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ABSTRACT

This study amed at developing an accelerated collection method that reduces measurement and collection time by
improving and complementing the desiccator method, which is mainly used for quality control in wood-based panels
and furniture production sites. First, this study measured the formaldehyde emissions from the wood-based panels by
grade using the desiccator method. Further, this study compared the desiccator method with the developed process
and analyzed the correlation in optima temperature, time, and exposed area. The results showed that the developed
process resulted in relatively similar outcomes in comparison to the desiccator method when the temperature was 100
°C, the time was 1 h, and two specimens were used, a which the correlation was high. To verify the developed process,
this study commissioned Korea Conformity Laboratories with the standardized temperature, time, and the number of
specimens to compare them with the specimen that was not used in the actua test. As a result, the correlation to
the desiccator method was shown to be very high. However, the formaldehyde emission measured by the accelerated
collection process was mostly higher than that measured by the desiccator method. The formaldehyde emission grades
from several specimens were one level higher. However, from the perspectives of quality control, it was determined
that the accelerated collection method developed in this study could be sufficiently used.
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for furniture, has aso increased. Since the entrance of

1. INTRODUCTION
global furniture company IKEA to South Korean market

Thanks to the improvement in the qudity of life
among South Korean people, there has been a growing
interest in housing environment, such as DIY furniture
and interior remodeling. Accordingly, the furniture mar-
ket has recently shown a continuous growth, and as
a result, the use of medium dengity fiberboards (MDFs)
and particle boards (PBs), which are the raw materias

in 2014, the overall growth of the furniture industry
as wdl as the increase in the use of one- or two-person
households, the expansion of the remodeling market,
as well as the increase in the use of palet have led
to the overall production and import of, and demand
on PBs and MDFs (Korea Trade Commission in
Ministry of Trade, 2016).
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The manufacturing process of MDF and PD is as
follows: waste wood or raw wood materials are
processed into particles or textile, adhesives are applied
to them; and they are dried, formed, and heat-pressured.
The adhesives used here are amino-group resin
adhesives like urea—formaldehyde resin and melamine—
urea—formaldehyde resin, which induce the com-
bination of chips or fiber and are key elements of
boards, to form boards (Meyer et al., 1985). Form-
aldehyde, one of the key materials for adhesives is
regulated as class 1 carcinogen by WHO, and many
other countries control the emissions or daily intake
of this harmful substance. By examining the effect of
formaldehyde exposure on human body, it was noted
that short-term exposure to formaldehyde strongly
irritates the respiratory system and mucous membranes,
and causes dizziness and headache. Long-term exposure
to formaldehyde would cause respiratory diseases such
as rhinitis, asthma, bronchitis, adlergic contact dermatitis,
and cancer (Nelson, 1986).

Therefore, formaldehyde is controlled by the South
Korean government with the enactment of the indoor
air quality control act by the Ministry of Environment
in 2004 and South Korean peopl€'s interest in its effect
has grown. The indoor air qudlity control act regulates
all products used in daily life such as furniture, indoor
flooring, and finishing materials (Jang et a., 2017).
In addition, since 2016, Korean Standard (KS) regulates
wood materials used indoor to be EO or below, and
globally, the formaldehyde emissions regulations have
been established on wood-based boards. While each
country has different measurements on standard
formaldehyde emissions, the regulations are becoming
stronger along with the more stringent environmental
regulations (Park et al., 2005).

As such, not only South Korea, but countries globaly
recognize the risk of formaldehyde emitted indoors and
continue to strengthen regulations on formaldehyde
emissions. Formaldehyde emissions can be measured

by various methods, such as perforator, desiccator, or
small chamber method used in South Korea. The
desiccator method, which has been standardized and
used for a long time in South Korea, is the simplest
and less expensive for testing. Due to this, it has often
been used for quality control in manufacturing plants.
However, it cannot measure HCHO and VOCs. Small
chamber method can measure formaldehyde emissions
under a congtant amount of ventilation close to the actud
indoor space and dlows for the measurement of HCHO
and VOCs. However, measurement takes long time and
is based on the measurement of the surface emissions
<0 that compared to the desiccator method wherein four
sides are exposed, it results in under-evaluation of
formadehyde emissions. Furthermore, highly specidized
techniques are required for analysis and the analysis
equipment (e.g., HPLC and GC/MYS) is expensive. As
mentioned, in South Korea, most manufacturing plants
are standardized to the desiccator or small chamber
methods, which are used in various certification and
regulation processes.

