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ABSTRACT

Environmental issues about indoor air quality have been increased and focused on volatile organic compounds (VOCs)

caused cancer, asthma, and skin disease. Reducing VOCs has been attempted in many different methods such as using

environmentally friendly materials and air cleaner or purifier. Charcoal is well known material for absorbing VOCs. 

Therefore, carbonized board from medium density fiberboard has been developed. We assumed that the source of car-

bonized boards can be any type of wood-based panels. In this study, carbonized boards were manufactured from ori-

ented strand board (OSB) at 400, 600, 800, and 1000°C. Each carbonized OSB (c-OSB) was evaluated and determined

physiomechanical characteristics such as exterior defects, dimensional shrinkage, modulus of elasticity, and bending 

strength. No external defects were observed on c-OSBs at all carbonizing conditions. As carbonizing temperature in-

creased, less porosity between carbonized wood fibers was observed by SEM analysis. The higher rate of dimensional

shrinkage was observed on c-OSB at 1000°C (66%) than c-OSB at 400, 600, and 800°C (47%, 58%, and 63%, re-

spectively). The densities of c-OSBs were lower than original OSB, but there was no significant different among the

c-OSBs. The bending strength of c-OSB increased 1.58 MPa (c-OSB at 400°C) to 8.03 MPa (c-OSB at 1000°C) as 

carbonization temperature increased. Carbonization temperature above 800°C yielded higher bonding strength than that 

of gypsum board (4.6 MPa). In conclusion, c-OSB may be used in sealing and wall for decorating purpose without ad-

ditional artwork compare to c-MDF which has smooth surface.
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1. INTRODUCTION1)

  A prime determinant of healthy life is the in-

door air quality where people spend a large part 

of their life (WHO, 2010). The indoor air qual-

ity has been received public attention because of 

its riskiness for human. Among the air pollu-

tants, the volatile organic compounds (VOCs) 

produced from indoor finishing materials such 

as medium density fiberboard (MDF), cement- 

gypsum board, and particle board (PB) can cause 

many health issues. Recently, people increase to 

spend time mostly in indoor area, so they have 

more chance to be exposed to hazardous sub-
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stances from products used indoors (WHO, 

2010). For these reason, reducing VOCs emis-

sion and clean air has became an assignment 

and attempted with many different methods.

  Charcoal has been known as excellent envi-

ronmentally friendly materials which have abil-

ities of toxic components adsorption, fireproof, 

sound-absorption, and electromagnetic shield 

(Pulido-Novicio et al., 2001). Recently research 

were conducted to investigate the effects and 

necessity of charcoal through different methods 

(Kim et al., 2006; Oh and Byeon, 2002; Hirose, 

2001). Charcoal has many pores in inside, so in 

general, specific surface areas of charcoal were 

350∼1000 m
2
/1 g (Wang et al., 2008). Because 

of high porous structure of charcoal, it has ex-

cellent absorption abilities of heavy metal and 

organic materials, so charcoal is widely used not 

only in fuel, but also used in deodorization, de-

humidification, filtration, and adsorption material 

(Wang et al., 2008; Cao et al., 2006). Therefore, 

public interests for charcoal increase recently 

due to its availability, cost, and renewability (Kwon 

et al., 2013). Consequently, the manufactures of 

composite board mixed with charcoal powder or 

carbonized board from wood and wood-based 

panels have been developed and investigated its 

functional abilities (Hassan et al., 2012; Park et 

al., 2009). 

  According to Kercher and Nagle (2002), car-

bonized board can be possibly transformed to 

other shape due to its machinability and be used 

in industry. In general, carbonized boards can 

be manufactured between 400∼1000°C. Howev-

er, one of biggest problem of carbonized board 

for industrial application and commercialization 

is cracks (Kwon et al., 2013). Recently, authors 

are conducting to develop crack-free carbonized 

board with functionality as same as white char-

coal. In our previous study, MDF was carbon-

ized first and tested in physical, chemical, and 

mechanical properties (Park et al., 2009; Kercher 

and Nagle, 2002). Moreover, newly carbonized 

MDF has not only confirmed adsorption ability 

for VOCs and formaldehyde emission, but also 

has emitting far-infrared radiation and shielding 

electromagnetic energy (Nishimiya et al., 1998; 

Kwon et al., 2012).

