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ABSTRACT

In this study, the characteristics of the white charcoal from charcoal kilns made for both charcoa production and
thermotherapy and from the traditional charcoal kiln were compared and examined. A charcoal kiln for thermotherapy
as a secondary purpose was made to minimize environmental problems such as fine dust and harmful gas generated
from sealed charcoa kiln in consideration of comfort and safety. White Charcoal produced from the charcoa kiln
for both charcoal production and thermotherapy had higher ash and volatile matter and lower fixed carbon than that
from the traditional charcoal kiln. The density of the white charcoal produced from the charcoal kiln for both charcoa
production and thermotherapy was dlightly higher than that of the traditional one, but the equilibrium moisture content
and pH were not significantly different. The cdorific value, refinement degree, hardness and anatomical structure were
not different between the two. It was concluded that the white charcoal produced from the advanced charcoa kiln
for thermotherapy as a secondary purpose meets the quality certification standards of Korea Forest Research Institute.
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1. INTRODUCTION

Domestic charcod production in 2016 is 9,156 tons,
accounting for 10% of domestic demand (Korea Forest
Service, 2018). Although the production of charcoal
is thought to have increased due in part to recent
environmental problems and increased use of fuel, it
is experiencing many difficulties because of the
thoughtless digtribution of charcod from Southeast Asia,

lack of utilization of charcoal byproducts, excessive
environmental regulations, and lack of workforce.
It is time to solve the difficulties that the charcoa
manufacturers are experiencing and to find new ways
to revitdize the charcoal manufacturing industry.
Revitdizing the charcoal thermotherapy that Korean
people have traditionally enjoyed is one of solutions.
Traditionally, charcoa kilns used in producing charcoa
are made of loess and stone, and in recent years, loess
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bricks and red bricks have become the main materials
for producing charcoal kilns. Thermotherapy is enjoyed
at a temperature of around 100°C during the process
of cooling the charcoal kiln of a high temperature after
making charcoal (white charcoal). At this time,
far-infrared rays are generated in a charcoal kiln. When
it is irradiated to the human body, it causes resonance
in the body and raises the temperature of the deep layers.
Then it promotes metabolism and is helpful for treatment
of chronic diseases such as stress and problems with
the immune system by improving the ability to
regenerate tissues. Thus, it has long been a widely used
naturopathy (Fuse and Taki, 1987; Honda and Inoue,
1988). Recently, the authors have shown that far-
infrared rays help mice to relieve their stress and improve
their memory (Tran et al., 2016; Mai et al., 2018a,
2018b). Therefore, thermotherapy using residual heat
from the charcoal kiln after the production of charcoal
is a good way to revitalize the charcoal manufacturing
industry and expected to get attention as one of the
new healing methods.

The charcoal kilns for the production of charcoal,
which is currently used for thermotherapy, has a
structure suitable for the production of charcoal.
Therefore, there is a need to solve environmental issues
such as purification of air contaminated by fine dust
inside charcoal kilns and inflow of harmful gas
generated in the adjacent charcoal kilns for a safe and
comfortable thermotherapy. Therefore, it is necessary
to improve the structure of charcoal kilns suitable for
thermotherapy, that is, a structure which can provide
a pleasant indoor air quality without any inconvenience
to thermotherapy users, and a safe structure without
adversely affecting the quality of charcoal produced.
In order to revitalize the traditional charcoal industry,
the authors developed a charcoal kiln enabling
thermotherapy, using ceramic materials that emit many
far-infrared rays (Kim, 2015).

The authors (Kim et al., 2006; Kim and Hanna, 2006;

Kwon et al., 2012; Kwon et al., 2013) have analyzed
the quality and properties of charcoal that is produced
at various temperature in many ways. The superior
quality of charcoal made from traditional charcoal kilns
(Hwang et al., 2002; Kwon et al., 2011) was also
reported.

In this study, we compared the quality of white
charcoal produced from a kiln developed to be suitable
for both charcoal production and thermotherapy by
improving traditional kilns with that of white charcoal
produced from a traditional kiln.

2. MATERIALS and METHODS

2.1. Structure of Charcoal Kiln for both
charcoal production and
thermotherapy

The structure of the charcoal kiln for both charcoal
production and thermotherapy is shown in Fig. 1 (Kim,
2015). For the stability of the whole charcoal structure,
first, the floor was pierced with concrete, and then it
was clayed with loess to install abrasion resistant
ceramic bricks and loess bricks. The charcoal kiln used
lightweight ceramic bricks and cement bricks for
semi-permanent use. The walls were doubled, using
ceramics and loess materials such as MnO, Mullite,
SiC etc. that can secure stability and maximize the
far-infrared radiation efficiency, and the ceiling of the
charcoal kiln was built as a domed type for the
improvement of the yield of charcoal and beautiful
appearance. Unlike traditional charcoal kilns, two
entrances were built, one for charcoal production and
the other one for thermotherapy, and they are separately
installed on the front and back side of the charcoal
kiln to minimize the environmental issues such as fine
dust generated by the poor charcoal working
environment and to make thermotherapy easier.
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Fig. 1. Overview of a modified charcoal kiln for thermotheraphy.

