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SUMMARY

This study was carried out to develop the value-added composite
materials for construction by recycling the lesser used wood wastes. The
target of this research project was to develop environment—friendly use of
wood resources and to develop construction materials from waste wood. In
pursuit of this purpose, several accomplishment was gathered through
experimental practices, such as manufacturing techniques of diverse
composites by harmonizing the characteristics of wood materials and
non~wood materials, The raw material for composite, geometry(shape and
size), and manufacturing techniques of wood composites were developed to
be acceptable for the changeable trend of construction materials and
localization of manufacturing facilities in near future.

This project was subdivided by several parts according to raw materials
of composite used, manufacturing techniques and product types, etc.. The

major results by part were as following;

Development of inorganic-bonded wood composites

In this part, a study was conducted to develop manufacturing techniques
of inorganic-bonded wood composites for light-weight construction from
wastewoods, cement, gypsum and other inorganic materials, having high
level performance of fire-resistance, durability and insulation.

Feasibility of raw material, optimum condition of mixing and method of

property—enhancing were investigated by hydration reaction. In wood/cement



composite(WCC), curing properties, in case of using old newspaper
fiber(ONP) and wood particles was better than in case of using virgin
wood. By the types of compounds, an inhibition against curing was in the
order of yellow soil < perlite = fly ash < charcoal. In curing properties of
wood/gypsum composite(WGC), setting time of wood powder material was
shorter than that of wood fibrous material, and addition of yellow soil and
wood charcoal lowered inhibition against curing. As a curing reagent, MgCla
was the most effective and showed higher selectiveness to wood materials
than Al(SO4)s. In Korea, a large scale production lines of gypsum board by
wet-process are installed and produce fire-resistive partitions or wall
system. Correspondingly, the study was tried to use wood raw material in
manufacturing process of gypsum board. When wood raw material was
mixed by 5 to 10%, ONP showed reinforcing effect, and paper sludge also
showed compatability for this purpose. On the other hand, mixing ratio of
15%(wood fiber) to 25%(ONP) of wood raw materials was good for
manufacturing process of semi—dry wood/gypsum board. These composites

may be possible to be used as low density and shock absorptive board.

Effects of rapid curing and property-improving were investigated in the
cement-bonded wood composites produced by applying method of
semi~dry mixing and CO2 gas injection. Wood-cement gypsum boards for
interior uses were also manufactured by this process. On the other hand,
when clamping-pressing process for rapid curing was applied, setting
process was improved to be possible in one day to two days.

Optimum cement/wood ratio was 2.7 to 3.2 in case of semi~dry mixing



method, and higher dimensional stability was shown in C/W of ratio 3.2.
Thermal transmission of cement-bonded wood composites was similar or

higher than gypsum board, and was higher than that of wood-based panel.

Cement-bonded wood particle/ONP boards for sound barriers were
fabricated and performances of these composite boards were evaluated.
These composite boards showed low density of 0.83 to 0.96g/cw. Sound
absarption coefficient of these composite boards also was ranged from 0.6
to 0.8, and, particularly, boards with engraving holes on surface(hole-type
board) showed a superior absorption rate of about one. Accordingly,
hole-type boards figured superior absorption property to flat-type boards.
By this result, the full~scale boards made by press—pressing, forming such

corrugation as slate, were constructed for sound barrier at the roadside.

As a new approach of recycling wastewoods such as concrete form to
construction materials, wood-cement block was developed. Optimum ratio
of wood to cement was 30 to 35%. These wood-cement blocks were
much more lighter and better shock-resistive than cement block.
Furthermore, characteristics and uses of blocks could be diversified by
mixing such inorganic ingredients as perlite and controlling density. These
composite blocks showed superior properties at cyclic weathering test.
These boards could be applied for interior, exterior, or landscape &
architectural uses. These blocks could be applicated easily by renewing

only a little amount of facilities at block factory.



Development of functional wood-based composite using pulverized

elements

Wood-based panels used mostly for furniture and interior parts is not
recycled. Consequently, composites using pulverized materials were
developed as an efficient method of waste wood-recycling approach. Resin
blender was newly developed to compound pulverized wood materials or
inorganic materials with spreading small amount of liquid resin evenly.

Optimum bhoard manufacturing conditions, including to add powder— or
liquid phenolic resin into waste MDF pulverization, were elucidated. In case
of adding resin content 7% or more of phenolic resin, boards having high
internal bond strength of 15kgf/ew or more could be manufactured. The
composite boards using ONP or waste synthetic fiber and functional
boards mixing yellow soil, fly ash, zeolite, and charcoal were manufactured
and fire-resistance and far-infrared emissivity of those boards were
evaluated. It is believed that the boards developed in this study could be
used for high performance flooring in house or interior parts, etc.. Also,
three layer composite board combining wood materials and perlite were
manufactured for light-weight partition. Also, the emission of formaldehyde
and VOC(volatile organic compound) were measured during manufacturing

process of the composite pulverized wood wastes.

Development of wood fiber/plastic fiber composite

In this part, manufacturing process of wood fiber/plastic fiber composite,



of which domestic market share is prospected to be enlarged for interior or
furniture use in future, was developed. And characteristics of composite
according to processing variables were evaluated. As a kernel technology,
the invented turbulent air mixing method could be evaluated to be more
efficient mixing method than American nonwoven web method, and pilot
fiber mat-forming machine was developed. Properties of composites
manufactured by this machine were superior to those by conventional
method, and mixing portions of thermo-plastic fiber by this advanced
approach could be heighten. The relationship between several processing
variables and composite properties was evaluated experimentally. Suitable
polypropylene fiber(PP fiber) in aspect term was thickness of 3 denier, melt
flow index of 25 or more, fiber length of 15mn. Mixing ratio of PP fiber and
board density were determining variables on strength properties. The lesser
ratio of wood fiber resulted lower strength properties, but resulted better
dimensional stability, Adding effect of MAPP was great at low mixing level
of wood materials. Property—effecting variables were studied by observing
inner board structure with scanning electronic microscope. Higher density of
composite increased the mobility of PP, and hrought more linking of wood

fiber and water to decrease thickness swelling,

Development of wet—-process of wood fiber—reinforced cementboard

The purpose of this study was to develop wet-processing of wood

fiher-reinforced cement board and to determine technical feasibility of

using wastepaper fibers for reinforcement in thin cement products. Fibers

_10_



from wastepapers have high levels of non-cellulosic impurities, and the
recycling process also breaks and damages the fibers.

To produce wastepaper fiber-cement composites, the influential variables
in the slurry-dewatering method during processing composites were
identified in an experimental study based on factorial design. Among the
proportioning and processing variables investigated, fiber mass fraction
and level of substitution of virgin fibers with recycled ones were found to
have statistically significant effects on mechanical and physical properties
of composites. Subsequently, response surface analysis techniques were
used to devise an experimental program that helped determine the
optimum combinations of the selected influential variables based on
mechanical and physical properties, and cost. The optimized recycled
composites versus virgin composites were evaluated technically. The
effects of moisture and weathering on the performance of recycled
wastepaper fiber-cement composites were investigated through accelerated
laboratory tests simulating the effects of wet-dry and freeze-thaw cycles
as well as warm water and oven dry. They were shown to possess

acceptable short and long—term performance.

Development of wood/plastic composite by melt—-blending process

Thermoplastics such as polypropylene(PP), polyethylene(HDPE, LDPE)

and polyvinyl chloride(PVC) and some kinds of wood flour were used as

matrix and filler materials for wood/plastic composites.

The composites were prepared by melt-blending process in a single

...11_



screw extruder, Maleic anhydride modified polypropylene(MAPP) was used
as coupling agent. The WF(Wood flour) was compounded up to maximum
50 wt% and the coupling agent was added up to 15 wt%.

To optimize processing conditions;, extrusion-temperature setting,
compounding route and pre-treatment of WF were checked with four
kinds of polypropylenes which have different level of melt index. To
evaluate the properties, tensile, impact and flexural properties were
measured and the fracture surfaces of the composites were investigated
by SEM. Also, the effect of water absorption on the properties was
evaluated.

In the case of WEF/PP composite, without the coupling agent, the tensile
modulus was improved with increasing amount of WF, but the tensile
strength and the impact strength were decreased. The tensile strength
could be improved by adding the coupling agent, but the impact strength
was not affected. The reduced properties were caused by some defects
formed from decomposition of the WF at the high processing temperature.
The optimum content of coupling agent was found to be 5 wt% on total
composite base. Considering the melt index(MI) of PP, it was found that
PP with higher MI had better processibility. The high flow property of PP
enhanced the dispersion of WF and lowered the processing temperature,
and consequently, lowered degradation of WF and PP.

In the case of other plastics, the mechanical properties had similar
behavior to above PP composite. For PVC composite, coupling agent was
not used, and the properties could be controled widely by changing

plasticizer content.
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In order to evaluate the processibility on industrial scale, field tests of
extrusion and compression molding were conducted at two factories. In
the case of extrusion process, there was a preblem on sizing the
extrusion caused by severe die swell behavior. But, the problem could be
solved by adapting a sizing die system which consists of unified
die/sizing block with cooling water circulation. In compression molding
test, thick boards for desk material were molded. Because of the
thickness, there was difficulties on heating and cooling the mold, and the
production rate was very low. However, for thin materials below 10 mm,
somewhat reasonable production rate could be achieved by adapting a

press machine which have two isolated presses for heating and cooling.

Development of composition block recycled by wood wastes

A study on development of wooden block and thick board by approach
recycling the processed wood residues occurred in regionally distributed
small wood industries with low cost. The mat-formed pressing apparatus
was designed and made to make sidewalk blocks(I type and U type)
specified in KS F 4419, Optimum manufacturing conditions were studied
and possibility of manufacturing techniques of highly durable thick 32mm
and 50mm boards for on-site application was ascertained.

Applying 4 types of pressing styles and schedules different from
conventional hot pressing methods, high performance block or light-weight
thick board having two times of bending strength compared to

ready-made cement block and even-state inner density profile were

_13_



manufactured. QOutdoor durability was also conspicuously improved by
degradation—preventing treatment of waste wood-block.

On the other hand, a good sound-absorptive, light board of density
0.5g/cr or less, 50mm thickness was developed by forming resonance, ie.
absorptive holes, in surface or inside of board. Patent(No. 0277290) on the

developed manufacturing techniques of wood block was acquired.

_14_
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QA A9 BYAE A2 AL, BA, AN g8 AE A
9 5a% dANA U2 ¢ dt AAE A, 1D 4P ANt 2as
EoEA - RAARE ) AQsd Aud Tusle Fu 5 ey
gxz A4s9u.
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A2d 527742 E3A 454

BAQgs} Fr)A4RY Bgsts 2A - AuEAYG BA - A3, 7E
TANE A7} Bz FERY F v, 47 B3 Asda @ AFTx
g M, Az 21ed oy £3 Aolsit. 28 o e 2
Ao A BgAEe) R4 49 ERede FHsy, 248 AA
AL 7154E Ry e BA - 23 gAY Asa wetol
A F olof g},

B ATdAE Odd ASAARE A 24 - Bo)8 ERA S a0
ol glolM, Fde] ANHR e Az dHe] o)FojHT. = 2t
NA T84 2 AdEAA) EAE FA BMete], Beale] 2ANM
FF Y A7 2o gAY AL sAde AEsaA dgd £ F &
A AMEFR ®el ol 24 . 2A - ARE - AR @ S
WgEAZE YA A ANEAY SIS AWH LS HIT1998),
Hofstrand & Moslemi(1984), Bf(1968) 59 X
24 - H3A9 $51¢ EHe U HuRs ARG Mans A
2PPe 43 FEY % ARTPES AR

m

Al Az L Py
1 AgA=
7t HAYR

B ER=(PBE 29 W &5,
ANEA HE(ONP) £, AAEA £ 5 559 9488 fE-2d-4

=

BAYRZAE AUT B,
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W (20-4008ke] Abgstu T & HAEA ¥
AT st e AR ARgEATh

3!

= AER

a
oy
2
g‘ll
=
A
B

2

Er ¥EJQuAdAE(ype 1)E, Mu¥se dureg 989 ¢
Bk vk 31(CaS0, - 1/2 H,0)E 47 Ag-8k 3 th
th AstEA 2 AAAA

AuES  AeEZAAZA  MgCl, (chloridelf), Al (SO4)s (sulphatef),
Na,SiOs (silicatelf) 5-& AAsAoH, 43 AIAAARA = Ao =3H
A ALE3HE FEA proteing HUstTh

&, &34

EIAZAME S5 & A4 dstaa ste 54 - FU1A5EA4 Y

Ustyd, 2948 SaAAY, 71%4E Y487l A% Sxoe, Fr1d3
o] Aol FEd AoR AGHE fly ash, perlite, HE, H& B8 5&
AARste] AHEst ) fly ashe ME A4F AHE FAEEA Wa4 7
A&EHA7L Qlon, perlites 3, AF¢ & FEZAAY AFIARM 5
A Ay, 288 T Ade) ZlddEd. aga @499 vFE FE
g duby H59g Azt Ad, 4494 3 59 V%A R Ak
Ab-&-3F 3 vt

<E 2-1> S - FUIAS A HE, MM X 23A 74

T B ZAg 274 - E3A
MgClg
53 - APREWCOA A Al (SO4)s (A3EA4) fly ash
PB& 423  Na,Si0s, perlite
152 52 ) -
53 avwer TR oneinasaa)  Fe
22 . AdE - A3(WOG A none
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2. 4@

7h EA& - 51 A8 A &9
A - FVAEFAY RS SN ol dr, AUkA R &3
Ao EFHIE<E 2-2>¢ ZY o] FoA HA - ARE - MnHgH
(WCGC)9] AlRle/A o Egu]= 100/0, 97.5/2.5, 95/5, 90/10, 80/20, 50/50,

20/80, 0/1009] F&Fo.2 3t

<E 2-2> 53 - FUIES A B, MM ¥ E3A el EEH

71248 div] E3

T8 — - —
SN =AYAE A E3A

£ - AMEWO A 50% 6%  EHXIA 2.0% 5%
4 - WS A 70% 6%  AAA 04% 5%

E/A1 M E=50%

2/ 31-70% 5% - -

A« NHE - A 5(WOG)A)

U B eaetgzA 2 EA Y

527714 98 £ 52702 - ERAHE LANER AHER
& o, E3rE M FHol2E FHAM FIANE2EE FAGAT. A
ERSEIAE At A5dE 5% FEAFHE At on, £24e
HugsAdxe das A A4 EF8 dF $HRTE A7
© EYTol2EE Dewar flaskol W3 QA u(thermocouple) & 49384, A
TXEVNEAN g3 A&SAsA, HuLeE EEARHt), HARLSET
(O] B AWSEAAS, 4T/4t (C/hn)]E ZAEAT. FAl9 control(A]
E-2)9 Ha2x EEAL(hr)], HEE[T(C), HANBAHS', 4T'/4
t'(C/hlE A3, [ = 100 [t - tIA - (T - TV/T - (S - S)/S']9)
Ao} &) 7348 A4 (inhibitory index, I)3 A&&t)
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A2 A4

WA It B3 EFHY 2R A5 343 el wdwnge

doglA HH, 479 HALRE EXY v FAAARI}E NAS R
2 qdSdn. by g o] A 5d - 4arse] FagdE A5
AR} 2 ¢ A 128 BEd - MaR=g Az ve dsEf, 49,

Al o= A B Ha 28zl BAFuE BN 24
of Wasith Wetd 54 AnRE Az AR 2AE slste) 75
gl A DA proein)®] A7k TakE duF oz EABHATIC

ad 2-1>.
3B 0
o f € 1
sL_* * E 0
—_ ™~ 20t
£ mk’_—‘\ I
Ty v 150
RN ; M
o i 100
10 o
5 S
"
0 : : : g . * + ~
0 02 04 086 08 1 0 02 04 08 08 1
XA Mo (%) x| oA HIS (%)
<a@ 2-1> |3 - M3 Sk el aEksol olxls ZExX(oH Hotege dF

o] W HRLEE ¢ 57T @3} o]F AA
B Ert A dolAls NS BoFu ok Ee A A 0.3%, 04%,



05%9 HIlFEAA Hoex 2dAe ZhZ 38%, 59%, 6601w, 1%
AW E oF 4641700 A8 oA ARAAAY A lgol WAy &
shub-g-o w) - NS A Gt vk o] AN REARAIAN ] AE)
AP AMEL 03%~05%7 A w&EQ Aoz oA, o¢} XL
n) AP A wek FA - AR(WEHA BEFA B H<E 2-2>94 9]
748 04%E AFsrA .
2. 52 - N5 BEA e Fagkge nAe BAES 9
FEA - NRE AxA g4 FEEE Bgsy] Astd FAARE Ha
el 5% E{E BRAe s oM E¢F JFE ALY
a9 2-2>. 7|6 A EFFLS A3 FAl ting 8 EFE&E 50%E 3

i o7l BARA G digte] & HI1E A Rogx EAo

&
ro)

23t

rir

o
o

W) SEFFEo] 100, 200, 300, 400% W, A3 thuie AAEFS(AA

E,g)E 7+t 55, 60, 65, 70%2]t}.
= 52}
EY| !
el *
T8
i)
H 5+
wer
™ a7

17 . - : . . " 45 L . + . L
100 180 200 20 Kool 350 400 100 180 20 20 Kool 350 400
LR F2HIIE (%) Sy FEHIE (%)

<a¥ 2-2>0AS o], FEF] FUEFE FEHNEEEY Aols) F

ol st A YgdAw 2EZAEFL A ggd. 23 Juex

_30_



7H& 200%

s
I

A

o}

ko)

Ha

B

Aol wet

2
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1
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AUg

Iz
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2 104
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S|
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ESE]

LN
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Sga
ERESEES

|

o

©

JA9tE <28 2-3>0 U}

©

e

=
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,n

=

| @stda gl weky &R0

AxdEe AJA L ol WbrE #2)7)

I3

#5237, ONP :

oo

F&EIE A

il
2

1

=
o
A

.

=

o

)

o]

G BE, WC
P WE&YA, PP RajolE B

(o]
o
EF)

%]
&5 Hol2EXE A3 ¥ o] AE (control)o] Ml

a%a

9,]
|
PS

=

2

A A 29

\
)é!o

2.
=

L

& 2009% o]

T Fol2ERANAM AHAAAEAE HolFa St} d&8

A =77t
G Jehde, Haer SUAZE diAE Adda d

=
g

Az W=d sEolAN, FE(WP)9

B A
=

Hua gie,

o] gl X

A 5L

T

A4

=]
e

(WP) < HEAIAWC) < #H%

o
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Z(ONP) < AALZHA(PS) < HEoE(PP)ELRZ AgAzte] gutstA A
A9 Qirh 53| HeolEg AAEFA EFAIY Aatgo| HYedREYy
oS Addn ok ¥ EAUEe] EFEA dEtde oA LAt
YeldA] ot EFHE 10%7) 5% R XA @A Yegoeza A
g oa Asldga & F Juk olg FE FHNEAPAMY dR8E

§ % E4xAL 4 520 4RPus AZF 45T 45 2R

4. £ Hrto] g FA - AMERFA(WCC)S 284

AEAAE A7SA g& 52 - AUEERA Y Fausdy das
a9 2-4~6>3 2k Ar|oA FHNEFLEAHATIE HSme
27| R(FHR)S zolg Had,

SN 24 ANEEFAWCCO) Y] Ade 54 - HaEFA(WGO)% o
v 3l o, WCCe F3td Hul2Ee WGC dA= {28 &)
o oy Hues E2AE WCCH Aol control(12417 W9))& 71&
o8 BEANEE EFPA wiy Aol os AoAA HAW, WGCY
A9l control®] AstAlzke] 47%0ln, HAAR H TS E{Y A+
A= 1A Wele A aukgo] AT,

EAQRE B4 AWME EFAY Aol ojM, SEAE AAEHA

E3tate o wad ZA veyen, g Bl s vyt a9
I Hoexd EgdtE AZkE control, AAEYA, £2F, dAY=E, sy
oo HA ey, A - AWME E@A AF EFAE HASAE
e 2d9s9e) 2 vk Aexd Aolrt vdstA veda 3l
on, gE9 deolag YIS W thh L AV SEE YEH.

<} 2-3,

i
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o Re %E -]' 3“] I:H Lu 2 = -
98 E8A - 7 874 8 =) 4=
Legend (47) A= b sk a2l 4=
. . (I-value)
‘ (C) (min)

fly ash CKF 1770 1,313 9.528

perlite CKP 20.20 1,269 5.912

e B8 CKY 18.83 1,248 559

=E CKC 1770 11.731

fly ash  CCE 20.40 1,040 1317
perlite CCP 20.57 1,036 2.068
W& FE cCY 20.43 1,021 1.050
gt cce 18.87 1,116 4370
fly ash CPF 20.20 1,124 2.065
perlite CPP 19.83 1,126 3513
AEANYE  FPE CPY 20.87 1,109 1.319
g CPC 19.67 1,235 5,505
fly ash CSF 20.20 943 0.735
perlite CSP 21.77 923 0.600
A A& A ¥E CSY 21.47 914 0.440
5 CSC 20.83 929 1.042
fly ash CcF 21.97 742 0.002
contral perlite CcP 22.43 981 0.135
AR gE CcY 22.33 750 0.000
gt CcC 22.00 768 0.036
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=
60
—n
—~ 50 R ]
g —
R
g 30 - i
@
Q
g 20
= 10
0 " .
0 5 10 15 20 25 30 35
Time (hr)

<2 2-4> 23 - M?ilE%EMI(WCC) of slutgRr Hat
[cn = control, PHXEE Kn o ABALER]

AT(C)

W Powder Chip ONP Sludge control

<7 25> BN - AESSHWO0)S 3R Myl w2 SNRY $EpSe
n: &7 P: perlite, Y : &, F: fly ash, C: SEH

1400

1300 On

1200 H mp
£ 1100 ny
% 1000 22
g goo—l

800 [

700 |+ 4

600 4

W Powder Chip ONP Sludge control

<ad 2-6> 5& - AHESEAWCC)e 58 Holo| w2 SAREY

S5
In: 237 P :perlite, Y : & F :fly ash, C: SEH
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¥ A AGI-value)=, ELAE H7ekA dgkd W= AUE > W

SAZA> ANEAEEL = AAEA o vad 25 ddddes u
el =9 EAE AUbeisle W 2RV BAARY AgddE A%
ANANe Frae d4e HAFa glon, Bge] AiAdne vdh wA

Seta rh obgd #E, UeelE, fly ash Fo E&HA Azl o8 %
A9 Bl AN L ABANEY ALgel wIHoldn & 5
slet.

o]

=

5. &3A A7t wE 54 - Y2 EFAWGO ] 4354

24 nRgAe] Faneerdt 2AAR % E5Ae Fhol #
Qol A9 dRSF)AY, HUeE BYARE ArFF B} Jae) 3
)% Uehim givk 3 Y, AR, AAEUA} go] 44 2]
(0~400HE AEY WHK AR FHAUL ANBARZG 2ol HHTD
MAd Quud vud 3seANe] He Ao ey ot AWE
el eAs AAA FHo BAARY ARANYR) JFL wEy v
59 Sawkg 9 ARAAEEE BAAR B B0 94 u

o2 ) WEe Ao R oARKE 2-4, 1Y 2-7~8>,

4 B AME BEAY) ARFAAS ANNE AEF A Huy
A ARRATE, FAAR] g Fol= FushAu, WNFA YL}
tha A vhebon], Es4 bRl QoM FEU Bee WAL

t ESAE WS 9o Aeut ese ARgAEst A dehta

:s:a4
R
ot

Aot old dats wF AXeHA SEAEY ol HE, HF §&
ol-gste] AA % VT AHAANE MY ¢ vk W FHERE



eAde RoFEz vk AR FELY 58S 7T EIAZR, perlite®

AEAZ fly ashe FAAB2A 2 277 71d= 5 U

<E 2-4> S3 - M2 FERAHAWGCC FEHEHS

22 - a8 (WGC)

o 5 5 253} Hoe&x AR
R =54 Legend (47) A7t +
(C) (min) (I-value)

fly ash GKF 20.0 55 0.010

perlite GKP 20.0 55 0.108

A5 1A, GKY 21.0 55 -0.007

=g GKC 21.0 50 -0.002

fly ash GCF 20.0 60 0.024

perlite GCP 195 60 0.084

HEARY e GCY 20.0 55 0.015

=5 GCC 20.0 55 0.005

fly ash GPF 18.0 65 0.608

perlite GPP 200 60 0.263

HAREAEZ FE GPY 20.0 60 0.024

=% GPC 205 60 0.028

fly ash GSF 20.0 55 0.015

perlite GSP 20.0 15} 0.108

A A &8 A 3 GSY 205 55 0.005

& GSC 20.5 60 0.028

fly ash GeF 205 30 ~-0.003

perlite GcP 21.0 55 0.029

(C:]’r;t;g) ge GeY 210 55 0.005

et GeC 21.0 50 ~-0.002
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50

cn
45 [ [

—pN e j ? .
N eyl
et

25 ¥~

Temperature ('C)

20

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (min)

N

<0y 2-7> 53 - M EFAH(WGC)2| 5iH F%%E t 51
[cn : control, Pn : HAIRX|H=, D BHLER]

Time (min)

W.Powder Chip W.Fiber ONP Sludge control

<3dd 2-8> FE - HIRIEFAHMWGCC2 EA Hobo| wE SZHzRY
TIHSEHURE ZEAIZ
(n: 2HI} P perite, Y : &, F: fly ash, C : SEH

6. B8 A HArbel] ¥ 54 - AMERFAWCO S AaA A

<E 2-5, I¥ 2-9~10>AM e AEEHA Hubd we 5 - AME
A AAE HaFa gl



<E 2-5> ZEETH FHotol wE A - AHESETH(WCC) EHEHE

2495  EHA  Legend |0 AT AREEERE zé(s'zvo}snzw

(C) (min) I-value)
CKM 37.37 930
CKA 940

Mgll,  Con | 3467 80 887
A%4Y AL(SO)s  CCA | 2857 790 316

MgCl; CPM 36.40 822 -7.81
HALEAHE AL (SO4)s CPA 30.63 720 0.83

one %
MgCh,  CSM | 3693 790 6,80
AAEHA ALSOs  CSA | 3L47 680 300

MgClz
control Al (SOQ,)

975

* BEEAA Aol wtE FgFuAArE 2EAAHS)E AT I-value AAFA
[7 =100[t - t)A" - (T" = T)/T'] o 9J&tsd+.

AT (O

W Powder Chip ONP Studge control
<33 2-0> S - AUESFHWCC)D! ZESTR Mol uE SVAR
Y R ERE

M : MgClz, A : Ala(SO4)s, n @ F&IH
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70

—PA N ———

60 ——PM \
— 5 e O
e /\\‘\
e 40
3
2 /
g 30 > o
§
- 20

“10

0 —

0 5 10 15 20 25 30 35

Time (hr)

<27 2-10> S - AMESFHAWCC)IS ABERH Holol wE 43t
MSeT Wl
[PA : HX|EZ-AL(SO4)s, PM : HAMEXEHZ-MCl,, Pn : HAEXH
= 937)

Al E 9] B 8E A =M= chloride$fil MgCl,, sulphateffig] Aly(SO4)s,
223 silicate$fidl NapSiOs § 3%& A&t oy, dvldddstelA Na,
Si0g= A8 AaHdaAE veidx &gyl dEd Edde A=
A& A 2

BetEAA FFHE Hlae]l glolMe MgCly, AL(SO,)s 25 Z A &

B3 BAY89 TR AUHAY 23] wEkA ug ol HAE e

Har gl=dl, MgCle7b AL(SO,)s Bvh 988 o] njus 73 dojtt, &
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MgCLt AT B2, AXEA, A22Y SAA9 221 abt B

Holuhm), 53 sy At AHHAAE AARA RS Wk o
oule] ASHEeE J5RAEG hebun

AU e w98 ARFANFE MeCly < Al

(S04 < FH7 02 FW Aols e, FAABINE MgClL#

g w, s

o vehdtl. olsh e APAE FF F4 - AME BPume Az

TA R EA A F89 AJem 489 U Aotk

2R < HEAZ<C A ZC RS2 A< control

7. 54 - AME - YR EFAWCGO) S 728ty

B oA AuEs Nae AHY L BHE AF, RO BP8
2o AWAERE AES) fste] BA - AWE - ARG SN

ZAEE A3 <FE 2-6, Y 2-11>0A e} Zol, EuiE] uel ujg Fol
3 AFPAL HoFn o B dgdaMe 5A - ANE - Azt A

Agg w7 fste] YA AAE HUbsHA gk

BARAHA ANES EANAG HiE EYINAS W, v &) 4
dA et Ao e st 2 Haud o Ui, Had
ogk 12k Akt gaEd W AA8) 23 Aot JPEo] g, EAG
A AR AWE - Moo Euled wE Fa-EEe] WiE By, AUE
100%A A HAA ] Ass SEAFE Bl BHA = A%025%) Hart
Egol vt exrt 43 Aasis, AWME 50% 0 Ao 50%9) Hl&elA
thAl F48E vehlorl Had vigo] FrhsuA gal LRt Feshs
w9 Holg e RoFEn Juk<ad 2-12> H AFHARZHHYEE =
ghol ol AMES oigk Hae) E]lel o 27 ste W

—_—

s
=
=
o
et
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AA R, HAFor Aot Gass AL Aare) Higo] wobylel uwhek A
A3 AAEZE AME 80% @ A 20969 o)A HAAE e, A)
HE 509 @ A3 50%0) A= A B zke] FEEA B3 U<y 2-13>
o} o] KA - AME - Ml gA|e] Hur|te vlg Foldle ofF 4
Btz oje g FEe] Brh e} o9k e AFNEAT word AW
of =&ol & Zloju, webd FF HA . FU)ARE
o] Aol YoM B B A3 mxe Fr1A98e JEAEE 2
2j3te], Mae A - ARNERES] AsxHARZM, AHMEE 52 . qux

=8 BYRFARAY 5e A% A v Dast g,

It
)
A
K
o
S
ggﬂ
L
op

<E 2-6> FH - NUE - MAZFHWCGC)2l 58S

N 2.7 A &8 Ea - AWE - 5 BiA) e

T (AWE - M) sy HEAY SAYE AXEEA control

975 : 25 26.0 25.5 320 28.5 275

PR %B:5h 216 236 26.0 2.5 250

47 90 : 10 28.6 23.1 275 23.9 215

c) 80 : 20 235 19.5 21.2 20.8 185

50 : 50 186 19.2 18.7 184 18.0

20 :+ 80 238 235 24.8 233 239

FHoer
EgAzt
(min)
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Temperature (C)

60
50
40
30

c¢100%

———P 100%

20

—— 97 5%
wosmencmin DQT 5% Q

15 20
Time (hr)

25

30

35

<a@ 2-11> 83 - AW E -

100% : control - AHIE 100%
HMEBAEZ - AHE 100%
D control - A|HE §75% + MDD 25%
P HAMEXEHE - AMHE 975% + M2 25%

100% :

MASgHWCGC)el watitg2E Hat

33

28

AT(C)

23 H

W.Powder
Chip

- - —~Sludge

- =~ control

18 [
13 A - =
0 10 20 30 A0 50 60 70 80 90 100
Gypsum content (%)
<33 2-12> S - AHE - MDEFHWCEO)IL! M1 8|9t £l Aiec
(Bxhel 2A (M1 | : FY(HARAHEMIE AHE 8]E]
10000 W.Powder
= Chip
T 1000 =T |
~_ | o
Y N —--—-Sludge
100
E e GONON
g
1
0 10 20 ao 40 50 60 70 a0 90 100
Gypsum content (%)
<12 2-13> A - AIYIE - ADEHWCGO)2! MBI SIS 2Tl T

(4 2 &gt

. 2| HURHEA D)
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A3d 4 &

(1 54 - N5 EgAe #aukg 89l
FALRY FF/ wg AUF HE > A543 = dAEAEE > A
Age}a] = HelolE JHo g FIMEEE 9 HiEEs} wov], EFE0)
FVge wel AsAAgHst FReAch 2 A4S e 54 -4
3OEREA @ A sA A A (protein) @] A A HIMES A5
0.3~0.5%°] v},
©2) EAADERFAWCCOS) 7234
AAEH A, AAYE 5& EFS 52 - AUE B3A9 Aol 4%
sldom, B34 FF wEMe FE < perlite = fly ash < B¢ 208 73
A=t wokeh, 53] gE, perlite, fly ash 59 345 g 4
HEAZ e Asgdo] MAHRE HEAge] BF ol&o THH o|r)
(3) 54 - M EIFA(WGO) 2 434
BROk A8ty 58, d523, A7 @itk 45EA R,
AAEHZ) G B2 - aBgAe As-gdAlzte] Fotxw, BFEY Has
AT o= T RvE Qe ot dolxlt
(4) A3tEA A7t 9% A - AdE E3dA 9 AsiA A
MgClz AgEEE Frixez FsA7H, 53 s HEd
MgCl, & A7tatd FE R Aseert 2% F5sch MgCLE Al
(SO4): 20 EAYR Aayo] 738 ot
6) 524 - AHE - M EFA(WCGC)S 434
Egnle] wel Marzt B@Ae AeF0 w2 F8AA Z29s Jeh)

[‘0
2z
et

o

W, AME - 59 EfHle] wel BgAe] AL sRAR TRAAG.
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A3d Hd-AHx HPRe= Ax

ASWAAZ AHgH & HUSHE §& &7 ASAA=ZA A
oM AETFAIZE AEE s glenz oiAARe Awe] aFHy Yk
I R 449 9% AR qars ARANE Z/ea 3
on, e el 2 9 ARRA 2K Fiol oFAXI Y. ol
B AFGNE o9 2 F4 HaRE AxFH ZHYRE B ol 43
o, AEAY AFss AAGEN HurEe E4& Adsr] A8 439
THHANEH, ob2Y N2 E PYORAN WA FAH ¢ A - Hune
& Azshs Aol ¥PHUG

E AGS Al 2deA FHE gdd BA 2 FU1d 5gA) Bl
A g Bo2 4% % N3 ¢ 54 - 43 HPUES

Azsta B4 WEE ARsh FrARE AYe AR Ag 2 Qe

A1 F4Y 48 52 - Ha EFRE Ax

1L s 2 39

7h AP AR
EH48E 30 EE@0mesh o], WP), EAI(WC), HAEAAF
(ONP), AA=HAA(PSIRLe™, F71d ¥4uEs W54 3(CasS0, + 12 H,0),
Helo]| E(PP)H .

B2 R4 BRE A
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i

dae gaavel de AREAE FHs s
N 28 FFA BE, AARLE BER 84U 458 /7
Aejel Amsh B2 Mg,

® A9 S WS BAURE woleGlny) A2 58
47 WA AARoR Egstel AFEAN HE ARAAN Beg A

sy

zaE YRlogA 71E NurE APEs A8 Aotk FAYd 9

ol

b Bgne AzWye EF2dd wE 5= Asdd@ld D d
B EYzA wWE EHEE AP DHeg 783 <% 2-7>3
o] AA s}, HAUM] ¢EH/FEo] 100, 200, 300, 400%Y W, A Lo
g AR EFE(DAEFR)S A2 55, 60, 65, 70%0] Bt o5 A
¥ 54 -Mu BHRsE AR 2-1>3 29k
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AHMANZA G M= Qo AAATIE 211>,
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<E 2-11> B3 - AHE - &7 SHEES 24

I e Rl LA SRR S
ARAAA AE A T et/om) IR )
(©) w50

100 : O - 248 7.0 0.54 46.6

80 : 20 51.1 277 53 1.13 49.9

H) A 7} 60 : 40 535 36.0 58 0.82 50.6
40 : 60 477 239 6.9 1.10 50.2

20 80 43.3 252 6.6 0.79 49.8

0 : 100 405 11.0 56 297 62.3

100 : O 66.9 163 5.7 1.29 48.3

A 7} 80 : 20 68.6 26.4 52 0.97 53.3
(NmH) 04%) 60 : 40 50.2 26.8 62 0.99 50.0
40 : 60 50.9 29.0 59 0.90 454

20 : 80 46.7 26.7 49 - 51.3

0 : 100 43.0 20.9 4.9 048 50.3

* ZAA8  HAAN 20% EF, AU COFY D /AEOTIEA
«+ Beo) JAYUR 1 .0g/cr

40% : 60~809% = eigtth s1El®, %%
£ 40 60 2 20 : 809 FANAN FAYHFEL W2 FEE YoYU FF
0388 B&og2N FARLELN Fr &M EY o] &

B2ygci<ay 2-38>.

I

o
r1o

m&o

@) ¥ - AHE B3R=
AR Eute] AAE EFFFS 0% E Egn, 274 i HX

AR (EZ 10%) + BH(FF 10%) > FHESZ 10%) + AAF(5F 10%)

_66_



E A HEEHAA(ALSO)s 2 MeCl)el #Hztel 9ste]  Zxm
Fole HmgoRA @drtAaTdd HAS 38 AR Eaoh a9
W, FAREE R E4Ee AEAAd AYEinsl dFEHUon,
Alo(SOg)s AFEA] AFebd o] oL s Jub<y 2-39>.

o HAE A W HRAMHAAR) - ANE EEse B4
A A0MHAE AR JHE e kA §3 AMEA nE HAES) A7)
Uebste®, 9 609HE ARERE W wirle stdo] el #Afle) HtA
(26ket/cm) o149 1E FZAEE ey
TARZE R FFEd dodMe, Agust 0 — 50m4 — 60w
HEZ FIHgl whet Astats e Beon, & ulddoy B 508
A RIHERS 40C7hdstAY Jeduly) - wizkd A WA e R gAlsE F$
T tha dAH o FHEE ddol HAHNY Wy, gz, &
g3k FQlAl mlAl gk FF(micropore)e] AW REUR 9 A3} 43
g o AAHE B fEA B AgetgAdl JEe nAE A

FHAT<Y 2-40>,

[o

BN

gt FAGIAEAN A, B -

 A¥AA AHEE AHAAA 0.16% HAFEE B4 M5 BgRe
Az HZY FEoz WA ojme FYNHHMIY B i EF
Alg)ol oF 16%, YAAIZke] oF 10%0] A9 g oz A A7} ofd F
ARG M3 o A9 HYgAe] BEE nddor € Aojvh. &A=

43 BgREe B4

A, 243 = FAE 3% oM A9 AAQA wFHI PR v s
ZEZF va FFEA. 39, 1Ee AFAHE st AAHF 43lA

A A7F dastgdon], EF&o] 40%NA 4H%E FA BFE ALE
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ol Ak =, M3 BEFRE(CFAGTE 3% o5 > ANE HE=
EE AME - M EFEEET FARTE 12%), Ha BEFR=E(EeE
30%~50%) > ARE BHRE T AHME - M5 EFRE(FFE 3

ah) 271789 84 Aol vElvi<ad 2-41>.

8
X
o

50

40 @w /C30%
mY /C35%

ac/G 80/20
ac/G 60/40
WMC/G 40/60
®Cc/G 20/80

30

MOR lkgt/cm )

20

f-20% - 30% i - 20% I - 30%

mw /C30%
W /C35%
0c /G 80/20
ac/c 60/40
WC/G 40/60
Lc/c 20/80

“Thickness swelling (%)
=

35
30
g *® @w /C30%
§ mw /C35%
g 2 Qc /6 80/20
2 ' wIC /G 60/40
< s WC/G 40/60
¥ Oc /6 20/80
10
[
o
<% 2-38> ZZAHE 3 BEAUE o8t HMEX|MFT - 7712 58 H=o| 24

* 1-20% @ REAWE(E)- AAEAMF
* M~-209% @ Z2ZAWNE(3F)- AL HF
* W/C 30% : AHE dju] E5& 30%

* C/G 80/20 : AIWE : A5 nj&= 80 : 20(%)
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60

@ 1SD20NH

o ————| |m1sp20407C
£ CHSD30407C
3 | |ois+o10NH
o #10+5 1ONH
g | |omspaonn

MiliSD3040°C

Non-Accel MG 2% AL 2% Chip

SD20NH
WISD2040TC
DUSD3040T
[AIS+O10NH
MO +S10NH
CIHIS D30NH
NS D3040C

Thickness swelling (%)

Non-Accel MG 2% AL 2% Chip J

WI5D2040C
IS D3040T
CANS+0 10NH
MO +S 10NH
IS D3ONH
WIS D3040C

Water Absorption (%)
&

Naon-Accel MG 2% AL 2% Chip

<38 2-30> ZHAIHE U EFA|HEO] oFt Fif- AJdE E3tEE0] B4

*

ISDZ2ONH : REANE-F4 E58 20%-174

IS+O10NH @ HEANE-FHEE) i AN HEE) 7} 10% E-wi7)a
IO*SIONH : REAME-AEANSHE 2 FNES) 2 109 EF-1l7kd
MSD30-40°C : =ZAAMNE-F4 EFE 30%-40TC 7+

*

*

*
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45

* PENH : 7] 4 -u714

* NPE4TC @ duj7] A &5-40TC7Hd

* 40# 1 404 A A4
* NW @ A kA &

-70 -

40
35
— 30
mao#
5 25 5o
2 4% || |ceox
< oNw
Z 45
10 T‘h
5
0
PENH PE40TC NP ENH NPE40C
35
3
g 1
2 B a0#
E’ 2 -s0n
g 15 oso#
2
rNw
£
£t
05 }— U [
o {
PENH PE40C NP ENH NPE4OC
30
25
& 20
§ BAoH
B m50%
g 18 1 |=s0s
I CINW
g
g o
5
0
PENH PE40C NP ENH NPE40C
= = 17 = < = o |
<8 2-40> bl ghalof w2 HARZXMF - AHE SEEES 24




60

Pr NO
WF0.5
Cipro 3

60

« A0 ! e e Qcall

£ i mSi3

T 3 - B ] |macc

< i 40T C

S i Ow /G 46%

=20 - i A |mwse %

10 §§i§ %‘3 | 1 ACai3. P03

af Mmsi3, Pi03
i K

G - 20% G - 30% G -S5D20%

“lm T o - [@pr NO
MP0 15
0p03

g
S g5 1B _— @cal3
o
. ms 13
% 5 —- ! lmagc
& 4 | |ma0CC
& Ow /G 45%
£ 3 [y i = s WG 42%
s Opr03, 40C
2 H g i = -
It CIcai3, P103
1| I B | lamsizpns
o [E1513. P93 |

G -20% G - 30% G - S020%

Ho

BWPNO

555

SR

o
5%

%

- -y /G 42%
P03, 40°C
[ICal3,. P03
(513, P03

20 |-

e WP015
ol
= e f aro3
& a0 Hedd H — e} |BCa13
§ 5
£ 5o [ | |macc
5 o maoCC
5 ke 0w /G 45%
ki
2

G - 20% G - 30% G - SD20%

<38 2-41> FHAEHMEXMF, B - M1 2R =0 B4
# G-20% : A 51-H AER) Y > EFE 20%

* G-SD20% : M i-Fy EFE 20%

* Pr No @ AR alx) w7}, Cal @ 2413 S 34
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A 27 FWY - GAGAl oF HA - AERE A%

oAM= wAA B - A
ERE AzAigle NAE7] ¢
dto], GATbaF YA Rl A A A
olWA QTS 2E F glow,
gdol Eolgk Az FEaA
FAh. <A 2-4>& B A9l

A]‘%-‘d %E‘Qig?}iﬂﬂiﬁo]\:}_ <A}§_| 2-4> E0|E EZYIAME

1 AE 2wy
7l A=
120 AgoM e SFEGAE A A BE(FA 12m) AXE 982
A S ERE=(PB) T34 SEE % S dEx 488 JFBUE Az

TN BelE AR ALsE BESS 6mesh® Sralt QARG A

Aate] B FA o o] &3t rt<Ab 2-5>. ob&# HAAHFAEZA AE
HAE 54 &Y, dx R el AAYFE AHEEAY.

