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SUMMARY

I. Title

Development of New material Packing , Agricultural materials and Composite
products for building materials by Using Charcoal

II. Objectives

charcoal is the blackish residue consisting of impure carbon obtained by partial
burning or destructive distillation of organic material. It is usually produced by
heating wood in the absence of oxygen. It is largely pure carbon. The most
common variety, wood charcoal, was formerly prepared by piling wood into
stacks, covering it with earth or turf, and setting it on fire. In this process
volatile compounds in the wood (e.g., water) pass off as vapors into the air,
some of the carbon is consumed as fuel, and the rest of the carbon is converted
into charcoal. In the modern method, wood is raised to a high temperature in an
iron retort, and industrially important byproducts, e.g., methanol (wood alcohol),
acetone, and acetic acid, are saved by condensing them to their liquid form.
Charcoal, being almost pure carbon, yields a larger amount of heat in proportion
to its volume than is obtained from a corresponding quantity of wood; as a fuel
it has the further advantage of being smokeless. Charcoal is often used by
blacksmiths, for cooking, and for other industrial applications. It is also used in
sugar refining, in water purification, in the purification of factory air, and in gas
masks. By special heating or chemical processes the adsorptive property can be
greatly increased; charcoal so treated is known as activated charcoal. The
porosity of wood charcoal explains why it floats on the surface of water,
although it is actually denser. This also accounts for its ability to readily absorb
gases and liquids; charcoal is often used to filter water or absorb odors. Its
pharmacological action depends on the same property; it absorbs the gases of the
stomach and intestines, and also liquids and solids (hence its use in the
treatment of certain poisonings). Charcoal filters are used in some types of gas
mask to remove poisonous gases from inhaled air. Wood charcoal has also the
power of removing coloring matters from solutions, but this property is
possessed in a much higher degree by animal charcoal. Charcoal is used in art
for drawing, Bamboo charcoal is the principal tool in Japanese Sumi-e( charcoal
drawing) art. Charcoal attracted a lot of attention in recent years because they
are environmentally friendly and because of their unique functional characteristics
such as catalysis, moisture absorption, soil conditioning, filtering, deodorization,
purification, carrier for microbial activity, specific stiffness, corrosion and friction
resistance, far-infrared ray emissivity, and their electromagnetic shielding
capacity etc. In this study, we carried out to develop new technologies and
products for new packaging- materials, agricultural materials, and building
materials for indoor environment.
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IM. Research content and scope

1. 1st Sub-project

a. Ist year

1. Clay wood ceramics using techniques of wood ceramics

2. Development of charcoal-fiberboard process

b. 2nd year
1. Development of manufacture process for charcoal board

2. Veneer overlaid charcoalboard and Perforated plywood-charcoalboard

composite foramenity and decoration.

c. 3rd year
1. Manufacture of functional fiberous materials overlaid charcoal board

2. Development of wood—charcoal-different material composite for

humanbody-favored building material

2. 2nd Sub-project

a. Ist year
1. Development of charcoal containing corrugated boards
b. 2nd year

1. Methods of manufacturing charcoal containing packaging boxes for
carnation cuttings
2. Development of charcoal containing fruit bags - pear fruit bags

3. Manufacturing charcoal containing mulching papers

c. 3rd year
1. Application of fruit bags to pear trees
2. Application of mulching papers to potato
3. Application of charcoal containing packaging boxes to small tomato and

banana
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3. 3rd Cooperration Research Project

a. Ist year

We would selected method to spread on the charcoal surface utilizing foaming,

and add Fly ash this time and enlarge abrasion

b. 2nd year

Because cement ingredient that is included to foam finds factor which reduce
charcoal effect remarkably reaching directly to charcoal, on the charcoal surface
barren land (vitality) adding Bottom ash+E.P.S improve light weight sex and
thermal insulation and spread charcoal surface .

Moreover, spread developed serving the first, and spread surface coating sealants
that is developed at the first year by the second serving and supplemented

shortcoming.

c. 3rd year

Developed last charcoal board surface coating material so that can cure because
3 yr manufacture first Bottom ash and EP.S and have craftsman who is many
as filling charcoal powder on hole that is made already on chair in which a
criminal is fastened to be interrogated and heighten hardness and absorb outside
moisture and pollution air.
Proposed 2 model’s surface coating sealants fare all through these all sorts
technical development, and prepare business transfer of technical know—how
business for practical use anger.

- Recycling possibility material choice for surface coating sealants practical

use

- Properties of matter estimation of surface coating sealants and special

ability specifications proposal

- Economic performance estimation of surface coating sealants

- Coating sealants fare there bar of mixing product of controlling power
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fare (Activated carbon) be preservation effect examination

- It is fire resistance var Mock for product normalization of boards - Up
performance estimation

- Proposal that is design guide la of development product

- Already shortcoming security of elect caulking sealants fare and

performance elevation method proposal

IV. Results and application

1. 1st Sub-project

a. Summary of the research results for the 1st year

Properties and manufacture of Clay—Woodceramics
from 3 layers-clay—woodparticleboard

ABSTRACT

The woodceramics are porous amorphous carbon and glassy carbon composite
materials. Woodceramics attracted a lot of attention in recent years becausse
they are environmentally friendly and because of their unique functional
characteristics such as catalysis, moisture absorption, deodorization, purification,
carrier for microbial activity, specific stiffness, corrosion and friction resistance,
and their electromagnetic shielding capacity. In this paper, we made new
products of clay-woodceramics. Properties of the clay-woodceramics, the
industrial analysis and ethylene gas adsorption for basic data of building— and
packging— materials were investigated. Clay—woodceramics were carbonized for 3
hours of heating in a special furnace under a gas flow of nitrogen(15 ml/min.)
from 3 layers—clay—woodparticleboard made from pallet waste wood , phenol
formaldehyde resin(hereafter PF, Non volatile content:52%, resin content 30%6),
and clay(10%, 20% and 30%). Carbonization temperature was 400C, 600C and
800C. Experimental results shows that the higher the carbonization temperature,
the higher the fixed carbon and the lower the volatile contents. The higher the
clay content, the more the ash content. The higher the carbonization temperature,
the more the ethylene gas adsorption. Carbonization temperature of 800C gave
the best reslts( Water absorption, dimensional stability, heat conductivity, bending
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strength, MOE, ethylene gas adsorption, far infra red ray radiation etc.) as same
as that of white charcoal and activated carbon.(800C—clay—woodceramic: 5.36ppm,
white charcoal: 5.66ppm, activated carbon: 579ppm) The clay contents did not
make any difference of ethylene gas adsorption.

Development of Charcoal-Fiberboard by Wet Forming Process

This study was carried out to make charcoal-fiberboard without adhesives
addition using wet forming process to reveal superior adsorption power by high
specific surface of charcoal and to estimate ethylene gas adsorption of
charcoal-fiberboard and properties of charcoal-fiberboard. Charcoal—fiberboard
without adhesives using wet forming process will be applied to specific building
material, fruit storage box and so forth. Results are as following.

1. The higher the mixing ratio of charcoal in board, the more the water
absorption rate, and the lesser the swelling rate. Therefore high dimensional
stability was shown in at high mixing ratio of charcoal.

2. At the same mixing ratio of fiber to charcoal, #100-200 of charcoal particle
size gave the better results than # 60-100.

3. The proper mixing ratio were 8:2 and 6:4 in the ratio wood fiber to charcoal.

Ethylene gas adsorption capacity and preserving effect of fruit freshness
of Charcoal-fiberboard by wet forming process

This research was carried out for packing materials and building materials to
examine ethylene gas adsorption and effect of keeping fruit fresh of wet formed
charcoal-fiber composite made from defibrated fiber of Pinus densiflora Sieb. et
Zucc. and white charcoal from Quercus variabilis Bl.(wood fiber: charcoal=8:2,
6:4, 46, 2:8), with/without phenol formaldehyde resin(PF, Non volatile
content:52%, resin content 1,35%). The results are summarized as follows:

1. The higher the charcoal content, the more the ethylene gas adsorption. At the
same mixing ratio of fiber to charcoal, #100-200 of charcoal particle size gave
the better results than # 60-100.

2. Adding PF into the charcoal fiber composite decreased the capacity of ethylene
gas adsorption but there was no significant difference until 5% adding amount of
PF.

3. For keeping fruit fresh for a long time, Charcoal fiber composite was 6696
longer than control. The higher the white charcoal content, the longer fresh time.
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b. Summary of the research results for the 2nd year

The manufacture of functional charcoal board and charcoalboard composite as
porous carbon materials

This study was carried out to develop the manufacturing process of functional
charcoal board, to bring light on charcoal particle size and dry or wet process,
and to maintain the advantageous properties of charcoal as a building material
for solving the sick house problem. Excellent functional charcoalboard was
developed with the proper condition of wet mat processMC 40-60%), two
particle size( #40-60 type, mixed type), non formaldehyde adhesives(MDI, poly
vinyl acetate emulsion) and three stage pressing cycle of 30-10-30 kgf/cnf
(Imin.-1.5min.-6min.). Activated charcoalboard gave better results in gas
adsorption than charcoalboard.

Veneer overlaid charcoalboard and Perforated plywood- charcoal board
composite for amenity and decoration.

This study was developed to manufacture very thin natural wood veneer overlaid
charcoalboard, to manufacture perforated plywood-charcoalboard composite for
enhancing both mechanical properties and esthetic value of charcoalboard in the
indoor environment use, and to use the advantageous properties of charcoal as a
building material for solving the sick house problem. Very thin elm veneer(
thickness 0.22mm, naked void ratio 26.9%) overlaid charcoalboard gave same gas
adsorption as the control of charcoalboard. Perforated(perforated area ratio 252,
proper diameter and numbers;1.38cm,10)plywood—charcoalboard — composite
enhanced not only mechanical properties but also esthetic beauty.

This developed products turned out not only to maintain functional properties of
charcoal, but also to exhibit the esthetic beauty.

c. Summary of the research results for the 3rd year

Manufacture of functional fiberous materials overlaid charcoal board

This study was carried out to manufacture fiberous materials overlaid
charcoalboard, to enhance the esthetic value of the surface color of charcoal and
charcoalboard for the indoor environment, and to use the advantageous properties
of charcoal as a building material for solving the sick house problem. Two kinds
of fiberous overlaid material were used for charcoalboard, such as pattern thin
paper(15-35g/m’,0.04dmm) and nonwoven fabric(30g/m’,0.12mm, naked void ratio
39%). Hot pressing condition was 100-130C, 10kg/cw, and 2 minutes with poly
vinyl acetate emulsion adhesive(NVC42%, spreading weight 160g/m’). This
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fiborous overlaid charcoalboard gave the better gas adsorption than natural
charcoal. This manufacturing process turned out not only to maintain functional
properties of charcoal, but also to exhibit the esthetic beauty.

Development of wood-charcoal-different —material composite for
humanbody—-favored building material

This study was carried out to manufacture wood—charcoal-different material
composite, to enhance the esthetic value of the surface color of charcoal and
charcoalboard for the indoor environment, and to use the advantageous properties
of charcoal as a humnbody- favored building material for solving the sick house
problem. Multi- composite structure was composed of three components, wood
and wood based material as surface structure, perforated plastic box or
aluminium box in medium structure, and then charcoal particle in the perforated
box or charcoal board as back structure. Air drain structure of wood-charcoal-
different material multi-composite was best at 25-5% of air drain ratio to the
surface ratio for the three kinds of multi-composite structure such as Slider
model, Louver model, and Siding model. This air drain ratio turned out not only
to maintain functional properties of charcoal, but also to exhibit the esthetic
beauty of surface material.

Ethylene gas adsorption and Strawberry’s freshness maintenace of white
charcoal board and overlaid white charcoal board

ABSTRACT

This research was carried out ethylene gas adsorption and keeping freshness to
investigate the packaging possibility of the white charcoal board. The white charcoal
board has 2 types, one is the mixed type charcoal board that made of the charcoal
particle passed through 618mesh(155%), 1840mesh(49.1%), 4060mesh (22.3%) and
60200mesh(13.1%6), another is the #40-60 type white charcoal board that made of
4060mesh (100%) particle. All white charcoal board was made from nonformaldehyde
resin( PVA, MDI ) by wet forming process. The properties of board were ; density
0.71£0.01g/c, moiture contents 2.39£0.06%, bending strength 45.51+1.5kgf/cr, internal
bonding strength 12.46+0.2kgf/cr. The results were as follows;

1. The ethylene gas adsorption of charcoal board was much better than the paper
and better than that of white charcoal itself. The adsorption of overlaid white
charcoal board and nonoverlaid white charcoal board was much the same.

2. Gray mold(gray fungi) growth of strawberry in the paper box and strawberry in
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white charcoalboard box arises after 2 days and 4 days ,respectively. So keeping
freshness ability of white charcoalboard box was approximately two times more than
that of paper box.

3. The  freshness maintenace abillity of overlaid white charcoal board and

nonoverlaid white charcoal board was much the same.

Long-term Cyclic Gas Adsorption of White Charcoalboard and Overlaid White
Charcoalboard

For the indoor serviceability of charcoal composites, long-term cyclic gas adsorption
1S necessary. Specimens put in the ambient laboratory room, and calculated ethylene
gas adsorption value at the high content of 10-20ppm ethylene gas for each test.
Until now, 18 weeks test gave good results which maintain same adsorption capacity
as origin. The adsorption of overlaid white charcoal board and nonoverlaid white
charcoal board was much the same.

2. 2nd Sub-project

a. Summary of the research results for the 1st year

Several different charcoals were applied to linerboards by internal addition and
by surface coating, and their strength property changes, ethylene adsorption
rates, and electric conductivity were measured. The charcoal containing
linerboards are to be used back liner in manufacturing corrugated boards, which
are normally used in agricultural products packaging. Fine charcoal from oak
was very effective in ethylene adsorption, and no more than 30-50% internal
addition of it on paper weight was necessary to maximize ethylene adsorption
effect.  Surface coating of charcoal was most effective in maximizing gas
adsorption and in keeping board strength properties from lowering. The color of
charcoal containing linerboards can be changed by using multiply method. For
electric conductivity, we found carbon fiber was more effective than fine

charcoal.
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b. Summary of the research results for the 2nd year

Charcoal containing produce boxes, fruit bags, and mulching papers were
developed. The charcoal containing boxes were used to investigate their ability to
keep the produce in fresh state longer. The produce boxes were first used to
carnation in cold storage room. We found that charcoal containing boxes could
delay aging time up to 2 times longer than normal storage boxes after they
were out from the storage room for sale.  The charcoal containing fruit bags
were used to produce better quality pears, and the mulching paper to produce
higher yield potato, respectively. The complete results and their analyses of the
effects of fruit bags and mulching papers will be available in 3rd year because
of their growing season.

c. Summary of the research results for the 3rd year

Charcoal containing fruit bags were used for 'Gamchon’ and ’'Singo’ pears.
Their results showed than charcoal fruit bags gave very nice deep brown color,
and raise the brix number higher than control fruit bags for both 'Gamchon’ and
'Singo’ pears. Economic advantage of obtaining these higher quality could be
higher than the expense increase by application of charcoal on fruit bags. The
charcoal containing mulching paper gave 20% more total harvest weight of
potato than no mulching, and 10% more than black vinyl mulching. The
average weight of individual potato was almost the same for charcoal mulching
paper and vinyl mulching, but 309 lower for no mulching.

Charcoal containing produce boxes were used to store banana and small tomato
in room temperature. For bananas in normal banana boxes, black spot defects
showed up in 4 days, but for bananas in charcoal boxes, in 6 days or later,
respectively. For small tomato, charcoal containing boxes lowered the number of
defected small tomato up to 30% in & days. These advantages using charcoal
containing boxes are more than the added cost of using charcoal. Real practice

and market variation will decide the use of this charcoal technology in future.
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3. 3rd Cooperration Research Project
a. Summary of the research results for the 1st year
1) Usually, Fly ash in case of is known as that improve fluidity by effect of Fly

ash particle of round shape, but spend much amounts to Foam concrete’s cement
greate system with this experiment in case use a reasonable quantity by
admixture for concrete effect of mend of these liquidity to expect by thing which
is difficult judge .

2) Foam concrete’s apparent specific gravity that mix Fly ash displayed
0.340.73's scope according to unit fission amount, and was expose that there is
no big change according to the Fly ash principal parts rate.

3) In case of absorption coefficient by the Fly ash principal parts rate, displayed
tendency that increase by jot according as the principal parts amount increases
but Foam concrete’s absorption coefficient that mix Fly ash expressed unit
fission amount and 19.939.8%’s extent according to the principal parts rate, and

was expose that receive effect according to unit fission amount mainly.

b. Summary of the research results for the 2nd year

1) Essential condition of surface serving must have gap structure that can do so
that may express function of built-in heartwood just as it is, and must be
satisfied non combustible material in local currency canon at fire moreover to
apply to indoor.

2) Because of surface covering material is superior tack with heartwood, there
must not be segregation phenomenon, must satisfy to quality regulation that
contraction change of product, thermal conductivity, surface’s compressive
strength, weight etc. prescribe in KS.

3) This result is utilize derelict material to do to reduce raw material production
cost that is coincided price competitive power of material and recycling
upbringing policy, it is desirable that observe standard if fold high quality that

do to use from people residing.
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c. Summary of the research results for the 3rd year

1) 1, 2 yr development product that research result sees that lungs EPS mixs
than existent product unit union discretion reduce and could receive compressive
strength of equal level and absorption coefficient, light weight attribute etc..
could know that can excel, and utilize recycling site specially and develop
surface serving.

2) Moreover, it could plan lungs EPS’s recycling that is Industry product as well
as cost reduction of product.

3) Therefore, development of sheathing that material that is used for heartwood
spreads so that another thing material as well as charcoal can display the effect
irrelatively is very important development field, and is judged that application
may be possible, and specially can be concerned vigorously to application field

that apply recycling theme to another thing field.
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Table 1. Clay-Wood ceramic Et4X EA%-8 FJE|ZH =9 EgHAd
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;i rlr "
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AeA gshen
Claye] #7}aro]
At 53
T2 (Clay® 7} wood ceramicErAX =9

of w &=

= (e}
ErEge

=0 EATHCON400C:9.78%,

Cl-30%-6007:10.55%, Cl-30%6-800C:12.76%). 00T ZEZ A

}oeeass

j=17¥e} O A
5 — Eﬂ_ w=T

3 al

— =

A
£ wood ceramicgtAE=o] Z o

73 Clay®] 7}l Botds=

=T =

B

THES 7L

Fr”ﬂ

1A

ol

Mo H

o
o
=

—l>
A 32

£7} %ol

289 #ol7}t ControlEtl 7o) yio g
6007C:18.209%, 8007C:22.02%, Cl-3026-400°C:7.62%,
gl 529681

H)sto] Clayd7h= oF 32%4tell Qtwlo] ARA o2 Clayw ATA| iL2olA 244

W wEe] X5ekgel e Fol webdel Hyel As Hi 29E AT
Res o 5 ok
Table 7. Clay-Wood ceramic ¥AH =2 FEHE(AEHA])
TEHE(%)
Jere=|  400°C 600°C 00T
%) F-ggp | PWCAN | pyao 4 | DunCan | g oigey | Duncan
CON 4979+043] B | 3816:053| D 35.27+0.11 D
Cl-10%  |53324036] A |4097:018 | C 39.50+0.09 C
C-20%  [5332:212| A | 440:083| B 41.63+0.14 B
C1-30%  |5644152] A | 47272052 | A 45,690,065 A
Table 8. Clay-Wood ceramic ¥AHE=9] Z525(A|EHA))
E5-5(%)
AT 400C 600°C Duncan 800C Duncan
12 F=1.05" F=63.94 F=133.11
CON 9.78+0.10 |18.20+0.49 D 922.02+0.31 D
Cl-10% 8.88+1.63 |16.02+0.70 C 19.57+0.23 C
Cl-20% 8.14+1.67 |14.58+0.94 B 16.39+1.10 B
Cl-30% 7.6242.16 |10.55£0.59 A 12.76+0.31 A
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Table 9. Clay-Wood ceramic ¥tAH =2 FA¢=Z&(AeHA])

AT E(%)
} A 400T Duncan 6ot Duncan 800T Duncan
A1 F=16.38 F=14.37 F=12.84
CON 14.41+1.78 C 116.95%1.57 B 20.28+0.47 C
Cl-10% 11.88+0.12| B 17.31+0 B 18.2740.96 B
Cl-20% 11.11+043| B [15.91+2.18 B 16.74+1.36 AB
Cl-30% 8.9710.56 A [10.90+0.42 A 15.13%+1.23 A

7. Clay-Wood ceramic tA2B.E9] E33% AZ

7h AZ%E Clay-Wood ceramic ©4AHE=2] H)F 2 38

10, 11914 ==

Ark YRbH o R wsl2wvt HSTE BHARES H|F2 AstE, Claye] H7heF

o] §&FE e 2uxyolA AlRkAl Control? Hlwsle] =& H|FS YERRL
oh BAHE] 58S BE JEHFRE M} ol 1525%9] F4&S YE
t.
Table 10. Clay-Wood ceramic ¥ARE=29] H|5

v =
) A2 400 Duncan 600TC Duncan 800TC
2] F=10.38 F=9.12 F=0.78"

