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Abstract Thermo-mechanical densification of wood is

performed to improve physical and mechanical properties

of wood. During this treatment aesthetic properties of

wood, including gloss, also change. Therefore, the purpose

of this study was to determine the effect of short-term

thermo-mechanical (STTM) densification in different wood

species (alder (Alnus glutinosa Goertn.), beech (Fagus

sylvatica L.), birch (Betula verrucosa Ehrh.), and pine

(Pinus sylvestris L.)) on their gloss changes. Commercial

wood veneers were densified in a hot plate press for 4 min

at temperatures of 100, 150 and 200 �C, pressures of 4, 8

and 12 MPa. Gloss was evaluated at 20�, 60� and 85�
angles of incident light using PICO GLOSS 503. Gloss

measurements showed an enhancement of aesthetic prop-

erties of densified wood. Findings of this study indicated

that both densification temperature and pressure have a

significant effect on wood gloss. Gloss values of densified

wood increased with increasing densification temperature

and pressure for all investigated species. Compared to non-

densified wood, gloss (85�) values (across/along the grain)

for alder, beech, birch and pine increased after treatment to

2109.1/2376.9, 1728.6/2311.1, 2787.5/3000, and 2591.7/

1216.7 %, respectively. The greatest gloss values were

recorded at 200 �C and pressure of 12 MPa for all tested

angles of incident light and for all densified wood samples.

Gloss changes for birch were the highest, but the glossiest

surface was observed for pine among all investigated

species after wood densification.

1 Introduction

Wood has been widely and popularly used as a decorative

material because of its aesthetic appearance and charac-

teristics properties. However, wood is much easier

destroyed by environmental factors, including water, light,

fire and living organisms, than many other man-made

materials (Wood handbook 2010). Therefore, in recent

years there has been a rapid increase in the application of

different modification methods to wood and wood materi-

als in order to improve their properties. In particular,

thermal, thermo-mechanical and thermo-hydro-mechanical

treatments of wood have been widely studied and applied

to improve its properties (Bekhta et al. 2012; Candan et al.

2013; Diouf et al. 2011; Fang et al. 2012; Kamke 2006;

Korkut et al. 2013; Kutnar and Šernek 2007; Militz 2002;

Navi and Girardet 2000; Navi and Sandberg 2012; Tarkow

and Seborg 1968; Welzbacher et al. 2008). This treatment

alters both chemical and physical properties of wood. Heat-

treated wood exhibits new characteristics such as reduced

water absorption, improved dimensional stability, better

resistance to destruction by insects and microorganisms.

However, perhaps the most important change of heat-

treated wood is its aesthetic appearance. Such wood is

characterized by an attractive darker color (Bekhta and

Niemz 2003; Gonzalez-Pena and Hale 2009). The new

versatile properties and attractive darker color make heat-

treated wood popular for different applications. However,

exterior appearance of wood is estimated not only by its

color and roughness, but also by gloss. Gloss is a unique

wood texture attribute compared to texture of other
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materials. Gloss plays the most important role in the

appearance of different materials and is an important

consumer feature. There is an extensive body of informa-

tion in respect of changes in color and surface roughness of

heat-treated wood (Akgul and Korkut 2012; Bekhta and

Niemz 2003; Candan et al. 2010; Diouf et al. 2011; Dundar

et al. 2008; Gonzalez-Pena and Hale 2009; Korkut et al.

2013; Sundqvist 2002). In contrast, there is very limited

information concerning gloss of wood (Kato and Masuda

1989; Masuda et al. 1989; Nakamura et al. 1999). Still it

can be assumed that not only color and surface roughness

but also gloss is changed during thermo-mechanical treat-

ment of wood.

Previous studies investigated the effect of heat treatment

(Aksoy et al. 2011; Cakicier et al. 2011b; Korkut et al.

2013; Shaoping et al. 2010), impregnation process (Simsek

and Baysal 2012) and coatings of wood (Demirci et al.

2013; Goktas and Toker 2010; Scrinzi et al. 2011; Sönmez

et al. 2004) on the changes in color and gloss of treated and

finished wood samples. Nakamura et al. (1999) developed

and used two digital-image analyzing methods (multi res-

olutional contrast analysis and fractal analysis) to express

wood gloss quantitatively. Visual characteristics of gloss of

materials were demonstrated quantitatively using numeri-

cal indices for the frequency and magnitude of brightness

variation in the image.