<A 2-5> B3 - AHERE HZ8 SHYUR
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27k Agel M PB 238 W $58 9E 3, 5 Aas vaste] vt
FAZEA AASE R Qe 3EHHR-9E] Hrecycled particle)), S1@]al #H23
AME Al g A4 982 Abgstdd. 9, Fo1d Qaaia,
Al EEWEAME(ype 1), AR A (A el g8k (MeCl, - 611,0))2
AbgERlon, devlgel MgaE JEE Fon AWME Fak oo

394 /d 7} ]_OJ o},

=

U Ay

(1) HE=Azx
W APl M HAYn AMES] SRS oS ddsiA A7
Aste, <y 2-42>9} e Fr1HEAdsE 5317 (Blade-lift type blender)&
AA A zste], dgatR o, B FAo tAdAe MAE FRPgAY
AE AEA AEstA.

<1y 2-42>

WA FaotAEA e o muagREAL <F 2-12>9 7 ¥ 5y

ol A1 1 hatch@ A 2% BEi= A2%9(F7 12mE o) gsto] H7 248
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3k AL AE - g -

ahglen, Adgt PBY MDF&9 A3 4l A=
B FAA 2-6>5 AR HEME 12g/anE kel, 12mm X 25¢m X 25em 2]
REg Azshla<Abd 2-7>0 293 AT 45 4N tapingsdte] 5

0T %% Azsel Fskel U IAFAS AZom, FAF Y
A2 o, B el A 7]

DR

! o2

I
Mo

o) Yol Wy MEE 1579 AL
tbAl 80C A x71el A 65A1%F A3

ylo] 71 e e B & etdol o &
e Aiel i AN s Aur)t HeE g

<E 2-12> BUTYM WAl 2t BH . AMERE HEx7

SEAE EAY8 TH AW
PB& #E &
12g/cr SElES StE]E 292 27, 32 05 0.03

AEANA AR

<ALZEl 2-6> S E bR Walof ot A - AMERE HZE

2. 434

o 2ARLAR) 9% neAdz R g% BAAHAD)
S| ALG Ao R A Hd - AMERE=S Wk 118~1.34g/m 9]

Hegon, HdJuRe HAEXNEG > #HES BEE > PBE 9g



2o oIt AEE AWE/ZALda v&(C/WIL) 22, 2794 & PB4
dElFo] thE dsol] Hldle] 2 & BAoH, C/WHIE 328 s #A&
AR 47 PBE HEERYE & 25XE Y o]Re C/WH 7 740
wel ARE EXFo] AWM Afo EAQ Agte] ] g mE
oz wolrh F AR M WEAstEER FA4e 49 C/W
ale] F7bo] we I Aol HolA] rskedl, ©]3e 6meshE §¥hE
Hotel el nlgo) Aol wel, 238 FEF A} o] Folx) 2] olA]
e AEAE JEllE Aog Ry, A3 9 gEg ar)e By
o gtelge] fdde] ke Sl Aggel Fuzt C/WHlL A H
oef gt Aow MY #¥, C/WHe F7kol wret @A (EAA)
T SHEH, #aAAg NP FE dopAE AFEE UEUT<KE 2-13>

<E 2-13> S& - AUE SFEEL U ¢ JAH 42

she s 32 A]
BRog e ] | RS A HdAdAs N
A T ANME/SA (g/cn)  (kef/cw)  (tonf/cm) g (fn) ¥
2.2 1.20 79.0 254 1.9
PB4 3E| & 2.7 1.18 68.7 26.6 1.7
3.2 1.21 78.1 31.0 1.7
= 22 119 594 176 23
%I;?;rﬂ% 2.7 1.26 59.3 23.0 2.1
= 3.2 1.28 56.1 25.8 2.0
2.2 1.34 65.9 18.3 33
AEA A A 2.7 1.30 66.0 19.1 2.4
3.2 1.31 82.1 24.6 2.4

C/WHI7E e 2204 359 BANR B A5eggel bg wsto
W, C/WHIZF 27, 322 WEHe) wel 229 Agurh A9s AHEY
Z, C/WHl 22014 #eER HE 2 HAEANGe] AL A 2 S
2% 2 F489 Jehad,

3

Addae Fedae, C/WHIZE 2204 322 Ho we} FAYEE]
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A2EH7 GUESR FE2(77%) > PBE HEE(74%) > FAFER A H(66%),
ol A& #AANE PBE HES(65%) > BUESL HE]2(38%) > HAANEA
AR11%), 2eEla F5&9] Fagde dAEA4FUL%) > BHYES dEE
(37%) > PBE #EIE(15%)9 ¢o Ugwrh & 54 st A9, 5%
Rrol A4bgd S s e dFFE oo AME X3 (coverage)Zl W
EA wEkol g AAME FAoM, HAEALRS AS OE FA e
of Hlgte] FF&o] tAZ RAEd, ot HAH7t Bol =&

AAYNE BHen F& - MANS W) giE9 Aor Iotdr<HE
2-14>.

= B AHE

f

<E 2-14> SF - AHE =aRcol g2y 4N
sadE #F AMEgA o pre AR ETE
2.2 0.65 0.43 14.1
PB4 BE]E 2.7 0.37 0.25 14.3
3.2 0.17 0.15 12.0
2.2 1.24 0.37 209
S ES 9EF 2.7 0.43 0.22 14.2
32 0.28 023 13.2
2.2 0.93 0.37 28.0
AFH A A A 2.7 0.25 0.20 19.9
3.2 0.32 0.33 16.6

U, g gAge) o3 HeAx @ e #7HeAAd)
SEHAAEUMR)XC/WHGEHEHE A% 54 - AdE R 54
2 <E 2-15>%F A
NAA HAEZE 2 FEAS)E C/WHZF 22 - 27 - 322 g u
o QAR Frtete AEE B ©, AAEX4F £ A= O/W I
oF vlEl A AEF7t #4E JEWA Fur
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w3, w2l AACEA - do] WFE R F4E)L O/WH 2204 %ss)
A & Wolglo, 27 ~ 322 P wel AA AMHEAoH, 53] R-vHE
2o A4 A9 Fo] Fr), o= R-FHFo] HAFet

H 7198 AeR wojgom, vre C/WHME F28 AUE RE7} o)F
ol XA Sl =2 A Q] AFto) ofsbA wEolta o AYr) aud, HFE o
EZ0hEE Q2o A4 O/WH 2294 e EAYERYE X494
gol wEld dug HoFolvh olet e AL Fitel PB F5E HEE
19 A, O/wHl 32004 HOZEE JEdon, Ay AAe gL
C/WrlelA PB 838 3E)& &Yl 49 7bd 257t A=) ey,

<H 2-15> ZA - AMHEEE=S J|H - B2 MA

sg9s  dW=  ¥3= FayAs T A o .

nﬁp

C/WH ;é o (g/en)  (kgf/ert) (10°kgf/crt) ﬁg(;i)% ﬁg(z‘i)i (%)
22 ¥SEYEEF 128 513 21.3 102 026 195
FZ289EE 118 550 156 125 018 276
R~ & 1.09 414 12.0 220 016 326
HAEAER 121 65.3 19.3 124 025 269

27 #¥358€9%€HE 129 532 27.9 034 013 182
TTEEE 127 62.3 20.6 089 021 187
R-3E}E 121 642 21.7 076 020 225
HAEANH 123 57.8 19.2 043 018 244

32 #FEHEF 135 553 30.1 019 015 152
TEEYEFE 129 686 319 047 015 166
R-3EE 126 540 24.2 038 013 189
AANEAA S 129 649 285 022 015 202
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4
o
iz
i
lo,

i
o,
e
f

B, AdE/Edly 9 ded e FlE iz FF¥Fe AL 5+ fUUe

t},  0103~0.153kcal/mhrC2A @y HARE=FO  dHER(0.069~

0.100kcal/mhrC)S AF8stQu}, sl 2x . AveE HIgpoi=

gAY ta Ee 4RSS AU AANT<E 2-16>.

<E 2-16> S3&

In
e}
do
1]
=
2
Im
H
in
1o
na
H
$a
ne
>
H
Mo

I QA=
(g/c)  (kcal/m - hr -

ne 5 . Hdd4s ¥d  C/Wh

T)

2.2 1.25 0.144

x58 ¢ E 2.7 1.37 0.151

3.2 1.33 0.128

2.2 1.25 0.132

T34 vEF 2.7 1.27 0.124

BA . A WE 3.2 1.23 0.127
HHe 2.2 1.06 0.103
R-9E & 2.7 1.23 0.127

3.2 1.24 0.153

2.2 1.16 0.129

AEA R A 2.7 1.27 0.141

3.2 1.30 0.120

bR - - 0.59 0.100
SEFRE - - 0.75 0.089
MDF - - 0.59 0.069
Sk - - 0.67 0.116

* AJHAS 1 £ 12mXF 22cm X Aol 22cm,

b.]
* POew 20T 33C-8H 7C),  * AlgHWE ¢ KS L 9016-95
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A3F 4

rhu

(1) 52 AueEREe A% 4stE 9

(2) W12 g whabrhs =91 - ghAl @ AA g AsAdAE A
LA VY YIS Hunsg uAd ¢ 9l B4 B AR -4

are] Az 7y 7be skl

A EFN(C/WIh) & 27~328A4 wre HAo|l 4wl ond C/WH 3.2
A A Gt Aol Al Ve 58], SEEE R w38 SEEe W
v C/Wikel HA Aoy do] dusiioen, HAFHAR FEdEns
T8 HEE iz AAEAAN RS A meo 1AL o

(6) A - AlE B3 A& A5l fARS Y Egkom,

B R mANSY AAEES Fo kg,
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A5d B4 -AE Bt g PIne Ax

A2 SUdRIAE Fu, S % ABTY FUY By Fart 3
i glom, oE 94 Wewe Fz aFulE, £A(5Y olag,
lolE), B4 % AMEA AFOE Ho Avh 1 F AWEAE AuFo
2 GEHYE AFol FEoITh B AR AxF HA - AWE 2
HEE I, @34, WehY, WEEA) Heldre W 93 $eAs
24 7bsHel 9g Aow AEt WA B At HPsncsg
2 AHestn Qe Bd BEEs qAEAARE AuEs A% Fens
Hahel WA BEWE nEe A A5HE A

A1y As 2 Py
1. AgAs

HEDALEZAN, T8 REFA 50mm) ARdE AWsx ¢ PB 5
8 e 23 HHE Axd FEE HAAE TR o] &3 HY. EF, o
AEAE AHez 4% F2 g obF, oAl Hige)dd HAHz
(ONP) A 5& 71AANA AHE3. 33, 58 dd4dA8 e Axode
AdeA] 2 HAGEE(ESE 2 $58)E a9 E AL

AFE= Ao XSWAE=EAHE(ype [)E ARSI ZA8EHAARA A
st Ul (MeCle - 6H:0)& AH&3ti o, dantadlag wastE HeE 7
Fog ANME ¥ 3%E Hrbsisich @8 Wy AdEzg HEAzRde
98 dstvt2vlgMgCle - 6H0)& A|RE ] tfale] 2% H7bsdct.



2. A3

A% FEY HA - ANE BYRES AxE oL (blade-lifnd &
g71oll o8] HAL8, AHE, A8 (MeCly - 6H:0) B & #FdaA &3
o Hys 2 2388 RoR A oo Za A ow 19 A

WA, F54 A - AMERES st oA HWTRE W) o
T AEHdEs Y8 nE gdd LAAYE FAsE FEAR
2-8>& Abgate] AR 2-9>9) e JEHRRE(EA 50m)E AE - Ax8 QA
o F3A BACAMEREE EXULEE 0.8g/crE 3¢, 50mm X 30cm X 30cm

of REE Azxsded, ANAE/SdAdre v & 05 H3A H/HE 3%E

FUTEL Badst edYge] 2% F YA Axsded, Fuyde

o

Hlodygozs At FEFHEES Axse AR fAHEH, 2398 8
e &9 Hue AISW otdiFe 45, g fd BF - ANE EFES
Wil Ao FAZ gAEE Waor REgE YA o] o ¢AnE

ﬂlnl

Uil A %S gEstus, dANE e AUNA Bahe
QAT Axd REE JAFAS AR g AAL AHAse AT
& AN FAE REE AxT S, 50T 2447 Azss wy
Ao ARF AR 159 HAF &, vlduoa Aol s)guz A
Gtk fzg BARSY A9E BZARe HBFNE EFe & A%
WAL Agetel Az on, Fa AQSFAY FFA G9E, AT g
delelauy BAE APARE TFA B PN AxE REE <
R 2-17>% ol 2.9Fd & Qup<ala 2-8>.

_81_



<E 2-17> ES82% HzxE SH - AMMEE: SEEE 3 B ge|

Al H _ ] _
e &9 HAds g HE e

o T

PB4 d}E]$# B 78 (CWF)
L H3(CWH)
g EL SE g ¥ %8 (CPF)
G AE L2318 (CPW)
W= A A 3 %3 (COF)
: 2.3 3 (COH)
PB& 3 E]F(37%)+MgCly 3% (£2]) 3 73 (CW3)
PB-& 9}E]F(50%), MgCly -7t (52]) 7 93 (CW4)
PBE& stE & A3 (WF)
L343 (WH)
HARce AHES SHEF B (PF)
L33 PH)
H A F-A] A F 98 (0F)
833 (0H)
g9 5 3 (NAK)
A A 5 A5 P (JAT)
g} o] o Ef A - 3 ¥ 8 (RA)

2 A7 5%

MERE o]l i

AL Siste] A z¥
A QA R(EA, e F R, A

i

ABE KS P 2814-96(x g el o3 AFAme A9 FEE F9)
I ASTM E 1050-98(standard test method for impedance and absorption

of acoustical materials using a tube, two microphones and a digital
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frequency analysis system)oll F=8Fo] <A 2-10>¢} o] A7 29ems} 10

el AFAE AANAT olm, Mol A9 FPe] AFAe] xebo] Hu
% S AR, T, MG A5 PRY BAREsh PAR ge A7)

o AFA= dHsA).

9, F2NES g8 A4 FSE Z2H7B&K type 420608 A3
o1 impedance tube? TxE <AFA 2-11>3 o}l AlH3E impedance
g AAsklom, NEel A kol

59| A4 HYE S0Hz~
6400HzZ A, 97 10em DFAE T35 1#(50~500Hz), 274 29cm 54

hi
Ol
]
)
L

tubeloll A Fewo] AvFAE &
YA = JAPH Z o %ME

i

Jp

N

e

£

ol
‘1
(it
{

= AP FRB00~6,400Hz) 2] Fe-AFol| A8 5T},

<AL 2-10> ESAI8E(z: & 10em, 2: &ZA 29cn)

ARl 2-11> S8 87| 2 U 7=



v SR A E Az
Azd Keel AdAgs F7 Senx % 60cn X 4ol 120em(F-53 3
Wafy e gk BE Al zRAe e <H 2-18>3 gon nEAY W sz
A A E AALE BEo ARFAHE <A 2-12>9) Zu, o] FAo
o8] ARzl 2-12>ell A9k o] Fro] WMAste FHo wye WX AS5Y F
(ME)7aE GAAA FFESE WSS &
<E 2-18> 3% & RE Mzx?
Rudy AMEeE/EAds B/AWME PBE dEH dskAl A7
(g/cn) H(C/W ratio)  H1&(%) (F58& @ ¥%58) (MgCly)
1 3.2 55 9 : 10 2%
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A 2% A4+49

,.._
ok
zlo
olo
Iz
s

-AMIER S0 A% B}

ol
glo
oo

A AME Bgnmo KHKMEAES <3 2-19>¢ 2
FUAEI) PBE HEH AS ALK} 353~464C, Haew REA7H

o g6~ 127208 vEhytor, wyEg nEde) A9 L) 386~
475C, #HLE RAARre] 63~7AZ o velskth 1l WA
9 A9 ALK 368~408C, Hile L mEAREe] 63~0.14 ko]l
R R e R R b

Aued A wRgons Fansel by S5l WAy

H
1L.10

FHsh: A, AWE 88 E7F MalE] gl

il

T s A Aol B f-olis PBE vtE o)l el FHol ke whe ol
ot Lk LAAREe g owkE Ao yuwth o #] gk =3kngA

i EIEEREE RS R

<E 2-19> E28 2% - AdEREC] EUSHS
TAe v nenugd  Aw e/Aner EaA(C/h
n el BEEY B.3/12.7, 46.4/9.7
| PBE EE 9.4 36.9/125, 42/96
PN e Al/7. 4568
Hyeg ge i g ’
e g st 2.39 38.6/63,  475/63
A vk 102/63, 408/9.1
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84y 20.9 0.06 0.02
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PH(8. 2 ) 0.62 0.61 062 (92.5%) 186.8
OF (B #4) 053 0.55 0.4 197.0
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Az e Rl o}
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15%(35%)  1.26 1618 1280 12.19
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el 118 997 3200 34.59
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Q,
coarse particle gg;
A 1 47} 35%) - free
fine particle 40%
20, QO
coarse particle HulolE 35% 0%
N N 309 5%
A9 1 ekl Zh 959¢ 10% free
fine particle ki L=} ° °
209 15%
A4 M coarse particle HolE 20% 20% 0'92/;;'25

* A& A (MgCly) @ AlHME ] 2% 7, B3 eSS 1 30%
* Ag 1 - OoMe 59 13 E3dse 593 943

o ARER 0 Y A%
24 ANERE Bx Beg A2 ul Aued 0d 2A9=9 1

tatAl =HH, o] W FEFL

to
tio
'
offt
>
N
e
L
2
=
33
Usil‘
o
¥
i
o
L
®
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494, FAE D A BA) JF& N W9 2GRz A4 F

O

kol Aol g Tasty, FEF BE SAUE HAA TN, A

FAAZ AAaA 87 deME ABEFY ne sRu&9 At 9

B ARERE Ao AAH ARALA 1T Moslemi (1987 %
AFYola - AMERES BAo] WAL HA/ANE w&e] Jao] o
ATFAA, ARE/ED W8S 15~30(FA/AME = 066~033) 07 &1,
of W] fi @ Sl Simatupang?HAHrt Alkel F4
AAFEg(L) = 035C + (030 - MOW
[C : AME(ke), MC : SAAREFE, W 1 Z20057 (ke))
of olste] AAbsteint wE AW WARGAN P ML FU9B)E] Aol
NE B A fAE =019 BAREYE 428 Asede W Awe/2a

H &g 27(FA/AE = 037)& 313, B/AWMEY ¥§% 0643 319

<H¥ 2-26> HH - ANUWEERS UrEYE ¥ TEHE

TR Wo/C C/Wo  Wo/(Wo+C)  Wa/C MMC
25% 4.00 0.200 0.544
30% 333 0.231 0.566
2% ] 30%
44 35% 2.86 0.259 0.587 ?
40% 2,50 0.286 0.609
(WotF)/
) . ”
TR WolC:FC CAWOE) (o WAWHRHC) Wa/C MMC
35% 0% 0.259
30% 5% 0.222
2% A 200,
9 L 286 0.259 oigs 0587 30%
209% : 15% 0.148
AWM 20% : 20% 250 0.286 0.143 0609 30%

* Wo ! BdHE, C: AME, Wa : $8, F: #7124&8A4, MMC : W EFS
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T A WU oo e WWEe AFHA FEage) zae] ofF
A A FaAUA, ATAe] e W 2 AolE He; Qv weh 2
Al qE A ARFAC) dF FEGe ms QA B MEgr
KMMO)®) Aol elel sREe Agsdon, Alge] Addoss
MMC® 30%5 39 9 29 Az9 4940t Byo] Fud Aow 1}
g7l wel, ® AR T BE dPedd FUF MMCE A Eao] 4

L

BEFE 4 FEGEE dAHINAU<E 2-26>,
FRZ YA dE £ 5 AFAEY AP FENESE MMCR
4 &S Moslemi 59 A@ A E 0.22~0.2401%], L 2 A7

& 0.370] €t}

o EYAz
olefo} e W o S 50mmXZFRE 100mm X A2 200me] 2L B
g& AxsPon, 52 - ANEEHS &% TdsE 99 AAFLZA

T2 50m X 7F2 200mm X A2 200mme} AWE B2 A 50mm - zE ] 4o
100mmQ) A67Y £ & A A3
() A5
Al 13eM g Fdg dyer 54, ANME, &8 E¥sded, 43
2AA2AN st $(MgCl, - 6H,0)8 AHE oin)ste] 2% A 71tk
(2) 43 - A
Al 183 2e PHoer A .- A
At
(3) ¥4
A IZA 2R FA 24A2F A tE AYEES slAste], RAE

I

o
%
o
=2
m
e
oX
ol
)

L gpal 8

i

m[u:

gg vdvos Wgste] 17U AT ojolM 2k 20T, #AsE
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= 5% FeuwAAA 272U Y FAF BANYS AN, Tt

KS F 4419(% - A= 32 E ¥z S2)9) Agynld olso,
st on, KSo APEE o)9jo] FA 50m X /FR
30mn X Al= 30mme] AMEE AFHstA, AHEAEANYE AA A

) oke] WA E

53 - AHEE ] ofg AMEA] TS HrhEy] 9ske] A@Ax
T EYE dA o8] Mo AFTEHAY, HUE St dAste] W EE

ddeiglon, A& T @ae A7 AAAEAE o<k 2-18~

)
ol
i
ek
>
o
ol
o

19>, & ojg}l 7 AL AAe] AgHma A 1FgdA Ax BYS

(3) HF-FAH
A - AMEEH oks] REEYO} 2R E0w ALY AP mAE]
A% 4t JF-& AR Agtel, 4F 1, DA Azd 52 - Auedd
MM FA S0mmX7FE 30mX AR 30me] A¥& AFHst] FEANPE A3}
Ark FARETLE AANE-EFA BN (Tyromyces palustris)® W25
T FEN N (Trametes versicolor)& AH&EH3Th Y34 HE3F 3/14)

A9hg bl F90aE 2 YHFEE FHRA,
54 NMEES FEANEC &%) IR 15U

T e FAR0C B & 15970 A o, A - FAUEE

& 2AElR, WAE R AFAE AW AAs g,
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KS I 2604(A% & SIMAES UEalg NG9l £3e, o
o8 B4 AMERY FAFANDLS AAAGE. A LA E S
AAAZ gl 20CAM 4R FE, LA 223 §319] 22& Wb

aa, HAE B 4SAE Alge dAsan.

of
oz

3. 44

7 BEALR FF R EFE wE HH - ANEEYY EAWEE 1)

EAAR9 FFH(coarse particle, fine particle)s} A|HEYH] E3&

(Wo/C)ell W& 53 - AdEEYY] B4 Wiles <HE 2-20> 9 <2¢g 2-59~
62>3} 7},

o] AydM Axd ¥ ARy ETHEL vh=2ARl Y UIF EF4
59 BA#E A A WA 35 Y B A dAR fA
AR, HEER= 3§ nA 9E E(fine particle) & AHEE B¢ 9
=71 W38 AN HE S(coarse particle)& AH§-g £ "M HT 49% A%
U 2ea YR EFE] UEFE G Fadses AFE Ko Ao
< 2-59>. ol wiAl MEES ARTE EY2 WEEFol wjuH Ads)
WA, BAAR AdA EFEC] S et &8 1T 52989 43
FE th SUtEy] WEolgn ¥ 4 vk 2Eu AgeE Y dE A

oj7} wig- Homz H HAYPdiME W dFFo] HEI LAY FHeM
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A Fael WAL BAERES JPL stoh A

<E 2-27> SE YRS BF Y EFEHEM w2 S - AHEEe SM(AE )
EAR s lae

AT 2 = sam @) azgw . f’i?% iy el (0

N1 g/’ )

C25  coarse  25% L1290 348 37.0 595 159
C30  coarse 30% 1100 479 52.3 628 200
C35  coarse 35%  LI00 506 55.2 761 193
C40  coarse 40% 1063 517 58.4 879 2Ll
B¢ - - 1098 463 50.7 781191
F25  fine  25%  L176  3L1 317 9%66 165
F30  fine 30% LI30 356 378 9.2 141
F35  fine  36% 1159 481 198 1186  13.1
F40  fine  40% 1141 524 55.1 1201 129
gt - - 1182 418 436 1066 142

<AH 2-60~61>01A i wke} o), HAAR EFE]

o] FFE R AHHES Sk o2 ¥ AEE HAEE vA AEEE AL
g W, 2elal dEAEE AR A EE AHEEE o v FlEgink
A8 Y ard JFAEE vaety, vl e EE AME EYe AR 5
HES AR A91Y HFE) B 1% AR Qo) pEdEE H3id 46%
7b vk B vA] e ER Al Bee) FesL HAda EXRES A S
detA Rt 213 s Eg A Adls 98 Al gllen, gt of
5%(A FEIF > vA AE D) Fe& AolE HEaL AT<IY 2-62>.

W T A8 (coarse particle)= A Z 3
Yl D [ 20/cnE 7]

- =

=

202 3 RANE

WEAE W, AAEN BHEHOR 0% TG, 2 olfE FESFHA
8 FAVIZe] ¢kel AP 1FdelUd Aol 3FUR Aoy W
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oZIE BA, B ANz T A A8 dS A4 duEY o
Tz o]FojH ] Wi Rog Az H)
14 o
¥12 520
E i §§‘0 S B Coarse
2% ¥ Coersd 389 0 Fire
506 Ofire 28D
%04 &1
B2 0

5 D & 0
Wood particle oontent (94

—

i

<a® 260> SNYURS SR U EAE
of e =3 - Ass
of HZE(ME 1)

1D
53
£35
g=10 m Qersel
ég OFre
o5 @
o5

n

o

5 D % 9
Wood pertidle cortert (94

B Ooarsel
OFAne

Water
absorption{%

ocxn3daBR

5 D B D
VAbod particle oortert (%)

w71 Bl S R EREC wE A - AMEEY

Ay
a3, 7

T A

s vy o

oj¢ e

o
N

RL?L

<03 22> SHYRe| TR A EEUE
of g FA - AHES

o Era(dd 1)

of Abg% HelolE, gy, FE & AHES] EgAe]
AR 75 EE Ad Fr)ARGR

7718 Ans BAUR
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BAWSE <F 2-28>3 <2 2-63~66>0] vhehileh o7l HALR/
b e HAYR/FEY EME 20%/ 15%% 3 AgdE 489
2(4FH)7L AokAMA S o] drhste] 4o Eash

<# 2-28> 7718 EEel SF ¥ =ukEo wE A - AHESHe| SMEE 1)

A

FANE FIAESA W om AR JEAE EFS
s OERE = 7 EyE @) (kef/an) (elad (%)
C35/P 0 coarse 35% HEelE 0%  1.100 50.6 76.1 19.3
C30/P 5 coarse 30% HelolE 5% 1110 435 670 178
C25/P10 coarse 25% HIol= 10%  1.113 39.2 63.9 16.5
C20/P15 coarse 20% Hol= 15% 1101 30.9 58.5 147
[35/P 0 fine 3% "ol 0%  1.159 43.1 118.6 13.1
F30/P 5 fine 30% "ol 5% 1.122 38.3 34.6 16.7
F25/P10  finc 25% HElelE 10% 1127 39.6 86.3 13.6
['20/P15  fine 20% HEelE 15% 1.139 375 77.0 13.0
C35/C 0 coarse 35% ®@bag 0%  1.100 50.6 1186 19.3
C30/C 5 coarse 30% s 5% 1.099 43.0 69.7 16.7
C25/C10 coarse 25% ¥Hdds 10%  1.149 30.7 65.0 12.9
C35/Y 0 coarse 35% 3 E 0%  1.100 50.6 118.6 19.3
C30/Y 5 coarse 30% ¥ E 5% 1151 499 717 159
C25/Y10 coarse 25% ¥ E 10% 1174 38.1 64.1 125

o

O

Wi e ARE BdFa 9oy, §58e dAw 2
> o vt old e F44 AWARE

FAS FANLE FAS EFYAGE eolEd o] AHuA 2 9
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1.4 .
7 12 mC/P
1
5 0.8 CF/P
) 0.6 WMcC/C
2 0.
€ 0.4 EC/Y
O 0.2
0
20/158
Wood particle / inorganic material ratio (%)
<1® 2-63> SIIMEMNMS FF ¢ FEE0 WGE W - ALl
Y(AF IN)
C/ P = coarse paticle / H2I0|E, F /P = fine particle / HEIO|E
C / C = coarse particle / B2, C /Y = coarse partice / &&
- ]
60
5 & 80 :
g 2 10 |
%’ © 30
o )
<§3 § 20
x 10
0
35/0 30/ 5 25/ 10 20/15
Wood particle / inorganic material ratio (%)
<a® 2-64> IIWERS FF U EEEN W2 2W . AUESYo
EHZE(AE )
140
- ’g 120 MmC/P
23 100 arF/P
g = 80 — mC/C
g% 60 1) BmC/Y
S s 40 1 ]
175} 20 I
0
35/0 30/5 25/10 20/15
Wood particle / inorganic material ratio (%)

<@ 2-65> FIIHEZsA

Z5 2 EEE0 WE B - AW
)

AU (AE 1
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Water
absorption{%)

35/0 30/5 25/10 20/15
Wood particle /inorganic material ratio (%)

<3dd™ 2-66> FUIHERMe S/ ¥ EZEEC mE EI - AEEg9
g

ot
E?‘_i
>
>
op
ol
il
-(E
Lo
o)
ol
i
bl
J
i
ri
il
)
98]
Ol
X
S
=
op
ro
il
i)
=)
=)
El
o
8
o
=

gy Bl ERAldlE Fase]l A ZadeE Adadst ew B

Aol A Wy o AR AdEd, WEgely xAgoRn AE

>~
>
ofp
e
£
il
_i
N
rux
by
Lo,
fo
)
=
N
N
=2
=
ru
itud
1%
o
ol
X,
g
o,
N
)
>
£

& S0 #AE Jepd oA o] o A AL AvE dsle] =
A A F (coarse particle)$} Hlo]E & % AN & (20%/20%) 2 313 2 o]},
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<H# 2-20> 4% FH - NHESHo ol g SHRHE )

Pray  HAME AR v 5 f47E 4R 5
(g/em) &= B 33y 2= F 235 (g/a) (kef/a’) (kef/em) (%)
1.25CP coarse 20% HglolE 20% 1177 0.2 7.7 141
1.20CP coarse 20% HZolE 20%  1.127 32.3 65.8 186
LI5CP coarse 20% H#felE 20%  1.086 358 55.8 19.2
1.I0CP coarse 20% HEolE 20% 1016 29.1 494 21.7
1.05CP coarse 20% "ol 20% 1018 216 40.8 23.8
1.0OOCP coarse 20% HEolE 20% 0977 19.8 37.8 26.8
0.95CP coarse 20% HElolE 20%  0.922 15.2 26,6 27.9

<OE 2-67769>o1 A BE whel Zo] 09~12g/cme] WEEAM B9
Awel EE - /AH A4 g AHE JRAAE Zed AE FUH
vel A% L dFAEE AHFoz Frten, F4Ee AAHo

s ek =Y AEG FrEo] dAd dolMEs WEI} stelAs
&9 Azl v ARE & 5 Ak o9 2 WEe B4 BAE o
x40 g8 aFAds H{T B3 EYE Az & dg A

¢

60
y = 123.39x ~ 99.944

R% =0.8635 -

N [ ®

Modulus of
Rupture(kg/er)
w
(o]

0.9 0.95 1 1.05 1.1 1.15 1.2
Density (g/ o)

<@ 2-67> S - AdEEHe Yot FTol TAMHY 1IN
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100 190.65 149.34

= y = .B5x - .
g E 80 RL’ — $
95 =0.9312 3
8 < 60 & ]
&£ h
£ D 40 &
G &
32 20 - —

)

O L L 1 i i
0.9 0.95 1 1.05 11 1.15 1.2
Density {g/ar)

<0# 2-68> F& - AUEER | Tot txHTol A (AME 1)

35
T 30 * y.==51917x + 76 029
5 E s b_N . R? = 0.8185
¥ B
= 5 2 o
9 15
10 : : : ‘ :
0.9 0.95 1 1.06 11 1.16 1.2

Density (g/aw)

<17 260> B - AMESe AT BB BAGE 1)

S
159 4PN AP BEHOoR U AeAe] g Fre @ A4

I

BE Ao, FAlG offld] AF wldsAY AE S ol AU @
ANA F3, A G E dFech
INEZ ArAud S Fawo] 2viant o 40 AR FrtE RO, X
Wi WAL A gidlon, BEAds EFEY T wE gk F589)
FHE e 448 deklh
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<E 2-30> 7I@H ) HnelF 54 - AHESH B8

2096(409%) 114 33.6
9594(45%) 109 38.8
O 2AYRERE  30%(E50%) 187 439
3596(55%) 16.0 43.0
409(60%) 183 489
1.10g/crt 115 36.1
1.15/crt 105 431
=N
@ == 1.25g/cr 7.4 32.7
1.30g/cni 8.1 35.3
P B AL xmw 2% @, @A AxF 2HS AL A
f AW D (s ANEG 58 ARS8 A7)
EERCE Eéth@@g 3859%, B 30%, AHEAA MgCl, 2%,
<E 231> EU|(4MY) Ol E2T B . AlHESH0| AEUT
AR A 2 2 Hor
%7 = (ket/c) 4110 (38) 42.33 (39) 4461 (40)

P GERFEE Al A8 O, @, @ 2NN FYRAOT AXY BAL 6AY e
st AW PEAY,
# (OF w8808 A5 F, Adzdte] ZE PR A,

EE ofslo] MAY BHE 2409 ARE o) FE $RHA g3 Al
fou, A4t(sanding)®l BHEAL) B2 Aol WAHATHARA 2-18~
195, et o AR 370 kERAYY BHY URE AR
2-20~21>3} @o] &/)sk Be ARF FUE FAsHD o, FEPE ®
& AH AsEA FAG<E 2-32>. webA WTY WAME BAZ ow,
Ag FelE A % RAEE sl A9 9398 U2 f1s0 gu,

Zo O Ro AAANE Yo
vupo] W $lo] HARNAW, ol AT BAKH FAL AT ASD A
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vl 52 - AmESY Y YRz
a3 (Tyromyces palustris) B N AX-Z5F(Trametes versicolor)
S A AREESY HFS MU FFAZ AN SERAE R
SHAEE SAY A <X 2-33>3
<# 2-33> FExalE S - AHEERYe ZYLHLE Y A=
Ay TELAE (%) P& (kef/cm)
s T e gy RAR WANeE  aansE
C25 0 0 64.3 66.5(103.4)  66.6(103.5)
C30 0 0 5.7 514 (92.4) 64.2(115.3)
C35 0 0 81.6 675 (827 711 (87.2)
C40 0 0 87.6 734 (838) 76.6 (87.5)
R it - - 72.3 64.7 (90.6) 69.6 (98.4)
= F25 0 0 89.5 83.7 (935) 767 (85.7)
F30 0 0 84.0 87.2(103.8)  77.7 (92.6)
F35 0 0 1041 113.3(1089)  97.1(103.3)
F40 0 0 1057  107.6(107.1) 112.8(106.7)
5t - - 95.8 97.9(102.0)  91.1 (94.6)
C35/P 0 0 0 81.6 675 (94.3) 711 (87.2)
C30/P 5 0 0 69.4 72.3(104.2)  60.6 (87.4)
C25/P10 0 0 65.9 55,0 (83.4) 56.0 (84.9)
C20/P15 0 0 49,2 54.8(111.3)  47.0 (95.4)
49 10 A - - 66.5 624 (95.4) 587 (88.7)7
F35/P 0 0 0 104.1 113.3(1089)  97.1 (93.3)
F30/P 5 0 0 68.5 73.4(107.1)  72.5(105.8)
F25/P10 0 0 87.3 68.2 (782) 729 (835)
F20/P15 0 0 59.9 61.3(102.4)  74.8(125.0)
o 4t - - 79.9 79.1 (99.1)  79.3(101.9)
S ES U R - AR EE  980%, 2MRFE ¢ 16.15%

* (

AHHe e s [
WP - WA

FA &%)

DRIEAHYE e
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Fggasd olAE FEAL N As T Fast ugen *
Aol Fol= AgE HEEae] £A2 ddtd Agde adAdHng

4 Fgo] Ui FAHAT oo Hatd dEAEOR AL FAL
AE 337 AR A,

FENEFY FELE APANE, 4E FA7 A9 ggen, BEA
AFe Aolirh NWU WAE 2A dEdn, osle 457 2719 4
S5 QAT AAHent A4 Aol QAo vk AW 1, HAA)
FEAQY Qg WA AEFOL AEF 2A - ANERYL $EAY
GEAE Fa7t A9 9o ede va FAE WY, AW YOS

AHER BA - AREEYE Jd % 7% AR FE FAE YERT

S

ul, 24 - AWEEH Y Yed 2 dEEA
olde] HAARYNEH EHEAYRY AA sFEoz AdHE EAYR B
& B%R Axd 27 HA - AUMEEHY(C3S : coarse particle 35%, F35
: fine particle 35%)¢ WY R WEFHAFAE HUEY] 89, FE - FFA

Y, F - A2 0EAY 9 54 - 8 HEAY S dFgAgE AAEA
o, I ARE <HF 2-34> % <29 2-70~76>3 2},

FHEHHEANE A &AM A - ANEEY] FEY F4Ee Ao W
gtalA] gou, FAAIE BME FxF Addol AiHn, F4&L

o 20~26%, FAIMNEHEL 06~1.0% Get F4 - FNEH A Y C)
AME FrAdict ZEAE) i 2449, FAUSGEE tda e Ho)
o F - A2NEAAYE D)9 Ao, AEAsHEo] AuFor A
vebdt, @9 A sEE9 gAar|dl wetMe g zelst fldle
A HEZ(CI) AHEAS] F& E FARGE] vA HHEEB)E A
&3 fEyg i F Helirh

ne
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* 54 -

L%« AW A B (Test D)

F3N A A (Test C) :

1 20C

e

Modulus of
Rupture(kg/cr)
o B &5 8 8

Confrd TestA TestB TestC  TestD
Test Tyne

1

<ag 2-70> 4=
X

o akx 2fo

ol 3

S8 - ANHEZ22 F

=t

4847 WAF,
20T + 4A 7t & 20T &
2 487

- 27412+ (10Cycle)
HA © 60T - 48417t (B5Cycle)

Compression
Strength (kg/ o)

<3y 2-71> 4&

- 119 -

Cnrd TestA TestB TestC  TestD
Test tyne

l Coarsel
DHr‘e

Jin
k]
>

A
o
H
rD:
o

<HE 2-34> 2tEF HsiHelo] ot 3 - AHEZHO 24 Ha(ME | ZolA)
&9 e AL UsA4E F4E FAvsEe
RIS (kef/cnt)  (kef/cnf) (%) (%)
212 74.53 98.00 - -
SEAEA) 71.66 98.15 0.43 0.05
€35 A EDB) 56.64 94.51 20.16 0.97
T4 - g3 "]@(C) 56.14 89.26 26.61 0.88
. 57 21.17 0.43
T Ax 711}\] 42.17 70.85 518 034 -
2 g 66.82 107.70 - -
FaAEA) 58.98 95.51 0.38 0.02
FEFEAYDB) 4753 63.10 21.21 0.61
F35 N s
4 - F3AIRO) 47.55 65.49 27.44 0.45
o T 1354 012
A AEAED) o 4860 10040 T o
« AR 1R
* FHA " (Test A) : 25T - 85%RHY 7)ol 1097 F5A g
* %—’FM%(Test B) : 20C9 & o 1047 A=A
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<1g 2-72>
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ar
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ol
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Tl
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or

WSS dla

E

o
<+

8 Soadng
Dnying

Fre

5.3,1.135
ooooﬂﬂ
(%) Buljams

SSOUNOIYL

8 Scaking
B (ying

qeaelreye
(%)uondiosqe
181EM

Fne

Coarse

{2l ol

A Al

<a@ 2-75>

% 2] ol

il
i

&l

KU
or

ol

ol

I
L]

=l
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or

ol

ol
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0l

ol
pal
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of
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A 47 A" - NdeEL 2o FFAZHAAA S

& ATdAdA Al HEA - AMEEY Y WgH &, MuHgy 2

Alga sk slek<abzl 2-23>,

ol
o
o
L
&n
2
el

i
o
o
o
ol
N
o)
e
ok
o}
a,
re

AAA el gHal & dAEs AVE JARA FdF AAG ()
T on, FadE £, AdHRA EY S AWE JFAEL AEA
Abehz KS dsgAleolnt. o] g3o] Hid 454 FaLdE BYHE) A
2N E Agetlen, [Wike] olXE RAMY, dAR FHFE NEE A%

4YRE) 349 Y= waich
2. 499w

A ARESHY AREARE dPddrg 22 A8AE L3 vy
FEES d8E A TAUYEY 218 B AFHARYTYH dojr
FEZDS A EATHE 2-35>. &, RFHQ) EFAE FJFe AFAL
1.25g/cnt& 7102 AL AR, A FdEFe TN TR we 23
Haow, EFART) FEFONEFFS)E 30%S VFoz dgAw, 4
A FEFE WY AgEd by 2dsyd 98 288 £ ¥Y9s
E e FUIRE Aksden, A4 ¢EFE 3~35%7 4gY Aoy W
AT B AYELS 1 32707 FUREA Zelad oa) BA)

g R A, A% F RIS AP EHE BUA 3~5RteR &
depgich. avte Ayl WA gos) i ¢4 2 24800,
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<E 2-35> HFA - NHESH STMUYE?

