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Effect of heat treatment temperature and time on sound
absorption coefficient of Larix kaempferi wood
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Abstract Heat treatment improves the dimensional sta-

bility and hydrophobicity of wood, and heat-treated wood

is currently attracting attention as a new interior material.

However, there are few evaluations where the acoustic

properties of heat-treated wood are reported when such

wood is used as an interior material. In this study, Larix

kaempferi wood, typically used as a building material, was

heat-treated at 200, 220, and 240 �C for 9, 12, 15, and 18 h.

The sound absorption coefficients of the treated wood

samples were measured at 250, 500, 1000, 2000, and

4000 Hz in a reverberation room. The sound absorption

coefficient increased with the treatment temperature and

the treatment time. The results of this study showed that the

high-frequency band range sound absorption coefficient of

wood can be increased dramatically by heat treatment.
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Introduction

Wood has various colors and patterns, ease of processing,

and high specific strength compared with other materials.

Therefore, it has been used as an interior material since

ancient times. Heat-treated wood, which is thermally

modified at high temperatures, has increased hydropho-

bicity and improved dimensional stability [1]. Thus, heat-

treated wood is attracting attention as a new interior

material, and research on heat-treated wood is actively

underway [2–5].

When heat-treated wood is used as an interior material,

its sound absorption properties should be considered.

Sound absorption, the process by which the energy of

sound is reduced, shows a variety of mechanisms in

accordance with the properties of the materials. The sound

absorption coefficient is an indicator of the sound absorp-

tion. Various theories for evaluating the sound absorption

coefficient have been studied [6–10]. However, these the-

ories are too complex and can be applied to only limited

samples. Thus, the empirical formulas obtained through a

variety of experiments have been more useful [11–15]. The

sound absorption coefficient of wood has been studied by

many researchers [16–20], but there is limited research

about the sound absorption coefficient of heat-treated

wood. This study examined the sound absorption coeffi-

cient of heat-treated wood in accordance with treatment

temperature and treatment time.

Materials and methods

Kiln-dried larch (Larix kaempferi) lumber (width

110 mm, thickness 30 mm, and length 2600 mm) was

harvested from SK forest (Hwasun, Republic of Korea).
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The specimens for evaluating the sound absorption

coefficient were made by attaching five heat-treated

boards (width 105 mm, thickness 10 mm, and length

500 mm) in the width direction and the final size of

specimens was 525 mm in width, 10 mm in thickness,

and 500 mm length. The number of specimens was 13,

depending on the number of heat treatment conditions.

Heat treatment equipment

The heat treatment equipment was designed and con-

structed (Fig. 1). The equipment consisted of a reactor

(Hanwoul Engineering, Gunpo, Republic of Korea), a feed

tank, a condenser, and a vacuum pump. The reactor was

640 mm in diameter, and 2200 mm in length. The capacity

of the reactor was 0.7 m3, and the mantle-type heater was

surrounding the reactor so that heat could be applied to the

reactor. Additionally, insulating the outer surface of the

reactor with glass wool minimized the heat loss to the

outside. Sensors that could measure the temperature in the

reactor and the temperature of the wood were attached to

the reactor. The changes of temperature were measured in

real time, and a computer saved these measured values.

The temperature in the reactor was controlled by a com-

puter program.

Wood heat treatment

The air heat treatment was performed with wood heat-

treatment equipment. The kiln-dried larch (L. kaempferi)

lumber was heat-treated in atmospheric pressure air at 200,

220, and 240 �C for 9, 12, 15, and 18 h. The initial

moisture content (MC) of all the dried lumber was

approximately 10–12%. Carbonization of specimen did not

occur during heat treatment.

Sound absorption coefficient evaluation

To evaluate the sound absorption coefficient change in

accordance with the heat treatment temperature and time,

the sound absorption coefficients of specimens made with

heat-treated panels were measured. Additionally, for

comparison with the heat-treated specimens, the sound

absorption coefficients of the specimens made with kiln-

dried panels were measured.

The sound absorption coefficients of specimens were

measured by the reverberation room method. The rever-

beration room was made of cement with the dimensions of

a 0.5 m3 cube. The internal surface of the reverberation

room was covered with sound insulation material and

sound absorption material to minimize the influence of

external noise. When measuring the sound absorption

coefficients, the reverberation room and specimen were

bound tightly to minimize the diffractions of sound waves.

The acoustic property analysis system (Fig. 2) was used

to measure the sound absorption coefficients of specimens.

The acoustic property analysis system consisted of a

function generator (SFG 2110, GW INSTEK, Taipei, Tai-

wan), a microphone set (Type 46AE, Brüel and Kjær,

Copenhagen, Denmark), a data collection device (Apollo

Box, SINUS, Leipzig, Germany), and analysis software

(Amadeus 2ch SLM/Multi Analyzer, SINUS, Leipzig,

Germany).

To calculate the sound absorption coefficients of spec-

imens, the reverberation time when the reverberation room

was covered with a lid (s1) and the reverberation time when

the reverberation room was covered with a specimen (s2)
were measured (Fig. 3). The frequency band was set to

250, 500, 1000, 2000, and 4000 Hz.

By substituting s1 and s2 in Sabine’s reverberation time

formula, the equivalent sound absorption area could be

calculated according to Eqs. (1) and (2),

A1 ¼
55:3V

c� s1
� 4Vm; ð1Þ

A2 ¼
55:3V

c� s2
� 4Vm; ð2Þ

where A1 is the equivalent sound absorption area when the

reverberation room is covered with a lid (m2), A2 is the

equivalent sound absorption area when the reverberation

room is covered with a specimen (m2), c is the sound

velocity (m/s), V is the volume of the reverberation room

(m3), and m is the power attenuation coefficient.