2.2. Testing materials

In this study, white charcoal produced in the charcoal
kiln for both charcoal production and thermotherapy
which is installed in Paekgok-myeon, Jincheon-gun,
Chungcheongbuk-do as shown in Fig. 1 and white
charcoal produced in the charcoal kiln only for charcoal
production built by the same company were used as
testing materials.

2.3. Experimental method

2.3.1. Technical analysis

With Moisture (KS E ISO 589 anthracite-measurement
of total moisture), ash (KS E ISO 1171 solid mineral
fuel-measurement of ash content) and volatile matter
(KS E 1SO 562 anthracite and coke-crystals of volatile
matter) and fixed carbons were calculated using the
following equation.

Fixed Carbon(%)
= 100 — (Water Content + Ash
+ Volatile Matter)

2.3.2. Density

The surface of the charcoal samples was covered
with paraffin and then the volume was measured using
a measuring cylinder containing water, and the density
was calculated as follows.

Density(g/em®) = LIZX 100

W= Charcoal Weight (g), V= Charcoal Volume (em?)

2.3.3. Hygroscopicity

To measure the hygroscopicity of charcoal, charcoal
powder pulverized to 60 mesh or less was dried in
a dryer (105+2°C) for 24 hours. Then, it was allowed
to stand in a desiccator maintained at a relative humidity
of 80% at room temperature for 24 hours to calculate
the moisture absorption amount. Then, the relative
humidity was adjusted using a mixture of distilled water
and KCI (distilled water: 993.6 g, KCI: 356.4 g).

M, — M,
14

Hygroscopicity(%) = x 100

M, = Dried Charcoal Weight (9),
M, = Charcoal Weight at arelative humidity of 80%(g)
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2.3.4. Calorific value

The charcoal sample were pulverized to a size of
80mesh or less, and 0.5 g of the charcoal sample was
placed in a calorimeter (Oxygen Bomb Calorimeter
6400, parr, USA), and then, the oxygen gas was charged
to 30 kg/cm? or less and ignited to calculate the calorific
value from the temperature change before and after
the combustion.

2.3.5. pH

About 1g of the pulverized charcoal sample having
a size of 60mesh or less was put into a flask, mixed
with 100 ml of distilled water, heated for 10 minutes
to evaporate water, cooled by adding distilled water
and measured with a pH meter (Sartorius, model PB-10).

2.3.6. Refinement degree

The degree of refinement was measured using a
charcoal refining system (FA 56 type, Samyang Electric
Company, Japan) capable of measuring an electric
resistance of 10° to 10°Q/cm.

2.3.7. Hardness

The degree of scratch of the charcoal surface was
analyzed by using a charcoal hardness meter (ranging
from 1 to 20, Samyang Electric Company, Japan)
classified into 20 categories based on the difference
in hardness of metals mixed with lead, antimony, copper
and zinc in a specific way. The metal piece composed
of the softest lead in the hardness meter is No. 1, and
the metal piece of the hardest steel is No. 20.

Table 1. Proximate analyses of the charcoal samples

2.3.8. Anatomical characteristics

To observe the anatomical characteristics of charcoal,
charcoal samples were observed under an accelerating
voltage of 15kV with a scanning electron microscope
(JEOL, JSM-5000).

3. RESULTS and DISCUSSION

3.1. Technical analysis

Generally, charcoal consists of water, volatile matter
that is volatilized by heat, inorganic matter (ash) that
remains after combustion, and fixed carbon that is not
reduced by heat itself. Table 1 indicates the results
of the technical analysis of the white charcoal produced
from a traditional charcoal kiln and the one produced
from a charcoal kiln for both charcoal production and
thermotherapy. The moisture content of white charcoal
produced from the traditional charcoal kiln was 9.60%
and that of white charcoal produced from the charcoal
kiln for both charcoal production and thermotherapy
was 9.15%. Therefore, the difference between the two
samples was not significant. However, Lee and Kim
(2010a) reported the moisture content of white charcoal
produced from the traditional charcoal kiln was 7.9%
and Kwon et al. (2011) reported the water content of
white charcoal produced from the charcoal kiln for both
charcoal production and thermotherapy was 6~8%, and
therefore charcoal used in this study showed a slightly
higher moisture content. The ash was 1.14% of white
charcoal produced from the traditional charcoal kiln
and 1.50% of white charcoal produced from the charcoal