Al = HANREFH EAQREFE  AEXSF & A
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AL &5 170, 190, 210T, % YA 20802 3o, —F ¢HL 713ty

A
F
w
N
v
A
1
0z
B
iy
=4
]
i
>
%
o
i

HNEsgteEse deMz=x

EFUE (g/cn) k2] & (%) HUL% (T) AJAIZE (F)
3 170
08 ? 190 20
9 210

2. 1z A4 44 &4

KS F 32000 )] o] o8 BH=9 #AFA, dg7ds, F4& %
FARZES 654 A3t HAFL F Sanx Aol B APAS
ANHA st A EAF 7 (Hounsfield S-Series, Model HS0KS)E A&}
&F4% 10mm/ming 3 EMOR)S P AFMOE)E =4381eH,
Aol Ed - 4 AP Wimel A HEdE AFHE 5XbenZE A 5o
BB EANG S AASAT £ 5x5me] AFAL AFHste] 2BE1TY B

Soll 24Xk AA T v&, FAYIE 2 F548E FAsAG

A2y 4947

<E 32>E B AFNA AT BARFUSY FAPE R AYE

of W& A, HedE @ ALY T8 BoFa o
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<% 32> EUL HEsTXE ALEE HEAMDP) 2H=gEES] 28] 7N 43

EEPE xS dofer AzUc g A dudds v 38 $AYRE
(g/ed) %) (0) (g (%) (kal/e) (ketlen)  (keffemd (%) (%)

0.8 3 170 083 540 2793 25846 191 4662 3058

5 170 080 480 3034 28706 240 3982 2464
7 170 084 440 2891 28197 328 46.01 22.05
9 170 085 420 3613 30534 392 3328 20.26
0.8 3 190 084 445 4317 35252 466 2895 1744
b 190 086 430 4363 36503 539 2859 1321
7 190 085 467 4223 35432 540 26.03 1597
9 190 086 461 4817 37418 602 2753 14.96
0.8 3 210 083 509 4728 40,094 472 2782 11256
5 210 086 487 5278 41250 542 2445 1059
7 210 083 492 55777 43887 809 23.04 1028
9 210 08 485 5912 45774 716 2351 8.87
1. #4444

<Y 3-1>0 Mg} o] BABFREE Fotero As e FAHL
(FAR)e] Fro) wek FAFAol FUeke Aes ey a8y 34
&9 F7ke nlE A% FUF EAEFREL] FAQHe HS Wz
A #AEste Aoz veikth deE 170T, §AE 9% i #4434
(34 %= 361.3ke/cr, FRAFAS 30,634ke/cn)> G2 210T, FA & 3%E
Az R AYA(FAE 4728ke/cr, BEEAST 40,094ke/cr) Bry B5F
e ey eyt & 170CY 44z Axd HEE dgaAodA
do] YFo2 FHe ALHA X FedA ol TuHo| A F}

x

7 oolfolaA Be Ao ojAH,
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70
& QD
550 |-
EEL
jjﬁm R
TV w
>3
S50
& 10
| 0
3 5 7 9
Resin Content(%)

<38 3-1> UL HEFXE ALET

HijEgeEe AT

2. 9 E
TARFHES WG EE X
A7t Ahemst FAgsE

HARYE F7tete %S BT

Y 3-3>. o)Ed EAEFHE
BAGY O ol HrE FAF

of W& JF¥HOE Y5 I
o] B& 2 Ao Yehwtl, FxH
7lEko) 79%9l BHEwn o] AL 170C

—

Modulus of
Elasticity(kg/cm 2)

JEEERE

<38 32> Y HETIE AIEE

=M SEES HEMMA S

internal Bonding
Strength(kg/cm?)

<33 3-3> FuA HassXlE Al2st
BrEEHEEo Ha|dT

2 odgs REe W EE 3.28ke/on, 190CE AYd RE=¥ 540ke/ont L

23 210C2 A HEE 809%e/ar® @A Frhste

Ao2 JEIRe

o, el 10T nEd A9 FAH ] FHEl me BARG
nEs) WRAFHe vk Frls: AWE Wolw 2 WaE gx Adz

nEel 9 4ge & 4 A

FRAN vl FEE Jekdd. <ad
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B-4~5>ol Al B 4 qle] Azl FAG wal Foga EANRR

[
(

A ghaso] At Aol AME L JQrt Fag A A 10T

ol
=

2 OAZE BANSR s A8 5%¢) MmN X &o] 7%Q Rt o
o] TUek= QAo Ygyi=d, o)y BE URsie oz o)

whe A 4ebg e ANRE %S vehla gy,

2D £B
5 2y
|1 1=

| Bw P
| 8 15
L < @
Lol 20
2 g5
s =
; f

i [
<OY 34> 2HY HETAE ALES <af 35 BUA HesTXE

A3y 4 £

(1) AZFFFe] F=8 P2 AMDEeE R slisea] HH3AE AL
dto] A HFREE AxHAE W, 190T ol 49 dgtemelM B )

Zowe dao] Aol AT FAASI o) Fol X3 gk 44 M7k

(2) el w7l 1.0g/end W vlFo] sHsso] AF4%79) sty o
@ Qe RSl wastel YRAGFel HEHen vEago wE

08g/ardd wii= A2 WEAZI s, 714 42 1§ v %5
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g e ursm.

(3) & H3dA HAA Eddue 2 FAHLA] EAEF 2 A
AL AEAALS o83 71 HFR=Ax v Fold Wyow
AAAH, £38] AMDFS] A= MAEdFHAE KA g0 AFPRE

o AEdde &uHol A
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A3H qF AEFAE AT JAMDF 35T
&

A 2AANME EAREAARG FAE FFES ol® & Jow, Fe4ol
gol@ wugy RAMEFAE Arste] AMDFE o438 HEE Axs
oEA4d VAT 4 FAL tatel AESG. Teu RUAsAE
Age HEE AT uhE Az Fge] e fr wae 4
Y AP EFAE AEH Al FAAAS WA AP w4l 53
Qno) WY AP Tx) e FAH Ak,

wekd 2 AgelAt $HH0E APEAE FUASL A&e Ex
e 3NE S8 Aslel, FAR] BRAY FAS HAdnA 5
vk 13 @ AR ololy A4 HEFAE WY AMDF RARES

Azste] REBAO] WA Azdle] JFE FRAA FALH
Al1Fd Z2AEFHE Ax§ AJA =xFA AL

HAAY £F B2v EXe 5= 84 WolE #H9dke w$ F83
Aotk AF7AA FEEREY MDR(ZHUEAFIE 43 AxT we)
HAA Lxe 2y 2Zdo|mx g da 7HedAxy, & AT
gt 2ol BAY HAda v ¥rA9Rd st AFEAE #ASA EX
St AL 7€ RARE AzwAogs wg oy i B Aol
= A 24 e HdH go| Edd $AE EHE e VFEH
gl oa) FbestAIRy, Felel wad o8] Aol @k AN FAE

|

O

Al dAbe] RRE EE AR A8 #UsA EXITE Rl A9 B

7hs st
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<AL 3-1> BHRE E2FE
1 9/] 2 Jj'—‘ *?]6}'0:1 %’:iﬂ)& %‘—'1:‘—0] :{3_‘61— Shovel Mixer
OowE gAY X} beetnE
TRE NFE AoRA, 2wy A A} Ao mEst BE sbees

S A, AR A4 ARAs, B R wAe AR g oy
Mg Ae L¥7F #UaA o) FojRom, At AuFHel iy 443

BET s B ARl we AIH $4E FH A5 Aow 7]

o

bileh

vt <7¥ 3-6>2 o] FAQ JETXE HoFa glon, <X 3-3>9
el o gl

tio

Az o] Ao AQ B A%

< FRUPME >

1)
)

é

(7) Geared motor
(Shovel 3l &)
(8) Shovel
(9) Chopper
(11) Motor
(Chopper3l X&)
(17) Flow nozzle
(HEHFAUR)
(18) Spray nozzle
(M EH| 2 ALR)
" (19) Control panel

<3F 3-6> £ AFoA e 2

ol

gt B2H T E8&E Shovel Mixerel #=
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<# 3-3> BHYUR - MM =eEe MY W ds

- ¥4 396mm (R &) X 630mm (A o)
= AA  396mm (<) X 630mm (o)

& A A

T8 HAEE 500, AAARER 250
KA R Shovel 3 A4 : 160rpm, Chopper 3] A4 : 3,600rpm
A8 = Bal du, A dn

AF8-A 2 A A A ZAL 3 = A

A2 Az 2 W

ABAAEE AR MDR(F
EAGE) EAdas A 28 A e
e MDFAZEAe] A 234 o) A

Ayl MDE B3 358 n i), A

-

A (20~40mesh) gt Zlolm, N4 &
A AgA NEFSE £4S 95

of AlRE AAAACT. <A 3-2>+=

w4, Add JMDFe] EAYRE

g AomA vt Foln ghikel viAdFel dHE FASkL ASE

AR
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BYnEg PAAE FRAZEOZ A$HE A Resoll HHFA
g Abgalgon, SAYEL 40% .

2. AEy
B AgoMe HEAZRZAL <H 3-4>9 29 e E =¥ 7
S A& $EE JEAHE MEFSEo] Ao oy FEE F
A7rske gaog MEFFES 135%% =AAY. A =xage
UM A vk} o], Shovel H Aol & o]Fojxvh. HAAN mXE A
Bt FARE H3S 98t AR 44 YFEW naA HEE de d
it REAYA HAsE 3717 QA MEHEE J¥E] 4
o bem FAoE WZ)HE AAEART.
d4As7t gad HEs YZAAGE sAan, oo & 2T, 60%

RHS #FEFFHoAA 250 05, 45, fie8, 374%, g4, 2

<E 3-4> Y HEFAE AISE BHEHBC MYHEZY

a4z
e = g Al ZF
0.8g/c 3%, 5%, 7%, 9%  170T, 190C, 210C  40kei/cw’ 8
x W|ESEE 0 135%, BT X4 6mn X 250mm X 250mn

2xvs A &

A3F 4345
WA EFAE EXSe] A2 JAMDF EASFRES & - 7144 4
4 FRA3%E <F 3-5>q AHEAt @A Az B AT MF

A AL EALE - A EAA o o) vigdAe] 5ddgd] A5
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<E 3-5> YHHETXE ALE

F wdsA =xg g

291

EEIR ET T Y

gt HEAMDF) EMEEe 274X M4A

[wi)

BEUE P48 ARISE AFUT A4S DR BRUAS MUAE FRE PAMRE
G 00 (O (o) 00 () (efe) (afa) 09 (0
0.8 3 170 082 639 32023 29,584 1000 6222 2121

5 170 080 667 32640 29,277 1161 5533 1717
7 170 081 678 33747 28,330 1350 4997 14.12
9 170 082 680 37500 30439 1468 4666 11.74
0.8 3 190 080 659 308.08 27,881 1076 6513 2113
5 190 080 6.23 37450 30475 1630 5253 16.11
7 190 080 6.81 40283 30,738 1923 4756 1348
9 190 081 677 47060 34,782 2042 4202 11.03
0.8 3 210 081 639 28548 27279 994 6936 2375
5 210 081 664 30928 28,691 1049 5841 2043
7 210 082 637 31713 2628 1504 5120 1699
9 210 082 657 42160 31,961 1628 4585 14.87
1 #9444

HAarAe Azxd EASFELEE
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<Y 3-7~8>| M9} go], =
A A7 o] Frkge] wel FAAR Frksle AFEE KoY, #4449 |
FEL X &gl dY2ToAE 190TCE Azl nEe A %
e Aow YEgoen, 210CH e Q38 fAdo] thAh zHAaste &
A& BolFa vk mEkA FAE 7% o), dEx 190ColA
E9 BEZ AXY 4 Jv Aoz WA mopr, BddFAE ASE

£ OUSE FEI woldE AHT Jold FAAASHE nelRg

TEE A



Modulus of
Rupture(kg/cm?)

288888

P 400
i o~
|
\“agm
98
55400
& sd
oL
= % o
o
i
0

<O% 37> UMTEFRIE AR B <O 3-8 WMTEFX|E AT 24
sepHcel HUE SgEcol HeAe

2. Mg

MRS HYA% fAE 288 dEhdon, den 10T AR
¥ nze wralRBnvl s o8kl X "ot Erbe] whe) ule| g m
b AdAew Fbske AEE vebdlv<ay 3-9>
YAR APEAE AT POl RUYEAE ASH near 43
o] ¥% ZAEom, AWk dE)lHE Yy MDF Hldle] vkg] Azl W)
735k 53wl Rz 7Fssklnt
3 A4ty

g s mEg A8 |
neel F5E&E FAHIE S ggi
ol whel gasts AES wgon, “E%:E
Qe Wale] wE Ao waw | o
F oelAvk<ay 3-10>, zea 8 R;nmm;% ° |
QAR A ® SR AW F
Agel we gaske 43 nge 0 0 j;};ﬂ ET;;:E;J
Y Ak rol @k Zoliz AY<iiy 3-11>.
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2® R
se 2
g 2
Q
g &
< @
gd &
"& c
29 5

ey
3 5 7 9 =
Resin Content{%) Resin Content(%)

—

<OE 3-10> YNTESRAE ALBH <O 311> AMWEIXE AIBE
SXERE B4 SRl S| EAUAE

I

N HmFAE AFEE HMDF 24 B3dnco HA Azzz @ wo

o BAQ91e FHstaxt AAS B oA ddojxl Ay tieyp 7

,7.4

(1) 24 2 AR 956 dg A HizeAe #98% =2 E 9
8 7 gt shovel mixery A7 #U8A EXx 9L g3 4 Q).
(2) A #HEaEAE AL fMDF H3HeE 9UenE 190C 2 39

& W A FEd 2Ae drhilon, gAge BeelE Ax 3% A

A% KS F 32000439 30069 71&EA4 & FRFABZEL AT
WE B FHAY S AU

@) HFAE AHET AP BLYFAE A RERY 3 HY o

_ri

& FAHEReY, He) At 10~20kef/cnol @b 2aREe Rz}t

7Fs 8t At
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A 4A AATH AR RARFRES 5

AL AEARE T} ol AFAA R ATEAA R AY

ALY BEANA o8-S F ARE ko A r%ﬂé%mzﬂ 7

W& 98 Ayl +REAL AR ATARNN E&A S5
BALE - R ERAAS e, ARHEol g0l Hgnse

340l AUsAeM, AATFAY AAE o) g5tel AFAH Sl Hold vt
At dgAe] Ax b drE ek

et AR UG wAEE AR e Sans 5ue 4784
EE A7k FA AEZL AZE el el WbERel 4§
FAgo dFam gk webd B ogelAs dude wdAne 4735
AEAFAALPLYE 459 AMDFE avj2 28 4988 A4s
FARGRE ARADS ANGAT 55 B APAIME 4 AusAs
AR RSOl uTh FEF B LEE Axs] sl HANES A6
2ol 2AW & Ut AFY 2ZdolVlTE B AT AL TARAS

H 2 A &7 (shovel mixer)9t W-&3slo] HEARAYE A8

A1d As 2Py

1. 4gA%

P

mh

7} &%
EAUug A" HMDF 2Ae e I 845230 X(LPL) 7}
oW Ho)d 7} & MDFE 24, Ad(20~40mesh)ste] ALg3sAv), 49

FAE BXY SPARE FFES AAAROH, BRgslEeAs v

l's
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& BAYEE 58S 8%E 24 AT
v 3 #A
R A2y AL A 240 ALEE

A (AL

2. AT
Bgnrmel AxTdg a0 ok <E

os] Hn=el Lol - v A HEE AT

<E 36> SEEgEE=9 A

B

999%) 9} Al 3| A AL8-§ Resoll 3z 42| (I

=)
Kb

Novolak /8 ¥} 2

1B 40%)°l k.

3-6>3 o KS AE el

) e L RE Atz

LA Y ] =z} i RO =)

= /—é]'(-];:. /(:‘ X}'Xﬂ (%) T L]- k “1:‘7}]] %5:_ %]_;é? }\] Zl

R I 210°C

m]i/[__?F L;.) 0.8g/c’  6mm -

" R e I 190°C
x LA E dAINEFAFHANPL)ZF e o)l 74 HMDFES.

B oA bl vegAE ST FASde §9-8s 8% R x
Ao 985 o AMEsR e, A HEeEaAE BXxY FdE SEE

ok R R o R

DEL RS 2

g U sEsAE wEY el
Lo Ao ARG gL PHow
FHEAE ol BF W FEGEA o
ofste] wmwstgom, oy A
SARAG A4 EHANE Ag3

<A 3-3> &
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glov), noh FUF FH0] BEE 48 <A 3353 2 G 2z ol

718 Ayg-8 ok
A28 2949

AR 3-4>8 AR FYFATAALPL)ZE BWel 235 AMDFS} o] &
4, o8 BAEFRE= XUALHE HoFa vl REgHdE v
MDF A4 Sol LPLe &o] Egse] 84 wixo] el glo, g
& WA E ] ALgAoE YA Bl bES A Hlma ARgakol Aok
S fga & 4 gl

<H 37> WHRFAFHA I wHHEH HMDF BAZ Az B3

wrel w7 A% Aol ZAAMo|

<AL 3-4> YRR AMZE MDF ®HX (k)2 Mxg EXMEES HEH(H)

L #44

<IE 3-12~13>9A RE wkel Zo| LPLAEZF 2wele]ld ¥WMDFR
AzE B IAAL LA fsgAe AAHEFA BT 422 3

Aol Frkgel ek WYMol FAskn ek B RAFEANTE Ay
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HErA R FH = §Ad ol

AzE X

[ I
$5% A

OS2 e

<¥ 3-7> HMDF(LPL2 0| ME) &= 22| - 7|AA LA
A& A& s A & JAE HAY e FeE 7O
a4 ex A+ Aw R
%)  (C) (g/en) (%) (kef/end) (kef/em) (kef/end)  (%6) (%)
o 3 210 079 6.65 101 16,662 559 62.7 18.7
HEr 5 210 079 635 159 21,362 838 56.8 155
7 210 080 6.64 173 23,303 1045 60.6 141
9 210 078 6.5 186 24547 1150 558 136
QA 3 190 078 6.74 139 17,913 515 76.5 21.6
g5 5 190 078 6.87 168 20,767 6.85 63.2 1556
7 190 078 6.39 205 23,449 7.94 b2.6 127
9 190 079 659 284 29973 1625 39.8 11.1
* REo ERAn @ ()8g/cr
300 ———— s 35000 - —
& ,’lPowdered PFJ, : << 30000 —[l Powdsred PF{rﬂ——f— -
5 5 Otiquid PE__ | B9 25000 |-|OLiquid PF__
é % 180 2 < 2000 e
85 100 3 5 15000
=& s & 10000 |-
g % LL_“ 5000
0 0
3 5 7 9 3 5 7 9
Resin Content(%) Resin Content(%)
<a@ 3-12> LPL2WE ol HMDFE <38 3-13> LPLB¥ o] #HMDFE

ol
HEx

Eo 2AsstRE=e

==

ol MFaZdo]l 77E

Ab-gste] Al

WoRAEA QAT B mAHReRs FA
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3 4 Qe g ¥ eundelrtE S A ¥ MDF #£A4=

=3

ol e}
A &
H4do] B s B4 £AE 0% =EaYe W, FEEE o
0% FEFROM, A Au5rAE AEHAS ol o 40%9) FE Fa
ATk WSS AgAS FE fagel He AL £A £

ol MAENE BHAFE Ao By

-

HEo uisie] LPLAEZL onjgle]d WMDF2 AZ% H3n=e)

pol

2. 4=

FMDE(LPLS. W o)) A2

B

o “ [ [mPowdered PF
E_E,Q] "ﬂ-a‘?C}E‘E‘ <:L‘:a 3"14>°ﬂ}‘1 §§15 ’L:IUQJidPF ‘
09 - -
9 o) #x A o) S W | TE°
I n I
Eg
0

RAYAE Frhsgon], S8 oy
5
QA Bgm=el wRAR] 63t/

_ <118 3-14> LPL2d{#lo] HMDFE
e 2 vl 943 Aoz vElyY 0|28 SH 28 ol

ol &3xgo]l yIge shge] e uralzte
A HEFA e =x7F v 7938

TR BE A "IHEo) 9% Resin Corlerk%)

A ol Fo1A Ageln & 4 gloh BE A EFAE AL B9, 2
o)bEE& A ¥E HWMDF EAEFFREC wste] AL FaFErt 4

A vebge 4 EF BE AHRAEE AEFAS W, FAE 1A
PRy AEFAE AERAS A9 FUBEA SRR FAE 9%
AL g MErAR AxF BFuSo MHFE AN we Aoz 1}

237420
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Mo
rUE‘
o>
=2

}F

).
2
L
ox
;r
24_
a
-
4
N

| &7 ko]l F7bgte] uiet o
MDF(LPL2 W #lo]) EAEFRE F4gol ani, AFAdgdgdel MM
HiE g98 RYo<ay 3-14~15>. E3) Ay EFAR AR B¢

REE SRR F Frbe g Aerdd AN &3zt A vy

[ T -
= 100 —————— 2x ———
<z 0 __ _|mPowdered PF 2 0 I mPowdered PF
2 Oliquid PF ] OLiquid PF
B e | - as 2 15 — -
g 5]
g 40 @ 10 |-
1]
2 9 E
3 5 7 9 3 5 7 9
Resin Content(%) Resin Content(%)
L. _

<a® 3-15> LPL2t{alol HMDFE <23 3-16> LPLe#{zlo] HMDFE

olg3 EXSEE SO 0|83 BH =SB
T8 Sy EE
A3d 4 8

(1) €A FAFHALPLZF B ol HMDFE &3 &4
& Austs A AR, ArtTRE 4S89

& AENG $5aQ0H, ARERE LT Aot Fxo FUH EX

b Faw FANsTnE @ 4 At
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A5Ad HAA L AFAEAMAF HFRE AG

A vtk HAALEEL F 60%2A, AAHLRE w5 3
oltl, TN HAE AL FEY] T ABAF Mo hF 4
7} ool ghrh. aEu WAE ol g% AHE WdAFY ALe off #
FHE YA Gk e ® dFdAE JARAE HEY A e v
AN 980 A3 EFAE Hte SRHEE Axse O SAE T
Hat7] g A sYsAt

AFNAE W2d A5 HAAAE FUSA =XV ojEE TAHEY
Az dste] HAE ALY nZE AdAEF] Ax7F o] FAA Kt
Aok, B AFdaAols SEARE EALEE HAAN =XFAE AHESHY
FAALEH, Jsol 53 AEHE HEE AR Tt B B A
ToAAE PAHEEE dF dojAe ARG Kol A2e §EE NS
FAC] AXNEFRE] B R 439 HHE fste], AAN el AFAEA
FE EFAN REg Axstd O 248 HoksATh

A1 As 2wy

L A3A4s
7v HA A
AAEAE FAHs A O, Bged S sto] A A
AN DF AHS3 T
o HE3AdR
eANeAd Bor AMgE ARHARE UFae, 2EA=NoR

A sho] Agskl,
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ot A&
BgRog 4FaE A 38 2 48oA ARESEAE A resol #liE
Fxjol, A LFPE-L A0% AT

2. Ay

Aol nEAzRdS <E 3-8>7% Zuh B AgaAE FiEE
FANeE o s WETFES 136%E ARG JFA =xAY
& o)) At wiAAE, A AR EAEFE shovel HAM 2
o)FolH et WAAF BSoli= AP o AAnZE AN deEwHg
FAZEF] wg wornz HAA H/HEE Ha 3%AAM Hu 13%°)
o2 A FH T FEANA BEE AxsAT

<E 36> Wi ¥ HHRE 0|8 BB MEMEEU

R g o % o} ¥ A 7H
- h 8

0.8g/ci 3%, 5%, 7%, 9%, 11%, 13% 170°C, 190C, 210C 40kgf/cvt BF
* WEISEE 1 135%, BE 2 F  6mn X 250mm X 250mm

A2y 48943

AR HgREe B4

<E 3-oAE AY Az AANF HFR=e B -7A4 4dE
BoSE5 U
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<E 3-0> HXMF SEEE=Q g2 7|5 HE

FEARE $AE AURE ASEE ¥ 4T HRAS weRe 58 AR
@em) 8 (C) (o) (%)  (kef/er) (kef/or)  (kef/en) (%) (%)
08 3 170 082 533 9207 10,326 213 10252 4753

5 170 08 560 14007 14,068 239 9245 4255
7 170 084 54b 17278 16,832 3.09 8013 3342
9 170 082 547 20293 16,691 437 6593 2302
11 170 082 5171 - - 925 5H368 11.23
13 170 084 550 - - 12.00 4886 10.44
0.8 3 190 082 559 11198 10,994 236 10095 40.34
5 190 084 552 14862 14318 246 8542 3562
7 190 0.84 522 16758 15454 313 8128 27.30
g 190 0.84 538 23642 19777 6.02 6253 1934
11 190 0.83 b.67 - - 939 5H25H6 968
13 190 0.81 568 - - 1454 5006 841
0.8 3 210 083 546 10594 11,166 251 91.24 3331
5 210 084 527 16232 15311 299 8582 3043
7 210 084 533 21610 20,701 363 66,69 2469
9 210 084 535 25367 20,810 701 6521 1934

11 210 081 534 - - 1033 50589 879
13 210 083 577 - - 1591 4400 7.66
7b B4

<A 3-17~18>2 TAHZME R ko wE HAHF EFPR=
o #4= # FadAsE debda vk A7l e FAH &
o] FNEFE HAAL AHdHow FsAT @ @A & 3%A Aol
dY2mel W A Aol7t WA F& AL vAE HFAR g

TFAEEFORA VP FA &) @r] WEojgtn & £ vk E=F Ald B
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o] FAREGHTY BY R 579 7%9 FALAMNE A@ FEFus
Are #74u=s dehli g 2L AFdA A, Aes dFAEE

.
552 N
2 5% 1w
e j01e0q
U 3 ] 7
250 209

el
0
<3 3-17> HAHF g9 <33 3-18> HX|MS 2EHE o
CEES VSRS

15 L S A

<Y 3-19>9 A o], FA&

D
<2
& 3%°0A 13%71A dAM R Tk | 55w
32
ARE W, AAYF Begpse we | 55"
i
FRE EEEe FAR FEae | S
3 5 7 9 il 13
vehl R gtk F 5% Hwe FHE e Coritt

wge mAdmel mEade) el
G WA Aow welxm, of g 0 0% j;":: sEEEs
gl FARIAA WS FEH A2

HEg Ul Aok webd MANSNRE o8 MuAEA A FaA
He g AE S B A8dae Foel 28 aan - Al
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AR glolA FA &) Frtel W Fee ®

E,L"
trste @4 QM AEE P4 REE SARAuLst fAE 4

N

G ol Fa vy e hAle R Jel] QoA e EARESGE TE
oldh ARE wolFa gith F EARSC SlojdE gAHEI Fods
# Fogol thdh F/FEAAAN, AAAFRES] Bde FASHAY Fa
S S UERO<aE 3-20>. B FAES] oo wE ZAES
B FARZE @A AAHAANL, HAAMFRES Ffol FaFol
A gty 3-21>. aEa AAHoR HANFRES] XFAPY L
EARERT AA BolA: gle], AXARRES] HoHor e
ok 119 o)de] A& E Aedggde A7 A9 §E Ro2 wdH
Ak, Al A7b gl el o vs AAE ¢ glE Aol

=
oo/

g HK)
g £ i
2 g =)
T FE o I§
5 g Al
s collENE4H
z S BE
- O =l =
3 5 7 9 t 13
L Resin Content(%)
<1 320> HAMF SEEES <@ 3-21> HX|H 7 Set2E
ETE EHYEE

2. AAAF - AREA R/ HHREY E4

2 Agel A AR/ 2 BRI, B 2EY 5 54
WERNGo AR BAREES ARas] Astel, AXH R B
AZSAT. 3 o8 B ste] 54 B ¥4 Agns )

tlo

il
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ol QojM FrlAdne] IitkE ReslE R - Ak REA e F8IbE
de AEstnA sk dANF - AR BEREY B4ANgAHE
a9 olgf <E 3-10>7 Zl,

A

AC)

<¥# 3-10> HIX|MF -7 ERE=e 22 - 7|AH 43

aqes M

BEUE TEE WU W o] AT 4R AR
(T) )

%fj; o) %9 (e (cat/on) mjz‘ (o) ) (%)
170 0 0.84 550 19335 14,452 4,02 12.00 4886 10.44
170 10 085 560 140.07 14,068 4.15 7.98 9245 4255
170 30 084 545 17278 16832 538 635 8013 3342
170 50 082 547 20293 16691 581 401 6593 2302
190 0 0.81 568 183.02 13,774 3.55 1454 50.06 841
190 10 0.84 552 14862 14,318 4.67 850 8542 3562
190 30 0.84 522 16758 15454 5.18 7.00 81.28 27.3
190 50 0.84 b38 23642 19,777 5.45 349 6253 1934
210 0 083 577 18773 13,593 3.59 1591 44.00 7.66
210 10 084 527 16232 15311 373 809 8582 3043
210 30 084 533 216.10 20,701 3.96 450 6669 2469

210 50 084 535 25367 20,810 4,46 3.63 6521 19.34
* BEXERE  0.8g/cr, ¥X-& 1 13%

®

7b #HAA
HAAN S - AN F HPR=e] FREE <y 3-22>04 9 o)
AR EQFol 10%9 Aol 100% AANNFRERT Z2807) #
M 4ol 30%, 50%& FUtkgtel wel ohAl FA LS Fobek
wpow, #iHe EFgo] 50%Y W B FHAH A} 43
vetstrh £3 #@4R EFE 50%N M= dgere] A5l wil 3

o{}i
T I[‘
o oox
o ot
oo

)
Y
H
5

- 167 -



@ F7hsgTh ER <Y 32BN % U%e] AL ¥ L A
Mo £ Fobe) weh nEe) YEYASs I Ro® b,
% asresst Asel By RN AR A8 2 aFGYo) s ¥
SUAMA, G FETEC FALFE FFA FEa] ME Aow

HolAT

30 —
&_\21) - o
56 55
oS o O
S X 2
Erdate 32
351 o9
=g =g
T D) P
0
3 10% et/ %
\Adsste Fiber Conternt(%)
<3F 3-22> "X M7 HYLHF <3d 3-23> HA M7 - HYLYF
23tEco HAL ZER ol HetygAH 5

.} FRNA

2 oARAAE B3 AFNRS TR mE FAFS wE 34
s wshg BA) Aske] chapyd FAAE7 A BEAFFAUA
ZAsATh 7 Ak <1y 324> A% ol AMA] EFE F4F
o met FAFFAUAC S BAS Wetd & QAT e 4

o] golNE LRE 4FAUSF YPEE F7hE w9, FRFS

UAE Fashs 39S vehdx gl

of

i

o we e
<Y 325> Bgusel wegE Zgavelr, ofldA AT
Fo Egge] /bl meh URATAE Basn Qrk ol MAAFl
Ao AFYA R ol vEARe] HS AQoRA FHAL} 1P £
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A 97 WEA Ao Anark @9 Agend me

upE 4w s o

48 A wolA ekskt

8

Impect Bending
Strength(J/cm?)
O—=NWwdHoh OO~
Internal Bonding
Strength(kg/cm?)
o 3 o

<aF 34> WM HHULMREE <7 325> HEME - HSMMREE
HEo| HFABSUA Reo| uEjYE

o Xy
<R 3-26~27>0 A K& whe o], WHAMFE E3ehd 100% ¥
A fRE Wste] Fogat FAMRGEe A Frskch AT F
el Frhgol wel FARFEE Tal gasts Ao v, o
oAFYAR Tl BEEE GHHL AAUA, WA XY MAED

Ao AAE A3 i Aoy Woyn,

8 .

&

m 170
010C
B210C

—
<

Water Absorption (%)
Thickness Swelling(%)
B g

<

% 1% % 5%

<O 326> HXIMF - ©HEgddREE <3¥ 327> HXYMF - HEddrsd

2E9| E5E Heo| FHHEHE
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A3d 4 8

1) AAEF HFR=Y EAL s 210C, $A4E 11%9 2ho=
Azd HEZL 744 S5 Aoz vtk & v A4 98 vEgd
Aol W4 2ng 54 BAYERT FhQ7o] Polx|a 9r},

2) AAMR - AL F SFR= BHL B84 A wdH &9
&0] 50%%] REVL 7 st ey, avte] BEAL AR i dolgh
e vehlla o, Mol Biol g s HAE 2 US4
ol MdEE A84 adrt gle AeE WAt
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A6 A 7164 %4 - ¥12 AR E A

kA el Aol A w7t FY AAE Aol Hojd ueAly WA A

Anz FI BHT 5 ATE AL WH A% RANGHS )

de A3 E A E FAeshdA SEAduY AN of&HHe oferkA 9
A& AABIGR o, o Zhed AHES HEaA g rledd Wide
A & s F1AE dseke] Riol &olsivte Mo FEE der)
et

b @ Aol Anolge B, AXTY, AFEE B n
of A4 R 749 YA A5 Agstel B ¥ RARHRCS
A5, 2 HHE 2 ARG V4 BPREE ANHuA Sk
@9 Aol SYGRAIME FE, WA Fo RAR QA A
NAFAAE ol AHFH R Yol olsh L& ¥ ARE ALH UFE
AEAE A Iictko) e Ao oA,

Al1d Az 28

1. AgA=

7l AR
HARE Al 2~-3"0M e A viriAE gdewEolE §hA
¢ YIMDF A& AMgsiglon, A g 8%%2 243U
o #71d 9s
BERE Axgor A F71d daEMNeE R, Wik, A&

E 59 AQRIARS Mg 718 fly ashd FuUPHZ A5
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ohookge g9E BAA AsaAdn @ £ At SREUE) 2ue ¥
FARZ ALgaar,
o A%
BYuEg Azt ASH HAAE A 28 B 4delNqe ge B
w4 novolalctt 34 o],

2. RoAgx

FAYRY st FrAPEE 10, 30, 50%9] FAMEZ EFelo, =
FUE 08g/crel HA - F7)A BASRREE Axsigod, A 85
of HE FAH/NEE AAFTF9%).E 34t Rl A7]1E 6m X 25em X
25emeltt. 45E 7] EAPEA o) 9dte] HAYR, 14 48 aga a4y
HEFAE FA E543 98, EAR=802 AT HAPEUd AFAD
F dgdte] REE Axdgon, AUYSEE 210CE 3t 3% (AEA
oo Bl 57 EAEEEREY ddAzzde < 3-11>3 g2

<# 3-11> S8 - 77| ZAHSHE= MdEMExA

Er I ]
N EgmE  gAe d94en QAN
X1 X OJE. SFn Q
TR EwnE (%) (C) (3)
%)
3E
kA 10
A&}l E 30 08 9 210 8
Fly ash 50
sy
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RE-CREEERERE

KS F 32000 5-3h)ell o8] REe HAA wadn E48 9 57

APAx 54 - ¥1d BER= vsA 47E fske] 939w
AN FE AA ST g AR AN AT ho] BFF FT-IR spectrometere]
olaf AN HARE DAL WAL UAE FAsoM, FHLEE
40T, 93 H AT 5~20mS] ot
o Wk Al E
dedTde] Bist e dAAA7 o8 2EARA, @

B2

A wAAS, #HAL & FAACE FAANF LS 220X 220me] AP A
& Azt 40+5Ce] A2 A AN AxF e ANSAG. APA
o] SZEMA A7) 180X 180mmol v, HIZWH O 2 387 7tAE the vl Rk
Fo g 383 7tdskdv).

A2y A4

L =8 7143 44

AeAzd 54 - F7d EARFRE] FAHNE B dgxdd e

#44, A E, AFARAY F& <H 3-12>9 RAF gl

o
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<E 312> S8 - 91T gAsuTee 22 AN 42

el L8 Al

g Gl AT Gee wuE gews s Bee AR
* = K 2t e () » ? 2 0 )
0y (e () o) (kab/en)  (kef/en)  (kel/en) (%) (%)
Control 0 08 082 649 29130 29,131 1756 1950 6.55

g 10 08 082 661 16243 21,393 1317 2463 804

(Y) 30 081 657 12085 14715 964 3186 690
50 083 645 6953 9285 721 3869 537

ARkA 10 08 082 646 24878 27,726 1824 2035 10.85
(M) 30 082 651 16467 2038 1353 1882 588
50 082 646 6901 9956 819 2067 407

Zeolite 10 08 082 625 21303 22126 17.11 2348 846
(2) 30 082 659 13658 17538 1349 41793 759
50 082 658 8657 11436 79 6148 595

Fly ash 10 08 082 645 20488 25611 2016 1965 744
(F) 30 082 662 17927 19371 1577 1867 612
50 082 632 9080 9959 1243 1894 417

e 10 08 082 645 24875 25911 1724 2039 748
(C) 50 082 629 17648 21,186 1674 2414 617

A& 9%, Y% 210C

7k B4
25714 EARFRES #4-E <Y 3-28720> M 9} Zo] F
NAel EQFol Frhgel wd RAZ WA Paste Ao ey,
w3 FRE Wbd Hgnsel o 10%e) FAFEANE FAstuE
(contro)oll Hlste] ¥A=7F 2A A=Ak el wukq s Hghe 10%
AMe nee AR FAVRE 248D ik Y B4EE o
AR Fr1ddme] Fatol wet 5@ = Wby > Fly ash = Al &eolE >

e o e gl
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?10 EISO%}
o ) o 5 ‘\SO‘V
F3L Qh<1 3-30>, g ‘
o @
Pl AdRE 10% 4 Egaa |5, BEL
£

e WRIARE F70A71E @S dehla ok @ 10-30%¢] He
A AN FAANEG A9 fAE SEel vl gRE wela o),

aRAgE e Askn ey i Al

n_-jr!

%o ESE 2 FAMYE
S A BANGRE Fie) g A <1 3-31~32>0
sk grel Rrldel A Egel weh 47 gE A%E welw

F&o Aol AgdelEg & o P v Aom Jeued,
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ol Al&etelE AA 9 A Wil Aoeg AAZL. FHALHo|EE U
HHA Nam(AlO2)m(SiO2)a + xH:O(m<n) 2 HAIHE  F4ad20 w7AtY 0.2 A
Nat9} M0 2AGHE FH3A & Hgdr. 29a g9 Foe 2
Aol #UF FFTE& 27 WEA i e BAvg A€oz
o, ¥AA(molecular sieve)ZA o] &L vk EF F9 o & AH
BEA Faeks Aol 7] Wi & 2124 He) Be 4o 8 F
o] 714 & AL g KoY,

ol Feed BE e JEda gl & F71d0)
10%&E]HE FARZES FreA EYFol F71gd uet FARLE

e Zxsi vk ol 24 948 WMDFY EAr FE FER Q)

i

Mg AN Bese wHe), FAAARe el FE FrE A &
NG AN Bogol BAARA W] A7) wWEe] FARFE Had
= Roz AlmE).

FO o e e e e 12— -
% &1
% - s
g M Con 5 ~{|mcon
£ (110% g |l 0%
] B30% @ 5 30%
] 1B 50% e - |16 50%j
5 k]
£

L ¥ M z F c |
<3y 331> 2W - 2713 EASH <2F 38> 2 - 27| BAEL

T =

Heol B4g HEo EHUHE

ADERREA S

T EQF Fotel wEk 4AAH WAFEH WAk R 7L ER o)
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F718tar glvk. o7lolA 4A- AN dALE L SR A WA (block
body)ol Wigh WAz yetd Aojvt, EFAEe F/ol ute 43 W
AbE S FE > kY > AgdolE > 9 > R £o2 yEyh
wEba 2 Ay dH9d FAEAGHE 5-20m)oNA & Al | A At
2HE QA ¢5d aHE F F A= 718 BASFERE gl by

# Ao AAHAUT<2H 3-33~34>,

F_K_’,

r&o
Fu

L '-(mU
§ i (110%\
4 A%
& Lo,
|

<38 3-33> =3 - 77/ RAS5E =8
BEo] Y eMUALE dhAL

3. Wst4g

S48 - F71d BRHEe dAAY Ao FAEGEEY 71 4
zol EFEol FUrgel uwg Ugdol Falo] AHET ALSE & F U
<¥ 3-13, 19 3-35, 36>.