  The carbonized boards, therefore, can be used 

for indoor construction material because it ab-

sorbs formaldehyde, benzene, and other VOCs. 

Moreover, carbonized boards may have high hu-

midity control performance and absorption of 

smell. However, carbonized MDF lose its woody 

characteristics such as color, surface appearance, 

and texture during the carbonization process, so 

it may be needed additional artwork for using in 

indoor finishing materials due to public needs. 

The additional processes such as laminating, 

painting, and decorating take extra cost or may 

affect abilities of carbonized board. For these 

reasons, we considered the source of carbonized 

board can be any types of wood-based compo-

site panel such as oriented strand board (OSB), 

particle board (PB), and plywood. The objec-

tives of this study were: a) to evaluate the phys-

iomechanical characteristics of carbonized OSB 

which made at different temperatures, b) to com-

pare carbonized OSB with different carbonized 

boards.

2. MATERIALS and METHODS

2.1. Carbonization of Oriented Strand Board

  Oriented strand board (OSB) used in this study 

was commercially manufactured by Ainsworth 

Engineered (Vancouver, BC, Canada) and pur-
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Fig. 1. Diagram of carbonization by stacking between two graphite sheets (10 mm Thickness, Park et al., 2013).

chased. The OSB was prepared with cutting into 

260 mm (L) by 130 mm (W) and wrapping 

with aluminum foil for carbonization. The pre-

pared OSBs were placed in the high thermal re-

sistant stainless steel container. Carbonization of 

OSB was performed in an electronic furnace. In 

order to prevent distortion and crack of OSB, 

prepared OSBs were placed between two graph-

ite sheets (approximately 3 kg, 10 mm thick-

ness) (Fig. 1). The temperature of the elecronic 

furnace was raised by 50°C/h, and when its 

temperature reached at targeted temperatures 

(400, 600, 800, and 1000°C) then maintaining 

that temperature continuously for 2 h. Other 

wood-based composite panels were carbonized 

as same as OSB carbonization.

2.2. Physical and Morphological Changes 

in OSB

  Dimensional difference and density change of 

the carbonized OSB (c-OSB) were determined. 

Thickness and length were measured by vernier 

calipers (JP/CD-20CPX, Mitutoyo Co., Ltd., 

Japan). Weight was measured by electronic bal-

ance (E02140, Ohaus, Bradford, MA, USA). 

Scanning electron microscopy (SEM) was used 

to visualize the surface, inner layer, and inner 

side layer of c-OSB. SEM images were taken at 

100 and 500 magnification with 5 kV condition 

using a COX EM-30 (COXEM Ltd., Korea) 

without coating.

2.3. Modulus of Rupture (Bending Strength) 

and Modulus of Elasticity

  The Modulus of rupture (bending strength) 

and elasticity of carbonized OSB (c-OSB) were 

determined with 5 replicates using Hounsfield 

GB/H50K (Tinius Olsen Ltd., Horsham, PA, 

USA). Each carbonized sample from different 

carbonizing temperatures was cut into 130 mm 

(L) by 10 mm (W). Thickness of OSB was var-

ied within 0.3 mm deviation, but in gerneral 
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                  Original                   c-OSB                     c-MDF

Fig. 2. Surface appearance of original OSB, c-OSB, and c-MDF.

thickness was approximately 7 mm. The test 

condition was followed by span rate (100 mm) 

and the rate of loading (5 mm/min). 

3. RESULTS and DISCUSSION

3.1. Change of surface appearance

  Fig. 2 shows that the surface morphology of 

original OSB, carbonized OSB, and carbonized 

MDF. All of the c-OSB at different temperature 

were not broken or split. In addition, cracks, 

holes, and penetration were not observed on all 

c-OSB samples. These experiments’ results were 

carried out within the electronic furnace without 

the nitrogen flow. In the previous study, nitro-

gen gas usually flowed in the vacuum furnace 

during the carbonization process in order to pre-

vent reaching oxygen to wood fiber (Park et al. 

