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ABSTRACT

This study was carried out to use carbonized medium density fiberboard (MDF) for the replacement of 

sound absorbing material. Carbonization treatment was performed to improve sound absorption property for 

MDF at carbonizing temperatures of 500℃, 700℃, 900℃ and 1100℃. As the carbonization temperature 

increased, the results of the observation by scanning electron microscope (SEM) demonstrated that the fibers 

exhibited a more compressed morphology within the surface section of the MDF than those within the middle 

section of MDF. As the carbonizing temperature increased, the cavity increased. The sound absorption 

coefficient increased between the temperatures of 500℃ and 900℃, but decreased at a temperature of 1100℃. 

The sound absorption properties of the carbonized MDF and the non-carbonized MDF were compared. The 

maximum sound absorption coefficient of the carbonized MDF was 12.38%. This was almost double of the 

value of the non-carbonized MDF.
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1. INTRODUCTION

Recently, sound absorbing materials with 

advanced noises reduction are requested for 

construction and interiors. Porous absorbers are 

the most commonly used as sound absorbing 

materials. There are many materials of sound 

absorption such as carpet, draperies, spray-

applied cellulose, aerated plaster, fibrous min-

eral wool and glass fiber, open-cell foam, and 

felted or cast porous ceiling tile. 

The sound absorption coefficient of fiber-

board could be estimated in a short time by the 

two microphone transfer function method (Kang 

et al. 2005). And development of sound absorb-

ent materials by using wood particle and ce-

ment powder was achieved (Suh et al. 2004). 

Acoustic absorption coefficient by standing 
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wave method according to solid wood section 

was higher on the cross section than those on 

radial and tangential sections and the acoustic 

absorption coefficient was the highest in the 

frequency range from 400 Hz to 600 Hz 

through 200 Hz to 1800 Hz (Hong 1989). Also, 

the acoustic absorption coefficient of lauan 

plywood recorded by standing wave apparatus 

increased with plywood thickness and back air 

gap (Hong 1996). Kang et al. (2005) reported 

that the sound absorption coefficient of deligni-

ficated wood was higher than that of solid 

wood. Perforation and delignification method 

were employed to increase sound absorbing 

properties (Kang et al. 2001). Suh et al. (2013) 

reviewed that the sound absorption coefficients 

of pine wood charcoal were measured using an 

impedance tube and were compared with the 

theoretical predictions in the frequency range of 

500∼5000 Hz. As the frequency increased, the 

sound absorption coefficients of pine wood 

charcoals also increased, but lower sound ab-

sorption coefficient were observed. Porous car-

bon materials have a wide range of technical 

applications as a result of their properties which 

include their low density potential, mechanical 

capacity, resistance to heat and corrosion, in 

addition to their electric conductivity (Scholz. 

2009).

Carbonized medium density fiberboard (MDF) 

was studied in order to be utilized as a sound 

absorbing material. The objective of this study 

was to evaluate the possibility of using carbon-

ized MDF as a sound adsorbing material by 

measuring its sound adsorbing coefficient and 

by investigating the changes in its morpho-

logical characteristics.

2. MATERIALS and METHODS

2.1. Carbonization of MDF

The MDF used in this experiment was com-

mercially manufactured by Sunchang Corp 

(Inchon, South Korea) and cut into 40 cm (W) 

× 40 cm (L) × 1.2 cm (T). Each MDF speci-

men was placed between two graphite sheets 

without extra pressure to prevent distortion and 

crack during carbonization (Fig. 1). Carbonizing 

treatment was performed at different maximum 

temperatures (500, 700, 900, and 1100℃) in a 

vacuum furnace. The thermal schedule was 

used as follows: rate of temperature rise was 

50-100 ℃/h and held for 2 hours at maximum 

target temperature (Park et al. 2014).

2.2. The methods of sound absorption 

property measurement

The absorption properties test apparatus for 

the two microphone method consisted of an im-

pedance measurement tube (Type 4206A, B&K, 

Denmark) in the right side of Fig. 2, a signal 

analyzer unit (Type 2035, B&K, Denmark), a 

power amplifier (Type 2706, B&K, Denmark) 

and two microphones (Type 2670, B&K, 

Denmark), as shown in the left side of Fig. 2 

(User manual, 2002). The range of the fre-

quency measurement was 100 Hz∼3.2 kHz in 

a middle type impedance measurement tube. 
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Fig. 2. Two-microphone impedance measurement tube (left side) and cut-away diagram of the impedance 

measurement tube (right side).

Fig. 1. The carbonization method by loading graphite sheets and final product of carbonized MDFs.

The absorption coefficient was determined 

according to ASTM C 384-04 (2011).

Following calibration with a sponge, the ab-

sorption coefficient of the material was meas-

ured 100 times, using 4 locations on each 

specimen. Three replication tests were con-

ducted on each specimen and the mean value 

of the test results was recorded. The anterior 

surface of the specimen was measured 100 

times. The specimen was then rotated by 180°, 

and the same surface was again measured 100 

times. Subsequently, the posterior surface was 

measured by the above method.

After the measurement of sound absorption 

coefficient, an average sound absorption co-

efficient was calculated by dividing denomi-

nator into numerator in the frequency range of 

the measurement using the following equation 

(1).