3 <AL 3-5>0 A9 o], FE} 50% H7ME BA - ) AEGR =
Agole dAAF Fo ojidEHo] anx HakA ggoed, FrAE EF
A F& tEE =(control)9 ZA$olt AFAHY thiiol 2AH YL @)
HAY WHAAFAME FEI 50% H7ME REe 2AASFs dzr s
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Hsle] 83% AL 7Ad A

lo
fu
ul
o
ay
O
L
o
.
flo
b
&
Ly
S
_\'E
r
2
_?FJ
2

A AR BA - R ARNFREE A AEE Aot SANAA f
=

214 8 K S e B R 0 ) S B R ) P 4
H 4] uked A 4=

T EWROD (/) (Cxmin)  (CA) (see)
Control 0 0.82 1325 89.5 62
10 0.82 1125 81.0 62

FE(Y) 30 0.81 100.0 525 95
50 0.83 52.5 155 140

10 0.82 105.0 725 76

k4 (M) 30 0.82 90.0 64.0 100
50 0.82 575 215 137

10 0.82 1225 85.5 63

A -&eto| E(7) 30 0.82 100.0 545 90
50 0.82 775 325 125

10 0.82 130.0 81.0 60

Fly ash(F) 30 0.82 100.0 53.0 92
50 0.82 75.0 315 110

EEHC) 10 0.82 95.0 68.5 93
30 0.82 100.0 54.0 102

<A 85> clolAlE] %ol B - RI|WSERE (k¢ Control, A BE 50% EB
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T w0 _ [lr250% a o | E 1 50%
M | E
ol 20 o 20 E.
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0 0 =i
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<O 3-35> F& . 2I|A BAE5g <38 336> 2A - 2I|A gyt
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AlZtH A Mo dhod A=

<ad 337> 538471 BPRES] FeAbe HeFRis Qo
T AHZEE S Skl W A ajate] AAHAY. 53] FE Mukdg
50% H7be wii= ZA3AE 2u) AL A A%E el 239
2o Fd g sE vuag s o, gES qude exAztd s,
A ddAS 2 JGAAA FelM BE FEF Ao ryon,
HRe] Aeele RE FEAM 5 Aoz wyHdn. 2 "ok
&7} Aol dstdiso] A delhen, sty

= e BPRE AzAdE Br1AAEIE 30% o) HrbEojor & Aoln},
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EN
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BH30%
|| 50%

ZH5EA[ZE (sec.)
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(D HELEAL F71AL89] BARFEEE Ax8AS o, F712EF
vlo] Frlo wet AR JAL AR FAA, EFH] 30% ol shel A=
g EH o] BAEA o, ARy £ Fusirh 53 Oy Ee
Fly ash& 10% &#atd Q8le] H&eo] Fuetn, 8 MU/ &
¢ 4% Yedd,

(2) F71d48 E9%F S7Ho o8 EFRo] dXe)d WAbgo] FYo]
Z7vshy, 53] FESL WA g AREE ) wlg AdF ol o ¥k H&
EFReE AASAA A e

(3) 5d 714 BEASFRE] dANE A, FE > Ay > (F9)
> A &golE = fly ash > FAY &2 WS Yetda glen, FE&
50% H7IA el FA A nlste] FspAIZke] 2u) AQAHH, AAA T 1/6

2 ZiHe A%E BAFAT
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A74d ARAZAEFRE=S Ax3F AL R
A4 7184 =(VOC) B=F AL

ol o A o] AFAoA UWEHKo] HEASE AGE FARFRES
A5 2 R v HAuH, s aAst Hest et ey A
Bineeo Azgy, AFEAN 9 = glolA RrkA Abae] did
neEel HEst dast,

AA, B AFoA NS EABFHEE Axsr] A A5HE B4
s, A4 SAHE BAe grHst ang AddFe 20mesh o]49 A
A QdAE ARHE okt e EAZ A EA4, EAEFRES BEAT
dA FdiF oz zte HIHL FFFY AT #§ 4 glvh A
A, BPRse fxd welA a7HE Aol g2y, Fyve], WA
59 fRdAME Zrrve AEAd £5 UsiAel o a7dEn. U, &
T AR FAE AHEslE ANEZE BFRR=9 AdsE AsiMe QA F
P FAAR7 S FE(VOC)] WE AV AF HEH ok & ol

uwetA] B HoAe ol 2 AFES TR ¥ AP HEV ofF
o} A ot

A 1M E 485 DAF&S HNSATHA, AFE, WS T4

7171 1 WHoEA, HHA8E AT 3FTAHEES HAdEe

>
b

i,

N
ot
&
U
i
oX
o

g9 HHBEE A2 3574 EARPREE Az
B7haH Ao,

A 2gANE BARES A5ARAE AN 0 AF PPonA
Az U A48 &3HE PESA,

A 3gAAE BARES AzAPNN FAHE EFAUSNS ¥ VOCE
Agdon 24, BAs Axan wAE FURYL.
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A1F 33748 EAEFR =9 Ax

1. 32944 EAEFRC o 20

35 RARFUEY ARE b FAA PRo o T AW
A wpgond B3 Uze AU 278 dud 54 3zRne Az
sk elw BPgusel AFs L Uy P4 A5t wE Yol A
9 F/)ANES UeolEE AE AW 33 UHREES ARFAT o]
A BARAAEE FA5% B Z AMDFE B4, A8 el 357

A R ESR T ARAHLL <¥ 3-14>9 #u)

<H# 3-14> 3574 2HEUE=S HE=AMFHRQ

e g B e 25 s
RegH 71(3 4 Zﬂ T L}]-’:"« ( g/CHlJ) 7 <5 Slg=] A3k
EZ 5 (m) C)  (kef/er)  (5/mm)
5 6
R ] > T8
EE—— ) : 210
Bl . grlo)E A 82 N v
EARe ) ) 0.7 .
08

¢+ BA - BelolE RARES dgUESE WeoEE ALER UF WEg),

of7]o A ®FEH WEY HATAYRY WS @ed 3274 ZARA
Wmol A9 HE FAE 6met 12mm 2FHY BHEE Azsiggon, &
HMET 08g/cr, 5% FAEE 5 7, % 5 3FEo R HAEAL. o u
HFE BAYEE 40~60mesh, W ZE8 FALEE 10~20meshe] AR A
ekt 2da HEolEE UFAER AMEE 3FAFNFRE=E UF
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AXE 05 06, 07, 08g/cre] 44508 FH3lo] HEE =zt on, o
W E2]&e HE3 Y& BT 9% &9}

<HE 3-15>% 33T RARFuSY 8ol VAR 4 2H Avjolv}

<# 3-15> 3574 BAHSYEE=L 22l - 7|AN 4

g dJAEE A9t 44 7S Hey vy E4s T
HEAA g A A BE PLE
(%) (g/an)  (g/em) (%) (kef/en) (kef/en) (kef/on) (%) (%

5 0.8 080 693 337 42905 644 445 127
0.8 080 683 35 43,002 11.06 434 125

EARARGuE

(57 6mm)
0.8 080 667 370 43,868 1277 419 123
0.8 081 612 288 29274 571 384 87
EAEARGRE
. 0.8 081 6.09 301 31,267 844 349 8.2
(57 12mm)

0.5 066 665 145 23040 145 624 84
0.6 071 679 219 24,720 209 548 76
0.7 076 652 261 33177 380 460 7.3
0.8 081 670 274 34082 410 4177 69

24 . gilolE
PAEFRE
(54 12mm)

7
9
5
7
9 0.8 080 622 335 32537 930 339 79
9
9
9
9
C

* APLE 2107

B AN B AESAE Agste] Az 3574 BAWA By
24

Ev o gad Ui ggdyel A8 Qod, EdRAeG Heole g

A - Aol BERA BRr=e] Ao, USHEEE 08g/arE
shale W, AN WEFAAMe vy dAde] veurE sAh aga Azxg
52 - HoolE EARFRE] HA A5E 066~08lg/ene] XS ey
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Ioglo] oF 20% Fxe AFst adE ®ola vk

7t B84
<1y 3-38~30>E A BEAYRZ 7AE 32E=(dAUS 0.8g/r,
A 6m R 12m)e BAAES FFHA FAAEFASHY AAEZA e
AolH, <A 3-40~41>N& HFL HAEA, UZe HoolEx 7A4H
22 . guolE EABFRE(FA 12m)e] FAASE UF: d=ge #A=R
vebar e

<Y 3-38~41>°) YetdRe] TdFEe HR(08g/a)t A& (9%) =
Azg 27kA B9 BE(F7] 12m)o] #4d& vlasid, e HHE
AE AHEF R=o Yujsle] HElolEE ALEY REE APEI) 82%EA
Ga Hgs AR, FgdArE 308 6% AE Fhska Ao £=F 5
A-dgolE EFR=E UFe HAAYE 06g/a(RE=XAY Hd5HUk
071g/at)yol X AWk SE|EFRE FEQ A= 200kef/on s AEss FEY
ZEE A, WEAAEE 0bg/em(REA A &A% 0.66g/cr) o A
T X7t 150kef/crf o]3tE HojA I glo], HAAl &2 &7 R WS
& HEeMdA Fasir.

FH REAR FAHLA wWE 337 EANFREY FAPF e o
Hrd g 2o 94 SARANRES HHALE HEFY FAHNG] F
bghel we} FuiEE BAFE Rolxw I Aol wiwgPu<ay 3-38~
39>, 3FTFAREY HEFLE FAHNEE BF FY £ 9%2 37 o
Bl WE9 Ao 5 7, 9%&E tEAGE RES FAHAE F9se B
Z EEY AF - 4EFSYol §Y FFEORR ol T2 AFTF YEwtx
g 5 gk 3FREFANE FAZ 6med H=9 HAE FA 12mY B
=Rt tha A JERdI Qo
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3 5 HyolE HFRTAAE 100% HPolEE AHEYE HE UF
o] Wwrt FAagel wet AFAR AstE L Jrb<ay 3-40~41>. olE H
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turbulent air mixing method

- 206 -



BAbsto] EF7IUCNA @RS HRAAA, Bl A8 AdaE Aol
vpZ R Qlgte] BAG9 ArAA AR EftEA sk S A8k

15~20%%t Egtste Aftol 71AA] AA7E FH3] ol FoAH, 9
s Adel A8 gez oFadrt AdEed Af MES 454 =
Hale] & e 2~4 kef/are] EoR oF 13 30 B¢t dlvZiskaisdh.
o v 7kqto] EuH < 4-2>9 dtaAEo o8] dotsta, E%E HEE
Wbz 282 AN AANES W43 FA WSS AT o)W §2
LrE 9 45T AERZ Atk YAAYsE €9 HEE &% 20+517T, 3
FE 60+3%8 FLFFANA FHAN 2%, FAAAL 6RHon ne
& AlZ3ste KS F-3104¢9] Wel oa) A, 3¢&, §4%, 84T, &

A%, F5% FAMLE 5 1008 Qa9

o

<E 42> BHR-BRZRIUMR SgHel Mxzd

na AP
ArA - FE AR a e PP ew gy W
(g/cnt’) A G (C) (gl/er) (kgf/cat)
0.5 1.0 90 10 6 195 65 10
1.0 1.0 90 10 6 195 65 50
PP 1.5 1.0 90 10 6 195 65 10
Aol 2.0 1.0 90 10 6 195 65 50
{cm) 2.5 1.0 90 10 6 195 65 9
3.8 1.0 90 10 6 195 65 49
5.2 1.0 90 10 6 195 60 9
PP A4 6 1.0 90 10 6 195 65 49
] 15 1.0 90 10 6 195 65 10
denier

20 1.0 90 10 6 195 65 50
PP A& 15 1.0 90 10 6 195 90 10
|5 AT 25 1.0 90 10 6 195 50 50
AR A - 0.6 50 50 4 195 20 9

- 207 -



2. 4345

o AYAE WAFES FA A

2 Age B4 /1% WIRETHYERN LS A W wAm A
4 TR AFTAIE AYATFANNN ARHAE o FAE ZH G
% ArhagARIt FASA EFAES AFFI Y HYe n=A 8] 9
) 5709 WHE F sel AN B FE AR §9¥ T
WA G2 4 9= 8m 2739 5709 FHE o °F 200meshe Ao
b EHAHS olEe WA B T AAE Fo WA A
AR e AL WARES Ak o EHFANY e <E 4-3>3% 23k

<¥ 4-3> AEHHE HIIFEYII H5

T8 As
AFEFEH E7] A3 9 50~60%
3 AI7E 20~ 302/300¢g
& A7 AHHl&e] 50% °]F 71
A= 71 7~8 kg/cm”
v, gl RE ANFERAFZH AL
A7) AEAE R AFEY Aol AWE] wEHEAYdn wdy

Aok, 2 ER o] FXo FHHFEQ] TWHIFEFGA, o FAEITHAA
Abgste TME HYEA, 9 $EE AFRTAdA AgskE Tdnsg
FA, & AAY 7EANdeE mgste] HHERALTEA] 2 Ak )
22 ol&sitt. oA d MdE FE3| deA ZAAESG i 9
A <29 4-2>9 22 AFEFYIYAAY AAEHE dAsAT o

~ 208 -



At Aol 69molw] Fo T0mzA AKEFRE, ENYRE, Asl
Ry, EALRROZ FHH ) o FA SHL Are) £ of
g olguth: A3} WEY FA8 We wis 24 4 Avke

TET
Aok A%How Ajo] shsdn], #UW WEE AL 5 Yo oA,
A 23 A72AMR 22000 & BgA 9 B4

A7reAd AR7F 545 B AEnA AR EFe @ o sbg BASL

e PR Alay MHY FREdolh o PREAdE HiH, 2dm

1. Turbulent alr mixer 2.810 3, webline 4, Roller press 5. Belt press s.Compressor_

7. Blow line 8. Chain belt 9. Nonwoven mat 10, Rip saw 11. Cross cut saw

<Fig 4 - 2> Design drowing of Turbulent Air Mixer and Mat Former Machine
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A2a BiAe 2ANS 9 Bt

1 A9HA

2 AYe FRUF) BE BFAY 44 dF A5RES s, X
2 A4y 2T B4¢ 2t B¢A9 Azd Bed szAns
AFSTA AN Rolth <E 47> FAMSG AWA FEo ATE

Brhst7]l 18 AAAAE 2okd Aol TAWSEE 5559 WEO2 04,
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06, 0.8, 1.0g/en®) g 7959 E3910, 20, 30, 40, 50, 60, 70%) L&l 54
F9 FHE FFRE 4, 8, 12, 16%)°) thste] Frista, A Jge
6505, 1.0, 1.5, 20, 25, 30%)2.2 AA 5o st

<E 46> BHYURSL BB SF0| WE BHF . BZ2UAMT 2PN HxE

Atz A vl
97
P.P

-
A o €% A g =% DD mapp A
i a1 o '
" ¥ (C) (min) (kgt/cn®) (%) /(}i 47; (%) (min)

02 40 15 6 5 5 50 0 3
04 40 1% 6 10 5 5 0 3
4R 06 40 195 6 20 5 50 0 3
T 08 40 195 6 35 50 50 0 3
10 40 195 6 50 5 5 0 3
08 72 195 6 35 0 10 0 3
08 64 195 6 35 8 20 0 3
AL o8 56 195 6 35 70 30 0 3
igj‘; 08 48 195 6 35 60 40 0 3
e 08 40 1% 6 35 5 5 0 3
08 32 195 6 35 0 60 0 3
08 24 195 6 35 0 70 0 3
08 1 1% 6 3 5 5 0 3
myga 08 2 1% 6 35 5 5 0 3
=8 08 4 195 6 35 5 50 0 3
»% 08 6 195 6 35 50 5 0 3
08 8 195 6 35 50 5 0 3
08 43 1% 6 35 495 50 05 3
08 47 195 6 35 490 50 10 3
A4 08 50 195 6 35 45 50 15 3
4% 08 53 19 6 35 480 50 20 3
08 57 195 6 35 4715 50 25 3
08 60 195 6 35 470 50 30 3
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<FH 4-T> A AFA R 2ol MAPPE &R 40%9 odd g2 A
EastmanAl9] #3123 Ao olste] 278 Y (direct pressure method) 2 &
AHAANA] A2e Aol of7]oa] WA 7H: dete] %7} 45T ol

= AIZrE w3l

DN

R A

<H 4-7~8>& A7Zbe] AN Az BFdAe AA Lng F5eL
eld Aol

B9 Ui AYE Yoy EXUERY A, aUE
E ExgERY @A vk £33 BgAed e u$ e £59
°f 2~4%E UEWrh <X 4-7>9 HWEFEE APAAE EXNF9 EF
2RANFo] EHNZE 50 1 50017] wjEo] WrlFe SR F4Ut ul g of
HAAA Fago] wA Jebd Aow Pzher

<E 4-7> o|dez ¥ EFelZzgd Egslo o2t MxE SEde dx 9

st
saus  mp MEEFE  BEA AR RIA G
cevT L (%) (g/cn®) (%)

0.2 40 0.27(0.04) 3.74(0.38)

W 0.4 4.0 0.43(0.05) 3.59(0.31)

(o) 06 40 0.58(0.07) 2.86(0.22)

g 08 40 0.77(0.07) 2.54(0.21)

1.0 40 0.86(0.05) 2.20(0.38)

9:1 72 0.75(0.05) 3.88(0.57)

8: 2 6.4 0.75(0.05) 4.41(0.61)

- 7:3 56 0.74(0.04) 3.48(0.34)

(Wood - Py 674 48 0.78(0.07) 2.77(0.29)

' 5:5 40 0.79(0.05) 2.17(0.24)

4:6 3.2 0.78(0.05) 1.63(0.12)

37 2.4 0.82(0.01) 2.06(0.18)

# (W A E EFEAY
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<E 4-8>9 WES YHE HHANE FAA & 5 UKo HBUf Y
of BolAW Ffol BolA: A% B 5 Atk AUE FoA AA U
A} EFUENY B AL Mo He¥ AWNNUEY Aoz 47

ez, urh g8 AGAIE A st Ro) wiEAE Aol

<E 4-8> EM7He g ¥ Z28H Fxo w2l Azs EEAe g2y 9
gae
TR sz v E 8 HiA 4= H£eA) &
eerT s (%) (g/cn’) (%)
1 1 0.74(0.06) 2.30(0.44)
o Ehm o 2 2 0.75(0.06) 2.15(0.22)
N ‘jT(Z;‘}T“‘; 4 4 0.81(0.03) 2.07(0.36)
? 8 6 0.80(0.05) 1.54(0.36)
16 8 0.78(0.06) 2.19(0.18)
0.5 4.3 0.74(0.03) 1.74(0.22)
1.0 47 0.74(0.04) 2.13(0.26)
AZA(MAPP) 15 5.0 0.76(0.05) 1.74(0.31)
(%) 2.0 5.3 0.77(0.06) 1.96(0.32)
25 5.7 0.76(0.06) 2.11(0.29)
3.0 6.0 0.75(0.05) 2.33(0.34)

* (Ol FAE 2EEAd.

3. &9 - 1A% 44
FARAWE AYAS AaS Hrsly) g8 Axw BEAe 21 - /A
A AAE <H 4-9~10>0) WFYH BEHAEA Jebic 28 - 743
AH& KS F 31040 Ase] FA8Hth B3 <29 4-19~26>004 = &
A AEA 2 SRS AFA JFE RAFA
<E 4-9, 29 4-19~20> vEbd R o], BIAL 7AH dEL
o ¥ ZYzzgde] EFe o] v adeE A& ¢ 5 AUtk
ol& <FE 4-10>°] vEtd E4F g AR o & 49& vdg

o AE HoFa glvh $AE EFU(EA R - EYZ2IAYF= 50 : 50)
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oA st golvhz AL

rir

Ae olv g

. %

T E 2319 Ay FYE ERUENA EH R Yo
2 AAE AsAdT. a8y EHH7F 60% o8k zAdMNE A=)
FHHA Fu YA FAHAG Tz g Fo] 40%0)4oz
& Be-de dEgAF Ak ol

A EEEagde] §E Mo AR}
W7l ADFE 7(AH A2 2A FAHA.

O g
ST ETE

71 A

L

3L

<E 4-9> 2 ¥ EQ|zzEd EfM| ol wE SEAe g2 - 71AH A

NAH 44 =8 A
I sw wew mwaas age 200w &
(kgf/cm®) (kgf/cm?) (kgf/cm®) ﬂ(;;)g Tyﬂ(i)% =
0.2 39(8.3) 2,056(301)  17(4.4) 55(2.9) 2.3(0.87)
" 04 166(24.2) 10,631(1,054) 46(12.4) 26(3.3) 3.2(2.1)
(g;cms) 06 298(61.2) 1,7212(3,070) 106(9.2) 18(6.6) 2.9(0.9)
0.8 459(38.6) 26,393(1,686) 198(8.7) 10(3.3) 3.000.6)
1.0 569(28.7) 31,996(2,808) 221(31.7) 6.4(1.5) 3.3(1.0)
9:1 227(439) 19,425(4,075) 98(11.1) 86(7.6) 43(5.3)
8:12 332(229) 25273(2,331) 147(12.3)  36(3.7) 17(3.2)
&8 7:3 360(385) 24,027(1,360) 161(10.0) 28(3.9) 12(1.9)
(Wood 6:4 445(345) 25,359(595) 183(14.1)  18(3.6) 6.8(1.4)
'PP) 5:5 434(435) 24,116(2,109) 174(14.6) 9.9(1.3) 3.5(0.6)
4:6 434(34.0) 22752(1,722) 168(8.2)  7.4(1.5) 2.9(0.6)
317 442(409) 20,323(2,035) 190(15.1) 3.4(1.2) 1.2(0.6)

TY dEFTAME T8 &9 Aold mEx HAAEE 27kgl/m(EA
F90%) o0 A 445kgf/cn’ (B 5 60%)7HX] FolE& RYon, FEAASE
Bl <29 4-19~20>8 %3

19,000kgf/cn’) A 25,000kgf/cm®e] x}o] &

H4A g9 5

Q}:

%o, FYZEgde] EFF] Frhe dxe Frhe o
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4 0e ge nelt B4EE BAZzdANG 40%74K EaY 97
A43 BRAASE BYzzgd 20974 S dnel gass
A B EF APPEE Ehzzude wgo Eoldd ue gus
A Bk A8 1w

<aY 421~22>8 BN & F dRol, WEA LIS Foéel 2
B2an FARFEL A s} gtk Ed BemzEe Eyls
AA5% FRET TANFE) Asste F4E B Fe ERUEIE

249 70%)9 d¢ole FFEE 34%, FAMZES 12%71A ¥E & 9

i

Aoz tekr). ol BAH - FNZRUIYS HPAs 227 4R

o=z TPNE A A+HT ke e AR F3 o,

8D e s
80 (-~ IS o B
Kt:m [ PRRE m - A — ek
2anl- | Sap | e -
10 B B
0 o}
02 04 06 08 1 o »» D o B @ B
=2Re| YWE A o) e (4
: et | (EEFRR|7 P A
TRIH1 A SR PR AS CR2C BRI T iR SR A
. e e
[f,.ﬁ'g,"ﬁ'
]
02 04 058 08 1 LU A R
' =BRle| U i) = (TR B (%
| <TRI4-21> Yol e SRl R AR <R4-22> T |TSERH i iR SRR 2R iR
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Edfe ded AdA 9% B ddhe <H 4-10, 1Y 4-23~
26>0 JERT EAF9] gl FUHgtel wEd BAEE HIAA F
7V, FRAASE avd FE HQen, AR EE 719 wWsiyh Adld.
HAde] /AN dd BAHfo EAsE SR go] BolAd d9A
F718ke BeS BYdoesin ol Qs EHF7F o5 fdAH A T2
HEWS F3ol ANXY W] Re B8 4 Atk B 547U
FEL ZYZIIAALNFY S84 TS MAE Aes Y4En. <ad
4-25>0 A EAF F& St e F4&9 Astet FARZES dntd
FHAALE F MR FEE JhedA @ AAE 5G4 #a&e] wobdd
wreh e fEAgol Tkt old wel ¥ FAE U¥ FHEY A
€ 7H2de Aola, gAe EAH dree S e FANZE #
2EFH} Fezzddd 52 EFFG0%) o FAdtE Holn.

-

==

1

<E 4-10> SM+® &8 ¥ ZEHe &l wE ZeAel 22 - 7/ 43
EEEE 295 43
1 P
AN FE Hed agge A .:2,3]%;‘52
5 7 B} A7 7] &= 2y wTE T )

(kgf/cm®) (kgf/cm®)

2 350(35.3) 18179(2,448)  176(14.6) 15(39) 4.8(1.7)

2He 4 397(19.6) 21,887(1,349)  173(17.8)  14(0.7) 4.2(1.1)
grg 8 430(42.2) 23,070(1,574) 177(10.7)  11(1.5)  4.4(1.5)
(%) 12 454(49.5) 23,379(1,588)  165(12.8) 10(1.6) 4.8(1.5)
16 434(28.8) 24,736(1,318)  177(13.3) 12(2.1)  5.5(1.9)

05 454(84.3) 25,371(3,852)  202(158) 15(2.0)  4.2(0.8)

1.0 439(26.4) 25,495(2,475) 187(18.3)  13(2.1) 4.3(1.4)

A4 15 426(42.6) 25,095(3,061)  187(125) 14(3.7)  3.5(0.8)
(%) 20 483(74.8) 27832(3,903)  209(16.7) 12(1.3) 3.7(1.4)
25 516(26.2) 27926(1,395)  220(14.2) 13(5.2) 4.1(0.7)

3.0 500(51.6) 20,262(2,632) 201(17.4) 13(24) 2.8(1.1)
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RS

g0 | &0 -
& et - e 5 W
Tanf- . - gl | g™ L B
Aot " S4m - - :
B o Han|
0 o0 (- -
2 4 8 12 16 0
0. 1 . 2 3
SHTRIRE( ° 152 28
MAFP amUson2| &0 BH%
24 5t === 7 MXI
2> S BREDIE SERE P | R0 M8 DI CE SRR P

e 1) 1 e ——| -

121 - — —a 12 g
wi 10 |- St w| 10 |~ e -
Z gl e - 78— e e -
H gl - — " gl — —
4t — - - 4f-= maim e
2 - 2 — :
0 . . 0
2 4 8 12 16 05 1 15 2 25 3
BMS 2 (%) MAFP emusione! 27 (%)
(TR SR B R SERR R A <El4-06> MFP A BPII B SRRl 2P A

BAfo EEzendae 45 e AFg zta Q) Wi s
ol wl§ 2 o] Aol ol g ML FHa}r] 9ste] ALgEtE
AAAE AgAolry. 8 Aol AFAZ A48 MAPPE Sa9} Fe)=
29 Astd 7bg £3 AMgET et

<I¥ 4-24, 26> o] MAPPE EAIfrol ulsl] 05%HE 3.0%7A] A&3
Astolth. MAPPE F3¥= H/4a As, /A4 44& $50 8442
FAEE A%E BHYoy B4 AR VG Aol sle Ao ey
t}. MAPPS] Awl7l olgh o] & anE UEUIA EF ot &7 9
(1997)8] AFANE HEF 1 %o e TyzaPao) FH500%) W5
olgbi Azhdr). &3} wh(1997)e] wie] ojawl AFFe ZElZzyd F
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gte] 49 MAPPS] Algo] BiAle 7AA & &84 44 gl A 7
Aot itk wWEkM F AP FYz2dde wel st 43l
T MAPPe] a7} vig A& Aom A,

A3 d BEA NPT FAAUZE BB

BOAYE <F 4-11>3 2L 2Hog WIFEEHA dalo AxELE
% 06, 08 10 2 12/’ 2 & SHA - FAZedd BFAS Az
o A, FAE2E9A9RE (F)FHAH o2 EFEie, towdH
o] 9YNERA @& crimp’t YE AFEA #717F 3 denier, FEAFMID7t
25 g/l0min@ o, Mgl 1+02m7t HES HY . A5 AE o) F,
BN ZYZ2IAHGE 7)FEIVIE o) &3lo EFsAen, a4
o] ¢ AL cauldlA wiliA] &5 A drlE AN 44 22
g oA 38T WEART

<E 411> UEFEY BHF - BAZ2UA SuYe| Mz

- dlff‘lhl\ilat Az ewle
(g/cn) o eE A g9 EHS PPAR (min)
P () (min) gl (%) (%)

0.6 10 . 195 5 20 90 10 3
0.8 10 195 5 40 90 10 3
1.0 10 195 5 50 0 10 3
1.2 10 195 5 60 90 10 3

e 2HoR AzxG BEFAE KS F 31049 st 24AF FXeE

# As, BEA W= FrhE) wek FAGFER FEL) whdE
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BAEgE HAFJI<H 4-12>,

<H 4-12> FESEY B4R - Ea2gd 549 By 44

ARUE  Azus  gaa | AMEE G448
(g/cm) (g/cm) (%) (%) (%)
06 060 (005) 50 (0.2) 22 67 144 (110
0.8 0.76 (005) 43 (0.3) 509 (83) 106 (18.1)
10 095 (007) 45 (0.3) 246 (4.6) 43 (0.0
2 110 (0.0 42 (02) 93 (L.1) 12 (38

(W FAE REAAY.

olsh e BtAlel W Frlel wg FARFED Frsel Fade
FHELA B WATEE SEMeR B3R A9S A o 49
& 95t Azy BgA FIRNA Bolsh Uzt 247 sl APAL

MEERE 7RG AFAste, o] AgAs TTHE o83t E dddte
dHe Foale dx ANEoR ogAon, B FHL UG F4A
7 g 2% 30T, AUEE 60%9 AR o 139 o4 £HAA
Fo] NPHOR o g3t BE AUNE G @ Bz HF BIWL A
243 O FAARW A o7 BE@s A JEOLAMS] JSM- 5410LV FAFA
A@N A& o] gl &Y 15kver #E 2 ARFYG L s A1¥H
of A=A {H3l7] ¢35le] JEOLAMY JFCI190E ion sputtering deviceE
Abgste] Mgo R 50m FAVF HEE ZHIAPGY /T AL H99
Frd R %9 wstE vustua Ay daie f4ARE ¥A

& oy EAR F4E wE ddsla olE ddwoe] #A@dWHo HEE 3
<AMA 4-7~8>8 W& 06 2 0.8 g/em’e] AN Az EaAe 244
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T FFN R ERFY AW FRIA B

=

TAPAA AV G AR o8 59

A UEel BAG 9 Eelmegdddel R¥y 4% $48 rdFun g

oh AR D9 A9 FeAe Uk 06 g/en’d B Wi FxE HdF

Wtol] vhigel E=o] EAs 4R HAFE Ao
gl o]l wrAlEe] Q158 Holsar vk met gfAlel ofs we Helz ¢k
A3 AaAH ®g ZEZZIANFIE HAR Alolol A we] @5 a
QEH o)t WE 06 g/n’e FEAME GAY Qe Wqre el wr Al
dHdo] FEA doAuA] ReHr] wite] Felzzdadfrt S8 &

A4 - 22 B U AR
(a: 33, b: WA BHR, o A2 WHE Bal

[

/e’ BRA HwS ey

AR 4-7-Q> 243 FFF g
E AR FFAaY 4-7-O>RTE SRS A HH gy

wol] welsol glov ¥k ¥ B o wAEA Yo o9 Fo] A
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F709] vhelsh F3 Wlgo] WE 06 g/on’ o)A BFAALA 4-8~ 111 T}
s Ae AR Frsh YA oE Ak Lk Bl g

<AMEl 4-8> UL 08 g/em’Ql ZMP - EzlZadd =3
of 24MZt HEHM - o Hu LfE ALH

(a: MIBZ 2HF, b 2LMSH LHRHN B
PEZREUMR, ¢ B, d: BHR, 6 BMP
% &8 £3 0100 um).

<AME 4-8>2 F4AY W 08 g/’ BEFA WS YEhE Ao
2ZA], o] AGol <Abd 4-7>9 WK 06 g/n’e] BIART BHHSe
Aoy Aol B AANPeRA, 1 Ut B8 A™aA gl of
4% $49 FUXRIANA} BHRE UG

Ex A6 o8 WHY PR A AR X FHE Yol wo]

il

W BRI FEAAY
3Ldeh <A 4-8-@> 24A17 FFEe AR 08 g/’ BiA SEe

Hehdle Ao zA, <A 4-7-@>9 W% 06 g/em’d BitAe] FHF
Wi FaRuE 5o HomMe e AfRtke bl Alf-&(fiber

- 237 -



bundle)o] T} B& doz Jeluyn drh skAT <AFR 4-9~10>9 WE
10 BE 12g/en’e] B&Al9} nliste] 2 o), <Abd 4-7~8>¢] WL 06 g/
% 08 g/en’) BEA BT $49 FHZadaNfs FEEH BYE

§ FuME st grlde BERE UssFor AuHth

<AME 4-9> YE 10g/em’el BEMR - ZalZRUAME =EA
E.JXH°I 24AM| 24 H M - T ol &= L §ALA
(a : BB HRHA B =z LAMF, b: B
=, ¢ J‘XIJE{XI EME )

<AHA 4-9-G@>F FFAY WE 10 g/’ EFA AL dehie A
of B4 EZ=2dAHR7E &HF FEH FAHA s A<
FEHE AEE + 5 ALY gk Hoz HHFEA 4EH JEHE

Holi gtk <Y 4-9-@>L 24N F5%9 UE 10g/m’ B
W Ushile Aoz F4del <A 4-9-G>¢ vhatA gmel
Qe B A Bdfe ARE Ao douix @
& ZHE Roln Uk <AHA 4-8>9 WUE 08g/em’Q EgAS v wated

o
o
}ﬂi

2§ o
o

ol
Ju
o
I
b
o
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£ o S35 Aol Uige AdErt A4 FgHo] Jded ow
o] =& ol Wi gt A AQAel ok vlE ol gt& Fulvh Eyx
2N &8 " el thh A FFEAI] WEd Aew oA

oh fzEy <ARA 4-10>9) MRS 12g/em’) BRA R §69 FoEw

AN GoE SR BHGE EedA 23 971 Wi Log/a'el z
AR A BExel e FARGE] VeA 29 AEELES

<A 4-10> UE 12g/em’el BEM S - Eal=2"d 2EAo 24
AlZE B8 - Fol W U2 AT
(a: 288 EBolZWua MR o5 S{mel W1
EMF, SHEES 100 gm)

AR A A A MRS WE 271 <A 4-10>9 1.2g/en’e] B
FAl= ol v M 219 <AMA 4-7~9>9] BgrA)o) w)sle] XA
UWRT2E Zteds 48 ¢4 F JAT. o] A4S BN AR Ao

gew §8d FYUZ2IANRIE 4d8] HAFE Sed Bato] oy
AaH A BAFE AR e A deFdA wel EEA st S8
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Aol A o ol 948k« 23 Mde] Edd TxE HolA He Ao
g, o gxe g4EvlE Az FAS - EyEagai s

A (Clemons 1995)elA] &3] #FHE Aoz oA ). <AkA

=
o
dlo
to

AN Faos BGEa AEs XU 2 auE 25
BolF5l glvl, o]¥ nonwoven web composited] QoA nHEE 452

Ao iol Z7hEe AWl & & 3l 049 ALE AN,

i

aE 549 EARe vFAA FYZzdAadts A2 M) g
o HGA o]l Ago) o]FoJx K| grie AMNE <A 4-11>9] SEM
Hag B9 A F e, Mrd F4o W FARFEL] ol
69 EEzAAN R 4 F2(distribution pattern)ol 71€ & 8¢
& 4 AU

B AT ofF FAGE 202 #PE Youngquist et al(1992)9] A+4
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ol M MR 04, 0.7, 10, 1.2g/en’] E3tael FABGE 22 239,
345, 403, 42.7%x A QA o FrtetE A Ee] vEhd o vksle], # 43
A= R 2oR AFE FAGFE] HasE 4FE wAdn, £
ole} Z& Aol Yehd

agich. webA BpAle] s FAh weA FARFES M8 A v

3AEAE T fle Ao oAgen, edly n¥x 2AAdFE Eox
o]

Ag FAAAEV A ANE Foe] g 5

AN &8 o] By AA dolgomN FAHY oA f
A AeHs B AY Ay 4 F ANt

nonwoven web composite®| F7184 L B2 Uil EA|st ArtAA
Adrel 883 % Ard vl daAA He, AdE 2de] ARy
afE zdo]l BIA i A7t Ahed §8x9 fFESEE T4

1= Fysitia AEE Uk nA 5 2ANAE 10%e] WA Age
EFH &AM E nonwoven web composite?} $FE7]E o] &38lo] Az B
Aot vl fALE QS BT o) dStAA vE Ul ity
& gtdow st $48 TeZudAdast 9y AU EAl ZA

& ads Eeld ¢ A7l dEL Rem A AHClemons 1995

‘Fi‘ﬁ‘

English and Falk 1995). o]¢} o] &§d EFvlza2dAddf7t HHFE &
As] wefesA Fooe Bstn BEAS HAf FA7) Alele] =
HAHA HAFol YA FARZE] WolAe AH(E Vet F83
¢ A 22y Youngquist et al.(1992)8] dTAste] oW 9HF7t e
A& oy}, B Ay ARG of 5T HAE @& IY X%, Ao)d WzF
A, A A7tAAd Afrold § olEo) A&d oAy Ax¥H WFE ad o)

1R 2AGME FYzaddyge 43 fEe] FEA Aoyt
ew, olgol A B AN

:‘[:
2PN T FET F87 FEo) oy, B AgH {HAG AnE
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Bl FE Qe Aoz ArEY,

A1 A4 &

(D #7734 2 8ate] go)lRE NFEFAFLHAE 22 A,

Asgom, o g0 A8 BHG - FHE2BANG 2eA AZLDE
LELT LS

'L[M

dAAste], el $8kiL, 3 At 7Msd BEA S

W ER A5 5O g S4uSd BE 2gdel 4% vue
owA, g A% e AN
(3) Zexzuae F3a @ HHAe] Nt g gdel A4 Wa

oW, Balf : FuzeANY TEulRol 60 1 400 B WAX HAH W&

S SE5 EYZaddll AHues Eolt A4S, FEH Ao Ay ol
s 1A A2 Rk Emd, FdAd e gy f ngo] wold
TH ATEFELE AT FH, AFAMAPP)E 2% A% #H7bsle
Aol & - 7IAA AA FAdAAM HAsA

4

@) BHA NPT2E FAANAGEM oL $2ed TYUslacle 4

Hohalth o Ad BHA Y W R4S Fhzzade f540 B}

i

sto}, ARk R AFE AAGL FARLEN F5E) AP #

2 5 AN
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STAIR TREADS & RISERS DUCT WORK

(b) Industrial and Commercial Components

Fig. 5-1. Typical application of wood fiber reinforced cement composites%)
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Fig. 5-2. Reinforcement action of fibers in cement-based materials™®®
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Fig. 5-3. Flexural performance of cellulose fiber-cement composite compared

with glass fiber reinforced cement and asbestos cement™

Table 5-1. Properties of wood fiber and other fibers®

Fiber Diameter(gm) Zﬁ:;llftl; Ela??gcf%f[? dulus Tens(lli(; f?cg};ength
Steel 5-500 7.84 2000000 5000-20000
Glass 9-15 2.6 700000-800000  20000-40000
Asbestos 0.02-04 2.6 1640000 31000
Polypropylene 20-200 09 350000 50000-75000
Wood 20-130 1.5 710000 7000
24 Yat 95 R BYFEYE BrgAge AA Axdoh A4S

Agzea FHudgEges #ad SojH, o5 A

e AXyy AEDZES TFAsSE Bdoln BE FFd 90 %ol vhHe
2 EA43Y, 10%°)59 X, Bd 59 FE2EF} FVE 5§ 9.
Table 5-2% % - $Q45E BAo 2oy e no F3 Y™
Table 5-2. Component of wood™” (wt %)
- Species Cellulose Hemicellulose Lignin Extractives
Hardwood 40~44 15~35 18~25 1~5
Softwood 40~44 20~32 25~35 2~8
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Fig. 5-8. Stress-strain curves of spruce wood fibers
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9] Table 5-30] A4 1= wpe} o) AAA 428 FaE Qo] HL& n
e AU, olgA MYEe 9 e A e
AGEN RuhE 2AAZA 988 5
06 molah)7t Bgkalel npegels A AL AAA 2ahv), FHG %o
A5 P52 A8l o 2 AFEYRS L7 A H7) Wtk WS
27 ARERFAY VAT S Fig. 5-10904 e, B regnansif
2 RZE ANME B3Ae] 4EE 8-S B £ 9ld

Table 5-4. Fiber length data''?

Weighted Distribution (%)

Length (mm)

P. radiata E. regnan Wastepaper
<0.2 2.6 2.0 6.6
0.2-0.6 4.0 12.8 21.2
06-1.2 9.1 74.2 40.0
1.2-2.0 18.0 9.0 15.3
2.0-3.0 28.0 15 11.0
3.0-4.0 25.0 - 5.2
4.0-5.0 11.0 - 1.0
>5.0 3.0 - -
Weighted Average (mm) 3.2 1.0 1.9

ol FAMY MHFEYES wE Hd A= 7Y WEHgE AFELE 10
wt% AEolA HjRE 7R = P oradiata G71AEE 27 F2)GY AGE
o] Zg-ole grolE 4 Qi o] A w& AFENEA vl W IFE
E Uele AL Fod Ao wla]l Ao +7F H7] wioln, oA

Mo Aa SelE g - HHon waE AR HASHo)
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fr-AlE 340 #d%d TS A,

A 33 daAvEe Afddd AHAds BF 2@t o)A,
A 93 QYA e dFE vAY, SR A Mie 2
Aol Age] g Fo BAZNE ARt Hiled 2o89E JqUASL #

AR agsE AyAe] 2E AAAI = q¥g FYPsrt

200 )

180

160
O WASTE PAPER WFRC AH TESTED

[J WASTE PAPER WFRC WET TESTED
@ E. REGNANS WFRC AH TESTED

140

120

100

80 /MD
m] [m]

80

FLEXURAL STRENGTHHd/crm?)

40

FIBER FRACTION (% BY MASS)

Fig. 5-10. Flexural strength versus fiber fraction"?

Flg 5-112 # A& E. regnans A-F272 AWMES AHEQ L& e 3
JA8E YERA RAolrt o7, E. regnans A& FdAA AFEL&
wet AN B3 IFA AL F e 7, o] AL FH XA ol
WAE S EA0] 2§ Ao}, APXE E, regnans A-FEG AUNE
B3A = P.oradiata ARG AME H§A 9 Ao Ay HEo] w3 H
& Rojm, oA AeA AFF vkt Zo] E. regnans®} P. radiata 217}
B Aol 10met 32m7t 3G Frte] M} FoE a4z g

st & FHsE Aot

B
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FRACTURE TOUGHNESS (iin2)

0.8
0.6
O WASTE PAPER WFRC Rtl TESTED
0.4 [0 WASTE PAPER WFRC WET TESTED
® £. AEGNANS WFRC RH TESTED
0.2
0 2 4 6 8 10 12 14 16

FIBER FRACTION (% BY MASS)

Fig. b-11. Fracture toughness versus fiber fraction'”

AR QARG BFA L] FEFHAA FAJAG A FrrEFe g Zon,
A2 ghe] 409% ool =# Egcl P radiata A-FEZ AWE 83
o A, AFERE 6~8wtxol A F&AAE ] Ao Az gkl
3 oF 150 %67t F-7}ak ot

W71 E E. regnans AFRF AWEESA B ESA4HE Fig.
5-129F vt AXHFRZA AME HIgA & URE EAE HHHA
A= AR 7RG Ao, olF i RA FFE A AN
th. olel weh Fold HFEPENA E. regnanas HHHZ AME BFHA
gt Ha g ANARFRETY ANE BgA e FFgol &g M9 &+ Yl

Hirajima 59 A7AER ¢F& ANEEFH S Yo 13 H71E28
B AAE 928 Agagded®, nggd ez dAEA g4e A =

AARE AT AMESEFA ] ATHE 4 dAE BsAd gart
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it AE & 5 AU o9k Zo], Y AALFIF e AHE E

Aol F¢ BAGE guge AL S

32

28

3
% 1.6 24 H
3 s o
N 2
?j 1.4 16 8
o Y
9 1.3 12 T
w 3
0 0
12 O WASTE PAPER 8 z
~
14 @ E. REGNANS WFRC 4 R

1.0 0

0 2 4 6 8 10 12 14 16

FIBER FRACTION (% BY MASS)

Fig. 5~12. Water absorption and density“z)

A 47 2074

ARG ANE BEdAE sEAstd wg e, BA7E 47
& gedd 7HAL S W, A HAAH 4T Aolg Ko o
b og WA AFEd AHME BAe Fe&e] b wet 1Ak 7@
ok JAHY S AFgE Rtk

Coutts®] @-tfolAE of] 7HA th& gl HHdYFRE AHE &
FAol dg JAY A dxSAn. BgAs Y-25 FHd g
AzERow, tpdad HAT P. Radiata THZE {9 EQJ& e 2
HE vehdnh £33, EFA AT ZA-AME H = De ddisE 50£5%
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ol W7] Foll W71 FAHAA L 86kg/atel F715t ol A gAHE 2 EHH
olEg T AFAAA dy)Fol mEAN F, by 2 A spA Yo
B Fof LRUNANS FA5 A0

(a) HUlFE 50E5%9 2+t2TC9 &xg FX3 AgdA =7, (b) 24X 7t
T 106 To] 2831x F di7] T 23, (o) 8BAF U S0 A
F AP "o JoFE AAG dus PR AlFEt.

