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ABSTRACT

In this study, a torrefaction of Quercus serrata to manufacture a molded charcoal was performed, investigated material
properties, fuel characteristics, and performed a quantitative analysis of hazardous gases which occur during a combustion
process. In addition, a molded charcoal in market was selected as a control group, and a comparative analysis was
performed. As a result, the higher heating value (HHV) of the torrefied specimen was about 14% higher than that
of molded charcoal, and its ash content was about 51 times lower. Moreover, after performing a quantitative assessment
of hazardous gases (carbon monoxide, nitrogen oxide, and sulfur dioxide) which were produced when each specimen
was combusted for 900 seconds in an enclosed chamber, it was confirmed that the maximum value of generated amount
of carbon monoxide on the torrefied specimen was about 50 times lower than that of the existing molded charcoal.
Therefore, it was shown that the torrefied specimen produced in this study had a higher heating value than the molded
charcoal in the market, and a very low amount of carbon monoxide generated during the combustion process.

Keywords: holed torrefied wood briquette, molded charcoal, higher heating value, elemental analysis, ash content,
carbon monoxide

combustion without flame, where incomplete combus-

1. INTRODUCTION

tion reaction occurs and carbon monoxide is produce-

The charcoal fuel for igniting commonly called
‘beongaetan’ in Korea is defined as ‘molded charcoal
for kindling holded-coal-briquette’ which is molded to
the holed coal briquette by combining bonding agent
or coupling agent to sawdust charcoal in the Korea
Forest Research Institute’s notification ‘Specification
and Quality Standard of Wood Products’(no. 2020-1)
[annex 14]. Materials such as charcoal or cokes, etc.

are representative materials for facilitating surface

das oxygen passes through a solid surface (Evans and
Emmons, 1977). Since carbon monoxide is a colorless,
tasteless and scentless gas, its combination power with
hemoglobin in blood is about 200~250 times stronger
than that of oxygen, it has a risk of degrading oxygen
transporting capability of blood, causing suffocation
(Armin et al., 1998; Weaver, 2009). Thus, if the mold-
ed charcoal is used in an indoor environment with lim-

ited oxygen supply for household heating or cooking,
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the users might show delayed neuropsychiatric symp-
toms or die due to carbon monoxide addiction
(Hampson et al., 1994; Kim et al., 2015; Kim et al.,
2016). Furthermore, a recognition is formed that if the
molded charcoal including so called ‘beongaetan’ that
generates carbon monoxide is used for suicide, people
could die without any pain, and suicide cases using
the molded charcoal often occur in Asian countries
such as Hong Kong, Taiwan, and Japan, etc. In case
of Korea, it was known that the number of suicide
cases using the molded charcoal is second to the cases
of using drug, agricultural pesticides, and knives, etc.
(Sung et al., 2015). In order to prevent suicides using
the molded charcoal, measures for restricting its sales
approach are being prepared, and a product property
improvement study for reducing the carbon monoxide
that occurs during the combustion process is being
conducted (Lee er al., 2016; Kang et al., 2018).
Methods which could reduce the amount of carbon
monoxide generated include a method of adding com-
bustion promoting substance that facilitates a complete
combustion of the charcoal as the main raw material,
or a method of using an alternative combustion materi-
al besides the for a complete combustion.
Torrefied wood is an intermediate phase material
between wood and charcoal, and refers to a material
obtained after a relatively lower heat-treatment process
of about 200~300°C in an anaerobic external condition
(Bourgois and Guyonnet, 1988; Pourmaekhdomi, 2014).
Because this torrefied wood has a relatively higher en-
ergy density than the wood at an initial state, and hy-
drophobic like charcoal, it is evaluated as an excellent
fuel material. It is also being utilized as a briquette
for cooking barbeque (Pach et al., 2002). Apart from
this, its flexibility for various uses such as antioxidant,
blended coagulants for water treatment, etc. is being
mentioned, and it is being used as a study material
for various perspectives (Nam et al., 2018; Yang et
al., 2019; Park and Kang, 2020). As such, there is a

proof that the torrefied wood has an excellent fuel
characteristic along with the charcoal, and higher oxy-
gen content and volatile matter than the charcoal
theoretically. Thus, it could facilitate a relatively nor-
mal combustion to reduce the generation of carbon
monoxide. It is necessary to explore a suitable alter-
native excluding starch, etc. which is used as the exist-
ing bonding agent.