    

 

 
······ [1]

2.3. Observation of carbonized MDF 

using SEM

Samples for scanning electron microscopy 

(SEM) were cut into 10 × 10 × 5 mm from car-

bonized MDF at 500, 700, 900 and 1100℃. 
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Carbonizing temperature (℃)
Sound absorption coefficient

Increase ratio of SAC
1)

 (%)
(%) p-value

Non-carbonized MDF
6.12 a

(0.04)

0.000

-

500
10.22 bc

(0.06)
167

700
11.22 c

(0.05)
183

900
12.38 d

(0.05)
202

1100
9.24 b

(0.04)
151

Notes ; Mean value from 3 replications, Number in parenthesis is standard deviation. 
1)

 SAC: Sound absorption coefficient.
2)

 Different letters (a, b, c and d) indicate a significant difference at 5% (Duncan’s new multiple range test).

Table 1. The sound absorption properties of carbonized-MDF at carbonizing temperatures

Then, the samples were prepared with a blade 

to provide a smooth surface for SEM 

observation. SEM images were obtained at 500 

magnification using SEM (S-3000N, Hitachi 

Science System, Ltd., Japan).

3. RESULTS and DISCUSSION

3.1. The sound absorption properties of 

carbonized MDF

Table 6 and Fig. 3 show the sound absorp-

tion properties of carbonized MDF material 

made at different carbonizing temperatures. 

The sound absorption coefficient tended to 

increase from 500℃ to 900℃, but decrease at 

1100℃. The absorption properties of the 

carbonized MDF and the non-carbonized 

MDF were compared. At a temperature of 

900℃, the carbonized MDF exhibited the max-

imum sound absorption coefficient (12.38%). 

This was almost double the value obtained for 

the non-carbonized MDF. The reduction in 

acoustic velocity from wood to char originates 

from the altered anisotropy of the cell wall 

material (Woods and Byrne 2010). It was also 

considered that the wider spaces were de-

veloped by heat treatment (Byeon et al. 2010). 

Also, it was reported that sound absorption 

coefficients of wood specimens simply per-

forated and perforated with stair were higher 

than that of normal specimens and stair type 

perforation was about 50-60% higher than that 

of normal specimen (Kang et al. 2008; Kang 

and Park 2001). In general, porous materials 

have good sound absorption capabilities over a 

wide frequency range, and sound absorption 

performance increases with material porosity 

since larger pores provide for improved acoustic 

insulation (Kang et al. 2008). Therefore, car-

bonized-MDF can be a useful material for 

replacement of ordinary sound absorbing 

material used for indoor construction.
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(a) sponge (b) Non-carbonized

(c) 500℃ (d) 700℃

(e) 900℃ (f) 1100℃

Fig. 3. The sound absorption properties of sponge and carbonized-MDF material at carbonizing temperatures. 

3.2. Anatomical observation by 

scanning electron microscope

The effects of carbonizing treatment on the 

anatomical properties of MDF were summarized 

by the differences in features between non-

carbonized and carbonized MDF at the below 

(Figs. 4 and 5).

Fig. 4 shows SEM photographs obtained 

from MDF. Fig. 4 (a) and (b) are cross section 

(500×) of non-carbonized MDF and carbonized 

MDF at 900℃, respectively. The photograph of 

carbonizing-treated MDF was different from 

that of non-carbonized MDF. More compressed 

morphology was observed in carbonized MDF 

at 900℃ than that of non-carbonized MDF, 

but the porosity of MDF increased with 

carbonization. The interwoven fibers were 
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(a)

 

(b)

Notes; a: Non-carbonized MDF, b: Carbonized MDF at 900℃.

Fig. 4. SEM photos of cross section (500×) in non-carbonized and carbonized MDFs.

A

B

C

Non-carbonized MDF Carbonized MDF at 500℃ Carbonized MDF at 1100℃

Notes; A: Surface section, B: Middle section, C: Side section

Fig. 5. SEM photos of non-carbonized and carbonized-MDFs at 500 and 1100℃ according to each section.
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observed in carbonized MDF.

Fig. 5 demonstrates the SEM photographs of 

the non-carbonized and carbonized-MDF mate-

rials at temperatures of 500 and 1100℃ (cor-

responding to each section). It can be observed 

that the fibers exhibited a more compressed 

morphology within the surface section of the 

MDF than those within the middle section of 

the MDF (A). As the carbonization progressed, 

non-fiber materials such as resins and sizing 

were observed. had been removed and the form 

of numerous fibers clearly appeared. The 

pronounced tendency was observed in car-

bonized MDF at 1100℃ than that of 500℃ 

(B). As carbonization temperature rises, the 

shape of fiber was clearly observed and less 

porosity and more closely bonded fibers were 

observed on side section (C). 

4. CONCLUSION

The carbonization treatment was performed to 

in order to improve the sound absorption of 

MDF. This was conducted at carbonizing tem-

peratures of 500℃, 700℃, 900℃, and 1100℃. 

As the carbonization temperature increased, 

the results of the SEM observation demon-

strated that the fibers exhibited a more com-

pressed morphology within the surface section 

of the MDF than those within the middle sec-

tion of MDF. As the carbonizing temperature 

increased, the cavity increased. The sound ab-

sorption coefficient increased between the tem-

peratures of 500℃ and 900℃, but decreased at 

a temperature of 1100℃. The sound absorp-

tion properties of the carbonized MDF and 

non-carbonized MDF were compared. The 

maximum sound absorption coefficient of 

the carbonized MDF was 12.38%. This was 

almost double of the value of the non-carbon-

ized MDF.
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