AN A, Fa&AHee SAN R ANE B2 29 F3nE A
FE B0%2 AlFE Al Al of 50% @wAd Ao, o8 AxA 53

Mfng AME B BFEE FhsE Ao

i

baE gl w3, o8
Z AR AHELE 6wWt%7hA Ul FE Ao H3 & BEE 7R
Ak, 1 olikel AHEYRAMNE FAE FEE U o8 d Av:
Couttsoll o8l 415-&U& 6wt olatollal 4lfzte]l Aol Hhst mA)
7rel Ageol] vl Aok Aoz FHHACH, LBRAEA HHet mAz
o] Agdol AulFwel Aoy FAW Aol v& 2 sEe Baw v
e % g

AREDEC] F71E Wt ool wet 1% Frksh dhsk AH3
o] Agteol Axm, olo] wek AH EAAS FAANAOLA e =i
ke ARH e AT Ed, F71F F7Hs AR BA) 2wz
& Folx, o2 U3 mAY AFY & Yk AR AL AN,
wetA, AREd&ol Fulstd EEed AUFE doHE dwryow
A= ade FAHAD F&FHAAE BeAd Asd 359 Fle
Adss Afe AR AFAGERAT o] Fey] Wi AR
7} A& o i

Coutts 5 &4 ZANFULA ANE B stalvsh)Ze) uigt 3
F&9 Gyl BF MATRE AFIARIG®. 7 AHe suly-g5 A

- 267 -



of 98 AxFYeW LEZFUo R APt 1 F, AW G o
s fBAE oldd Al A BAZAANM HAHAT o] AelM=

B AREQE] BURYN YA PO A BFA 7

QEAZ B sAwIES AfaH st AuRoln], AFEW =&
REo e Bolgle mAE Ast RAe & AFHS dehdd o
o W) FEo) TIY AWl AL AHAwel o IS Kol
o, Af7t mole Fel g vehlid A AolAl Afrel mYe] #e AT
Page 5ol o8] mag w glw), o]RAL A% sl FFF FAAR
F G2 Qg Aott™, F8 xa BAA HFEAH ol mAst
Ao gego] QA ghow, AHe} ®Ae vlepg 2P v 4
UHE 5005%2 HAE F3Ae) A9 A Aewo] Bl @
Ay,

A5% HWTAHS

AME AN GRG ANE BRAL AEF FREANA 277 29
S et AMEA AR AFPHe ERad 0§ T Ao
53, 24 A% A543 AR A9 AP Felaor #, 5
Aw, AEA Qe B AQYRIE ANE AR el ASE W 4B
3 pal7l ol 4 Arke FAE ok WA ken], teol X
Afud ANE B3 RTESH0l e AW dolE st A gl Ao
.

REEREAE
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2AMFE AME BA0) AGs] AN Anay wdA A

ool U@ ool Wnge nestel Py F¥e Adstshs Aol @

etk AwHon ARER wEA B HFES BYASRst 2t
~ B

ARk, skt

‘:}‘(3)(41)(42)

54 A§ud ANE BEAE AdHoz wad

AR AdE BEgAe A7) s U uiEe Agdse
A el AAYK(, sisa)g AgatE AL g Qo o
B, ANHE BAY] e 8 oMY dAUFE HEsA ge 9
A2~ MHALE Neol Uia 9z FIF7) o) BFoRRn FA49
2 olvjel Afel Rl wASd. olF B3 A4d AFuny
AdE BiaeMe] HAdstel PHE o] wAT $ g Ax-F& W

BARS AANFY ARBL FAANE FoT Axold, oe Au
E ALE 99 &% S Z70] WMl uE O]E}m) ) 7] -2 = o) A
AV mEzdo d&E F HAARAL HgAd Fead dAE F

AZx-Fd Ou0Fe] dFE vAA ZIH Gram Aol w99}
Aol A 2d2F =& Fol sisald(BD) ARRAG AMERGA ] 4
sl7} wAlskA] o ke,

EF Grame AF-H5&9HE Ag sl A HALF 2 AlERA <
AR 8E olme WIIES FHHAR. o] ATl wEw, AMERFA)
Woll ebzte] 5971 A A4 Eala Qla $h¥d EAsks 2l

dit FujdEge e Mg oA dAx SYE A AEDe ddng
& FEAAIA Ak L9 frel gFEe FAYE FHoRFY R
o] FdH AAE AMTEA Ha, oA @Y I ALHFE O1F

ol Ao g BHAIE FEROATE SAAIH, A5 AHE EJA
#4sE 7HA L.
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st Au e vhe} o] 8814 Agg 7z HFAAF= #ade] FFS
FHo2M HAdF vs) EE T A e | & Ado. =
stol o8] EpAel Frte Ard wE AR HxE oI diAA, &
T s A FEol AN AF Aeln, AEHoR 4K
st geje] Malyl wgP VOO Ly agee g A% EH AE
B e SHEEE Bt A e ¥ v UM or dstd
A AFdes g tgsHn Ji9 BALe] Brt Ao #FHA
@En. as Faa, 48R AHe 3, =, ARFE F2 FUHA
714, Al d48e A0 F, BRA A AEE FHANY A

de ST

2. tA%s H7t

7}, Wk A=A
L5 AANEE F8 AFRG NAE BFA wgAge F2A7)
3ol AgateE AEEAE B A8 A4EAT. 5 Hae A8
T AF dAE AAE mAge) Agtge nd g JFe zAE] 9
3 AL URE 24 WAAN ArEe WstE £ 200 oAl A
MHos wAse, 1 e dASA FARY £Hx3 2 Wi &
F AAE B2 AR ANE 2RA9 BaASE FrARen, e
JFe A9 veh @t
Harpere 9487 % 2o weh 54 Afe) 487t 79 wsiglol
FASA UEbES T3] BERUFRY AUE BAd B &5 AR
o] ol HaA AP, s1o] ARl HA HHo R F 47
Aol 74 A Wade) 88 Wy AP F AL AARJGE A
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Ag Awsglon, 29 A4 AdE ol Af-AWE Age 2
AE Aol WBANA Ray] witel wsAl fREAE Hiale] i)
A5 kol o8] x| ulA) o s ATl

o Ax-ER W A

Sharman &2 Z1Z-F& W& AJgel dist SRR G AWE 53
Aol Aol dal AFaAR Y. ATAs} 103 o)she] wkEE oA ofzte]
G AT F7HE Holm, 1 o]kl WHEA = WstE Holx @), o]
wet, Az-58& U5 sl Ao A e 2AME A gk
Akers ol oAM= Ax-4& WER dg AFAAI HxHJY. o
AFANME HAPRFRG AAERFA ] A5t 7 gol e HA%zzAH
FQ 202 viste] 2ASATRY. o] ApoM REAE AMEC] 8%
AT Ve 9 Adgrg dAd ¥y ge 8y =AM A

U RAE EFASA] emgdeln FYAEES gt HA%wo
%

s

9 6X400%X600m, ZX%53A1F e 49 6X100X200mme] A)H-S A}-E-3F%
L EEWUEAMEA AEHN RENASANE YA AFEL 27 5 4
APE & AFol i8] AAs

o HAAGNE Ax-g WRNGS THS, 2 dEe U o o

Y
off!
o2
)
2
PN
)
-3
I
b
in
2
lo
=
"r\l

w9 7 dAx, F, () 9AIHERS 20 Tl Bol A, (b) 3417 F<t 20
T 71l WA, (c) IANTERL 80 T Ao &AL, (d) 3A1%F &< 20°C

Az F2d Aol dig A¥An dvdos Fxe FAe &7
E Bk olgd Ax Frle TEIADAWMEA AN#He A9 53¢ A
1750kg/m' ol Al 1870ke/m' 2 A% 718, TEAZAANE/AIH7 AlHe 7
§- 4dol A 1610kg/m' ol Al 1790kg/mE HX S7+8 KAk
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AAZzg AFUe 52472 53 i(degree of polymerization) #2
of ma FNGA AE A F 20%, LEZFH|H A AE] A 3B
% A% Faste Aoz veiyrh ofeld ANL F2 wE FE Fhst
ghdlo] AEgg Hole otk webA, FHEL AAE VAT HRY 9
g Aio BAGY A9Y F3 A d4dsE ¥} 9E A4
ol HAFH.

AAZERZAHL FAA|H, o] HgA APzt FaddA A

MRreh mAIZNe] AjE 77 2 99l
olt}. oleld £ JFL ARAWH} ddd AvA FHeHE AstATY,
o9} #Aste] Hxwstel] W E AW 164~123kgf/ar2 o] FAE #2E
Btk AL HAHZ BFANA oW AP L] A5 D= 4
olw], BAA G Tkt S L FAG ATFE B

o}, gk
gaste A AdE BgAA Fad w3 vyl Fer HREA
AQstE ANAGP. AER A AH9 AS daFdE ANME FH5

dZEE A AE AE2es Afe AHMEA RAe AFY 7o w
g vl Aol g nggdel Frheth aatste] Wed FFL B
o B3 243 Nge 7FE2ACGHEES R nEy. AHE AlF
oA g A Af9 mAE e Mansurst Azizol o8 A€ w3l
o, AdEA 2o £ 47y @444 vAdE Hle dASA &=
Aoz #AHAGY. A v, Al eatge] JFE e F AWE K
A plZt A7N1How gt AL AEA Ao g Agdel o
Fg vAe Aoz Yeiyth

Eg{:
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A 3 A HANGRG AWE BAe) B - AsH] B4

A 18 1 &

AAN G BANF W8 thre BeRe FHHT Qon, Ha A
HQA) el 7t ol A, ARAEs WA, o2 ola] AWl Mg
A owel AAMFE G EY9T e, AME 2Aske »AYE Ash @
upEse] Fan du Aol FAU?. AW, FA - BRA Fd0)
Ao, AAA S AEe R A% nee) o 15~20%F Ao
@ % gom, e AGsHon AN AT AL 5 2k whep,
aAel B -t Q%S WHHRE AAYE ANE BFA AL 3
AY 2 BAA SN e waRE AddEeh

B e AXNAfED ANE 2P ANRFNE BE50] 9] 2

i

¢

&
s

A Alzg A AnTFAel e FoH S4e sete I gew &
gk,

A 23 AEAS

B oA Ae S HAY RE REUA= AME(Type DE AFE32
], ALE-E AHMES] 542 Table 5-49F 7t}

Table 5-4. Chemical and physical properties of cement

Fineness Specific  Stability Compressive strength(kgf/™)
(cm/g) gravity (%) 3 days 7 days 28 days
3,488 3.15 0.08 224 308 404
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2. AR

B AT A e AANEAE AHEE. HAER Y] Afse be A
oA AM&EsrI7 A ed Az FHo HAEXNE FA dygz B
H7VAE ol 8% 73S B3t AHAAY.

Aol Aol e HFdo)FAHAA Kajaani 71Ald] 28] #4813} #)
A5 AAvirgin) AF2 dol BEEE Fig. 5-13% zow, 1goAlg} 2+

o] HXHfFe Hydole 15mEA &4 ZAMS HEFdo) 3much &)

"~ Dvirgnfiber
Bwasts fiber

HRu g (%)

0 02040608 1 12141618 2 22242628 3 32343638 4 42444648 5 52545658 6 62646668 7 72

HwaH(mm)

Fig. 5-13. Fiber length distribution of virgin fiber and wastepaper fiber

3. Afrel ¥4

HEAMFS AR BEYEE FAHAAAA  (scanning  electronic
microscope)& AF&8te]l @AY}, Fig. 5-14(a), (b)olAst o) HAM 4
o AL &5 FAMRS 45 e AL AT 4+ JdedH, ©F 53
Aire ®dol wjEd vhd, #@AHF BEHE EHd =¥ drdss
A3 AN FeE wm, AL ARG FAA ANRIE S48t de
& 4 T Utk
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= A%

olgl gk AR ger wol AAME HFA U] HAHF
Holw A AE RAYG v 3 #49e 7td 5 o A7

%

4, 1F A} (silica-sand)
A8 AL Ew) - 8k A A2 Table 5-53F 2t

Table 5-b. Physical and chemical properties of silica—sand

Specific gravity Fineness(cn/g) Moisture content(%)
2.65 6120 <0.1
Silica~sand Si02 ALO; FeeOs TiOz MnO CaO MgO KO NaO P:0s L.OJ Total
(%6) 92.75 334 334 020 0.02 004 08 067 - 002 069 99—&;

&

(b) Wastepaper fiber (

< 1000)

(a) Virgin fiber ><1()00)

Fig. 5-14. Scanning electronic microscope of fibers; (a) virgin fiber

(b) wastepaper fiber

A 3F AL ZuAdA L A=

it
bt

A a4 BAMGFRT AUE Aol ddH Azuye 44
R

Py
=
£FUQ SYH2EFYL ol Gtk oF MPoR B ATAAE A
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e 2RTUS YU FEAA ATFSRom

A FRHe R AMEE I
Fig. 5-15(a)~(d)el] e

El

ok
oX,
tio

& Ak

7%

=l
)

el FAAZTHY Fa

(o)

_._4
o,

P

By vheot ek A BmBEe) Y AR AUe W)

P4 A8 FANGL Bl AR 0] WAL (freeness)E WHET)

MEe Fe Fele FoIM, AN olHARES S04 £ o,
7, g DN e A
.

of AAAHQ Aoty AANMFRAG AWME H3A o] FAARAHE T

AAFA A0 g g,

1. Al -3}
Aol AAE MEE 58 WY o FE(freeness)E EA8lo] o)A

2 ghvh olegt HA g g ¥

o HAENE Hol AfeH: AL LYo 9

A e 220097 A8 AowA] 44 $39 oFE @

SEETICEE

o HAAFLE AWE R deg g7

(h) Mixer

(a) Beater
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(¢) Slurry-dewatering apparatus (d) Press

Fig. 5-15. Laboratory set-up for the manufacture of wastepaper fiber

reinforced cement composites

K Unpress A

<Photo 5-1> Wastepaper fiber-cement composite by pressed- (lefl) or

unpressed (right) method.

A sl Ru 9e $uE AAAAUMA AuES Gk B

thoolul Felele a¥E FIis of 20wt%olvl. I F Almli 1xpe MG
he] AjpE & YA HE-Edg oAl AAUE B9l AME 94
E 9l 9ald A% S-HA(flocculant) & Ho] Ll ore] AuleE E-Ao]

) FA AFTh BFAGE o 53 uolm FEolA QA a,
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Wtol EW ¥ MFES FRH Ut HIHA E1 234 9o o
E¥ F 06kglai(Aol4 STE)el FUHOE o 587 FAYoRM 1w
Wl EAsE PelsE AAw,

4. 7F ¢

g7 Fuva i ARE dE 23 Eejste] £ oAl A Ao
of Fi  24kgl/ed(J7ES)) EE 65kef/ar(Zheh)e] ¥ oz o 308 ot
qaicias

5 % A4
ZFbE BekAle oF 1247 B9 60~70 CY ZF7) FA7 A HA YA
S AR H, 10kagf/cre FET NELE 180 T 22319 Ao Al 1243

A% FAS ARG ole @ utE YA mdE g Ae Be 27
AEE AL F AT, AW BFA AHRS BE, A5 BHAIY YA

of 4% BN wEo Frh B AN AgR A Ao Fe Fig

5-163} 7t}

180 J——

= i -
8 | :
1 | 14
]
g | g
H ‘ #
E | g
(] i o
[l 60 -t~ ; %
23 — |
) n
J +
o 4 8 1k 15 20 234
™ Pre—Curing ale Autoclave o

> L

Curing Time (hr)

Fig. 5-16. Curing cycle of wastepaper fiber-reinforced
cement composites
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A4 AFAA

B AL B S 2o 4B Wy Ao dguE o
o u 74X W4 AYstd 488 AN

I A&l &

AHEREL BgA AA ng P gt i FEEN HIdo
B Ao e A A8 wi, 10 wt%, 12 wt%)] AFEU&R E3A)
3 o AbEsk T

M dgE T
2. A BAFE
ole] AedA AR BAE AFEd mMA gEEgE S,
oJRL AFo ARAT(EFA ANESY S4S W8S FHA =Y By
, AlAEA 2A S Afe d¥dHE FEAAY. AR AsE
< AFAAGsEY Skl wel o ge]l #AsE  Canadian  Standard
Freeness(CSF)& FA3t3lvh. ¥ H¥ox = Table 5-7o A9 2ol 5003
3502 F 7HA o AES HAAEAY.
3. A A
& HAARY WAEEAM o HAMR dib] 20%, 359%, 50% A 7}
A FELR AAARE dA A

& Fuh E=%

FHATTEE F /A aFEes FEHE, 247 24 kef/on9}d 65 kef/cn
olth, &7|A, 24 kef/cni®l St AsIFEL 18] ¥A ¥ A=Y YTAES &
e WA RES AFS AAE 395 ndstden, 6 kef/foe 2 %
29 WAL a7t A8 REg ABA T AHEE HHow A8
o}k 919 vl 7HR) A4S wg e ® Table 5-63 #Z& HPHAE AAsA)
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As5Y 44

Table 5-6°] A@HA o] o) Alz=¥ 2zkzke] Ao thaf ASTM C 11859
g Ak, AE 3 ¥ F998 FAEAY 482 28 G5 dAsigen,
A A= Tabel 5-7(a), (b)9} Fig. 5-17(a)~(c) ¥ Fig. 5-18(a)~(c)9} 2t}

A, A32% F g4rs dFAAA AFEREH AFEArEs d#
AlA Azbabd, Are] oAert 50080 dele ArEAE Tk we ¥
A7t AastAN, ek 350U AE ARELE 8wtXolA K} 10 wtol
Al & BAEE WERH, 12wtk B sterete 43S YErdch

a2 992 ARAATEe] &4 E AR AR srds) S

SEAN HE w2 AFEREAM AN FAE vEhd Ao g Ardn.

Table 5-6. Experimental design

Compaction Fiher Mass Fiber Beating Fiber Substitution

Pressure (kgf/cnt) Fraction (%) Level (CSF) Level (%)
1 20
2 500 35
3 50
4 8 20
5 350 35
6 50
7 20
8 500 35
9 65 10 50
10 (pressed) 20
11 350 35
12 50
13 20
14 500 35
15 50
16 12 20
17 350 35
18 50
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19 20

20 500 35
21 N 50
22 20
23 350 35
24 50
25 20
26 500 35
27 2.4 10 50
28 (unpressed) 20
29 350 35
30 50
31 20
32 500 35
33 50
34 12 20
35 350 35
36 50

w3, ARUAFES AAYR] Fol T wak PREI Broe

Ao WES Fed e, WEE AREAEC] FEFE, A4
AAFE] BEFE, ARWALE HLFF A b, Free ol
o vz et od@ A¥Asg wge 4 A4E MHEUS, A

FAANrE, AROAFE)TG olg MR F5zse] FHEUF (AL,
A

Table 5-8(a), (b9 2},

Tableol 4 & uheh ol =Sl tHANE AHELEH HHASE
o] 9% AAFFAN FAHS A, Ausk Fol WAL AR
o AFEAS, AAAATE D AFAAFENE 9% NHFF Fel
& AT MM RE AREDEI ARUAFELNL 99% N 5FS
Fo9E et
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Table 5-7(a). Test results (pressed)

Flexural Water

. Mean Density Mean . Mean
No. Sgg;ﬁ;g (St. Dev.) (g/cm) (St. Dev.) Abs((;;;;tlon (St.Dev.)
91.38 1.25 27.79
) 89.38 90.29 1.22 1.24 28.63 28.37
90.38 (0.837) 1.24 (0.014) 28.09 (0.530)
90.01 1.25 28.97
81.07 1.22 28.38
9 79.36 79.91 1.22 1.21 28.94 29.43
78.75 (1.099) 1.21 (0.000) 29.13 (1.606)
80.46 1.19 31.27
68.38 1.17 33.12
3 69.64 70.43 1.18 1.19 32.46 31.07
.27 (1.783) 1.19 (0.022) 30.78 (2.320)
7243 1.22 27.92
84.36 1.23 26.78
4 85.47 85.87 1.25 1.25 25.13 26.54
85.24 (1.760) 1.25 (0.016) 29.36 (2.059)
88.41 1.27 24.89
81.56 1.24 26.36
5 80.12 80.35 1.23 1.23 28.12 28.25
19.25 (0.956) 1.21 (0.014) 30.05 (1514)
80.47 1.24 28.47
67.25 1.20 32.12
5 66.08 68.27 1.19 1.21 3256 30.01
69.45 (1.338) 1.24 (0.022) 28.34 (2.750)
69.40 1.21 27.02
87.32 1.19 29.45
7 85.98 85.67 1.18 1.17 30.87 31.65
84.25 (1.307) 116 (0.018) 32.78 (1.839)
85.13 1.15 33.50
82.17 1.15 33.73
3 82.39 82.62 1.13 1.14 32.13 3294
82.78 (0.429) 113 (0.012) 32.47 0.710)
83.14 115 32.43
73.90 1.10 34.92
9 73.58 73.85 1.09 1.10 34.26 34.39
' 73.79 (0.229) 1.10 (0.008) 34.56 (0.466)
74.13 1.11 33.82
89.29 1.20 30.40
10 88.85 89.36 1.19 1.19 31.36 31.01
89.37 (0.443) 1.18 (0.008) 30.97 (0.442)
89.93 1.19 31.31
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Table 5-7(a). (Cont’d} Test results (pressed)

82.40 1.16 30.71
1 81.47 83.25 1.14 1.16 33.13 32.03
83.79 (1.688) 1.17 (0.014) 32.45 (1.028)
85.34 1.17 31.83
73.02 1.12 35.51
12 72.94 73.62 1.11 1.12 33.99 33.93
' 73.81 (0.826) 1.12 {(0.008) 33.54 (1.185)
74.71 1.13 32.68
79.80 1.11 35.61
13 79.43 80.27 1.08 1.10 35.04 34.63
81.07 (0.780) 1.11 (0.014) 33.49 (0.911)
80.78 1.10 34.38
73.54 1.09 36.72
14 73.82 74.05 1.07 1.08 36.49 36.34
73.79 (0.678) 1.07 (0.012) 36.38 (0.406)
75.05 1.09 35.77
64.91 1.04 37.61
15 69.34 67.34 1.08 1.06 37.56 37.79
66.73 (1.946) 1.05 (0.018) 38.18 (0.282)
68.38 1.07 37.81
83.21 1.14 34.66
16 79.36 82.42 1.10 1.12 33.16 33.54
81.68 (2.556) 1.10 (0.023) 34.36 (1.225)
85.43 1.14 31.98
76.20 1.10 34.99
7 76.34 76.19 1.10 1.09 36.35 35.84
76.29 (0.183) 1.08 (0.012) 36.14 (0.598)
75.93 1.08 35.88
69.31 1.07 36.52
18 69.85 70.06 1.06 1.07 36.85 36.44
69.74 (0.885) 1.07 (0.008) 36.44 (0.372)
71.34 1.08 356.95
Control
(Virgin 109.43 1.23 28.38
fiber)

Note) * : Wet Strength
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Table 5-7(b). Test results (unpressed)

No. Sr;lri:);:rta}?* 1Mean Densi]ty Mean Ab\Z)itpetl;on Mean
(g/cl) (St. Dev.) (g/cm) (St. Dev.) (%) (St. Dev.)
55.16 112 33.46

19 54.01 54.85 1.13 1.13 33.10 32.77
55.36 (0.595) 1.14 (0.008) 32.03 (0.635)
54.87 1.13 32.49
4548 1.10 33.37

20 4564 4656 1.10 1.11 35.16 34.02
48.34 (1.320) 1.13 (0.014) 33.34 (0.860)
46.78 1.11 34.21
38.82 1.08 35.90

o1 3867 39.14 1.09 1.10 35.69 35.34
39.93 (0.562) 1.12 (0.018) 35.01 (0.542)
39.14 1.11 34.76
49.36 1.14 31.96

99 48.99 49.41 1.13 1.14 32.89 32.01
49.93 (0.388) 115 (0.008) 31.36 (0.641)
49.36 1.14 31.83
41.63 1.12 33.71

03 43.13 4321 1.11 1.12 33.83 33.32
43.97 (1.139) 1.12 (0.008) 32.97 (0.528)
44.11 1.13 32.77
36.63 1.10 35.69

o4 35.83 36.69 1.08 1.10 35.39 34.96
37.36 (0.647) 1.11 (0.014) 34.47 (0.685)
36.94 1.11 34.29
51.08 1.08 38.08

o 51.21 51.78 1.08 1.09 36.21 35.89
52.71 0.774) 1.10 (0.012) 34.37 (1.652)
52.12 110 34.90
49.83 1.09 35.45

26 4764 48.84 1.06 1.08 37.33 36.11
48.88 (0.904) 1.08 (0.014) 36.28 (0.910)
49.01 1.09 35.38
44.34 107 36.37

o7 4267 42.76 1.07 1.06 36.37 37.34
4248 (1.161) 1.06 (0.014) 37.49 (1.305)
4155 1.04 39.13
53.21 1.07 3451

9 54.98 54.32 1.11 1.10 34.12 34.94
54.37 (0.781) 1.12 0.022) 35.45 (0.745)
54.72 1.10 35.68
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Table 5-7(b). {Cont’d) Test results (unpressed)

4862 1.09 35.21
09 4756 47.85 1.08 1.08 35.94 36.22
) 46.92 (0.763) 1.07 (0.008) 36.82 (0.803)
48.30 1.08 36.91
42.87 1.07 37.23
% 41.85 42.98 1.05 1.07 36.45 37.03
42.12 (1.465) 1.05 (0.028) 36.87 (0.481)
45.08 1.11 37.57
1521 1.06 ‘ 37.54
31 45.02 44.35 1.05 1.05 37.68 38,51
' 43.65 (0.888) 1.04 (0.008) 39.47 (1.042)
4352 1.05 39.35
40.66 1.02 40.12
29 40.87 40.73 1.03 1.03 4053 39.44
40.12 0.479) 1.03 (0.008) 39.20 (1.162)
41.27 1.04 37.91
35.45 1.01 41.87
23 35.87 36.31 1.01 1.02 40.78 40.13
38.25 (1.305) 1.04 (0.014) 33.21 (1.566)
3567 1.02 39.66
4487 1.04 39.58
2 45.32 45.22 1.05 1.05 38.74 38.68
45.63 (0.330) 1.05 (0.008) 39.02 (0.934)
45.06 1.06 37.38
42.21 1.06 37.87
%5 40.54 40.87 1.03 1.04 39.02 39.05
40.68 (0.933) 1.04 (0.014) 33.78 (1.104)
40.05 1.03 40.53
35.12 1.01 39.45
% 37.95 37.12 1.02 1.02 38.95 40.11
38.75 (1.587) 1.03 (0.008) 41.30 (1.095)
36.66 1.02 40.11
Control
(virgin 64.05 1.13 3252
fiber)

Note) #.: Wet strength
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Table 5-8(a). Results of the analysis of variance (pressed)

Flexural strength

Source Sum-of-Squares DF Mean-Square F-Ratio P
Fiber Fraction 124,496 2 62.248 25.973"  0.005
Fiber Beat. L. 1.350 1 1.350 0563 0495
Fiber Sub. L. 686.101 2 343.051 143.138™ 0.000
Fiber Fraction
X Fiber Beat. L. 15.841 2 7.921 2129  0.142
Fiber Fraction -

% Fiber Sub. L. 24.290 4 6.072 3305 0195
iber Beat. L.
X Fiber Sub, L. 0.689 2 0.345 2.534  0.870
Error 9,587 4 2.397

Density

Source Sum-~of-Squares DF Mean-Square F-Ratio P
Fiber Fraction 5.490E-02 2 2.745E-02 1647.000™" 0.000
Fiber Beat. L. 1.250E-03 1 1.250E-02 75.000™ 0.001
iber Sub. L. 8.533E-0.3 2 4.267E-03 256.000" 0.000
Fiber Fraction -

X Fiber Beat. L. 3.333E-05 2 1.667E-05 1.000 0.444
Fiber Fraction . . "
X Fiber Sub. L. 4.667H-04 4 1.167E-0b 7.000 0.043
Fiber Beat. L.
% Fiber Sub. L. 0.000 2 0.000 0.000 1.000
Error 6.667E-0D 4 1.667E-05

Water absorption

Source Sum-of-Squares DF Mean-Square F-Ratio P
Fiber Fraction 139.839 2 69.920 848653 0.000
Fiber Beat. L. 4520 1 4,520 54.862™ 0.002
Fiber Sub. L. 26.673 2 13.337 161.875™ 0.000
Fiber Fraction
% Fiber Beat. L. 0.355 2 0.177 2.153 0.232
Fiber Fraction :

% Fiber Sub. L. 0.477 4 0.119 1.447 0.364
“iber Beat. L.

% Fiber Sub. L. 8.308E-02 2 4.154E-02 0.504 0.638
Error 0.330 4 8.239E-02 1,069.494 1.236
Note) * : statistically significant at 95% confidence level

*% | statistically sighificant at 99% confidence level
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Table 5-8(b). Results of the analysis of variance (unpressed)

Flexural strength

Source Sum-~-of-Squares DF Mean-Square F-Ratio P
Fiber Fraction 162.027 2 81.013 64507 0.001
Fiber Beat. L. 3.251 1 3.251 2.589 0.183
Fiber Sub. L. 351.365 2 176.682 139.887"™ 0.000
Fiber Fraction P .

% Fiber Beat, L. 18.879 2 9.440 7516 0.044
Fiber Fraction
A C

% Fiber Sub, L. 19.685 4 4,921 3.919 0.107
Fiber Beat. L.
X Fiber Sub. L. 0.712 2 0.356 0.283 0.767
Error 5.024 4 1.256

Density

Source Sum-of-Squares DF Mean-Square F-Ratio P
Fiber Fraction 2.008E-02 2 1.004E-02 451.750™ 0.000
Fiber Beat, L. 1.389E-04 1 1.389E-04 6.250 0.067
Yiber Sub. L. 3.011E-03 2 1.506E-03 67.750™ 0.001
Fiber Fraction . .

* Fiber Beat L. 1.111E-05 2 5.556E-06 0.250 0.790
Fiber Fraction - 3
% Fiber Sub. 1. 2:222B-05 4 5.556E-06 0.250 0.89
Fiber Beat, L. . y .
X Fiber Sub. L. 1.111E-05 2 5.556E-06 0.250 0.790
Error 8.889E-05 4 2.222E-0b

Water absorption

Source Sum-of-Squares .DF Mean-Square F-Ratio P
Fiber Fraction 93.820 2 46.910 539.159" 0.000
Fiber Beat. L. 0.580 1 0.580 6.662 0.061
Fiber Sub. L. 12.275 2 6.137 70.540™ 0.001
Fiber Fraction
% Fiber Beat. L. 0.215 2 0.107 1.234 0.383
Fiber Fraction
X Fiber Sub. L. 0.856 4 0.214 2.459 0.202
Fiber Beat. L. 2.987E-00
% Fiber Sub. L. 5.974E-02 9 0.343 0.728
Error 0.348 4 8.701E~-02
Note) * : statistically significant at 95% confidence level

*x . statistically significant at 99% confidence level
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Variables Fiber Mass Fiber Beating Fiber Substitution

Type Fraction (%) Level (CSF) Level (%)
Pressed 8, 10 350 (Fixed) 20, 30
Unpressed 8, 10 350 (Fixed) 35, 45
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A3 AYAs 2 w4
% Mo AYPAHAC wE HPAHE Table 5-10(a),(b)9} Fig. 5-20(a),(b)
o} gk 3" M o] HFEUE 8wt%ol A K 10wt%el A o & 3%

L& Ve

Tahle 5-10(a). Experimental results (pressed)

Compression Fiber Mass Fil.aer. Flexural Density WatelT
Pressure o Substitution Strength# : Absorption
(kgf/cn) Fraction®o) Level (%)  (kgf/cr) (g/cr) (%6)

87.32 1.26 23.45

20 86.74 1.27 23.74

8 86.01 1.24 23.41

85.73 1.27 26.76

Mean 86.45 1.26 24.34

(St. Dev.) (0.719) (0.014) (1.620)

90.12 1.22 30.35

20 90.91 1.23 29.36

10 92.32 1.19 27.98

91.73 1.20 25.95

Mean 91.27 1.21 2841

65 (St. Dev.)  (0.960) (0.018) (1.906)
(Pressed) 81.98 1.18 31.94
20 82.49 1.18 31.34

3 83.76 1.17 30.13

85.85 1,15 30.35

Mean 83.52 1.17 30.94

(St. Dev.) (1.724) (0.014) (0.849)

84.42 1.12 31.69

30 85.56 1.13 32.38

10 87.13 1.14 31.35

85.49 1.17 31.10

Mean 85.65 1.14 31.63

(St. Dev.) (1.116) (0.022) (0.555)

Control (Virgin fiber) 109.43 1.23 28.38

Note) * : Wet Strength
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Table 5-10(b). Experimental results (unpressed)

Compression Fiber Mass Fiber Flexural Densit Water
Pressure Fraction Substitution Strength ( /C“mg?; Absorption
(kgf/™) (%)  Level (%) (kgf/™) & (%)

45.44 1.14 3293
46.11 1.14 33.34
35
8 44.74 1.12 34.01
43.75 1.12 33.96
Mean 45.01 113 33.56
(St. Dev.) (1.009) (0.012) (0.519)
4853 1.09 34.85
o 49.12 1.10 35.33
10 47.37 1.06 36.72
48.38 1.07 36.86
Mean 48.35 1.08 35.94
2.4 (St. Dev.) (0.727) (0.018) (1.002)
(Unpressed) 39.23 1.11 33.49
a5 39.76 1.11 33.78
8 38.18 1.08 34.31
38.67 1.10 34.26
Mean 38.96 1.10 33.96
(St. Dev.) (0.684) (0.014) (0.394)
4549 1.08 37.38
e 46.25 1.09 37.03
10 43.93 1.08 36.77
43.81 1.07 35.34
Mean 44 87 1.08 36.63
(St. Dev.) (1.197) (0.008) (0.896)
Control (Virgin fiber) 64.05 1.13 32.52

Note) * . Wet Strength
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Fig. 5-20(b). Test results(unpressed)
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Table 5-11. Test results

Fiber Flexural Densit Water
Substitution  Strength” (@ /cm’)y Absorption

Level (%) (kef/cnt) (%)

Compression Fiber Mass
Pressure (kg/crt) Fraction (%)

89.29 1.23 29.40

99 38.85 1.19 29.36

9 89.37 1.22 28.97

65 (Pressed) 89.93 1.21 29.31
Mean 89.36 1.21 29.26

(St. Dev.) (0.443) (0.017) (0.197)

Control (Virgin fiber) 109.43 1.23 28.38

46.48 112 32.37

35 46.64 1.11 34.16

9 48.34 1.14 32.34

2.4 (Unpressed) 47.78 1.12 33.21
Mean 47.84 1.12 33.02

(St. Dev.) (0.904) (0.013) (0.860)

Control (Virgin fiber) 64.05 1.13 32.52

Note) * : wet strength

T 98% contidence intervat

—

Flexural Strength(kgf/cm2)
3

A o
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Fig. 5-23. Typical flexural load-deflection behavior in various moisture
conditions(Pressed); (a) air-dry, (b) oven-dry, (c) wet
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Fig. 5-25. Flexural performance in various moisture conditions (pressed)
: (a) flexural strength, (b) flexural toughness
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Fig. 5-26. Flexural performance in various moisture conditions
(unpressed): (a) flexural strength, (b) flexural toughness

Table 5-12. Effects of moisture condition on the flexural stength (kgf oy

Moisture Condition

Type of Composite

Air-Dried Oven-Dried Saturated
1405 140.3 975
Pressed 148.3 144.4 96.4
1474 142.6 98.9
138.6 145.1 102
Mean 143.7 143.1 98.7
(St. Dev.) (4.87) (2.14) (2.43)
Control 90.4 96.7 536
Unpressed 928 94.4 55.1
91.3 96.3 b52.4
93.1 94.2 50.9
Mean 91.9 95.4 53.0
(St. Dev.) (1.27) (1.28) (1.78)
123.8 1385 87.3
Pressed 130.3 1374 88.5
1276 140.6 90.3
123.1 139.5 89.5
Mean 126.2 139 88.9
Waste (St. Dev.) (3.37) (1.37) (1.30)
85.1 81.7 574
Unpressed 84.3 824 576
81.7 84.2 58.9
35.3 80.9 57.7
Mean 84.1 82.3 579
(St. Dev.) (1.66) (1.41) (0.68)
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Table 5-13. Effects of moisture condition on the flexural toughness (kgf-cm)

Moisture Condition

Type of Composite

Air-Dried Oven-Dried Saturated
28.91 9.30 30.31
29.48 9.58 29.67
Pressed
29.15 9.75 30.39
29.30 10.54 29.90
Mean 29.21 9.79 30.07
. (St. Dev.) 0.24) (0.53) (0.34)
Control
21.40 10.38 21.12
22.16 9.83 21.80
Unpressed
20.21 10.76 21.45
21.19 10.56 21.40
Mean 21.24 10.38 21.44
(St. Dev.) 0.80) (0.40) (0.28)
30.66 11.81 33.17
30.69 12.34 34.19
Pressed
31.23 11.95 32.40
30.79 11.31 33.78
Mean 30.84 11.85 33.39
(St. Dev.) (0.26) (0.42) (0.78)
Waste
21.80 9.83 17.04
21.17 10.78 18.26
Unpressed
21.31 10.81 16.68
20.70 10.28 20.59
Mean 21.26 10.43 18.14
(St. Dev.) (0.46) 0.47) 1.77)

7184 FEAUREY s Ty FAEE AAA7AE, AAA
¥ FEgo) F71%e wel F7FR0. AAAE ol HeAE iAol ok
e v, o) RS AXHMUBAIESH 102T)ol gt M f-of Asle] o
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Table 5-14, Statical analysis of the flexural strength test result under

various moisture condition (pressed)

Control Waste
Air Oven Saturated Air Oven Saturated
Air -
Control  Oven - -
Saturated ok *ok -
Air -
Waste Oven ok -
Saturated ok *ok -

Table 5-15. Statical analysis of the flexural strength test result under

various moisture condition (unpressed)

Control Waste
Air Oven Saturated Air Oven Saturated
Air -
Control  Oven ok -

Saturated ok *ok -

Air -
Waste Oven ok -
Saturated ok ok -

~. Statistically insignificant difference
*! Statistically significant difference at 95% confidence level

*x! Statistically significant difference at 99% confidence level
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Table 5-16. Statical analysis of the flexural toughness test result under
various moisture condition (pressed)

Control Waste
Air Oven Saturated Air Oven Saturated
Air -
Control  Oven *k -
Saturated Hok *k -
Air -
Waste Oven - -
Saturated ok *k -

Table 5-17. Statical analysis of the flexural toughness test result under
various moisture condition (unpressed)

Control Waste
Air Oven Saturated Air Oven Saturated
Air -
Control QOven *ok -
Saturated *k *k ~
Air -
Waste Oven ok -
Saturated sk *ok -

- Statistically insignificant difference
* Statistically significant difference at 952 confidence level
**! Statistically significant difference at 99% confidence level
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Fig. 5-27. Typical flexural load-deflection behavior after repeated
wet—dry cycles
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Fig. 5-28. Flexural performance after wetting—drying of pressed wastepaper
fiber-reinforced cerrent composites: @) flexural strength, © flexural toughness
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Fig. 5-29. Flexural performance after wetting-drying of unpressed wastepaper
fiber-reinforoed cerment cormposites: (@) flexaral strength, O flexural toughness

Table 5-18 Effects of repeated wetting-drying on the flexural performance

of wastepaper fiber-reinforced cement composites

After Wet~Dry

Type of Composite

Strength(kgf/cn’) Toughness(kgf-cm)

1398 1579
1436 16.67
Pressed 137.4 15.69
140.8 16.40

Contral Mean(St. Dev.) 140.4(2.57) 16.14(0.47)
ontro 902 18.83
883 18.34
Unpressed 89.8 19.04
87.3 17.99

Mean(St. Dev.) 88.9(1.34) 18.55(0.48)
1145 18.02
120.1 19.09
Pressed 1124 19.59
1158 16.96

w Mean(St. Dev.) 115.7(3.25) 18.41(1.17)
aste 748 1451
745 1471
Unpressed 771 1523
74.4 14.02

Mean(St. Dev.) 75.2(1.28) 14.62(0.50)
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Unaged

1405 2891
148.3 29.48
.
Pressed 147.4 29.15
138.6 29.30
Control Mean(St. Dev.) 143.7(4.87) 29.21(0.24)
90.4 21.40
92.8 22.16
Unpressed 91.3 20.21
93.1 21.19
Mean(St. Dev.) 91.9(1.27) 21.24(0.80)
123.8 30.66
130.3 30.69
Pressed 127.6 31.23
123.1 30.79
Waste Mean(St. Dev.) 126.2(3.37) 30.84(0.26)
) 85.1 21.80
84.3 21.17
Unpressed 817 2131
85.3 20.70
Mean(St. Dev.) 84.1(1.66) 21.26(0.46)

Table 5-19. Results of the analysis of test data (pressed)

Unaged
Flexural Strength Flexural Toughness
Control Waste Control Waste
Control N.S **
Aged Waste *% * %

N.S: Statistically insignificant difference
*#! Statistically significant difference at 99% confidence level

Table 5-20. Results of the analysis of test data (unpressed)

Unaged
Flexural Strength Flexural Toughness
Control Waste Control Waste
Control * %
Aged Waste *% ok

*. Statistically significant difference at 95% confidence level
*%. Statistically significant difference at 999 confidence level
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Table 5-21. Statistical analysis of test results(aged, pressed)

Flexural Strength Flexural Toughness
Control Waste Control Waste
Control - -
Waste ok ~ * -

*! Statistically significant difference at 95% confidence level
*%! Statistically significant difference at 99% confidence level

Table 5-22. Statistical analysis of test results(aged, unpressed)

Flexural Strength Flexural Toughness
Control Waste Control Waste
Control - -
Waste ok - ok -

+#! Statistically significant difference at 99% level confidence level
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Fig. 5-30. Typical flexural load-deflection behavior after repeated freezing

thaw cycles: (a) pressed, (b) unpressed
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Fig. 5-31. Flexural performance after freeze-thaw of pressed wastepaper fiber-
reinforced cement composites: (a)flexural strength, (b) flexural toughness
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Fig. 5-32. Flexural performance after freeze-thaw of unpressed wastepaper
fiber-reinforced  cement  composites:  (a)flexural  strength,
(b)lexural toughness

Table 5-23. Effects of repeated freeze-thaw on the flexural performance of

wastepaper fiber-reinforced cement composites

After Freeze-Thaw

Type of Composite Strength(kgf/cr’) Toughness(kgf-cm)

1419 904
140.7 9.35
Pressed 1433 9.55
142.1 8.94

Control Mean(St. Dev.) 142.0(1.06) 9.22(0.28)
© 989 5.99
99.7 6.44
Unpressed 1004 503
99.3 5.59

Mean(St. Dev.) 99.5(0.52) 5.99(0.35)
126.8 8.80
1245 912
Pressed 195.9 8,68
129.2 8.28

Waste Mean(St. Dev.) 126.6(1.97) 8.72(0.35)
¢ 785 5.44
79.3 5.65
Unpressed 8.7 590
77.9 5.99

Mean(St. Dev.) 79.6(2.14) 5.75(0.25)
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Unaged

1405 2801
148.3 29.48
Pressed 147.4 29.15
1386 29.30
Control Mean(St. Dev.) 143.7(4.87) 29.21(0.24)
90.4 21.40
92.8 22.16
Unpressed 913 20.21
93.1 21.19
Mean(St. Dev.) 91.9(1.27) 21.24(0.80)
1238 30.66
Pressed 130.3 30.69
1276 31.23
123.1 30.79
Waste Mean(St. Dev.) 126.2(3.37) 30.84(0.26)
85.1 21.80
84.3 21.17
Unpressed 81.7 21.31
85.3 20.70
Mean(St. Dev.) 84.1(1.66) 21.26(0.46)

Table 5-24. Results of the analysis of test data (pressed)

Unaged
Flexural Strength Flexural Toughness
Control Waste Control Waste
Aged Control N.S Kk
Waste N.S ok

N.S: Statistically insignificant difference
**. Statistically significant difference at 9996 confidence level

Table 5-25. Results of the analysis of test data (unpressed)

Unaged
Flexural Strength Flexural Toughness
Control Waste Control Waste
Control *ok Kk
Aged —2
Waste ok *k

**. Statistically significant difference at 992 confidence level

- 318 -



Table 5-26 Statistical analysis of test results (aged, pressed)

Flexural Strength Flexural Toughness
Control Waste Control Waste
Control - -
Waste *k - N.S -

N.S: Statistically insignificant difference

**. Statistically significant difference at 99% confidence level

Table 5-27. Statistical analysis of test results (aged, unpressed)

Flexura]l Strength Flexural Toughness
Control Waste Control Waste
Control - -
Waste s - N.S -

N.S: Statistically insignificant difference
**. Statistically significant difference at 99% confidence level
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Fig. 5-33. Typical flexural load-deflection behavior after long-term
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Fig. 5-35. Fexwral performance after long-term drying of unpressed wastepaper
fiber-reinforced cement composites: flexural strength, (b) flexural toughness

Table 5-28. Effects of long-term drying on the flexural performance of

wastepaper fiber-reinforced cement composites

Type of Composite

After Long-Term Drying

Strength(kgf/cr’)  Toughness(kgf-cm)
1354 7.22
1339 7.07
Pressed 137.4 7.54
134.1 7.65
Control Mean(St. Dev.) 135.2(1.61) 7.37(0.27)
101.7 12.02
103.4 11.32
Unpressed 975 19.38
99 12.79
Mean(St. Dev.) 100.4(2.65) 12.13(0.62)
113.1 341
1124 7.95
Pressed 1118 8.00
1135 7.68
Wast Mean(St. Dev.) 112.7(0.75) 8.01(0.30)
aste 80.5 10.10
83.4 10.73
Unpressed 80.7 10.37
79.8 8.96
Mean(St. Dev.) 81.1(1.58) 10.04(0.76)
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Unaged

1405 2891
1483 2948
Pressed 1474 29.15
1386 99.30
ontre | Mean(St. Dev) 143.7(4.87) 99.21(0.24)
ontro 90.4 21.40
92,8 92.16
Unpressed 91.3 2021
93.1 21.19
Mean(St. Dev.) 91.91.27) 91.24(0.80)
1238 30.66
130.3 30.69
Pressed 1276 31.23
123.1 30.79
Mean(St. Dev.) 126.2(3.37) 30.84(0.26)
Waste 85.1 21.80
843 21.17
Unpressed 81.7 01.31
853 20.70
Mean(St. Dev.) 84.1(1.66) 21.26(0.46)

Table 5-29. Results of the analysis of test data (pressed)

Unaged
Flexural Strength Flexural Toughness
Control Waste Control Waste
Control *% *%k
Aged
Waste ok *%

#%! Statistically significant difference at 99% confidence level
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Table 5-30. Results of the analysis of test data (unpressed)

Unaged
Flexural Strength Flexural Toughness
Control Waste Control Waste
Control ok ek
Aged
Waste % ok

*. Statistically significant difference at 952 confidence level

*x! Statistically significant difference at 9996 confidence level

Table 5-31 Statistical analysis of test results (aged, pressed)

Flexural Strength Flexural Toughness
Controtl Waste Control Waste
Control - -
Waste *k - * -

x! Statistically significant difference at 95% confidence level

*%! Statistically significant difference at 9996 confidence level

Table 5-32 Statistical analysis of test results (aged, unpressed)

Flexural Strength Flexural Toughness
Control Waste Control Waste
Control - -
Waste * - *ok -

**. Statistically significant difference at 99% confidence level
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Table 6-1. Quantity of domestic waste-plastics (unit : MT, %)

Resin
v LDPE HDPE PP PVC PS ABS  Total
ear

1983 58,588 19887 35240 49,049 10,397 2,237 175396
1984 73,702 26,881 51,802 57841 14,444 3767 228,437
1985 103,249 35846 75057 78173 20,969 55648 318,842
1986 127,242 51,144 95172 93,620 24914 7,849 399,941
1987 147228 71,303 122,481 104,406 29,567 10,931 485916
1988 75,794 90,462 144,789 176,013 64,0561 12,663 563,762
1989 210,715 115811 177,617 191,473 64,303 15028 774,947
1990 242,155 147,787 215099 182,317 67,398 19,707 872,463
1991 272,771 179585 253,598 186,036 79,920 25917 997,827
1992 319,782 218,439 304,232 197,529 90,087 33,684 1,163,753
87/83 259 376 36.5 20.8 299 487 29.0
92/88 16.1 24.7 204 29 8.9 27.8 15.1

* IPY : Increasing rate per year
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542904m' 2 8] ggata], 1991 nlal of 3w shek FrhstAvk(Table

il

6-2).