(unit : %)
Moisture content Ash Volatile matter Fixed carbon
Charcoal from a
modified kiln for 9.15+0.01 1.50+0.12 9.10£3.75 80.19+3.80
thermotheraphy
Charcoal from a 9.600.04 1.14+0.03 7.06+1.69 82.20+1.68

traditional kiln
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Table 2. Density, pH, and EMC of the charcoal samples

Density (g/cm®) pH EMC(%)
Charcoal from a
modified kiln for 0.47+0.04 9.29+0.06 9.88+0.04
thermotheraphy
Charcoal from a 0.45£0.07 9.59+0.02 10.85:0.04

traditional kiln

Y EMC : Equilibrium moisture content

kiln for both charcoal production and thermotherapy.
Kwon et al. (2011) estimated the ash content to be
1.63 to 2.71%, and Lee and Kim (2010a) estimated
the ash content to be to 2.5%, and Kwon et al. estimated
the peripheral charcoal to be 2.67% and the central
charcoal to 3.10%. Therefore, white charcoal in this
study showed a somewhat low ash content. The volatile
matter of white charcoal from the traditional kiln was
7.05%, and that of white charcoal from the charcoal
kiln for both charcoal production and thermotherapy
was 9.10%, which is a little higher. The content of
volatile matter was slightly different so Lee and Kim
(2010a) reported 9.9%, while Kwon et al. (2011)
reported 3.4%. Fixed carbon was 82.20% for the
charcoal kiln only for charcoal production and 80.19%
for the charcoal kiln for both charcoal production and
thermotherapy. Kwon et al. (2011) reported that the
average fixed carbon of white charcoal was 87%, and
Lee and Kim (2010a) reported it was 79.3%. The amount
of fixed carbon of white charcoal in this study was
not significantly different from that of general charcoal.
The charcoal used in this study showed excellent
properties that meet the quality certification standards

(National Institute of Forest Science, 2017) of wood
products (No. 2017-9) notified by the Korea Forest
Research Institute.

3.2. Density, pH, hygroscopicity

Table 2 shows the density, pH, and hygroscopicity
of the charcoal produced from the charcoal kiln only
for charcoal production and the white charcoal produced
from the charcoal kiln for both charcoal production
and thermotherapy. The density of the white charcoal
produced from the traditional charcoal kiln was 0.45
g/cm3, and that of the white charcoal produced from
the charcoal kiln for both charcoal production and
thermotherapy was 0.47 g/cm®, which is slightly higher
than that of the white charcoal produced from the
traditional charcoal kiln pH was 9.29 for the charcoal
kiln only for charcoal production and 9.59% for the
charcoal kiln for both charcoal production and
thermotherapy. In general, charcoal properties are
strongly influenced by carbonization temperature, and
pH is inclined to be alkaline with the carbonization
temperature increasing (Jo et al., 2008). Kwon et al.

Table 3. Calorific value, refining degree, and hardness of the charcoal samples

Calorific value

(kcal/kg) Refining degree Hardness
Charcoal from a
modified kiln for 8,139+41 0~1 12
thermotherapy
Charcoal from a 8.005:13 01 5

traditional kiln
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(2012, 2013) reported that using an oriental oak, the
pH of charcoal increased with increasing carbonization
temperature, showing strong alkalinity. Recently,
Hidayat et al. (2017) reported an increase in pH with
increasing carbonization temperature in the study of
carbonization using core wood of tropical wood.
Charcoal produced at such a high temperature has a
high pH. This is because of the difference in the types
and amounts of the acidic or alkaline functional groups
generated depending on the carbonization temperature.
Another reason is believed to be that the acidic
functional groups in the low-temperature carbides and
the basic functional groups in the high-temperature
carbides become richer (Jo et al., 2006). After analyzing
the hygroscopicity of charcoal measured at a relative
humidity of 80%, it was found that the equilibrium
moisture content of the white charcoal from the
traditional kiln was 10.85%, and the equilibrium
moisture content of the white charcoal from the charcoal
kiln for both charcoal production and thermotherapy
was 9.88%, so both the figures are similar. Modern
houses are likely to become a sealed indoor environment
due to heat insulation and sound insulation design. This
sealed environment tends to be in a high humidity
condition, and as a result, indoor VOCs, harmful
bacteria, and fungi are problematic, so that the use of
charcoal is highly recommendable because people are
greatly interested in humidity control and deodorization
using environmentally friendly materials (Lee and Kim,
2010a; Lee and Kim, 2010b).