2009; Kercher and Nagle 2002); Kwon et al., 

2012). However, our carbonization process omit-

ted nitrogen gas flow procedure, but the results 

of carbonization were same as the previous 

method which used the nitrogen gas flow. 

Therefore, nitrogen gas flow may be not neces-

sary, and it will be beneficial for reducing man-

ufacturing cost.

  Based on the surface appearance data, OSB 

could be carbonized any temperatures for using 

decorating construction material due to no 

defects. However, on c-OSB which carbonized 

at 1000°C, darker edge, which was same as 

MDF, was occasionally observed as compare to 

carbonizing below 800°C. High carbonizing tem-

perature may cause more pyrolysis on the edge 

of OSB, therefore, increase of carbonizing tem-

perature can cause losing characteristic of OSB 

at the edge. Carbonizing temperature below 

1000°C did not affect the appearance of OSB 

which had same woody shape (Fig. 2). Only 

color of OSB was turn to black.

  For these reasons, the c-OSB can be used as 

interior finishing materials due to its aesthetic 

exterior as compared with carbonized medium 

density fiberboard (c-MDF). The c-MDF ex-

terior had black color with smooth surface as 
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Fig. 3. SEM photographs of carbonized oriented strand board (OSB) at 600°C (×100 and 500).

same as before, therefore c-MDF is not easy to 

recognize that it is originated from MDF. More-

over, c-MDF may be needed extra artworks by 

public needs. The c-OSB may solve this public 

needs and also reduce the manufacture cost due 

to omit artworks.

3.2. Morphological Characteristics

  On original OSB, deformation, irregular ar-

rangement, and bonding with resin between fi-

bers were observed on surface area by SEM 

(Fig. 3). After carbonization, hairy fibers were 

removed prominently appeared on surface area 

of all types of board. Moreover, resin was re-

moved during carbonization process on c-OSB 

at 400, 600, 800, and 1000°C. Adhesives or res-

in were removed all from OSB after carbon-

ization process (Fig. 3). No damages on cell lu-

men were observed.

3.3. Changes in Physical Characteristics

  Table 1 shows that the original board samples 

and carbonized boards were compared changes 

in dimension, weight, thickness, and volume. 

Vertical directional contraction on each c-OSB 

at 400, 600, 800, and 1000
o
C was 12%, 19%, 

22%, and 24%, respectively, while horizontal di-

rectional contraction was 12%, 18%, 21%, and 

21%, respectively. Shrinkage of thickness was 

31% (400°C), 37% (600°C), 40% (800°C), and 

44% (1000°C). Weight was reduced signifi-

cantly about 67%, 72%, 74%, and 75% on 400, 
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Specimen Width (mm) Length (mm) Thickness (mm) Weight (g)

400°C

Original 130.00 261.00 10.64 229.05

AC 114.00 230.00 7.30 74.60

Shrinkage (%) 12 12 31 67

600°C

Original 130.00 260.00 10.50 210.92

AC 105.00 214.00 6.57 60.06

Shrinkage (%) 19 18 37 72

800°C

Original 130.00 261.00 10.46 193.51

AC 102.00 206.00 6.25 49.91

Shrinkage (%) 22 21 40 74

1000°C

Original 131.00 261.00 10.79 214.90

AC 100.00 206.00 6.03 54.34

Shrinkage (%) 24 21 44 75

AC, after carbonization

Table 1. Dimensional and weight changes of carbonized OSB at 400, 600, 800, and 1000
o
C

Fig. 4. Changes in volume and density of carbon-

ized OSB at 400, 600, 800, and 1000°C. ★ in-

dicates significant difference (p = 0.05).

600, 800, and 1000°C, respectively. The shrink-

age of all directional dimension of c-OSB was 

observed as the carbonization temperature 

increased.