CON 0.65x0.02 B 0.64£0.02 C 0.63£0.04
Cl-10% 0.73x0.02 A 0.67x0.04 BC 0.65+0.11
Cl-20% 0.73%0.05 A 0.72%+0.01 A 0.70x+0.03
Cl-30% 0.78%+0 A 0.71+0.01 AB 0.66+0.05
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Table 11. Clay-Wood ceramic ¥tAR=9] 348
S8 %)
A= 400C D 600C Duncan 800C
212 F=5.07 | NN p=762 vned F=1.07™
CON 215008 | A | 258+0.19 A 1.2940.13
Cl-10% 1.8640.06 | B | 1.96+0.18 B 1.7640.62
Cl-20% 295+0.19| A | 2.04£0.19 B 1.5740.27
Cl-30% 2.13+0.14| A | 1.83+0.27 B 1.4040.03
W Clay-Wood ceramic &4H =2 &458 2 548 F7A858S T 12 13, 14
oA B itk BARES] E58S e 27 A BElewr} BS4E ZrlEy
(CON400°C-13.15%, 600C-13.86%, 800°C-17.76%) Claye] H7}gko] Zr}jsry= 7t
3= 78RS HOItHCONSN0C-17.76%, Cl-309%6-800°C-7.23%). &8 <IA| E}
S EERE TG Clay Bl W R Aol A ool
Sk BAR =0 FA A& A= Z2EES A ©@IEr) ol | T
BEES ZolAY clay® 7}E‘r*EEL Elgle s 2 Clayd7bgel] w& xfo] o]
ol ¥ FAHEES el X7t vl ok E S YER L o) wEkA Wood
ceramicttARE9] Clayw 37 % §5< ASHAZIATE W] 38 53t
Aol e AFTES VXA &t
Table 12. Clay-Wood ceramic EtAEE=9] E45&
E55(%)
A= 400C Duncan 600C Duncan 800C Duncan
BE F=22.95 | " F=8.51 Hn F=130.31 |
CON 13154209 A [1386+331| A [17.762009| A
C-10%  |1098+0.09| B [1148+061| B  |1333+1.29| B
Cl-20% 803+0.30| C |95040.14| BC |11.11+0.15| C
Cl-30% 6.64+0.13| C |7.2140.05 C 7234032 | D
OVNEPEE Y F4a BT ORD-3492%, FHITE-1352%
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Table 13. Clay-Wood ceramic EFARE =9

S >~ 0

REREEE<Y
%)
ARk 400C 600C 800C
2] F=0.60" F=0.67" F=0.07"
CON 28.48+8.83 37.12+44.54 37.73+15.05
Cl-10% 29.38+0.75 30.9640.14 35.78+3.40
Cl-20% 31.30+3.83 32.6346.97 39.61+13.20
Cl-30% 33.7243.71 35.6848.50 37.58+2.08
Table 14. Clay-Wood ceramic §t4-RE9] F7| 348
FAPYEE(%)
e . . .
A2 i FA;%%.EO Duncan Fig?ogns Fi(i?%.gél Puncan
CON 1394023 | A 2.2040.29 | 6.21%1.30 B
Cl-10% 2284029 | B 2.32+1.18 1.8640.55 A
Cl-20% 3184021 | C 2044081 | 257+0.90 A
Cl-30% 2233019 | B 2164020 | 1.8040.15 A

thH Clay-wood ceramic BrAHE9] AAEEL F15¢} o] B2 %wrf ol
Z7FaFA th(CON400C:0.112W/m - k, 6007C:0.157W/
C1-1096:0.230, Cl-20%26:0.232,

A AT=

% clayH7H&o]

m -k,

ol E
800C:0.189W/m - k),
Cl-3026:0413, &= W/m - k). H]sol v} S7F= A5 &

=T =

800 C-CON:0.189,

FZEE0] 529m' - K/W, ClI-30%9] 7-F 242m' - K'W=2A driEdAs et od

o] w|-$ 9433t} Nanoka's(1999)2 wood ceramic®] %=

43 Ayt 20T SAsA e o Safko] nE

st gl
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eh gaR s AFEs FI6NAH '8k 800T7F Hojof 77t 527]

AR Clay ke 20 938 74 Sk

AT W/mk)
AT 40T 600C 00T
] Flg3dg | DU | g [ Dumean ) pgo) | Duncan
CON 0.112+0.0012 0.157+0.002 0.189+0.0148
C-10% 0.131+0.0035 0.162+0.0031 0.230+0.0300
A-20% 0.133+£0.0049 0.172+0.0198 0.232+0.0424
Cl-30%% 0.175+0.0041 0.193+0.101 0.413+0.1006
Table 16. Clay-Wood ceramic ¥tAHE =9 AF=
A7 A8H(Q)
AT 400C 600C 800C
= €] F=1.7"
CON co oo 17£1.0
Cl-10% co oo 18+2.0
Cl-20% oo 0 22+5.29
Cl-30% co o0 21£2.65




9] dEarx g2 ES YEFAITHE00C-CON:S.36ppm, =3 U5-5:5.66ppm, ZA
5. 79ppm). ARt e R Bl erh Supdas o kg zeke] Sk ot
aztel= 40T 7P she 2ol o 600Te 800Ce -l dAT Aol
7F YAl @90tk Clayel H7bgol whe ogalrtagztade] xpoli= ek gk
YERHA] eskeh

tlo

Table 17. Clay-Wood ceramic ®t4E=9] o€zt~ F2aF (821 7F48hr)

FA3Hppm)
F=3569
A1 . . .
e 400C Duncan 600TC Duncan 00T Duncan
CON 4.15+0.36 D 5.03+0.33 C 5.36+0.21 ABC
C1-10% 2.46+0.47 E 563+0.31 AB 5.74+0.31 A
C1-20% 2.46+0.41 E 544+0.27 ABC 567+0.30 AB
C1-30% 4.12+0.44 D 507+0.27 BC 550+0.32 ABC
Duncan
=3 5.660.30 AB
AR} 5.79+0.28 A

o=AL71ge ogddl7} blank F 5= 6.07ppm

Hh) Clay-Wood ceramic ¥FAR =9 A& AHALE-S 3 1804 Hojxit} B oA
oA AzxE AR YA Mg ] T A o4 ARSI} Hl L
sto]  SAHem  Felidel (ol Apelrb fIAHR(800TC-CON:87.25%, 800T
-Cl-3026:85.26%, =73 Hr5:80.82%). ©Hshrt wobgel wel 4 9 dnkAL&o]
S7kehe Aas Kol 1 Aol ZFAassith

Table 18. Clay-Wood ceramic ¥tAHE=29] & oA WALE

LA AYALEH %)
F=0.51"
A= . \ .
) 400°C 600°C 800C
2]
CON 84.5746.49 86.5840.01 87.2546.39
Cl-30% 82.3846.25 83.5246.29 85.26%3.15
RN 89.82+0.01

0ZA Aol LEH0T, FHA Tism, AR FA05m
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8. Clay-Wood ceramic B-ABR =9 7]1A4% A4 v

Clay-Wood ceramic ®am=o] 717414 A2 i 19, 20, 2104 Hof h g
B fEs Skt wobddl wel Sk ARE el el
= AE Ags Btk 53] §4Ee] Ay "@EEErE 40T arEet 600T
d BNzl Ae gEhRnd nE ganE A 9FE & F glov Tt
£2=7F 800CY W 600 gt "anEn v A AFEE e
Clay-30%37Fo} 2EZS] ol Ut GhHE] Ak Bl JEHor

T
el wE TR

A= = HAaREl
gtom, Clayel 7h&=2 400C,600 ColA
o AHrhgel oWl Arrt Stk AEE

0.720.97kgf/miE FEFHTE

o] o]

Jo

g1l et 800ColA= Clay

Table 19. Clay-Wood ceramic ©4AX =9 37} =
‘?5]701'11:—(1(8{/0[[12)
A= 40T 600°C 00T
e F501 | PV e 2.8 Duncan
CON 4320313 AB 2056517 60.64+9.99 AB
Cl-10%% 59.06£9.60 A 42731952 069.58+1867 A
Cl-20%% BO1+7.27 B 30661934 47.49+3 45 B
Cl-30%% 3091£11.43 B 33.39£2.07 BR2TE255 AB
Table 20. Clay-Wood ceramic ¥A-RE9] ekl A4
ek Al (kgf/cn)
ek 40T 600°C 00T Dun
Az F=250" F-023" 65 catl
CON 961.7+1431.5 196445421975 40370.7+5127.3 A
-10% 1322910934 16838.3+24474 30093.3167484 AB
A-20% 7371.3£16834 16428711694 15400.0£18180 C
Cl-30%% 13478716197 1338L.3£7261.4 U486, 7+2340.6 BC
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Table 21. Clay-Wood ceramic AR E2] ¥H4 (B HEW)

F974 = (kgf/mn)
] A e 400C 600°C 800°C Duncan
A g F=1.36"™ F=1.81"™ F=6.29
CON 0.72+0.04 0.78+0.07 0.75+0.08 C
C1-10% 0.72+0.25 0.81+0.16 0.88+0.03 AB
C1-20% 0.86+0.06 0.90+0.02 0.89+0.06 AB
C1-30% 0.92+0.14 0.92+0.01 0.97+0.07 A

>

9. Clay-Wood ceramic BtAH T 9] &4
AzF Clay-Wood ceramic EV\H. o] FAEA ] Ao} vHANEFEH ] 2
Y= 3 22, 2304 BT AxE $AREE 3 ]
e A7) ghkhn =] pHE Claye] H7bgolu ghaleco] wE wakst Ao
UeRNA] ekgkom o)A 0 29.8410.88
S kel Clayd7bdel wa st 43S Holx] kon 259%4Ee]
AXLFFAE YeERATE 3dEe] A9 "33 Ert 2555 Fdto] 7As
(CON400°C-36%, CONB00C-22%, CONS00C-11.5%), Claye] #7}eko] &
AR or ke F=x2  YeRITHE00T-CON:22%, Cl-109%6:16%, Cl-2026:10%,
Cl-309%:6%). Clay-wood ceramic ErAR.E9] clayd&e 3|Retako] =7}2 yebyt
L(800°C-CON:17%, Cl1-102%6:26%, Cl-2026:35%, Cl-30%:46%). Erihr o] 14
gao] HE2 ©eleke] Frbdl wel F74sFth(CON400TC-50%, CON6G00C
-60.5%, CON800TC-625%), Claye] H7tee] B&FE W 1A &S Fdsh
A 3}+o] T (800 C-CON625%, Cl-1096:56.5%, c1f20%485/, Cl-30%:41%). A%
(1999, 20002 FFHA e} HAAR ez U3 FAREHRE Sxs =,
600CoNA 42175t veld dElFREwslEe] 49 Ax7aR320%, 3]%:4.18%,
Ft8.34%, A EA84.28% 0. & LT o] ZAxbel EAE o] 600TC-CON9| 7
$-9} nlwste] By 3R e 2AF] ARV A VERSIL(E]-8.82%,
3HE1366%), TR E EAF o] Al YERGTH A §423.78%). ol A=
Azy EFRES ASFTE Az Aol verzts stz 2ol

o i o

= oﬁ
k
o,
=
)
[o
i
_Y,VL
o)
O
A
BN
d
oft
1
o

A 71gar sl ot AAA] AR Hsdk AdE B dEdew =3
Tz TS ¥ Aae gatxed2 va2y 145(1999)9] Az E1.01%,

=
3]3:3.92%, F)9HE14.58%, 1L ¥HA:80.49%) ¢k H]szg HeS HoTh
A% Clay-Wood ceramic ErAR o] WgdaEF FaS =435 Ay}
ol 9 Clayd7Fgoll wE Zfoli= fllom, 322346ml/g o] we
kS BWoth 32001 HEATErslEe] v
0CeA 4A7Hs<?t gshd THEj S H =9
0Ce] A-5el= 1.231m/gHEE Btk B g}
7] f1eke] EAdrherxh) o] WEAE
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4 gdeke] AJgd A A e} nlaste] vlszel AdE HYTHA @A A HEE RS
Za-180ml/g).
Table 22. Clay-Wood ceramic B-AX =2 FHEA
CECI T %A
= pH A% 3% I (%) IHE(%)
CON 9.86 6 36 8 50
400 Cl-10% 9.96 4 345 18 435
Cl-20% 9.84 55 26 24 445
Cl-30% 10.25 25 205 43 A
CON 10.42 45 22 13 605
600°C Cl-10% 10.78 6 16 24 %!
Cl-20% 10.24 55 10 31 535
Cl-30% 10.83 5 6 43 46
CON 10.4 9 115 17 625
Cl-10% 1051 65 11 26 565
00T Cl-20% 10.23 6 105 3H 485
Cl-30% 10.36 35 95 46 41
= s 923 9 5 2 A
Table 23. Clay-Wood ceramic §tAX =9 WEANEF F2H3F
o I Nl e 011040
AeF=|  400TC 600C 00T
Al F-1015 |PUC| pojgop | PUCAN | poggg | Puncan
CON 3.11+0.4 B 3.17+£0.01 B 3.46+0.06 A
a10% | 325:003 | A | 317:002 | B | 328001 | B
Cl-20% 3.22+0.04 A 3.25+0.02 A 3.25%0.01 B
O-30% | 323:002 | A | 3245002 | A | 32:004 | B
10. FaEd

1) Fan, T. X, T. Hirose, and D. Zhang. 2001. Surface Area Characteristics of

Woodceramics. Jornal of Porous Materials. 8(3): 2117217.

2) Hirose, T., T. X. Fan, T. Okabe, and M. Yoshimura. 2001. Effect of

carbonization temperature on the with liquefied wood. Journal of materials
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Science. 36(17): 414574149.

3) Hirose, T., T. Fan, T. Okabe, and M Yoshimura. 2002. Effect of carbonizing
speed on the property changes of woodceramics impregnated with liquefacient
wood. Materials Letters. 52(3): 2297233.

4) Hirose, T. B. Zhao, T. Okabe, and M. Yoshimura. 2002. Effect of
carbonization temperature on the basic properties of woodceramics made from
carbonized bamboo fiber and liquefied wood. Journal of Materials Science.
37(16): 345373458,

5) lizuka, H, M. Fushitani, M. Ohtsuka, T. Okabe, k. Saito, and K
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6) Kano, M., M. Michihiko., T. Okabe, and K. Saito. 1997. Specific heat capacity
of new porous carbon materials” Woodceramics. Thermochimica Acta.
292(1/2): 1757177,

7) Kercher, A. K and D. C. Nagle. 2002. Evaluation of carbonized
medium-density fiberboard for electrical applications. Carbon. 40(2): 1321~
1330.

8) Okabe, T., K. Saito and K. Hokkirigawa. 1996a. New porous carbon materials
woodceramics Development and fundamental properties. Journal of Porous
Materials 2: 207 213.

9) Okabe, T., K. Saito and K. Hokkirigawa. 1996b. The effect of burning
temperature on the structural changes of woodceramics. Journal of Porous
Materials 20 2157221.

10) Xie, X. Q, T. X. Fan, D. Zhang., T. Sakata. and H. Mori. 2002. Mechanical
properties and damping behavior of woodceramics/ZK60A Mg alloy
composites. Materials Research Bulletin. 37(6):113371140.

1D A9, AR 2000. "lo]& HAAIAL] wsto] &N 1)-5F] A ©shet
eelEo] 54, g Eehs] AL 28(2):57765.

12) AWz, 49 199108 HAHIA] sto] &INHI)-+F2] HEA ©ske}
Bb=o] 54 A ehs] A 27(2):70777.
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Al 24 292 A7y 23

L Az € 34

71, FAAE

ol

A
701-

o,

)

2 rlo

AF 259 A o] Ate]l FHUE(Quercus variabilis BL)S 95 E A}

ko] #0760mIH 2k E[6u4 o)tz a7l HA Al
ot éﬂL T OS2 ngR EE A9 #6712(7%), #12718(14%),
#18740(43%), #40760(23%), #607100(9%), #100°]18H4%) £100%]e] F FF= A&
ElSvi=a

mo o}o{

-

R oop & Z
ol
ol

[‘-{E _Iu: r‘ﬁ sy

ol

2) S

DAL el 7HE ol BeEs ofrdAdds AREslen ©lel Arle=
6718w+ =itk

3) &+

FaAE 5gstd fedde Aol U7 27mm ALl QlEUAoRt &<l
THA(LE 064g/em, TE 113 A= 630+29%kgf/cm)& ARSIl o™ oH A=A
+ 16mm 779 295 FH(EE 08lan, FE& 95 = 526+17kgf/en)= AHE-S)
At

4) HAA

MEZEAA PAARA  FRUAARRAPVA RS R, BN
4299)8F °|2:A|ohlo EAMDE M AE] ol Alohlo] =, BHME 10096)54F &3
shol A AT,

U Ay

1) £RE=9 Ax

FHES AXe= PVAS MDIFAE 41593 €439 45 PVAISY%,
MDI5%, G336%, #4060 4% PVAI5%, MDI5%, i 50%% dto] A=
170C, 3eAGA=AER 30-10-30kgf/cn(15-1330%-6%) S 2-&3ko] Azt th
Zy A bR T 7= 7FE20emx Al Z20emx A lem ] A7) 2 A Z5HA
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2) £RE9 2 - 7IAHAEE 24}

=R =7 7|A4 Z44d& KS F 3104(1997)0l Azt F43st9om A7 d%
T 601 MultiMeter(QTM-500, #|ZAFHongChang) & AH&3te] SA&kdch E4
=82  Quick Thermal Conductivity Meter(QTM-500, AZAEKYOTO
ELECTRONICS)E AH&-sko] S4383ith

3) £RE9] NHAMNIA(CH) F47 54

&7t~ (CoHy) &&#-2 Gas chromatatograph(DC-14B, #|ZAESHIMADZU) =
ARg-ste] S8

4) £RE9 A IIALE A

AA AR SR E FT-IRS A1kl S4asi.

5) SAA 2

7t B ERRAE SR AAE A
=HREE A& BT S FEoE TEste] JRASY FRds A £
A HEAZA 983 2UAS o= ddshd 3249 2 1o whet A
29 2REY ZeAA dde ST Ade 3253269 2oh 94 =E KSd
ATHEF 3200:1997)9) H 3 5291 30 N/mr(306 kgf/en) ol o2 AZFUAAL} ¥
FARA ARG 7 JEE JAAMTEAS Ade A3 27 16712A 2A F
Mol Aeom E sk AAR AdAIgsAol 7hsd w9l =3EF9 W9
+ #18RT & FE| S o] Thsete 53] M25%MCI0%(E=33) e 45
706+044kgt/cne] B E=E Yehlo] 7P etk Eu 7 HERAI%S
Aol EAolm MIS%HMCISGRE o 45 &3

ol #ovl4 ol SHEE Afol®= BF 30 kgf/ene] BAEE WERATE B
& PIOMBMC13¢] 7% 10kgf/cii, UF15MC10S 21kgf/cri, ¢ 4 %=5 Yehdich 2
B £yE|Fo] A sHERWe] JFelx] Eanz 1 AAE 555 AHSs)
A e oo A 2AxWIHES o] ofelfRRE £EEe] A8 A §
of £rREe] gl FIAsE W FRATIo| Woprma A AGT Ao
AEALT #18v4] olste] 7|2 WHAFTE A9 FrERE £HES A
Z7} FEoiXith. kAl EAR Wil e FA9] RS e 234 A=

2P7be= Sk el 7P T2 AoRA S IE AAEHAT shbs 27
40-60W1A =4 FH=AF7 0] P15% M5% MC50% 3 tH ol $- 40-60HH & o2 ).
¥ sheE 23717 EFEMix)o2Z2A FERHAg R 0] P15%6 M5% MC26% 3 T
(o] &P oz WH).o] EFFLS £HEZS 4060741 A7Z AAH R Ax
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Table 24. £3E]F =7]ol wh& H2A wign] &3} nE=gAy

<=3e] =P’ P13 [P1I3 [P0 [P1sG [PIOMIO M15 M0 [UFI5

7] MC70  [MC46  [MC36  [MC23  MC36  |MC36  |MC25  |MC20  |MC20

(=)
F°H [FH MCIFH MC|F H |F HMI|F HMC|F HMI|F HMC[F HM
MC MC

6ol |x x x[x x x[x x x|0 x |0 Ax[0 A |0 A00 AO0|AAD

X YAN

6-12 X X 0x 0 O A 00 (00 [00O0/00©O0/0O0O
I I A [x A A

12-18 X X 0x 0 00 (00 [(00O0[00O0[00O0/O00O0
e A i A PN 5= (0] A

18-40 X X 0 A00 0 0f- 00 00 00|A AX|- A A X
s}

40-60 00 0/0 0 0laaE|x x 00 00 MC30%F [x x x|x x X

= X 60%" |4  |Z

60-100 [0 0 |0 A |xx X x |0 260610 A MAOE [x x x[Xx X X
A A P Ix 47% <

100200 |0 X X X x|x x [|02600|0 A - X X X|X X X
A== AN = X 47%

<3337 [0 0 0[0 0 0lo 0 0fo 0 [0 0 0[0 0 0l0o 0 0l0 0 00 0 O

VAN

#1: PPVA,Ze 22 Dol dE3 24, MMDL W A o] A]opd|o] E4 2hA], MC:vi
EXTTE, A F9 Ae = Addeel st H23A dAsHE HIHE(%),
o P13%:PVA 13%

*2: F=Forming(’d3), H: Hot Pressing(@¢4d 2 3xwA), MC: Moisture content
A, (MES 4ot A F s