Since the enactment of the act on the sustainable
use of wood in 2013, the qudity control of wood-based
plates is compulsorily done via the desiccator method
according to the specifications and quality standards
of the wood products. Moreover, according to the
research due to continuous interest and risks in indoor
air environments, the Ministry of Environment grants
environmenta certification marks for the small chamber
method and desiccator method. Based on the standard
specifications for the environmental certification marks
for furniture or flooring materials, and the furniture
supplier conformity standard (KC) by the Ministry of
Trade, Industry and Energy alows the suppliers or
importers to select one of the two methods so that they
can directly control them.

Accordingly, industries that produce or use wood-
based plates use the desiccator method for quality
control, which alows for convenient and easy testing
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at sites due to the lack of speciaist requirement and
gpatid limitations. In contrast, the smal chamber meth-
od requires expensive equipment and speciaists. While
the desiccator method alows for quick tests for messur-
ing emissons compared with other formadehyde emis-
sions test methods, it requires 24 h of collection time.
Thus, it cannot be immediately used in qudity control
a production Stes. Therefore, it is necessary to develop
a method that alows for immediate quality control,
simple analysis, and fast determination of the concen-
tration of formaldehyde emissions.

Therefore, this study aimed to develop an accelerated
collection method that reduced the measurement and
collection time by revising and complementing the
desiccator method primarily used in qudity control of
wood-based plates and in furniture manufacturing sites
and to evaluate the formaldehyde emissions by the
implementation of the developed accelerated collection
method. This study managed to develop an accelerated
formaldehyde collection process that allowed fast and
accurate measurement based on the advantages of the
desiccator method, offering easy analysis, and the ad-
vantages of the small chamber method, allowing the
measurement of formaldehyde emissions by applying
the amount of ventilation close to the actual indoor
space. Moreover, this study verified the applicability
of the developed process to wood-based plates and

furniture manufacturing sites by comparing the charac-
teristics of the formaldehyde emission measurement by
the desiccator and small chamber methods.

2. MATERIALS and METHODS

2.1. Specimens

MDFs used in the test were 4.5 mm, 15 mm, and
18 mm in thickness, which were often used for furniture
and other interior products, and the thicknesses of the
applied PBs were 15 mm and 18 mm. MDFs were
received from Company A in Incheon while PBs were
from Company B in Incheon. The properties of the
used meaterials were tested to be suitable based on the
dendty and moisture content ratio of PBs (KS F 3104,
2016) and MDFs (KS F 3200, 2016), the results of
which are shown in Table 1.

2.2. Accelerated formaldehyde collection
process design

To quickly and accurately collect formaldehyde
emitted from wood-based plates, this study divided the
area into three sections: the air injection part, the
volatilization part, and the collection part. The air
injection part is linked to 12 air injection pipes so that
the air produced by an air compressor can be emitted

Table 1. Physical properties of medium density fiberboards (MDF) & particle boards (PB).

Wood-based panels

Physical HCHO
properties Grade MDF PB
45 mm 15 mm 18 mm 15 mm 18 mm
E2 0.68 054 054 0.69 0.70
Density E1 0.68 0.57 0.56 0.70 0.69
(g/en)
EO 0.66 0.56 0.55 0.69 0.70
. E2 5 5 5 5 5
Moisture
Content E1l 5 5 5 5 5
0,
) EO 5 5 5 5 5
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Fig. 1. Mimetic diagram of accelerated formaldehyde
collection process system (Samheung energy Co.,
Kores).

