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ABSTRACT

The aim of the study is to use the by-products sawdust, formed during sawing and mandarin peel which are agricultural

by products. The boards were manufactured by mixing the sawdust and mandarin peel at different mixing ratio and

density. In terms of changes in surface temperature of ceramics, we could found that the velocity was fast in the

early time of heat transfer until 10 minutes and after that the velocity increased but not very fast. At the elapsed

time of 30 minutes, the surface temperature of ceramics increased with the carbonization temperature and rate of mandarin

peel addition did not influence the surface temperature. Far - infrared emissivity had no constant tendency in rate

of mandarin peel addition, it decreased with increase of carbonization temperature.
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1. INTRODUCTION

The policies for the protection of domestic wood
industries in countries with wood resources have not
been established because of which the lack of wood
resources is likely to continue. Therefore, eco-friendly
materials must be developed using the available wood
resources such as waste wood resources, construction
waste, and thinned logs as domestic wood prices are
rising every year. To overcome this issue, a domestic
timber supply and demand system must be developed
that can substitute for wood fiber and other fiber
resources. In addition, new material resources must be
developed using other agricultural by-products. Annual

production of domestic mandarins is ~640,000 tons as

of 2016, and 90% of these mandarins are processed
into juices and beverages. An enormous amount of peel
is generated as a by-product during processing (KOSIS,
2016). Dried mandarin peel can be used as a medical
herb. Pre-treated dried mandarin peel can be used as
a feed (Jang et al., 2004). However, storage of this
dried peel is a problem because mandarin is cultivated
every two months in a year. Thus, a significant amount
of mandarin peel is dumped into the ocean, thereby
causing environmental pollution.

Sawdust, a by-product from wood processing, is used
herein. Since sawdust has a high water uptake rate,
it is mainly used for manure handling in livestock farms.
Sawdust compost is used for producing by-products
and for feed.
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Although the quantity of sawdust generated depends
on the log thickness and lumber dimension, sawdust
with a volume ratio of ~10% can be generally obtained.
According to the Statistical Yearbook of Forestry 2017,
979,527 m> and 53.9 billion won worth of sawdust
was produced in 2016 and consumer price was 55,000
won/m’, which is only 1/5 of the wholesale price for
lumber. Therefore, if sawdust produced from thinning
logs and forest wood waste is used effectively, it will
significantly contribute to the activation of domestic
forestry and wood processing industry.

In this study, woodceramics are manufactured using
new porous carbon material developed by Okabe and
Saito (1995), which was obtained by carbonizing in
vacuum after impregnating with phenol formaldehyde
resin. It is light and hard and has excellent corrosion
resistance, durability, and thermal conductivity. It has
several characteristics, including electromagnetic wave
shielding effect and far-infrared radiation, and is cheaper
than other C-C compounds. Thus, this new material
will be used as raw materials for producing
electromagnetic products, friction materials, and
automobile accessories in the future (Okabe and Saito,
1995a, 1995b; Okabe et al., 1995a, 1995b).

Oh (2001, 2002, 2003) measured the physical
properties of woodceramics developed from sawdust
board made of thinned logs, and Oh (2002) and Oh
& Byeon (2002, 2003) fabricated woodceramics under
various conditions using medium density fiberboard
(MDF) and determined its properties. By re-carbonizing
the woodceramics made from sawdust board, Oh &
Hwang (2009) prepared high-density woodceramics and
determined its basicproperties. Byeon et al. (2010)
investigated the effect of carbonization temperature and
resin impregnation rate on the properties of the
woodceramics made from Broussonetia kazinoki Sieb.
Oh et al. (2014) measured the basic properties of the
woodceramics made from miscanthus sinensis var.

purpurascens particles, and Won et al. (2014) studied

the development of new material using ligneous
materials by evaluating the nondestructive bending
strength of miscanthus sinensis var. purpurascens
woodceramics at carbonization temperatures.

