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Effect of Carbonization Temperature on
Hygric Performance of Carbonized Fiberboards'

Min Le€” - Sang-Bum Park?t - Sang-Min Lee?

ABSTRACT

Increases of public attention on healthy environment lead to the regulation of indoor air qudity such as Clean
Healthy House Construction Standard. This standard covers emission of total volatile organic compounds (TVOCs)
(e.g., formadehyde, benzene, and toluene), ventilation, and use of environmentally-friendly products or functional
products. Moisture absorption and desorption abilities are a recommended functionality for improving indoor ar
quality. In this study, moisture absorption and desorption capacities of carbonized board from wood-based panels and
other materials were determined by using UNT-HEAT-01 according to 1SO 24358:2008. Pine had higher moisture ab-
sorption and desorption capacities (49.0 g/m? and 35.3 g/m?, respectively) than hinoki cypress, cement board, gypsum
board, oriented strand board, and medium density fiberboard (MDF). The moisture absorption and desorption capacities
differed considerably according to the wood species. After carbonization process at 400C, the absorption and de-
sorption ability of MDF increased to 38% and 60%, respectively. However, moisture absorption and desorption capaci-
ties decreased with increasing carbonization temperature, but they were still higher than original MDF.) Therefore, it
is suggested that carbonization below 600°C can improve moisture absorption/desorption capacities.
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1. INTRODUCTION

The indoor air quality is one of key parameters
for pursuing healthy life because people spend most
of their life in indoor area. Thus, they have more
chance to be exposed to hazardous substances from
indoor products (WHO 2010). In this context, indoor
air quality has been raised a critical issue for man-
kind, and attracted a public attention because of its
riskiness for human (Yang et al. 2007; Li 2011).

As results of concern, green building movement

has started in many countries around the world. Green
buildings are defined as facilities designed, built, op-
erated, and renovated throughout ecologica principles
for promoting occupant hedth and sufficient supports,
and resource efficiency including minimizing the im-
pacts of the built environment on the natura envi-
ronment (Kibert 2003; Woloszyn and Rode 2008).
USA dtarted to promote Leadership in Energy and
Environmental Design (LEED) program which is
supporting to bring energy and water efficient, hedthy,
environmentally-friendly cost saving building, homes
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and communities. Moreover, Korea adopted and en-
forced the Green Building Certification Criteria
(GBCC) in 2002. However, Spengler and Chen
(2000) pointed that guidelines for green buildings are
superficid and insufficient for specifying materials and
designing ventilation systems to ensure a heathful
indoor environment by design. Yoon and Lim (2011)
reported GBCC is not defined as well as the guide-
lines of other countries, and it is not closely connected
and interacted with GBCC and local government.

The indoor air quality is determined by many dif-
ferent factors such as levels of relative humidity,
fine dust, and harmful chemicals. In the influences
of indoor humidity on the performance of building,
components of building materials and building occu-
pants are multifaceted and highly interrelated (Roels
and Janssen 2006; Abadie and Mendonca 2009). In
this study, we focused on moisture absorption and
desorption properties of construction materias in in-
door scale. The controlling of indoor relative humid-
ity (RH) is an important factor on respiratory com-
fort, skin humidity, and perceived indoor air quality
(WHO 2010). According to Lechner (2000), lower
RH may cause complaints of dry noses, mouths,
eyes, and skin and respiratory illnesses. The several
European States started to regulate low values of
transmittance for the building envelope due to in-
crease the demand for controlling energetic con-
sumptions and gas emissions (Cerolini 2009). Therefore,
thick layers of insulating material in wall and roofs
were introduced to solve high energy consumption,
but these brought other problems such as air perme-
ability and increase of indoor RH levels in occupied
buildings (Cerolini 2009).

Charcoal from wood has been widely used for wa-
ter purification, humidity controller and deodorant in
the houses from old times because it is well known
that high humidity control performance and absorp-
tion of smell without any scientific evidence.

Therefore, investigation and utilization of charcoa
has been fulfilled and done by many research (Park
et al. 2012; Kong and Kim 1996, 2000, 2002; Kim
et al. 2006; Lee and Kim 2010, Mun et al. 2002).
Moreover, charcoal has been used in manufacture of
wood-based composite panels or cement and other
inorganic materials by mixing (Park et al. 2012).