Fig. 2. Actual device of accelerated formaldehyde
collection process system.

through them, and to a control valve is installed to
control the air flow. The volatilization part used a
transparent glass container offering high heat absorption
rate and temperature control inside the incubator; a
rubber ring was installed between the glass bottle and
the cover to prevent the leakage of formaldehyde. To
prevent the specimen inside the volatilization part of
the glass bottle from blocking the injected air, a
specimen support plate was placed for smooth air flow.

The collection part has a digital air flow measurement
device to measure the flow of air emitted through the
installed pipe, and GL45 by DURAN was used to
connect between the glass bottle at the collection part
and the polyurethane pipe. Fig. 1 should the schematic
of the air injection, volatilization, and collection parts
of wood-based plates, and Fig. 2 shows the actud test.

2.3. Formaldehyde emission
measurements by on the
desiccator method

To determine the formaldehyde emissions from the
wood-based plates used in the test, the study conducted
a test based on the formadehyde emission test method
(KS M 1998, 2017). The number of specimens based
on the surface area of each board (1,800 cm?) was
determined, and the pre-process was conducted for
seven days a 20 + 2 °C and 65 + 5% rddive humidity
until the mass change ratio of the specimens reach at
or below 0.1%. After the pre-processing, the specimens
were inserted into distilled water (300 mL) inside the
desiccator, and formaldehyde was collected at 20 + 1
°C for 24 h inside a thermo-hygrostat. The distilled
water absorbed formaldehyde forming acetylacetone,
which was measured using a spectrophotometer at the
wavelength of 412 nm.

2.4. Development of the accelerated
collection method

2.4.1. Selection of the optimal temperature
and time

The test used the collection test device, designed
according to the accelerated collection method for the
wood-based plates. The size of specimens and test
conditions for the application of the accelerated
collection method are as follows.

In the desiccator method, the number of the specimens
in 5 cm x 15 cm is determined based on the surface

- 132 -



Evaluation of Formaldehyde Emission from Wood-Based Panels Using Accelerated Collection Method

area of 1,800 cn? with the size of the desiccator being
11 L. This was done considering in the test device,
the size of the glass bottle in the volatilization part
is 1,000 mL, the sze of the pecimen surface area insde
the glass bottle of the volatilization part was reduced
to 1/11, and the specimens a 5 cm x 15 cm were
used to set the exposure surface area to 163 cm?

Subsequently, the test conditions for the accelerated
collection method are as follows. According to Park
(2004), and Lee and Kim (2012), the formadehyde
emission test by the desiccator method showed the
increase in the emissions as the measurement tem-
perature increased. Also, Kim (2012) pointed out that
the measurement of the formaldehyde collection ratio
by voldtilization temperature and the amount of nitrogen
at the device separating the volatilization and collection
parts, as a method for fast detection of formaldehyde
mixed in wood and feed, showed that the amount of
nitrogen was 40 cm¥/min, and the maximum collection
ratio of 94.8% at 100 °C for 30 min.

Based on previous studies, the test conditions for
developing the accelerated collection method that
reduced the measurement and collection time, the
ultimate am of this study, were the amount of air flow
a 40 cm¥min, the temperature at 100 °C, 60 °C, and
25 °C for the formaldehyde emissions to compare the
formaldehyde emission properties between the accel-
erated collection method and the desiccator method by
temperature and time.

2.4.2. Effect of exposed area of specimens

The formaldehyde emissions may change based on
the specimen surface area of the wood-based plates
and collection time when testing formaldehyde emis-
sions by the desiccator or small chamber methods. In
the former case, the standard conditions were 1,800
cm? for the specimen’s exposed area and 24 h for the
collection time, and in the latter case, the emisson vaue
is determined by the amount of the unit area (g/m*h)

in time when showing the emission results to identify
the standardized value against the evaporated amount
of formadehyde emissions. Therefore, it was determined
that the accelerated collection method in this study
needed to find the exposed area of the standardized
specimens and the optimal collection time.