Table 6-2. Production of wood composites unit: m'
Year Plywood Hardboard Particleboard MDF
1991 1,134,360 50,885 155,095 241,944
1992 947,553 48,216 275,727 305,809
1993 897,903 138,218 435,212 268,442
1994 836,008 21,445 524,025 484,190
1995 974,237 23,970 548,195 590,087

295, 4% $A FAAG BES, EAG SR FHY BE 6
A5 %544 WPC(wood - plastic composite, wood plastic combination, wood

polymer composite)eh i, ol@ @ G - EeaY BEAE T T
Yo A& Hojste] Ao HAg Heud AL A%y 99 B
golut,

, Aol fig 2o ARy FAE ASHA G0 ol HHa
9 @rtaq Tovs g4 BAY FAOR TN A4PA B
w3 A7 AVHD YEd, $871F BE GFE Fue) AAE 4
F 9ol A% WA A WA SER AR 9, ¥oE 2

1ok
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3 7bAel g §EQ A, 283 e ToR JEE R v
4§ Bd9 AN SAe Fd49 92N E&(wood flour) FER
drted FAS ERsa v Ao 2dd % AR 524 g9 3

AAS wAAe e FAsAE e AT B YFAL Yo

AA FAAA AEN AGHE EFRVIRE olF $E/IHU K-mixerst &

=

J—

d EEER FAHAL B AMAE AN, §F - AES 2L RER
2

By olele vpe Yo AYEE A& F I AHE A

AR g Ago]l T EF dE g ol 93d EIN

Engineering®] &3 2% ¥F2¥E& 8§ &9 3o "Super-Wood,
i

»

B AERY AQE ARsted AT F AA A5 AAA, tEFY W
U 9 A dAlsks UEagr), et 58 nEde A
Qe 2% gL plastic film, bumper, PP band )3 W22 &§ &%

d = 55d 4PUe ASan 2 Boay B9 YEe e

<8 Jebe 49 98d HuEH Fug ol g SA dEFES Az +
Qe 7lEel FU Ao ALHANEGFALIed AT eR), =
o] 3 FA7IYo] ¥ EIN Engineeringo] 713 7|€E&3E T3t
t EIN Tech 2HE Q37]&& o] wel BEFRAE Axste o AF83A
o} Fq) HEo] ARgo] wE g @ Aden Qs oigAlat
el &g ¢ vk
468 542 Ed2ay HEAd #% Q7% A¥Ed o 2.

24 FA 5A 30~40%E At BEFAe @& Axe Frtet

A FANYA], AZE a8 Ho gFeAe] A Fol fashe ¢
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& Ak

s 3

Y
2
c

mlo

verdoa Basa 9o
, Y FAL NS4 FuhaE Alole HEHE zgsly] s

AYAE AARAY g Ba AREL o FAE A o)) F2

%
s

AHEEE AFAR maleated polypropylene® H7lslAYU MR g3k9
maleated polypropylened 2% He|gozs] B9 7NAH E4HE tha
F7HE ¢ Jon, g £ Ex#9 maleated polypropylened E3A) <]
AES AIA F, 28R 2 E 718A ¢S (unnotched) %2 ATl vl
S ZHH Ao dHFA Uk,

I g F AR AWM SR A% a9 AgE T
7} % g2 A7 BaHn vk w3, B4 7147 B0 Q3
AEE FUkste v $A ZEE ZasiA Hed od BAde vt
71 98 225 Zelz 29 (high impact PP)E AH&go2y %73 =g
AN A A7t deA gl
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H 23 XM=z % gy

A1y d¥A=

1. 5448

durH o= FRPY 72 BgAld RZAR il Asgs Af duE
A= Aol w& ALE JEhd 4 Qv £A3A Ase SAKE Fadta
Ao dde AF FAE FE2& ] AdlNe A8 FAHLE AXopt &

o 2 @A AdstnA g B AW HEY HA gEEeln

webq oW e 24 FAE AXA F& BE AAE AR e TE
& UA EFSE 24 ADA SRS FWA 2 mesh olate) AR
283, o|% tAl $a7)2 AR 30~100meshs) ZE, el B9

FHdv &4A FAsE £7(dust)E& £ 100mesh ©]d9) nlA FEo

A Fefo A AldEI e ] Hold A - Fopay REAE
A= 100 mesh HEo] HEo] Hasht o] 49 EH4E A= B
8ol Eol HFAY Axdrtg AARA ogm W¢Fr] ol EAE
3 SlE AAoln. & AFAME A9 A FHO FEE ddoR g

& AAtellM AMgE FARE S sk Sabe Ed71E AR
& Aow dddrddM AFseh 4 Arld wE WeE AR
Al o] Hia AL ol&a AR AWste] AMEET.
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U FREANFE(MDF) |4 &%

A e g8e ARSI A FLEMNFT A=A
TE JAA R Adste] AgsA o] A B E HAAR Agd
TA Fol TEH glo] Feay Azote] EEAA dFE & ¢ v
AHEH A

i3
o
9|-L
rfr
e
L
i

o A2 e

AT AzA AR F wAsE HBES FUs Agaud. F
F& FZ AAY 2Rl 1 g9 FFE 2% XFH Aok o F¥
e B AFd AHE BE F s 0AR JES AT Qo) Al 7
B3A @80 da 2AE £ Atk o] AWEEE JAA LR v Hd
st Aol AHgatTh

2. Eup¥H

ditdorw AMEHI e FgaY HE@HAE ExgdEedaasAy
NEFA R} e A7 A (thermosetting) FA o gadHu Falidfrot
#e BAAE EFS ARE 239 a8y E A7 0Fe 2a -2
gy EAe dul Azl AEA P AR £83F ARz 9yt
44 (thermoplastic) 4218 AH&-38tejof i},

E7ted FARE AREEYAEA(LDPE), 2AEEHdEA(HDPE), &
HZ2AA(PP), FLPSLPVC) B ZF2EA(PS) Fol 5t W X
2 sl o A - A3 gtk wEkA B AT E 99 FAES A
B2 3o EAFe EAE Axde ATE Aok xRA 71E9 A
TEARE £ 9 A9 FA T EYUzZ2Ao] s HF AR ARHY
FY28 Y Ag hE L7t wob dol 4 EAabe] B3ale) ofago)
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o] AN A A A

7t EEZ2EA(PP)
E29E2NAL -[-CH-CHCH)-l- 9 F24E 2 22424 7}

Aol ARsa AFSAt 49 BLEES 4
gom AzY A W e WES 4YY & 3lo] Lay
TYHY SERE Ago] il Atk ASF FAL ol4d AN A%E
dE 2 oelgo) 9o A7 falZtac) WEE Aol el 2oln gt
Fepay Amolh

AR BYSG BAY W, AT F I AY Qx4
HQ a%y AROIRZ AEAE 2t SN EFA Bl ofn AW
o4l Aol W BAGE 2 AW A
ARSI R HAne) FHo| Folsta BAR WAL & Ut BAL
TEE = doke A A e $Az LA A asldd A
93 Qe BA - FHaY BGAt T & FaYde) A mdatd A
Az FU BRAE BF TAZEAL ASSD Jom B AFNE
3 me age Adsdn,

B A¥IME (F)SKSEIM AWsH: HWOFMI : 05 g/10min),

fo
i
-
=
Rl
5]
i
3

i

H730F(MI : 3.5g/10min), H360F(MI : 12g/10min), H380Y(MI : 25g/10min)
59 HomopolymerE Al-&3le] Zelzzgddle]l SEE(L§AS, MDY w
& EdAT BEHE zAstden, B@Ae 32 84 A7 96
Impact copolymer<! BQOIT(MI : 0.5g/10min)%= AH&-3F AT},

SH A A 48 AR Y8 PP AFTAAA BAFE scrapd

AEEAA Az A4 L2 PgAo ALE HAES S Bk
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28R AR2A gE

s

Zelo| QW e [-CH-CHy ) o 7248 2
ol A HYFORE ASHY FE E4EY 5US 59 BB =
QARE Wol #8593 3tk

EYo g AlxA 98 Zu)(Ziegler-Natta ))& AF&31e] 3182 A}

P
Ly
iz}
H1
]
k)
2

o 471 2 AL At A} EE w9 =
ddlojgl stz ARE FeldEdd nle wEs ow ZE AN A
WA 7% dF xR 2ol gir)

9 Zjddde SA477F A3 §le] A HAHRe Ao FA)
b HAR Eelzagdde dlE 3R Ba EEEA o] Fo} HA B
Abe] 818 Aow A= o}

B A e astFFastel A Asts 8 EEAFMD7F 6.5g/10min
ola, §§ol 136 T 7600 graded AH&3+4th.

o ARx E# o dA(LDPE)

LA AxzA S Fujg LA @3 agdA Fgetd =
AoF wel dAREr we AdE EZ|deEdo] AsEd, 4L} Yo}
e ¥ NAH B AUHoR "HoxAw £ EUEE d 5
Ao AidEe-2 w8 WEG Fol mYARE deE AEHR Utk f
A3 A o] Fof AN vFEozE Rol3 gt}

Fzeddolt ndx EdoEd] vg AFEEI) ol EAste) &
d F4ol gojsivke Aol ot AA A JAA B o} mF
E EQARY &8 oy A= Fx el

W Ao aF sl A AAkstE MIZF 6.0g/10minel 3, &8 o)
106°C 41 303 grade® AH&-&tith,
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gt el 4gnd(PvC)
ZE A3 d 2 ~[CH-CHCl-]i- & F224% 2te LEAAREM 4
& vigAIEAW), ¥98 2F, AN 95E # G AEAF T FE
R AMEHS vk 2y s 5 beAl ARV A 4o
v PVCE bR AE WAl Abgsto]ol sla, B8 54 7t =
o] §lolx AFomA Y ARgo] BT dokd Aol HE JhhAlY

Fol A div] 100% 7HA ol Eoj7l HA% FAE Ze A& 93 PVC

&

st} WEHOT Wol 207, HaAB AA Fa Aud W

A% AA PVCH shel selz S ¢E¥EA ¥ Agsa gv. B

Sa72d Gazk TPH ol £4A teluB e AFHY Fa7)

27b AR F Qo) BREA glo) MR AR FHW, 43 AAA
A

AAe) G Bow AAte BAE FAY 5 Q= AR

gk AV EA =L N 2 44V TEH] 3l $9 FAEREYE
Az zeo]l & Aor AAHA, aAd BY4F 2dE VA &
A& FEA 24T # de AHE 2o e
2 APz (F)ehge dut &89 grade P-10009) A1F-& AHsHd
t}. Zl2AZE  DOP(dioctyl phthalate) & A8t o™, AAAARE
DBL(dibasic lead stearate)& AF8-38F3ich.

rir

3. 7|etAl B

Zelrnddd ZeldEde seder s Aedd Hdae] A
Agtee] wlg ofstre APAE FUY Fast ot 2RA RS maleic
ApgsldEd A

anhydride ¢} A4 PP AES 3 203 Qlo] E8283 HA9 AW

]|

anhydride modified polypropylene(MAPP)&
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AR AES AAle dEe ¥4 B AFdME Eastman A

Epolene E-43 3} G-3003 wax& ¥%3lsle] AL&3}t

Al 23 Add Wy

gFAA Add 52 - Eetad B Azxye d¥EY, a534d
gAel FAR} EFga¥E FUste] AR wpEdd o 549 3
g Ee2de] &4 EFE A @4AD F, 939 EEE 499
dated @& gE7ld TSt AYske BAE AEsta glew, g
& Fa719e] o €€ =5t QS-S Almsta o,

olg{gt WAl 7]&E9 AntHA YEFHL Z3 Yt ARME A2

i

MulE ESlaok sl B AT B3] 100mesh YO HASRE
23 AAY A gl Fob BAE dAsE SEIA FAY] AA3
Yol A &= Apelnt.

e B AFAE slEe] Aus My AN BES Asshe H§A
g Azt U FHE Fol ATARYG. F, HY QY 2ol3 YE BEY
2718 ETRAVZ ST & YE 1SS Awse dd B 499 2R

£ Aot}

1. A% 78
Fig. 6-1& & AT BFAE Axsle] 848 Hrhas eHESE U
gl o
A 9EYEr1E B8 EA F A ddste Yol Yo wEd
@A AzE HHA WAS vhA AR T AEHYE o83 BY
A

APE AT AUE 4Pk Axd AHe A, S
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Drying (vacuum oven) : WF

Plastic Pellet

Dry Blend

Compounding : Vent type single screw extruder
Screw : 300, Fluted mixing zone

Drying (vacuum oven) : Pellet

Fabrication of specimen : Injection moding

Property Test

Tensile Test
ASTM D 638

Impact Test
ASTM D 638

Flexural Test
ASTM D 790

Fig. 6-1. Flow diagram of experiment.
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Wood flour

Coupling agent
i Blendin,
Resin Mix & Dry 3
aae % 5 JAN
000
000
oo
V/\ Test & Analysis
Analysis

Grain & Powder Pellet Stick

Fig. 6-2. Schematics of experiment.

At steg R 7y F ofAskE 717 44 AASH
A gow APFE EAol A dolAA dH.

24 Astegr wAe d<le]l €k g&e] MeAdd HA Age 2 SN
B FEE T £ donz E¥IA FRIE] o) FEd =¥
a7t Ak

oA e 8 Z3 7] (moisture balance, SARTORIUS L610d)E °]
f3ke) EAo FRS EAAEY, AT AXVAM 105CTAHA 3212 o)
Ax2AA Fr& 3% o)t Aeste] £ FAHA FAsAH.
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3. 712} & (dry blending)

Azd HEE% FH28 ARE stirer® AMESI] FEI] EREAT
Zgande Aeds FX AAE Bdolunn HEite] Eo] §ojstA
g gy A FeYzzgdely FYdEAde ARV NFe Aolst g
A Fds Egol oyt wat A FHAA FAAME & LS 5
gHoz A%t 59 F AE feeders &= Aol nukgha s},

r\l

[s

4,

rlot

2 k&

oA Abg" gENE 430x1045 EF E7I(single  screw
extruder)o| tH(Fig. 6-3). ©] ¥4&E7|E= 2=AF(screw) SHEEE 40rpmO &
89S W 40g/min AEY FEFS B 2P AFALE 2~38 A&
Aom B A A 28 JE AFALE AT FEZE 1A vent
g 7k} glo} &4 7HEA HAHE A B3] dieg TH BEEHI
Aol vent®: F8l MEHEE o™ vent¥ 2F| dulmage B9 mixing
7k slo] Ed EHE =Y 7 AEF Holgleh ¢&F 3 X7 die 1 R
S 93 At AH ol glem screw rpm3 motorol
At FANRE gopd & el

barrel] 2% FA

Aele 3

I‘L

oft
ﬂllN
o

5. A&l 9% Al Ax

Fig. 6-4¢] 3% A&7)5 o83t £4 548 ANUE A=xdAH A
&719 18 Hol A&FE dig 200g AxEolH, Hdl A=Y 4800psiol o
2 AgelME 2000~2400psie] *#H-E AHEEAT. barrel® 2 zone #
nozzle ¥ 1329 25§ A F UEF controller?l AR o] gl

Fig. 6-6% 4 $4& A¥& AdFst7] A% 599 =rlolg
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150

g

125

Unit : mm
T :4mm

Fig. 6-5. Injection mold design.

6. &

oX,
o

g

=4 S48 AlMe ASTM A wet AEdgezr Adsiged, A
B F AL AR FEAA BAE F ENE SAEAYG AHY Age
10702 ste] AL Ho - HAAE A A FFEAE dolER A
&3t

Q47 E(tensile  strength)$}  8€A & (tensile modulus), AU E

o

(tensile strain)& ASTM D 6384 <3 AA4AH7](LLoyd Instruments LR

o)}

Series materials testing machine)& o]-&8te] S Y} AAEEE= 50m
/minZ 3, F47 E(izod impact strength)® ASTM D 256¢) Wl %X
(notch)& FA && AW diax A8 ST &4 E(flexural
modulus)# &7 (flexural strength)® ASTM D 7900 wea} 43192
o, oo AJFEXHAL 2m/min® YR, LAYE 6B 3% o)

&9, stode] g FeE xAbel 2A44E B2 & 100009

25000 &9 AAFALE W A (SEM)E AHg-3F 9t
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A 34d EFHxE=FA E3HA4 (1)
A1d A A

$HEUS BAoY WEE §§ T EFake o olH AL A
o 1o celn old @ BgAE |
b AEAY 52 ol8F FEF AhF e YA AFCE wE & 9
o EFYzzadel} Fedwde we Aqsud o8 a4 ggow

& g AE AR FAS FFoz AP wf o] AV Ha gle

dir
o
i
o2
S
X
i
o
X,
=
lo
N
)
of
o
o]

S ED creep BEAE Wolrt olgfd mEA FA HAL E8 B
Az AY F F58&0] 24, 84 modulus?t F7Mstn 53 gl F
V&5 creep resistance’t F7idhE Ao# HmE L glo] A dgEL
29l F=7 7= Yot

John A. Youngquist ¢ George E. Myers §¢ T Agd B2 309%~
0% HMoreeRn HE3{A] @ ER A A SUEAw AR50
Faodthe Arbad(thermoplastic) E#A9 dwkA d4-¢ Rraugdyg 5
A3 s FehaYd 54 AW e APRAEYG Bads Eaoly Bz
ol oal HFA uiFel WAstE dAIgEd B JFe wowz 4y
7MW B4 AHEr ol s el s,
FAHAE 549 g disiA Aurd e 5A4E ung £& 77
A B HEWAR i ws) 7139 oy el WE, clayd B&E
ol EEd A BAE ol¥A AU Ay WojmdAgs Burt 9
Y. asa A4 EXg Ak FepaE Abole] HEM: (compatibility)

& wol7l A8l 43 AFAF A AA TS da FANL &

N

N

H
2

o
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AR ANAGXY S olm QF FE&AY A FE3V] g W
WoZ= A WHAR acetic anhydride, n-alkyl isocyanate?], styrene, maleic
anhydride 1¥]31 silaned & o83l A& /MAsE= Wdyje] du, F
HARE ol AFUE MAPPOL Z2 coupling agentE AHEAA
(interface-active additive)® AF&3l= Aol o] A= polyesterimide
polyol, titanateA], trichloro-s-triazineZl, poly[methylene(poly phenyl
isocyanate)], maleic anhydride, silaneZl %©¢] AM& €Y, 7O 2 matrix &
AANIE el sled o] Aee 549 Mde v Bo wg F4o
WA= B A 9 e EA4E AR EAEA ol kA B F
& A Xaa v

2 doME ZYZzdds A BEA Az A8 rxddorA
EFAF7E 8 F 7HA graded] FEZ 2P dd) GEITF, U4EE
5 HA IHEAE FHolrsith A 5 /1A grade F e impact
copolymer® Ab&3te] HFA FAZE RN = 4FE ARG £3
F29 AAert A= G dal Abete] dAee .y AN
Stlom ¥ 7bA graded] ARAE A s AFAY A} FAF
A3} st on, il BAd nxe 9% §& HESA.

l

g gl

_Xﬂ

A2 d34s 2 I

1L 4d As
Ago] A48 Bd ARE JPATANN AT S T4 AE-
Agstgon, HE 2 Qe duAd EA4sE Fo LAsts §yges
Az 9 71e AR g oA & A9 ol svhie su 2ds

T BS ¢E AAslE wFoH, A0 Be v4E hald. 4gd

oﬁi
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A& £ 40~80 meshE A¥Mate] A& EHzZ2dIL (F)Fd
oA AAEE &34 MD7F 05g/10min ¢ 35g/10min¢l A ES 7435k
Agstg e W 7t 5AE Table 6-39] ettt 2824 maleated
PP¢l Eastman Co.9] Epolene E-431% G-3003 wax& AH&3tlvh(Table
6-4). EE Axelol g8 AFE oM EE FA Junsei ChemicalAle)

24 ZAHacetic anhydride)& &l flo] AR&3tA )

J%ﬂ
Az

Table 6-3. Polypropylene resin.

Grade Manufacturer MI (g/10min,)
Homo-polymer H730F YUKONG 35
Impact copolymer BOO1T YUKONG 05

Table 6-4. Properties of coupling agents.

Grade E-43 (G-3003
Acid Number 45 8
Mn 3,900 41,500
Mw 9,100 103,500
Softening Point, T 157 157
Viscosity, cP{mPa - s) 400 (1907C) 70,000 (190°C)

B oA¥e ERE EA4 fie AS2ARE fusts Aojmy EAo
RE vgAeA g wekA F8 A

FHGS ol AYE 4 we B I ANE FAsYR pASE I

rN
R
Ak
o
ol
=2
E.
0
=
oo
L
it
i
X
rir

e Eelade 84 Edsr] g3 189 @F, 4

Wil 28" ALAE HgAEe] £aEH 727 HAAAY AR

0
ok
o
oM
i
w»
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G50 B4 Wojmz WAL dod & vk Antdon AL 17
0CHHE Rzt Nddvn geA Aok

oA 200C7 ¥E %& 2k FHaH JE FAHAM EAder
gatd, 7144 BAA Ago Hgas sEo] WAL FHF SR
Fu gBo] BE o ARAF 744 ¥e] BaEHUA BAsE Aol 4
FHS Ax sty Bed,

Ao ALEE EES TGA(thermo-gravimetric analysis)i# 48] & 2
3 200~250CE AYAAN FASA EaAHE A& & 5 YrkFig. 6-6). E
F FE 2AT fAHE 00T 5 SolME 250 AW AshA 2
A ¢ 4 YrhFig. 6-7). AR LAASS ARANA AANE 5
Aol Fol vlmH & LEME HPo| /M5e Buage QA
FAZAL AUF A "ast Ao @w, 2AL WP 270604
188 sto] FFLEAN Rl doslt 4R vl AAsE PEe
A 2 4 qled e BA7 gEE B ATdAE X vaE
o ANY ARe AR,

i

=2
=

Jm

P
i
ol

o
_ﬁ'.

io‘
ek
Y

104"

00+

ix

B0~

wWeigh

40~

29y .in ) 240 ) PRy ©00,

Tenperasure [°0)

Fig. 6-6. TGA thermogram of WF in air atomosphere at a scan rate 20°C/min.
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ao
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1

T
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a1

80~

i
o]
0

%) 3Iuybiam

B8~

87

Fig. 6-7. TGA thermogram of WF in air atomosphere at 200 (isothermal).
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i

de] 2 o
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g g kg oA FHEA T 32 Fet #Ql S

P
& FFT

N
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w

H
=

g 5 g

2) GEEA

o

2=
T

W ZesleFd A

€

2
=

ZH= 84 o9 vs

g oa) 2FE &

T

gzele) ot
Y 2B

2 =
= =2

%7-\2}, O“

Vi
=

P
T

ST

5

e "EE ofn
Fch, MedzrldA da& 3% °l

3|

#

1% 7 zchgd &ol A 1AZE EF 8B

oF 30%9

z %

toll Abg3t A

kJ
T

ol
pun

2 Azsko
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o
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3) o}AlE 3} (acetylation)
FAE i g Agdon A& fro AFE wed FEEAb

g AYE §e A Aol Frtske a3 ¥ £ 32
T3t Feola T Aol U ApdAFRY FHE Russ vk mE
54 aFe APz Add wFAd e Ao FE Aew
/R3R=0

Aty oz opAds A xylelaad r7|dAM B¢ 2A40R A
e Aol Mg @ol ARgdtE WHolAw, ¥ AdME AFdddaN 19
Al & 4 & xylene/acetic anhydride(75:25wt%)-& Aol A SFA 71 16
A ZE ok #BA.

HE

5]

O
247 2

ax

N
—

29 fgd ©h2 EQUsE dolrr] H8 HE FAFE 10wt
50wt%7FAl W3l A1 ] 2w, MAPP(maleic mhydride modified polypropylene)=
TEFLR 1wtkAA 15wtde7tA] AZlste] E4 W3ke} Addr e A7t
E3E FFSY. 583 MAPPY Hrke F $7/9 PPl didf & =4
o2 Esvh 3 Zzte] A wE AXNYIE HEEE 20wt H
Zbate) WA g HEE3 wasic

SFEAD TAAA 7 BAV HE AL 5 2E7] 95t wi$-
AM A% TdT 2] AEFY] oHrks Holrk ol& AdE
g wAEA Y #842 HAESPT. F, FE S0wthES R BHA9
d4& v2EldoR 3o, o] 9 PPY 4¥& ZAHA 10wt%olA
Owt%7tA4 o] EFAR AgEs] 139 G2 A A¥H E4& va
STt
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Table 6-5. Designation of samples

Master Chip Re-extrusion Chip
MCI10
MC20
MC30
MC40
RC10
RC20
MC50 RC30
' RC40
RC50
MIMCI10
M3MC10
o TweMmclo
MIMC20
M3MC20
___________________ MEMC20
MIMC30
M3MC30
____________________________________ M5MC30
MI1MC40
M3MC40
M5MC40
MIRC50
MI1RC40
MIMC50 MI1RC30
MI1RC20
MIRC10
M3RC50
M3RC40
M3MC50 M3RC30
M3RC20
M3RC10
Mb5RC50
M5RC40
M5MCH0 M5RC30
Mb5RC20
Mb5RC1L0

Mo : MAPP content(wt%)
MCoo : WF content of Master Chip (wt%3)
RCoo : WF content of Re-extrusion Chip (wt%)
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WA AYEE B §E7 AFAG AW HAE 27 ol
WA 4ot BAe Bar BAd v Rz Az,

A% AR 270 ool AxP AR Fol B WE X ARAAL
2zte) Gl Wik Aokl WA Aol Mo's MAPPS) 3%

A Ao, U MCoo's 18] 4@ BaAS) B2 gae e,
RCoo'® AGEe WA HRTFE Uehich A2te) gl e A
o] 718 & Table 6-59 te}T)

M

2) gE=xd

4N AMEE 2ExFE E§AFA wE xolyl gledl, &§4%5
@& BOITE AMEd A9 160~230CAA HA ¢4&z24L Fgn 49
ol "condition 1”2 FAIEATE EFAFI ¥ H730FY HAH &z
= 140~200TelA g & SUAY. o]W £ExAL “condition 2701, Z+z}
o] 79 wet slE 9 X g &% 44L& Table 6-69] vhebo),

Ard FR4L FEo] 7] B9yt 27 i A EFEG s
100g @919 Ho2Fom ol FY3AT 4EHEE 45mm o) .on,
oo W& AMFALL 2%

Table 6-6. Extrusion condition

Heater position Condition 1(B901T) Condition 2(H730F)
Barrel 1 160T 140C
Barrel 2 180°C 180T
Barrel 3 ' 200°C 200C

Die 230T 180T

- 360 -



3) A&z

Table 6-7& Al¥ Algxzlod, 2xv @& mAZ AR BYOLT
“condition 1”24} olwje] &EEF= 200~240TCQ4en, H730F7} "condition
2"& 160~210CA Y. 283 AbEHS 1000psi 9 1200psi® FAck. &
ReEe AbESQtel A oF 327 7halF )

Table 6~7. Injection molding condition

Position Condition 1(BIT) Condition 2(H730F)
IFront 200C 160TC
Heater Middle 220C 180C
Nozzle 240TC 210T
Injection pressure 1.000 psi 1,200 psi
Device pressure 1,200 psi 1,400 pst
4) N8 B

AULE ASTM 71789 whel AlEAdgez Ao, 48 £ 72430

1

m‘,m

A7 E(tensile  strength)9}  13€A) E(tensile modulus), AFWNEE
(tensile strain)& ASTM D 6389 & <AAA 3 7[(LLoyd Instruments LR
Series materials testing machine)& ©o]&3te] FASAT} G4 == 50m
/min® &4tk %77 E(izod impact strength)= ASTM D 2569 wa} i
A(notch)&  FA &L AAd digix FAstcth S48 E(flexural
modulus)# &7 S (flexural strength)= ASTM D 79001 whel &4t <
], olm 9] FH{4&EE 15m/ming 3, F&AE Sendd ),

g vpebdo] st fefehA xAbe} HARAE @S] Y&l 500060 & <
HAAFEALE ] (SEM)-& AHS-8F 3ok
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o AEAF HEAEY dad, FA, FA FE AATA, A9
3L o] ZHEAEY Ealel o3 LA

e M9 JEFE Hase] % HFHor o]FolHr).

£ AdoMe oFF AHEE FEATY] A A@AE AL g
ofAE ol T A AR ANGE FYANE F dE A
e AT olMEste 5L hydroxylZ]7t 348k carbonyl”] 9
methyl71¢] F7tela & 4 gloh

FT-IR &4 o3ty olAds AHele) Fad 5EJoan g A 7
2 WHElE g2 3 9k

" Tranesittance £
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[ %]
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Fig. 6-8. IR spectra of untreated wood flour
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o1 A= 3200~3500cm 9] 42447)  streching®] #Haolm, EAE 1735~
1765cm *9) carbonyl stretching® Z7belw, AlslE 1000~1245em 9] C-09)
stretching®] Z7bojth, 1uboll a2 A 1370cn 9] methyl”] 9] stretch®) %7}
2 s 4 duin Ak & AFPAME Fig. 6-87 6-99 FT-IR £4

AT AFT SHEL BAG 5 Ak

;: 42 ;’ aﬁ '":, N &4 c;
- Ny T 1 T T T T
00 5%0 ss]m 2% W00 XS0 MO0 ﬁ ng 70 150 1250 1000 50 L)

Fig. 6-9. IR spectra of acetylated wood flour
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o2 AFAREI AA FAEAcHFig. 6-10). WEkA AdzaAde] Hen &
7HA sty 540 dAEe 4984 e 2EE 9§ ¢ Uk

e S et R R I
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Tensile Strength (MPa)
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-
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M5MC20E1
Hot-water
MSMC20E1

Fig. 6-10. Effect of pre-treatment of wood flour on tensile strength
of WF-PP composites(B01T)
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A4F KA 4=

g PP HFE 09~0912 &8 A3, TFE A Ao enF
< 1R 228 BPAe HE9 Pl FNEFE NFE T
AHAE FAA &E A4S, FEol 10wtk E3E EFAN v F &
A7t e AR HIOFE AH&g A% 0911, £8X47F @& BWOITE
AHERE de 0901013, 40wt JEeol JMHAS wWE H730F7)
1.0003, BOITE 0964% &AHo] 87l B& A A vFo] A
velsk ok (Fig. 6-11).

S5 $e BOIT A& AHEE 2%

T8l7k H730F nl& o dsiydoezsn ojd wE 39 Fr7 vFol ¥
olA) e Yo g wuHr)

HEeEst gonz Byl
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a —e—WF+ PP (B901T)

D oes | —=—MAPP+ WF+ PP (B901T)

—a—WF+ PP (H730F)
——~MAPP+ WF+ PP (H730F)
0.8 : - : '
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WF Content (wt%)

Fig. 6-11. Specific gravity of WE-PP composites.
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IE AgAV AbERe Wele AEAE, AHEY MAPP/E @49
Ags FomH Adyo] o Hdo w7t ol= Ax AAH I, E3 A
HelM e ded#o] S8 F=0] 7] WiEe FAA Fe& A5 w
3 HFol SRk ol d dstel wit AFAE FAY A4S e A
AR FE Ao 458 5 3.

A53 7143 24

L &§ATF7t & FA(HT30F)
B89 EM7F HI30FS B$-& 7HE&Er7 vud ge a4 &3
of b ow, JtEEEr wopyon Qs Hie Eag WA d48 ¥
AoA 29 4 ATk 22 Fig. 6-129) 6-13914 & & xR0 A A)r)
A7MHA 4& 29 589 #AhFe) ADSE AP EL T} A%
Fie 38 47 Fadte AFE FA8 5 qusich
oJAL HEol Arldoemn WA oI @dEel FskeE
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s
e
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i
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I
e
o
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23
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rok
ol
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il

9, ARAZE Aok BE @dEel IA EolA FAY U AE &
& 58 FFY Sk wet aA FFHE AL FAY & AU

olfd Ade AW e SEMARI SR &1 4 U=l MAPPY}
A71HA @& daddMe 5AR7 8 UddEA vEg29 PPy W)
TaiA A2 A& £ 5 AW (Fig. 6-14).

gy MAPP7L H7bd starld s A U 48 338 4 e
ol# ¥ AL MAPP7} Hrtgdo2s EES Fx99 AvAgsEel Fax
2 g o] drhFig. 6-15).
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Fig. 6-12. Tensile modulus of WF-PP(H730F) composites as a function
of WF concentration at different MAPP content.
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Fig. 6-13. Tensile strength of WF-PP(H730F) composites as a function
of WF content at different MAPP content.
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Fig. 6-14. SEM micrograph of fracture g 6-15. SEM micrograph of fracture

surface of WF-PPG30/70 wt%) surface of WF-PP(30/70
composite. wt%) composite with
(BAOIT, SEM, % 500) addition of 5% MAPP.

(BOOIT, SEM, X500)

g AgwgEs AMud, pAxon Eeaded FAAE Hren
Ao felel 4

Holl w2t AW
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' Fig6-163} o] ZaetA €t
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Fig. 6-16. Tensile strain of WF-PP.(H730F) composites as a function of
WF concentration at different MAPP content.
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Fig. 6-17. Flexural modulus of WF-PP(H730F) composites as a function
of WF content at different MAPP content.
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Fig. 6-18. Flexural strength of WF-PP(H730F) composites as a function
of WF content at different MAPP content.
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A ZEE Fig 6-1991A4 & 4 %ol 23AA MAPP/F #7bd %4
Mohe 598 Fob¥ 4 93, FEEYe] FMEd B ANHoz 7
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Fig. 6~19. Unnotched impact strength of WF-PP(H730F) composites as
a function of WF content at different MAPP content.

2. &FAF7t F& A (BYOLT)

BIOITA & H730F] vl& dojHez stgezst
of Ao F¥ol Zase AZHUR, AEE B AHAME @A
o] FrexA Yete R& &8 doh Fig. 6-20~250 el E4
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FAE Azsr) JaAME HFLE Fe £AE Ao sk Aol w
27 98 ¢ ¢ d 243 E 28 AFAd @Al H& FH] F
o) we} Asger} BOIT 4 A#7t PEZF #Astse] 2ARES 4
A7l PpolE® BX PPQl H730F A& AHE3E Z-¢Hvh ofzt
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Fig. 6-20. Tensile modulus of WF-PP(B901T) composites as a function of
WEF content at different MAPP content.
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Fig. 6-21. Tensile strength of WF-PP(B0IT) composites as a function of
WF content at different MAPP content.
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Fig. 6-22. Tensile strain of WF-PP(BO01T) composites as a function of
WF content at different MAPP content.
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Fig. 6-23. Flexural modulus of WF-PP(B901T) composites as a function
of WF content at different MAPP content.
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Fig.6-24. Flexural strength of WF-PP(B901T) composites as a function of
WF content at different MAPP content,
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Fig. 6-25. Unnotched impact strength of WEF-PP(B901T) composites as a
function of WF content at different MAPP content.
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Fig. 6-26. Effect of re-extrusion on tensile modulus of WF-PP
(B901T) composites.
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Fig. 6-27. Effect of re~extrusion on tensile strength of WF-PP
(BY01T) composites
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Fig. 6-28. Effect of re-extrusion on unnotched impact strength of
WF-PP(BY01T) composites.

AZAQ MAPPZl 718 A9-9 WstE AHRY) As) AdFAst A
A & EE 50wt%d vt2HIE AGEste #AQAM MAPPE 5% st
Ack. A@AZE ArbgozA AFEPEL 22 dEF AS gx Fase
Ae-g VEPRAR 33 ¢ES A 23 dES A e ok w8 #
g Mo ZM AgEol B dEFE PIAL s & 7 AN (Fig.
6-29).
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Fig. 6-29. Effect of re-extrusion on tensile modulus of WF-PP
(BYOLT) composites with addition of MAPP.
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T vtz AddAh(Fig. 6-30).
47 54 - E89aY ¢E=d AdE s AL
4 g Aoy, AFALY SR A SAhsE 4EEY B ¢S
TR ORM 240 L3 AsHE AR wYHAW AFAs HAsd

=

2
Ir
o

S
M

R

o
o

flo
N
T

.

drole ds 244 Y adE de F Ag AoR ARd

356

— EIM CET

$ 30 |- mMsRCcE?

s M 5RCE3

~ 265

£

2 20

e

b 15

2 10

2

@ 5
0

10 20 30 40
WF Content (wt%)

Fig. 6-30. Effect of re-extrusion on tensile strength of WF-PP
(B901T) composites with addition of MAPP,
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sto] &, AFES S0wt% A - B2 AJH9 JAFEALY FHEALE ¥
NN AEFE wA delutow, o
2 & 7M3 ok Fig. 6-31~32).
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Fig. 6-31. Effect of extrusion temperature on tensile modulus and
strength of WF-PP(H730F) composites.
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Fig. 6-32. Effect of extrusion temperature on tensile strain of WF-PP
(H730F) composites.
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Fig. 6-33. Effect of extrusion temperature on unnotched impact strength
of WF-PP(H730F) composites.
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Fig. 6-34. Tensile modulus of WF-PPM730F) composites as a
function of two kinds of MAPP.

T

—e—FE-43
—m—G3003

50
)
a 40
=
=y
*5,30*
c
o
B 20
o
2 490 |
6]
}—-
0
0

10 20 30 40 50
WF Content (wt%)

Fig. 6-35, Tensile strength of WF-PP(H730F) composites as a function
of two kinds of MAPP.
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Fig. 6-36. Tensile strain of WI-PP(H730F) composites as a function
of two kinds of MAPP.

Fiexural Modulus (MPa)
E-N
[
T

20 | .
—— 43
—m G 3003
0 . . .
0 10 20 30 40 50

WF Content (wit%)

Fig. 6-37. Flexural modulus of WF-PP(H730F) composites as a function
of two kinds of MAPP. '
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Fig. 6-38. Flexural strength of WIF-PP(H730F) composites as a function
of two kinds of MAPP.
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TFig.6-39. Unnotched impact strength of WEF-PP(H730F) composites
as a function of two kinds of MAPP.