Therefore, this study designated the main compo-
nent of the molded charcoal as an alternative torrefied
wood, and evaluated its feasibility as an alternative
material. Considering the molded charcoal products
being sold in the market mainly used broad-leaved
species, the Quercus was selected, and torrefied to pro-
duce the main component. Moreover, evaluations were
performed on its fuel performance when it was used
in combination of natural combustion improver, as
well as the amount of carbon monoxide generated
among the harmful gases which emerge during the

combustion process.

2. MATERIALS and METHODS

2.1. Wood torrefaction

The raw material used for torrefaction is a wood
chip of quercus serrata (Thunb. Ex Murray) which is
a hardwood species supplied from Namwon Forest
Association located in Namwon, Jeollanam-do. The
wood chips were dried at temperature of 105 + 3°C
for over 48 hours. For torrefaction, a wood roaster
which was built independently for this research was
used, and the schematic diagram is shown in the Fig.
1. The circular frame of the system indicated in the
schematic diagram is a reactor, and a rotary drive was
rotating at the speed of 45 rpm through a rotation axis
located in the center of the reactor while oxygen from
outside was blocked using a hydraulic cylinder. Then,

the reactor was heated through a direct heat generated
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(@) (b)

Fig. 1. Schematic diagram of wood roaster. (a) Front
view, (b) side view. A: Reactor, B: hydraulic cylinder,
C: axis of rotation, D: heat supply apparatus, E:
thermocouple, F: feedstock inlet.

from a heat supply apparatus located at the bottom of
the reactor. Once the internal temperature reached
220°C, the wood chips were inserted by opening the
upper hatch. The torrefaction time was set as 300 sec-
onds each, and the entire torrefied wood chips were
pulverized using a mixer. The pulverized matter
passed through #8 standard screen, and it was dried

for over 48 hours at 105 + 3°C once again.

2.2. Specimen

2.2.1. Adhesive

For the material used as an adhesive for specimen
production, gelatin solids extracted from protein of a
pig (Deokyoung Gelatin, Pocheon in Gyeonggi-do)
was purchased from a market and used. This is made
up of 84~90% of protein, 8~12% of water, and 2~4%
of mineral. Distilled water was combined with the gel-
atin solids to produce it as a liquid form, and mixed
amount of the distilled water was set as twice the num-
ber of solids of gelatin. Then, the mixture was stored

in a container, sufficiently stirred until the gelatin sol-

ids are completely dissolved within a constant temper-
ature water bath with the condition of 45 + 3°C, and

used as the adhesive of specimen.

2.2.2. Forming and injection

For forming and injection processes of the speci-
men, the self-produced hydraulic press was used. The
target density of the specimen was 0.7 g/em’, and con-
sidering that the internal volume of 13-pin mold frame
was 427.21 cm’, the gelatin solids content was set as
15 wt% in a torrefied wood dry weight of 300 g. At
this point, since the moisture content of gelatin solids
was 12%, the mixture was produced by considering
moisture correction value. Then, the mixture was in-
serted in the 13-pin mold frame, pressure of 0.78 MPa
was applied. The gelatin adhesive was cold pressured
for 600 seconds so that it could be hardened suffi-
ciently at room temperature. These were collected, and

cured for 168 hours at room temperature.

2.2.3. Application and dry treatment of

combustion promoting substance
For the combustion promoting substance of the
specimen, flaxseed oil, a dry fat oil contained in the
seeds of flax, was purchased from the market and used
(Daemyeong Chemicals Co., Ltd. Seoul). This is made
up of 8~9% of saturated acid, 10~15% of oleic acid,
25~35% of linoleic acid, 35~45% of linolenic acid,
6.5% of oxygen, 0.5~1.5% of non-unsaponifiable
matter, and 4.5% of glycerol. 20 g of flaxseed oil
was applied on a single surface of the specimen after
the room-temperature dry treatment was completed.
Then, all specimens were dried for over 24 hours at
105 £ 3°C. In addition, as a control group of the
specimen, molded charcoal (“H” company, Korea)
purchased from the market was selected. The control
group specimen was configured with charcoal powder,
barium nitrate, potassium nitrate, and whole meal. The

properties (mass, moisture content percentage, and
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Table 1. Physical properties of the specimens

Moisture

Specimen Mass content Density
(g) %) (g/cm’)
HTWB" 319+2 16.0+ 0.5 0.69 +0.01
McC? 340+ 3 1.7+03 0.65+0.01

Y holed torrefied wood briquette, 2 molded charcoal.