Kercher and Nagle (2002) developed carbonized
medium-density fiberboard for electrical applications.
Additionally, the carbonized boards have abilities of
toxic components adsorption, fireproof, sound-ab-
sorption, and electromagnetic shield (Kwon et al.
2012). The fire performance of carbonized boards
was investigated and then concluded that it had sat-
isfied class Il flame retardancy according to the
Building Standard Law (Park et al. 2013). The car-
bonized boards, therefore, can be used for indoor
construction material  because it absorbs form-
aldehyde, benzene, and toxic VOCs.

However, the moisture buffering performance of
carbonized boards has not been investigated yet.
Therefore, the objective of this study was to inves-
tigate the performance of moisture buffering capacity
of carbonized boards manufactured from wood-based
composite panel at different temperatures.

2. MATERIALS and METHODS

2.1. Materials

Medium density fiberboard (12 mm-thick, Sunchang
Corp., South Korea), oriented strand board (11 mm-
thick, Ainsworth Engineered, Vancouver, Canada),
cement board (6 mm-thick, PRIMAflex™, Hume
Cemboard Industries, Malaysia), gypsum board (9.5
mm-thick, Lafarge, Bora Corp., USA), were used in
this study and &l boards were commercialy avail-
able in market and purchased for this study (Fig. 1).
Around 50 years old pine (Pinus densiflora) was cut
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Fig. 2. Manufacture of carbonized boards (Kwon et
al. 2013).

from Kwang-neung experiment forest site (Pocheon-g,
South Korea) and hinoki cypress (Chamaecyparis
obtuse, around 50-60 years old) was kindly provided
from Namhae-gun (South Korea). Wood species were

cut into 12 mm thickness. Medium density fiberboard
(MDF) was cut into 260 mm x 130 mm, and other
samples were cut into 250 mm x 250 mm.

2.2. Carbonization MDF Panels

Cut MDF was wrapped with aluminum foil.
Carbonization of boards was conducted stacking be-
tween two graphite sheets (10 mm-thick) in order to
prevent distortion and crack by a vacuum furnace
under nitrogen gas flow (200 m¢/min) (Fig. 2). The
temperature in the vacuum furnace was raised by
50°C per hr, and when its temperature reached at
each 400, 600, 800, 1000C, temperature maintained
continuously for 2 hours. After carbonization, car-
bonized products were cooled down under ambient
condition.

— 617 —



Min Lee - Sang-Bum Park -+ Sang-Min Lee

Wind cage

Saisi Inside —

Temp. Log

Sample

Plate i
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2.3. Moisture Buffering Capacity

The moisture absorption and desorption capacities
of different indoor building materials and carbonized
boards made at different carbonizing temperatures
were conducted in sealed chamber (UNT-UEAT-01,
Unitech, South Korea) according to 1SO 24353:2008,
KS F 2611: 2009 and JS A 1470-1: 2008. The test
chamber contained an electronic balance, thermostat,
temperature sensor, humidity sensor, air flow sensor,
and humidifier (Fig. 3). The data from sensors were
collected by computer at every 1 minute for 24 hrs.

Each sample was cut into 250 mm x 250 mm and
thickness was varied by sample types. Prepared sam-
ple was covered by auminum foil except one side
of surface for testing moisture absorption and de-
sorption capacities. Test specimen was cured under
temperature at 23 = 0.5C and 50 + 1% relative hu-
midity (RH) until weight change of test specimen
maintained under 0.01 g for 24 hr, and then mois-
ture absorption and desorption test was conducted.

The test conditions were middle humidity level as
follows: preconditioning of a specimen at 50% RH;
moisture absorption process a 75% RH for 12 hrs;
moisture desorption process at 50% RH for 12 hrs.
The moisture absorption and desorption capacities
were calculated according to 1SO 24353:2008 and

equations were following by Egq. 1 and Eq. 2
Moisture absorption and desorption rates were calcu-
lated using equation as shown in Eg. 3.

