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ABSTRACT

Purpose of this study is reviewing the use method for the sawdust (sawmilling by-product) and rice husk (Agriculture
by-product) by adding charcoal, an eco-friendly material. Mixed composite boards were manufactured with those materials
with each density and mixing ratio, and bending performance was investigated. When the addition ratio of sawdust, rice
husk and charcoal is 50:20:20 and the resin addition ratio is 10%, as the density of the prepared mixed board ranges from
0.5 g/ent to 0.7 g/ent’, the bending strength was 0.42~3.24 N/mrr, dynamic modulus of elasticity was 94.5~888.4 N/mr, and
the static modulus of elasticity was in the range of 31.4~220.7 N/mr. As the density increased, the bending performance
increased, indicating that the density had a significant effect on the bending performance. In a board prepared by setting
the density of 0.6 g/ar’, the addition ratio of sawdust to 50%, and the addition ratio of rice husk and charcoal at different
ratios, the bending performance showed a tendency to decrease as the addition ratio of charcoal increased. The relationship
between the addition ratio of rice husk and charcoal, bending strength, resonance frequency, and dynamic and static bending
modulus showed a rather low correlation with the values of the coefficient of determination (R%) of 0.4562, 0.4310, 0.4589,
and 0.5847, respectively. Thus, we found that the effect of the addition ratio on the bending performance was small.
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environmental issues and resource conservation, the re-

1. INTRODUCTION

cycling and technological development of wood waste

Nowadays, most of the modern life takes place in-
doors and so, interest in wood and wood materials,
which are eco-friendly building materials, is increasing
according to problems related to the indoor environ-
ment and personal health problems. Accordingly, it is
necessary to cope with the situation of increasing con-
sumption of wood and wood materials, developing a
stable supply of wood materials and alternative materi-

als for scarce wood resources. Especially, in terms of

and agricultural waste is important, so research and
development for new wood composite materials is be-
coming active (Hwang et al., 2020; Hwang et al., 2019;
Prabuningrum ez al., 2020; Jamaludin et al., 2020; Kang
et al., 2019; Ju and Roh, 2019; Ju and Roh, 2020;
Jung et al., 2020; Kang et al., 2019).

Among them, sawdust, by-product generated during
log processing, usually produced around 10% volume

ratio of the log (There could be a difference depending
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on the thickness of the log and the dimensions of the
log). According to the Korea 2020 Forestry Statistical
Yearbook, sawdust was produced in 2019 at 128,817
m’, KRW 19.9 billion. In accordance with the classi-
fication and recycling standards of waste wood in the
Korea Ministry of Environment's Notice (Ministry of
Environment Notice No. 2008 - 147), it is classified
as Grade 1 and can be recycled as wood molded
products. However, most of them are used as fuel for
firewood, for manure treatment in livestock farms,
mushroom cultivation, etc., and limitedly pulverized
to be used for plastic molding, fiber wall materials and
activated carbon manufacturing. In addition, rice husk,
an agricultural waste, generates about 1.1 million tons
of rice husk annually in Korea, weighing 20-25% of
rice production. Also, its large volume with an appa-
rent density of 0.097~0.125 g/en’ has a problem when
discard. Moreover, due to its low calorific value and
high ash content, it has the disadvantage of not being
easily decomposed even after buried, so it has been
mainly used as agricultural compost and desiccant for
pigsty (Baek et al., 1998; Kim et al., 2001). The tech-
nology development of wood materials using sawdust
and rice husks has been studied in various ways.
In addition, wood materials, which were made only
of existing wood materials, are gradually changing to
eco-friendly materials in which functional materials
are mixed. Research and development of various
eco-friendly materials considering durability and func-
tionality are being carried out (Park er al., 2011, 2012,
2013; Ahn, 2009). Among them, charcoal is a repre-
sentative eco-friendly material that can be easily ac-
cessed, and although it varies depending on the manu-
facturing method, carbon usually accounts for about
80 to 90% of content, and is a complex carbonaceous
polymer material containing oxygen, hydrogen and
ash. The specific gravity of charcoal is about 0.6-0.9,
and it shows alkalinity with a pH of 8-9 (Seo, 2014).