() (b)
Fig. 2. Specimens. (a) Holed torrefied wood briquette,
(b) molded charcoal.

density) and description of each specimen were in-
dicated in the Table 1 and Fig. 2.

2.3. Testing method

2.3.1. Elemantal analysis

The elemantal analysis was conducted according
to test standard ASTM D3176-74, and the test was
performed through an elemental analyzer EA 1108
CHNS-O (FISON Instruments, USA). For the test
condition, the powder specimen was instantaneously
combusted in a pure oxygen atmosphere for oxida-
tion, the generated gas compounds were separated
by their components from a separation tube of the
equipment, and a quantitative analysis was per-
formed on C, H, N, S among the specimen through
TCD (thermal conductivity detector). At this point,
O was generated by pyrolysis, transformed into
carbon monoxide, and redetected by TCD again.
The measurement was performed 3 times repeatedly,

and the average value of each item was estimated.

2.3.2. Ash content

The ash content measurement was conducted by
test standard ASTM D3174-04, and the test was per-
formed through Muffle Furnace (CEBER CERAMIC
FIB, USA). For the test method and condition, a crucible
containing the specimen was inserted into the muffle
furnace, and the internal temperature of the furnace
was increased up to 250°C at speed of 4~5°C/min,
and the crucible was left for 1 hour. Then, the temper-
ature was increased (at approximately 9~10°C/min) to
reach up to 800 + 25°C for 1 hour, and maintained
that temperature for minimum of 2 hours. The crucible
was removed from the furnace, left in the air for
300~600 seconds, cooled down to room temperature,
and its weight was measured at 0.1 mg level and
recorded. The measurement was performed 3 times re-
peatedly, and the average value of the measurements

was estimated.

2.3.3. Higher heating value

HHV (higher heating value) measurement was per-
formed according to test standard ASTM D5865/
D5865M-19, and the test was performed through a
cylinder-type calorimeter Parr 6400 (PARR INST-
RUMENT INC., USA). At this point, the specimens
which were pulverized by the mixer and passed through
#16 standard screen were used for both conditions, and
temperature increase rate during the combustion pro-
cess of the specimens by the cylinder-type calorimeter
was measured to estimate HHV (MJ/kg). The measure-
ment was performed 3 times repeatedly, and the
average value of the measurements was estimated and

indicated.

2.3.4. Quantitative analysis of combustion
gases

In order to detect harmful gases content that emerge
during the combustion process of each specimen, a

combustion gases measurement test was performed as
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shown in the Fig. 3 below. After the specimen of each
condition which was chelated in outdoor environment
was fixed within 1,000 x 1,300 x 2,000 mm chamber,
an air emission measuring instrument GREENLINE
MK2 (EUROTRON, England) was used to capture the
combustion gases of the specimen through an injection
tube of the instrument, and measure the gases. Three
gases were assessed, including carbon monoxide (CO),
nitrogen oxide (NOx), and sulfur dioxide (SO,). At
this point, nitrogen dioxide (NO,) was derived from
measuring each carbon monoxide (NO) and nitrogen
dioxide (NO,) for 900 seconds. In order to perform a
simulated experiment of conditions in which the mold-
ed charcoal distributed in the market was misused for
suicide, this study carried in the ignited specimen in
the chamber with oxygen concentration of 20.8%, and
sealed the chamber to perform the combustion gases

emission measurement.

Chamber
Injector A
Exhaustgas E|[\ Specimen
E[f N \
detector Hany |
\ S N
S \
| \
by
= ——C\
N+
1,000 mm

Fig. 3. Schematic diagram of experimental method.
Each specimen has detected by a exhaust gas detector
by gathered gas and passing through the injector in
the chamber.