#30 Mix F(EFR)6v4] olstz Ef7]elA 278 AlRE st 4% 5 a3 2
2 WSR2 =3E A9 #6-12(7%), #12-18(14%0, #18-40(43%), #40-60(23%),
#50-100(9%), #100°]5H4%) F100%

w; FEHFFOZ VAE SEgo] HoloF £HE AxE x4 ARE X
s

_46_



FHE#40~60 ¥) ZRE(ETE) LY
Y L VISAEEE R BAERE
Table 25. th&deta £R =9 =84 44
%37 i ) L= (g/c) E(%) FAEEE(%) 1)
A A
=] Mean+SD | DIN | Mean+SD | DIN | Mean+SD | DIN Mean+SD DN
(42) M15%,MC25% 0.73+£0.006 | D | 7.94x0.12 | C 0 13.06+0.43 B
(2) WF156,MC20% | 0.68%0.006 | C 2.520.13 | B 0 39.38%1.08 C
6ol (4) P10ABAMC24% | 0.61+£0.015| B | 2.2840.17 | B 0 43.03+0.75 D
() M15%,MC25% 0.74+0.006 | D | 8.54%£0.09 | D 0 11.0040.50 A
() UF15%, MC20% 0.65+0.006 | C | 1.86%£0.17 | A 0 46.29+0.20 E
() PIOABAIC24% | 0.50£0.026 | A | 1.58£0.09 | A 0 54.88+0.22 F
P10% , MCAO% 0.75+0.01 | E ]13.32+0.53| F 0 50.18%0.32 | EF
M15%, MC25% 0.64+0.01 | D |3.77£0.31 | C 0 15.69+0.4 A
P10%, M%, MC36% 0.41+£0.04 | A | 4.3720.13| D 0 39.2+1.2 C
6~12  |UF15%, MC20% 0.66£0.01 | D |4.46+0.25| D 0 31.8+0.6 B
P12.6%,MC36% 0.56x0.01 | BC | 5.79+0.13 | E 0 50.8+2.8 F
P10%, M10%, MC36% 0.53+0.02 | B |3.69+0.08 | C 0 45.57+1.34 D
P15%,M5%, MC30% 0.58x0.01 | C 2.78%10.1 | B 0 44.8%+1.5 D
P10% MCA0e 0.67x£0.01 | C |2.61+0.03| B 0 51.98+0.12 D
M15% MC25% 0.67+0.02 | C 2+0.11 A 0 13.52+0.07 A
12~18  |P12.6% MCA7% 0.58+0.01 | B | 5.34+0.27 | C 0 51.5+0.56 D
P10%, M10%, MC36% 0.54£0.01 | A |2.86+0.11| B 0 39.03%+1.01 B
P15%,M5%, MCAO% 0.56x0.01 | A |2.69+0.03| B 0 45.53+0.31 C
M15%,MC30% 0.57£0.01 | B |2.32+0.11| A 0 12.93+0.25 A
P12.6%, MCAT% 0.55+0.01 | A | 3.48%0.05| B 0 65.8%1.1 E
18~40 |P12.6%,MC36% 0.656+0.01 | D |5.79+0.15| C 0 52.57+0.57 D
P10%, M1, MC36% 0.440.01 | A 2.69+0.1 | A 0 36.73+1.72 B
P15%,M5%, MC36% 0.62£0.01 | C | 2.79+£0.35| A 0 40.73%0.61 C
M15%,MC30% 0.73£0.01 | C |2.07+0.07 | AB 0 19.73+0.4 A
P20 MC7(Ylo 0.67£0.02 | B |4.42+0.12| D 0 24.6%0.1 B
4060 |P12.6%,MCA7% 0.62+0.01 | A |3.38%0.05| C 0 146.210.41 D
P10% M10%47% 0.68£0.01 | B |2.35+0.14| B 0 49.57+0.86 E
P15%, M5%, MC60% 0.71£0.01 | C 2.21£0.1 | B 0 43.37%0.49 C
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M15%, MCAO% 0.7240.01 | B |2.52+0.08 | B 0 13.03+0.42 | A
P21%,MC70% 0.72£0.02 | B |4.73£0.16 | D 0 41.67£0.12 | B
60~100 |P12.6%,MCA7% 0.73£0.01 | B |3.256+0.15| C 0 56.97+0.45 | D
P10%, M10%, MCA7% 0.66£0.01 | A | 2.33%0.1 |AB 0 40.83+0.35 | B
P15, M5%. MC60% 0.73£0.02 | B | 2.13£0.02 [AB 0 47.610.56 C
P20, MC70% 0.65£0.01 | A |3.54%0.02 | C 0 51.07+0.31 | C
100~200 (P10%,M10b, MCA7% 0.75£0.01 | C |2.23£0.03| B 0 45+0.26 A
P15%, M5%, MC60% 0.73£0.01 | B |2.12£0.01 | A 0 46.67+0.65 | B
P10%, MCAO% 0.76£0.006 | G |3.67+£0.12 | E 0 44.46+0.1 H
M15%, MC25% 0.65+£0.006 | DE | 1.77£0.21 | B 0 20.55+0.37 | C
M25%, MC20% 0.86%0.006 | H |2.47£0.08 | C 0 7.75%0.17 A
P20%, MC70% 0.661£0.012 | DE | 3.44%0.03 | E 0 35.4%+0.4 F
P12.6%, MCA7% 0.624+0.006 | C | 5.8%0.16 | I 0 39.03£0.97 | G
VXS P12.6%,MC36% 0.61£0.006 | C | 3.5%0.17 | E 0 50.1+1.4 I
P, M50, MC30% 0.624+0.006 | C |4.324£0.02 | F 0 38.1£0.3 G
M20%, MC30% 0.656+£0.006 | D |5.264+0.18 | H 0 13.63+0.21 | B
UF15%, MC20% 0.67£0.006 | E |4.53£0.02 | F 0 38.240.2 G
P10%, M10%, MC36% 0.62£0.00 | C | 4.98%0.03 0 28.47£0.25 | D
P15%, M5%, MC36% 0.584+0.006 | B |2.391£0.06 | C 0 28.37+0.15 | D

x1: BRAZANA P PVAZEH| LolAlH o] Eo|H &) 24|, M:MDI(H & t]o}o]
AR E)H A, MCHlES] dt7] & AHd vl F d4dola HAA %
= £ AATE Uk J2A AWAFE HURE 2 ANbEEAAgE AR 24

FARAM £HRES] FE SFF 6-12v4 A7 = ATk

Table 26. T3 dEta =R =9 7|AX A4

MOR MOE Bl A
%71 PRSI (kgf /cnr) (kgf /cm) (kgf /cm)
R Mean£SD DUN Mean+SD DN Mean£SD DUN
(Z2) M15%,MC25% 17.47+0.56 D 3934 +652. 04 C 2.5140.12 A
(2) U150, MC20% 20.9640.16 E 2811.3+39.31 B 5.8340.84
goli (2) PIORIBIRIC24% 9.89+0.29 A 940.67+57.2 A 4.89+0.49 | CD
() M15%,MC25% 32.4240.54 F 3548+96.58 C 4.11+1.18 | BC
() UF15%,MC20% 11.1740.42 B 1128+81.22 A 3.0240.21 | AB
() PLOISRIC24% 12.0140.73 C 1178.1+32.15 A 2.0620.55 A
P10%, MCAOf 7.43+0.13 B 405.67+45 A 3.89+0.19 A
M15%, MC25% 24.39+1.44 E |4263.33+1206 | E 6.5610.18 B
P10%, M5%, MC36% 3.79+0.54 A 859.67+4.04 B 8.2340.11 C
6~12  |UF15%,MC20% 24.5+1.1 E 1703+139.12 C 8.83+0.16 D
P12.6%,MC36% 10.66+0.24 C 841+13.75 B 3.66+0.18 A
P10, M10%, MC36% 21.4940.97 D 184+29.51 C 8.0840.13 C
P15%, M5, MCA 26.15+0.57 | EF | 1848+100.06 C 12.4140.17 E
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P10% MCAO% 12.64+0.42 A 944+87.62 A 3.9910.15 A

M15% MC25% 28.22%0.5 C 4210.67%49.8 E 4.02£0.3 A

12~18  [P12.6% MCA7% 17.53£0.76 B 1242.33+81.03| B 5.94+0.23 B
P10%, M10%, MC36% 29.62%1.06 C 2189.67£55.77| C 6.23+0.12 B

P15%, M5%, MCAO% 28.431+0.84 C 2397+110.53 D 12.4440.86 C

M15%, MC30% 24.03%0.59 C 2947.3£51.5 C 7.48+0.39 B
P12.6%,MCA7% 20.63£0.15 B 1340.67£17.9 A 6.62+0.44 B

18~40 |P12.6%,MC36% 17.83£0.35 A 1285.67+22.94| A 11.7£0.75 C
P10%,M10%, MC36% 29.59£0.83 D ]2628.33£89.76| B 4.514+0.04 A

P15%, M5%, MC36% 32.97%0.13 E |3253.67£58.53| D 10.63%+0.13 C

M15%, MC30% 43.37+1.03 C 4822.23£75.5| D 6.87£0.5 B

P20% ,MC70% 43.02+0.67 C ]3648.33£15.18| B 24.14£0.54 E

40~60 P12.6%,MCA7% 23.87%0.25 A 1781.33+56.31| A 4.93£0.28 A
P10%, M10%47% 39.47£0.85 B 420:;2 o C 14.58+0.28 C

P15%, M5%, MC60% 49.35+1.57 D 5221+58.13 E 28.0940.86 F

M15%, MCAO% 271£1.42 B 3866.33£119 B 4.57+0.25 B
P21%,MC70% 44.71£0.03 D 5228.3316.66 C 8.224+0.04 C

60~100 |P12.6%,MC36% 9.39%0.06 A 1391.3£29.16 A 2.24£0.09 A
P10%, M10%, MCA7% 41.3£0.05 C 4763+44.53 D 14.08%0.16 D

P15%, M5%. MC60% 43.41%+0.06 D [5167.67%£29.14| E 19.88+0.19 E

P20% ,MC70% 38.2840.35 C 3135+46.81 B 4.38+0.15 A

100~200 [P10%, M10%, MCA7% 20.53%0.61 A 2923+41.02 A 5.98+0.26 B
P15%, M5%, MC60% 29.17£0.37 B 3824£95.28 C 8.2310.22 C

P10%, MCAO% 12.97+0.15 B 1124+98.57 B 3.81+0.26 B

M15%, MC25% 30.5%0.74 F 6097.6+104.3 H 6.4610.04 E

M25%, MC20% 70.63£0.44 K 2257.31260 J 7.72+0.24 G

P20% , MC70% 30.48+0.64 F 3525+36.51 F 9.13+0.11 I
P12.6%,MC47% 23.35%+1.08 D 2145+84.48 CD 6.73£0.16 E

MIX3  |P12.6%,MC36% 20.41+0.14 C ]2163.3+101.04| D 8.51£0.15 H
P5%, M5%, MC30% 19.27+0.72 C 1826.6+96.09 | CD 2.061+0.2 A

M20%, MC30% 33.5%0.82 G 3085.3+149.9 E 7.29+0.13 F

UF15%, MC20% 26.57+0.93 E 837.6+285.6 | CD 5.16+0.12 C

P10%, M10%, MC36% 36.83%0.31 H 3308.3£178.5 | EF 9.55+0.07 J

P15%, M5%, MC36% 43.96+1.45 I 3831+£103.59 G 8.57£0.15 H

#1: HAAZANN P PVAGE ] Doba el o] o W) 24l MMDI(v ool
ZAehilelE) A, MCHIES] d97] 9 A4 e F degoln FAA %
g AaFgel W AA AAFG AhE 2 QUBAAE ARG 9

FA2A e 4% EFET 61204 2NNE AxASE
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. gdAdeeR o AENe

O AR R FRY FAo] wlg- Eof mjES] HFgrEo] 40%0°]5td
= A¥Ao] "ojxlon ®27¥zro] HEAZ27) o st wEbd HAoR =
2% 771 I3 MDIR A9 PVARIEES 2H7) 10%4 AMS-3F A9l &
S 30%7HA BrE 7t Ao A EE= 175kgfl/crEA WEksERERY IS
wolA T-IBe] KSHZES WAL, Wek £uss psbe Sauns
= @ol| e FAHEES 024 JA] 1ol XFetAdS whEsil o
TR EE AV AE FAskAbeAE FAFsl] AlAfste] LT 7 wked
17kl E273720] FF7tAEE7) Ippm 92 HoX|E 75 HAsE AN

Table 27. @Aet=R =9 oz &2

] a4
ARkhn) x 1 | M5% P15% MC40% | M5% P15% MC50% | M20 MC 50%
0 17.8 8.03 7.33 11.55
3 17.53 1.91 1.06 1.62
6 16.4 1.22 1.03 1.38
12 16.02 1.20 1.02 1.40
24 15.07 1.04 0.76 1.14

x1: Z487)Ue] g7t blank % ¥8lppmetS)

Table 28 A2 TR ES 98 A4 H2A| wf @& B=9dA

W E $kE8(%) | M5P10 M10P5 M10P10 M15 M20 M5P15
F HI|F HI|F H|F H|F HIF H

30 X X |- -1]x X X X| X X[Xx X

40 X X [x x]o 0la  XJ|o 010 A

50 0O o]0 o01]0 0 - 0 0j[0 0

60 o oo of- - - - -
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Table 20. 84 et =90 Ea]% A4

. Lo | AT . ) N FAEEE( o
q2A | AEA o U= (g/cm) F8(%) % FTE%)
AN | igxa |
s Mean
(%) (%) Mean=SD | DUN | MeanxSD | DUN DUN | Mean£SD | DUN

(%) +SD

M20 40 0.73£0.01 I 1240022 1 0.00 | A |[50.57£0.72| H

50 0.70£0.01 H [13.48+0.24| J 0.00 | A [48.10£0.62| G

MI5 P5 40 0.67£0.02 | FG | 3.53+0.09 | A 0.00 | A [40.91£0.56| D

50 0.57£0.03 | CDE | 3.68+0.19 | A | 0.00 | A [41.37+£0.38| D

20 40 0.59£0.01 E [516+045 | BC | 0.00 | A |45.13£1.50| F

M10 P10| 50 0.58+0.01 | DE | 5.21+£0.01 | BC | 0.00 | A [48.13%1.15| G

60 0.66+0.01 F [506£0.04 | B | 0.00 | A |43.63£0.15| E

ME P15 40 0.67£0.01 | FG [11.25%0.15| H 0.00 | A [61.67£042| J

50 0.69£0.01 | GH |11.44+0.18| H 0.00 | A [62.6520.98| J

40 0.53£0.01 | AB | 5.44%0.01 | DEF | 0.00 A |58.23£0.81| I

MI10 P5 50 0.54+0.01 | BC | 5.58%+0.11 F 0.00 | A [62.96x0.77| J

60 0.58+0.01 E |592£003 | G 0.00 | A [69.76£1.16| K

5 40 0.51£0.01 A | 5.28%0.11 |CDE | 0.00 | A [35.57+£0.35| B

45 0.53£0.01 | AB | 5.22+0.01 |BCD | 0.00 | A |[38.50£0.10| C

M5 P10 50 0.53£0.01 | ABC | 5.24+0.01 |BCD | 0.00 | A [45.70£0.75| F

55 0.54£0.01 | BC | 5.27+0.03 |CDE | 0.00 | A |[32.95£0.57| A

60 0.56+£0.01 | CD | 5.484+0.07 | EF | 0.00 | A (43.00+£0.66| E

10 FAA 7 A Pr PVAGE oAl gl o] Eolld ) 2], M:MDI(H vl o}o]
aAlopflel E)H 2, MCES] dty] 7 A & Fa&ola A vl
% = ATl g HHARATE WU

Table 30. &R ES] 7]AA A2

ARA | A 2% MOR MOE el
ZA7g | wEzd | WE S48 (kgf/c) (kgf/cr) (kgf/c)

(%) (%) (%) Mean®SD | DUN | MeanSD | DUN | Mean#SD | DUN
40 13.91+0.44 | DEF | 2351%164 | C |4.54%0.17| CD

M20 50 15.8140.32| GH | 2117499 | C |3.72+0.34 | BCD

- 40 17.40+0.77| H |4070+109 | E |5.30+1.87| DE

50 14.72+1.74| EFG | 35144410 | D |[3.39+1.18| BC

20 40 12.394092| D 227482 | A |250%0.10| AB
M10 P10 50 15.50+0.64| FG | 29917 | A |6.64+0.34| EF

60 16.57+2.63| H 271+17 | A |6.6240.99 | EF

I 40 17567050 H | 1229428 | B |[4.61+0.08| CD

50 16.16+040| GH | 1364459 | B |7.36+0.11 | FGH

40 3394063 | A 3846 A | 1494054 | A

M10 P5 50 8.45+0.20 | B 162415 | A [3.47+0.08| BC

60 12.87+0.33| D 177434 | A |6.6840.06| EF

5 40 9.53+0.61 | BC | 128+21 A |6.93+0.35| FG
45 10.64+0.38| C 14645 A |6.4040.99 | EF

M5 P10 50 10.36+0.76| C 8847 A [8124038| GH

55 13.05+0.07| DE 134+8 A 8494006 H

60 9.85+0.40 | BC 180%6 A |6.35+0.16 | EF
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3. gwe) 44 33 WAR ¥ 474 79
7t el A4 ATEs
T EY FEERe EUAR 33 £REE FA(IhFOL oA (FA u
% JERYE B G0 Foz BBl so 44 wAstE A4} P
g N FRERIYRRARGARE ARsHE B9 1 4G wA T4
3 o] Aag el A BAZ QAT THED HIERS B 49 7
HRAC)FRA) 0] AAVA] BUAE( Y2 JRORE o THE Bl u
= mest 49 B9 AEHRE FR ALEAE 29 44E Fus AAs
Qe ol HAS 5 AT WIGAAY BT Aeke] UNF 22T
292 320ppm , £HE#O-6082 122 ppm, £HE EFFL 18 ppmOE WE
i

Hop ZpagFbe]l ¥ E=9kal B%THAS 2 SHERTHEEA
#40-608 2] 49 267 ppm, 2 320 ppmeE W&

.L—.. : : . [ .-:-.'.1':'

_&L_l‘
off
ol
o
FO‘I

ol
il
N
&
)

. frednel 4477
25069] fryBAolee TSI ATY 2 7 57Tk, 77 107Fo, 2

2 T 207Folukel whEl xHAle] FAEE thah wEAe]7] witel] 9] 7
g e Aol Ald Faskhe 1 thgo] navte]al 11 thgo] xR AgHl
d #35904 A ¥ 27mm FA9 B4 630 kef/em, 5782 191+26
kef/cm(a), 10732 334 +48 kgf/cii(c). 20782 275 +A(b)kgf/cnrz=A FAEE 10
T35 TEe] A vl A A FUtE £x9WY AHUEEE B
F= AF ol O U 4 T o8 YARICE 7HsE Flojn o]epgto] £HE
o] AAxF Aol aflE AolglE olfEE £ 1g9 WAl 1200meE delA]
AEl 1 3, 19 49} o] £3EF FHol #o] dE AZATE 100% BT
AE Bo] ofyu(19 5) FAoz B2 SAHo] mxH A mute]
FACE 6% 1.7-17m=2A 4Rk A28 =X FARG o gfol it SumAEo|
gyl Basls gds] £9 q¥ol FYS Foke] adE U

TS R BT 5 AUTE o)Fe] Aol whet
g ewdolgt vt WyolEREEIAs
(29 1)9F gl w1l fradds 538l sRef3dAsgAs(" 7)
T gAY AE Rk Aolzh itk o]y et AlES 8EE e
uel BdAse] AR FAE 2Aste] EAs FAEE #40-6030] 162 £13

ol
ol

—_
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kof/cm, 3t o] 164 £7.8 kegf/en® £HE=9] G E=HTE nf$- N E £HES
A FAekel: A, 27TmmTA 3+ FopA RS 10mm A + o H A g
15mmKE.E= o]Hel| ARgsh= Alme a—&,MDF PB, &4 & o4 A5E AHEE
F AN FHEAR AEEHE FEEde 1 «]D}vﬂr Fragdats RSt AgE
nz = =3

Table L.t deaAm R0 o FAll7kx F3E

EHE LA FHONT-E25%)

Az AT FAekn e (ED) =2 (#40-60%) +EHE

o) | #1 Y| PI5%M15%MC40%

ZHE | +93 | ZRE |+ #40-608 | E9Y
0 | 17.35 | 17.53 7.33 17.36 | 17.07 | 17.34 |17.07| 180 | 17.34
16.73 | 10.26 1.06 395 | 405 | 436 | 458 | 873 | 1096
16.70 | 6.47 1.03 3.38 | 340 | 346 | 354 | 672 | 810
12 | 1659 | 5.56 1.02 259 | 239 | 242 | 293 | 475 | 532
24 | 16.23 | 3.29 0.76 1.80 | 203 122 | 176 | 267 | 3.20

Tabled2. §33ae] ATVAZe] e o DeArts F3

SWES EHE(E3H) £HIE=(#40-60%)
A 7Hhr) q INTHAE(%) TR H A E(%)
0 25 50 75 100 25 50 75 100
17.53(18.77 | 18.00 | 17.73| 17.43 | 17.90 | 18.67 | 17.33 17.70 | 17.23 | 17.17
3 17.80(13.51| 873 | 800 | 8.00 772 | 14.07 | 10.96 9.44 9.37 8.74
6 16.40|10.78 | 6.72 | 6.15 | 6.15 5.89 10.69 8.10 7.17 6.81 6.15
12 16.92| 719 | 4.75 | 4.69 | 4.69 4.33 7.38 5.32 4.65 4.60 3.86
24 15.07| 3.73 | 3.06 | 3.05 | 3.00 2.79 3.74 3.20 2.83 2.83 2.67
«10 SA87|Ule] ofldal7k~ blank ¥k Hﬂi}ppmw%*z ZA877o ER=(FH
AH0en) e FYtar Ao R Jpvt FREES sto] AlZte] mE §7]9 oA
=4

