental studies have been
performed. The research focused on the influence of drying intensity on the changes of
color after drying process. Intensity of drying process was determined on the basis of the
average drying gradient. To determine the color of wood before and after drying process
the series of experiments have been performed, using color reader device. The wood
samples were dried according to three different drying modes, namely: mild, normal and
intense. Experiments were conducted in the laboratory dryer. The measurement of wood
samples was made using international standards: 1SO 11664-2 and ISO 11664-4 of total
color change after drying. As a result of the performed statistical tests, there were observed
statistically significant color changes of the wood surface for intensive drying mode.

Key words: drying process, pine wood, color changes, process intensity

INTRODUCTION

Wood color is one of the main criteria of assessing its quality and it affects how wood
product is percepted by clients. According to ABRAHAO (2005) homogenity of wood color
is relevant in assessing quality, since, it determines final appearance of wood product.
Objective color measurement is performed instrumentally in such a way that it corresponds
to visual assessment, using spectrophotometers or color readers devices and is defined in
numerical form based on a standardized colorimetric calculation developed by the
International Commission on Illumination (CIE - Comission Internationale de 1'Eclairage)
(KAZIMIERSKA, 2014). In the treatment processes, wood was mechanically processed, dried
or subjected to thermal modification, which significantly changes its natural color and
chemical composition (GONZALEZ DE CADEMARTORI ef al. 2013, BARCIK et al. 2015).
Significant changes in the structure of wood appear after exceeding 180 °C, while at the
temperature of 250 °C the carbonization process begins (KACIKOVA ef al. 2011).

Instrumental methods for determining colorimetric parameters of color and color difference
are subject to ISO standards. Standards contain basic definitions, requirements
for colorimetric systems, basics of colorimetric calculus, information for the correct
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implementation of instrumental color measurement. In the study, the color change of dried
wood was assessed using the three-axis system (Figure 1), measuring: brightness (L)
and chromaticity coordinates (a, b"), in accordance with 1ISO 11664-2 and ISO 11664-4.
The CIELAB system recommended by CIE consists of two axes with two parameters a"
and b*, which are at right angle to each other and define the color tone. Third axis
is brightness L" and it is perpendicular to the " - b* plane.

White White
L* oo L*
Yellow
+b*
Green -a"* i k » +a' Rad
et
Blus
.Ltiﬂj
Black Black

Figure 1. Diagram of a three-axis color change measurement system (SEHLSTED-PERSSON, 2003)

Colorimetric measurment is useful in wood quality control process and in assessing the
color of final products of high-temperature drying (KLEMENT ef al. 2015). The mechanism
of color changes is a complicated process and depends on many differentiating and
degrading factors (MCCURDY et al. 2005, KUDRA et al. 2003, MCDONALD et al. 2010).
GLUER et al. 2005 determined the intensity of the drying process based on the drying
gradient, which is defined as follows:

_ MC
a=_-[1] (1)

where: MC — wood moisture content [%], EMC — equilibrium moisture content,
for the given temperature and relative humidity of drying medium [%].

The aim of the experimental research was to determine the color change of pine wood after
drying process using three modes with different levels of the process intensity.
MATERIAL AND METHODS

The drying process of pine wood on laboratory scale was carried out in the HCP108 dryer

manufactured by Memmert GmbH + Co.KG from Biichenbach, Germany. Three drying
modes were used in the work, the parameters of which are summarized in Table 1.
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Table 1. Drying medium parameters for modes: mild, normal and intense

Drying MC ts EMC At a RH
mode [%] [°C] [%] [°C] [“o/%0] [%]
mild > 24 (SP) 50 +1 11.3 6.3 146 70 £2

239-8 60 £1 9.1 9.0 ) 62 £2

normal > 24 (SP) 70 £1 9.0 9.0 177 65 £2
239-8 80 1 7.5 11.7 ' 60 £2

> 40 90 £1 14.1 2.8 90 £2

intense | 39.9-24 P | 90 %1 10.0 7.3 2.56 752

239-8 120 +1 4.0 20.0 342

Legend: FSP — Fiber Saturation Point, MC — moisture content, #, — temperature of drying

medium, EMC — equilibrium moisture content, A — psychrometric difference, @ — drying

gradient, RH — relative humidity

In order to perform a statistical analysis, for each drying mode, 30 pine wood samples
(Pinus sylvestris L.) with a tangential cross-section were selected. In the Figure 2 was
shown schematically the locations of boards to measure the color change of pine wood after
drying. Each of 10 boards dried in the process for each intensity mode had three color
measurment points before and after drying respectively.