Simsek and Baysal (2012) examined the effects of the

impregnation process with 3 % aqueous borate solution on

changes in color and gloss values of beech and pine wood

samples. Borate treatments remarkably decreased gloss

values in Oriental beech (by 28–37 %) and Scots pine (by

32–45 %). Aksoy et al. (2011) found that heat treatment in

an oven for 2, 4, and 8 h at 150, 175, and 200 �C decreased

to some extent gloss values of Scots pine (Pinus sylvestris

L.) wood samples. Gloss values of Scots pine decreased by

5.5–36.6 % after heat treatment. In general, gloss values of

heat-treated Scots pine samples decreased with increasing

treatment duration and temperature. Korkut et al. (2013)

evaluated the effect of heat treatment on surface properties

of wild cherry (Prunus avium) including surface roughness,

gloss, and color stability. Gloss and surface roughness

values of the samples decreased with heat treatment

(temperature of 212 �C for 1.5 and 2.5 h) compared to

those of control samples. Gloss changes were the most

pronounced at the end of the exposure. These results are in

accordance with the findings of some experiments con-

ducted earlier (Cakicier et al. 2011b). Cakicier et al.

(2011a) found that gloss of varnished samples after heat

treatment was higher than that of varnished untreated

samples. Gloss increased in wood samples for all of the

four wood species treated with cellulose lacquer and syn-

thetic varnish and across all heat treatments (150 and

180 �C). However, gloss values were decreased for all the

wood species depending on heating temperature and time.

Demirci et al. (2013) investigated the effect of thermal

ageing of several wood varnishes on film characteristics.

Samples of 8 or 12 % moisture content were thermally

aged for 25, 50, 75, and 100 days at 25, 50, 75, and 100 �C.

The results of the study indicated that thermal ageing

caused a decrease in adhesion strength and gloss values. An

increase in moisture content of the wood material resulted

in deterioration of gloss in the conducted study.

A literature review showed that there is a lack of sci-

entific results concerning gloss of wood thermo-mechani-

cally densified at different temperatures and pressures.

Therefore, the main objective of this study was to obtain

initial data on gloss of different thermo-mechanically

densified wood species so that such species can be used

more effectively and efficiently to produce value-added

products.

2 Materials and methods

2.1 Materials

Commercial rotary cut veneer sheets were obtained from

alder (Alnus glutinosa Goertn.), beech (Fagus sylvatica L.),

birch (Betula verrucosa Ehrh.) and pine (Pinus sylvestris

L.) logs at the Sklejka-Multi S.A. plywood company in

Bydgoszcz, Poland. Defect-free veneer sheets of

300 9 300 9 1.5 mm3 with 5 % moisture were then

transported to the laboratory. Tangential sheets of veneer

were cut into 140 9 100 mm2 rectangular pieces for the

thermo-mechanical densification process and subsequent

measurements. Prior to thermo-mechanical densification,

all test samples were equilibrated at a temperature of 20 �C

and relative humidity of 65 %.

2.2 Short-term thermo-mechanical densification

technique

Short-term thermo-mechanical (STTM) densification was

performed using a temperature-controlled laboratory press.

Three different densification temperatures (100, 150, and

200 �C) and three densification pressures (4, 8, and

12 MPa) were applied to wood samples. Each wood sam-

ple was thermo-mechanically densified for 4 min between

smooth and thoroughly cleaned heated plates of the press at

applied temperatures and pressures.

2.3 Gloss measurement

Changes in properties of densified surface veneer were

evaluated by gloss measurements. Gloss is an optical

phenomenon related to the appearance of a surface and
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represents the capacity of a surface to reflect directed light

(ASTM D523 1995). Gloss is considered to be the pro-

portion of incident light that is reflected at the specular

reflectance angle (with respect to the normal plane of the

surface). Gloss was determined according to DIN 67530

(1982), ISO 2813 (1994) using a PICO GLOSS 503

Table 1 Gloss values of non-densified and densified veneer surfaces measured at different angles

Densification parameters Angle of incidence (�)

Gloss measured across (\) the grain Gloss measured along (k) the grainTemperature (�C) Pressure (MPa)

20 60 85 20 60 85

Alder non-densified 1.1 (0.0) 2.9 (0.1) 1.1 (0.0) 1.2 (0.1) 4.2 (0.3) 1.3 (0.2)