In addition, it has a very large specific surface area

of about 100~300 m® per 1 g of weight, and it is po-
rous, so it has excellent adsorption power, so it has
been used for various purposes such as air purification,
deodorization, and protection from poison since an-
cient times. In addition, charcoal is easy to obtain, and
has various functions such as deodorizing, working as
a preservative, filtering, moisturizing, anion generat-
ing, and electromagnetic wave blocking performance
have been highlighted, resulting in increased pro-
duction and demand. So recently, a lot of research is
being conducted as an important raw material for
eco-friendly material research (Park er al, 2011, 2012,
2013; Ahn, 2009; Park and Park, 2011; Kim, 2017,
Hwang and Oh, 2017, 2020a, 2020b).

Therefore, in this study, to examine the use of char-
coal, sawdust, and rice husk, which are eco-friendly
functional materials, mixed boards were manufactured
by density and mixing ratio, and bending performance

was measured.

2. MATERIALS and METHODS

2.1. Materials

2.1.1. Sawdust

Sawdust we used was made when sawing larch
(Larix kaemferi C.) cut down by thinning and we pur-
chased from a commercial sawmill. As shown in Fig. 1,
using a sorter (Shinchang co., vibrator), it was selected
at -18 mesh, and the moisture content was adjusted

to 6% or less.

Fig. 1. Shape of sawdust.
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2.1.2. Rice husk

The rice husks were purchased from a rice mill in
Deokjin-dong, Jeonju, and dried in the shade. As
shown in Fig. 2, in order to increase the bonding
strength when manufacturing the board, it was pulv-
erized with a pulverizer (Hanshin co., J-NCM), the
particle size was selected as -18 mesh, and the mois-

ture content was adjusted to 6% or less.

2.1.3. Charcoal
Oak charcoal was purchased and used in -100mesh

size from Geumhan Farm Co., Ltd. in Imsil.

2.1.4, Resin

Due to the characteristics of the thermo-presser used
for manufacturing, it has a disadvantage in that it is
difficult to discharge moisture, so a powdered phenolic
resin (Kolon Petrochemical Co., Ltd.,, KNB-100PL)
was used to manufacture the board, and the character-

istics of the resin are shown in Table 1.

after grinding

Before grinding

Fig. 2. Shape of rice husk before and after grinding.

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

Resin types Powder resin

Items (novolak type)
Solid content (%) 99
Melting point (°C) 80~95
Gelation time (sec.) 80~120
Plate flow (mm) 30~35

2.2. Test Methods

2.2.1. Board Manufacturing

As for the manufacturing conditions of the board,
the resin addition ratio was fixed at 10% of the total
weight, the density was fixed at 0.6 g/ar’, and the addi-
tion amount of sawdust, rice husk and charcoal was
varied to 50:35:5, 50:30:10, 50:25:15, and 50:20:20 to
prepare 4 types. The amount of sawdust, rice husk and
charcoal was fixed at 50:20:20 and the density was
set to 3 types of 0.5, 0.6, 0.7 g/en’. Uniformly selected
sawdust, rice husk and charcoal was sufficiently mixed
with the powdered phenolic resin and it was placed
in a mold on the hot plate of a thermo-presser
(Daeyang Machinery, DYMSP-001-026), the height of
the upper part of the sample was adjusted to a certain
level, and then a board of 260 mm x 260 mm x 11
mm was manufactured by thermo-press molding. At
this time, the temperature was set to 170°C, and the
pressure was 40 kgioar — 30 kgida® — 20 kggen
(three-stage pressurization), 9 minutes — 2 minutes —
1 minutes (three-stage pressurization time). A thick-
ness bar was used to make the thickness of the board
constant during the hot-pressing process, and a Teflon
plate was used to prevent adhesion of the top and bot-
tom of the board to the hot plate due to heat. Fig. 3

is a picture of the finished board.