Therefore, this study aimed to reduce the collection
and evaporation process time by increasing the surface
area of the specimen exposed to the volatilization in
the collection process is designed to have two (163
cm?x2) or four (163 cm?x4) specimens with their
exposed surface area set to 163 cm? during the
formaldehyde emission test with the temperature and
time set to improve the efficiency of the collection and
volatilization processes. Using the collection test device
designed according to the accelerated collection method,
the study compared its formaldehyde emission pro-
perties based on the exposed area with those of the
desiccator method.

3. RESULTS and DISCUSSION

3.1. Formaldehyde emission
measurements by the desiccator
method

The desiccator method was used to measure three
times the formaldehyde emissions by the grade of the
formadehyde emissions from five types of wood-based
plates, MDF 45 mm, MDF 12 mm, MDF 18 mm, PB
15 mm, and PB 18 mm. Fg. 3 shows the formadehyde
emission concentration measurement results in terms
of the material and thickness.

3.2. Development of the accelerated
collection process

3.2.1. Selection of the optimal temperature
and time

Fird, at the temperature of 25 °C and 60 °C, MDF
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Formaldehyde emission (mg/L)

MDF 4.5T MDF 15T MDF 18T PB 15T PB 18T

Fig. 3. Average level of formaldehyde emissions by
grade in desiccator method.

4.5 mm and PB 15 mm were used to measure three
times the formadehyde emisson concentration by grade
at the collection test device designed for the deve-
lopment of the accelerated collection method. The
formaldehyde emissions from the accelerated collection
test device at 25 °C for 1 h, 2 h, and 3 h for MDF
4.5 mm and PB 15 mm were undetectable (detection
limit: 0.05 mg/L) for al E2, E1, and EO grades. At
60 °C, it was aso undetectable for MDF 4.5 mm and
PB 15 mm for 1 h and 2 h. At 25 °C and at 60 °C,
E1l and EO grades were undetectable, and E2 grade
was detected with a concentration of 0.08 mg/L for
MDF and 0.09 mg/L for PB.

As shown in the formadehyde emisson results from
the collection device at 25 °C and 60 °C, the
formaldehyde emissions can only be measured at 60
°C and over 3 h. According to Lee and Kim (2005)
on the formadehyde emisson properties of wood-based
plates with time and temperature, the formaldehyde
emissions continued to increase with time, and the
higher the temperature, the more the width of the
emission change became between six and 12 hours.

As such, to quickly measure formadehyde emissions,
which was the main am of this study, it was determined
that the callection temperature should be a 100 °C, higher
than the previous temperature conditions, to quickly
collect evaporated formaldehyde as the evaporation

Formaldehyde emission (mg/L)

e

RN

(-

Time(h)

Fig. 4. Formadehyde emissions per hour by accel-
erated collection method of medium density fiber-
boards (MDF) 4.5 mm at 100 °C.
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R*=0.8936

Accelerated colletion method (mg/L)

o
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Fig. 5. Correlation of accelerated collection method
with desiccator method from MDF (R?=0.8936).

y=0.9767x+0.5847
R? =0.8872

Accelerated colletion method {mg/L)

o 05 1 15 2 25
Desiccator method (mg/L)

Fig. 6. Correlation of accelerated collection method
with desiccator method from particle boards (PB)
(R*=0.8872).
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speed would increase.

To determine the optimal collection time at 100 °C,
the study first repeated the test three times with MDF
45 mm each for 1, 2, 3, 6, and 12 h, and the results
are shown in Fig. 4. At 100 °C, the formaldehyde
emissions by the collection test device are shown to
increase with time. It was determined that when the
results from the desiccator method were compared with
these results, similar emission intensity was noted at
2 h. Therefore, additional tests on formaldehyde
emissions were conducted with MDF 15 mm, MDF
18 mm, PB 15 mm, and PB 18 mm at 100 °C for
2 h, and the results were compared with those of the
desiccator method to determine the correlations. When
the formaldehyde emissions by the desiccator method
were compared to those by the developed accelerated
collection method, MDF showed a high correlation with
r’=0.8936, and PB with r>=0.8872 (Figs. 5 and 6).