Whzsl 4 FEWS, pmesl, SAEAT AL Aol W 2E FH A9

H

(@)

4. 7154 RES duste FEAE ¥4 # A Axxd 73

=, xﬂﬂo}ﬂ v FAZE JoBE £RE 9 o}
F R g A =EuE SR (FA 0.22mm, SGEeE 269%: 1% 3, 1Y
4 Fx2)& PVAAZE FFAZ ewdolste] dteweo]rt 7 zte] dnht
o7t Hvg AES Ay =X of JERAEXAAS 7b7 e ojthate] ¢l
B R EAA(0%), 9 H0%EE  GA0%EE  GA0%EE [ GHH00%EESF G
S £R= HHZate] dukonigo)dt gW WEko gl stavh 2 HE2ate] 3
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oINS ST A 832 AH SFES 18(E=HEAA), 204, 202, 2.05,
2.03ppm(100% =228 Tk wgo])o]al #40-608-2 1.22(=REXHA), 1.74, 2.06,
177, 1.76ppm(100% =33 gatow o)) oz FrRExpAe] 7fagas & 2jol7)
AT TR E JHA weE FFREFRG S4ste] ool Agol=
4 Aolvt R gor ALk Aolvp FHE A9 ThAaFHI F Apol=
MATHGE 3238x) webA ofF of2 &9 &oA diE faduEasie] 29
of eHelolsle Tl FrE0 TpaF el A Fort HA] o= A
o g S AJE=F (Y 3, O9 4)9 FE2
A Ol et it 269% =M e 53 ol 7ol tial Al &

) o] HolJ] ARE FRE
A T Twol Ui

[o
2
Q
&
Ju
ol
o

ox (I

o

Ran
FH R Agass dehid
aA4E WEsHA HAT (™ 7 H=

Ay
N
o|
gl
o
F{

A lo ok

(e
of
2
R
juiisy
o
rlo

_54_



a9 7 AR MY o R AR $uEET o
EAA = FLR02mm, stk g
oWl 3 I5mm 77
Table33, Bt elolR=sh dakomelo] &-Fiber =9 HaA Frwsie}
A2 WAl we AagE s
N - MDF #7] =43 9y
CON | 30% | 50% | 70% | 100% | CON% | 30% | 50% | 70% 100%
O 1735 | 17.36 |17.34| 1707 | 1686 | 1707 | 1352 | 1356 | 1375 | 1351 13.24
3 1673 | 12770 | 1283 | 12.80 | 1357 | 1374 | 3% 4.02 388 3.87 4.05
6 1670 | 787 | 797 | 797 | 804 | 809 3.38 345 | 348 374 340
12 1659 | 600 | 623 | 630 | 637 | 636 2.59 2.6 264 241 2.39
24 1623 | 391 | 412 | 403 | 407 | 411 1.80 204 | 202 2.05 2.03
7K | #40-60 W2 EHE TR | #4060 B% H!i
CON | 30% | 50% | 70% |100% | 30% | 50% | 30% | 50% |&=Ael=
0 1735 | 967 | 950 | 952 | 966 | 936 929 | 1057 | 976 | 1062 | CON300,
3 1673 | 436 | 492 | 472 | 436 | 458 | 422 459 | 466 | 470 100+=
6 1670 | 346 | 396 | 382 | 367 | 34 3.53 366 | 377 378 |HAA S}
12 1659 | 242 | 264 | 247 | 274 | 293 | 268 287 | 279 2.70 T
24 1623 | 122 | 174 | 206 | 177 | 176 2.03 2.00 171 1.8
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2} gtoln] RE1dxr A2 dz A
)9l euElelste] #1037} #Zo] EvtolH] HEAbAel 22 Ves P Al
°

1-3-1el4 7]&gt =53] ¢k guiddtenels ¢ HIAlEAze] A4

T 9 4H& aE AT F JdE 20e s 29
ol Fate] AHAEE AAFIHEAS 4,
o T 5EEelY 20 RE 107-30] AAge 2o
AREAT B2 a7y A wet A5 A4 FAE 2t AT
g kel A, 27mmFA 9+ oA EHRE 10mmFA + oA g
15mm 7412 EdA4® s #40-6080] 162 + 13 kef/cr, o] 164 + 7.8
kgf/ori® £RE=C] =R wl- &4 3833, 19 10 Fx). £RE o] A}

=~
§3l AEv FMDF, PB, A4l 5 O¥d A5E A8 5 da xUAR AL
S5 fERe TuTrHdn 43RS AMgEe] @ o Agavs x9 F
21 Aoltl.

Table34. fr&&3te] 7144 44

i MOR (kgf/cm) MOE(kgf/cr)
RIS TR
Mean + SD DUN Mean + SD DUN
57 191 + 26 A 37362+2094 A
10+& 334 + 48 C 49098+5266 B
20713 275 £ 4 B 43523+2452 B
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Table 36. Tha-dEAATE £REQ] A MALE

T F DAL AT AE(%)*1 | A7 HAEE® | EAEE(W/mK )
£ 1 =#0-60% 90.21+6.14(a) 144.0(a)*2 0.53+0.06(a)
FRE F3HY 88.54+3.61(a) 23.4(b) 0.630.14(a)

= 89.82+0.01(a) 1.5(c) -

fl: A Ae] LEB0T, ZAA T I5m, A FA:05m
w2 W7o tE 44

o FAEFA
D) 7I5s4xRESY B7] AAE FA &%}

AdisEs g7 g we] Wsleles 3 25T+1TCY QUfwlolg] el Als
of Iz @] AAE dETE st AZRE 7|TAEEREESE 10x10x10ecme] A
242 ko] @75 Wi oje] Fey A 9 EHEE pEEnh 92t
b= T 11049} #Zo] o]Eo] AuA] gzl Folukse] "WrE {717
oAX|a AZo] FomA sHEAF oY £REC T HYolEREE AT
3do] AYAEA dixzTs 3ozt I7] AlFetder sHEE o3y &
FE w7kl F57F 80%-93%7H4 L. E2WA A= 37 eWEolERE Bkx
Z s wgol7t v AFeR e 6 A QW Eo]EhA] ¢S EH AR
FAEAJL wegbA] 7edEREe] BINMAE G a2 Tt diE e

Epstel.
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N o] WA A%
Aol e g Wello) g = Wello] %1 =

6.

s

AEH

1) Oh, Seung Won, Hirose T. and Okabe T.2000.Manufacturing characterristics of
woodceramics from thinned small long( I )(II). Mokchae Konhak 28(4):50-60

2) Park, SB. and Kwon, S.D., New use of bamboo (II)-Development of
carbonizing furnace and carboizing schedule for bamboo, Forest Science
Technical Report 59:17-24(1998)¢] (1),(IV)

3 ARY, FHF199. 235 - EEET SAAHALS o8t e HgEk-
Lxoo] a3kl A el g3t 9 A8t A7t S AAATd AR
4) oS, AW, 2002. HAAIA wshEe] APt HA188130(1):34-39

5 o|ss, Aol 2003, FATHeE Axd SE-EAMFEEARY oHarts
T2 AT A& e A 14(0): 1-10

6) o3k, 7¥ke]. 2003. FESATE|FRERE AlZ2H Clay-Woodceramics2] A 2.
EA158k 31(5) 80-87
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Al 32 39A Ay 23

1.5 2 =5y

7} As

1) FAE

weke 740 XA 251 A o] Abe]l H - (Quercus variabilis BL)E Y& 2 A}
Stk Weks Ealske] #40760W A<t FF6HA olstE EA7IA AR Al
F Bk B4k & usy 2 vER T A #6712(7%), #12718(14%),

#18740(43%), #40760(23%), #607100(9%), #1000]18H4%) ZF100%]¢] F+ EFE AH-

DAL el 7P Bol EuEs oA ws ARgsidlen ©ele] A=
6718+ =3

) ESAHEAR
—EF-J %] (Printed  thin paper, F70.04mm, % #40g/m)¢} F2¥(Non woven
fabric, 7710.12mm, &=839.3%)< A&-3Fth

4) B2
MEZEAA PAARA  FPUAARRAPVA RS R, BN
4299)8} °|2:Alohlo EAMDE Y AE] o) Alohilo] =, BHME 10099)54F &3
shel A AT,

U Ay

1) £RE=9 Ax

FHE9 AXe= PVAS MDIFAE 4593 €339 45 PVAISY%,
MDI5%, 4336%, #4060 7% PVAI5%, MDI5%, i 50%% dto] A=
170C, 3eAGY=AER 30-10-30kgf/cn(15-13%30%-6%) S 2-&3ko] Azt th
7y A9 bR F7)= 7FE20emx Al Z20emx A lem ] A7) 2 A Z5HA

2) ERES] = - 7IARAEE 2=AE

FHE9o 5 7AA AEE KS F 31041997)00 eJAste] =% 36‘]- no A7|HE
=+ 601 MultiMeter(QTM-500, #]ZAFHongChang)S AF&-3te] A3ty 44
=82  Quick Thermal Conductivity Meter(QTM-500, #AZARKYOTO
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ELECTRONICS)E AR&-3lo] =A3l3ich

3) £RE9] NHANACH) FHF 54
NHAM7F(CH) F232 Gas chromatatograph(DC-14B, #|ZAESHIMADZU) S

Ahg3te] Zssnh

4) R0 NS

LA MAIALE 248 FT-IRS AHEske] A&ttt
5 EAAE

SAAE = 979 24 (Duncan’s new multiple range test) &2 415141

2. BAREANAET AiAte] AXAE A

7 RHQAEA ool FRE A

EARAAE SRE AxE A% £o FUE 9 FHUT UES A8
gom TEARAAR/ISYREY £RE B R 002

10-2003-0048137)2] W ulg} A|zshr] 41 g3 £ =
1

Zate] FHEGS Qe wdAE 1 9ol | exjgo]
stk <lafl® FyergA](Pattern Thin Paper)®= H#o| 35g/m’, Fo|FA+=
0.04mmATth H&AA = ZElu|d 2R E(PVA, B3 uH4200) 02 EX ke
160g/m' .2 7FE% 130T, 7F43 10Kg/er, S 17 2802 Azt & 37
oA B npe} o] WEtR = Zpx|ETh QLA R e Holdh wigtR =0 A

Bup o "ol ot Ad2ollA 90%0lde] MAMES Bl A9 AedE §

= & vk A emjelo] R =] dAbu Au aabs #399F 2
Aol= 1 Qholl ERETE Qlow AxuE AfHste] Az Fo
golg 3 ERE ARt Yom FujZo]l s A &
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912, 71 ARdEd
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Table37. eHolol we =r=9 27714 44

gt | | eman | 25| 955 | e | we |Gl T
o | 00| 1o | WA (| e | e
A W=7 | 068 | 231 0 N2 | M5 | B8 | 1146
ppt |5 AR | 0w | 296 0 24 | 3117 | 360 | 1754
FOurdA | 069 | 386 0 B4 | 1060 | 431 59
A ERREIRE Az
OUTEEEEEPES
< #6712(79%), #12718(14%), #18740(43%), #40760(23%), #607100(9%),
#100°]31(4%) >
QA=A M=
P15%, Mb%,  MC36%(P:PVC-E&H]dx4=2],  M:MDIDipenylmethane
diisocyanate A, MC:HESH8)
@3EAE LA
[FP=-170TC, 3THADJ2=AE 30-10-30kgf/cnr(1-1730%-15)]
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AR

Table38. 2ol =H =29 49

40C 50C
z= HALS WAL-S
" PO e aoowsm | ETE L sarend [ aoow/m)
%) (%)
£H=(EFE) gz 0.932 3.76 0.929 4.31
SHo] HAZIAA | 0911 367 - -
FRE Fyukd ] 0.902 364 - -
AR = 0.930 375 0.926 4.30
ENEES 0.907 3.66 0.902 4.19
A 0.906 3.65 0.903 4.19
T EREEMEREE Ax2Ae H13 FY
Table39. eulele] E£R=29] Ax}a} 2} Z 3}
o . ( ) Shielding Shielding
<5 requenc I\/IHZ
" e Y Effectiveness(dB) Effectiveness(%6)
WER = 593 10-1,000 17-37 98.00-99.98
ouked A o H o] LR E 10-1,000 17-37 98.00-99.93
# A& 87 2442°C, 43+5% RH,
«A A ASTM D4935-89
Tabled0. eHdlo] R E=9] o HAtA F27]5
A | PET I RIESEE FEuA | FAEEYA
v H1-8-7] Z=(eh LMEHR =Y | ool £HE | 2HEe] £HE
0 1783 175 17.90 1775 17.45
3 1750 1026 772 7.43 733
6 17.40 6.47 559 5.12 548
12 17.22 556 433 345 382
24 17.07 329 2.24 285 2.73
12487199 o "7k~ blank FEW3}E ppmTH]
2 28700 %R E(A7)5emx6emx0.36cmE st FHo Ry shav) F3b
HEE slo] Al7le] wE §7]9] o Hulrkae] [E WL ppmys. SAHS
7t Ao Aol we 7tAE FH3 AY
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Figl4. Siding?] Model
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1.23
0.82

100%

20%
8.89
1.48
0.99
1.23
0.83

10%
10.98
1.88
1.54
1.25
118

5%
11.26
269
210
191
110

Ystar xHo =Rt 7havt

o F TR A (%)

@7}~ blank % ¥3} ppmeHS)

HE=(=7], 5cm *x 5cm % lem)

25%'!
10.87
2.77
1.78
1.44
0.94
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PR FFAAAE AR AR 10006 wEE AT BUS AvE o
Epdc), wheb B3tz 7he] oSS ZElo|yal AlolgAl FnjAlo
Ful(50)E S| weke] A9 1/19,

ARV FIANDE 93, )Y TR
Aol A 1/30 $EoR haEEt |

o
ins
—
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X
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o
o,
N
9
i
X
g
%
ki
)
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o
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- ofy
%0,
v

3 e iy S SIE ST

" Al

A7 palied] ;

(hr) (hz=T) | 25% 5% | 10% | 20% | 100% | 2.5% 5% 10% | 20% | 100%

15947 | 15447 | 1575 | 1588 | 1553 | 1548 | 1209 | 1150 | 1034 | 971 3.4
15.27 2.67 333 | 257 | 144 | 145 | 349 2.63 1.26 0.87 0.60
6 15.25 1.56 163 | 142 | 1.37 | 1.32 | 140 1.09 0.80 0.74 0.69
12 15.31 1.30 113 | 124 | 1.03 | 121 | 0.75 0.73 0.71 0.73 0.62

24 15.05 0.80 078 | 081 | 079 | 080 | 050 0.56 0.50 0.52 0.51

Aaael tigt s7Fde=T2e A HlE(%)

4 AEY B - AAE AR 2}

7). 22 - AA A
7} ol 4] o]m] o] A4t
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Figl6. Preservation Life experiment in incubator

Figl7. Ethylene gas adsorption by white charcoal board according to the charcoal
board type and overlay material (Etylene gas amount, ppm)
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o 0
Ohr 3hr éhr 12hr 24hr
—e—con —&— paper white charcoal

——MIX type Non —*%—MIX type NWF —e— MIX type PTP
—+— #40-60 Non —=—#40-60 NWF ~ —=— #40-60 PTP

* Con © Remaining amount of ethylene gas in empty adsorption bottle
* MIX :  white charcoal board made of 6 200mesh particle,

* #40-60 : white charcoal board made of 40760mesh particle

* Non : Non overlaid white charcoal board,

* NWF @ Non woven fabric, * PTP : Printed thin paper

Figl® Freshness maintenance of strawberry

stage Ending

typ Beginning Middle (covered with
grayfungi)
b -
% after after
E 2 days 5 days
R
5 after after
C 2 days 5 days
Mixed
type of after after
WCB 4 days 6 days
(MWCB)
NWF
overlai after after
4 days 6 days
(MWCB)
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PTP
overlai after after
4 days 6 days

(MWCB)

#fgg 6(?f after after
WCB 4 days 6 days
NWF

overlai after after

#40-60 4 days 6 days
WCB
PTP

OV%ﬂal after after

#40-60 4 days 6 days
WCB

* Mixed type of WCB : white charcoal board made of mixed particle
( 6 200mesh)
#* #40-60 type of WCB : white charcoal board made of 40 60mesh particle

Table43. Decreasing ratio of weight and brix of strawberry

White Charcoal Board

Original | PAPER | PVC | congrol | NWF PTP control NWE PTP
#40-60 | #40-60 | #40-60 |(MWCB) | (MWCB) | (MWCB)

Decreasing ratio of weight (%)

after B

3 days 2323 | 3825 | 1256 | 1241 | 1124 | 1225 | 134 | 1421

after B

6 days 5071 | 6993 | 5572 | 4612 | 5191 | 5303 | 6292 | 49.38
Brix of strawberry (%)

6days | 96 | 62 | 74| 64 | 64 | 68 | 68 | 65 6.0

# Original : Original strawberry at the starting point,
* NWF @ Non woven fabric

* PTP : Printed thin paper

* MWCB: Mixed type of WCB
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gl 574 - A= Sgin
E3 A R o] Fel 3Rt A&ste] AR dAoltt. M FAFAANE
ARl WAste] AL FANAG A v 20w FARGARRA FAFS
w5 oskth elal FAVIs s SAE 9 vtk v EER 10720ppme] EE
o] oA TpAE Fofste] FAVS HESILE 185/ 4y uHT ¥
2 7hne] wkelM Wk SASSleHE FHEAIE Aol glo] Alfstel $3t
FA7VeE frAeka ik mebA Ha 1d Hdl 3d7pA 9] Ay Aske ok A
FAEE T e Zlold A HEAN e v 4 FAYe S AR
ahar gl

Tabledd. MetR =9] o Z 7t F2HF7

CONTROL 522 (Non 14 A (Printed
MDI™ woven fabric)™ thin paper)™

7+3 Azt LI CON 1% 2% MDI

15 0 11.25 12.12 12.45 12.69 12.23
03.12.2

3 24 10.62 1.84 1.59 1.79 1.33

E&-&(%) - 84.81 87.23 85.86 89.13

2F 0 18.39 14.87 16.69 16.62 17.68

12.30 24 18.36 293 2.59 2.83 2.13

E2-&(%) - 80.30 84.48 83.00 87.95

3F 0 16.81 16.23 15.30 14.32 16.62

04.1.06 24 165 241 2.25 240 2.49

E&-&(%) - 85.18 85.33 83.28 85.05

45 0 16.39 16.79 16.18 16.8 16.33

1.13 24 1555 2.65 2.30 2.34 2.49

E&-&(%) - 84.22 85.78 86.07 84.75

5% 0 15.09 14.83 13.92 13.97 14.09

1.19 24 15.68 2.79 2.34 2.87 2.38

EZ-&(%) - 81.18 79.60 79.45 83.11
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65 0 15.40 1464 1394 1438 1515
1.27 24 1538 255 2.29 258 278
F2&(%) - 82.58 83.61 82.05 81.65
= 0 1564 15.13 1467 1497 1475
2.03 24 1556 2.77 251 272 243
EF3e(%) - 81.69 82.89 81.83 83.53
8F 0 14.87 14.75 14.96 1464 14.87
2.10 24 13.88 2.76 2.46 2.46 2.09
F34(%) - 81.29 83.56 83.20 85.94
95 0 14.81 1457 14.99 1426 14.86
2.17 24 14.42 2.14 2.33 257 2.20
F2&(%) - 85.31 84.46 81.98 85.20
105 0 15.30 14.40 15.36 1518 14.74
2.24 24 14.29 2.81 2.35 2.43 2.16
F3E(%) - 80.49 84.73 83.99 85.35
145 0 15.32 15.14 14.24 15.36 1551
3.09 24 1515 2.37 1.55 1.49 1.25
F34(%) - 84.34 89.12 90.33 91.97
18F 0 1594 1567 15.83 16.06 1495
4.08 24 15.05 1.69 1.77 1.49 1.32
F3&(%) - 89.22 83.82 90.75 91.17

R F AR (FH 30g/m, T 0.12mm, F5E 39.3%)

Figlo, SMzlo] Aele wetnre] 47|z whi o dell 7h

ool

52 A9

—o—H| 28|20} =F

70 |- 2xmeuao1a

Azdgol-2%

o
o
4o

62 gt X| 26 gl 0]

_78_



5.

ﬂ¥$

A

1) Oh, Seung Won, Hirose T. and Okabe T.2000.Manufacturing characterristics of
woodceramics from thinned small long( I )(II). Mokchae Konhak 28(4):50-60

2) Park, SB, and Kwon, SD. New use of bamboo (I)-Development of
carbonizing furnace and carboizing schedule for bamboo, Forest Science
Technical Report 59:17-24(1998)¢] (1),(IV)

3 ARY, FHF199. 235 - EFET SAAHALS o8t rhed Rk
Exdo] FSAkloA e A83t 9 At A ShereE AAATY AT EAL
4) o] &%, AWE. 2002. FEAA wsl=o FdAsta I 525830(1):34-39

5 olatg, Ae]. 2003, FATHORE AXd Ee-EANFEGA T o AAsts
FAE Y IS FAEY 7EE A 14(0): 1-10

6) ©o|3}3, 7#9). 2003. AEEAFAEZFHER AZH Clay-Woodceramicse] A 2.
EA158k 31(5) 80-87
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A 2% 2M FatA|

A1 1dx 738 25

Hy

FRA AAAZ

7h 28R 459 A4

% FWAUAE Az A FAFSE YRS 050S AHESHl B 20
glem’el AAE AzsTh o) W ASE S b £ BT £, B ©

Aol 9] H7FEFS AUAFAT 0%, 30%, 50%, 80% = 3FSTh.