3. RESULTS and DISCUSSION

3.1. Fuel characteristics

Table 2 indicates the analysis results of elementary
analysis, ash content and higher heating value. These
measurement results were obtained in a condition
where the torrefied specimen included the gelatin and
flaxseed oil, and the molded charcoal available in the
market included barium nitrate and potassium nitrate.
Sulfur was not detected from the specimen in both
conditions, and the carbon content was about 50%,
which indicated no big difference between the con-
ditions. In contrast, for hydrogen and oxygen contents,
it was revealed that the torrefied specimen had higher
contents than the molded charcoal by approximately
2.6 and 2.2 times, respectively. On the other hand, the
torrefied specimen had a lower nitrogen content than
the molded charcoal distributed in the market by ap-
proximately 2.3 times.

The result of ash content indicated that the torrefied
specimen had a lower content than the molded char-
coal distributed in the market by about 51 times. It
is determined that this result was indicated because
the molded charcoal which is being distributed in the
market has a relatively higher non-volatile matter,
considering the fact that it includes approximately 25
wt% of the metal structural materials barium nitrate,
and also the combustion promoting substance potas-
sium nitrate and the adhesive whole meal, etc. along

with hardwood charcoal.

Table 2. Analyzed result of the chemical properties and fuel characteristic

. Carbon Hydrogen Oxygen Nitrogen Ash HHVY
Specimen
(%) (%) (%) (%) (MJ/kg)
HTWB? 49.99 +0.47 5.81 +£0.04 41.04 +0.43 2.68+0.14 0.48+0.17 20.06 +0.17
MC? 48.27+0.08 2.27+0.06 18.86 +0.12 6.17+0.07 24.43 +£0.15 17.21£0.10

" higher heating value, ? holed torrefied wood briquette,

molded charcoal.
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The result of higher heating value indicated that the
torrefied specimen had a higher value than the molded
charcoal distributed in the market by about 14%.
According to a precedent study by Boley and Landers
(1969), hardwood charcoal produced at temperature
range of 571~650°C had carbon content of approx-
imately 65~68%, higher heating value of 23~25 MlJ/kg,
and ash content of 15~17%. Comparing these results
with the molded charcoal in the market used in this
study, despite its main component was hardwood char-
coal, the carbon content and higher heating value were
lower by 26~29% and 25~31%, respectively, and ash
content was higher by 30~39%. These results are also
considered to be due to the previously mentioned fact
that molded charcoal includes metal structural materi-
als of barium nitrate and other additives, thus it has
less quantity of elements which could contribute to
heating of hardwood charcoal, the main component.
However, the ignition time of hardwood charcoal is
more delayed than that of torrefied wood by approx-
imately 50%, and the hardwood is unable to facilitate
flaming combustion independently (Lee, 2016).

Considering the fact that the molded charcoal shall
add metal structural materials such as barium nitrate
for the purpose of the product, it is determined that
fuel performances of the torrefied specimen formed by
using gelatin produced in this study and the combus-
tion promoting substance flaxseed oil are more

excellent.

3.2. Combustion gases

For the combustion phase of each specimen, the
molded charcoal in the market caused flame combus-
tion with combustion promoting substance such as
barium nitrate, etc. at the time of ignition, and the
combustion phase was changed to surface combus-
tion, which stayed until the last session of the test.
For the torrefied specimen on the other hand, it

caused flame combustion until the last session of the

test even after the ignition, and the combustion flame
was close to dark red to red.

Fig. 4 shows the result of indicating the amount of
carbon monoxide generated during the combustion
process of each specimen by time unit. It was revealed
that the amount of carbon monoxide generated from
the molded charcoal in the market was increasing re-
markably since the beginning of the combustion proc-
ess, and this is determined to be caused by incomplete
combustion reaction by surface combustion. In the
qualitative analysis test of combustion gases, the max-
imum amount of carbon monoxide was 718 ppm and
4,096 ppm in the last 900 seconds session for torrefied
specimen and molded charcoal in the market,
respectively. The torrefied specimen showed approx-
imately 50 times reduced effect compared to molded
charcoal in the market. Tumuluru et al. (2010) re-
ported that biomass of the same species has volatile
matter content of carbide reduced as it has a high
heat-treatment temperature, and a longer reaction time.
In addition, the result of a study by Lee (2016) identi-
fied that a torrefied specimen of oak which includes
gelatin and flaxseed oil has approximately 48% greater
amount of carbide than the molded charcoal.
Considering each of these results, since the contents
of the torrefied specimen contain a relatively larger
amount of carbide than the molded charcoal in the
market, it shows a relatively complete combustion re-

action, and thus carbon monoxide content was remark-

ably lower.
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Fig. 4. Comparative results for the carbon monoxide.