Fig. 3. Appearance of the composite board manufactured
from sawdust, rice husk and oak charcoal.
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2.3. physical property measurement

2.3.1. Measurement of dynamic modulus of
elasticity

An accelerometer (B&K) for vibration reception
was attached to the center of the specimen, and one
end was lightly tapped with an impact hammer (Type
8203, B&K) to obtain a frequency response function
from the impact hammer and accelerometer. With this,
the natural frequency (f;) was measured by using a
signal analyzer (FFT analyzer, Type 3065, B&K).
Each test piece was tapped 5 times, and the average
natural frequency (fy) was used to calculate the reso-
nance frequency (f) considering the rotational inertia
and shear effect, and the dynamic modulus of elas-
ticity (dIMOE) was calculated using this resonance
frequency. The standard of the test piece used for the
test was measured by selecting 8 pieces for each con-
dition using the bending strength test piece specified
in Korean Industrial Standard KS F 3104-2006.

2.3.2. Bending test

The bending strength and static bending modulus
of the manufactured board were selected for 8 each
condition and carried out according to the Korean
Industrial Standards KS F 3104-2006. It was measured
at a load speed of 10 mm/min using a universal strength

tester (Shimadsu, AGS-10 kN, Autograph).

3. RESULTS and DISCUSSION

3.1. Effect of Density on Bending
Performance

Table 2 shows the measured values of the resonant
frequency, bending strength, static bending modulus
and dynamic modulus of elasticity (One of the non-de-
structive test methods that do not change the perform-
ance of the end-use of the material) of boards manu-
factured by density with the addition ratio of sawdust,
rice husk and charcoal as 50:20:20 with the 10% of
resin addition ratio. As the density of the board made
of sawdust, rice husk and charcoal increases from 0.5
g/em’® to 0.7 g/cm’; the resonant frequency increases
from 102.2Hz to 268.3Hz, Bending strength increases
from 0.42 MPa to 3.24 MPa, the dynamic modulus
of elasticity increases from 888.4 MPa to 94.5 MPa,
the static modulus of elasticity increases from 31.4
MPa to 220.7 MPa. In determining the mechanical
properties of the board, the density of the board is an
important determining factor, and in general, the me-
chanical properties increase as the density of the board
increases. As the density increases, the amount of

crushed sawdust, rice husk and charcoal increases. As

Table 2. Properties of composite boards made at different density

o .. Denstiy RF MOR dMOE SMOE
Mixing ratio \
(g/cm) (Hz) p-value (MPa) p-value (MPa) p-value (MPa) p-value
05 102.2 0.42 94.5 31.4
: (12.34) (0.03) (22.73) (6.94)
219.8 2.27 546.6 136.1
50:20:20 0.6 (38.36) 0.000 (1.00) 0.000 (215.05) 0.000 (43.65) 0.000
07 268.3 3.24 888.4 220.7
: (37.12) (0.98) (266.75) (62.37)

*1: mixing ratio (sawdust : rice husk : charcoal)
RF: resonant frequency

MOR: modulus of rupture

dMOE: dynamic modulus of elasticity

sMOE: static modulus of elasticity
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Fig. 4. Relation between density and mechanical properties of composite boards ((@): relation between density
and modulus of rupture (MOR) (@: relation between density and resonance frequency (RF), (©: relation between
sawdust addition ratio and dynamic modulus of elasticity (AIMOE), (@: relation between sawdust addition ratio

and static modulus of elasticity (sMOE)).

the density increases, the amount of sawdust and rice
husk in particle form increases more than the amount
of charcoal powder. Therefore, when the molded mat
is pressed, it is thought that the higher the density of
the board, the denser the spacing and structure be-
tween the particles of the board, thereby strengthening
the bonding force and thus the bending performance
is increased. Also, Oh (2003) reported that the bending
strength increased as the density of sawdust boards
made of sawdust from the Trees cut down after thin-
ning increased, and Piao (2004) reported that the bend-
ing strength increased rapidly as the density of mixed
boards made of sawdust and rice husks increased.
Also, Jin et al. (2015) reported that the bending per-
formance increased as the density of boards made of
sawdust and orange peel increased.