100 4 1.1 (0.0) 3.9 (0.2) 5.2 (0.4) 1.2 (0.0) 5.4 (0.2) 10.5 (1.1)

8 1.2 (0.0) 4.5 (0.1) 5.7 (0.2) 1.3 (0.0) 6.0 (0.2) 12.6 (0.5)

12 1.2 (0.1) 5.1 (0.2) 5.7 (0.4) 1.3 (0.0) 6.6 (0.2) 14.2 (0.9)

150 4 1.1 (0.0) 4.5 (0.2) 7.3 (1.6) 1.2 (0.1) 6.4 (0.3) 16.9 (0.8)

8 1.3 (0.0) 5.5 (0.1) 10.8 (0.8) 1.4 (0.1) 7.9 (0.3) 18.1 (0.8)

12 1.3 (0.0) 5.4 (0.2) 8.2 (0.7) 1.4 (0.1) 7.5 (0.4) 16.4 (0.9)

200 4 1.1 (0.1) 4.9 (0.3) 12.0 (1.4) 1.2 (0.1) 7.5 (0.5) 21.2 (2.0)

8 1.2 (0.1) 7.0 (0.6) 23.8 (2.3) 1.4 (0.1) 10.7 (0.4) 31.5 (1.2)

12 1.5 (0.1) 8.3 (0.2) 24.3 (1.2) 1.7 (0.1) 12.3 (0.4) 32.2 (1.3)

Beech non-densified 0.9 (0.0) 2.0 (0.0) 0.7 (0.1) 0.9 (0.0) 3.2 (0.0) 0.9 (0.1)

100 4 0.9 (0.0) 2.8 (0.1) 3.3 (0.3) 1.1 (0.0) 4.0 (0.2) 5.5 (1.1)

8 1.0 (0.0) 3.5 (0.1) 5.4 (0.5) 1.1 (0.1) 4.5 (0.1) 8.9 (0.7)

12 1.1 (0.0) 4.0 (0.1) 5.5 (0.2) 1.1 (0.0) 4.7 (0.3) 12.0 (0.7)

150 4 1.0 (0.0) 3.2 (0.1) 4.8 (0.4) 1.0 (0.0) 4.2 (0.1) 7.3 (0.8)

8 1.1 (0.0) 4.1 (0.1) 8.1 (0.2) 1.1 (0.0) 5.5 (0.1) 12.7 (0.5)

12 1.1 (0.0) 4.2 (0.1) 7.4 (0.3) 1.1 (0.0) 5.5 (0.1) 14.1 (0.5)

200 4 0.7 (0.0) 3.3 (0.1) 7.9 (0.7) 0.8 (0.1) 4.7 (0.2) 13.9 (1.0)

8 0.9 (0.1) 4.4 (0.2) 8.8 (0.3) 0.9 (0.0) 6.0 (0.3) 17.3 (1.2)

12 1.0 (0.1) 5.3 (0.2) 12.8 (1.0) 1.0 (0.1) 6.8 (0.4) 21.7 (1.3)

Birch non-densified 0.9 (0.0) 2.5 (0.0) 0.8 (0.0) 1.0 (0.0) 3.7 (0.1) 1.2 (0.1)

100 4 1.4 (0.0) 4.3 (0.1) 4.2 (0.2) 1.5 (0.0) 6.2 (0.3) 7.7 (1.0)

8 1.5 (0.1) 5.5 (0.1) 5.8 (0.8) 1.6 (0.1) 7.3 (0.4) 14.7 (0.9)

12 1.5 (0.1) 5.8 (0.2) 6.7 (1.0) 1.7 (0.0) 8.3 (0.4) 17.3 (1.1)

150 4 1.3 (0.0) 4.5 (0.1) 7.8 (0.6) 1.5 (0.0) 7.0 (0.3) 12.7 (1.0)

8 1.6 (0.1) 6.3 (0.2) 13.9 (1.0) 1.7 (0.1) 9.1 (0.5) 20.4 (2.1)

12 1.7 (0.1) 6.8 (0.2) 17.2 (1.4) 1.9 (0.1) 10.2 (0.5) 25.7 (1.5)

200 4 1.2 (0.1) 5.1 (0.4) 12.1 (0.9) 1.3 (0.1) 8.0 (0.4) 19.4 (1.6)