HTWB: Holed torrefied wood briquette, MC: molded
charcoal.
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Fig. 5. Comparative results for the oxygen during the
combustion process of each specimen.

HTWB: Holed torrefied wood briquette, MC: molded
charcoal.
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Fig. 6. Comparative results for the nitrogen oxide and
sulfur dioxide.

HTWB: Holed torrefied wood briquette, MC: molded
charcoal.

Furthermore, oxygen concentration in the cham-
ber during the combustion process of each specimen
was shown in the Fig. 5. Both specimens showed re-
duced oxygen concentration with the delayed com-
bustion time. However, oxygen concentration of
molded charcoal reduced gradually in a linear form
until the end of the combustion test, while that of
torrefied specimen reduced relatively rapidly in a
curved form until approximately at 500 second, when
the concentration was almost maintained.

Fig. 6 is the result of indicating the amount of nitro-
gen oxide and sulfur dioxide generated during the
combustion process of each specimen by time unit.
It was found that nitrogen oxide of torrefied specimen
increased slowly as it drew a curved from since the
beginning of combustion, and the amount was approx-
imately 2 times larger than that of molded charcoal

distributed in the market since it passed 200 seconds.

In contrary, nitrogen oxide of molded charcoal dis-
tributed in the market was revealed to indicate a lineal
form since it passed 100 seconds, and the value was
maintained after. The cause for this result is due to
combustion phase (flame combustion and surface
combustion) of each specimen. In addition, consider-
ing the fact that flame of the previously mentioned
torrefied specimen was close to dark red to red, the
flame temperature is determined to be approximately
at 525~1,000°C (Stirling, 1905). Gadi et al. (2003) re-
ported that the cause of high amount of NOx gen-
erated during the combustion process of biomass is
due to flame combustion, and NO’s thermoforming
occurs due to reactions of atmospheric nitrogen and
oxygen at high temperature. As such, it was de-
termined that torrefied specimen having flame com-
bustion phase had a relatively high amount of NO gen-
erated than molded charcoal distributed in the market,
which has surface combustion phase. Moreover, it was
revealed that the amount of sulfur dioxide generated

was quite small or almost none for both specimens.

3.3. The amount of carbon monoxide
generated and human health hazard

Next, the relationship between the carbon monoxide
concentration and the human health hazard identified-
from studies by Struttmann et al. (1998) and Goldstein
(2008) was cited to compare the amount of carbon
monoxide generated in the two specimens of this
study. These studies revealed that if the concentration
of carbon monoxide is 3,200 ppm, people will show
symptoms of headache, dizziness, and nausea within
5 to 10 minutes, and lead to death within 30 minutes
if they are continuously exposed to such environment.
As such, considering that the maximum value of the
amount of carbon monoxide generated in the molded
charcoal distributed in the market was 4,096 ppm, it
means that people are highly likely to die within 30

minutes. On the other hand, the maximum value of
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the amount of carbon monoxide generated in the torre-
fied specimen was 718 ppm. According to a precedent
study in the similar range, people show symptoms of
dizziness, nausea, and convulsion within 45 minutes
at 800 ppm, and lose bodily sensation within 2 hours,
but still alive. The torrefied specimen manufactured
as an alternative material of molded charcoal using
torrefied wood (an intermediate material between
wood and charcoal), protein-based gelatin adhesive
and flaxseed oil (dry fatty oil) in this study has a far
lesser amount of carbon monoxide generated during
the combustion process than molded charcoal for
roasting which is distributed in the market. Therefore,
it is expected that even if it is misused for suicide,

its success rate will be largely reduced.

4, CONCLUSION

This study used gelatin adhesive to cold press a
wood chip of a torrefied oak for 300 seconds at 220°C,
and applied flaxseed oil to produce a specimen. The
results of fuel characteristics and a quantitative assess-
ment of combustion gases for comparing performances
between the specimen and molded charcoal which is
available in the market are as follows:

1. The carbon content of torrefied specimen was
approximately 50%, which had no big difference
with that of molded charcoal in the market, and
it was confirmed that the hydrogen and oxygen
contents were 2.6 times and 2.2 times greater,
respectively. The nitrogen content of torrefied
specimen was about 2.3 times lesser than that of
molded charcoal in the market.