A 98 8o JF
SEBAYOR Az BA - FohaE BEgAE e £ B9 v
N BAHon Sy t@ Ao Zath 27 ARE e AV E 2
g Eo] AR wjolA FHo| HAAA F A AEE xHe] FE
& AAG & AHE FAHSA Fre&e ANSAY 10wt Hi-g M7}
AW Ag 8Y T oF 4% E4SE BPen 50wt B AW
& oF 12%9) E48S RArH(Table 6-8).
Table 6-8. Water absorption of WF-PP(H730F) composites. (unit : %)
eSampleyieig MC20 MC30 MCA0 MO
Hour —
1 1 1 2 2 2
3 2 2 3 3 4
% 3 3 4 4 5
48 3 4 7 5 7
120 3 6 9 8 10
192 4 7 12 10 12

- 381 -



AFA(MAPP)7F 10% #7119 4A$E g4 #L 5588 7Hed, 10wtk
o] BaA AL ¢k 3% 0wt A5 4 7% AEE et (Table 6-9).

Table 6-9. Water absorption of WF-PP(H730F) composites added MAPP,

(unit : %)
How ~22mPle  M1MCI0 MIOMC20 MIOMC30 MIOMC40 M10MCS0
1 1 2 1 2 2
3 2 2 2 3 3
2% 2 2 2 3 3
48 2 3 3 4 4
120 2 4 4 6 0
192 3 5 5 9 7
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8
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Fig. 6-40. Effect of water absorption on tensile modulus of dried and
wetted WF-PP(H730F) composites; (Water content : MCI10 :
0.6%, MC20 : 1.0%, MC30 : 1.5%, MC40 : 35%, MC50 : 4.7%)

FFEEE By 27 W x=F® 5EA o8 #4% it
o]

A o]F WFojztx] el FFHy HHMME BE Azl 28

O

FEESR e BANINE S 8 8YU AANZ AFA A o)

-'382 -



& BAS dx ANud 8la - Zr1std = d(Fig. 6-40~42), 21 Ao ¥
e ANue] BEAo] o8] ozt Frisle datol UERY. oL FE
EgtAe YR gAHAN Fio] B&Hn, dadHes AwdAe 7
AH el Agte o] 2713ty WE o2 AlgdE

40
‘;_Evss -
s 30 -
(=]
g€ 25 |
g
w
20
._0:’ —— D 1y
§15 - —— W et
._.
10

0 10 20 30 40 50
WF Content (wt%)

Fig. 6-41. Effect of water absorption on tensile strength of dried and
wetted WF-PP(H730F) composites; (Water content : MC10 :
0.6%, MC20 : 1.0%, MC30 : 1.5%, MC40 : 35%, MC50 : 4.7%)
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Fig. 6-42. Effect of water absorption on tensile strain of dried and
wetted WF-PP(H730F) composites; (Water content: MCI0 :
0.6%, MC20 : 1.0%, MC30 : 1.5%, MC40 : 3.5%, MC50 : 4.7%)
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Fig. 6-43. Size distribution of wood flour.
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IAEE S5 @7 & A9 %, 23, 37 NFL st Ase F
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A3F 7154

2 A¥AA Axd EFAE gLt 22 7132 velti(Table 6-10).
WA AEE PPE 8457 25/ 10min 7MY & $E4S 7Hd H30Y
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2 Y mesh® AR AL Ao R 1 £ ojAez O FL YAE ¥
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Table 6-10. Summary of Composites.

Polypropylene Wood flour Coding
Melt Index Size o Resin/Size/

Grrade (g/10min) (mesh) Wi Content
40 AM30M40C
30 50 AM30OMS0C
60 AM30OM60C
50 0 AMbHBOMBOC
H330Y 25 40 AMI100MA40C
100 50 AMI0OMSB0C
60 AMI00M60C
140 50 AM140M50C
170 50 AMI70M50C
30 50 . BM30M50C
H360F 12 100 50 BMI00MS50C
] 30 50 CM3OMS50C
H730F 35 100 50 CM100M50C
30 50 DM30M50C
HO00F 05 100 50 DM100M50C

88 FAN AMS AHER B9 7he2LEd gloja & A
i 30T g & + A WA FEFAHAMY 2z

§4 A2 AM AHEA] 165~185C BM2 170~190C, CM& 180~19
5C, DM& 185~215CHER & Ao|7} A/UTh AETQY xzddMe
FEFYNRG 5~10CHE ALAA 7H33 A HTable 6-11). oj2ld &=
Aoz Qs Alxz® H{AL @ AZe] Aoyt ved, n&dAA AHF
" DMY 7§ HEe &z g8 AL ddolu Fe&A e mla, A&
A 7bEE AMe A e @8 AHor By v fARE A
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Table 6-11. Process Condition of WF-PP Composites

Extrusion Condition Injection Condition
Screw rpm 40~60 el 180C

Feed Section  180~190C | Heater Siode 190C

ection
SOMPISSIOn g5 195°C Nozzle 190C
Heater ection

Metering —onng " .

Section 190~200TC Pressure Injection 2100psi

Die 190~2007C Clamping 400psi

A 433 7148 44

1 QA=A
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Table 6-12. Mechanical properties of WF-PP composites.

Tensile Tensile Flexural Flexural  Impact

Strength  Modulus Strength  Modulus Strength

(MPa) (GPa) (MPa) (GPa) KJ/m®)
AM 30.78 1.09 B3.75 1.89 29.51
AM30M40C 30.76 1.43 59.71 2.68 8.07
AM30OM50C 36.15 1.70 62.84 3.23 14.60
AM30OM60C 29.23 1.86 52.26 3.42 7.21
AMS50M50C 29.17 1.66 51.26 3.07 8.03
AMI100M40C 23.30 1.23 39.71 1.50 9.63
AMI00M50C 30.40 1.80 59.71 3.50 9.28
AMI00ME0C 31.37 1.95 55,42 3.04 9.18
AM140M50C 31.50 161 h8.74 3.18 6.14
AMI170M50C 32.40 1.73 56.89 3.10 8.41
BM 30.66 0.89 39.64 1.29 4592
BM30M50C 31.07 1.74 51.73 2.97 11.55
BM100M50C 28.6b 1.46 55.66 2.41 832 -
CM 27.70 0.85 37.88 1.24 75.01
CM30M50C 26.40 1.39 48,52 2.49 7.47
CM100MbB0C 26.95 1.46 50.58 270 8.56
DM 28.49 0.77 40.40 1.50 72.16
DM30M50C - 25.50 1.32 47.58 2.38 13.15
DMI100M50C 22.47 1.28 44.02 2.50 857
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Fig. 6-44, Tensile strength and tensile modulus of WF-PP
composites as a function of WF content.
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Fig. 6-45. Tensile strength and tensile modulus of WF-PP

composites as a function of WF particle size.
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Fig. 6-46. Tensile strength and tensile modulus of WF-PP
composites as a function of resins;(MI : AM:25,
BM:12, CM:3.5, DM:0.5g/10min)
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Fig. 6-47. Flexural strength and flexural modulus of WF-PP
composites. as a function of WEF content.
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Fig. 6-48, Flexural strength and flexural modulus of WF-PP
composites as a function of WF particle size.
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Fig. 6-50. Impact strength of WF-PP composites as
a function of WE content.
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Fig. 6-51. Impact strength of WF-PP composites as
a function of WF particle size.
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Fig. 6-52. Impact strength of WIF-PP composites as a function
of resins;(MI: AM:25, BM:12, CM:3.5, DM:0.5 g/10min)
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Table 6-13. Mechanical properties of WF/PP composites after water absorption.

Tensile  Tensile  Flexural Flexural Impact
Strength Modulus  Strength  Modulus Strength
(MPa) _ (GPa) (MPa) (GPa) (KJ/m?
AM 30.78 1.09 53.75 1.89 29.51
AM30MA40C 27.65 1.55 34.02 1.37 20.58
AM3OMS50C 18.25 1.10 43.20 215 14.66
AM30M60C 1554 1.09 43.09 2.08 10.04
AMSOMS0C 23.27 1.45 41.40 2.00 14,54
AMI100M40C 31.17 1.42 56.90 2.13 14.82
AMI00MS0C 28.29 1.67 50.15 2.10 - 12.63
AM100M60C 22.57 1.59 30.98 1.08 7.68
AM140M50C 24.90 155 43.76 2.01 15.08
AMI170M50C 25.24 157 42.90 2.0 19.39
BM 30.66 0.89 39.64 1.29 4592
BM30MS50C 26.47 143 52.35 2.38 15.01
BMI100M50C 23.89 1.36 45.60 2.14 10.65
CM , 27.70 0.85 37.88 1.24 75.01
CM30M50C 23.91 1.35 4484 2.08 1341
CM100M50C 23.63 1.33 45.83 2.01 16.94
DM 28.49 0.77 40.40 1.50 72.16
DM30M50C 23.23 1.39 38.68 1.98 1775
DM100M50C 21.70 1.35 40.90 1.83 16.13

3
)

Moisture-Absorptivity(%

—M—AM30mesh
—— A M 100mesh

40

50
Woodflour Cont.(wt% ).

TFig. 6-53. Water absorption as a function of WF content.
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Fig. 6-54, Water absorption as a function of WF particle size,
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Fig. 6-55. Water absorption as a function of resins;(MI @ AM:25,
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Fig.6-56. Tensile strength of PP-WF composites as a function of

wood flour content(wt%) before and after water absorption
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Fig.6-57. Tensile modulus of PP-WF composites as a function of wood
flour content(wt%) before and after water absorption.
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Fig. 6-58. Flexural strength of PP-WF composites as a function of
waod flour content(wt%) before and after water absorption
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Fig. 6-59. Flexural modulus of PP~WF composites as '~ a function of
wood flour content(wt%) before and after water absorption.
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Fig. 6-60. Unnotched Izod impact strength of PP-WF composites,
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Fig. 6-61. Tensile strength of PP~-WF composites as a function of

Tensile Modulus(GPa)
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Fig. 6-62. Tensile modulus of PP-WF composites as a function 6f

woad flour size{mesh) before and after water absorption.
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wood flour size(mesh) before and after water absorption,
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6-64. Flexural modulus of PP-WF composites as a function of
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Fig. 6-65. Unnotched Izod impact strength of PP-WF composites as a
function of wood flour size(mesh) before and after water

absorption.
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Fig. 6-68. Flexural strength of PP-WF composites as a function of

melt index of PP before and after water absorption.
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Fig. 6-69. Flexural modulus of PP-WT composites as a function of
melt index of PP before and after water -absorption.
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Fig. 6-70. Unnotched Izod impact strength of PP-WF composites as
a function of melt index of PP bhefore and after water
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3. 8% QA9 4G

Fig. 6-73¢ %29 B3¢ 2 A9e W Lol zAd ga 5
AEe) G9e Yohusl sl BYD Aol o HuWe Fuag nHu
& Rolth AQNA HAE BRel BEFE suwd B9ast ArE A
g B 4 Yok 2w Fe UAE FRA AT BRAY S B3

o wol W Wee HAL 4 Aok

1(

[o

A5 E¥AY AEE FA(matrix)] EYZadAY sd S @&
Qe wow BHo o] FAYSE FHUARAY BRI FFT o}
Flo] AAolAw, ojed FAFL plAE Hiol BErH FlsAr
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(a) (b) (c)

Fig. 6-71. SEM micrographs(x250) of fracture surface of
(a): AM30OM5B0C (b): CM30M50C (c): DM30MS50C

(a) (b) (c)

Fig.6-72. SEM micrographs( X 1000) of fracture surface of
(a): AMI100M40C, (b): AMI10OM50C, (c): AM100M60C
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(a) (b) ()

Fig. 6-73. SEM micrographs(x1000) of cross section surface of
(a) © AM30OMSBOC, (b) : AMI00MS50C, (¢) : AM140M50C

AT 44 54

Fig. 6-74~77& Az® B3AQE 20C/mine] 7 7tdsel RA3g

TGA(thermo-gravimetric analysis) @&

Tolt), Fig. 6-74% 30mesho} 2|
del Abeld vEpuia ot
Habo] FelZaddnn wiA §Fa7p AL FalEnrt bR Qs
U oleld B0 BAME et S ol
% neld A s Jebh.
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Weight(%4)
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0 . . : . - ,
0 100 200 R T 500 ) 700

Temperature(® C)

Fig. 6-74. TGA thermogram of WPC in atmosphere at a scan
rate 20°C/min.

120
—‘ (a) DM3OM50C
100 (b) CM30MS0C
{c) BM3OM50C
80 ©]
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124
'?»‘ 60 - ® Virgin PP
# B @ MAPP
@ Wood flour
40 1
20
0 v T T T T T T T T = T —— T
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Temperature( °C)

Fig. 6-75. TGA thermogram of WPC in atmosphere at a scan
rate 20°C/min.

Fig. 6-76~77¢ 24 mAlg 228 A4 HYA% daez 97 54
& vehd ol ageld we ulsh Re] AWHA Age WMz 7
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Fig. 6-76. TGA thermogram of WPC in atmosphere at a scan
rate 20°C/min.
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100 | ~sEmmme— . .

(b) CM100M50C
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Fig. 6-77. TGA thermogram of WPC in atmosphere at a scan
rate 207C/min.

- 409 -

A



Al 8 3 MDF #5483 AA FeZzdA-8 ALE3 24

5 2

-

=
(‘}0'
ol
o

F LA R MDE) RS vl ZbEshrldl s QA7 WS- 23 ARl A
o] & [2~50mesh, 50~100mesh Y& ¥eslo] A&l on, AP ETZR
A AFEAl Z1AA B Aste] dislA golr ] 98] AAEYEEAA S
AbEEte] virgin ZE]ERg-g AR 759 wastATh Hie) ke
10wt2, 30wt2%, 50wte® AAdstlvy. 22y S0wtdes 3 7helkalg
ol elFojxA] ¢ Ax ATt FAEE Table 6-14¢ fefso] &),

o
=
N
-
On

UEAGA 2ExUE 160~200C 2 HAYstion, 247 JdEns 50~

T

60rpmo. 2 HASATE AFEAHEA RS 160~220CE Ao

Table 6-14. Process Condition of PP/MDF Composites

Extrusion Condition Injection Condition
Feed N
Screw rpm 40~50 Section 140°C )
Feed Section 120C Heater ~ Middie oy
Section
Corélprt‘?ssm 140C Nozzde — 160C
Heater Mec K_m
,ftegmg 160°C Injection  2100psi
»ecton Pressure
Die 160°C Device 2400psi

A

2.

i

MDFE Azd4 4 sEs J34A8 dar sfug a1 g 58
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BARY o]Rofq A @l ¢el A7 dGAAANA Y EAst H
PAE AL BAR Fgaddy AWRRY pEow Qg BAyAu),
MDF £ Tge gaae mog detalr] 98 2gold,

BE AEASFAR AUPPS AAPPE AHgEel BAS waste] A4
Ao NE7EREe Hmstel Wk AWPPsh AAPPY) ¥ Aol
Rlem AGPPY Ho] ozt AL Ag Wik

MDF#-ee] Aoz o] Agelns o] ZEgFe] 184S
FEAEL AR ARREL FAZEE Fasdt Aoz ey
(Table 6-15, Fig. 6-78~80).

At AT B A FFAZE AEA gow BEe @ we
ARAE/L oA ARAZ} Artgons ARAET} FAeE AL
4 Qledl, MDFEEE A48 29 288 A32E] Za o] d& 7
T ALE eyt daAos MDFE® ##d H&A9 ade 7o
T RAHE AHE 4 7 ARG a8y $AZEE M2 29 MDF €9
& AT AS Bagdd ue A% T Fo) g AL & 5
st ol AL HY FMAE o] Fol1 MDFE® Fgd 7|dste Aoz
Alg g

B8 A5 495 Avu ARHen BYol Wl AL &
AR A B0 wiel /AT B T B
s e ARd AA5AE e B Az doe BAs
g Aoz Amu
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Table 6-15. Properties of PP-MDF flour composites

Resin ‘ PP A A PP
mesh
MDF flour content 12~50 50~100 12~50 50~100
0 31.09 31.001 28.40 28.402
Strength 10 25.39 26.705 23.46 24.048
(MPa) 30 2357 22.408 21.99 22.408
Tensile 50 - 18.041 - 17.35
0 0.786 0.786 0.698 0.698
Modulus 10 0.802 0.863 0.773 0,765
(GPa) 30 1.177 0.965 1.107 1,123
50 - 1.393 - 1.576
0 26.458 26.458 24.120 24.120
Strength 10 31.064 31.518 26.967 27.185
(MPa) 30 34.067 33517 30.807 20,092
Flexural 50 - 29,499 - 28476
0 0.527 0.527 0.463 0.463
Modulus 10 0.712 0.743 0.629 0.637
(GPa) 30 1.104 1.089 1.093 0,959
50 - 1.601 - 1.678
0 43.469 43.469 45,734 45.734
Impact Strength 10 32.493 29.218 28.795 21.899
(kJ/m®) 30 17.091 22.239 12544 12322
50 - 11.298 - 3.260
0 0.905 0.905 0.906 0.906
Density 10 0.906 0.883 0.921 0913
(g/cms) 30 0.919 0.966 0.925 0.987
50 0.961 1.003 - 1.010
35 ‘ 2 —m—PP1250M
g 30| | 1e ——PP50100M
b3 2 | 5 —A—1PP1250M
gn 112 % —@—PP50100M
g 0r | —E5—PP1250M
n 0.8 g .
g 15t § —&—PP50100M
E 10 1 04 —A—1PP1250M
—©—rPP50100M
5 0
0 10 30 50
MDF flour Cont.(wt%)

Fig. 6-78. Tensile strength and modulus of PP-MDF and rPP-MDF composites
as a function of MDF flour content(wt%).(lf: Strength [} Modulus).

- 412 -



40 2

—m—PP1250M

n; B30 {16 —&—PP50100M
z 30 5 —A—rPP1250M
go 25t 112 % —@—rPP50100M
§ 20 | ] os _'g —EH—PP1250M
E s = —6—PP50100M
i 10 1 0.4 —A—rPP1250M
5 . —o—PP50100M

¢ 10 30 50
MDF flour Cont.(wt%)

Fig. 6-79. Flexural strength and modulus of PP-MDF and rPP-MDF composites
as a function of MDF flour content(wt%).(M: Strength [[}: Modulus)

55

—@—PP1250M
a5

s | —&—PP50100M

25 —a— PP 1250M

-—&—rPP50100M

Izod Impact Strength(kJ/m2

=3

10 30 50
MDF flour Cont.(wt% )

Fig. 6-80. Unnotched Izod impact strength of PP-MDF and rPP-MDF composites
as a function of MDF flour Content(wt%).(lR: Strength)

A9xd a4 &
T BAAN B4 AN wARE SR THEZzgAg olgad
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Atk oA F AFE LAHTAY FAE AEHAE W o E Foz Yenn.
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o aEy & Age Eo] AXAY AZgd Y] Wi Fejzzda
ol9)9) FAE FESl & Aojtt &, AWIHINE Fo AZeprEE 47
o AFLes A 5 W Zss)st ojy) W oF F79
A7k E%E AUz 599 Futel AE A9sb B4y oo, =
BAE dests S5 ojgoE 2 EaES §4Y F U ForE 2
& F Jeonz B B4 st ¥ "ask ik oAl EEAH EA
o fAE AAARZAIL ol FA E4E 2TsE AR &
g S gy Wi EeZzdA )99 e Fx¢e) EgAE AL
gasl 9% Aelvh E APME /14 Ay 2ol e 5 WE Ea
g AR FAM FFLE/ MA ol B EW AV oEe Ex
Hag ALs dmA $2, & Eedad, auczddad 2 ANEE
delg e Ahgalo] EAse) BT Axste 4 At A
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A2 AFAsS 2 Y
1. AdAs
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2AZ+E  DOP(dioctyl phthalate) & Abgslglon, daAARE DBL
(dibasic lead stearate)-& AF&35F4c},

L 1l : Zg o Ed(HDPE)
W aF A st FEXFMD7} 65g/10mino] a1, ol
136 C4¢l grade 7600% AR&3+glt),

ot Al x Ze g A(LDPE)
HoE g ABarsts MIZF 6.0g/10mine) X, &840 106TA
grade 303-& AF8-3}3it}

g B2

PLATFAANAN AFH vlAsA BAE T A Sare sttt

2. AT

ZeloldAe ALe B BeUTedde AW A9d e W
o2 AzsPot Zedshild Xt e #x9 29 Ars Py B
ol stadlsh A 2 ANAE T Sme FaARHe i
. ¢4 B84 PVCE 7)#o% A& Hx¢ DBLH DOPE %9
@ F JueBdUD 1087, BAoy BAUD 587 948 Aol PVC

pasteE A&X3 F 7)o 48 3% oFE AZRAZ RS EqQso g
BAGE 1087 Egsidd. 2249 PVC-WF ERES waxqgzs=
ol &3t EYW YEdgow, d4Ed YL Az 23 AxA &

YR olgdd AME xR F A% 274 R TIEYL S5
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A3 F FHAASLE@PVC) B A

PVCe Ag9 EAY 7HE2E9 dEsExs 23sd oAgA glole
7bEol BlEd Alolth. EI hiAlZE wtm=Al B Ed 2 F9) 3
uel AAdA AAAEAA deksA AR ¢ g B AdaME od
Al DBLY] 594 %& PVCA sl 2phr(part per hundred)® LA A|7)3 7}
&A1l DOPE F]l#g PVCH o] Sphreff A 50phr2 @alAIZ T 7h4A
o) BQluro] Wold4E 49 FEEA0] Fobd TRl Eai ¢zo|
Goldd Aoz YA AFY EAo] AR Ho| AFAEEAMY 8
TEAY F#sA GA 99 PVCE AxTAY FRdon FFHE A

Holm2 ERFe Ejte] A7 oAe AFs Jov, daAAtY
o2 A ¢ FEE A A E Foug g9t

o
=

=

4
oX

1 &8 33
Table 6-16& PVC-WF 2349 ¢&EHTHS derd Aotk 7|4
DOPS] ¥E& PVCH#A ol sl phrit F9€ Aol 239 ke Hitq)
ARl e wi%® el Aolch Wol vheld upo} o] Eiie] =g o]
Bold g spBol oleAn ogd ANL DOP FE/ Be A4S oS
Astgnh ARAow BRY FHe 60 wi%st Huigli DOP o %
50 phr 4 ZA$AE 70 wt%e B3 24e Brnay. ¢ELEs 4
Ry, DOPY] B E7} %31 B89 o] @e A5 Adstd Ay nE
ZA AU 2 FEe L7k AAA Bk 54 Jehsto
AL LE FEZo HA gk AL veid B A7 Aed
GE7lole vhd gkl MRS o] gA @rob Wi whEe] % wdo] F A
S AARY 22} wobAA Hojgieh dRHon By gtk @AY
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DOPe] w27t W& A5 EFES FE5F0 HolA AP iy npEedS
do7]a olo} we} PVC o} 59 a7l % 7H45E AoR o ddd.

Table 6-16. Extrusion process of PVC/WF composite.

Extrusion temperature(C)
DOP WF Extru- Injec— e Screw  Load

0 : - CY_1l CY_2 CY_.3 Die
(phr) (wt%6) sion tion 1% 150 60 170 (rpm) (Ampere)

s % O O 13 155 16167 54 95
50 X x 137196 157 170 44 1l
0 O O 130 164 157 166 61 10
o 10O O 181 168 16 168 65 10
3. O A 132 178 156 16865 10
50 O % 13l 173 154 168 37 9
0 O O 1% 188 156 165 62 8
20 10 O O 131 163 155 166 68 7
30 O O 131 176 15 167 66 8
50 O x 133 196 157 167 64 9
0 O O 1381 156 154 166 66 8
10 O O 132 155 153 165 65 84
30 3 O O 130 165 154 165 69 8
50 O O 134 194 157 170 69 84
60 A x 154 192 158 170 40 15
30 O O 130 164 1% 167 67 8
50 50 O O 13 175 15/ 170 66 85
0 X X - o -

* Possibility : O available, A Shut-down due to overload, X Impossible

2. 7144 &4

Fig. 6-81~83& E 9] o wa& AZAEAE TA3 Hojrl, BEo)
A8 FA7HHAA && ¢ PVCA vla] FEio] 10 wt% A7te 3¢ Q34
E7F o7 A4S BAed ol B9 BZaARY 5A1 pvCe &3
of ubg AFe EAe] EA o & JFE AV dE e AAdY, 2
g S Fuke] 30 wt% oo R FolAWUA AFAF =} thA] FLEHA
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Fig. 6-81. Tensile strength of PVC~WF composite as a function
of wood flour content.
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Fig.. 6-82. Tensile modulus of PVC-WF, composite as a function

of wood. flour content.
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Fig. 6-83. Tensile elongation of PVC-WF composite as a
function of wood flour content.

¥ DOPe wxol wa EAWEE 4WEd Fig. 6-84~863 At} 7h4

Al DOP7F &4 wAE dFe] wW¢ Ades AL & = ok ole A&
AR AHEE wf §Eo] gFo] AdARE AAAA A BYE 2AY F

AEE dnsld, BeA 4UYE v WY ¢ A& Aoy azy
Fig, 6-867} o] i o &3Fo] 50wt%E EotAld DOPY F = BA %o
HAAHQA €40 MHEHA &-&& Hola Qo] ofe] g Bgo] ozt
ALEE T
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Fig. 6-84. Tensile strength of PVC-WF composite as a
function of DOP concentration.
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Fig. 6-85. Tensile modulus of PVC/WF composite as a

function of DOP concentration.
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Fig. 6-86. Tensile elongation of PVC-WF composite as a

function of DOP concentration.
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Fig. 6-87. Impact strength of PVC-WF composite as a

function of wood flour content.
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Fig. 6-88. Impacf strength of PVC-WF composite as a

function of DOP concentration.
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Fig. 6-89. Flexural strength of PVC-WF composite as a

function of wood flour content.
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Fig..6-90. Flexural modulus of PVC-WF composite as a

function . of wood flour content,
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Fig. 6~91. Flexural strength of PVC-WF composite as a

function of DOP concentration.
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Fig. 6-92. Flexural modulus of PVC-WF compbsibe as a

function of DOP concentration.
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L &9 33

FETHY 2ExHL 145~180C HH A 74Fo] ZbsatdAw &
S0 e AEEES WsE AAT #7] A8 YALEE 150~ 160CE
stgoew, 23F IJAEEE 45~06rpme 2 Y (Table 6-17), H &%
VWA= 99 BAZANA Fd) ATHAOY SEFF S0wI6ol A
b 28 uWEOE AEAF] ANZ TN WU AEAWA LE

ZA¢ 160~10CE ARsgom 1 oje exolAe B WAL 7
Agkeh, w3 AT FALGL 2100psio 2400psiZ A AHH O™ ALEl
A ok 5&7F XeHE JhalFA .
e BN G0 YHFTFANN ARLELG Be OE
B HA o] e EY WEe EE 277t & 40~60mesh7t 3~4T, B
Z& 80mesholl M= 2~3CE Vet o] BEdS 23759 £k 2%,
2ol 2s17k g B waded U Aot A0 He golA

I&atAth AFEAd A HDPES 4R 3to] whE Alfe] F5A44] &4
g B2E 5 Y= 2R fHFo] FAYFE £HEL Fasta o)

fe

l—Nf

mhl

=S

fr

o

N

J

el AYgol FobHr. Eek AW AlEA BRe) WFS FOoR AY F
Agen old AFe A E4% T,
Table 6-17. Process condition of HDPE/WF composites.
Extrusion Condition Injection Condition
, e Feed .
Screw pm 45 55 | Section 160°C
Feed Section 150C Heater g“d‘.“e 170°C
ection
Compression . .
Heater NS[eC tign 160C Nozzle 170C
etering q . .
. 160C Injection  2100psi
Section | Pressure
Die 160°C Device  2400psi
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A EAsE A 98 28 FAdE AeR tEREd HDPER A
B8 9% 2e& 2AE R Table 6-18, Fig. 6-93~97).

Table 6-18. Mechanical properties of HDPE/WF composites(dry state)

Tensile Impact Flexural

Strength Elongation Modulus strength strength

WI WE MAPP

(mesh) content (wt%) MPa % GPa k]/m” MPa
(Wt%)

1 2630 1446 11074 28975 309463

10 3 2801 1206 L1660 24622 329109

5 2833  1L11 L1710 95446  31.8599

" 1 2630 893 12507 15819 338702
20 3 2855 699 14783 15600 387746

5 2779 729 13884 16310 375704

1 2618 548 17623 10305  37.33%

30 3 2830 523 15377 10203 387246

5 2939 489 1688 10631  40.3681

0 1 2596 1829 11770 30809 302672

3 2720 1637 11329+ 31520 315608

20 5 2787 857 12920 18756 353127

80 1 2560 478 15162 13878 359241
30 3 2389 494 13101 13860 335645

5 2579 527 14322 12302  35.3475
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ARA T, BR £l ARAFLR AW FAZES A% B
A7 845 288 0% 2o Yehta vk
S0 AYAMAPPIE AHEE A9 A% @ 2L FASNA ¥

U 225 E A9 Wgs) i dRdeg FAZEY AsE 9]

HNE AEAY AgoR ANARHEE PPNV Ane2Es & ARE
¥ g 3, A H&g ARgste] A g HEAe)d dAse $58 &
of oft gohar Azttt
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TFig. 6-93. Tensile strength of HDPE-WF composite as a

function of wood flour content.
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Fig. 6-94. Tensile modulus of HDPE-WF composite as a
function of wood flour content.
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Fig. 6-95. Tensile elongation of HDPE-WF composite as a
function of wood flour content.
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Fig. 6-96. Flexural strength of HDPE-WF composite as a
function of wood flour content.
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Fig. 6-97. Impact strength of HDPE-WF composite as a
function of wood flour content. -
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Table 6-19. Water absorption and volumetric change of HDPE-WI

composite,
Weight Weight Weight Weight B
WF (gé i‘_ ?é?fi Initial change change change change V:gg
(Size) weight after 10 after 20 after 30 after 40

tent) ent) change

days days days days

mesh wt%  wt% g % % % % %
1 5910 0.163 0.256 0.304 0.373 0.217
10 3 5934  0.155 0.244 0.368 0.367 0.084

5 597  0.129 0.222 0.26 0.353 0.241
1 6.278  0.358 0.551 0.687 0.793 0.536
40 20 3 6361  0.381 0.586 0.689 0.807 0.687
5 6.178  0.365 0.509 0.644 0.723 0.615
1 6463  0.794 1.157 1.443 1.639 1.307
30 3 6502  0.699 0.947 1.211 1.332 0.962
5 6481  0.662 0.897 1.133 1.262 0.943
0 1 6.004  0.176 0.226 0.328 0.344 0.239
3 5948  0.146 0229 0277 0.324 2.003
%0 20 5 6.210  0.365 0.526 0.633 0.735 0.787
1 6462  0.784 1.053 1.299 1.391 1.073
30 3 6478 0692 0.903 1.114 1.285 0.994
5

6.358  0.646 0.868 1.159 1.227 0.733
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Table 6-20. Mechanical properties of HDPE-WF composites(wet state)

Tensile Impact Flexural
Strength Elongation Modulus strength strength

content MAFPP MPa % GPa k]/m* MPa
(mesh) (Wt9%) ?
(wt%)

1 24.44 1543 1.0621 23.859 2.6617

10 3 25.87 15.1 1.2290 21.438 28.828

5 25,91 12.77 1.0573 21.028 2.7441

1 24.90 10.01 1.3171 13.649 2.8407

40 20 3 27.17 8.13 1.3631 13.366 3.5378
5 27.90 8.99 13323  13.298 30.539

1 25.09 7.06 1.4041 9.334 2.9360

30 3 26.84 6.42 1.4772 8797 3.0629

5 2843 612 1.6693 10.142 3.5269

10 1 24.06 19.85 1.0610  -27.390 2.5458

3 25.12 15,35 1.0375 27.209 2.7094

80 20 5 26.28 857 1.4499 14,497 32.087
1 24.36 6.15 1.3958 11.136 3.3600

30 3 22.50 501 1.2938 11,716 3.2441

5 24.47 5,93 1.4933 11.172 3.2283

A5 AUCZ4EA(LDPE) ¥3 A4

7bE74 ol 48l LDPES 4d& Hodt o) 487 gsta] AdAS A
&3k ¥ 10, 30, 50wt% 9 HEEE EQE BFASE Azsgdon, 2G4
o} aitg A¥RY] sl MAPP 5 wt%7t d7Md 50wt% EREQ E§A)
E Azxstd E4& vy,

L &4 &4

FEHYN 2EZRAS 120~160TE HAsYo™, Screw rpme 40~
S0rpme.2 AASHT. AEAFA LEZRALS 140~160TE 3gon A
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A FHAE 22 2100psis} 2400psiz2 AAsQe)r, 28] AFEStdA] oF
527 Hehg 7Hsl 5 t(Table 6-21).

Table 6-21. Process Condition of LDPE/WF Composites

Extrusion Condition Injection Condition
- Feed ,
Screw rpm ,40 ‘ 50 Section 140°C
Feed Section 120C Heater ~ oiod€ 50T
ection
Compression . o
Heater Section 140°C Nozzle 160
Metering o .. .
Section 160TC Pressure Injection 2100psi
Die 160C Device  2400psi

2. 7148 &4

PP9 HDPES] 7Z9-9 #o] H&9 EQ%o] S7184% Q4B ER &
£ZEE AT AGZES FAZEE At n Avk(Table 6-22, Fig.
6-98~101). 18|y MAPPE 718 A4 ZE EAo] F45e A2 Hof
'?r%"é"] ot B9 §4ke] freEld LDPEY] A $ox 223 x99
AVAEE S &FGA77] A8 AgA7E =] Hasuds AL 4 5 U
ool AdAlY Artade FEH £A9 24y ggoen FF
olgol A7l FUkste ddoE #d" 4 JUY. dH Hie Yxd u
2 B4 ¥gE AvEd 5RY JE/ AASLE AJAEE Fea ¢

it

TR &S FHAREE FLde Ao ey on MAPPE 5% A7 A
S AFAE, ARSI E L 2IFE} F3EAHFig. 6-102~106), AH4H

FA7E AhEA ROA B FHAbels) AW ikl oa F1A
240 A4slol BRRAY BH] REAY BYA At JET Fof
Eoe AYE T 5 Ageh

lo
i
ih]
i
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Table 6-22. Mechanical properties of HDPE/WF composites(dry state)

Mesh
Wood flour 2 40~60 60~80 80~100 100~
WFE.wt.%
0 0051 0051 0051 0051
10 0100 0094 0090 0090
Modulus
o) 30 0235 0211 0278 0202
a 50 0469 0432 0433  0.333
475 (MAPP 5%) 0601 0546 0606 0531
Flexural
0 4384 4164 4164 4164
10 6803 6545 6608 6523
Strength :
b 30 9212 8759~ 10068 8998
a 50 9636 9415 9892  9.494
475 (MAPP 5%) 15494 15230 15762 15288
0 943 943 943 943
10 846 833 806 1780
Strength
b 30 754 693 691 656
a 50 686 601 597 567
ensi 475 (MAPP 5%) 1315 1200 1083  1L13
cnste 0 0066 0066 0066 0066
10 0121 0113 0123 0112
Modulus
Cpa) 30 0302 0260 0325 0250
4 50 0503 0573 0607 059
475 (MAPP 5%) 0681 0659 0796 1131
romct. Strength 30 13503 15551 13750 16.965
pafkj ‘; . 50 5346 5648 5586 5112
Ci
! 475 (MAPP 5%) 7364 7923 8573 8039
0 0915 0915 0915 0915
. 10 0051 0954 0941 0953
Density
30 1031 1011 1031 1024
(g/cm) -
50 1087 1081 1082 1076

475 (MAPP 5%) 1099 1104 1.092  1.097
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Fig. 6-98. Tensile strength of LDPE-WF composite as a

function of wood flour content.
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Fig. 6-99. Tensile modulus of LDPE-WF composite as a

function of wood flour content.
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Fig. 6-100. Flexural modulus of LDPE-WF composite as a

function of wood flour content.
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Fig. 6-101. Impact strength of LDPE-WF composite as a

function of wood flour content.
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Fig. 6-102. Tensile strength of LDPE-WF composite as a

function of wood flour particle size.
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Fig. 6-103. Tensile modulus of LDPE-WF composite as a

function of wood flour particle size.
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Fig. 6-104. Flexural strength of LDPE-WF composite as a

function of wood flour particle size.
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Fig. 6~105. Impact strength of LDPE-WF composite as a

function of wood flour particle size.

- 436 -



A6F 4 &

Zelzzdd ol9e WE FH2EHE ALY EJAE Axsto] =4
H ek A Tt

tlo

1. B0l A3 A/EA &8 o3 PVCY & EHiEo] 10 wt% #Hrte
S QAR g AAaES RYEd o HEY RPN EHIG
PVCY Ralo] W& d3e] wAle]l B o & JdFE A7 fELR A
299, 22y B8 %] 30 wt¥% oo R EolAWAM QAFRES o
Al S7tEHAl o) o) RAEAIL vret.

2. DOP9| s=d w2 EAQWsE d49Rrw 7l4AQ DOPZE B4 nA
= Qo] Wlg Ak A ¢ 5 A ol AFARE LR 0
o] AARH AANA 44 FHE =AY F AvkE FAL AR, ¥
gAY FEUAE UL Wd F J&5& AASE] FAH
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VRS AAT BE(o)E AxrERolE ), dAQTAAM AT
30mesh 2719} RHEZE(o]5 EHERo|F )L LAY 5 AL wm

30meshe] A2 7 Foly AAEEE F2 80mesh o] w4 YA o

2

A A<A 6-5>01H, EHEEL F2 0mesh JE AA Az 5

ew EAY FRREsA TPH go] Ve AL mHR JUT<A
6>.

@ o

gelagogr: AT ALgd TEzzgd & L4357 3 2 ()
SK3}8F H380Y(MI= 25g/10min) grade® AM&&Qrh. 259 L 50wt
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g g e ASAe YR ALEE A9t Bong 44y
o]&st Aol 7b4 wigA s}, Fig. 6-106¢ AP A Zetad 4% 4
& Yehd Aelct hopper dryerdlA vlE] Azxd diggAs ¢E72 Fd
Hol &6d F dAT AFLE HY dieE T EEdY. 3149 4EV
el A dizlhste) A3 s Edd GEES AFa4889 a3t o3 o
7re] B (die swell)o] FolubA dt.

1EY FEFELS FA WZezE Fdso] Wz - st Wagxe
e die?] AAAH ZA AAE sizing AR AR H v} sizingol
& GEEY 99 F4e dASA FASEA AW tEgd FX e Fg
& vFE e GEE UGS WuPA o Fhe] A se A
ojtt. o] W sizing AR HFE AP GEFE UF9 AP EAY AAY
A E&HRe HEE AHAA Huh 4@ sizing EAE E 5 ok
sizing A& FHF AEEL AN WAL E FHHA EH3 4
z} - agtEr). 23ld Y4EEL take-up rolld] E¥ YT SRz AHH
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Fig. 6-106. Typical extrusion line
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Fig. 6-107. Die design for field test.

Table 6-23. Specification of the extrusion

line for field test. Table 6-24. Extrusion condition.

Item Spec. Heater Temperature
Screw Diameter 70 mm position ()
Screw L/D Ratio 28 Barrel 1 160
Screw rpm Max. 50 Barrel 2 180
Screw Mixing Zone None Barrel 3 180
Temp. Control 6 zone Barrel 4 180
Barrel Cooling . Air Barrel 5 200
Die Length 105 mm Die 190
Sizing Block Length 300 mm Screw 1pm 35

2. A3
compounding EA49] ¢tErho] EEA] ¥wo] FEo] dojuy ddel §
Z %]

o] sl 53 Y4dTd Ax 5&9



3 Hge AAAAY Y sizinglZ AXNY F A& Aem ARHG oY
Aol oA E g&rto] EEF FHol AdAl doJuA sizing block
o AYste Axa BIFEsAT<ARL 6-11>,

dE7] UiFeA agez 4" BIAL dridge] dFE BEEHUA
BAFozA LGASE oY F 4L IW Fe2Ee F e Bt
die swell @AFoleks Btk die swell & Zt2d Ase) HEPHA BH0
2 g3 89 gz Yehts Aot

2y BA-FeaE ERAQe] Ay gdIdEes B F 8 AER O
BFEel "W Aad. ol FA9 T A rtad dAor AW 4
Jed, 43 to] EE & ulR sizing® & ¢ JAEF 4E dolF HAY
2387 ot & die?} sizing blockE YAPL R st ANart 43 WJidH
o] WAg A Rate AHAAM At stz wrEHoor g ojgd ¥
S dEe) 58 E =98t st e W fARsH

3. ¥Edie MA A¥
HEHY FTAAE A Yed gEthe] EEFE HHe] dojites ¥
A8 AAsy Y8 die 9 sizing blocke] YA o2 HAY die(Fig. 6-108)
& A=At APFATF<ARR 6-13>.
sizing died) B4+, 4EF 2 die &%, scre 5
uwtet FEEQ Fol vl AASA WEPA THRAL 2
A& e E FET

ZT:
Fo Bdle] Fdo] YEtow FEo s @l AN FaHUT

g
g
3

o
rO
1k
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Fig. 6-108. Schematic of extrusion process with sizing die and

cross section of the die.

Table 6-25% sizing dieE A48 499 HFH FAxZqH, KA

6-13> AAER I LHEEE AL AR FETEA, dEEC Y

st bolEg dAR dHEe] ASoRM GEWe] Bute ANFHE of
YRk wRlel @] gl wEo] mmA ARFROH HeR BFAE ¥

Zo] HH gt $rd AFS AL 4 AYT
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Table 6-25. Process condition for extrusion with sizing die.

Heater position - Temperature(C)
Barrel 1 160
Barrel 2 180
Barrel 3 190

Die ‘ 190
Screw rpm 10

Table 6-26& EZEYT FAYES S48 ACE, Ut ALw & ¥
H22e ST A9 28 Te BAS AAE Aow wol 271 4o
g RAEHE FAY 5 AYG. GAN 0= AT wuo] Zdo]
8 Eeus dud BA QUEE AN BRE ASse AES 4Yu
& ee B9 sk

Table 6-26. Mechanical properties of PP/WF composite extruded through

sizing die.