8 1.2 (0.1) 6.5 (0.3) 15.8 (1.2) 1.4 (0.1) 9.9 (0.5) 24.7 (1.3)

12 1.7 (0.1) 8.5 (0.2) 23.1 (2.2) 1.9 (0.1) 13.6 (0.3) 37.2 (1.4)

Pine non-densified 1.3 (0.1) 4.3 (0.2) 1.2 (0.1) 1.5 (0.1) 6.6 (0.4) 3.0 (0.6)

100 4 1.6 (0.1) 6.7 (0.2) 9.0 (0.5) 1.8 (0.1) 9.8 (0.5) 18.6 (1.4)

8 1.7 (0.0) 7.4 (0.3) 7.6 (0.9) 1.9 (0.1) 10.5 (0.6) 17.9 (2.3)

12 1.8 (0.1) 7.8 (0.4) 9.6 (0.7) 1.8 (0.1) 10.0 (0.4) 18.3 (0.8)

150 4 1.6 (0.1) 6.6 (0.1) 10.3 (1.0) 1.8 (0.1) 9.9 (0.5) 19.3 (1.7)

8 1.9 (0.1) 8.7 (0.5) 18.7 (1.3) 2.1 (0.1) 13.0 (0.5) 27.5 (2.0)

12 1.7 (0.1) 8.3 (0.3) 21.5 (1.2) 1.9 (0.2) 11.9 (0.8) 29.8 (3.3)

200 4 1.6 (0.2) 7.9 (0.6) 21.4 (2.2) 1.7 (0.1) 11.0 (0.7) 27.1 (4.0)

8 1.6 (0.1) 8.9 (0.8) 29.4 (2.5) 1.8 (0.1) 13.3 (1.2) 35.3 (2.3)

12 2.2 (0.1) 11.5 (0.4) 32.3 (1.8) 2.3 (0.1) 16.3 (0.7) 39.5 (2.2)

Values in parenthesis are standard deviations based on twelve samples
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photoelectric apparatus. Surface gloss of non-densified and

densified veneer surface was measured at 20�, 60� and 85�
angles of incident light. Two measurements were taken

from the surface of each sample, one along (k) and one

across (\) the grain. Complete specular light reflection,

which is perfect gloss, would be 100 %, and complete

diffuse light reflection matt would be 0 %.

2.4 Scanning electron microscopy (SEM) analysis

In order to highlight the morphology of the densified sur-

face and correlate it to gloss changes, densified surfaces

were examined using scanning electron microscopy

(VEGA TS 5130).

2.5 Statistical analysis

Veneers from four different wood species (alder, beech,

birch, and pine), three different densification temperatures

(100, 150, and 200 �C), three different densification pres-

sures (4, 8, and 12 MPa), three different angles (20�, 60�,

85�), two directions of measurement (along and across the

grain), and twelve replications for each cell were prepared

(4 9 3 9 3 9 3 9 2 9 12 = 2,592 samples). A full fac-

torial analysis of variance was conducted in order to

determine the effects of each dependent variable. In cases

where the differences between the groups were statistically

significant, a comparison was made with Duncan’s multi-

ple range test at the a = 0.05 confidence level.

3 Results and discussion

Gloss measurements quantified improvement of aesthetic

properties. Average gloss values of all investigated wood

species are given in Table 1. Among all samples, the

highest gloss value was obtained for pine veneers and the

lowest value was recorded for beech veneers.

Changes in the percentage of gloss values of densified

veneer compared with non-densified veneer are shown in

Table 2. It was found that short-term thermo-mechanical

densification causes a considerable increase, in comparison

Table 2 Changes in gloss after thermo-mechanical densification

Wood species Angle of incident light (�) Gloss values Reduction (-) or increase (?) in

gloss after densification (%)
Before densification After densification at 100 �C,