2. It was revealed that the ash content of torrefied
specimen was about 51 times lesser than that of
molded charcoal in the market, and the higher
heating value of torrefied specimen was con-
firmed to be about 14% larger.

3. Since the maximum value of the amount of car-

bon monoxide generated in the specimen through
the combustion process for 900 seconds was
about 50 times lower than that of molded char-
coal in the market, it was confirmed that it
showed a quite large carbon monoxide reduction
effect.

4. Considering the fact that people only experience
sensory paralysis and no death even if they are
exposed to the torrefied specimen of this study
for 2 hours, it implies that even if this is misused

for suicide, it could reduce the success rate.
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APPENDIX

(Korean Version)

VAABAE o8 FMHE AP HIA=Y AT L Pt

28 2 AoMe SHUTE WS AT & AYx FHE AFste] 2% AR5 B daIolN T EE
Fol7ts AEEA S SYsIT Bt 2o AFlA 75 FY Fol8 A8 wE ANt HluEAsit 1 24,
Rrekel Al LPE AR Fold AFx Bt oF 14% w3ton], SFAE2 oF s1v) Wolth =3t WlE o] A
2o Al e 900 s7t AaAzle o B EE fela(datstes, Aideltla, olitelRh)E AR ket A, st
Aol AR QAteierad] AR Htigho] 7]E AE s ETt of 508} W2 Z o2 FRIE It mEbA, & ol A
AlAFE Higksl AlgHo] AlF AR skint AT EFo] Fal Aaagol A dAteleka WAl XS] A2 Aom Yyt

LME

it

FEutlA &3] AR wfRb ol = A7) (H2020-1%) [F45A4 14]00A]
el 284 &2 2AsAlE Egdet 7YY P FEAehs gxor FoHa ok wolu AL
U 22 2d2 FHA =% §lo] dadle FHUALE FAshe R SH=HA Athr) AA| 2SSl wet
A ALRRSo] AT dAtsterart &Yt (Evans and Emmons, 1977). QAtSlErA: 74, 73 9l Rojo) 7jA] 2
A W 2o T s|lnE =Rl Aste o] Abdof vl oF 200~2508] 73l wlZof EHof Ahh eubsEe AsAIA
AAAE 2T o] tHAmin ef al, 1998; Weaver, 2009). whebA] @5 thagwol ARk Aol 7188 o]
U 202 o] g ¢ dalstEa F50l As) A9 A AN SE HERAY ARl olE 4= Slth(Hampson
R8RS SR
o1& Al AF glo] AMEE = Stk Q14jo] FAE O Jlo] AF=E ol &R AARITE T, tiik A& 59 ofAotdolA
TE DAL Qo vk A dERE ol SRt ARARIZE oFs, woF 2 2 ol A AR R Sl ARl
(Sung et al., 2015). /d@%E o183 AL A2 8 WolldlTE AlRbehs thAehe vhskal glon, Jesd daayel
A R dAetRaE AAZIZ] SR Al A AT ololA|aL QltK(Lee et al, 2016; Kang et al., 2018).
Abehera MRS ARAZ = Qe BdeRe YR 29 SHAAE Ve 2AAIE Aeke W &2

N

Aeg FAN7E = A2 A48 At Wiol Jlth
oA Ao o) FUHEA SHRN FAR) Rz oA oF 200~300°CE] HaA] e welAS AA dofrl
A7E Y= Bourgois and Guyonnet, 1988; Pourmaekhdomi, 2014). o|3t HHEtstEAl= 27|44 Q] EAo v]3)] oy ]
WEA T £3 2ol Aol WEe] St ARAR HHT Qlon So) vl 22§ HeloRE F4HT
Ath(Pach er al., 2002). o] Jiolll= FAISHA, =228 E-GAA| Tof thefdt §=29f 0§ 7hsAdel sl AuH L glem,