Hwang & Oh (2017) determined the physical
properties of woodceramics made from sawdust and
mandarin peel. Oh er al, (2018) manufactured
carbonized board at carbonization temperature using
ash tree board, PB, MDF, and plywood and examined
the possibility of using the carbonized board as a heating
plate. Various manufacturing methods and applications
have been studied (Hokkirigawa et al., 1996a, 1996b;
Hirose et al., 2002; lizuka et al., 1999; Xian et al.,
2002; Zhao et al., 2002; Oh and Park, 2010; Oh and
Piao, 2004; Hwang and Oh. 2017). This study examined
the possibility of using carbonized board as a planar
heating element by evaluating the changes in surface
temperature of the composite woodceramics and the
far-infrared radiation properties based on the
manufacturing conditions. These parameters were
evaluated for boards prepared using different density
and mixing ratios of mandarin peel and sawdust. These
boards were impregnated with resin and ceramicized

via carbonization at > 600°C.

2. MATERIALS and METHODS

2.1. Testing materials

2.1.1. Sawdust

Sawdust obtained from the thinning of Larix kaemferi
C. was purchased from sawmill. For the uniformity
of the samples during the manufacture of the board,
theparticle size of 18 mesh was selected and the water

content was adjusted to < 6%.

2.1.2. Mandarin peel

Mandarin peel was purchased from Jeju Island and

dried under shade. To increase the bonding strength
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during board manufacturing, a particle size of 18 mesh
was obtained by crushing the peel using a pulverizer

and water content was adjusted to < 5%.

2.1.3. Resin

To prepare a board mixed with sawdust and mandarin
peel, powder phenolic resin (KNB-100PL, manufactured
by Kolon Chemical Industry Co., Ltd.) was used. The
amount of resin added was 10% (weight ratio) of the
mixed amount of sawdust and mandarin peel. A liquid
phenolic resin (KPD-L777, KOLON CHEMICAL Co.,
Ltd.) was used for impregnation to produce woodceramics.

Table 1 shows the properties of each resin.

Table 1. Characteristics of phenol-formaldehyde resin
for the test

Resin types| Powder resin Liquid resin
Items (Novolak type) (Resol type)
Solid content (%) 99 51~53
Melting point (C) 80~95 -
Specific gravity - 1.06
Gelation time (sec) 80~120 80~95
Plate flow (mm) 30~35 -
Viscosity (cps) - 45~65

2.2. Test method

2.2.1. Preparation of composite board

To manufacture the board, uniformly selected
sawdust and mandarin peel and powdered phenolic
resin were fully mixed and placed in a stainlesss quare
mold on a hot plate of a hot press. A board size of
26 cm in width x 26 cm in length — 1.4 cm in thickness
was produced via hot press molding. To obtain a board
of 0.6-g/cm® density, mandarin peel was added in the
ratios of 5%, 10%, 15%, 20%, and 25%.

When the mandarin peel addition ratio was 10%,

a board with a density of 0.4, 0.5, 0.6, and 0.7 g/cm3
was manufactured. A total of 10 boards of each density
was manufactured at a hot pressing temperature of
190°C, pressure of 40 kgflem® — 30 kgf/cm? — 20
kgf/em® (three-stage pressurization), and pressing time
was 6 min — 5 min — 4 min (three-step pressing
time). To maintain a constant board thickness during
hot pressing, a thickbar was used. A teflon plate was
used to prevent the adhesion of the upper and lower

surfaces of the board due to heat from the hot plate.

2.2.2. Impregnation of composite board

The size of the manufactured board was 1.4 x 12
x 12 em’, and its density was calculated. In addition,
a specimen with a target density of £ 0.03 g/cm® was
selected for each condition to keep the test conditions
constant.

The prepared specimen was placed in an impregnation
Then,

decompression (1 atmosphere) and ultrasonic treatment

tank containing liquid phenolic resin.
(frequency: 28 kHz, output: 564 W) were performed
for 20 min.

The specimen was subjected to these treatments at
a normalpressure for 20 min. This process was repeated
three times, and the impregnation rate was controlled
by adjusting the repetition times. A decompression
ultrasonic impregnation device used for impregnation
comprises an impregnation tank, an ultrasonic vibration
part, an ultrasonic oscillation part, and a vacuum pump.
After the impregnated specimen was dried under shade
for 8 h, it was placed in a drier and cured continuously
at 60°C for 8 h and at 130°C for 8 h. Then, the physical
properties of the board before and after impregnation

were measured.