£ 100 mesh =23do 2 AE AF} 200mesh ¢ 400 mesh 2FHOZE AE A&
< ARESHAtE 400 mesh =AY T3 22 T2 IHFEORE ARESR oM, 100
mesh ¢ 200 mesh SIES JH Lo 2 ALgelodTt o|5L 1 =7]d uje} oe
A7k F2Eol Wol7h Ad Ao s AdEAT =& WHst] ARgshes Af =
o] BFgo] =4 %3t wire side 9 top side ol EFge] Aol7k A7A ek
o] S o7l fal Fol&Ad PAM GEAFF 600%H S ARESHSTE o] Eoit
A= Hde AS gAgEn. d2AE 77 98l o A#F5S tske] Multiply
YAE e T AT o]&59] ddEavta 3 SAE Wolrt A4 Ao= et
A ol 59 EH5S I 194 Holal k.

o

% 80% 4]

d

2 =y 97 % Multiply 917

a3 1. AzRE JdREe F5
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U 52 Y

£S5 H7le Folot £& HubsHA &S YA FH HFho wE FE 52 A
T2 AFsigrt AFe AEAAA(VS-91G 09M-1300)2 AHgsle] 201C 30%, 2
0T 50%, 20T 80% 37FA] Z7ol] Fol& 19 X3 5 TAES A3ty =43
% Zol9 4§ datax ol TEI Pk

Al =5 20T, F% 40%9] 45 Gz, @4 245 25 80% £ %)

AERZA A% | A% | FE |FF&(%)| ave. (%)
4R 1 0.87 0.83 0.04 497 5.37
4= 2 0.88 0.83 0.05 5.76
AUyF£ 1 0.92 0.90 0.03 2.90 3.14
FyF£ 2 0.89 0.86 0.03 3.37
A 1 0.89 0.85 0.03 3.63 3.85
S 2 0.90 0.86 0.04 4.07
BAAF 1 0.87 0.84 0.03 3.34 3.08
gAdH 2 0.84 0.82 0.02 2.82

—n
]
X
Hy
i
&

F2. 2% 20T, 5% 60%9 41 G, 248, 247 &

AEAZA BAF | A2F | T8 |FTE(%)]| ave. (%)
9= 1 0.89 0.83 0.07 8.36 10.60
4= 2 0.94 0.83 0.11 12.85
AUyF£ 1 0.98 0.90 0.08 9.25 9.28
FyFs 2 0.94 0.86 0.08 9.30
g 1 1.06 0.85 0.21 24.24 23.86
A& 2 1.06 0.86 0.20 23.49
g2 F 1 1.17 0.84 0.33 39.45 39.49
gadF 2 1.14 0.82 0.32 39.53
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3 2% 0T, % 80%9 A¢ iz, &4 A7 BF 0% £ 3
T3

2 E A A Az F +&(%) | ave.(%)
WA E
24X 1 1.14 0.83 0.32 38.18 34.52
44 2 1.09 0.83 0.26 30.85
7¥I+T¢ 1.05 0.90 0.16 17.28 15.44
FIdtFs 0.98 0.86 0.12 13.60
g4 1 1.16 0.85 0.31 35.95 33.32
g4 2 1.12 0.86 0.26 30.70
B2 H 1 1.21 0.84 0.37 44.34 49.34
B2 F 2 1.26 0.82 0.44 54.35

9l E5lA B 409 2AME =8 AR Folo] Fardol £& WUk ¢
Folo] g Hr} v FAT Ugor} 600 2ANNE B £8 xﬂﬂ?‘&
A7bek Folo] Fego] 2v) ol 1S e U F

& A9NF P e Fagol M AE
[e)
5

fru
Hir

e,
rE
rio
N,
lo
g(_,

}

O
2
S’i
o
\
é
o

[

VLl
1 o}
=
i
i
-n
My
tlo

31_1‘
N
N
&
rio
N,
rlr
—_
ol
=
X

U
_‘_TL

Homz :
299 78 %LMHO a}omx-z— %Haﬂa el Oké}u}. AR 80%
o)

o

o

h=
R A= u;}a}/ﬂ urT Fo —’,:‘:'01] o w7t &GS e el
Fob 4491 e A8t

LA 60%°] tiubr =& H7kste]l AARE =241, dAel 0%, 30%, 50%, 80%2]
sy @ 2 gadaE AUbste] AR 2AE ARSsklen, C"d
7k F2HE7] (1000 ml) o 9AE 9 od@llzkas FAPIR FYste], A7kl
o clfl7Ese] sEREE SAS HAV bR Fae EHVls v S
4710k~ AzrvtE Jgx DC-14B)E AHSsisith oldalrtag A 8rE 19 2

oA Bolir gl
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S o 5 3 Wy TS o = =
7h AR ARG F2A] 4gs AEAMFE &7 @il dEst o FAIE o]
=] o) ___ Z 0] & = vE__ =]
g3o] ol Falsles o 10 ppm® FABTE FAIE olgao] £7] U] ks W)
CE =S 0] & o 5= = o = A
of ¥EE 24 olgaArbs 7 T ot ESo] F 0hg 7haE W) of
A o = o) = =
o B2 wls dEd7t=e] ppme 7] FUE 7F29] ppmloZ RS AIE
o L= = 155 T2 =3
A2 wjd 7F2e] FEE VM FESATV] ¥ sEE SAS
49 A7
_ = w4
ARANE T4 o JERNAT
sample 0 1 2 3 4 5 6 7 18 20 22 24
sample 8l =% 10 9.523 | 9.442 | 9.437 | 9.368 | 9.366 | 9.411 | 9.401 | 9.388 | 9.437 | 9.441 | 9.127
% 0%(control) 10 9.093 | 9.023 | 9.018 | 8.653 | 8.535 | 8.420 | 8.440 | 8.259 | 8.229 | 8.321 | 8.300
U 60% 10 6.929 | 7.022 | 6.327 | 6.470 | 5.830 | 5.693 | 5.554 | 5.393 | 4.493 | 4.794 | 4.144
0ak 30% 10 5.699 | 5.341 | 4.816 | 4.389 | 4.940 | 4.987 | 4.924 | 5.055 | 4.808 | 4.855 | 4.355
0ak 50% 10 4272 | 3572 | 3.924 | 3.547 | 3.278 | 3.296 | 3.526 | 3.407 | 2.911 | 3.243 | 3.334
0ak 80% 10 3.773 | 3.517 | 3.281 | 2.766 | 2.951 | 2.950 | 2.947 | 3.121 | 2.847 | 2.976 | 2.935
oak 30% (m) 10 6.390 | 6.508 | 6.2901 | 5.519 | 5.399 | 4.557 | 4.930 | 4.827 | 4.252 | 4.733 | 4.044
oak 50% (m) 10 5.869 | 5557 | 4.766 | 4.490 | 4.281 | 4.315 | 4.231 | 4.316 | 4.318 | 3.986 | 3.289
oak 80% (m) 10 3.724 | 3.790 | 2.464 | 3.146 | 2.667 | 2.571 | 2.645 | 2.626 | 2.610 | 2.580 | 1.803
oak 200mesh 30%| 10 5122 | 4.531 | 4.443 | 4151 | 4.104 | 4.013 | 3.737 | 3.822 | 3.818 | 3.199 | 1.860
oak 200mesh 50%| 10 3.846 | 3.542 | 3.250 | 3.137 | 2.667 | 2.645 | 2.758 | 3.138 | 2.595 | 2.296 | 1.866
oak 200mesh 80%| 10 2.448 | 2.164 | 2.233 | 2.102 | 1.828 | 1.906 | 1.907 | 2.115 | 1.740 | 1.983 | 2.081
oak ZE 60% 10 7.036 | 7.124 | 7.060 | 7.054 | 6.651 | 6.910 | 6.528 | 6.344 | 5.765 | 5.664 | 5.750
oak ZE 80% 10 8.818 | 8.108 | 7.744 | 7.534 | 7.474 | 6.403 | 6.515 | 6.705 | 5.871 | 5.355 | 4.376
ac 30% 10 4580 | 4.944 | 4600 | 3.658 | 4.012 | 3.873 | 4.209 | 4.290 | 3.981 | 4.190 | 3.225
ac 80% 10 2988 | 2.741 | 3.095 | 3.039 | 2.743 | 2.710 | 2.170 | 2.774 | 2.287 | 2.471 | 2.552
ac 30% (m) 10 5.221 | 5.401 | 4.653 | 4.680 | 4.619 | 4.903 | 4.983 | 5.450 | 5.117 | 5.556 | 5.252
ac 80% (m) 10 3.130 | 3.058 | 3.100 | 2.237 | 2.848 | 2.843 | 2.808 | 2.775 | 2.893 | 3.028 | 2.964
acf 80% 10 4.438 | 3.788 | 3.969 | 3.377 | 3.778 | 3.774 | 3.932 | 3.976 | 3.855 | 3.628 | 3.527
_ & 2t o -
¥ 4. A7 dgdrts —g’ib‘i (&4 ppm. =7 10 ppm).
I A~. = I >~ = I A~ :
o - oivHrss - 5 oak (m) - S multiply

oak 200mesh - %]'Ur—‘:%-;% 200 mesh S3&
oak ¥ - ZUHF £ 400 mesh FHEO02 FH
ac - GAJE; acf - ©aAdH

’
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[e) = O =0 A=} 5 T E
& IHES ol 77 A% g xEoltt
control-tH 44 2 60%
14 r
12 r
E 10t
8
o 8r
Ho
g6
N —eo—sample & ¥
z L
il 4 control (£ 0%)
S 2 |—m—OL2 60%
0 . . . . . . . . . . )
0 1 2 3 4 5 6 7 18 20 22 24
RZEUPN
\=RE N o
a9 3 i =9 A¢
oak B mME EHH == —e—sample R ¥
—®—control(£ 0%)
14 —&—oak 30%
10 | —l—oak 50%
——oak 80%
E 10 T N
8 —o
8 ol
i
A4 67
2 |
B¢
s 5|
0 1 2 3 4 5 6 7 18 20 22 24
4 oAl 2t
= (=N o
a9 4 e 4
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oak 200mesh

el 5T

—e—sample = ¥
—m—control (£ 0%)
—e—oak 200mesh 30%

14
oak 200mesh 50%
12 —®—oak 200mesh 80%
E 10 .
a - =
H o8y
Ho
g 67
2 o4t
]|
5,0
0 . . . . . . . . . ,
0 1 2 3 4 5 6 7 18 20 22 24
4 oAl 2t
= >~ = o
29 5. % 200 mesh S22 A5
oak multy ol 2@l &&= 35 #—sample ®1 £ ¥
—m—control(£ 0%)
14 - —®—o0ak 30% (M)
—+—o0ak 50% (M)
12 —A—o0ak 80% (M)
E 10
Q
o8
& L
Ho
g 67
2 o4t
I
s 5|
0 1 2 3 4 5 6 7 18 20 22 24
4 3hA 2t
> = = : =00 o
a9 6. FFE 9AE multiply 2 HEAS F$-
oak coating €& sX= W3
14 r
12 r
E 10
Q
s o
H
Ho
6 L
jD-l —e—sample $le ¥
%ﬂ 4 r —®—control (£ 0%)
T o | —4&—oak coating 60%
0 ‘ —>—oak coating 80% ) ) ) ) ) )
0 2 3 4 5 6 7 18 20 22 24
4 Ih Al 2t
=) o T = o
a8 7. FUFES 400 meshZ SHAA YA xHIAEHSE 49
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oak HIteAof

=
e

—e—sample
—®—control (£ 0%)
—&—oak 80%

e Y S5E WA

14 ¢
—@—o0ak 80% (M)
_ 2y —m—oak 200mesh 80%
§ 10| | —¢—oak coating 80%
8 e
H 8
Ho
R
ol L
o
=) o I
0
1 2 3 4 5 6 7 18 20 22 24
Z A ZH
DL 220 2] L3 5
Iy 8 U =& HUFs el whE odwl A%

o

[
HA T° tCH;

= u §—®—sample

—m—control (£ 0%)

E 14
a
12 i
2 10 | m Active carbon
B T——a————p—  30%
Jd 6 Active carbon
= 80%
= 2
o 2
T 0
0 1 2 3 4 5 6 7 18 20 22 24
2 34| 2
a8 9. R 4
Active carbon multy 28 sz ® s}
4 —e—sample 8lc H
—®—control (£ 0%)
12 + Active carbon 30% (M)
T 10+ —=—Active carbon 80% (M)
s < * - S —
H 8&r
Ho
g 67
2 |
ﬁl 4
s 5|
1 2 3 4 5 6 7 18 20 22 24
A A2
1% 100 @R 9AE multiply® W A5
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Active carbon fiber dig @ == ¥ 3}
14 —&—sample = #
—®—control (£ 0%)
12 1 —X— Active carbon fiber 80%
§ 10+
2
i L
Ho 8
1 6t
i
w4
5 5|
0
0 1 2 3 4 5 6 7 18 20 22 24
ZapAl 2t
a9 11 BRAFE HURE B¢
£ SFYU(B0%HIIA) YA s | sample @iE
control (£ 0%)
14 —m— L2 60%
—¥—o0ak 80%
_1er —m— oak 200mesh 80%
E10F B—g o o -~ o o oak coating 80%
ﬁ‘ 3 < = V/ M M M M —aA— Active carbon 80%
Ho 81 Active carbon fiber 80%
o6t
=
W4T
T o L
0 1 2 3 4 5 6 7 18 20 22 24
Z oAzt
a9 12 % FF9 oddsks B3 wg
% 4elA Fhree] A 19 39 vy R 953 FREAE Holal 9l
Ak 29 5014 200 mesh > 1% 49] 100 mesh &3 s Bo ¢
3 FHENE wolw AN S 17 6ol BUEE XS multiply = AZ
gk Ag old@lzize] FAkel Wshrl 24 dktk o224 =5 AREE dAE
middleply 2 AH&3h= A9~ olddll F2s# o] Aagle] IE AT F USS
Utk
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400 mesh 3 FHE £S5
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Aol

1
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S L
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1§35t WAel el Auht FEBEo] wa

[e]

=, 2= O
s

=
=

oF ol

I
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9 110] ol gth
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o o
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el

shFo 2 ’0%

=

oA ThE o] AS 50%

gt g FHAE 22

)
&

Lo X otk whEA

R

3

0

3]
pud

Al =3 multiply

93

=
=

el

Jo

_EH

Iy

oV W jm
T
QI o
P oz T
B ol g
T
5 OF o
R
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T A =0
ook 4
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o
R Yo d,lA
wo%
M _EH_ e}
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1
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2 2 = .
g/em’ & dE AREL 20g/cm” o FEAFET 0.2 point A% wrh 2 A
To AFgE DX = FAAGFIL 40 o824 EFdioly YA &3ttt B A3
AgE AA 5] FLAFE B o 218 13 o YEI.
sample o d 2T (kgf/cm 2) = it A X
= 0% 3.20 3.30 3.30 3.27 4.000
Oak
30% 1.40 1.40 1.40 1.40 1.760
Oak
50% 0.90 0.90 0.90 0.90 1.080
Oak
80% 0.00 0.00 0.00 0.00 0.000
Oak
30% M 3.50 3.40 3.50 3.47 2.450
Oak
50% M 3.20 3.20 3.20 3.20 2.250
Oak
80% M 2.50 2.40 2.60 2.50 1.760
AC
30% 1.00 1.10 1.00 1.03 1.270
Ac 0.00 0.00 0.00 0.00 0.000
80% . . . . .
AC
30% M 3.10 3.20 3.30 3.20 2.250
Ac 1.90 1.90 1.90 1.90 1.370
80% M | ) i i i
Oak 200mesh 60% 0.30 0.40 0.50 0.40 0.490
Oak 200mesh 80% 0.00 0.00 0.00 0.00 0.000
Oak Coating
60% 4.50 4.90 4.80 4.73 4.610
Oak Coating
80% 4.70 4.90 4.80 4.80 4.700
&5 = AHE AAEe] FEAT
5.000
4.000
3.000
2.000
1.000
0.000 : : : :
% 0% Oak Oak Oak Oak Oak Oak
30% 50% 80% 30% M 50% M 80% M
Oak-&Z 4 F %, m - multiply
a9 13 T = 4R oAl




e AxE

T

& SaAG7k 2 BelAek Hue Fbrge
A5 5 sk 506 Ak A
5

J9a7ts FAEeo] 8% W7t 9K F

m\n rlo
1o,
2 m

=)

goll AA HEoAA d5S = o GFar 28 4 9 19 5), 30% - 50%
7b A5 CER7EA —T%i-'%xli AREEE He & Sl SRAINE 1™ 149
AF AT 28 AAFE =itk S e H7hE dEe] = 9A
o] FIAEE EoFUT

4.800

4.600

4.400

4.200

4.000

3.800

3.600

£ 0% Oak Coating Oak Coating
60% 80%

Oak coating - & 4t 2 £ 3 g

v 2317 A9 AZIAY 3 - wAY

Z719 U £& 7R Fols 8 AU @2 FolHd AR7E 224
Qrot P £3) active carbon, active carbon fiberE #H71sh Fol= HFI}H
itk 2 AgoE Zo] 10cm F 1em9] AZES AMEsdon, WAE

Qarh. wAe] SAwALe thest 2ok

ot 82

1o
=

AAAY (Wem?) = 54 AFX@/AH (o] 2% 10cm’)
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£hol:Q/cm?
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=
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A 24 29a A7 A3
1 AEfA 44 HEA9
7 AERA AT Ash Aol Mol e

A QAo Aol e AEsdrt el de A

we zow oA itk wehd ogul Fhxe] §3

ol ie] Eguie] ol §FOEN FE AYNS S &t

tal Aol B2 4% $U4h} opildE £ Agol Tbs
KeR

=
4 &
AR 2| &H o2 H85lr]2 SFYTh

2]
{8

$ TAAE Az A T A BAE ASSQT WA, OCCARS
200mesh E3}5-9] £ (oak, MEHS 70:309] &2 Esle] HF 0g/m’e] YA=

A4 fEEE ol TR, 2UEA TR, 23PN TEAAE oL
o Az} Fhilole] AHARE AN AP A 4 A
7hzke] Aol Wo) 2s} 4Fo] AA 102 AL Ao WA
b 2e Aue] 21Ce] FLAelA Fyat AL Frisic
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@ 2% 9 4% A% ¥ AgA%

4% A3E 1Y 504 17 S BAjskel st 19 59 g 7S 4%

M Lol 279} 473 AAe] Fleld AFe] WakE wolw vk E 19
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w=x1 | 40054 | 43355 gg 18? g‘?'; 1;2 12'2 5‘31 —104| 98
w=xio | 30033 | 469.89 ];g ;j g?'g E; ]8'1 gg'g 102| 98
w=x13 | 42354 | 356.68 ﬂg fgg gg'f ]123 12'1 gg'g 104| 9.4
121l 87 623 118 | 185 | 52
Ex_
EFA [ 45976 | 385.96 123l 135 619 116 | 122 | saa] 02| °
_ 122 15.8] 578 121 | 14.4 | 49.7
w=xi5 | 41736 | 4253 o8 S e 104| 98
w2xie | 40753 | 473.93 1;’ 33 28'2 ﬂg fgf gg'g 102| 98
T | 416.8433] 424.2183] 121.00] 12.72] 61.47| 11817] 15.08] 51.43110.35 9.6
ExERf | 23.83] 4620 1.95] 5833] 1.93] 8.33] 296 1.64]0.12] 0.33
- 126203586 116 | 18.7 | 50.
O|Z=EHH_
=21 | 57322 | 428.08 8018 BT B 14| 10
_ 124 13.6] 562 119 | 202 | 49.3
NESINE
[=2i2 | 389.12 | 454.4 126 13,1 ol 120 YANE 10 9
_ 104 123]  56.6] 116 | 200 | 47.3
olEE-3 | 360, | - |
IS=H-3 | 36061 | 503.32 o8] 129 553 122 | 197 | ars] | 102
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NESSE
a4 | 48047 | 414.36 a2y 8 825 1 10 102
- 126] 192 57.6] 111 | 13.4 | 51.9
NESSUR
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BN 4.41 | 4157 . 10 ] 10
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3 121243 456 120 | 19.7 | 50.2
20 [N :
colzzmi| 416.92 | 380.39 2 of 8 T A 1 | 02
- 106] 224] 55 118 | 210 | 47.9
solzsio| 620 | 6| 10
solzzmio| 62043 | 39874 o B2 8 06 106
- 122 228] 534 116 | 21.3 | 501
solzag| 536 | - 2| e
FOIS=A-Y 53649 | 432.55 126] 23.4] 5531 116 | 21.4 | 50.9 1.2] 98
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- 121 221|536 117 | 17.7 | 42.7
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AR 2HDay) Ao FFLAE(%)
e ZzA 0 10 20 30 40 50 60
con(F-*12) 0 4,96 | 9.61 | 13.99 | 18.07 | 22.07 | 25.82
L2 0 481 | 9.39 | 13.82 | 17.82 | 21.72 | 25.41
O|SEMEX]| 0 465 | 9.21 | 13.43 | 17.37 | 21.20 | 24.87
£3EX| 0 453 | 911 | 13.31 | 17.12 | 21.03 | 24.61

F 2. AR mg Alamle] S AE(%), (2, AN 2% FE 50%)

A1 7HDay) 2 FFEAEE (%)
REES 0 10 | 20 30 40 50 | 60
con(FH ) 0 | 4.92 | 9.55 | 13.88 | 18.14 | 22.17 | 25.92
== 0 | 4.79 | 9.32 | 13.62 | 17.76 | 21.70 | 25.38
0
0

o] Z 2 Al 5% 4.64 | 9.04 | 13.24 | 17.26 | 21.05 | 24.66
£ 58X 4.63 | 9.03 | 13.22 | 17.23 | 21.03 | 24.61

F 3 AR7IRE whE o] SR AE(%), (4, AN 2% S 50%)
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AYzA FAA7 B AF | 37293 AAF(@)
o 7.2 67.1
T3 = 6.3 72
BN 6.6 62.0
o 6.5 69.7
Hg43 = 5.6 77.2
BN 5.9 77.7
2l 6.4 66.2
ZFod3 = 5.0 71.7
N 4.5 79.8
o 7.1 70.7
=38 43 = 5.8 74.8
N 8.2 70.6
¥4, 5 7 dAAY 2o Bt A ¢e) A5
Ho 1d MAE (g/MA)
76 .00
7400
7200
7000
68.00
66.00
64 .00
62.00
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oh, A4¥23

1) £329A9] Jq€d 7t~ FA

v} g ErlEe] ojdal shs AgADE

5 ¢ #6 o YERRAT

sample Oh 5h 10h 20h 30h
MEgls

o 18.705 | 17.779 | 17.537 | 17.309 | 17.537 | 17.309 | 17.309
2to[ L4 X| | 18.653 | 21.767 | 25.045 | 29.410 | 34.146 | 38.733 | 40.912
£FEIX| | 17.788 | 19.603 | 22.247 | 25.919 | 29.261 | 32.407 | 34.985
3 5 AIRHE whhte] od@llzks F7hE (3] ppme 271 °H8 ppm.

sample Oh 24h 48h 60h
ME =4 18.705 17.779 17.537 17.309
2H0| LA K| 17.852 27.502 33.652 38.957
£ TEX| 18.454 23.765 28.163 31.837

=1
o

- 111 -

AP e ErHES] o"/ZEA Sk (9] ppm. 271 °H8 ppm).