Figure 2. The points position of color measurement on samples

The color space of the dried material was determined using Konica Minolta Color Reader
type CR10 device. It describes the output coordinates L”, a,” b* by the color change in the
color space (Figure 1) using the Equation 2. The color changes were obtained as
comparison of measured values of the parameters respectively L*, a*, b* before and after
drying (CIVIDINI et al. 2007).

AE = (L, — L? + (a3 —a))? + (by — b)?[-] @)

where L"), a"1, b"| are the values of color spectra before drying process, and L*, a™, b, are
the values of color spectra after drying process.

Parameters L", a*, and b" are coordinates of colorimetric space. The color change criteria
are presented below:
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AE <0.2: invisible color change
2> AE>0.2: slight change of color
3> AE>2 : color change visible in high filter
6> AE>3
12>AE>6 : high color change
AE>12 : different color

: color changes visible with the average quality of the filter

Bar graphs were prepared and Duncan's test was performed to compare all possible pairs of
arithmetic means. If the probability value is greater than the assumed significance level
p > a, there is no reason to reject the so-called the null hypothesis which states that the
observed effect is due to chance. The analysis assumed a significance level of a = 0.05 and
the STATISTICA 13 (StatSoft, Inc., Tulsa OK Oklahoma, US) program was used
to determine the probability.

RESULTS AND DISCUSSION

The measurement data presented in Table 2 contain a summary of the results of the total
color change of the tested samples after drying with the use of three drying modes.

Table 2. Color change measurement results for: mild, normal and intense drying processes

Drying Statistic values L* a* bi* Ly* as* byo* AE*
mole HEESEREYEES NSNS0
mild average 70.6 9.1 29.9 74.6 6.7 26.5 6.4

standard deviation | 2.6 1.5 33 2.5 1.5 1.7 2.0

normal average 77.0 6.7 25.6 74.3 8.0 29.2 4.8

standard deviation | 0.5 0.8 1.7 1.3 0.7 1.4 1.1
intense average 74.2 6.6 24.9 65.2 12.0 333 13.9
standard deviation | 1.3 0.5 1.5 3.2 2.3 5.1 5.6

Table 3. Duncan's test for the complete color change of pine wood depending on the drying program

used
Mild Normal Intense
AE [-] AE> [-] AE5[-]
Mild AEq [-] - 0.083619 0.000114
Normal AE5 [-] 0.083619 - 0.000053
Intense AFE5 [-] 0.000114 0.000053 -
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Figure 4. Wood color changes after drying processes with the use of three modes

By analyzing the obtained results (Table 2, Figure 4), it was found that the color change of
pine wood after drying, determined by the value of AE, increases when the process takes
place at temperatures above 100 °C. The change in the color of pine wood turned out
to be the smallest for normal drying (the average value of the 4E parameter was 4.81 %,
with a standard deviation of 1.1 %). The greatest color change was achieved during
intensive drying (the mean value of the A4E parameter was 13.9 %, with a standard deviation
of 5.6 %).

Duncan's test (Table 3) confirmed a strong statistical difference in the total change
in the color of wood after drying between the intensive program and the other drying
programs (p < a). The drying program at a temperature # above 100 °C requires increased
relative air humidity RH in the initial stage of the process and its strong reduction when the
temperature of the drying agent exceeds 100 °C. This can increase the value of the AE
parameter, which explains a greater color change. The tendency to stronger discoloration
of the wood was also observed by ESTEVES et al. (2008), GONZALEZ DE CADEMARTORI ef
al. (2013), UNSAL ef al. (2003), who underwent thermal modification of eucalyptus and
pine wood, as well as the rectification process - MOURA et al. (2011).

CONCLUSION
The conducted empirical investigations of pine wood kiln drying revealed that:
e the change of pine wood color depend on the drying mode only for the intensive
drying mode, when temperature of the process exceed 100°C;
e according to Duncan’s test drying modes mild and normal do not affect the surface
color of pine wood.
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