2.2.3. Manufacturing of woodceramics
Woodceramics were prepared by selecting boards
with a resin impregnation rate of 60 + 3% among boards

with a mandarin peel addition ratio of 5%, 10%, 15%,
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20%, and 25% and board with a resin impregnation
rate of 40 + 3%, 50 + 3%, 60 + 3%, and 70 + 3%
among the impregnated boards with a mandarin peel
addition ratio of 10% using a vacuum furnace. These
boards were carbonized at 800°C. In addition,
woodceramics were prepared by selecting specimens
with resin impregnation rate of 50 £ 3% among the
impregnated boards with density of 0.6g/cm’® and a
mandarin peel addition ratio of 10% and carbonizing
at 600°C, 800°C, 1000°C, and 1200°C, respectively.
During this time, the temperature was raised from the
room temperature to 4°C/min; after maintaining at the
set temperature for 2 h, cold water was circulated around

the carbonization furnace to cool it.

2.2.4. Measurement of properties

2.2.4.1. Calculation of impregnation rate

The resin impregnation rate of the impregnated
material was calculated from Equation (1) as the
percentage of resin injected for the oven-dry weight

of the composite board.

Resin impregnation rate (%)
= (Wl — Wn) / Wn x 100, - 1)

where
W1: the oven-dry weight of board after resin
impregnation (g)
Wn: the oven-dry weight of board before resin

impregnation (g)

2.2.4.2. Measurement of the surface temperature of
woodceramics

To measure the surface temperature of the

woodceramics, the surface temperature of the heater

was increased. A temperature sensor was attached at

the center of the heater after connecting the silicon

rubber heater to the electric voltage regulator at the

set temperature. The variation in temperature was

measured by placing the woodceramics on the heated
silicon rubber heater and attaching the temperature
sensor to the four spots of the surface using a paper
tape. The surface temperature of the silicon rubber heater
was set as 60°C and the woodceramics was placed on
it. The variation in the surface temperature of the
ceramics was measured for 30 min at 3 min intervals.
Then, the heater was turned off, after which the surface
temperature of the ceramic surface and heater was
measured for 30 min at 3 min intervals to determine
the heat retention of woodceramics made from the

manufactured board.

2.2.4.3. Far-infrared radiation

To investigate the far-infrared characteristics of
woodceramics, a specimen of 30 x 30 x 2 mm® was
prepared and used as a test material. Far-infrared spectral
emissivity was measured at 50°C using an FT-IR

spectrometer (MIDAC, Corporation).

3. RESULTS and DISCUSSION

3.1. Surface temperature change of
mixed woodceramics

To investigate the validity of the manufactured
woodceramics as a planar heating element, the variations
in surface temperature of the woodceramics were
measured; the surface temperature of silicon rubber
heater was maintained at 60°C. The results are shown
in Figs. 1-6. Woodceramics’ surface temperature
increases with time (Figs. 1-3). As shown in Fig. 1,
surface temperature rapidly increases depending on the
resin impregnation rate for 12 min and become gradual
thereafter. Ceramic has a fast heat transfer rate in the
beginning. After 30 min, the surface temperature was
40.5°C, 41.7°C, 40.6°C, and 41.3°C when the resin
impregnation rate was 40%, 50%, 60%, and 70%,

respectively, thereby showing similar values regardless
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Fig. 1. Surface temperature for percentage of resin

impregnation as a function of heating time.
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Fig. 3. Surface temperature for mandarin peels
addition as a function of heating time.

of the impregnation rate. This indicates that there is
no significant difference in the thermal conductivity
of the specimens in accordance with the resin
impregnation rate after carbonization.

As shown in Fig. 2, the surface temperature of
woodceramics rapidly increased as the carbonization
temperature increased up to 9 min and increased slowly
afterwards. At 30 min from the beginning of the
experiment, specimens with carbonization temperature
of 600°C, 800°C, and 1200°C had a surface temperature
of 38.9°C, 41.7°C, and 42.5°C, respectively. At the
carbonization temperature of 600°C and 1200°C, the
surface temperature of the specimen was the lowest

and highest, respectively.
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Fig. 2. Surface temperature for carboonization
temperature as a function of heating time.
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Fig. 4. Relationship between cooling and descent
temperature of surface of ceramics with resin
impregnation ratio.