4 MPa/200 �C, 12 MPa

Alder 20 (k) 1.2 1.2/1.7 0.0/?41.7

20 (\) 1.1 1.1/1.5 0.0/?36.4

60 (k) 4.2 5.4/12.3 ?28.6/?192.9

60 (\) 2.9 3.9/8.3 ?34.5/?186.2

85 (k) 1.3 10.5/32.2 ?707.7/?2376.9

85 (\) 1.1 5.2/24.3 ?372.7/?2109.1

Beech 20 (k) 0.9 1.1/1.0 ?22.2/?11.1

20 (\) 0.9 0.9/1.0 0.0/?11.1

60 (k) 3.2 4.0/6.8 ?25.0/?112.5

60 (\) 2.0 2.8/5.3 ?40.0/? 65.0

85 (k) 0.9 5.5/21.7 ?511.1/?2311.1

85 (\) 0.7 3.3/12.8 ?371.4/?1728.6

Birch 20 (k) 1.0 1.0/1.9 ?50.0/?90.0

20 (\) 0.9 0.9/1.7 ?55.6/?88.9

60 (k) 3.7 3.7/13.6 ?67.6/?267.6

60 (\) 2.5 2.5/8.5 ?72.0/?240.0

85 (k) 1.2 1.2/37.2 ?541.7/?3,000

85 (\) 0.8 0.8/23.1 ?425.0/?2787.5

Pine 20 (k) 1.5 1.5/2.3 ?20.0/?53.3

20 (\) 1.3 1.3/2.2 ?23.1/?69.2

60 (k) 6.6 6.6/16.3 ?48.5/?147.0

60 (\) 4.3 4.3/11.5 ?55.8/?167.4

85 (k) 3.0 3.0/39.5 ?520.0/?1216.7

85 (\) 1.2 1.2/32.3 ?650.0/?2591.7
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with non-densified veneer, of gloss values measured at

different angles of incident light with increasing tempera-

ture and pressure of densification. For example, gloss (85o)

values (across/along the grain) for alder, beech, birch and

pine increased after treatment to 2109.1/2376.9, 1728.6/

2311.1, 2787.5/3000, and 2591.7/1216.7 %, respectively

compared to non-densified wood. The reason for the

increase in gloss at higher densification temperature and

pressure probably comes from the smaller light scattering

of increasingly smoother veneer surfaces. Non-densified

veneer samples presented lower gloss (they were matt

surfaces) than veneer densified at different temperatures

and pressures (they were half-matt surfaces).

Figure 1 presents gloss values at three angles. For non-

densified wood with an increasing angle of incidence the

specular reflectance initially increases, but at angles over

60� it rapidly subsides (Fig. 1a). Herewith, diffuse

reflection drops. Gloss values obtained at angles of 20 and

85� are practically identical. The latter is probably due to

the very high roughness value of non-densified (original)

veneer surface. The presence of surface irregularities

diminishes the measured value of gloss, especially at

higher angles. For densified wood the specular reflectance

increases with an increasing angle of incidence from 20� to

85� (Fig. 1b). Obviously, the natural characteristics of

wood have an influence on surface roughness and conse-

quently on gloss properties. As it can be seen from Fig. 1,

the effect of roughness on gloss at 20� and 85� appears

stronger for non-densified wood than for densified wood.

ESEM observations (Fig. 2) allowed highlighting the dif-

ferent morphology of the non-densified and densified sur-

faces. The reason for the decreasing glossiness at higher

roughness values probably comes from the larger light

scattering on increasingly more irregular and complex

Fig. 1 Average gloss values of

wood species at different angles

of incidence: a in non-densified

wood veneer; b in wood veneer

densified at 200 �C and 12 MPa
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surfaces. Surfaces of the densified samples were much

smoother than those of the non-densified samples. The

initial roughness of the samples may play an important role

affecting gloss of wood veneers. Smaller roughness values

correspond to higher gloss values. As it follows from the

gloss data, 60� could be chosen as the measurement

Fig. 2 SEM images on

longitudinal tangential surfaces

of samples before and after

densification: a non-densified

alder veneer; b alder veneer

densified at 200 �C and

12 MPa; c non-densified beech

veneer; d beech veneer

densified at 200 �C and

12 MPa; e non-densified birch

veneer; f birch veneer densified

at 200 �C and 12 MPa; g non-

densified pine veneer; h pine

veneer densified at 200 �C and

12 MPa
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configuration for non-densified wood in order to better

highlight gloss changes, since both 20� and 85� setups

show gloss values too low in the case of non-densified

samples. In turn, angles of 60� or 85� could be selected as

the measurement configuration of gloss for densified wood.

A typical finding for gloss measurements for all inves-

tigated wood species is that gloss values when measured

along the grain are higher than those measured across the

grain (Table 1). This can be explained by the anatomical

structure and irregularities on the surface of wood veneers.

Surface roughness more significantly affects scattering of

light when measuring gloss across the grain. This leads to

greater light scattering, increasing the diffuse component.