On the other hand, each correlation with the board
density and bending strength, the resonant frequency,

the dynamic modulus of elasticity and the static bend-

ing modulus of elasticity was analyzed to determine
the effect on the strength performance of each density
of the board manufactured with the raw material ratio
of sawdust, rice husk and charcoal as 50:20:20 with
the resin addition rate as 10%. The result is shown
in Fig. 4. The coefficient of determination (R?) be-
tween the sawdust addition ratio, bending strength,
and dynamic and static bending modulus of elasticity
showed a correlation of 0.6400, 0.7733, 0.7187, and
0.7660, respectively. This was found to be significant
at the significance level of 1%, and it was found that
the density was a major factor affecting the bending

performance of the mixed board.

3.2. Effect of rice husk and charcoal
addition rate on bending performance

Table 3 shows the values of the resonant frequency,
bending strength, static bending modulus of elasticity,

and dynamic modulus of elasticity of a board manu-

- 319 -



Jung-Woo HWANG - Seung-Won OH

Table 3. Properties of composite boards made at different mixing ratio

Denstiy Mixing RF MOR dMOE sMOE
(g/cm) ratio”’ (Hz) p-value (MPa) p-value (MPa) p-value (MPa) p-value
50:35:5 295.39 4.69 1026.45 361.15
o (38.88) (1.57) (323.66) (73.02)
50:30:10 248.93 2.68 798.05 214.51
(53.03) (1.15) (338.26) (86.83)
0.6 0.000 0.000 0.000 0.000
502515 238.92 2.42 643.7 178.28
o (23.81) (0.75) (140.93) (54.79)
205.02 1.81 456.3 136.13
50:20:20 (31.45) (0.59) (159.76) (43.65)
*1: mixing ratio (sawdust : rice husk : charcoal)
RF: resonant frequency
MOR: modulus of rupture
dMOE: dynamic modulus of elasticity
sMOE: static modulus of elasticity
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Fig. 5. Relation between addition of charcoal and mechanical properties of composite boards (@: relation between
density and modulus of rupture (MOR) (: relation between density and resonance frequency (RF), (©: relation
between sawdust addition ratio and dynamic modulus elasticity (IMOE), @: relation between sawdust addition

ratio and static modulus of elasticity (sMOE)).

factured with a sawdust addition rate of 50% and
Manufactured at a density of 0.6 g/en’ by varying the
addition ratio of rice husk and charcoal. When the
charcoal addition ratio among the rice husk and char-

coal addition ratios of the mixed board is increased

from 5 to 20%, the resonance frequency had a range
of 295.39~205.02Hz, the bending strength was 4.69~
1.81 MPa, the dynamic modulus was 1026.45~456.31 MPa,
and the static modulus of elasticity was in the range
of 361.15 to 136.13 MPa. Overall, the resonant fre-
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quency, bending strength, dynamic modulus of elas-
ticity and static modulus of elasticity tend to decrease
as the addition ratio of rice husk decreased and the
addition ratio of charcoal increased. This is considered
to be the result of weakening the internal bonding
force by reducing the amount of compaction during
board manufacturing when the addition ratio of rice
husk in the particle state is less than the amount of
charcoal in the powder state. Park et al. (2007) found
that the strength decreased as the amount of carbide
added increased in the physical properties of particle-
boards made from waste wood carbide. This showed
a trend similar to the result reported that the strength
of the carbide itself was weaker than that of the par-
ticles and directly affected the internal bonding
strength. Also, Park et al. (2013) reported that the
overall bending strength tends to decrease as the mix-
ing ratio of green tea and charcoal in composite boards
made of green tea, charcoal, and wood fibers increases.