As shown in Fig. 3, in case of mixed woodceramics
for which specimen with a resin impregnation rate of
60% was carbonized at a carbonization temperature of
800°C, change in surface temperature of woodceramics
according to the mixing ratio of mandarin peel showed
a tendency to rise rapidly until the elapsed time of
9 min and gradually increased thereafter. When the
addition ratio was 5%, 10%, 15%, 20%, 25%, the surface
temperature of the woodceramics at the elapsed time
of 30 min was 39.1°C, 40.6°C, 40.1°C, 40.4°C, and
40.8°C, respectively. All five specimens showed similar
values, indicating that the mixing ratio of mandarin
peel does not influence the thermal conductivity after

carbonization. Conversely, after measuring the increase
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Fig. 5. Relationship between cooling and descent
temperature of surface of ceramics with carbonizing
temperature.

in surface temperature, the power of the silicone rubber
heater was turned off to lower the surface temperatures
of the heater and the woodceramics. The decrease in
surface temperature of the heater was measured for 30
min at 3 min intervals; results are shown in Figs. 4-6.

As shown in Fig. 4, a decrease in surface temperature
of the woodceramics according to the resin impregnation
rate was observed as the surface temperature of the
heater decreased from 60°C to 42°Cfor 30 min. The
surface temperature decreased from 40.5°C to 33.8°C
for specimen with a resin impregnation rate of 40%
and from 40.6°C to 35.4°C for specimen with a resin
impregnation rate of 60%. It decreased from 41.3°C
to 35.7°C when with the resin impregnation rate was
70%. Accordingly, the surface temperature of
woodceramics decreased gradually after a point of time.
As shown in Fig. 5, the surface temperature of the
woodceramics decreased as the surface temperature of
the heater decreased from 60°C to 42.8°C for 30 min.
The surface temperature decreased from 38.9°C to
34.5°C for the specimen carbonized at 600°C and from
40.9°C to 35.0°C for the specimen carbonized at
1000°C. It decreased from 42.5°C to 36.0°C for the
specimen carbonized at 1200°C, continuing to decrease
gradually with time. The difference between the initial

temperature of the specimen prepared at carbonization
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Fig. 6. Relationship between cooling and descent
temperature of surface of ceramics with mandarin
peels addition ratio.

temperature of 1200°C and the temperature after 30
min was large (6.5°C), and the surface temperature of
the specimen at 600°C was relatively low (4.4°C).
Regarding the decrease of surface temperature of the
woodceramics, a lower carbonization temperature was
associated with higher degree of heat retention. As
shown in Fig. 6, the surface temperature of the mixed
woodceramics according to the mixing ratio of mandarin
peel decreased as the surface temperature of the heater
decreased from 60°C to 42.2°C. The surface temperature
decreased from 39.1°C to 34.4°C for the specimen with
mandarin peel addition ratio of 5% and from 40.1°C
to 34.4°C for the specimen with mandarin peel addition
ratio of 15%. It decreased from 40.8°C to 34.6°C for
the specimen with mandarin peel addition ratio of 25%.

The higher the addition ratio, the rapidly the ceramic
surface temperature decreases but the difference is
insufficient. Thus, woodceramics manufactured with the
resin impregnation ratio of >70% and mandarin peel
addition ratio is 5% at 1200°C can be used as a raw
material. Further, since the manufactured woodceramics
retains heat for a long time, it can be used as a material
for a planar heating element. However, as the change
in surface temperature of woodceramics seems to be most
closely related to the density of the specimen, parameters,

such as resin impregnation rate, carbonization temperature,
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temperature rise, material properties, and electrical
properties, required for woodceramic manufacturing

must be studied in the future.

3.2. Far—infrared radiation characteristics
of mixed woodceramics

Far-infrared emissivity and infrared-radiation emission
power were measured for mixed woodceramics with
a resin impregnation rate of 60% carbonated at 800°C.
Results are shown in Figs. 7 and 8. Total emissivity
compared to ideal blackbody in the 5-20-um wavelength
region of the woodceramics was 0.929, 0.927, 0.929,
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peels addition and IR emissivity.
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and IR emissivity.

and 0.930 when the mandarin peel addition ratio was
5%, 10%, 15%, and 20%, respectively. The far-infrared
emissivity by mandarin peel addition ratio increased
slightly with increasing mandarin peel addition ratio.
IR emission power was 375, 373, 374, and 375 W/m?
when the mandarin peel addition ratio was 5%, 10%,
15%, and 20%, respectively. Thus, the IR emission
power was the highest when the mandarin peel addition
ratio was 5% but there was no significant difference
when compared to other specimens.