kst WA Q] AFAAE o] &% T QIthNam ef al, 2018; Yang et al, 2019; Park and Kang, 2020). ]2} Zo| Hlelshzay
L £} o] S50 AR BAS AAGE 2AS Eielel o|2H0R £urt £O Akbe U HUARS 74
tzof Blud AaE FIAE 4 o] QAehad] WS AFAE & JenR 7)E APAIRA of8HE Ad
5o Aol ke o =eiAle] Balo] ash

ueh] 2 Aol e 482 FURE WA WEeEAR sto] qiAARA S| A 7S B8 olof AlgolA
TEL G A% RS 450] 22 PASES olFTH: B Tefslol, TAFE HRA FRUFE MHlo]
oS WA T ¥ J¥£Y FURE Al AAA 2AAY £t ol &stlS wof ArA et AaIolA
WA ek § dakshea WA BUHE AASHIT:
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2 o

2 2 ¥ Y

2.1, whekslE)
uhesialelo] ol 88 Umi Ay delo] 9AF FUARRTOREE BINE BH4E I Quercus serrata

>
N
o



Chang-Goo LEE - Chang-Deuk EOM - Min-Ji KIM - Seog-Goo KANG

Thunb. ex Muray) SA0]ck BRI3E 74] $34] A2A217]% o] §3}o] 105+ 3°Co|4 48 h o4} Azsielck vhekslA
= A AASE 42 A RS (wood roaster) S o1 —smiowl L RAEE Fig 19] et 2wl et Av)e)
AL Wolol olis HUUAULIS olgolo] slpane A AUY Yool g F4o A4 58
54045 rpme] A52 HATES AT ol SR sheke] AT 2B A0 s Aot 5o wgns
AR YR LEES 220°00] BEHAS 1) o] ARTYTE Atel BANE Flsiict. vt HALke 21

300 52 Aste] AAshEom ol A%kl W BUE HAE U olgole] Halslalch BAEE HELAS
S sel 2L ol §atgon] ol thAl 105+3°CE] A $FA A271E Fal dsh o4 AxsHer.

2.2, A@w
2.2.1. Z]—X] Az
A AZE A A2 ol8 Az dAS] LR e Fad Adn g 271 2% A5l
4 eJote] ol skich. ol 84-90060] EhHa 8~ 12569] 2 12l 2-4%40] BA| AR FHE olek ek
A 2548 Tl BER Axgon, SHre] TYLS Aekelel 1Y o] 242 Lk o|F EAES 871
Hol 453°C 279 242 oA Aekel TR Lo| 45| SAE 1) 7K FE5| WA F 0|2 AW A2
ol g3t

222 A8 9 A= 33
AR Y B AES o) A AR f9 2l AE o839tk AFHe) BRUEE 07 gom’o|on), 137 T
Y] a7} 42721 o) HE Sejstel WSk 425 30 0g°1| AR PRAE 15 w62 Siick ol

At 1 g H o] shrgo] 12%9] Fg aesto] A 7H2 1esloe] WSS AZ31% 0]_@ 39 29 Qo] wuke
& FYT F 078 MPa®] S shsto] Wejdl Sﬁ_\]— 7} 253 /}7201]/\1 ﬁﬁ% A== 600 s7 YA sH3 e
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Z, AE). o)1= 8~9%9] 3L, 10~15%2] 24k, 25~35%2] 2=dAL, 35~45%9] 2lEalAl 6.5%9] Ak, 0.5~1.5%9]
BlEHBI RS 28] 4.5%9] SEAIE7|R A E 0] Qick A2zt dhRE AIFHO gk He ofuely 20 ¢F 72
Lxslgle) o]F HE AFHE 105+3°C] 7| $34 Ax7]0A 24 h o} AxE A& 2 A7 FAINRE o5k
23 2 AIHHO 2o 2N AlFollA FYTE FLold AP EHAL TS Al dixdt AFHY AL AsrtE,
Arkbg, AibdE, amEo|Sith 2t AIFHY S4(HY, T8, U5} A4S Table 13} Fig. 20 Yehfiglch

2.3. A% U
23.1. YaEA

Q2B AT ASTM D3176-740] 8] A E|glom, Ao i g—A 7] EA 1108 CHNS-O(FISON Instruments,

USA)E &3l w-3slSic A2 ngY 82 ARE &5 ARES17]0A &7 A2AA A8 & JE 7k 23
S 71719 EEolA AEER gt & AHEE FHE7](TCD: Thermal conduct1v1ty detector) 5 53] A& £9 C, H,