_ m, — My,
Paa = A

Eqg. 1

P4..- Change of moisture capacity at time of com-
pletion of absorption process

m,: Mass of specimen at time of completion of
moisture absorption process

m,: Mass of specimen after preconditioning

A: Surface area of absorption

m,—my,

Paa = uA Eq. 2

p4.q- Moisture desorption capacity a time of com-
pletion of desorption process

m,: Mass of specimen at time of completion of
moisture absorption process

my,. Mass of specimen at time of completion of
moisture desorption process

A: Surface area of absorption

G = Tt Eq. 3
" At
G, Absorption/desorption rate at time n

m,. Mass of specimen at time of n;: Mass of

specimen at time of n-1,
At Elapsed time

3. RESULTS and DISCUSSION

3.1. MDF Carbonization

Fig. 4 shows origindl MDF and carbonized MDF
at 400, 600, 800, and 1000C. After carbonization
process, MDF shrunk in al direction including
thickness. In general, carbonized MDF a 400C
shrunk around 13% in width, 14% in length, and
33% in thickness. With increasing carbonization tem-
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Table 1. Moisture absorption capacity and desorption capacity of indoor building materials and carbonized board

(g/mz) Hinoki cypress Pine osB Cement board Gypsum board
Moisture absorption capacity 16.7 49.0 252 13.6 5.0
Moisture desorption capacity 19.6 353 238 12.6 53
Origina c-MDF c-MDF c-MDF c-MDF
MDF 400 600 800 1000
Moisture absorption capacity 26.5 27 430 295 31.2
Moisture desorption capacity 16.6 422 124 30.1 29.6

£ Length =

€ Width >
2
: b
MOF-cosntrol s B00T BO0C

Fig. 4. Pictures of MDFs after carbonization at dif-
ferent temperatures.

1000’

perature, shrinkage increased to 23% in width, 23%
in length, and 42% in thickness in the case of the
carbonized MDF(c-MDF) at 1000C. Also, weight of
MDF reduced 67% and 73% on c-MDF a 400C
and 1000°C, respectively,
MDF.

Carbonization temperature above 800C, the per-

compared to origina

centage of shrinkage was not significantly different
from each other. The percentage of shrinking was
similar to previous research (Kwon et al. 2013; Park
et al. 2009). During the carbonization, resin and oth-
er components in MDF were removed and vaporized.
The shrinkage might occur from these reasons.

3.2. Performance of Moisture Absorption
and Desorption

Table 1 summarized the moisture absorption ca
pacity and desorption capacity of indoor building

materials and carbonized MDF prepared at 400, 600,
800, and 1000C. Wood or wood-based board and
c-MDFs had higher moisture absorption and de-
sorption ability than other materials, while gypsum
board had the lowest performance than wood and
wood-based boards. Gypsum board had 5.0 and 5.3
g/m? of moisture absorption and desorption capaci-
ties, respectively. These performances were lower
than cement board with 13.6 and 12.6 g/m® of mois-
ture absorption and desorption capacities, respectively.
It was expected that cement board would have the
lowest moisture buffering capacity, but it was not.
Component of cement board may have more mois-
ture absorption and desorption abilities than that of
gypsum board. Typicaly, cement board consists of
lime, silica, dumina, and iron oxide, so silica and
iron oxide may help to adsorb or desorb moisture. In
addition, not only chemica reaction of materials in-
fluences absorption and desorption, but aso physica
reaction between materials and moisture can influ-
ence that.

In case of hinoki cypress and pine, pine had ap-
proximately 3 and 1.8 times higher moisture absorp-
tion and desorption capacities than that of hinoki cy-
press (Table 1). It means that the performance of
moisture absorption and desorption capacities has
differ from between wood species. Hinoki cypress
has been widely used for indoor building materia
because it emits phytoncides. Effects of phytoncides
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Table 2. Moisture absorption and desorption rates of indoor building materials and carbonized board for 1 hour

(glm2 * h) Hinoki cypress Pine 0SB Cement board Gypsum board
Moisture absorption rate 8.98 14.94 5.89 471 4.04
Moisture desorption rate 7.98 12.95 451 4.38 3.70

Origina c-MDF c-MDF c-MDF c-MDF

MDF 400 600 800 1000

Moisture absorption rate 6.06 17.93 17.48 16.38 15.84
Moisture desorption rate 471 1521 14.75 14.20 13.80

@
=]

_,|._

Adsarption Desarption

w
S

- Gypsum board
—Fine

Cement board

——Hingli cyprass
058

w B
& =1

Moisture contents (g/m?)
o
=

20

12

Time (hr)

16

Fig. 5. Absorption and desorption capacities of wood
and indoor construction materials.

have been studied by many researchers and con-
cluded that it reduces stress and tiredness (Shin et
al. 2010; Nam and Uhm 2008). However, hinoki cy-
press had low moisture absorption and desorption ca
pacities (below 20 g/m?). Using hinoki cypress in
building or house may help to improve indoor air
quality with its phytoncides, but it will not help to
control humidity in building or house. In our experi-
ment, we tested only two wood species, so more
wood species should be tested and basic character-
istics should be collected for better understanding of
wood as an indoor material.