The sound velocity (c) and power attenuation coefficient

(m) were calculated by Eqs. (3) and (4), respectively,

c ¼ 331þ 0:6T ; ð3Þ

m ¼ aair
10 log e

; ð4Þ

where T is the internal temperature of the reverberation

room (�C), and aair is the attenuation coefficient by the air.

Fig. 1 a Heat treatment equipment. b Lumber stack in the equipment

576 J Wood Sci (2017) 63:575–579

123



From the difference between A1 and A2, the equivalent

sound absorption area of the specimens was calculated

according to Eq. (5):

AT ¼ A2 � A1 ¼ 55:3
V

c

1

s2
� 1

s1

� �
; ð5Þ

where AT is the equivalent sound absorption area of the

specimen.

Additionally, the sound absorption coefficients of

specimens could be calculated according to Eq. (6):

aS ¼
AT

S
; ð6Þ

where aS is the sound absorption coefficient of a specimen,

and S is the area of a specimen.

Results

The measured sound absorption coefficients of each type of

specimen are presented in Table 1. As shown in the table,

the sound absorption coefficient increased with the treat-

ment temperature and the treatment time. In particular, the

increase rate of the sound absorption coefficient was dra-

matic in the high-frequency band range compared with the

low-frequency band range. When the specimens that were

heat-treated at 240 �C for 18 h and the control specimens

were compared, the increase rate of the sound absorption

coefficient was 16.67% at 250 Hz, 5.88% at 500 Hz,

41.67% at 1000 Hz, 191.67% at 2000 Hz, and 60.71% at

4000 Hz.

Discussion

The sound absorption coefficients of porous materials, such

as wood, are proportional to the porosity and roughness of

the internal pore wall. Researchers developed a theory for

the propagation of stress waves in a porous elastic solid

[7, 8]. The waves are propagated in two dilatational waves

and one rotational wave when they propagate through the

pore. In particular, in the low-frequency band range, the

waves in porous materials are propagated in the form of

Poiseuille flow. The Poiseuille flow is a pressure-induced

channel flow in a long duct. It is distinguished from drag-

induced flow, such as Couette flow. Friction between

propagating wave and the internal pore wall critically

influence the Poiseuille flow. Thus, in the low-frequency

band range, the effect of the roughness of the internal pore

wall is dominant because the sound wave propagates with

the form of Poiseuille flow. In comparison, in the high-

frequency band range, the effect of porosity is dominant

because the form of Poiseuille flow is collapsed.

The increase of the sound absorption coefficient in a

low-frequency band range is due to the increased roughness

of the internal pore wall. During the heat treatment, as the

Fig. 2 Acoustic property

analysis system (a mimetic

diagram, b full view)

Fig. 3 a Reverberation room

covered with lid.

b Reverberation room covered

with wood specimen
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components of wood (cellulose, hemicellulose, and lignin)

were modified and relocated, the microstructure of the

wood was changed, and the cell wall of the internal pores

became rough (Fig. 4). However, it was determined that

the heat treatment’s effect of increasing the roughness of

the internal pore wall was slight because the increase rate

of the sound absorption coefficient was low.

The increase of the sound absorption coefficient by heat

treatment in the high-frequency band range is due to the

increase of porosity. During heat treatment, the density of

wood was reduced, and tylosoid and pit aspiration were

removed. Additionally, due to the shrinkage of the cell

wall, the intercellular layers were exposed. Thus, the

porosity of the wood was increased (Fig. 5). Furthermore,

the heat treatment’s effect of increasing porosity was great

because the increase rate of the sound absorption coeffi-

cient was high.

Table 1 Sound absorption

coefficients of specimens
Temperature/time Frequency

250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

Control 0.024 0.034 0.012 0.012 0.028

200 �C
9 h 0.026 0.033 0.013 0.014 0.030

12 h 0.025 0.034 0.014 0.017 0.031

15 h 0.026 0.034 0.014 0.017 0.031

18 h 0.027 0.036 0.015 0.020 0.032

220 �C
9 h 0.027 0.034 0.012 0.019 0.031

12 h 0.027 0.036 0.014 0.022 0.034

15 h 0.028 0.037 0.015 0.025 0.035

18 h 0.028 0.036 0.016 0.028 0.037

240 �C
9 h 0.027 0.036 0.014 0.022 0.034

12 h 0.028 0.036 0.016 0.026 0.039

15 h 0.027 0.034 0.016 0.030 0.043

18 h 0.028 0.036 0.017 0.035 0.045

Fig. 4 Internal surface of wood

cell wall (a before heat

treatment, b heat-treated at

240 �C for 18 h)

Fig. 5 Cross-sectional structure

of wood cell wall (a before heat

treatment, b heat-treated at

240 �C for 18 h)
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Conclusion

1. The sound absorption coefficient increased with the

treatment temperature and the treatment time. The

increased rate of the sound absorption coefficient was

higher in the high-frequency band range than in the

low-frequency band range.

2. It was estimated that the increase of the sound

absorption coefficient in the low-frequency band range

was due to the increased roughness of the internal pore

wall. In the high-frequency band range, it was due to

the increased porosity of the wood.

3. The effect of heat treatment on the sound absorption

coefficients of L. kaempferi wood was analyzed, and

the cause was determined. This study is expected to

serve as a foundation for future research related to the

acoustic properties of heat-treated wood.
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