Moreover, far-infrared emissivity and IR emission
in accordance with the carbonization temperature of

the mixed woodceramics were measured after carbonizing
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Fig. 8. Relationship between percentage of mandarin
peels addition and IR emission power.
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the board with a resin impregnation rate of 60% and
a mandarin peel addition ratio of 10%. Results are shown
in Figs. 9 and 10. The far-infrared emissivity was 0.930
and 0.927 when the carbonization temperature was
600°C and 800°C, respectively. The far-infrared
emissivity was 0.927 and 0.922 when the carbonization
temperature was 1000°C and 1200°C, respectively. This
indicates that the far-infrared emissivity decreased as
the carbonization temperature increased. IR emission
power was 374 and 373 W/m” when the carbonization
temperature was 600°C and 800°C. IR emission power
was 374 and 371 W/m®> when the carbonization
temperature was 1000°C and 1200°C, respectively. IR
emission power tended to decrease as the carbonization
temperature increased. Oh (2016) reported that higher
carbonization temperature is associated with decreasing
emissivity in far-infrared emissivity measurement of
woodceramics made with sawdust and rice husk. This
far-infrared emissivity was higher than silica sand (0.60
~ 0.80), elvan (0.90), and SiO, (0.83) and similar to
charcoal (0.93), graphite (0.93), and ceramic-coated
board (0.924). In particular, woodceramics made with
sawdust and rice husk showed higher value than the
measured far-infrared emissivity of woodceramics made
from thinned logs (Oh and Byeon,2006).

4, CONCLUSION

Using sawdust and mandarin peel, a mixed
woodceramics was prepared using various resin
impregnation rates, carbonization temperatures, and
mandarin peel addition ratios. The surface temperature
and far-infrared radiation characteristics of the mixed
woodceramics were determined and the following
conclusions were deduced:

1. As the surface temperature of the mixed

woodceramics rapidly increased until the elapsed

time of 10 min, the rate of temperature rapidly

increased at the initial time of heat transfer. At
the elapsed time of 30 min, the surface temperature
increased as the carbonization temperature
increased and the mandarin peel addition ratio
had no significant effect on the surface
temperature variations.

2. The far-infrared emissivity did not have a certain
trend depending on mandarin peel addition ratio
and decreased as carbonization temperature
increased. IR emission power also showed a

similar tendency as the far-infrared emissivity.
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APPENDIX

(Korean Version)
- Y SYREE AZY At EULE Wik U AFANEA B4
£ Az Akt oo} ERLE 9 held HAELS
PAENG g

H
ZATE Alehelo] BULEE ATARE 1087145 F45] AT, 308 Foli Behewrt £ 248 ok, #
Eheuas ¥ Qo] golth AR PARS B Bl et YR Aol Yo, BekeE FGE
V4

o

EAY B0 A AAETE 3 AH R Qs RARAY REAGe] AGE AoR Holu, Y EA71H4
T oo et SlojA HEAAY, A5H7E 2 A ol§ 7Hee SEAES 8 e A7 el
Alge AAolct

olgfgt @A FE8Y| floto] HAE HIRS ARALY A ARE 7HE 5 e W S AAE EEolok st
716t T FARES 083 AR AL Aol Fagh Aolck St o] Az AR 2016\ % 7] OF 640,000
o, o]5 & 90%e 728 FRE JHHEt 7 F 9 &Y 3y 5ol FARER -2 THKOSIS, 2016). 7o
Al o] e AEE g2l HE A2AE 49 1 AARE Aughe TR 29 # oozt Mz A gloje
AEEA §-881A B8E 4 Qe Aoz AT HUTHJang er al, 2004). SEAITE o]2|gh Ao A= Zhauto] | F 27 o)}
© B2 71 5 AFA o2 AR wiitol A% A7 A=A ghob X9 #et FAIE WFEL glom, HF Ay
Aol Ao] o9 AFFE YF7] st Qo] &F e ZAZF HZsieh