N, SE A3 $AS AR ojn) Ok daste] AL F Akt rE HFHAA Leldh F b DAEE H27]2
Baede. 248 B Ao, 2 §RA oE DRk ek
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&5 R 250°C7HA] 4-3ta, 1 h WAjgch 71 802 1 hE9h 800 +£25°Ce| EE3lEE 52 A|#(2F 9~10°C/min) L
2zoA a2 higdt FAS o]F FtR o =7 E A ASHL, 300~600 s7t th7] Fo| A RS & A27tA] Yz
AlA 0.1 mg =0l A FAE SAstL 718381ty 42 /MR & A8t o olo gk gk AEsiqith
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233, w9) Wy 24
11.9] YFETHHHYV, higher heating value) =742 A|&312Z ASTM D5865/D5865M-19¢f oJ3f AA|E|¢]om, Ao Euy
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15~17%¢ 202 B3 v} glor], o} B edo] A% 4R4t v o), FARI FLdolE Boa Baglke
26-29%, SLAUATE 25-319% o8] ALYHE 30-39% 22 A i»}wq olefat B4 Eak SlolA AT Tol &
NP5 FHTU WES RS 78 BHE Bk FRQ) 240 welol] 7ojdt 4 9l Yol
o] 27] wjzel Ao AgEK) el A0l AL kT L%zr et oF 50% ARSI A BEOE BBl
2 2 4 gitklee, 2016). AL AFY SEA WA D4RHE TS ASAE B0k e A Ll ),
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3.2, Ga7tA
AR AL AT AP A, AT kG 5o} 2eEAA o
LR s A4 DW‘# A A= T o, drekst Al E e A5
2ol A 2 Ao 717t
4= #é oflx A ditehehs MRS A 92 dehd Aol AT d¥xe] dateida
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18] A% Aggwt oF 508 e AE VeI Tumulury ef al. (2010)0] 251, 5

096 ppm o2 HIERS) A oJat
F9) wolm At BELeEIL 31, WARIO] A4E wokRe] P o] wolirka HIYOw, Lee (2016)9)
SOl RIS ol ESND Sl BT deka} APBE A% ATt o] o 4% ot v
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& 47 LesiglE o, WSt AFH A2 A AFxel vid) o w2 ¢l flgEe] sl /7] wieel v
& o] FEHAA W2 Aoz wddn.
olo|Al, Fig. 50| ZF Al H o] AxapyolAfe] e W Aths=g Ul 7 74 AldHofA] i AaA7he] 7t
upef Ahars 7t RO ou Al AR AR nAN7IA] 2A1S] FER AA S| Haste i, whae) Al E2 AlF
Az AET vt FEjE vu|ua A7 gt £, oF 500 s7} ke A RE Atigert Ao AR R e
Fig. 6] Z} A9 dhapgolln WA E dalsketas) oliteleke] WAEE A 99l 2 LyEhd Axtolct. whetel AlFH
o) AreltEs Q4| RE 419 FHIE T2|n AAS] S8k, oF 200 sTHEE = Al B mET of 28|18 &2
A& & A3k olofl vl AlF @ =S 100 s7HHEE 240 FElE LEhdn gro] fAIEe AL bt of=igt
e 4 Al e EREA 9 EHAR)0] o7 Aow, shollA Amet whee} Al o] EZto] 2ol A 2o
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0°] @F/go] WAL Yrgleh oo upeh, S| PRl vhest Alg o] FU ] Fl AT Bz vl
gkl Wl wA vehd A0R dekErh oo, olikaigke) WAL F VM AldH B - wm]skAL:
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°]o}Al, Struttmann et al. (1998)} Goldstein (2008)9] ¢ItoflA BFel dAteierad] et AFa/dol didt #AE
Q-g3to] & 9] 7 7HA AR ] QAtehera ARS Z47) Hlaskglh o5 dTelld e datehead] F=7t 3,200
ppm¥ 7 5~102 Apolol =, of A2} WA S0l e, Algsto] 11 el g H ol 9le Al 302 ouie]
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2 ARSI AEES A 34 HE 5 00 AoR i
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4 2
3 QoA 220°Co)A] 300 s7b WrekabA el ST SRS Aekd BAAS ol §atel W F ol ofulel S
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