3.2.2. Effect of the specimen’s exposed area

Based on the formaldehyde emission results with
changes in temperature and time, these were shown
to have a similar emission intensities to those of the
desiccator method with the exposed area of 163 cn?,
temperature of 100 °C, and the time of 2 h. Thus, with
the temperature set to 100 °C, and the collection time
set within 2 h, the increase in the exposed surface of
the specimen where formaldehyde is emitted would
increase the amount of formaldehyde emissions per
hour, which would alow for fast collection and
measurement.

First, to find the optimal collection time at the set
temperature of 100 °C with the collection test device
designed for the development of an accelerated
collection method based on the exposed area, the study
used MDF 4.5 mm and PB 18 mm. Two specimens
and four specimens with the exposed area of 163 cm?
were tested three times for 1 and 2 h each and the
results were averaged and compared with those of the

desiccator method. The results were shown in Figs.
7 to 10.

As shown in Figs. 7 to 10, from the comparison
between the emission values by grade based on the
desiccator method and those from the collection test
device set by this study, it was determined that the
condition a which the smilar emission intensity would
result for a short time was two specimens with the
exposed area of 163 cm? for 1 h. Thus, with two
specimens at 100 °C for 1 h, the formaldehyde
emissions of MDF 15 mm, MDF 18 mm, and PB 18
mm by grade were measured by the collection test

mEO

mE2

Formaldehyde emission (mg/L)

Sample: 1EA Sample: 2EA Sample:4EA  Desiccator method

Fig. 7. Comparison of formaldehyde emission accord-
ing to exposed area in accelerated collection method
for 1 h from MDF (4.5 mm).

BEO

mE2

Formal dehyde emission {(mg/L)

Sample: 1EA Sample: 2EA Sample : 4EA Desiccator method

Fig. 8. Comparison of formaldehyde emission accord-
ing to exposed area in accelerated collection method
for 1 h from PB (18 mm).
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Accelerated colletion method {mg/L)
"
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Fig. 9. Comparison of formaldehyde emission accord-
ing to exposed area in accelerated collection method
for 2 h from MDF (4.5 mm).

EEO0

* mE2

Formaldehyde emission (mg/L)

sample : 1EA sample : 2EA Sample:4EA  Desiccator method

Fig. 10. Comparison of formaldehyde emission accord-
ing to exposed area in accelerated collection method
for 2 h from PB (18 mm).

y=0.8978x+0.2896
R?=0.8988

Accelerated colletion method (mg/L)

[ o5 1 15 2 25 3 35

Desiccator method (mg/L)

Fig. 11. Correlation of accelerated collection method
of MDF (163 cm?x2) for 1h withdesiccator method
(R*=0.8988).

Fig. 12. Correlation of accelerated collection method
of PB (163 cm?x2) for 1 h with desiccator method
(R*=0.8921).

device, the results of which were compared with those
of the desiccator method to examine the correlation
between the two results. It showed a high correlation
with r>=0.8988 for MDF (163 cm?x2) and r*=0.8921
for PB (163 cm?x2) (Figs. 11 and 12).

3.2.3. Use of the accelerated collection
method

The overall formaldehyde emission results in the
above collection process shows that the correlation
between the formaldehyde emissions of the desiccator
method and those of the developed method was
relatively high when the exposed area was 163 cm?,
the temperature was 100 °C and the time was 2 h,
as well as when there were two specimens with the
exposed area a 163 cn? (163 cm?x2), at temperature
of 100 °C and collection time of 1 h. However, since
the am of this study was to rapidly measure
formaldehyde, the two specimens with exposed area
of 163 cm? (163 cm?®x2), temperature of 100 °C and
collection time of 1 h were set to the standardized
conditions.

Based on the standardized conditions set in this
process, the study conducted a test with specimens un-
used in the actua test after commissioning Korea
Conformity Laboratories (KCL) to conduct a test based
on the desiccator method to evaluate the accelerated
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Fig. 13. Correlation of accelerated collection method
with desiccator method (R?=0.8971).