BELELES Ol E 8l Ot ASOHE

40
35

o5 | =—&—control
—#—liner

22 [ —————¢ | w3y

10

e &Z=I2(ppm)

%) 19 7 Ae) 2AcIA ) vhipe] o Ral 71

dEENESY NEHEFXSHEYE

45
40
35
30 -
25
20
15
10

=—®=—control
=ll=|iner
== 3 E X

Jt& (ppm)

t
t
}

e

0 24 48 60
& It Al 2H(h)

a9 20, 74 A2 2o WeErkEe] oEdl SUh

919 S 717 20 oA A AIRke] A3kl wheh uhvhbsh weErkEel A WAy
Hi " hae] S7bgel Ak TAQAR ALEHE deluAnr} £ag Aol
el Fhzaggel tha Aotk olAe WS Ae o] o] gaon kel of
Yalrbs WA ol FAAYE AL elvehe, ANERA ERAR ALge]

of Ageieta ek,

- 112 -



2) A A% 434

Ay 713 T ] AEEstE kSl os) 19 21 oA ¥ 26 7hA]

B,

uppte) e

5
T

]

NI
X0

F

a9 21, A

shpte] e

ko3
T

—

a9 220 A% 22

113 -



Hhche] A

__OT

—

b 40

~©O

23. A

TR

F vhvhtel A

9 24 A7 5

F vhvhtel A

% 25 A% 6

114 -



s9] agelA mel At AHY AFE/NE vhhiel $4 Agow A% 20F
A kel gEasl o S ek e, A9 49 TR Qe £
Mol whht Ewel wegel WS RS, HA 1 57 S7HAr. o]
o Wl % =Y vkt TguselaE A F %lf? B Wi el wol
WAgs) AARGom, AE SolgE wolx HEE fAsha At

Al
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o

A
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3) We EvtE A% 4¥ 43

WEEVE FIdA s

297 +1¢ +2¢ +3¢ +49 +5¢Y +6Y +79

09A] 094] 094] 09A] 094] 094] 094]

-1 0 0 0 8 2 2 4 4
g2 0 0 0 7 2 5 4 4
Yut-3 0 0 0 12 2 6 8 10
w4 0 0 0 12 7 6 7 3
guk-5 0 0 0 9 4 11 7 8
Bt 0 0 0 9.6 3.4 6 6 5.8
FARA 0 0 0 9.6 13 19 25 30.8
£3%9-1 0 0 0 7 1 3 4 4
£39-2 0 0 0 8 3 6 4 3
£5%9-3 0 0 0 10 3 4 4 3
£79-4 0 0 0 6 2 4 4 2
£3%9-5 0 0 0 4 3 4 4 2
Bt 0 0 0 7 2.4 4.2 4 2.8
AT 0 0 0 7 9.4 13.6 17.6 20.4

E7. A7 0] wE S ERE R
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A 14 1da A7 23

1L A&

tol Wakr]

S

3
Z3 8 E(Formed Concrete) AEE

=77 AyE AT
A Ee] dddaE A ET o

A7) 1A

[e) == Y =
S FE3] W

44

1

I3
“

Al

o
4K

A7ggE § ofell tig 7]

3L
s

¥4 &3] (Flyash), 7]

=

)

2333

al o
=

7. Ags g A
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T

=R

#ol] &-gFo] o] Ak shne} o] ZH| o

o
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I TEes W=
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)

£ S0, ALOs; 2 FexOs
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@O 1z A E3|(Class C)

(Si0 + ALOs + FexOg) > 50%%1 HAAM eS| 2 Zeh = o} eto] Aalo] A4
He vARAY] Fear R Holdlen M9, A3], BAa % GA, C
S sk A3 (cementitious property)S 7HAW EEE &AJur-e-S Fhr)

@ Az #Ae3](Class F)

(SiO; + AlOs + FexOs) > 70%%] 78 B FAeke] dAiA] AR = HA e

= A9, A%, A% 5& o AR KRR o] gov xEY

2
ol
lo
o,
S

i)

gud

FAurge w

& ErES)

ERemeE

Cinder

OH =+

(29 1] A4 e3]e] At

o g3 432

8= AEA F¥ fAtelH, MEdH ] g8

U947 g R Sel weh thkshl vtk @ S A0 150
S1) WekAIel kel HMAEEIS Aol o) FAFE WHle] Skl weh e
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st AdelFE A Wyt gich

HANE3] T 7 SO AME 3] A= FAksEa(Ca(OH)L) I -2
o MA3 stetete] =84l HAHE EEE(Ca0 - SiO; - nH0)S AEAIA &

HA g3l e Abstviavlae FAYEWAA wEgste] akstulvlEe] A
o] ZAZES WS oplstER ol WAEY] flsto] it Tl =
I HiEE %08k Aldstal vk

ZAFE] WS rAS) e AHME RE] s s Wkl T4
WS doA FAE F4h9 dQleo] HEw KS L 54040l = 22 (NaO=A)
S Ho 15%= grAletal ok
(& 1] = sddad Axg3]e] 4

e

(29 & %)
=
Si02 | AOs | FexOs | MgO | CaO | SOs; | NaxO | &2 | Igloss
EIES e

H 63.55 285 420 0.76 1.20 - 1.47 0.14 7.1
a5 52.16 | 29.15 | 9.62 0.85 0.14 | 013 | 395 | 0.14 17.98
o & 4951 | 2778 | 4.36 0.83 035 | 028 | 409 | 0.07 10.38

s 4696 | 3154 | 822 1.62 7.09 - 0.89 - -
£ 4 59.02 | 2936 | 7.14 042 026 | 020 | 414 | 0.04 17.66
SIS 61.82 | 24.02 5.02 1.08 052 | 052 | 064 | 0.14 5.69
A M Z 67.77 | 24.49 | 5.10 123 | 2.15 - 0.45 - 10.30

* FAHEAL 7]sdTd - SAYEESARAM G A3 o] St A, 1989, 4.
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7t ARALE
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F a2 E(Gas concrete), ollo]Z= 8] E(Aerated concrete) @t &b, 7| EA S A}

f3lth= Ho|A EF A2 E(Foamed concrete)#falx: 3ol

U 5

NEZAYEE 7O AF WA uet FEZAP E(Foamed concrete) ¢} 7HAZA8E
(Gas concrete) = Wylojx|=t], 7329 Azt =Y oAl wel o3 2ol &
FE T

1) &332 E(Foamed concrete)

FZAg|E(Foamed Concrete)= o} w=4] g2 ZAYES Seig|d 7|ZAY &
24 AEg g s dojxl V|xE FATE Fol EFANTIE WHoR A

ZH 3 Qo A7|E vyl E3H7]F Hpalo

Hl
M
S
]
>
X9,
O
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M 2 32| E(pre-foaming foam concrete)
g TjoA HERZ QHE J|ZE &3zt
k<1 =13=;}

Jlz=38|E Zz32lE T .
( " g ©) o EI7| Z 2 F2| E(mix foaming foam concrete)
aerated concrete Oamea concrete _ ol e mpef
’ 71ZHE £Bgl o Mol &8stk
cellular concrete, DO M BHZA|F|= ub
pore concrete,
porous concrete) o FI|ZE 32| E(post foaming concrete)
JIAZ 32 E =% &R0y 241 gz 8oz
(gas concrete) TIASE YMAIF] =2 JIAE wRA|F|=
[=13=E|
o -

* Andrew Short / William Kinniburgh : Lightweight Concrete, 1978

2) 7k2~Z 37 E(Gas concrete)

HrmAREs ofF @A e ZAE] WEA sEe S Falo] Aojzl 7]

S 37)¥ WA (Post-foaming type)olgtal slH, &%o] oJgks wo] Hlm

ok 7129 A=

Farhas MANAE Aol oleld

) AZE 9T 7 THAYNY NeE el 2y Rk AT uE

506 3|Agje] ALga] AT 7]

Gl Aol =34 Aol7} vk

ool

FAz sete gate Axshs 7
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(1% 2] 7] gg =] o] JHe e

ZIEZFAPEA] A Qe 7] H]FS ASTM C796-970l4 3264g/ ¢ = “d3tal

gov, A gNug R LN HFF/e) 28 we} GebdA @

th BAT WF ES AxG S 7EA ul o] e 7)Ao A
=

Aol W 7]aH| o] Wk ek g

z= ol
7| 35| A{ ol ks oy =] =}
Sl =) =} JreEs ks
7|zl BE 7ict, 22ict 22c} shich

* ASTM C796-97 (Standard Test Method for Foaming Agents Use in Producing
Cellular Concrete Using Preformed Foam)

Quson wyE 71w AR B0 Goleld tE A9 FEHFI UF wol
Solzi} ZlEde] UR Ae Ao} |¥7k Fa4E Ho) B ot e

LS| elo] YT WAL F7)7k U A7 Holzk BS-olut.
NEzasee] FAe J1xe] wANH wel 1 At 2 9Pe wonw
A WA A Z1ES} )BT R Eagle] AlEE gejololol s why

H 71EE 27 §li= AHolA FA] AREsleof st
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HAEZE
AlH E
— 1XtEE 2x& &t EtM
=
=
7| 2 3] 4 of
A2
=37
-
(29 3] 7|E2ZaES] AU
18
16 S : 20%
. X y=-0.4644x +33.257
€M R =0.616 \ 2ol
=l X y =-0.3855x +34.85
2 X\)\ o0 R?=0.6038
10
H X ©
R; 8 X « \og \"Q.
4
NS Xx\ o9 \
CiAE : 40% . *
4 |y =-0.5055x +26.865 M
5 R’ =0.4506 ) ) )
2 3% 45 55 65 7
71Z8 (%)
\ o 22l 0 120% X 0%
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[ 5] AeAshe
= ol=
o | EHE jfl FA |71Z82| | E2T|dET|| 848 f'jf/f’k?)
kgim) | "oy | 6 | BB | m) | 8B | ) o
A-a-1 0 0.33 188 0.35 350 59 9.2
A-a-2 20 0.38 177 0.36 36.1 45 8.8
A-a-3 »0 40 0.42 180 0.39 336 37 7.0
A-a-4 20 60 0.44 173 0.34 39.8 34 7.0
A-b-1 0 0.43 194 0.38 333 59 9.8
A-b-2 50 20 0.47 191 0.40 328 6.1 9.1
A-b-3 40 0.47 184 0.39 354 48 85
A-b-4 60 0.43 185 0.37 36.9 36 6.2
B-a-1 0 0.53 197 0.43 222 174 20.7
B-a-2 20 0.52 194 0.47 239 14.7 18.6
B-a-3 »0 40 0.54 187 0.46 26.7 104 16.0
B-a-4 60 0.64 182 0.43 272 6.4 1.0
B-b-1 40 0 0.62 215 0.49 258 17.3 254
B-b-2 20 0.64 206 0.47 286 14.5 224
B-b-3 % 40 0.59 186 0.47 278 1.9 224
B-b-4 60 0.64 210 0.46 29.3 8.1 15.9
C-a-1 0 0.70 189 0.57 212 26.1 326
C-a2 20 0.72 182 0.59 230 22.7 32.1
C-a-3 »0 40 0.75 172 0.57 232 17.9 26.3
C-a-4 60 0.87 163 0.58 26.7 14.7 259
C-b-1 >0 0 0.67 215 0.54 244 17.9 306
C-b-2 50 20 0.67 250 0.56 253 15.5 257
C-b-3 40 0.77 224 0.56 26.6 16.0 294
C-b-4 60 0.73 203 0.52 254 9.3 204
D-a-1 0 0.78 182 0.67 19.9 34.9 434
D-a-2 20 0.83 170 0.69 243 32.0 39.0
D-a-3 » 40 0.76 171 0.72 233 20.9 31.9
D-a4 60 0.85 175 0.68 220 14.3 30.2
D-b-1 o0 0 0.94 218 0.73 223 382 534
D-b-2 20 094 226 0.73 233 320 50.8
D-b-3 %0 40 0.92 223 0.70 236 236 46.3
D-b-4 60 0.93 212 0.71 236 14.9 35.1
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40
—A— B : 600kg/m

20

W/B : 60%
——B : 5009/ m*

60
2ol off # th & & (%)

=
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40
—@— B : 400kg/m
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260

B : 300kg/m® B : 400kg/m® B : 500kg/m® B : 600kg/m®
240 |

. | A A
e A

160

(mm)

140

50 60 50 60 50 60 50 60
=2 A (%)

- 7= —@—F.A:20% ——F.A:40% —A—F.A :60%

[29 6] =AM e F29

e weEA 500, 600kg/m3s4 739 BEAM 60%l4 thAlS 20% 4022
A= AlHMERE A8 wg] Hlsle] ZR-F0] ol E A UENIE
d), o]Ao] kA HAwdst ZoldlHe] f5A MAe EIRIAE By, [

el Agom Bad u, Fetolol4 ol tAFe] THAFE Ft a4
g

S5 TS Fobl ek AE HAT 4 Ak

2) 2H7] ¥vF
ZefolofHS E£918 VEEAYES] HRY] vHFS vk A =] wet 0.340.739)
HAE Uehlon Zgtolos] thal&ol webds 2 W) gl Aoz bt

W AgelM el o] AlHIES] nlste] HlFo] v EelolofH o] WAlES 609671

Folle FAFe] ArY] HTo] FashA] Be A2 AMER tiste] TH¥oR
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gt onE YAlge] wobdss welRAle] AMe Frlsht 2 gAw
2 7% AFe Pash] wieln Angon Eeeldds HALe NxEa

YEO| ZRY| HFol| 2 JFE vAA S Aer = 5 otk

0.9
W/B : 50% W/B : 60%
0.8 |
0.7 A A—— ___a
Klo L
8 0s - ——*— o o
= >~
N 05 [ . . .
04 | ././.\. [ S -
0.3
0.2
0 20 40 60 0 20 40 60
Zz2tolof ¢ A (%)
—m— B 300kg/m  —@—B :400kg/m  —#—B :5000/m  —A—B :600kg/m |
[29 7] Zolols] A&l e AR7] ¥
3 FT&

Fefolof4] 2

19.939.8%62]
Ehey,

=Yg VIEZAYES] FHES G9EAF 2 diAlEd o

HeE vehilon, 2 aejEA gl wet JFs Be sow

Fefolof4] il gel mE Frgel 3% thAFel F/hEel met oy Fokshe
A teiglont ME 2700 meh Qe 3RS dEiAE o 1 ol
wjle Al we,

whebA o] o}
g A

Eof Hlste]

o

0 APARE B o), /|ERALEY AME PAAR Seholof4IE
Fog e maks AUE F glou, ARER AHSE 7 EEa
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(%)

50

45 W/B : 50% W/B : 60%

om 30
{F
X A ———A——
20 ? 4
15
10
0 20 40 60 0 20 40 60
Zztolof 4 A& (%)
—— B : 300kg/m —@— B : 400kg/ m —— B : 500kg/m —A— B : 600kg/m |
[29 8] Eetolofl«] A& e T8
50
45 y=-23.339x + 42.52
R? = 0.6089
40
—~ 35 |
§
om 30
§
o[ 25 L
20
15
10
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ZlZz &2l E (%)
mB : 300kg/m o B : 400kg/m A B 500kg/m © B : 600kg/m
(29 9] 7|x&elens F+&9] B
4. A8
1) dityqog ZgolofjHE ZLATESL TSR AI=FS A Afols T
wope] Fefolofs] Wate] PFoz FEAS ANAIE Ao duA Yot B

ZefololHE EPT V|EZATES] AR vFE el el we 0.340.73
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o W9 vEhliglom, Setolold] tiAge] Wb 2 WEh gl oE
Ehatct,

3) Eefolol4] A&l W B A9 tlAFe] Sl wel ek F7bs
= AR UERled SeoldAg £98 Mxadelse §488 weRAD
2 diA ol el 19989.8%2) WS UEglon, T welRAge] wet g
2 W Row ek

2

AZANZAS o] &3 VIEZAHES] /M ek 54, A

X
4) WAF b TR 71EAE o8 AFIEZAYES] A (D, (D, 22

A
{m
1o
x
2
O
)
[S—
Jol
%

5) 478, 71EAE mEE el ARl vAE Gael B WA A7, g

6) SH&5, 7IZAE AT REH A B3 AY

ax
re
bt
ol
lo
=
=
1o
o,

7) 4 9, High-Volume “Ztolol4] A ES] 7|Ex2 9 EAo| 3t A7
et 5es] FAsted =Ty #1978 235, 1999

§) £, “Eetolold] BATES] FAARHY U LR FF, B

9) PRI - /Ny R, S E T vIc L 53> 7 ) — Frho K BE)ENT,

) — b TEMERG G, Vol14, No.d, 1992,

10) R. Jones, “The Non-Destructive Testing of Concrete”, Mag of Concrete
Res, Vol. 1, No.2, June, 1949.