3.3. Calorific value, hardness, refinement
degree

Table 3 indicates the results of calorific value, hardness
and refinement degree of the charcoal produced from
a traditional charcoal kiln and the one produced from
a charcoal kiln for both charcoal production and
thermotherapy. The calorific value of white charcoal

from the traditional charcoal kiln was 8,139 kcal/kg,
while that of white charcoal from the charcoal kiln
for both charcoal production and thermotherapy was
8,095 kcal/kg. The calorific values of the charcoal
produced in the two charcoal kilns is grade A meaning
an excellent product based on the quality certification
standards (National Institute of Forest Science, 2017)
of wood products notified by the Korea Forest Research
Institute (No. 2017-9). Refining is a high-temperature
treatment process that is finally performed while burning
charcoal, and the quality of charcoal changes during
this process. The refinement degree refers to the degree
of carbonization of charcoal by measuring the electrical
resistance of the surface of charcoal. It is measured
in 10 steps from 0 to 9, and the closer to 0, the better
the quality of charcoal. Also, the hardness of charcoal
indicates that of the charcoal surface, and the higher
the number, the harder it is. The refinement degree
and hardness showed the same excellent characteristics
for both the charcoals from the charcoal kiln only for
charcoal production and from the charcoal kiln for both
charcoal production and thermotherapy.

3.4. Anatomical characteristics

Fig. 2 shows photographs of three sections of
charcoals produced from a traditional charcoal kiln and
a charcoal kiln for both charcoal production and
thermotherapy, and these photographs were observed
by a scanning electron microscope. Generally, the
cross-sections of the charcoals are almost the same as
those of wood, but the cell walls have a homogeneous
structure, and the shape of the duct is tangentially or
radially deformed or distorted a little. Spinning and
tangential sections are not much different from those
of wood, and the wall of each cell is homogeneous
and shows an amorphous form. It has been reported
that the structure of charcoal varies with the
manufacturing temperature (McGinnes et al., 1971;
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X558 28x1m JEM-SB68

(E) : (F)
Kiln for thermotherapy : Traditional kiln

Fig. 2. SEM images on cross sections(A,B), radial sections(C,D), and tangential sections(E,F) of white
charcoal from the thermotherapy and traditional Kilns.

Elder et al., 1979; Cutter et al., 1980; Kim and Hanna, of species (Prior and Alvin, 1983, 1986; Prior and
2006; Kwon et al., 2009 ), and archaeological aspects Gasson, 1993; Angeles, 2001; Eom and Xu, 2010). The
have also been studied in relation to the identification authors (Kim and Hanna, 2006) studied the difference
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in the anatomical characteristics based on the
manufacturing temperature from the results of the
scanning electron microscope analysis of charcoal
which was produced at various temperatures. In other
words, charcoal produced at 1000°C, which is almost
the same temperature used for white charcoal in this
study, made ducts and parenchymatous cells greatly
destroyed and deformed and cell walls much thinner
than charcoal produced at 400-800°C. Besides, the
surface of calcium crystals in wood has a smooth
appearance on charcoal which is produced at 400-
600°C, but, in the case of charcoal produced at 800-
1000°C, small voids appear on the surface of calcium
crystals.

4. CONCLUSION

The results of the study on the characteristics of the
white coal produced from a traditional kiln and the
one produced from a charcoal kiln for both charcoal
production and thermotherapy are as follows.

1. According to the technical analysis of the white
charcoal produced from the traditional charcoal
kiln and the one from the charcoal kiln for both
charcoal production and thermotherapy, the
moisture content was less than 10%, the ash
content was less than 3%, the volatile content was
less than 10%, and the fixed carbon was more
than 80%, which means an excellent quality.

2. The density was 0.45 g/cm®~0.47 g/cm®, and the
pH was 9.29 to 9.59, and the hygroscopicity was
about 10% at a relative humidity of 80% so there
was little difference between the white charcoals
of the two Kilns.

3. The calorific value was more than 8000kcal, the
refinement degree was 0, and the hardness was
12 so there was little difference between the white
charcoals of the two kilns, which means an
excellent quality.

4. There was no difference in the structure of the
three sections observed by a scanning electron
microscope.

Based on the above results, it can be concluded that
white charcoal produced from the charcoal kiln for both
charcoal production and thermotherapy has the
characteristics similar to those of white charcoal
produced from the traditional charcoal kiln.

ACKNOWLEDGMENT

This study was supported by the Forestry Science
and Technology Research and Development Project
(Project No: 2016008A00-1719-AB01) provided by
the Korea Forest Service.

REFERENCES

Angeles, G. 2001. New techniques for the anatomical
study of charcoalified wood. IAWA Journal 22(3):
245-254.

Cutter, B.E., Cumbie, B.G., McGinnes, E.A. Jr. 1980.
SEM and shrinkage analyses of southern pine wood
following pyrolysis. Wood Science and Technology
14: 115-130.

Elder, T.J., Murphey, W.K., Blankenhorn, P.R. 1979.
A note on the thermally induced changes of
intervessel pits in black cherry (Prunus serotina
EHRH.). Wood Fiber 11(3): 179-183.