  These shrinkages were observed similar results 

as previous study which was carbonized ash 

wood, particleboard, and plywood (Kwon et al., 

2012, 2013; Park et al., 2009; Slocum et al., 

1978; Vacon and Tang, 1964; Parfen’eva et al., 

2011). In addition, shrinkage of 25.7% in the 

thickness, 15.5% in the horizontal direction, and 

11.4% in the vertical direction on commercial 

white oak charcoal was reported (McGinnes et 

al., 1971). Based on data of shrinkage by car-

bonization, vertical and horizontal direction con-

tractions were not significantly changed among 

the c-OSBs on at 400, 600, 800, and 1000
o
C, 

while significant difference between original 

OSB and c-OSBs was observed. In Byrne and 

Nagle’s study (1997), axial direction had least 

reduction in dimension, while largest reduction 

in tangential direction on carbonization of yel-

low poplar (Liriodendron tulipifera).

  However, according to density result, no sig-

nificant difference between original OSB and 

c-OSBs was determined (Fig. 4). In previous 
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Fig. 5. The bending strength of original OSB and 

carbonized OSB at 400, 600, 800, and 1000°C.

Fig. 6. The modulus of elasticity (MOE) results of 

original OSB and carbonized OSB at 400, 600, 800, 

and 1000°C.

study, density decreased by carbonization, but 

densities were not significantly changed by car-

bonization temperature. This result may be come 

from weight loss with dimensional shrinkage 

(Hirose et al., 2001). Therefore, we considered 

that carbonization temperature did not affect 

density of OSB even though shrinkage of all di-

rectional dimension of c-OSB. In comparison 

between original OSB and c-OSB, density re-

duction may mean that wood fibers were car-

bonized and then condensed by removing mois-

ture, resin, and other materials which are in 

OSB. Consequently, the light weight of c-OSB 

also may be beneficial for using in wall or ceil-

ing which is required not heavy load.

3.4. Modulus of Rupture (Bending Strength) 

and Modulus of Elasticity

  Fig. 5 shows modulus of rupture (MOR) of 

original OSB and c-OSB at 400, 600, 800, and 

1000°C. On the original OSB, MOR was 16.5 

MPa, while c-OSBs had less MOR values. The 

c-OSB at 1000°C had 8 Mpa that was half val-

ue of original OSB (Fig. 5). Different bending 

strength between original board and carbonized 

board may due to gap between wood source and 

resin. 

  Therefore, the bending strength of carbonized 

boards is may be influenced by types of wood 

source and manufacture process due to each 

wood-based composite panel has different types 

of wood source and manufacturing process such 

as PB consists of chuck of wood particles, wax, 

and resin; plywood consists of multiple veneers 

and resin; OSB consists of thin rectangular 

wooden strips, wax, and resin; MDF consists of 

wood fiber, wax, and resin. 

  The modulus of elasticity (MOE) results was 

similar to bending strength results (Fig. 6). The 

MOE value on each c-OSB samples increased 

by carbonizing temperature increased. Moreover, 

no difference between original OSB and carbon-

ized OSB at 800 and 1000°C.

4. CONCLUSION

  Any types of wood materials such as MDF, 

OSB, PB, and plywood or natural wood can be 

used as source for carbonized board manufac-

turing. Nevertheless, all carbonized board has 

not same abilities even it is generated from wood. 

In our previous study, MDF has excellent per-
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formance of absorbing toxic substances and was 

easy to manufacture without defects such as 

hole, cracks, and splits. The appearance of car-

bonized MDF looks like black char, so for use 

in decorative indoor material, it may be needed 

additional artworks for aesthetic points. Howev-

er, re-processing of carbonized board take addi-

tional cost and may lose its absorbing ability 

due to overlay of surface with sheets. For these 

reasons, OSB can be a substitution for MDF be-

cause of carbonizing results showed well shape 

of carbonized board with its own woody appea-

rance. Based on physiomechanical properties da-

ta, moreover, c-OSB at 800 and 1000
o
C have 

high enough bending strength and MOE value 

compare to other carbonized board and gypsum 

board which is widely used in indoor finishing 

material. 
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