11) ASTM C796-87a (Standard Test Method for Foaming Agents Use in
Producing Cellular Concrete Using Preformed Foam)
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[29] 10] ol wiek Axt&n 4 (SEM)
2) FE
7h A adE S W Folrh 2y sheor Wil gEdE 2 Ay
whgk o)a] ewtElo] el F2 005-01mm AE(Gi) UAE TAE e F=A
(loses)& st}

FE Holl= oF 292957 viElo] mlAEe] Atk o] AR Foll= o]7]. wgel
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A= Aoy, shekro] ALOs - 2Si0; - 2H0% A EI T

7Fe- A (Kaoline) %9 F&E2 7|2 3e4o] AlSixOs(OH) E+= AlQO; - 2Si0; - 2H0
ojm, olol] Hsh= FHOPFA(MEMMEH = 72l vho] E(Kaolinite), HWtolE
(Nacrite), tl7Fe]E(Dickite), gz o] o] E(Halloysite)2] 47F417F At} o]FolA] &
ROl E= V]2 EA 0] FhEEUelEY VB o) Aleh ZAIRE 3] FRS o
fr3ke] ALO; - 2Si0, - 4H0Z =o] = Ao] i, AAEL vhe o)z & 5
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& =| Ft=2z|HolE LtZI0I E C|7}0| E St 20| ALO|E
stetAl ALSibOs(OH)s | AlSiOs(OH)4 AlLSi>Os(0OH)4 AlLSi,05(0OH) 4 H0
28 CEARE A SEARE A| TEARE A SEALE A|
st (=) (H)E= (+) (+) =)

H = 2.609 2.581 2.589 2.609
24X 2 olHIM o HHEES Ao FAZXO|o] [=E] M EZTHAN|| Hi=IC
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ME SiOs A|203 Fezos Ca0o MgO 7| E}
%) 62.3 26.06 1.09 0.35 0.59 -

3) viE A+
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Age] AFE-E Bottom Ash(BA)T AFAAl 244 wE&H e AZAZ,

sto] ARSI TE Bottom Ashe] &84 442 3% 13} 2t} Bottom Ashi 384

/37422 Si02, CaO7F 425 A8k i Atek=o] dejz Exska 3l

o Agh me} 2ok

[3 8] Bottom Ash®] E2]% A=

S 7 Hl & =T 2(%) Z| o x| ==(mm)
BA(2.0mm) 1.05 20.19 2.00
BA(2.36mm) 1.08 24.07 2.36
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g‘ ﬂE— SiOz A|203 Fezo:3 CaOo l\/lgO SOg Na20 Kzo 7|E|'
3

2209 | 702 | 519 | 43.70 | 1.51 487 | 297 | 188 | 10.77
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(3 1] 24+

l:l:l

_ ERI2XE | _ i
.y FHEE | Moz = e | ¥=Ux %55:3
(kg/em) (kg/em) ) (%) (kgflcm) | (kcal/mhC)
1 27600 | 19250 1740 325 220.00 0978
W/B=30%| 2 27750 | 190.00 1720 353 | 20000 0958
H7H10%| 3 27650 | 192.00 1736 356 200.00 0974
@ | 27667 | 19150 1.732 338 | 200.00 097,
1 267.00 | 24600 1728 287 | 22000 0912
;H:a WB=50% | 2 26250 | 24350 1718  204| 28000 0923
H'lj #H20%| 3 27150 | 24850 1718  247| 20000 0.926
@ | 26700 246.00 1.718 286 | 23333 0.92,
1 27200 | 24800 1784 282 260.00 0.989
W/B=60%| 2 26050 | 25200 1716 249 280.00 0978

HF30%| 3 26800 | 24900 179 209 280.00 0.99%

"o | 26983 | 24967 1.697 247 | 27333 0.99

1 267.00 | 24600 1668 2.87 120.00 0.856

W/B=60% | 2 26450 | 24450 1656 256 120.00 0.865

I 10%| 3 26300 | 24800 1684 270 120.00 0.869

- "o | 26483 | 246.17 1.669 204 | 120.00 0.86

1 25050 | 241.00 1628 2.13 140.00 0.854

W/B=60%| 2 25750 | 24400 1652 224 180.00 0.853

It 20%| 3 26350 | 23800 1,604 268 100.00 0.855

"o | 26017 | 241.00 1.628 235 | 140.00 0.85

1 24450 | 22300 1584 279 160.00 0.782

W/B=60% | 2 23000 | 217.50 1540 2.00 120.00 0.785

It 10%| 3 20450 | 22400 1542 238 160.00 0.789

"o | 24267 | 22150 1572 272 | 14667 0.79

1 23300 | 20950 1576 209 90.00 0.775

1g [WBE0%| 2 22850 | 20500 1540 228 84.00 0.778

Hot20%| 3 250 | 211.50 159 242 90.00 0.780

®oa| 23167 | 20867 1.569 1.93 88.00 0.78

1 24100 | 22650 1512 1.02 90.00 0.742

W/B=60% | 2 23950 | 22050 1564 193 100.00 0.745

H7H30%| 3 24350 | 230.00 1540 154 108.00 0.756

Ha| 241.33] 22567 1.505 1.50 99.33 0.75
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1 23950 220.00 1.360 1.14 80.00 0.736
W/B=60%| 2 237.00 217.50 1.340 1.23 70.00 0.736
71 10%| 3 234.00 213.00 1.304 1.97 77.00 0.734
5 o 236.83 216.83 1.334 1.45 75.67 0.74
' 1 23400 | 21150 1.392 162 7800 0712
W/B=60%| 2 233.50 211.50 1.392 1.42 75.00 0.722
I 20%| 3 234.50 212.00 1.396 1.59 75.00 0.721
o 234.00 211.67 1.393 1.4 76.00 0.72
2 O10%
[ 17320718 _ s ppe ] o
N 1'2 | 1-66% 628 1.5721 569 M 20%
1a | 1.3341.334
g 1.2 f
il 1 F
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ERe gl oale A s F6l2 ®elel AgH e ddE, Mock-up TestE

ol A ASE 482 A v 22 AlErEel RbEstejof & Aol

D BEuBAe @ed 21 R Qe J15e s 5E4 5

1
fu

fass
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g | B ERT [wﬁjéiﬁn R
= = . =
ES (mm) 73l 282l (W/mk (kcal/mhC)] %)
04 E 0.304 0.5(5.10) 0| A+ 0.8@8.150[4F | 0.130 (0.112) oI5t | 05 ol5t
05 & 0.405 180 O|4&H| 0.9(9.18)0|A¢ 1.4(14.28)0|4+ | 0.160 (0.138) Ol5t | 04 ol5t
06 = 0.50.7 15(15.30)0|4+ | 2.0(20.39)0l4 | 0.190 (0.163) oI5t | 0.3 o|5t
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ek A ATt Al 65, ppl73-189

2) W71, 1992, = oAUA def FEFE sEvkeASAdd B3 Al
v, =3l pp70-8l1.

3) AFA, 199, FAZE A 5L FAG nR= G

4) o3} 19%, ASWHtald, ¥ sat

5) olAl, 1986, BERAT, 1-5Ak

6) o3, g 1974, =Y MFS A PUEEAY, =55 3]A, 16(2)
: 35-49.
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9) HARFES Sl A7 7AWz 2> 2 ) F ofdliondis, 1992, 6.

10) WPEEERS, IREIC X AARKY b ORI OBREICB S 5 I, Eilie

M, Vol. 112, pp. 9-105, 1996.

11) ABilodeau, V.M.Malhotra : Properties of High-Volume Fly Ash Concrete

Made with High-Early Strength ASTM Type III Cement, Canada Centre for

Energy Technology, November, 1994.

12) A. Bilodeau, V. Sivasundaram, K. E. Painter, V. M. Malhotra : Durability of

Concrete Incorporating High Volume of Fly Ash from Sources in the U.S. ACI

Materials Journal, January-February, 1994.

- 151 -



Al 32 39A Ay 23

A2 A8 A%Eel 0@ AR, A28, T S A7 B olFoiAw 9
[}

o, Aug7] o9 Aze AT UEAAgo]l AR 2 Aol FEa le

4
ol
=
o
i)

m
2
jins
N
ol
)
o4
N
ofy
=
4
1=
N

Hel fafgdol Wehd 242 2

char @k wehe] A gevbesh 9B B ) s QAN f7)shEEl

doa wAsh ZAaYEdAE felEde] wol wEHh 53, 7Rl Hab
l

L Ae A 1o gk opwtee] Ak sbteleld Y FFEO0S FH 9

NA =3 3o A= ofEuAY N, M T H3S dod|= MPSTFTIY F
8 fFEEdRE g on, daAg 9, Al 7 T FRAE A5
de] 2eola vk #A A7l HEAA, RT3t 5 vsol Al fA7E
(120pg/m)2 o} olutEr A4 A ek Aotk

A, #7129 Bottom asht 93o] &3 s, -34S AYal o, dxte
A7)% vgste] ZA& 0w ARgatrel tha F-
et AHEEEE SHA A 2 dEE T 7IEAd ol jEHe gt

Ao B BEE FAUNS ATseloF & Zolu.

)

o
]
o
E)\
.
o,
o,
>
d
9,
i
T
o,
i
o,
i
Z

]
g
=
1o
iRl
2
0x

BIE 02t Z2E= HAEIZS S5 &

Ol
Q
(=
!
v

(29 25] A7 Aol Hg5 T ZHIEA] {3

- 152 -



upehA, E
ﬁ-E y - ?j?_'t:: %ZH /\E]LH 7_];2
© S’l '{‘\‘ETZ e
zHE F5( o
(@ Foleel m3t @ A4
= /‘\_ H]—/\]_ =
<] 3_31,]_

r&
2
X
ofo
P.L
ki
%0,
fr
i
k]
o
Ir
i
)
2
1°L
=¥
%0,
i

W
A5l JMalr] 98 Aolrk

o] BAHozA
o] Fhset} 1, ZPEAL g AgE B oheh
o= A v
AL on|3it} AE] 1
olgidl %S Tt 3¢ e A%
so WHERAI717] <18l S
EARE AL 2AQ ulE o)
- 5 © ﬂ .‘—_‘L—_‘:r/]_
y = O]OHQ(—E‘_—

oo
,000g/cnr o]k ¢}
S 7

7Veke] 7hesg 2709 A 2 712 3
6} g% = . w - OAEJ 0.1 =)

| E3ol WA eyl J4mm °lsh % AAAE 2

578 vgzﬁgé - = H

5 ¥sto] 94

24 &l

/\
ASATE.

HHE off 4
g
H EP.S

R |
K
e

.
1xF M=

02
0=
A
ot

>
I
=
X

0z
[0

>
I
ﬂH

Rl
L]

In
I
N
Hl
lob
1
12

o
-

[l
]

+
2R M =
(DXt 2EM)

%EI—O“)H 2|

(23 26] =
2 96] FEAE AR 9F ©

7b 19 AZ=7A

- 153 -



QL

Do, S, HAAEREEPS)E AHE fsde A ste] ATl S
AL Wil AR ZI2E BAsky] fle) =AMl b o] st EfteE
RAEANA 25710 1273 s 2/de e FAdsk=t), olu) Ao 2
=ol7] 98l WAAYE F(12mm)E ARl FAeto] v EARe] FET =

mlo

' HaOiue [ gEr2 e

=3 HHde] Fokxitk %z Zet
L 29k Az \ 24{(imm ol 3} |

olgA WIIHE Axd EFEE T VIEAC] rzoaaw annmes
AL Eol s|An] 2573%U9)) et EEteloldlE s H = ) Mok
HIS(F9)8 0, 20, 40, 609%) = 2131 o]7)ol 7] 3|Ael | Jhet- A& (200ym) ol4 |
< 4S5l EEl VIEVIR TEAA A" VIEE %t@;(tﬂzgvir AE) \
wAFste] mar i ade %’S*(;E‘%‘E =) |
o A T _J.\_vaEI%xH 1%
Doln] whEold FEREY FRE EWL 1, SEERESE
2EAlN A AT HEAARE d5 FAE7I 7 'EH'%E“"’"M =M
(R0£10C, AUFE 50%+5)e 28Y &9t FAA 7= HIVE

348 Falo] s v

(23 27] d==
M=oy

2. AF #7344
DA% 080] AE RES WMuA AFH warAsn HE e Bk )

W AEe) ASEIAE YAk

o} AlEe] AR A
D) 713Ee] <ol Bas Hashs dFe] L, 7|0 woH FRSE2

o m = AlzAe] HARE de]7p aqtETh

e



2) el e 71E= AR Aol whet V)EEo] wmopA= AdE st

B2 ZARe 229 ge g9ste] B Zlo] dasiy, Aatd Vx A=

S =5 w2 AlZhel Bk Aol wig- Fasi.

3) BTOE AMEHEE 7|EEAE AEAR A 12 53T eR od AR
=

Hate] 3k delo] & = glomg AFE FHo| UE AYrE LA

o ERPgsAY AlEAl Az Eudd TPt A AFAN] SO AN

- 155 -



2. Az 2 ¥

7 vbelofl o] EHA R AFETFS Al Bk 7t

1) AHE A=

7 Bottom Ash

AzA hA Aol AFEE #7152 Bottom ash(BA)E AFHA] SH e 2ol 4w
Z5v AZAE, 200mm, 2.36mm, 4.75mme] A= A7FESt] EE olEdS Al
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e |2 . .

EA 148 2407 2.6 702519 151(487|297 1.8
A 141 24.70 475 © | 9 0 7
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ash ash
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3) WA

HHE]—];]] 11.0_ 7]

HN

(3£ 16] wihAIE
] BA EESEnT Selelig ™
H|WARN\AEE e | A | =4 | = | zew | B A| =4 =
0 0 6 | 38 | 1069 | 0 | 7%7 | 3®
o @ | @ [ &2 | a8 | am | w69 | we | ceo | am
8 | a6 | 18 | 18 | 8 | 1269 | 2613 | 30% | 08
y 0 | 26 | 6 0 W8 | 1269 | 4226 | 0 8
0 | 30 0 30 | 3418 | 9565 | 0 | 7595 | 48
o | @ [ 30 | @ | a® | a8 | o5 | w@ | ewe | s
80 | 310 | 1% | 15 | 3418 | 9565 | 2406 | 37975 | 3418
100 310 310 0 3418 9765 468.10 0 3418
0 | 08 | 0 | 756 | @ | 2@ | 0 | 72|
o @ | 8 [wer | sm | 1w | we | o0 | w2y | 19
80| w8 | ame | w8 | 143 | 260 | 53 | 8%, | 143
18 100 0.8 7256 0 143 286.02 1095.66 0 143
0 | 82 | 0 | 7066 | 1670 | 2778 | 0 | 172872 | 16670
o |2 | @2 [ | wie | e | arm | enm | e | e
80 | @2 | %28 | 8 | 1670 | 2783 | 53273 | 843 | 16670
100 83.2 7056 0 166.70 27783 1065.46 0 166.70
0 | 4 | 0 764 | 103 | 206 | 0 | 18718 | 1203
o @ | w4 | w8 | 62 | 0% | 206 | 0w | uora | 0%
80| 74 | 3@ | @ | 1208 | 4066 | 5682 | 969 | 1203
110 100 764 764 0 120.33 240.66 115364 0 120.33
0 | 75 | 0 705 | 14081 | 2468 | 0 | 182525 | 14081
o |2 | 75 | e | we | wos | 2% | @ | 102 | wos
80 | 745 | 325 | 3725 | 14081 | 23468 | 56248 | 912625 | 14081
100 745 745 0 140.81 234.68 1124.95 0 140.81
we B-ATANE Aedge] Sua S Qe el oulAde Fa 2As
o FAe] XFEE 0%, 20%, 50%, 100%7+4 2] 3kato] o W ew Hrt
Aot dwdes ZgEAel A% UEzAs @ F 2% =zl
(Pre-wetting) & 2AI8F] ALESFIAIRE 2 asto| M= 5YUS Aoz A
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A § gAAE st ARgSISITh
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AEE TR AR T 22 F50l A9 AR Z5E Zepi SEsith 2
AolM AR =2 KASS 050102.1.39] tAel wel demss A8kt

3) 713A

(3 17] BEA7ZA 9 3ad 47

P H.O Protein NaCl NH,CI CaCl MgCl FeSO,
(%) 36 32 10 1 6 5 10

[3 18] &7 xAe] =24 42

o PH a4y BME%) | ME(CPS)
1.12 7 o ZhAl 0.010.1 2050
4) JEPS.

AEPSE FU EAIA AAEE 284 AEPSE AHSRh AZnY 9 woRe
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U A
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!
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oo AdAFS A =9 dES AAss v Ttk ARt Uty

Bol Bolu4% EAE, FE Fol Fohinh el 7

3B0400kg/m* =] S A LS 21 9o HAEPS.E £93 44
¥ 280300kg/m BTl ] He Fe] AFJAE ALgsl7E ) whEba B g A
B 20, 30kg/m’e] F FEoR

do
il
e
2
o
o
i)
o
ol
ol
38
=

& 211 HEPS.9] 27 EH99d)

[+ : ton]
HEPS, S| maa | wsE | o | Aoy
wue  |gwela | Am | oss | oo |mxem [EEIE] IS
gt 2Kton) 6,298 13,603 8,549 6,536 4,801 6,269 3,840 49,896
A &2 2Kton) 3,524 5,865 4,186 4273 3,132 2,612 779 24,371
o[ X 22 2Kton) 2,774 7,738 4.363 2,263 1,669 3,657 3,061 25,525
MEESE(%) 55.9 431 489 65.4 65.2 417 20.3 488

1) A H(49,896) =7 A) AHE-2H(69,923)-7F =2(26,497)+ 7 F = 4 (3,975) -2+
[2,756("96)-3,710(' 99 ]+ 9 #(3,449)
2) ALE&F2 ABAAE S8kl A Bl A

2) HEPS. £&9 24
oAl AMEE I 9l HEPS.O EQHS 400¢2/mPEA o= TS X Fel ¥
EPS.9 842024 HAEPS.9 BR7] H|5& SA3I] Altste] 2 A3 AA=

HEPS.0] AFENA A= 848 oF 200 ¢/m’e] At} wheta] B Ao A= 1
EPS.E 2183 AZo EAS ol T A}23S S|zl 7 Hjdle] Z4lo

5
= 3ol w94l iate] 0%, 10%, 20%, 30%, 40%°] 55702 ARtk
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(3 23] wigtAI €%

N E:;:;fr WA ng;g_ 85 o2 ¢ /m’) S BHkg/m’)
U2 gm | P e |ZEM| 2 |71 |HEPS|ZEM | =2 |HEPS
A-a-1 0 88.9 168 743.1 0 280 168 0.0
A-a—2 10 88.9 168 643.1 100 280 168 28
A-a-3 60 20 88.9 168 5431 200 280 168 56
A-a-4 30 88.9 168 4431 300 280 168 8.4
A-a-5 40 88.9 168 343.1 400 280 168 1.2
A-b-1 0 88.9 182 729.1 0 280 182 0.0
A-b-2 10 88.9 182 629.1 100 280 182 28
A-b-3 280 65 20 88.9 182 529.1 200 280 182 56
A-b-4 30 88.9 182 4291 300 280 182 8.4
A-b-5 40 88.9 182 329.1 400 280 182 1.2
A-c-1 0 88.9 196 7151 0 280 196 0.0
A-c-2 10 88.9 196 615.1 100 280 196 2.8
A-c-3 70 20 88.9 196 5151 200 280 196 56
A-c-4 30 88.9 196 4151 300 280 196 8.4
A-c-5 40 88.9 196 315.1 400 280 196 112
B-a-1 0 101.6 192 706.4 0 320 192 0.0
B-a-2 10 101.6 192 606.4 100 320 192 2.8
B-a-3 60 20 101.6 192 506.4 200 320 192 56
B-a—4 30 101.6 192 406.4 300 320 192 8.4
B-a-5 40 101.6 192 306.4 400 320 192 1.2
B-b-1 0 101.6 208 690.4 0 320 208 0.0
B-b-2 10 101.6 208 590.4 100 320 208 2.8
B-b-3 320 65 20 101.6 208 490.4 200 320 208 56
B-b-4 30 101.6 208 390.4 300 320 208 8.4
B-b-5 40 101.6 208 290.4 400 320 208 1.2
B-c-1 0 101.6 224 674.4 0 320 224 0.0
B-c-2 10 101.6 224 574.4 100 320 224 28
B-c3 70 20 101.6 224 4744 200 320 224 56
B-c4 30 101.6 224 374.4 300 320 224 8.4
B-c-5 40 101.6 224 274.4 400 320 224 1.2

# A BE 7 99 A8A1% 280, 320kg/m’ S,
a, b, ci= EATAM] 60, 65, T0%E,
1, 2, 3,4, 55 HEPS. £4% 0, 10, 20, 30, 40%= E}iIT)
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3) A4

#7129 Bottom ash®] X|g&o] 2 Zzo =

ENE
2 1 2 3 4 | =@
s o
0 1331 1344 | 1314 | 1344 | 133.33
20% [ 1317 130 | 1293 | 131 | 13050
300 |50% | 1253| 1257 | 126 | 1279 | 12623
100
» 1235| 1215 | 119 | 120 | 121.00
- %
0 [1852] 1857 | 182 | 1805 | 183.35
20%| 185 | 1915 | 193 | 1885 | 17950
0,|50% | 172 | 1722 | 1695 | 1737 | 171.85
3% | S0
1
1625| 1588 | 160.8 | 1594 | 160.38
%
0 [1217] 1119 | 1199 | 1152 | 117.18
20% | 1076 | 1079 | 107 | 109 | 10788
50% 500-? 1079 1140 | 1115 | 1116 | 11128
1
_ 1738| 1738 | 1799 | 181.1 | 177.15
1'6 D/O
0 [1165] 1206 | 1175 | 118 | 11815
20%[ 1083 | 110 | 1115 | 1076 | 10935
0,| 50% | 122 | 1225 | 1193 | 1229 | 121.68
60%
100
1796| 1788 | 1775 | 1709 | 17670
%
0 [1140] 1183 | 1191 | 115 | 11660
20%| 110 | 110 | 1068 | 1092 | 109.00
0, 50% | 1371 1281 | 1328 | 1337 | 132.93
50%
100
, 1616 | 1677 | 1715 | 170 | 167.70
8 %
0 [1105] 1107 | 115 | 1115 | 11193
20% | 1144 | 1116 | 111 | 1136 | 11265
0,|50% | 1405 1307 | 1365 | 141 | 130.18
60%
100
1685| 1799 | 162 | 161.1 | 167.88
0/0
[ 0] 225 d94d¥A
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Bottom Ash AAE &EA1ge A3 nlgke] F2](Cu), H4(As), 2(Hg)ol A=

Hoo 7 e N B nxE gow Yehton Vg fi FEE5S A&y
] kTt
[% 26] SAAIEH 293 &EA]g Az}
g = Pb Cu As Hg Cd Cré+
3 8 7 = 3 3 15 0.005 0.3 15
) BA N.D 0.27 0.001 | 0.0025 N.D N.D
|=2A9
mortar | N.D N.D N.D 0.0016 N.D N.D
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i
i
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\‘40
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ol
lo
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utebA Bottom Ash7} RE2H A=A AekAjer wkgste] S50 §E0] A= o]

AL & 5 A, o= AA Azt ke 132249 49 Bottom AshE %
A= ggatol®m AR Fafdols AV fls Alow AdEh

5) @A TF

#7122 Bottom ash®] X|gH&o] W Z=E o] A Fes =43 dys 1
i 2ok

Bottom Ash®] #3hgo] Z7}3kr2 n2E o] ge)8aEdo] 7hadhe o 5= 9l
At R & AR BE FAES A9 de8ATEl 2123 kgf/m?ol™, WIHj
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8