M Desiccator method Accelerated Collection Method

I
o

-, B pea

I3
Iy

=
¥

o
53

Formaldehyde emission (mg/L)
=)
& -

Fig. 14. Comparison of desiccator method and accel-
erated collection method for 10 materials.

collection method. The Ieftover specimens were cut to
fit into the exposed area of 163 cm? and the form-
aldehyde emissions were measured by the accelerated
collection method three times per materid for 10 differ-
ent materials.

The formaldehyde emissions were messured with the
collection test device at two specimens (163 cm?x2),
at 100 °C for 1 h, and the measured emission values
were compared with those of the desiccator method
to determine the correlaion. To verify the applicability
of the accelerated collection method, the formaldehyde
emissions from the desiccator method were compared

with those of the developed collection process, which
showed a high correlation at r’=0.8971 (Fig. 13).

However, when the average results of the three test
sets on the desiccator and accelerated collection method
were compared, the gpplication of the accderated collec-
tion method often showed somewhat higher results than
those of the desiccator method (Fig. 14), and the emis-
sion results from the desiccator method corresponded
to EO grade, but sometimes, the accelerated collection
method showed emission results corresponding to E1
grade. Furthermore, the formaldehyde emissions by the
desiccator method corresponded to E1 grade, but the
accelerated collection method sometimes showed E2
grade.

4. CONCLUSION

This study was conducted to develop an accelerated
formaldehyde collection test process for swift and
accurate measurement and evauate the formaldehyde
emissions based on the developed process. Toward this
end, the study measured the formaldehyde emissions
by the desiccator method and determined the optimal
conditions, such as temperature, time, and exposed ares,
based on the accelerated collection method. The
evaluation results of the developed process provided
the following conclusions.

1. As for the optimal temperature and time under
the accelerated collection method, the comparison
of the formaldehyde emissions by the desiccator
method by grade to those from the developed
process showed that the formaldehyde emission
intengity wes relatively smilar in the two methods
when the temperature was 100 °C and the
collection time was 2 h. Therefore, the analysis
of the correlation between the formaldehyde
emissions by the desiccator method and those of
the developed collection process showed a high
correlation with r’=0.8936 for MDF and r>=0.8872
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for PB.

. Under the collection test conditions at 100 °C
for 2 h, set above, the emission values were
measured with different exposure areas for faster
measurement. The results were compared with
those of the desiccator method, which showed thet
the two results were somewhat similar when two
163 o specimens (163 cm?x2) were used a 100
°C for 1 h, and thus, the formaldehyde emissions
by the desiccator method were compared to those
from the developed collection process with the
two 163 cm? specimens (163 cm?x2) at 100 °C
for 1 h, and the correlation between the two
emissons was analyzed. The result showed a high
correlation with r=0.8988 for MDF (163 cm?x2)
and r’=0.8921 for PB (163 cm?’x2).

. As shown in the above results, the conditions at
which the fastest and most accurate formaldehyde
emisson measurement under the accelerated
collection method were two 163 cm? specimens
(163 cmP%2) at 100 °C for 1 h, and to verify the
applicability of the accelerated collection method,
the specimens left after the commissioned test of
the desiccator method by the KCL were used to
conduct a test based on the standardized
accelerated collection method, the result of which
was then compared with the result of the desccator
method. The results showed a relatively high
correlation at r’=0.8971.

. However, when the average values of the test
results from the desiccator method and the
accelerated collection method were compared, the
accelerated collection method, in most cases,
showed somewhat higher results than the
desiccator method. Compared to the emission
results of the desiccator method, the results of
the accelerated collection method were often one
grade higher.

5. It was determined that since the formaldehyde
emission grade from the accelerated collection
method was one grade higher, the developed
process could be sufficiently applied to
manufacturing plants from the perspective of
quality control. If the developed process is set
to EO grade for quality control, the results from
the desiccator method would show SEO emissions,
which is higher in quality than EO grade, and if
it is set to E1 grade, the lowest emission scope,
for quality control, EO grade level control would
be possible. Therefore, the implementation of the
developed process to manufacturing sites would
be able to replace the desiccator method, which
would take 24 h for testing, and thus, would engble
the measurement of formaldehyde emission for
only 1 h, leading to faster quality control.
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APPENDIX

(Korean Version)
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