Originad OSB and MDF had also low moisture ab-
sorption and desorption capacities (below 26 g/m?)
which was lower than that of pine, but higher than
that of hinoki cypress (Table 1). Between OSB and

Moisture contents (g/m7)

0 4 ] 12 16 20
Time (hr)

Fig. 6. Absorption and desorption capecities of origina
MDF and carbonized MDF at different
temperatures.

MDF, no significant difference was observed and it
is considered that so type of wood-based panel did
not affect moisture buffering capacity.

Fig. 5 shows the pattern of absorption and de-
sorption capacities of wood and indoor construction
materials. Wood and wood-based panel had similar
absorption and desorption pattern even through its
amount of capacity were different, while cement
board and gypsum board had different pattern com-
pare of that.

In comparison of moisture absorption and de-
sorption rates, c-MDFs had higher rates of moisture
absorption and desorption than other materials (Table
2). It means that c-MDF adsorbs or desorbs moisture
faster than cement board, gypsum board, and wood.

After carbonization process at 400C and 600C,
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moisture absorption and desorption capacities of
MDF increased in 38% and 60% of moisture absorp-
tion and desorption capacities, respectively. Among
the c-MDFs, the c-MDF at 400C and 600°C had
higher performance of moisture absorption and de-
sorption capacities than those at 800C and 10007
(Fig. 6). Moreover, on carbonized MDF, moisture
capacity reached faster at maximum level than origi-
na MDF.

Moisture buffering in porous surfaces was found
to have a large influence on the humidity dis-
tribution in the dwelling. Due to the storage capacity
of the building envelope and furniture, moisture was
absorbed by porous surfaces before reaching the oth-
er rooms. (Van Belleghem et al. 2011; Kim et al.
2010).

Specific surface area increased by removing lignin
and presence of lignin in wood reduce moisture ab-
sorbing ability (Yang et al. 1995). According to Lee
and Kim (2011), higher specific surface area had
higher moisture absorption capacity. In generd,
black (soft) charcoa which made at lower temper-
ature (below 6007C) has 0.1-13.7 mé/g of specific
surface area, and white (hard) charcoal which made
a higher temperature (above 8007C) has 53.2-372.6
m?l/g of specific surface area (Lee and Kim 2010).
Blankehorn et al. (1978) and Pulido-Novicio et al.
(2001) reported that specific surface area was af-
fected by carbonization temperature, and specific sur-
face area increases as temperature incresses.

However, in our experiment, carbonized MDF at
higher temperature (above 800C) had lower mois-
ture absorption capacity than carbonized MDF at
lower temperature (below 600°C). Therefore, specific
surface area may not significantly affect on moisture
absorption capacity. Pore size or pore size dis
tribution and pore shape should not only be eval-
uated in order to understand the mechanism of mois-
ture absorption ability, and also hydrophilic proper-

ties of carbonized board will help to understand the
effects of carbonization temperature.

4, CONCLUSION

Environmental pollution has been a threat to
mankind. Activated carbon or black charcod has
been studied and proved for absorbing toxic materi-
as because of its excellent absorbing ability.
Therefore, indoor materials with activated carbon or
black charcoal by mixing and reforming are
developed. The carbonized board from wood based
panels can be used rather than mixing activated car-
bon or black charcoal with board because of work-
ability and environmental issue. Based on our ex-
periment, c-MDF at 400C and 600°C had higher
performance of moisture absorption and desorption
capacities. Carbonization helps to improve the mois-
ture absorption capacity of wood material, but mois-
ture absorption capacity was affected by carbon-
ization temperature. High specific surface ares,
which is one of key factors of moisture absorption
capacity, had high ability of that, and high specific
surface area could be yielded by high carbonization
temperature. However, moisture absorption and de-
sorption capacities decreased as carbonization tem-
perature increased in this experiment. The moisture
absorption capacity may depend on specific surface
area, pore size or pore size distribution, pore shape,
and hydrophilicity of material. In view of absorption
performance, economic feasibility, and effectiveness,
carbonized MDF may be used as humidity controller
in indoor condition.
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