Meanwhile, In order to understand the effect of the
addition ratio of a board manufactured with a density
of 0.6 g/em® by varying the addition ratio of rice husk
and charcoal with the addition ratio of sawdust fixed
at 50%, the correlation between the bending strength,
resonance frequency, dynamic modulus of elasticity
and static bending modulus according to the addition
ratio of rice husk and charcoal was analyzed. And the
results are shown in Fig. 5. The coefficient of determi-
nation (R?) between the addition ratio of rice husk and
charcoal, bending strength, resonance frequency, and
dynamic and static bending modulus were 0.4562, 0.4310,
0.4589, and 0.5847, respectively. It showed a rather
low correlation, and it was found that the effect of
the addition ratio on the bending performance was
negligible. In the case of a composite material using
two or more raw materials, it is judged that the corre-
lation is somewhat irregular due to the difference in
density and adhesion between the raw materials and

the deviation generated in the process of mixing the

raw materials (Park et al, 2011; Park et al, 2013; Jin
et al., 2015).

4. CONCLUSION

In this study, an environmentally friendly material,
charcoal, was added to rice husk, an agricultural
by-product, and sawdust generated in the cutting logs
process, and the board was manufactured according to
the mixing ratio and density of rice husk and charcoal.
And the following results were obtained by examining
the physical and mechanical properties for use
development.

As the density increases from 0.5 g/cw’ to 0.7 g/cn,
the bending strength is 0.42 to 3.24 MPa, the dynamic
modulus of elasticity is 94.5 to 888.4 MPa, and the
static modulus is in the range of 31.4 to 220.7 MPa, From
this, it was confirmed that the bending performance
increased as the density increased, so that the density
had a significant effect on the bending performance.

In the boards manufactured by the addition ratio of
rice husk and charcoal, the bending performance
showed a tendency to decrease as the addition ratio
of charcoal increased. However, as for the relationship
between the addition ratio of rice husk and charcoal,
bending strength, resonance frequency, and dynamic
and static bending elastic modulus, the values of the
coefficient of determination (R?) were 0.4562, 0.4310,
0.4589, and 0.5847, respectively, indicating a rather
low correlation. It was found that the effect of the ad-
dition ratio on the bending performance was small.

The bending performance of the composite board
did not satisfy the quality standards of KS F 3104 par-
ticle board. To improve the strength performance so
that it can be used as an indoor building material in
the future, it is judged that a follow-up experiment is
necessary with a detailed density condition and a ma-
terial addition ratio condition. In addition, for practical

use, research on thermal insulation and adsorption
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properties is required in consideration of the material

properties of composite boards.
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APPENDIX

(Korean Version)
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Z7bote] Amsk BBl A GFL Bk BE 06 gon, FRHHEE 50% 531, YA fo) ArheS Delstol
Azsh BEoA] 20 Whgol F7HE4E Aol sk AR Urhith 9 W 2o Wbt B4, 2AE
$H 0 A B EYARALY AL AYASY RS 27 04562, 04310, 04589, 0.58470 2 T & HBTAS
e A7kgol BASl A1AE GFe He A & 4 st

1. M2

Arig12] Ado] i AujoflA] o] FojR]aL glo] Au) ghgof Bt EAILE 7H%1Y 7EAlel wet HgE ASA
2l EAjet ZAA R et 4ol FHEIL et ool EAjet HAME v Sk A YiAsh
HHLRY A it BT SR diAldm e ApdeA] SAHTE 9 sAE HrlEY A
9 7% 7o) EEEAIRE A EE] STl Rl B esh, 2 EAEd R tiet Aride] g
A3l QJtiHwang et al., 2020; Hwang et al., 2019; Prabuningrum et al., 2020; Jamaludin et al., 2020; Kang et al.,
2019; Ju and Roh, 2019; Ju and Roh, 2020; Jung et al., 2020; Kang et al., 2019).