Eom, Y.G., Xu, G.Z. 2010. Wood identification of
neolithic charcoal excavated at giheung nongseori
ruins. Journal of the Korean Wood Sciences and
Technology 38(4): 275-281.

Fuse, T., Taki, M. 1987. Nonthermogenic effect of
far-infrared radiation with a wavelength of 100 gm
on biological organisms. Sekigaisen Gijutsu 12:
27-34.

Hidayat, W., Qi, Y., Jang, J.H., Febrianto, F., Lee, S.H,,

- 534 -



Characteristics of White Charcoal Produced from the Charcoal Kiln for Thermotherapy

Chae, H.M., Kondo, T. Kimn N.H. 2017.
Carbonization characteristics of juvenile woods
from some tropical trees planted in indonesia.
Journal of the Faculty of Agriculture Kyushu
University 62 (1): 145-152.

Honda, K., Inoue, S. 1988. Sleep-enhancing effects of
far-infrared radiation in rats. International Journal
of Biometeorology 32: 92-94.

Hwang, W.J., Kwon, G.J., Lee, S.J., Park, H.S., Kim,
N.H. 2002. Anatomical characteristics of charcoals
carbonized in a Korean traditional kiln. Journal of
the Korean Forest Bioenergy Society 21(1): 49-55.

Jo, T.S, Lee, O.K., Ahn, B.J., Choi, JW. 2006. Some
physical properties and adsorptive behaviors of
wood charcoal carbonized with domestic wood.
Journal of the Korean Forest Bioenergy Society
25(1): 9-17.

Jo, T.S., Lee, O.K., Choi, JW., Byun, J.K. 2008.
Adsorption of cardmium ion by wood charcoal
prepared with red oak(Quercus mongolica). Journal
of the Korean Wood Sciences and Technology
36(3): 93-100.

Kim, N.H. 2015. A study on the practical utilization
to thermal therapy of charcoal kiln for revitalization
of the traditional wood charcoal industry. Korea
forest service. ppl-91.

Kim, N.H., Hanna, R.B. 2006. Morphological
characteristics of Qurecus variabilis charcoal
prepared at different temperatures. Wood Science
and Technology 40: 392-401.

Kim, N.H., Hwang, W.J., Kwon, S.M., Kwon, G.J,,
Lee, S.J. 2006. Anatomy of Quercus variabilis
charcoal manufactured at various temperature.
Journal of the Korean Wood Sciences and
Technology 34(4): 1-8.

Korea Forest Service. 2018. 2016 Wood utilization
survey.

Kwon, G.J., Kwon, S.M., Jang, J.H., Hwang, W.J., Kim,
N.H. 2011. Charcoal properties and temperature

change of a kiln’s inner and outer walls in
carbonization process using an improved Kkiln.
Journal of the Korean Wood Sciences and
Technology 39(3): 230-237.

Kwon, S.M., Jang, J.H., Lee, S.H., Park, S.B., Kim,
N.H. 2013. change of heating value, pH and FT-IR
spectra of charcoal at different carbonization
temperatures. Journal of the Korean Wood Sciences
and Technology 41(5): 440-446.

Kwon, S.M., Kim, N.H.,, Cha, D.S. 2009. An
investigation on the transition characteristics of the
wood cell walls during carbonization. Wood Science
and Technology 43: 487-498.

Kwon, S.M., Kwon, G.J.,, Jang, J.H., Kim, N.H. 2012.
Characteristics of charcoal in different carbonization
temperatures. Journal of Forest Science 28(4):
263-267.

Lee, D.Y., Kim, B.R. 2010a. Adsorption characteristics
of commercial wood charcoal (I). Journal of the
Korean Wood Sciences and Technology 38(1):
27-35.

Lee, D.Y., Kim, B.R. 2010b. Analysis of functional
characteristics of the commercial wood charcoal
in Korea. Journal of the Korean Wood Sciences
and Technology 38(6): 480-489.

Mai, H.N., Sharma, N., Shin, E.J., Nguyen, B.T., Jeong,
JH., Jang, CH., Cho, E.H., Nah, S.Y., Kim, N.H.,
Nabeshima, T., Kim, H.C. 2018a. Exposure to far
infrared ray protects methamphetamine-induced
behavioral sensitization in glutathione peroxidase-1
knockout mice via attenuating mitochondrial
burdens and dopamine D1 receptor activation.
Neurochemical Research 43: 1118-1135.