Actually the differences between the two directions of

measurements are appreciable only by considering gloss

measurements at any of the tested angles (20�, 60� and

85�). It was possible to observe through regression analysis

that there is a clear correlation (R2 = 0.82–0.93) between

gloss measurements along and across the grain (Fig. 3).

Therefore, in practice it is enough to measure gloss along

the grain.

Possible correlations between gloss measured at differ-

ent angles of incident light were also investigated. Some of

these correlations for birch veneer are presented in Fig. 4.

The high values of the coefficients of determination

(R2 = 0.82–0.94 for gloss values obtained along the grain

and R2 = 0.75–0.85 for gloss values obtained across the

grain) show a good linear correlation between gloss mea-

sured at 60� and 85� for all investigated wood species. A

less specific correlation exists between gloss measured at

20� and 60� (with coefficients of determination 0.58–0.65

for gloss values recorded both along and across the grain)

or between 20� and 85� (with coefficients of determination

0.38–0.50 for gloss values obtained along the grain and

0.28–0.43 for gloss values obtained across the grain) for

alder, birch and pine wood. No correlation was found

between gloss measured at 20� and 60� or 20� and 85� for

beech wood. At the moment it is difficult to explain this

fact. Perhaps it is due to anatomical features of beech wood

compared to the other investigated wood species. There-

fore, further studies are needed to explain this

phenomenon.

The results of multivariate ANOVA for gloss indicate

that the factors and the factor interactions were meaningful

at a significance level of a = 0.05. The results of Duncan’s

tests conducted to determine the significance of effects of

wood species, densification temperature and pressure on

surface gloss are given in Table 3. The differences in gloss

among all four wood species were statistically significant,

ranking from highest to lowest as pine, birch, alder and

beech. The higher gloss of pine may be a result of the

darker surface and lower roughness compared with the

other wood species investigated (Fig. 2). The effect of

densification temperature on gloss was statistically signif-

icant with the highest value obtained at a temperature

200 �C and the lowest for non-densified (control) samples.

The effect of densification pressure on gloss was also sta-

tistically significant with the highest value recorded at

12 MPa and the lowest for non-densified (control) samples.

Gloss is higher after thermo-mechanical densification.

Such trends were observed for all four investigated wood

species. These findings differ from those obtained in pre-

vious studies (Aksoy et al. 2011; Cakicier et al. 2011b;

Korkut et al. 2013). This can be explained by the fact that

in contrast to previous studies where only heat treatment of

wood was applied, in this study heat treatment was

Fig. 3 Relationship between

glosses measured along and

across the grain in densified

birch veneer
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combined with densification. Moreover, the actual densi-

fication at high temperature and pressure makes the surface

of densified wood smoother and glossier.

4 Conclusion

Aesthetic properties of different thermo-mechanically den-

sified wood species (hardwood and softwood) were quanti-

fied by gloss measurements. Short-term thermo-mechanical

densification improves attractiveness of wood surface. For

all the investigated wood species densification induces a

strong increase of gloss. This facilitates the application of

transparent organic coatings that allow improved natural

characteristics of wood to remain visible, and so the demand

for them has been increasing. According to the obtained

results, with increasing densification temperature and pres-

sure gloss of all the investigated wood species increased

significantly. All these variations are more pronounced at

higher densification temperatures and pressures. Wood

species also have a significant effect on gloss changes.

The natural characteristics of various wood species have

an influence on surface characteristics of densified wood

veneers such as surface roughness and gloss. ESEM

observations show that surfaces of the densified samples

were much smoother than those of the non-densified

samples. From the obtained findings it appears that higher

gloss corresponds to smaller surface roughness.

It is a reasonable solution to use a 60� or 85� angle of

incidence for both matt and glossy layers in test

Fig. 4 Relationship between

glosses measured at different

angles along (a) and across

(b) the grain in densified birch

veneer
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measurements. When gloss is measured at a small angle

(20�) of incidence, it is impossible to distinguish minor

surface roughness, since such surfaces appear equally

smooth (the light beam glides over the surface).

Evidently, the high gloss was due to sample preparation

by short-term thermo-mechanical densification and chan-

ges of color and roughness, which were not considered as

variables in this study and will be the subject of further

research. Further research is also needed to establish the

quantitative relationships between color, roughness and

gloss of densified wood.
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