1 % A= 7oA WA EE AR FARES FHRE 9RY F719 AR X whet thEX|R A&
S24] 10%2]e] Fhfo] HA¥sit]. FH-2 20209 AYsAIAR ] whEH 20190] 128,817 w, 199U &= APAle]
Aot SRR FILA] #2008 - 1475)0l| 4] H=A 9] B 2 AT weh 15528 EREol =4
FBAETLE Aol 7kt SRR tifo] Y] AR, 71EsTlolA EA g, WA GO AMSE
o gEoR vRsARs] SAAEAEE, A9UAE U B AE8oR ST Ea FAHEY )
QAL ol 7k oF 1103k Eol Walsto] 4 Alleko] 20~25% HER BRE: ofo] AL LSl el
A1) WE} 0097 ~0.125garolw] 57) Al Rz 7x EAE Ha glon, we wel e sigees
o ol 47 HelEA) ok TS AU Slo] F2 S B, Exjel WAl o= AHgEo] ShkBack
et al., 1998; Kim et al., 2001). B3} 95 S5 2AARe] Z&7pre coket wew Al QaEol
St

3 7)o A RE 7|29 AL ER AlREA Aol FHA; 71FAde] 23 AE7F £ I ERE
Halsta Qo 3|, YT 7lsAdS aEfeh thekel 13 EARe] Aol Aol o]Rojx| L Qlrh(Park ef al.,
2011, 2012, 2013; Ahn, 2009). 7L 5 <=2 7 A AT 5= = thFAQ] 173 AE2A Aol w2} ohEAw
K5 BT OF 80~90%5 RISk B0, o]ele]] AkA, =4 W Bl E-S FRSke BRI ©had 1EA) Bo]
I 29 H]F2 0.6~0.9 F=o]n, pH 8~9=2 &S HEPHTK(Seo, 2014). 3 FHA O] F5F 1 gof| thsto
oF 100~300 €] o}5 2 HIEAAG 7} Qov], Aol Faklo] Hofby dlziie B4, W
W So| toket SRR TEElo] Yok T2 7o) 4irks AT BN, W, ik 2840, Sole
WP, A AR Sl ofd Z1o] HHERA o e A} a7t SIS Qloid Ha 1e
A7 Aol a3 ARz A W A7} AdYE] L Qei(Park er al., 2011, 2012, 2013; Ahn, 2009; Park and Park,
2011; Kim, 2017; Hwang and Oh, 2017, 2020a, 2020b).

weba] 2 AtollMs, HEE 715 AR & ARREARER] FH s H AR DAY ol 8HkkE: HESIIAL
Ued, Eulgde SPHES ARt 8452 S5
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Bending Strength of Board Manufactured from Sawdust, Rice Husk and Charcoal

2, M 3

2.1. A=

2.1.1. B5F

B2 YA Larix kaemferi C) 218 AAQA] DYH RS AT AALolA Fedsto] AR89 0H, Fig. 1004
HolZ A AH7|(Shinchang co., vibrator)E ©]-85}0] -18meshz APl T2 6% o)tz 283513t

212, 94
YA= AFA] G- AulbolA] FYste] ST £ Fig 2014 ol AXH BHE A xA] 23S Eol7]
HI8te] =471(Hanshin co., INCM)= #2fi5}0] JRAI71E -18mesh2 AH|L TS 6% o]k 2Asto] AME-5}
At

2.1.
ALP5e QU] @EABOIA -100mesh Aol2E Tsto] Apglsict
2.14. 37

Azol| ol g del7le] B4 sRulEe] of ks B 7HAL Qlo], BEARE $iate] B wisrA|(Ee
2935(Z2), KNB-100PL)2 AR5} £=%]9] EAC Table 13} 7t