0

e AN AW oRAel Sd S4S nel A LA ks
A Aed Zloz ek
2h) AlFe] 4skE 98 AR HEEs sk AddlAe vz Rt
AU4-= Bottom ash®] 2|#Hgo] T718 F5 FrAst A2 YeEPARE 50%6714]
© AR dYow Hol AFaAd AHgo] Thed Aow dAhE
U HZEZEEPS)S] ERAR AHILs el B 97k A
AgNES SAHoR 3 HAEPS.E S9F Awe A¥S At vad 22 2
32 g
(3£ 27] 24343
o — ol= |
N | GRS wo | RIS | B2 [zmom avs sk
H S (kg/d) (%) (%) (mm) £ (%) 3o ~al o8l
A-a-1 0 200 0.42 41 3.18 4.40 7.16
A-a—2 10 191 0.41 40 3.50 494 8.13
A-a-3 60 20 205 0.42 30 5.40 7.25 9.99
A-a-4 30 175 0.42 22 5.60 7.33 10.36
A-a-5 40 157 0.41 16 6.41 9.79 12.29
A-b-1 0 213 0.45 39 2.58 4.61 6.06
A-b-2 10 210 0.40 37 3.28 481 8.17
A-b-3 280 65 20 198 0.41 28 4.37 5.19 9.68
A-b-4 30 174 043 17 4.46 6.17 9.16
A-b-5 40 13 0.42 11 5.61 587 9.37
A-c-1 0 231 0.43 36 2.56 4.76 541
A-c2 10 221 0.38 35 4.06 5.7 7.64
A-c-3 70 20 209 0.45 27 4.76 6.29 8.32
A-c-4 30 168 0.38 24 4.59 5.50 8.52
A-c-5 40 150 0.40 13 4.06 6.04 8.44
B-a-1 0 225 0.50 38 3.55 7.62 9.45
B-a—2 10 210 0.46 34 4.80 7.44 11.27
B-a-3 60 20 205 0.47 25 4.49 7.89 11.32
B-a—4 30 169 0.42 18 6.24 8.36 13.20
B-a-5 40 136 0.45 13 7.90 11.01 14.90
B-b-1 0 214 0.48 41 4.09 6.54 8.53
B-b-2 10 216 0.46 38 5.20 7.31 8.89
B-b-3 320 65 20 205 0.43 24 6.0 7.44 11.27
B-b-4 30 188 0.45 19 5.15 8.21 11.92
B-b-5 40 170 0.51 14 6.69 8.64 12.57
B-c-1 0 229 0.54 34 443 6.29 8.81
B-c-2 10 219 0.53 34 542 7.73 9.83
B-c-3 70 20 213 0.48 26 5.64 797 9.69
B-c-4 30 191 0.41 21 5.81 9.05 12.24
B-c-5 40 147 0.51 13 547 9.27 11.42
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7h HEPS. &89 2%
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FEALS AsA7)7] YRR Algdch B AddAE G943 A% 280ke/m'Y
m= HEPS. 98 2006714, @91 434 % 320kg/m’d Wi 30%0]8kel Al KS F
403991 A H o] = =k 1 5 TEehe o R YEhy:
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it 0479] FHS vEho] 99 adha o] kg/m’ S715Hel wiet By wFE o
A 004 Z7+E el
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Ty =249AE 2 HEPS. E9&0] Skl uhE 2R7] vjFe] STk F8lo]
AdojubA] gt ol AES AxT w uPAZ 7L AL 32640/ ¢ 91d] wE

&to] HEPS.9] FAE 26g/¢ 24 V¥R 7P7] qEo s A

0.60 —
—|— 2
—a&— 3
- - -4
0.50 c
Kio
il
MW 0.40
0.30
60 65 70
2 ZeHHBI(%)
(a) T AFHA S 280kg/m’
Al >

< Arkste] gk FARE ghe TR0k i Aol Wit o R 15%4 e

we g2 UEiglon 1 gloms wgubgels JEst A% 2% wol AA

- 175 -



o

Al Aol AA ek BlEo] mobxly] wliol, ek AghAle] sl da

& AFGTE A Folglel, Fele

vz o] =4 Yehd Aoz Adtdnt

Fol Bers AeTe] Fol 78] 217

0.50 | S~ L. K= i
=

Ko
PR
%‘ 0.40
0.30
60 65 70
£ 2 MHI(%)
(b) S AT 320keg/m’
(2% 45] EAEA]o w2 ZR7] vF
3) ¥5&

< HERaL flew i FEo] mokdes ArRAshd A

Sl 9w ohleh AlESH Webl st oldAEstel FHE Aol

olgom #do| § U2lo] Hr},
B A4 ALSH

R

Ao vt

HEP.S.&

ol

FE0] 0.3%%A A&

3L

E
1o,
ol
als
o

- 176 -

- - 1
-
—a—3
- -® -4
—%—5

s
rlo
ool
by
o

2
_0|L
il
P
i)

o
ot
3
A
Lo



50

---@-- A-a
---A-- A-b
40 = "'.'" A_C
—O0—B-a
—4&—B-b
° 30 T —0—B-c
O
<+
oo 20
10 |
0

B Ao vERY 5482 M9 s AT A 280kg/m3?_] 79 1141%, @912
1341%= Yebston], S Ashae 40kg/m’e] 7kl

50 _
W/C=0.60 W/C=0.65 W/C=0.70 Chel ZHE
(kg/m”)
40 [
= 280
~ 30 1320
&
O
20
Lo
10
0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

HE.P.S. 228

[2§ 47] S AqA Tl e Fre

- 177 -



=AGAEl thE AFe] FTEE TE WskE BolA] fgkth olHw SAGA
lol mhe Foe] dst 4 e AFe] F5&0 24N HiE V)E
o B3 % wEsh Pl W Fegmel et A F4H7] wEelw, ¥ A
N BAGANIE 60%1M 0% F7ketel whel FFgo] tha hashs 43
& Byled, ols Aol ngH el BAANIE 7 Hof g

O 7]EFo] Faskol7] wiow Attt

jus)

ol

0

20 S L.--® —a—20

‘|0|H ) <|— 20 @.---- ®-
*\%/%K o[ ;—/—)NX - -& - 30
10 10 —%— 40

0 0
60 65 70 60 65 70
£ ZEMHI(%) £ ZE Ml (%)
(a) D1 ATAZ 280kg/m’ (b)) A sk 2 320kg/m’

4) FF7=

B Aol Yehd ¢EEe] WeE 79 2w 49 991243 280kg/m’Y
o 4.409.70kgf/cm’, T2 H 320kg/m’Y W 6.2911.01kgf/cm’Z UEREOH 28
o gtz we] WelE T AT Y 280kg/m’Y vl 6.0612.20kgf/cm’, T A A
30kg/m’Y | 8531490kgf/cm’® YEREom HEPS, £¢180] wE A 289
S EE UERA Zlojth KS F 403990 AAE g5 Ee] A4S 7Y dEAE
5.10kgf/cm’e], 289 FEAE 815kgf/cm’o]dolm B AFAE T AT A %
280kg/cm’Y ] HEPS. £1& 20%°14 98k KS F 4039750l 25 wh5a}
e Ao yehdow @AY 32kg/emiIE BF wEEE Ao U
Wik

- 178 -



7h HEPS. &4&3 =4
HAEPS. o we Fxol /= FEQ S wel vwste] G Ag A
280kg/m’d W= FEPS. 10% U4 G4EAEE 1343% Z7Feta 9om 40%E

Q] e AL 5771% =7Vsta. 9ttt v AasA) = 32()kg/n{;9‘ A9= 747 1119%,

o
=
ofj
i

X,
&
Y
il
o,
oty
>

16 16
14 —{—o—a -®-Db —Q—c}*
g2
S
;.)10
w8
N6 g
.K|-|' - ~
ol 4
2
0 10 20 0 40 0 10 20 30 40
HE.PS. EUE(%) HE.P.S. 2U8(%)
. 3 = 3
(a) 9128 280kg/m’ ,AH 3 (b)) At % 320kg/m’, A% 3
16 16
14 14
@12 @12
O O
510 510 -2
X x -
H 8 W8 i
ol 4 ol 4
2 2
0 10 20 30 40 0 10 20 30 40
HE.P.S. EYE(%) HEP.S. E2¥&(%)
(c) B1ATAZF 20kg/m’, A1F 7Y (@) DAL 20kg/m’, AE 7L

- 179 -



o R W wm M
o8 - wxnu °g oy ov ® M
iy TR _,ME @ T oo "
3 w & m % 5 H W
“g B SR KRN
2 m o 7o T m_u <
.- N M T ER o
;n%_ N L = o M X
G CRC g 5
2] o T W oF N o Wy
o == E‘.# o ° —_— E..ﬁ
4 T o R o IR (i
El ol _zTy =3 dl E N.l L N
L ook TN
T IR o X
Y I[N AL = ~+ o8 JJ o m
a ¥ N 2 W
= = o= T |
_ o) W™ e ~ N -
T - S oo B
ojy X W5 2 e
pd No S o gm o
on Y oo ok o ~ MJ
o)) o e T o
o oo N g o o
% & I L o X
N3 oo HT S o & o
_— I~ - ) —_=
=2 HEIyE L EE
2 > of N 4 © 8 No w P
5 oog S = O o} 14 ok W 7
I R R I P
, 2 I 5078 ul S I oW
nD\w % — WM 1o® _th OE ol ,mo &~ T
= % A, T A ! oF W W HM urﬂu
MZM M T T T .o w
— o . ) —_ V
, I T E GO N
a0 W F o E Mg
WoNb) T 2= 3 © ) S ~ T =T o
o P F F T e R

- 180 -

ol#

.

ol A=

ST
=S

A A A Al



--@ -

- - -

--IR-
___‘_
___x_.
00—
+
—=— B
—e—38
—%—B-5

©
—

<
—

N o [ee}
— —

(, WoABTZRER

65 70

THHI (%)

60

b

oD
!

]

=
=

A=A 28Y)

==
=

Aulel w9t

2%

[1¥ 50]

P
A

of
]

i

) Aol w

oA YeRd uhe} 7ho] BAAIH] 60%2

A% 32e]

1
.

el A

ok
=1

el

Akgt/cm’, 320kg/m’Yd

ok
24

e
° o 5o0sulel 2 LRt om A

o

ﬂr_wo

I

ﬁo

94

, 8kgf/en?, 289 oiH] Z® wEALS oF 70%ul9] =

)

70

B

o

2

cm

A= > 72t bkaf/

R,

© m o) <
(WOBM) T 213

2 320kg/m’, W/C=0.60

(b) &1 2eHA

W/C=0.60

)

3

(a) S 2EATF 280kg/m

- 181



ol

=
X

() 99 AL 320ke/m’, W/C=0.65
(1) S AZTAF 320kg/m’, W/C=0.70

16

0.65

RS
WS

A& 280kg/m’, W/C=0.70

A 280kg/m’, W/C

= H

5k

2%

kel

A
A

16
16
8

(e) ©¢

(c) ©¢

H
Ny
KA
ol 4

ofpy
AL

ol

=

GdEA] ZHY] H|F
Aot 1y #H EPS.&

=
T

[e13
=

ZAolehz AollA ol

o]
L

—_—

0

B

o o]

fu
R

A e

o]

sfole},

- 182 -

I ek 2

[

]

o
R

e

1

ka

B

%
5

d

Z



14 0.60
Ho | - Emus2dE —e—227835 | ..
W/C=0.60 W/C=0.65 W/C=0.70 1 050
10 s
- =[] — 0.45
e 8 |} 7 e kio
5 ha S = Lo Lol 040 &
g |
6 I\
uﬁ H{ 0.35
%G 4 H{ 0.30
2 1l 0.25
0 . . . 0.20
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
HEPS. 2928(%)
(a) S92 280kg/cm’”
16 0.60
“or W/C=0.60 W/C=0.65 W/C=0.70 055
12 N kd — 71 0.50
T 10 | IR - ‘\L _ | 045
5 V] o
< 8 {040 2
Hj) o
W6 ] 035 W™
ol
4 1 0.30
2 1 0.25
0 0.20
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
HEPS. 2e8(%)
(b) 91450 % 320kg/cm’”
[19 52] b5dxet 2R7) vls
5) &4

o
a
o,
N
N
A
A
s
es|
%
o
rlot
o
o
tlo
o|\
)
>
Y
.
Jm
ox
o
2
S
s
el
2
)
=2
=
o
N

2ARE AN AL BHoR sheor], 1 Au thet gk

- 183 -



h B2SE wEel) A, A471Fe] Bot AES FEA VAL FFe A
o girha otk Teu AEPS, B Skl whe E2g gkl st o
offor] JIEPS.E 20eeld B4 B AS B2S @ 2 pasiglon w9

& AT =2FAl mE 2299 S7F o] Bl 3040% ol =18t
e wWe EAdAMl e EF2F ge] 540l HolA fskth wEhA, E=-
grel Wsh= wideld A7t 43 flol = EPS H7HE 20% WelE F wEsto]
A& Azstelof & Zelth

053
4

) 2 AEFANEE AAE TSk 2 Alse] HUbES AAE] 7] wiEel
9] AgtAEke] Apolo] wel RWy] vFS AL 2B0kg/m’Y W 0.380.45,
S AT 320kg/m’Y W 0410549 WS YERITE #H EPS.9) Hw7] HFS
0026224 7|39 HFY} H|Zzste] ¥ EPS. Z7bl whe 2Ry Hl5e] S/
debbA) grob og- BEsel e Asks Btk

v

th uigelH7E H7be AlEe] F&L # EPS.9| efi¥e] NS fashs
AFE Bel F58 MMl mj gl Aoz dehyth o EPS.E 20% £
S el FEe] WelE ST 280keg/m’d o 2730%%1om w1 AT
320kg/m’% | 2426%°] WS pEFTh

o

eh) 2 AR wigdelA # EPS.EYEo] 40%0lWellA Yol S/HTE 4=
AEE Z7lesE 2AE Rr 239 e uo) nwsle] # EPS. 10% E9A]

AE AT 1343% Z7Fetal 9lom, 40%ES] e A9 5771% Z7}sla gk o
AT A 280kg/m’2 W ¥ EPS.E 20% &3 AF 28U dEHn=

8.329.99%kg/cm’=A] # EPS. &¢joll whel upgleljs] 7} b Aeeko] o AdA S

ORI AQFE YEUE S WE £ UdS AeE FuHch

- 184 -



4. 2 &

1, 22 ATl 7 EPS.

7 EPS.2] A

o

AN =7}

1
.

utebA] A= AR

oflll= &80l 7hsd Aoy, =

o

&

7} A1 &

7K

=
jod

o)

00

W

- 185 -



el

el

2h) 71e

ol

w

94 =

=

. A

2) BA

i QA WlFo] YR A, A

=yl

R

T AR ok AAA] S7HE =

tol A 7 9 AlzT]ee] A A

£ o83

b oo webd, AjEe )

S

2l

= wrdore] 7led Alate]

L
.

oy, o

-

o)
A

o]

A 47HAZ o

=
()

|

Z]

)

A

| A Agelth
e, )z alel )

Ao
)

Z
2H

pul

@ A o)

AEAT Al 7 AFAek g ol o

sfefo}

3t
sl

tedeol g
P, €9 Unite] 2H3} o= A A

5|

o BHoR AEsielo}
7 5@ Aol

wK

=

g A AFELS o] 12 7 AeHe] FEE Y

3 7N
, A5 WAAAL Sl AREE A

_ =0 =
== 95

Al

A2z FaSe

9]

=
[6)

fol 23} 8ol %] 7}

S

&

T
]

7] A

<0

- e

- 186 -



2 S&EoF g

13

o)
“

ks

AE &8

<
T

S9 2412 =9 @
W mEAe] Ban = ofe)

b %

1)
7

o

Ho

ol ¢

1

.

]_

) Z1Eoie] SR V)& A tede)

0

W= w7t

KX

EEPRE

o)

o]

=

=3

) P Roke] V)& Aw

fu

T

o)
“

s

shal ek ek AEE 24

o] A4 IAlolH, o]

S
H

e

=

- 187 -

7F

=

o

H

2~

=

9 $44 TR
A3

il

ol

e

3T
=3

A Z7]

A
'?,]

=

=1
g
=

=

=

G ARLt ob AAEAW
ak

tol 24 A

3|

P AARES wh AR S e e BEECE AA) — A3

2) AFRAE ¥
A AE — AR =

A
&

S|
3) AEe] At}



s
np

e

<, 1998.

144 1

A A (D, (D, S22 ESS]A]

o188

=
=

A

Ay
e i

faEak 7]

4) HMIF s
A 948 1

<, 1997.

A7y B2Ee] A nA= Gl

-
X

5) 38, 7l

1, 1984,

ek
7 olug 9, AEelA 2ass

A1
ai

<, 19%.

=g AT 2

SE

a8

il

A

[ex]
=

23T E]

e

7

°]-&-&

+ 9] Bottom AshZ®

3|
s

8) o<

=, 199%.

SR = A7 2

Tor

()
=

dT =, 199%.
gl
1987.
11) 74

bs

_?,’I

HAres)

AR

A, A

et

71l

3

-
o %

d

4, AEe

e

10)

=]
.

&

il

J

, =

A AFEHR] =, 1993,

Fod, 1999.2

S

Aok Ag-goll

(D)7, S=w71=383] ], Vol. 14, 1997, pp 257-260, FH=#7]&3}3]

14) A3, Folo Axol 2} &8, A

=4H, 199%. 2. p.p. 6371

- 188 -



SHel, AAFBLSE, 1997

17) Asdista AR - Aledd, A Wk Eg dARE At wd 94

&
N
=
offt
N
)y
r
-
b
olgt
u
il
o,
oo
ot
rle
>
re
iy
=
A
1o,
e
ili*a
i)
N
g
w2
&
5
5
&
O

1997.8
20) NA 3, FEZ o] g3 AMERZES] EXo] 73 AT 199%
2D MRS, FEE FARE AFES Az Az 2 546l ek A, 199
22) SHE, =¥

=5, 199911
23) et E, M3 93 FERZE (L) BA BE 712F AT, ol o)
8k, AAbehel=E, 1997
24) &A% HAA, TEN= AWME D 2 E, AL 199,
25) 7] 4k 3%, ARIE Ajgstel, gt S, 199811
260 AXY, AMEMEZ > EAPARY] A wE FEEA AT,
Ao diskel, A=, 199611
27) -8, WA Slate Panel 7ol g 7124 A5, A2d tishe, 19908
28) S=rEA ESS|(H), HAELAEF], 7%, 1997.10
29) 7 EATY, AAEHA Y] A5E BE A8 Ve AT, A
71&A74, 1997.10
30) SAAAANFATY, AFAA 4 B3 AT, THVEFAY, 199712
3D SEEAddT A, THES] FHEEYE/NHID) 1HE FE] FERYAT,

}et7]e=] 1987

32) A3} Ae4E Ve 2 TEoA 7S R AREH #A3 AT AL
gk, AR =, 1996
33) &g, EETRS FolubHo] #ek A9 Journal of Construction & Material

Research, Korea Univ., No.1, 1997
) g7, 1HES] G435 Y 9 ANHES 4% REE Y FARE g

A7, MET ek, HAbehe] =, 1997

- 189 -



35) James S. Reed A, 3424, #¥3, wWAA 3, 2drhe(AMY
‘Introduction to the principles of ceramic processing), W34, 1994.

36) William F. Smith(Z135, 8], A3 §9), Amashst s (dA3
Principles of Materials Science and Engineering), 3%, 1937. p 472.

37) ASTM C796-87a (Standard Test Method for Foaming Agents Use in
Producing Cellular Concrete Using Preformed Foam)

38) Andrew Short / William Kinniburgh, Lightweight Concrete, 1978.

39) G. C. Hoff, Porosity—strength considerations for cellular concrete, Cement
and Concrete Research, 2, No. 1, 1972. Jan.

40) I Jawed, J. Skalny, Fly Ash in Concrete, RILEM, 1991.

A1) EEHEE ], IR ALY, 7 =ik, 1995.6

42) OB A, ARKFIMATEEEM B L ez llniza>r 7)) - otk
H, mEA, 1986.

43) T Mangialardi, et. al.,”Characteristics of MSW Ash for Use in Concrete”,
Environmental Engineering Science, Vol. 15, 1998, pp 291-297

44) Morita Suzuki,"Melting Test for Fly Ash from a Municipal Waste Incinerator
by Electric Melting Furnace”, Waste Manegement Research, Vol. 7, 1996, pp 18-27

- 190 -



- 191 -



	숯을 활용한 신소재 포장재, 농업용 자재,건축용 복합체 제품 개발
	요 약 문
	목차
	제 1장 1세부과제
	제 1절 1년차 연구수행결과
	제 2절 2년차 연구수행 결과
	제 3절 3년차 연구수행 결과

	제 2장 2세부과제
	제 1절 1년차 연구수행 결과
	1 숯 골판지 원지제조
	2. 결론
	3. 연구수행에 따른 문제점 및 대책
	4. 연구성과 및 활용계획

	제 2절 2년차 연구수행 결과
	1 선도유지 포장재 적용시험
	2. 숯 과수봉지 제조
	3. 숯 멀칭지 제조
	4. 결론

	제 3절 3년차 연구수행 결과
	1 숯 과수 봉지
	2 숯 멀칭지
	3. 숯을 활용한 선도유지 포장재시험 (바나나 및 방울토마토 저장실험)


	제 3장 협동연구 과제
	제 1절 1년차 연구수행 결과
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	가. 폐석탄회의 일반적 물성실험
	나. 일반적 물성실험
	다. 기포콘크리트 관한 실험

	4. 결론
	5. 참고문헌

	제 2절 2년차 연구수행 결과
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	가. 단위용적 중량
	나. 압축강도
	다. 단위용적중량 대비 압축강도 및 열전도율

	4. 결론
	5. 참고문헌

	제 3절 3년차 연구수행 결과
	1. 서 론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결 론
	5. 참고문헌