EGH 2 AFollA ez AT B w49 AT A AR FARERA fRETE0] e ot & 71Tt
A EuAEoR AMEL 9lon, dF e s ESAA FAE Ax @ ARECR AREIL Qlth

A5 7oA s Al Faked] E 950 w719k AR Ago] whet EX A2 848 10%W 29
o] HhERTh FHRE 20179 AAEA AR ©hEHE 201630l 979,527m, 5399 A= AAREGILL, 4:H[7HAE 55,000
Ym oz pFof wheh o7k QAR AN E Zuf7hA o] 1/50] AUA] gheth aEE A 2 oF] JEfE PAEE
e Aol nEIPIA R o g3tk Sy Y 9 54 ZHARI Y 2] 2A 7% A or AzbErh

a2 Aol AxSTASHE BAH2hee Okabes} Saito(1995)7h BAA o] A4S BT 3 A FAE A
HIAA TE 2L thd g zolrh ol EA7 7ML Qe thad e S AU QleHA, 7hE L ks,
WA, W8 2 EHEAdo] Seka Mkt A matel R el WAt 5o EA4J0] glem, 7H4o] thE C-CajhERT}
sl Az7] AEY di, PR D AsA REYRT For FUHOE opofet RopollA] o]8o] 7HjE= ol
(Okabe and Saito, 1995a, 1995b; Okabe et al., 1995a, 1995b). E3SH ZZLo+= Oh(2001, 2002, 2003)= 7HEA|Z W=
FHREE o] 8350 A3t LAt of tist A4S 2751911, Oh(2002)2} Oh & Byeon(2002, 2003)-2> MDF(Medium
Density Fiberboard)S o]&-3lo] thofst A0 2 SEN2S A3l 11 EAS 24313t} Oh & Hwang(2009) S4IE
8 Az LTAlZHYS A @A 1UE SEAZY S Alxslte] 712E4dS 57513121, Byeon ef al(2010) T3
L9} AR Eo] bR SEA 2t 8] 40 mA= FE AT Oh ef al 2014) A YA TFEESRER A2H
Al2hd 9 712EdE 24533, Won et al (2014)2 A A SEAZH O] gale i e Hahy f7te H7kE A5k
SANRES 0185 AlaA o] thet AFE 35t v Q1AL Hwang & Oh(2017)= S53 21 o]8sto] Al2et Al
o 22|14 A& S70ISIT) Oh er al (2018)2 &L #A), PB, MDF % 32 o|-g5lo] Bol2¥ s |3l Es
Azsto] HGWOZ o874 ARSI 1 ¢ ohefet Azt =7t w3t A7 43|k (Hokkirigawa
et al., 1996a, 1996b; Hirose et al., 2002; lizuka et al., 1999; Xian et al., 2002; Zhao et al., 2002; Oh and Park, 2010;
Oh and Piao, 2004; Hwang and Oh. 2017).

oebA 7 Atolle sHFANES AE Ao A B EE wEE ol86te] W SIS gejsle] TPHRE
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22.1. EIHE AZR
wES Azl 5] 7 s} 222 ZHs] Bl Agv]e] AWl Y
AElQlEl s AU BE o] Wil A|RARLe olE sl AT B Aot el 7k 26em AR 26e1x 57 14cne)
©2 Azl Heo) Az 5373_3 9 06g/n & o) 2ok BIE 5%, 10%, 15%, 20%, 25% ol KT, 8] gk
10%2) ) W 0.4g/cr, 0.5g/cr, 0.6g/cri, 0.7g/criel REZS 77k 1044 A% 3}%Th oju] Fekew: 190, 7leteta e
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2202 3 é]LEE_J Ul—xl;qa
Azt HES F7] L4em 2|1 @0 3715 742 12cn x A2 12en9] 2712 A o B=s ALbskalch B3t