Mai, H.N., Sharma, N., Shin, E.J., Nguyen, B.T,,
Nguyen, P.T., Jeong, J.H., Cho, E.-H., Lee, Y.J,
Kim, N.H., Jang, C.G., Nabeshima, T., Kim, H.C.
2018b. Exposure to far-infrared ray attenuates
methamphetamine-induced
recognition memory through inhibition of protein

impairment in

- 535 -



Gu Joong Kwon + Ah Ran Kim - Hee Soo Lee * Seung Hwan Lee - Wahyu Hidayat - Fauzi Febrianto -+ Nam Hun Kim

kinase Cs inmale mice: Comparison with the
antipsychotic clozapine. Journal of Neuroscience
Research 96: 1294-1310.

McGinnes, E.A., Jr, Kandeel, S.A., Szopa, P.S. 1971.
Some structural changes observed in the
transformation of wood into charcoal. Wood Fiber
3(2): 77-83

National Institute of Forest Science. 2017. Standard and
specification of wood products. Notification No.
2017-9 of the National Institute of Forest Science.

Prior, J., Alvin, K.L. 1983. Structural changes on
charring woods of dichrostachys and salix from
southern Africa. International Association of Wood
Anatomists Bulletin 4(4): 197-206.

Prior, J., Alvin, K.L. 1986. Structural changes on
charring woods of dichrostachys and salix from

southern Africa: the effect of moisture content.
International Association of Wood Anatomists
Bulletin 7(3): 243-250.

Prior, J., Gasson, P. 1993. Anatomical changes on
charring six African hardwoods. International
Association of Wood Anatomists Journal 14(1):
77-86.

Tran T.H., Mai, H.N., Shin, E.J., Nam, Y.S., Nguyen,
B.T., Lee, Y.J, Jeong, J. H., Tran H.Y., Cho, E.H.,
Nah, S.Y., Lei, X.G., Nabeshima, T., Kim, N.H.,
Kim, H.C. 2016. Repeated exposure to far infrared
ray attenuates acute restraint stress in mice via
inhibition of JAK2/STAT3 signaling pathway by
induction of glutathione peroxidase-1. Neurochemistry
International 94: 9-22.

- 536 -



Characteristics of White Charcoal Produced from the Charcoal Kiln for Thermotherapy

APPENDIX
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719 3ol EiE Erhe A& Hth(Tran et al., 2016; Mai et al., 2018a, 2018b). whebi] 842 § 27hke] A9
o83 2PLL 2L AP sfz RS A 02 7|jEn, ERARARE AR 4 e £ IRte R Ay
Itk

A 2480 o] &HI 9= FHARE £Vl A Hgst FxE AZE 0] glojA], bdata HHE &
Qlefirle g7 mlAEA o] ot 3718 A 9 A g7htol A HAskE felivks 4 59 44 ZAIE &
Zasdo] A71= L ek ofofl 2FLo] A7 £t e 24, & G E o] &0 EHIo| gl AT AUE7
QPR LRo|HA AxE HHY FHof| R FFE A = H8ol 7t 2R JfAslof gtk ofof F-gste] A=}
o2 A% £ANY SATHE okl dH M) Waro] W Azt ARE ol&sto] 2UE AL w7t BES Apdsielt
(Kim, 2015).

A+ S(Kim ¢ al., 2006; Kim and Hanna, 2006; Kwon et al., 2012; Kwon et al., 2013)2 7} &E oA A|Z &= ZEt9]
F23+ 5490 ialA] chefst w02 Bajstol ik Eeh 454 £7bulolH Al2E BekEo] 9ol s Bste
th(Hwang et al., 2002; Kwon et al., 2011).

2 AFolM e 7129 ASAHStRE JAste] 2H 8T ERAke HE 0= ANESkaT AR 22 A B
A AlerE wiere) AL ks, 7189 HEA RS R A AT wiere] E443) vlal, HESIGIT

=
£ £7h 72
298 g g7iuto] T Fig. 13} ZrHKim, 2015). 470 722 AA0] A $Istel WA viehe
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FaelER st 1 9] FECHIS B F, by Aot ME U FENES Axsh T2 Hek Zxdg
S7puls eIl 4 S fotel A% ATk g o NS Mg olgshar. ik 944l st sl
WARES S5 & 4 9l MO,

2 Mullite, SIC 3+ 22 Mk} 3} FE2AE o83 25722 S49.00), £7tote)
WP S P olgTle S WA 4 YES BY0R Aol FUTE /1E Sble ded ek
SAYBHOR s YL oA S PHEAZ Hasthn A8 HolHS oI AU BRot UG FRE

seste] g7bnte] Hmol Suite] ma MXsgtk

2 IAAE
2 AFtollie FARE AT Wado] AAH Fig. 19] 2FE HE £rimtolA Agd gty Y AAoA gt
g w7tuto| A AekE WebS FANRR ARSI

g%g 60me5h o]oH A7)2 Bajste] Bebo] FHeE SE(KS E ISO 589 743 & &9 54) & (KSE
ISO 1171 nF5 A=A F&F 34), HL=(KS E 1S0 562 #letat 33 4-9104 o] 2%), RS tha