2.2. NEYH

22.1. REAZ

HE] XH 2L FARTRES AR A9 10%2 28 g 0.6 gafe2 17ste], FH 4 Y
2:0] 7FES 50:35:5, 50:30:10, 50:25:15, 50:20:200. 2 @ejslo] 4255 Azl BT %L;q 2 40| Hrleke
50:20: 200_% TAslI YEES 0.5, 0.6, 0.7 gar' 3572 AAslo] Axslgich. FUsHA A¥E B 94 2
=l F dETAlE S8 Este], EY7I(HY7 17, DYMSP-001-026)9] F#eiof Sl= = %Oﬂ HaL AR
O] golE A 24T & %ﬂwﬁﬂ &to] 260 mm x 260 mm x 11 mm&] HES A 231¢ic) ojuf] dYg-Lm=
170C 2 278, AlzAlol 2Eet a2ullES f1sl 7HFeele: 40 ket — 30 kgder — 20 kegder(3E 713Y),
ZIIAIZE 9B B B3tk 7}% l{) shairh. Atpgeld REd) FAE A sh7] sk thickness
barg ARESIGlom, Fofl o3t HEo] A - shyln} Aol Fake Hsl] ffste] HZE Be ARSI Fig
> e HEOf ARtk

2.3 453
23.1. FARA S
A @A Q] Z}o ZJO A& 918t 714 = A (accelerometer, B&K)E 26101, YHME 3 (impact hammer, Type
8203, B&K)= 3= 7PEA ey JWENDQ} FEEA oA ol Fuk-S TSk (frequency response
function)& A& —,‘?‘:—17]( FT analyzer, Type 3065, B&K)E £45}10] I-GR54(f)E SHIFE 2 AlFHL 53]
7MEA FEd ¥ ,Q_ SRAEL(H)E 0] 83te] AU AkdddS 123t FRFul<(resonance frequency,
NS AL, o] FAFTE o] §51o] FHATAAFIMORIE T3lsick. Aol o188 AFRL TF2L TR
T2 KS F 3104- 2006°ﬂ BAE BE AFEE o8l 29 s/E AAste] S48

mlo j;. Jlﬁ'

232. FAE
AzE Beo| B7wel AA 7 epAs 2 8/p AAsle] ak2ARITA KS F 3104-200600 what A1
t}. 957 = A E 7] (Shimadsu, AGS-10 kN, Autograph)S ©]835}0] s5<E% 10mm/min 2402 2433t
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Jung-Woo HWANG - Seung-Won OH

Zot ¥ 0

8.1, W7t Pl HAE B

B A W 5] A7HES 502020, SAHIHELS 10%E Sto] WENR At BEQ] FAFIS, WYL,
B8 Y BHAS L AR HF AFEEY Y5 WaIZIA g uinh) AFue) shiel B2 GyASE
3 ghe Table 20] Uehich. B, 94 2 502 Ax3 HES] WS 05 garel 07 gl Z/HI4S
RFak= 102.2 Hzol| 4] 268.3 Hz=2, 7= 0.42 MPaol|A] 3.24 MPaZ, TAEAI A4 94.5 MPao]| 4| 888.4
MPa, 71231 HZEHI AR 314 MPaslA] 2207 MPaz 37}5He %S Uehiick. HEO] oaba) 4ale 24sis|
Qlofd HES| Wt a3 AYAtEA, YHOR HES] WEsl FHARE Gotal Aol F7klh ol
WEs} BobASE HlEs B 94 D 40] gol FeHA v B8] Wbyl o) opnth sielZ ey
B YA o] Z7SHAN HFE HES AAZIE WEr} £ HEASE HEQ] welF 19 717 2
AL A UsP WEe] ATBE FIAA WAl F71ck ARECE EIF Oh (2003 (PEAR AR B
So] WEr} Z7134E Pwrt Z7RIT B sk, Piao Q004) B YA A2E SHHE Wt
Z7keel wet 974wt 345 7Kk Buskgch E3 Jin o ol Q015)S B BULOR AR HE)
West F7kaeE YAl SRtk Bash e Axjsigch

ahEl BT 9 W %20 WHES 502020, SA AL 10% Sfo] AEME Axst mEe] Wesh 4ws
S0l Tl ake vlolstady, Bl WEel T, BAF FAAAS U A B sasole) 21z
ATRE BASE AN Fig 43} 2ok WAV 94w, B4 2 42 2 ARl 2AARe JR)S
Z}Z} 0.6400, 0.7733, 0.7187, 0.7660 2.2 JHAAES UER=H, o= 79 % 1%0014] f-21/4do] 14w o] Hrrt
BEHES] ] 2GS Fh Faoldel 2o ek