NB2AE A3 3b7] 9Jste] MR FERYE £ 0.03 garel AlHS AAsHglc

Zu)E AHE WA FlER] 7t Solgls L@.Egaq S 5 AI(1719D T 2guA 2| (Fut4: 28kHz, £8: 564 W)E
203 F9F AT 5 ThA] Aol A 201 FoE WAk W o2 3ukEs}gla HPE’—A] 7He zAso] FUES A
Aol AHgR A%k 2Eu A= 6‘%1 WA, 2T, 25T HAR, ATHE So2 7 itk 3 £
M-S BAZE S 7, ThA] Ax7]0] a1 60CollA] 8AIZE, 130Tl A 8412 ﬁ% Az 9 AR o R Ao
=23 542 At

22.3. Azt Az
FUFEER0] 5%, 10%, 15%, 20%, 25%2] HE Z 4238 60+3%<] BTl Futaalgol 10%8] SHRE 2 423
o] 403%, 503%, 60+3%, 70£3%31 HES AAsto] AFasta s o|gsto] 800 TofA slsto] Aletd]e A|xsk9l
o} E3F WE7} 0.6g/cmo] 1, FutEdgol 10%01 FARE 2 223 L] 50£3% A|HE A8t 600TC, 800T, 1000C,
1200C2 Z}zt esfsto] Mgt Azstglh o] o Ao @@%EWW 4C/min0 2 5 39 om, AALmwolA 247
FAT F a3R 3900 YAeE <8 A YA
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224.1. FHE& A4t
FAA) FAFREL FuEe] AT vholod 2UH FAFS MR LR HAG A0 4 (N23E Foldrh
AT E(%) = (WI-Wn)/Wn X 100, oeereesssmsmsme (1)

o714, W1 ; A3 $9 HE JATT (9)

2242 Alg9e] xHLE =4

ItHER AzE Ao gHeE ¥3lE 24| Yste] M7 284 o Ae]Ze|d 3|E(Silicon rubber heater)
ddsln BRLES AT F LEANE FHY Fo) Rl LEF 2YUA FHe wULEs DA
7had A2 2HslE ol Azt %E:lb-;ﬂ, 13 4500 SEAINE FolHo|ZR Fafste] LAt d SFARNE
atsict. Azke) Aol i ek % A W sppesie AeEe elHe my %EE 60C2 et
o AlheE &3%2 the 3& U L2 302 5% Alztu o] 2= A2 54T F 3lH 9| dYE 1 Azt
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B o
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=R JIN' N mlm
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2243, 9HAA A}
Alztale] AL EAS 2ABE| 18] 7FE 30mmxA| &2 30mmx 57| 2mme] AlE-E A|Fste] FAPEE ARSI
YA QA Bt A8 FT-IR  Spectrometer(MIDAC, Corporation)S o]83}o] 50Coj|A Z2735}3t)

3. Znt A uH
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U 2] ERtEER Az At WATEAR AR it 7|2AtRE 2ARY] flete] deEev 3lE )
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AREe] Aol w2 AlEtee] e goa Figs. 130 UeEfiglnt Ao & 3ueE o2 Fig. 13} 2o
17¢0] Zaketoll et Z2pAIZE 128717 whEA] Fesitizt o folli ets] Agshs JEE el Alzte 2 271
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600CAIHY| FHLET}F HAAS UrEHH 1200CAIH9] #He=7} HhAS Hehth

E3t Btk whE At U= Mk Fig. 33 do] £ARHE 60%3] A[HE 9t 800CE Bhatet
EgAr e 79 AIARE 98274 whEA] AFSSITt7} o) folli kel A= e Bolth AT 30252 A2k 9
HAHES B A7 5%, 10%, 15%, 20%, 25%% of  2+2F 39.1°C, 40.6C, 40.1C, 40.4C, 40.8C= 57)2] A|H m&F
B9 3t UERiH. ol adfEdhee] 9ot & dAkke| e vAA tete e & 5 ATk T BH2E
A 274 5 AglZyus] g AU A 3|EQ] BHELLE A7 WA 35 ZHE oz 308 Eo et THer
ok sE9] R 5 SAst] AlRte] Aol whE fEARNY] A {74 YeE RARE AIHE Figs. 4~60] eI

FEd WE pEARE i o}ﬂﬁ Fig. 4o el uie} o] s|E[o] EH =7} 30 F9t 60CofA

2T 7Aago] tet AT 40% AJH] 4$- 40.5TofA] 338, 60% AlH> 40.6CollA| 354T=, 70%% o 41.3Co
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