2 42 o|gstol AT,

2 32 4%
Bepi| 2o BUS o R BE5 Zo| Bl HAMAGE ol §ate] HulE 25, eI 2L Ao UEg

AsHc

4 BEAS 2A5)7] 23] 60mesholslE BaE Zet Huaks 7d’<7](105+2C)o1] 2417+ Zji/\]{l 5 Aeo|q Al
= SO%E FAE AT A 24417 WAt & stk ol AL EL 22
993.69, KCI: 356,40) AHg-ate] 2™shalc.

ol J
oft
mlo
S~
HHN'

2.3.4. Wk
EERA 2= 80mesh o3}9] 7= Hafjste] 0.5¢-S e #kA|(Oxygen Bomb Calorimeter 6400, parr, USA)o]| @11 AbA7}A
£ 30kglem’ ofs} ST Wsjste] e -Fe| erusiRRE WIS ANelck

2.35. pH
60mesh o]sto] 27|22 FHjE SHAIR oF 195 Setiad] YolA S74 100ml et £33t &, 1027 7Fgste] 4%
%Y FH4E 78l YZHAI7]1aL pH &4 7](Sartorius, model PB-10)& 27313t

236 AU
10°-10° Qlome] 7] AFE ZH 5 9l BEAAAFA 563, HFH/ AL, BR)F olgstel Z4shdt

o AR, 5, ol 5 24 WER 343 AR Holo] o3 0FFE LEH FAAEA-204S], AFA7IAL L,
S EUS FUYES RS AEANA 1 A3 GoB B F4ue] 1olw, 1 Hekat e

H il

e
Leto] | iata EA1S W] $iste] Beth AlHE FAPAIEH]%(Scanning Electron Microscope, JEOL, JSM-5000).2.
2 15kVO| 7h&HS) sloflA] TS
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4
402 Heke S8, 7ho] PAElE T, ATl ARk IR, MR RE A o aAEa
ol 1 Table 18 AEA/ASIO] ] it Meis} 21 8 Sholol A ekl b B Aol

2o
428 HEAL7H} WEto] 0.60%, 2% A4 27t} viete] 0.15% Y AIR7HY] Xoli 2| ¢ Ao pehrh
22U} Lee and Kim(20108) & AEAekslso| A Alete wieto) f@}-’; o] 7.9%, Kwon e al.(2011)2 7|2ka AEAeslkz o)A

Ak o) Fhpa 6~-8%R Halskal §lof, & Atef o] 83 HEE ot 2 TS HolRlth QTL—S_ AeAest
2 W 1.14%, 298 A4 L7l wek 150%0]| 9tk 3|53kl tiatol Kwon et al.(2011)2 1.63~2.71%, Lee and
Kim (2010a)- 2.5%, Kwon et al.(2012) #7j= wieko 2,670, A= MEre. 310%2 H skl glo] B ¢iiLe] wete
ohd 22 SRS Holpqth FUEe HEAHstE We 7.05%, 2948 HE ©IE e 0.10%E 298 A8
St of Al gAtE wigto] thar A YEiilTh 3R S AAbell whet ohas Zke]7t §lol, Lee and Kim (2010a)
9.9%, Kwon et al. (2011)2- 3.4%= Hirstal Qlek A ae & AT A8 27lo) e 82.20%, 2298 38 £7hv Wt
80.19%= LFEFT) Kwon et al.(2011)2 weke] H3 4 eka 87%, Lee and Kim(2010a)& 14 79.3%2 R 115}
ot 2 A} wiero] Jrdehanke dWhAQl metal & Ajol7t Gle AoR UEith & Aol ANE S8 S et
Aol A TLA|(AH|2017-95) 3 EAjA| =] £2 2l%7]Z&(National Institute of Forest Science, 2017)& #&3}= $53 EAS

HojaEgleh

3.2 9%, pH, &4
Table 2= % A4k A8 L7kt A YAtE Bekd 2AE HE £7btoll A AN Higte] thet Wik, pH, 354 ARE
Uekd Aotk HEAls7hatol Al Aike wigke] Wz 0.4 59/c 3, L AL 78 L7l A Yabe weke] Wi 0.47g/em’
2 298 Z8 gviuto| A AYikE wigko] ozt #A| vehitth pHE £ A4 A8 ¢7}u} ek 9.29, 2U L AL £7lnt
Uik 9.50= UpEhylth YHbd o s Beto] B ©@Ete o] 24 %S W, pHe B3t SR 9t s
o 7o AR 9ltiJo et al., 2008). Kwon et al.(2012, 2013)& Z3HRs o]ﬂo}o% gt o] S7keh A HEke)
= S8kl Advkel S Hebdntal Hashglan, 2| Hidayat et al.(2017)2 A o] vld5AE ol 81k gehel ol A
G2 F7tol whE pHO| F71E Baskal §lrt. of¢f o] 2 2molA AH B9 £ pHE et o]t olf=
g2 o] uhet BgEs Agolu d71449] el F5F B FY Aolo ot Aoz AREIE A= AV BE7I7h
1%&@%01*5 A71A9] BE7)7h EHA]7) HH-‘%QE—_ A7E] 1 gleh (Jo et al., 2006). ATiGE 80% 7oA ZA3t
S| FHE BAT A AEAdstRe] dge] S 1085%, A HE w7t Mge] FHTES 0.88%2