ol AN

S

3.2, YA} 29| H7Feo] 45l v IF

EHR7RR-S 50%E Sha, YA £9] H7HES GEjste] Wi 0.6 garo g A2e HEo] FRFuS, HE,
A B A R SRS S5 G Table 30 Ukt SRR 94 9 %0 A7k % %20] H7hgo]
5~20%% Z718rE FAFuE= 295.39~205.02 Hz, 875+ 4.69~1.81 MPa, SA e Al4= 1026.45~456.31
MPa, Z12]3L A/ Al9= 361.15~136.13 MPa®| W} Uehylch HAAA o2 A 3l £2] /s 5 9AY
Hrhgo] gasti £9] Wrheol FNeE FUFWS, PAE, BARAAS Dol HRSALST Pasie
ZAoFe U] of= St E O] A Y] H7Rgo] EEAEIY] <0 IR ZojAH, REARA] Aol
HoA] R AGS OFBHAIZ] Auteka AFREI). Pak ef al. 2007)2 B4 SSFER A2 e FH =] B
A ek F7ieol S7FE At Aasiglet, ol ©ekE A9 vt wElE o] AR ofsh] whell
g Ag el M L viHckn Bug Auel vlset FFL telich Ea Pak e al (013)2 =7,
%, SRR AT EFRE0 =a1et £9] uignlEo] FUig| wet ditd o s s} st A
UpepdiTha 1 s,

T EUAZFRS S0%= Sh, YA £ H/HES Fefslo] W 06 garoR A2 Hee] Hrhgo) 4wy
el miAls FFE Hostaral Heo] AL w0 Hrkeat B, SXIFu, S IAlS 9 42 2 A
oo Z}7yo] ARIAIE A% ATE Fig Sofl btk 9A%F £ Hrkeat 9=, 350, 54 2 4A
7 BAIRA o] 9] BAAIS R 217} 04562, 04310, 0.4589, 0.58470.% Tha vhe AphakAl S Uehy, H7kgol
Aol 71 Y vrlehths AS & = At o= F7HA] ool YRS AR ERAIRS] A9 ALt
9] d=Ajolo} HaH Ao, YRS Edtdhe ol WE= WA= dlsf JuaAlE v E52Ie Ao s wtkE
CHPark et al., 2011; Park et al., 2013; Jin et al., 2015).

4 22
£ AT A BYRARS] AL} AN AR Bl B WA L) 42 H7Iete] YA
%9 BPUIE U VAR HES AZT F SEALL 510l B2 /1AH HUS RAt] Tt 2 AUE
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Bending Strength of Board Manufactured from Sawdust, Rice Husk and Charcoal

e
)
i)

157} 0.5 glenfol| A 0.7 gler® S718rS E74e= 0.42~3.24 MPa, 52 A14= 94.5~888.4 MPa 12]1!

SAASE 314~2207 MPa2] WISIE Urehll, W7l 27K4% B4Eol F71stel WEst o] 27

o 71k 2 BRIF 5 ek

AL 529] AHEUR ARG WEN 0] HrhRo] F/RISS WAl Adshe A4S tehiich. st

oA Ul go) Whem B, FAFIE B2 % A B SASAle B

04310, 0.4589, 0.58470 2 Thas W& ATPAS Lehl H7heo] BAS] 710E 9FE A4S 22 o 4 Udirk
47| BRPEEO] AL KS F 3104 stel2R o] F47)%0) BEA1A] Ralich S5 ARE A5 EAe)

olfo] THsItES A A AAsH] 918 Aluet AEaAn ARe] Able 2102 S| Wag

AOE PR B3 AGEHE L BPHEI AH AR B4 melslel BAA, BN Sl Bt At
a7,

ne

g
%
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