H =
liﬁ& SHEAS BTk H2Y] FE2 G AR A SO Qlstoe] deE Ayl ggo] 7] 4t ojaf WH
e e 2o w7 a1, oo wket Ay VOCs, felf o X 80lF S0l A HHA S o83t Hrr,
WAAIA Foll B2 BilE 7HA2L §lo] H§e] ghgo] A= 31 §lrk(Lee and Kim, 2010a; Lee and Kim, 2010b).

3.3 g, A&, A=

Table 3 H-5Alz7infoll A Hikd E6tal 288 F8 erhutol A Aibd o] tidt wrds, e, JUEE AT
Afoltt, M-5Al%7nl wieto] Hrdwke- 8,139 kcal/kg, 288 A48 =7t tﬂ%& 8,095 keallkg2 A vt ATME Hol3=q)
ot & g7huboll A AAE SEe) ddge A mEdolA 2A|(A2017-92)3 EAAIES] FH $1%7]%(National
Institute of Forest Science, 2017)0]4 ASH<) dlFdl= oA 423t E4 9] BEllo] QJZE Itk AHS & 118
W HEH0E e o] 3Ho) ek EAo] ek ALl BeHEwe] A/|AaS 24l
EE Uehs A0R 0~97H] 10842 GEhyL 00 7174e4E 945t S Brke ojnjdit.
A T e e e T PR e
S8 48 Aol AALE W BT 28 00g SAS HelRold,

oL 1w

=i

3.4 3Roba B4

E
157
1R

Fig. 2= AE 44700t 298 74 £7inlol]d A4 vsho] 3UHS ZARIAEN 402 BT Alolch Aoz
2o riwe B9 3 wﬂ 7494 Aol7} GLovt AEMo] FAT TAE HolT mrke] Yok A T by
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02 tha AP HAY ALY A A Uehhe Aol S0tk WA JAGHE 549 E41 & Aol §laL 7 A2
Ho| At F22 HZAAY FEHE Ho|FL ok HeH9] e A= wet 2po]7} Uekhs Zo] Hialkolgtn
(McGinnes et al., 1971; Elder e al., 1979; Cutter et al., 1980; Kim and Hanna, 2006; Kwon et al., 2009), 11318}% 9]
20| A A Bsle] Feke] 125 d4Lslo] grti(Prior and Alvin, 1983, 1986; Prior and Gasson, 1993; Angeles,
2001; Eom and Xu, 2010). £3|, A&} 5(Kim and Hanna, 2006)-2 o138 =& Aety ZetS FAPARIEn| 4 o8 A%
Aol A Ax2wol w2 ajfetd 54 Hpol& AAs] FHEIE &, £ Afto] AHSE Wik A Y FUT =9
1000Cofl A A|=E EERE 400-800C ol A A3t Eetof vl Zo|u} GAS] uty] W Wo] A1 NEHE FA gfolAl=
A& Busigleh T3 A Yol 2A5l= Zad g9 ®Ho] 400-600T oA Agtet HEto A mjmiee o3 7HA4L,
800C-1000C o4 Agat Brtoqt 2424 Hdo] 2 T350] Ueh AEX] ooz PAEhy Husir

AEARSRoL 298 28 Dotzold AE wete] B4 2R Auke bt e,

L ARk}l S8 72 shohRolx] AR kol that BoEA]Y B4 10% njg, SlEe 3% nlgk, FuEe
10 )5k, TATAL 80% ol 402 Leht 200 EAS thebich

2. UEs o.4sg/cm ~0.47g/cm’, pHY 9.29~9.59, A& 80% 7oA S&AL 10% Wo&A] of etslz o] wet
2l #ol7t A9 gl

3. Wrelake 8000keal o)4f, HARLE 0, AEis 1224 oF weho] wek Zho] Hjol7h QIR $45 BAS ek

4. FARAEDAOR AT 39 FEE Hol7} Gl

ool ATEHE LA A8 BSlRo|A AT uge 7]

71E&
FYAYIUY BANEEAAS 12 FHAE 950 FA

EOHm

ATz YU e AT S sl
sEro R ghebE ol
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