Property - ‘Milled flour Sanded flour
Flexural modulus 352 GPa 3.04 GPa
Flexural strength 52.3 MPa 50.73 MPa
Impact strength 6.2 kJ/m* 49 kJ/m*

A4 A543

FehaEe dFdYe it AEAYY 29 =EL 5 S84HY &
AE FUske Ae] vz AYEANE HPated felsic 28y 29
o F9€ nAFAE S FEATIEU Azto] Ho] 285w F8 2
7b tEAHEE gA) Qs $A8 nstA AL drhe Al da g
o 2BAR £ B $E4 S & AFY 4ol "asth:
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A EEDALDPE), 2RxEAEUHDPE), % 3z9A(PP),
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EdTgd 74 ¥ T R FEY 9Fd be Foxy
wol ol 71 qASA Hol FYEe ¥AA FAN AHAHY o
F2 A HEe TAFY Ao GAE) dRAI) = R gasteh

A AxTdA AzAPE & A 0T 24x7F o] AzAA
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TR FAAME AFHRE o] aa¥d Ao Asdd.
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#7h 93, BREAE Eol7) 919 dulmadged o} EARSL AW 2255
AgeE ol A S5 HEAS de,
U&7 SEALPL feedH2RE 160, 185, 10T, 223 die LEE 185C
2 3 HAe Opmo S A HHzAen WY

3. HEAY
Ye TdY BUA LA Agsd AT GRS e A%AS Y
e F 3k o AP AF7E venHUh Gk ARAA FE WY WY

31, 4E dier K WZto] 7153 sizing block® dAslge] gle] oy =
o2 EaHy] Add ¥zt asd 5 JEF §of g

a8y o)9} 2 sizing die WAL FE7) o) dEls gHol ol 2L A
e Z1dsly] oy BEA GEES YAY reservoird] B £ 7o
FHE o83 FFor AEH & F e GAE T 43 Wyes
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2. HAAAY 3 dg=AE Y

1€ B 1dA A 2" el E 20m o3k MEE Axshzu
T e oEfol floy B AFdA sfustazt sty A o] FA
30mm oA FALA A= FAWso s WA A (density profile)7} Al3)
Aar ¥ g ezE ofed Bk ol FAENA FEI drde] HA Fo}
238 WM(spring back)¥ #2 @Yol AU AE Aeoe dEeEy
(internal delamination)&/go] WA A .,
wehA] B AT dRREE 180TR 3o AygdE vlEe F4F
RS HAABte] A Ao mE FHE 2ERSE SASAT AL
T, 399, 183 A9t Fd5E 50 W 5002 EFE T4 16mmet 32
mm R A AZE 2rotel #AE <ay 7-1~-3>3 2o
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40 —&—32mm, 0.6 board
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0 . . . : " .
. 0 240 480 720 960 1200 1440 1680 1920 2160 2400 2640
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< A -
<d® 7-1> detE HYSs vHEOAM AlZiat 229 A
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5 100
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0 240 480 720 960 1200 1440 1680 18920 2160 2400 2640
TIME (sec.)

i1

<0® 7-2> ForE HHA hEolA Alzkn 2Fo| @

- 466 -



180
160
140
120

100
80

TEMP_(T)

60
a0

20 W

0 240 480 720 960 1200 1440 1680 1820 2160 2400 2640
TIME (sec.)
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O] FRL 428 30RZIANE 110T olog &7t A5EA Fdrh

olde Axnz Fe APANNE AAEY FFolY WEFFE BRue B
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3. BHAxE H4YEA AN

E Ao NE 94 848 & 54EYe Axsy] st 4FIA

g Mwsigot. 52 Axde] £AY WFEA § A/MAE =3 F 492

u, 53], F7 30m o]Fe] HEE Axsux & Fede 474 “HE«I
Fol7h wl$- g Rdg sEe Aoz E4¥ A, oldgel %
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4, BAAAY Qg mr @ B 5y -7 A4 44

ool Al Alzet M W wele] FRe A el /A4 A
Ao <A 7-2, ¥ 7-4~7>3) 3ok

web el A By oupe} o] Alzgh M gl E8e uFo] Fhgkd] w
& AgHor S8 A4S vhehWlony, Rl Alg AFAR A
29wk b e R AS@EAE dehlen, o teel A4+
b #FE 50 B0ese EREE Wi awan #glemil Alxgh B
Ag e A ASE Yehie

A
o]+ B A A Aps AP, Bglso] s FE9 ol My

T2

L

= ol Yldol B3 AR BEuRay Suvia Ay 39
G oA digel wob AASAA: SAFAAuT 8 (hulk
density, g/en)7} SE& WhA QS d (compression ratio)o] vl 7]Q1g Ao
woAbiE 9l

gk, WrE SR F/ 16m KMl 32mm WMWY 8 A

2 el ol Iom KB A9 A vEyge] & gfyo] FAE
A Aol ¥i= Wb 32w JIne] A 9ot 413 leto] o] Sojx|#] ¢k

ey B loll Al gt R4 x8 o]l B dAdAlm Az
WA 50mm E Ll‘, Aot Aaet FA g Adgo] Hele ARA R AT R
Iomm 112 oo s wd & - 7|44 A4S vrdlew, <729 7-8~11>
oA Wiz npe} 7o) A wg wElFH=U B Ao Az 32m Kot
= ody FANEger v it

staleh. Z, Al El SR #H AW (Omin)/# T8 E(Dave) 7t 6%

S | ?lo] Qlvhs1 AbELEI)
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A MRS 7t BABY e Axst s
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W, A % E e 2 A (Dmin)/ 72 (Dave) 7 93% A,
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o $5e BAe deidon, 145 AR AedeE A WP
10%01%, 18 g HARAY B o= 15%014 H7rstde 2%, 217
3AFAZEE 30x/m oS HESAE Bl Ve HERG $58
FAY nE 9 2Y Axst 76 Ao fuHA

<E 72> SEES ¥ 2o 2o ¢ VAN 43

N I EE T
%

A pe=gg” F B24E A F F =
I %

e Mg 00 o (%) (kgf/or) (kgt/or)

5-06 054 0.56 8.4 137.3 20.1 96.21 491

S-0.7 065 066 7.4 92.8 260 182.26 5.06
5-08 071 0.72 7.0 71.9 252 226.81 8.83
H-06 061 063 7.1 778 16.7 41.66 532
H-0.7 064 065 7.4 84.4 207 53.71 7.76
H-0.8 071 073 76 76.4 20.7 75.38 11.32
SH-06 055 057 6.6 86.7 20.3 74.45 3.33

SH-0.7 059 060 6.6 78.8 20.1 86.97 5.84
SH-08 060 062 6.2 83.2 244 96.54 6.63
S-06-a 053 057 116 1176 22.0 84.00 1.20
S-06-b 051 055 127 108.9 245 94.17 1.76

S-07-a 062 0656 116 1189 339 98.59 2.57
S-07-b 061 066 115 774 245 17277 4.67
15mm H= S-08-a 075 079 111 82.0 34.2 189.04 3.76
5-08-b 078 080 104 52.0 29.9 202.01 6.39
H-06-a 051 054 115 107.4 2056 2590 1.82
H-06-b 058 061 11.6 70.2 137 45.15 5,62
H-07-a 066 068 113 93.8 20.7 41.47 3.85
H-07-b 065 070 122 81.8 14.7 41.85 5.78
H-08-a 073 077 121 49.8 159 9151 4.65
H-08-b 071 074 159 40.0 15.3 68.90 9.71
SH-06-a 063 066 137 1014 295 26.11 3.39
SH-06-b 056 059 136 101.0 289 63.11 441
SH-0.7-a 061 065 136 70.9 252 66.31 3.83
SH-0.7-b 063 067 139 62.7 254 64.46 3.87
SH-08-a 068 071 14.0 68.0 23.0 82.56 4.06
SH-08-b 074 0.76 134 385 22.9 85.72 4.42

- 470 -



17 AR d5e T L EE I
WE wa (o S WRE A+ A4 =
i c - (26) (%) (kef/cnt)  (kgf/cm)

57 Hrgkg

5-06 052 053 8.7 91.8 182 123.20 3.52
5-07 064 066 8.7 80.8 242 163.75 5.40
S-08 071 074 9.0 54.3 14.1 230.01 6.64
H-06 050 052 85 9.9 13.4 3273 5.48
H-0.7 066 067 8.9 92.0 14.1 52.32 452
H-08 072 074 8.1 68.8 14.2 95.54 415
SH-06 057 058 - 81 111.0 16.4 69.29 4.63
SH-07 065 067 7.7 91.7 208 95.11 3.16
SH-08 068 069 79 77.3 149 164.01 3.23
S5-06-a 049 051 126 103.7 14.3 112.52 3.17
S-06-b 054 056 110 98.3 176 94.71 2.15
S-0.7-a 059 061 133 80.5 24.2 163.68 3.57
S-0.7-b 060 063 108 91.1 336 94.25 3.9
3Zmm H= 5-08-a 063 064 108 7377 214 138.32 3.65
5-08-b 0656 069 110 78.1 14.7 141.01 3.77
H-06-a 048 050 126 98.4 12.4 50.90 1.47
H-06-b 053 055 126 138.3 19.6 50.60 1.61
H-0.7-a 067 069 121 98.1 16.3 30.76 1.45
H-0.7-b 065 070 125 66.3 16.5 54.25 2.05
H-08-a 066 069 120 78.9 166 59.64 1.43
H-08-b 073 075 125 83.6 22.8 58.98 2.39
SH-06-a 050 052 130 93.9 204 56.63 1.92
SH-06-b 053 054 130 113.3 349 51.36 1.95
SH-0.7-a 063 066 128 84.6 19.0 60.56 2.66
SH-0.7-b 060 063 133 89.2 238 61.87 2.62
SH-0.8-a 065 067 122 85.9 235 71.76 2.30

SH-08-b 068 070 138 76.4 224 79.69 2.57

H-06 065 9.75 32.28 9.25 68.34 3.7
Som 2% H-0.7 073 - 12.05 2590 8.24 128.84 5.00
H-08 0.86 - 133 1335 2.83 203.02 4.87
H-09 091 - 1295  14.69 4.67 185.51 6.23
Al b
35mm Regns 0.62 - 825 4058 11.96 131.40 3.45

* 1S AAS HAA, D Eh45 W34, SH G295 A3 A (50:50)
0.6, 0.7, 0.8 : E-¥T%(g/cn)
a, b : water seal 3%, 5%
3}x] & (Resin content) : 10%

* 2 Water seal : 1%, A& 15%
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2860
200
-~
E 160
3
a
X 100 S
@
] =/
= 50
0
0.5 0.6 0.7 0 8 0.9
Specific Gravity
~—#—{15mm S -board —®——15mm H-board —#—15mm SH-board
—&—32mm S -board —®——32mm H-board e~ 32mm SH-board
—»—50mm H-block
[} g ] 5 I
<38 7-4> AR FFY 0|53 Hun A el A
. SO A . B 2~ AT A~y
* S G H: 897, SH: A9eE34600)
| ™
200
-
E 150
g
k)
2
= 100
Q — ——cf
=
50 e
0
0 5 10 15 20 25
Resin Content {%)
—&F— 06, 16mm H-board —W—07, 6mm H-50ar10 D8, lomm H-board
——06, 32mm H-board =—MW—07, 32mm H-board —@—08,32mm H-board
—+—=08, 50mm H-block

<3 7-5> YTHAX 2=o| FEH AHIbznl Fokn A 5o

*H: &g

. 200
o
E
S 150
2
= 100
o
= 50
o
0.4 0.5 0.6 0.7 0
Specific Gravity
- Tonm S-Boara L] TERn H-Bosra
PS 1sun SH-Board > 32n8 S-Board
* 32nm H-Board Y 32nn SH-Board
48 (15mm S-Baard) — — — —4 ¢ (32an SH-Board)
————— 48 (15am H-Baard) — 4 ¥ (t5mn SH-Board)
~m--—- M 8 (320w 5-Board) s 44 Y {32mn H-Bowrd)
ve— o s——
SIS S —— e

<38 7-6> EEMZ YR FRY H51 Huy A ete] 2

* SRS, H BAS, SH A8 5(5050)
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Thickness Swelling {%)

0.6 Specic
Gravity

15mm,S-board
15mm,H-board |
15mm,SH-board
32mm ,S—-board
32rT"nm,H~board
32mm,SH-board
50mm ,H-block

Board Type

Tl
H
1o
2
N

<2Y 7-7> HEZERY u|F53 SHHE
* S AA 0 899 SH - A= E34G050)

ATR denayty profite AR desliy peotile

Filename: 3SMM-PB Filename: BOARD-0.7

<@ 7-8> Al®E 3omm TtE| 2 <a@ 7-9> Y wIME M=ot
2ol WA T 32mm HEO] UL
AL (BIF 07)

X ATH denshiy gvolile
Filename: BLOCK-0.8

K10 dansfry prafile

Filename:
et
o0y

we

<T% 7-10> Y HE M=Egt <3 7-1> #Ys Wi E M=
57 50mm E8{o| W S 50mm EFo| ML

ZAAL (HIF 07). AL (HIE 08).
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A3Y 4 &

(1) KS F 4419914 A8t gl AEHE3 B0, U8)E A=) 9
3 SAEY Az AYYAGE HA - AR en, o A o8 &
g - 71AA Aol $48y, FANY ARRFAE ¢3lE #A 54 By
o Az RS FAsAG

(2) Zr&9 AEAd st sz HIAAE 5~20% FEo2 Hlst
o, 7 32, 50mne] £& AXAS W, HAF HA AHEA ¢ BA
& yeEiler, A4 HA7hFe Ags AAE 10% o, g9 d@AE
15% oldo] A gstaliL, 30&/m ool AjtAIzAA 7]&e HEHT 94
o FA ElN Be 2 By Azt ed AR gaEH
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A34d EHAVAAY ALE £ B MM

A1d Az 2 Py

1. 4848

chip 12 Y% 8y A

<Azl 74> B2REY

o] ® (planer shaving)©lil, chip
N ASE olgsto] ga
Ay Felo)A(flake) 13 chip & AMFRANN WA BFoy
dolWelRch. 7 Ane WAzt AHgaYor, nEAdzA Qe e
2 47} 144%, 15.0%, 142% 9tk dxd & Ad7|E AFE-8t9) Smesh
o Ao AelE A WM, AgHA
S LR

#e R uoAxds #84 dEsd ARAE Agsgeh GHA
AFe B9 L nEAz a;om 54 Ha5Fo dstel 15%8 H7hs
At

[N}
ik
s
ol
i)
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7F 9

L

2AF A

oX

/(

=

(1.. 1
rd'rt

=8 @ RE AXA ARG dtaAES 25 160, 170T, A%
AlZE 15, 20, 258, 1)t 9bE S 50-40-30(kef/cm) Q] vibsieE g A &38R
a2 A F7 32m ASolE &% 170TN A A 208 oj4te] Aaw
Rom 50mel gl i 268 ool AQEAUTE §FHE B Wk
v 07g/cnt )49l 9ol S0kglf/ane] Z7I9H o2 HIEF
glow, T0kgf/crio) el gt&o] Hasit)y wepr] & HForE F7 32me)
AS 2% 170, AT 205, ¥ 50-40-30ket/ane] 2AFE 2883
o, %7 50mel AgolE SE 1707, GUARE 255, 9FH 70-50-40-30kg
f/are] 2AEE 4E&3te] HEE A xsAT

AUE Fans Axr|Ee] At okge a8 s ¢ ulF
A f‘}’a‘% Holstz] flste], 7]& ARl HartdHtype A), el Al
2ol A e APFXE o] 83 Ahd A (type B)o] Ak B AF A A
g3 e AR 7-5>el A i wheh & A& (caul) AHEEte] 1
A A FHe MAFE AW e C) 1l 4394 Ttype C, ol
A AL e AdAEk st WD type)E HEdte] HEE Az
Yt w3 Ttype C) B AFRZ B
=el gxvd dag oulo]sto
Az WA (type B)S A& nuE
A8 A § AE
A& o] &3t dshE (type B 4

GAAW Ttype Cy oA ALE-g J1&
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& ) se] Askakiz Hal(type D& A Bsko] Az

FARE Aol A& V& AshiA I b A gl

1.._,

<oy 7-12>3 A4
Aol Mural Astiag RojFs vk HAEYL F H0mm, =R
S 32mmit A Z2Ekduk o Agel Az Ttype By o BEAlRE 94 Y
A2 A 2deo A e T8 Bel, Azs AYFAOFE 20em X AR
10em) Ry i REAFE AFAXNLZ 30emx AZ 30em)E A28 o,
type C, 8¢ ¥ REAZE 913 Zbad AFAFARR] 7-5>. o9} &
o] A|lzg B W HrEir o] APAdA 25 ol xaAMU F F

L

ANTE HA s,

SPepe AS e B>

a)

T4 2 Fge grksta, s 3 g A
st Ulg Ao es AxEs T 50mm ¥E 2 (control block)ol
g A WA P (urethan  Block), F-ellekEAA el F B2 A2 (UL
block), ¥ Al R4l (wood Protector) # 2] a2 WA 2P+ block),
2R @ G4 (xyladecor) ¥ EHhg

Beg Azakglom, ¥ AN Aue Lelvel vag 9so m:ﬂ-% 3}

EZRes t9iste] eAAd Y So%2 /8-S e
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% 45N
() B WS 2 AN A9
243 FHEE AXT BA8YY A5AHY @ AAH 4he
s AggEe g UE, G448, FEEANEE, A4 ASF, o

G725, 283 WEFAE FAsden, Lkl EaE QHR7 B

Aek. @ ALURAG) 4D B NSRS AR, Agan
NPe A geo BHM GBS AXAN F 60CAN 1747 Az
aE3 AedA N BAE F 3, FA, 283 848 SH0: e

[Apol S 2 8t 153] WHiZ-Asto] Xzt vlag 33l
(2) H4EH NFANA(SAZRAY)
KS M 50009 trAol <jAste] AN@uiE Az, AESF X3}l
Ay EveE §5E aasio.
(3) Reeo =9 - 714 45A%
A& defste] Az BH=o B - 71AH AdE KS F 3104
of ojste] FAstgler, e ntE B UMEFAE 54, na iy
Eaasy

e

el

A3 A+4%

L BAgYe 28744 44

BgBeo) JlEe] nEEolt UEL AT & A A%E 27 9

A AxwAEtelye Hddae 3, 48 A9 ¥4, A7) Fo] 2

A BFE WA7) A, & AdMe 44 78 F dedA nuy g
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Aol gkl W& L o] &l By
& oA 2 A V<AL 7-4>, o al o
APk Al & Al 240l A A A E A

Ag ARESAE W 7] HERG

d5s] FA4E By @ 7AH A
19 Ag F Ydglonm B Age <AW 7-6> 24E #EE 0|83
A Al 28el A st BT A

(type B)¥ o}&w)] B Ao Az Avkst detdhA(type DS #8319

7 50m HEg AxsArt Axd Y BAFAE 13 sxYold

Mo
N
N
ofN
i
0
.:‘\(_)‘
P
K
-}
N
o
Ot
2,
e}
oo
_ﬁ

1A9e AAsr <A 7-6>8
o)},

AR FHE Gdsel Axd wHel g AAH YA <E

7353 ek B3 BHAYYAd] 2ANLE HAs] Beg YPshu
Qo) s e el Aot e,

A5 o FF wE B xFAdALE <29y 7-13~14>9 #) 5§
ARZEL EFYUFE Jog Ax3 B2 (chip I block)of A 7Hg 22

36%E veldlon Hgld Moo r AlFg E(chip I block)e 7%

K1
i
2
oy
Rl
o
oL
o

d
rc
! w
M
i)
2

¥ 64%%E Y aga FERESFY
A 203%2 7HE wA JEbgen, EFduE Joes wE &Ye] 13 v
& 105%% uEth osh e Mol U Wel WEr ®E BF
of mad WErl we G4 WEge rldat Row vddr: ME
HBA F9S AWE Y Re SHURG Y xe g

9o A% BFAuTE 9E 3 WEO9g/m)7t HedE Bish

IN (
i
[‘ulo
=
—E‘
3=

SAFon wE B FAgFEo] og A dEhd Aem oA

ek Al Reo] Mg diAR 10% o/, il Fa&ofl 30~
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402620 A< #Agdud & Ao NEE dgor EFEYHo|Y »
EE AzdE W, Fid dE AeaFE e A FANE ¢ A Re
o = A e}

oL

FrE BT E SANTE A% gad7A (gt/or)

2y uE
AT T 0 )  (kaf/er) 77 %8

CHIP I
073 1145 20.29 6.38 1245  6502+850 56.59+16.10

Block

CHIP O
0.88 1408 13.31 5b7 1590 79.73£5.16 59.90%£16.10

Block

CHIP M
Bl K 09 1241 1054 3.58 840 78841+828 60601141

oC

el Aoldy, CHIP I: AU% Edlol=, CHIP [: EF R AojH
r ™ r .... Ny

Thickness Swelling (%)
5 4 ® @ a2 B @ N ® © o
Water Absorption (%)

CHIP | CHIP I CHIP 1)
Block Bilock Block

BLOCK TYPE

lo
\_ BLOCK TYPE L

<@ 7-13> 22 o ZHo wE <IF 7-14> B e Z=of ma
Sage SHYAE g 58

<ay 7-15>% Awnel Fhe me AR Py PAESG &8 W%
g RojZm; vk PN B v go] A FRe BY F 2Uy &
dolzz Az 2o 7F 2 e vuWen, dds MoHoz Az
FEgo) b we ge Ut §%EE B9 $A7 $AE BAS
AxAYE FA9 3mE g, o] KS F 441994 B8 AT =
el 2u) olgom @rhi: Ao TA® Aok wF o FHAE BE
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BE o F&A1Y IAERAM Biego A S0kef/ar o4, =4 45 60
kef/er o)-& s Auk B AFAAM Az £ HaA HAEE
AUF EFgolar Az B EFHUT Aolom Azt ¥ 4
ollE Zh2 Wt 59.9kel/aret 60.7kglf/en s UEFH oM, Hld Ao o
Az Beo] Aoz 60kgf/onoll EvW X S 56.6kel/aiE VEFRIT o]
G e A B ow B AgeA Alzd g HAEWAA HEgo
2 Zis Aed 7 g Ao vyt

<Y 7-16>L KS F 44199 4o WA Ho] YA dort HAR =

A FaANE FASHY S NegEE 248 Adolrh TR
o wEREE JEd BAnEgs gy 0% Fe FEAS dehia g

o auE Edelag Azxd ¥ WAt b w& W 169kef/on

g vedon, tdgol dds Moy BEomA Wit 125kf/ai, 191
BFALT Aol BHS B3t 84kel/ard ehlth G Ao]y B3}
2} Ae

FoEYelAa Bl ¥ A EdYun w& #e vEd
X

daEA el drajolo] 7g FAUE AA HFES Aold 7

=

20 ¢
18
1o
14 [
12 [
[

MOR (kof/cm™2)
Internal Bond (kat/cm™2)

s v s oo

P e
Block Block

BLOCK TYPE BLOCK TYPE
, S N

<% 7-15> ¥R Ao ERo e <78 7-16> 7 &9 EHo we
=X g2o| AEjel HEA =3

=

of # | A%
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BdE3ge U MAE Astel € o £xE ¥ EExgsto]
74 AMPERE BAsdd. Aelee % 2 Mgy aga Aegye
<3 T7-4>9} 7}
<# 7-4> EEe M g st MHalexl Y Xalzk Aol

SAEE 43 A8 A A g (g) A 2R

Control Block - 0 ,
Urethan Block  Urethan resin(U) 1921034 Urethan spray 13]

Urethan resin(U)

Urethan spray 13

U + F Block i 6.1710.85 _
Fluoro resin (F) Fluoro spray 13]

Wood N
Protector spray 13

P + F Block Protector(P) 10.47+2.46 ‘ .

_ Fluoro spray 13

_ Fluoro resin (F)

Xyladeco {X) Xyladecor spray 13]

X + F Block . aeeeor 978179 ) Aqecor spray
Fluoro resin (F) Fluoro spray 13]

Commercial PB - 0 2] 8]

* A

© A5l Z; Blockell tiabo] mwub# 22008 HAIE

1528 dHEo e Xy B2 FHWds <% 7-5> ¥ <ay
7-17>0l M R upel o), FAjyel

A% 24Nzte] Btakge W F Yol

19.52%, urethan® @ &8 &  18.9%,
U+FA el &g 11.3%, P+FxgEe
& 75%, X+F A28y & 9.9%, 17

A gelgRes] 29 437%

(w00 h
450
o w0
5 30
;:; o | K%
]
= 250
200
150
100
0 24 48 72 96 120 144 163 192 216 240 264 283 312
L Time (hr.)
<af 7-17> 2 - & EE w2l g
=xgee| Fus)
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3= Ny ibelo] 44.19%, urcthan s n

Aej ol 499%, U+FH ol f’

-4
E
s -1 1) I3 ~5 L
417%, P+TA 2 e o) 346%, X+FA [y,
% —e—Contiol Block
o] 48%gom, Awg sy | e
] s - —#—P+F Black
1 - -X+ Block
R 10757%2A ug & F o

0 24 48 72 86 120 144 168 192 218 240 264 288 417
Time (hr.)

Sxzte sl 10.3%, urcthan#i]

=) ~ RIeTS (s )
o] 213%, Uridel&ele] 94%, [ = e ——
400
I')Jr]“i‘] C] '1:‘1__‘21 O] 5.40(), X’*’F i‘} ‘1/] ‘E_' i’ﬂ O] o 90
& 300
0
97%, rElan AINE MPE]SRRLIEST e G
2 200 —&—Urethan Block
> 150 —&—UtF Block
20692 FA Tz e HEY. Sy 100 ik pleok
50 - P
jl 15§] Z]_ ‘1/’13‘:‘\;4. .]’O] %_]_ 61] }\El :CF‘ Oﬂ 't:‘ ‘ D 24 48 72 96 120 144 (68 192 216 24D 264 280 P
Time (hr.)
Wzl o A 252%, urcthan?] #45-¢
<@ 7-19> A - =2 ol whE
30y Q0 r) @) ] I's [s)
O] 323/0, [J+]f /{] ! T2 ‘-/J| O] 243 0, %Q%E:]I—ql ’g‘&‘i E f’:,’

P+IRA] 2] k20 2059, X109 v £
o] 922.2%. 1v]il Alu-g dE]E o] A $-oi= 479%°2 SAlE s 47
el lek <o 7-19>30 Asyaestel] whiE g o] WEhE vlERd 2le it 15
3 Rh¥lo] Aalyl N Y]ol A 31.63%, urcthan2]E-# 41.1%, U+
Be) 32.8%, P+FA 2 E8 255%, X+FA gl i-el 277%, Zelal Al whe s
LE 54.9%°] & A FE Yt

9 A, Agg el dgistel HAEEE AL

50mmE A Sol s Borstn F4 3/mel A% seElERn Ru 95
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U, 84 el

] &) Al ZH(hr)

0 24 48 72 96 120 144

Control Block

Urethan Block

29946 322.81 325.81 335.17 326.81 375.85 392.75
(15.09) (18.34) (9.81) (20.48) (19.92) (29.73) (29.35)
295.31 3561.04 341.22 351.02 345.43 385.18 403.39
(10.74) (9.03) (36.24) (21.56) (22.10) (39.50) (45.01)

U + F Block  294.20 327.44 330.08 346.38 342.25 357.38 372.90
Fa (12.66) (26.98) (29.37) (13.80) (15.52) (38.51) (41.19)
(g) P + F Block 281.11 302.09 319.16 332.83 340.60 326.83 334.90
(21.41) (8.30) (13.17) (23.49) (25.45) (18.45) (18.61)

X + F Block 28397 312.21 337.42 351.09 359.55 380.09 396.19
(25.33) (21.34) (16.45) (24.92) (26.57) (19.0) (17.89)

Commercial PB  204.11 293.51 297.99 343.24 356.02 392.20 418.30

(155) (14.82) (247) (6.69) (1.15) (553) (2.26)

Control Block 369 407 420 427 426 446 456

(0.04) (0.08) (0.13) (0.19) (0.26) (0.18) (0.11)

Urethan Block 371 450 461 471 455 458 489

(0.12) (0.40) (0.46) (0.43) (0.51) (0.54) (0.43)

U + F Block 370 405 410 424 431 443 452

F7 (0.13) (0.60) (0.66) (0.66) (0.53) (0.62) (061)
(em) P + F Block 371 391 408 413 419 441 433
(0.10) (0.29) (0.44) (0.37) (0.23) (0.38) (0.29)

X + F Block 370 406 424 432 432 433 441

(0.11) (0.21) (0.17) (0.19) (0.20) (0.20) (0.15)

Commercial PB 355 428 455 466 455 490 502

(0.01) (0.02) (0.01) (0.01) (0.31) (0.02) (0.01)

Control Block  329.53 372.59 386.21 394.17 396.91 417.96 427.12
(4.86) (13.65) (17.84) (26.58) (35.93) (25.29) (1851)

Urethan Block 335.15 422.83 435.03 448.92 43291 436.81 467.03
(9.42) (45.18) (54.19) (51.25) (55.70) (59.49) (48.89)

27 U + F Block  330.09 372.82 378.33 397.26 398.22 41542 426.44
(i) (11.02) (65.96) (72.53) (70.09) (60.61) (58.30) (66.51)
P + F Block 331.62 352.98 371.83 378.39 385.45 404.49 400.22
(6.35) (27.27) (40.84) (36.50) (24.26) (27.36) (28.15)

X + F Block 33534 374.72 39294 403.49 399.45 407.94 416.36

Commercial PB

(8.14) (22.66) (18.26) (20.54) (9.08) (19.61) (12.97)
296.55 364.60 390.57 400.88 397.42 427.20 435.58
(1.11) (2.85) (0.50) (1.11) (24.54) (3.33) (0.46)
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A @ A 2 (hr)

168192 216 240 264 288 312

Control Block

Urethan Block

U + T Block

390.99 394.4 391.29 41580 431.25 428.10 431.50
(25.86) (24.57) (27.99) (16.40) (13.37) (22.09) (26.98)
403.39 407.47 41750 43297 444.76 442.85 442.96
(46.86) (45.63) (37.21) (37.48) (38.54) (48.19) (53.51)
383.15 384.75 389.18 4056.22 419.40 419.31 416.76

T (40.35) (39.47) (36.61) (28.89) (31.88) (45.69) (52.76)
(g) P + F Block 33763 344.95 35250 362.69 39540 37853 378.28
(13.41) (14.02) (12.48) (18.31) (25.03) (18.78) (16.09)

X + F Block  400.16 399.65 402.56 398.88 412.62 419.08 425.26
(18.35) (17.21) (17.37) (19.86) (22.26) (24.39) (29.39)

Commercial PB 41228 41692 41217 326.43 310.83 401.28 423.55

(858) (7.15) (7.71) (4.40) (0.24) (4.61) (0.38)

Control Block 454 459 456 459 460 459 462

0.14) (0.10) (0.11) (0.11) (0.12) (0.11) (0.13)

Urethan Block 493 492 493 492 493 494 491

(0.40) (043) (0.45) (0.43) (0.44) (0.41) (0.43)

U + F Block 453 461 459 462 457 459 460

7 (058) (0.54) (053) (0.55) (0.53) (0.51) (0.54)
(em) P + F Block 438 441 441 444 446 458 447
(024) (0.23) (0.23) (0.23) (0.21) (0.20) (0.19)

X + F Block 450 448 448 445 451 451 452

(0.25) (0.19) (0.16) (0.18) (0.22) (0.24) (0.23)

Commercial PB 507 509 512 515 518 522 525

(0.01) (0.02) (0.04) (0.03) (0.02) (0.02) (0.01)

Control Block 42620 430.52 428.19 430.33 431.02 430.71 433.73
(19.05) (16.02) (17.06) (17.85) (17.72) (18.72) (19.97)

Urethan Block  472.81 472.67 473.48 473.03 471.51 474.43 472.98
(47.31) (50.92) (51.87) (51.30) (50.4) (49.29) (50.19)

&3 U + F Block  427.40 436.02 434.81 439.66 431.99 435.26 438.40
(crt) (63.58) (59.75) (58.36) (62.52) (58.31) (57.11) (58.21)
P + F Block 40556 408.39 409.46 412.86 415.37 426.45 416.04
(23.92) (22.33) (22.18) (21.43) (20.75) (11.97) (17.29)

X + F Block  424.29 422.65 422.717 42254 426.18 426.24 428.24

Commercial PB

(24.15) (19.56) (17.73) (18.87) (23.31) (23.61) (22.09)
440.15 442.17 44545 463.93 452.61 461.47 459.27
(0.18) (0.96) (2.74) (10.26) (0.28) (1.31) (0.35)

* U SR, F 84252, P Wood Protecter, X @ Xyladecor, PB : SE)ER T

* (

W PARE RFEHARY.
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zAgee] TS sy Askel <® 7-4>9 BHEE WFYA Y
oA Aud e, S9F2AYL A SARRNFE B AN
AWalsa s %4 REBeol v Solgowe] A AEde FE

&7 9ot Aol KS M 5000(E 52 9932130l 238}

of AR S mgolt,

AR 7-8> 2 el A

ot

A %A wav
of oA, UrFale 2ela
Aol Mol gEe
A% S ok, /AT Bz WA, s ol AL,

<Al 7-8> 2709 ABE Mel” SEEe M (3507)

« =0 g HE 228} (CHIP 1 block), 32 (CHIP I block),
Urethan block, U+F block, X+F block)

<AMRl 7-9> 2709 AT E Urethan block(ZHet U+F block(R)($& 18)
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<AMAL 7-9>3E <AbR 7-8>9 B2 Zo| A urethand 8l &8 3 U+FA e &9
& HoFE AR FHZ9 urethanH @ EH S FANE 2 SHA o &
o] #Fxgglon U+FA g &7 oAt oltel Walrl veluA] &L EgFoln.

4 APFH ) He BARES] A%

AUE - T BARE ARG Hsto] T2 AP, o T B9 R BE
AzEH, oM AT EhEtype A~E)E H&3ke A8E A3
o, Aol me W= E¥ - 7AY AdE <% 76 2¥™ 7-20~
21> 4.

AAA oz PYustdd gt oz AxF type ARSI A Be ¥
3 A4} dre] 2 e g veldoh. 9% 055g/arel type A REE A AS
7} 83.38kef/crin o™, W% 058g/criQl type C RE=+F 130.71kef/cnE YEFW
i, ¥% 055g/cmql type D R 14847kgf/en® YEFWUY. Ela, Wk
0.55g/cml type E R.E+ 117.06kef/cnE VEPI O 2N, SELS AEQ A5
o type D RE7F 7HE %2 HadATE vedd 2% 4xE 04g/on7t
A FFEJE Wk type A REE 432ksl/enfl oY, type D REE 121.02
kef/ci' & VFEPHOZM, type A BT} o 130% A= HAAATE FHAA
F AE Aoz v A

B AEE HgdAgse FAR AEE Heln e vl FUE AR
type DO EA e A& A M 22 HZEE e type DE
AZE REo A9 UE 042 /crol A A% 4.67kef/cr, DX 0.55g/cnol]
M 661kegf/ent, 28 WX 0.75g/cn?]l 7ol 12.27kef/ane] H& vl
=& YErd.
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<H¥ 7-6> defdHol e FHEE=9 22| - 7IAE MA

L= il 31 A 23 B} A=
9 T "z 822 (%) oo A4 S A S
(mm) (kgf/cn) (kgf/cm)
32 039£0.04 1410007 43.20£7.81 2.03*£0.66
Type A 32 055£007 1280+0.33 833812044 2.33£0.82
32  058E0.10 11.29t158 9822+3772 358%1.24
Type B 32 068£002 11.74+029 15213+895 6583+0.43
Type C 32  058*0.03 1203%0.02 130.71+£17.37 4.41t1.45
32 069t0.06 11.45*+010 17831%£2891 3.34+0.29
32 042+001 9.07+023 121.02+3289 467+156
Type D 32  055%0.03 1450+0.02 14847+£2371 6.61+264
32 0.75%£0.04 937%0.39 17513+19.26 1227*272
Tvype E 32 057+003 1427026 117.06%£14.01 2.10+0.32
Commercial PB 35 0621001 825%1.21 131.40%518 3.45%0.15

* Type A @ B871E2], Type B : AGX G984, Type C @ 7L BUXS A,
Type D : 3EFA+8 470 AXET A9
Type E : Type C R=0] 7] lom o}3]F w3 2H o]

MOR (kgf/cm~2)
interal Bond (kgffem”2)

068 068 042 066 076 067 0.39 0.65 0.53 0.68 058 0.69 042 0.55 0.75 0.57 062

L Specific Gravity L Spacific Gravity
<33 7-20> fefdtalnt erol whE <a® 7-21> dtwAn deo wE
SERES] Hutus sERce gelZdE

<Ay 7-22~25>¢ B AN AL Aol me Az FEAR=
o] AEAHALE 3 Folt <Y 7-22>%F type A REEA 71FEe d¢
AL Agete] Az BEE 06¢/a)e] AP DxFrtolrt o 3
$-of PodEel W3 HAUREe ¥ & (Dmin/Davg)e 88.3%% o, Ao
=9 AAEES Aol 34dkg/mArTh <1 7-23>L type Co AEA
oste] Axg Rro UEHAE BoFal v oo ot F7] 88m ©
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Aol A HHEUE (AR o]stE Yetdlo, ol a37he e HAd 9
& el QRN sl TS GATOREN o T WRAAME
UER A =k sebs e, @ @Yo oste] W) vropxl wh whr &
T oEEs g8 A 4EE 8 F A}

<a¥ 7-24>% type DO AhIAE AH{E R WERAPMNEA HEY
wol ik FAA™WEe] N7F 1002%E WERdh o] Wy oR Alx
LANEE AU E dAAewr ARAAZE AdkA WdEhgA &gk
o, type Cof G AUl A - 3ol A JraiA = bt 2l hE
A 7t A e kgl ojdte] wlEZE AskA #9-2 HeA o] Ad "W
ol& 7l M A ERAor, type D WA @Al olste} puppio] Xk of

sl 3 EFWolA FAel gtHe] s e s nrh Fdsti i F

i
%:
i
rﬁ

qel WEE AXT & AN ¥ ARG Ao werev.
<y 7-25>+ type E w2 o) oldle] Ay BEEAM ol type C HE

9 FANM HeAe Bdslr] 98t A X3 Aot} o] R FA 24mn

o type C RE9 Fxo] F2A 1ml o3 &g HAsto] Alxskdirt
Ol B npeh 3o, @SS AMEFeRM FhE oste) WA
FFog dstol 1@l SUIKACEA 9m o7t BitdE olahs e

ok e aR el ool ®
oz vupton, olgh e Be WA LRM, AUEMEAA FFo]
Qe Wl BaFl oF AFsee) A8 Fy, AFol 9T g wY
A% 4 dens ZEA J% AN 98 & AL Aew yHdh
o3} e Adz B AT ARE A A(ype C, D, DL A4

A%, e HEeke @u R4 4% 7 AUE - FRE0m ol )R

e WEE on 4= w4 AE A

=g Azxd £ %8 oz JdEn, =3 FaRs g WAL A
oo olgh whejztm Aate] FAE A M & AE AoR AUEn
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ATR densaty prafile

Filenane: OS192101. G G em

baemn3  PUG-19-1893 20160:30

B R o e B N LA A s o o o o e e o N A S L
o = 1a 16 20 25 a0 as “0 s s

<13 7-22> B E9 YT HAKType A W4 XHE)

AR donsity profile

Filemame: 03813Z2101.8
Cigomnd  MGOTIS-ISSE 2iidids

1200

B o S S S o S S LIS [ e e B e e e L B e s
o 2.8 = 7.5 10 12.5 15:] 17,5 20 22.6 25

<ag 7-23> BEo| dxHAKType C 24l HE)

HTR density @ratile

Filemsaes: C213221C01.

~AE-1ES9E 2 B7: e I

e}

AL e e B M e o e e L e e e et e L A I e 2t e e S e e e e R
5 10 1% 20 25 20 3% 40 4B s

|
|
|
i

<18 7-24> HEQ YEHAHType D | X )
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1R deh;x!g /4' EERTC

! Filemame: 281921011

Vegema s PUGTIS-ISSH ULl

1200 7
1

veo
1] % &)
1ono —| % 3% \je_i\'»':"L\:M
E k\f\’\""\c“
<[00 =1 -
E YE T) pe Baarc‘

200

T A N1

T B |

sn0 —]

0 B B o B B L B A e B e o o e o R
45 S0

o 5 10 16 20 26 20 as 40

<28 7-25> 229 W HAKType E WAl M)
A3Y 4 &

(D 71%9] Ahgast e A= 47 NS G5t B -
72)AA Adeol 95s] FAE Ml REE AR F den, HEyg dUR
AAE AA s ket A we A - FRREE sk

(@ B A7oA AgE AR ABE Be KS T 44199 T - [l
QR EAY, 2 W44 A Ay, e BE4E e =@
xyladecor « fluoro resin 59 FEW Aol sl opfALEAl2] b WA A}
75,

(3) ¥ Aol AuE B¥EY Axubge Se(0E 02772000 ¥ %6
st

it

"491-,



A48 A5 ARE B UAds 971 2 A8k A

A1Fg As ¢ Iy

L A9y

7h EdRE 9 B9l A A48 R A9l 45 wAvE A

(D) BEH d3Ay @ 52849 AEdH MNP KS F 2213(F%
Aol WEA AlEE)e W o3 dAsifen, FAFE AAYFT
(Tyromyces palustris)® M523 (Coriolus vericolor)®] 2F#F& A3+
c}.

(2) EJAWFTAHAIY : KS M 5982(= 89 &AUWZEA Agdud)ol 9sty
TUNEFYY Q-PanelAt2] Q-UV accelerated weathering tester® Al§
gom, AgxL 60TAA 4X13F F AUV =&A12 F, thA
CANA &F=EAIAA 300A7F WEAEE &%)

(3) el 8A : KS M 5333(§ 34 =2 #4848 =8 urtEA A
Aol A8 Y wtRAFZE ALSsto] HAAEH LT, o] o AT
& 500go.2 sk

(4 SALZANY : Al 389 Aol o]o]M KS M 500089 S92
Al) el o8] A& dERIYHEE AR

(6) EAZE 1 KS M 65187+ aL EA @)l o8t shore AW

Hog &Y HU AYHEE FAHsUT

. 238Y Az R 484 A4
B AYANE 2 A5G6x30x30me W Bde Azsy] 9@
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Ay € Eg2AEE Astaa sk d9EA L ddxe At
A AEEWANAM dotstes W4 e Ao, dxd Y9 &8 -7
A AAE AU 71AY A £ KS F 4004(AHME 9E)3 KS
F 419(2x=8 Fade dgesy &) AgqAd oo £4s3rh
Az 4L S Hepds dAsta, A4 H84 HEE $5td 7E

o HEEY AlSWHG FdsA AEste] HE4E A

AR - SRR FAA AW
B AddAe A9 A ) b8 AR AREs7] 9 A" -
FREEgs AR olE HEE F54 URARY HEMe4HS HE
871 9sted Reo FEAHE FAsew, BE Reo HWd FHE
FANA F54 MdEFHE AESA 2 gy R e e #
.
(1) FAAF
54 A7AAE o143 Axd WE 04g/er, F7 50mm R} s}
o] <ARR 7-10>7 e AFAFHEE AFA Fo& SHANEE A
2) AT
BNl AN E ZAste] JEAHEERE T KS F 2814(#

el os d5A5 $AYJAEEE AU 9sld, <oy 7-26>3
2o FAE ol - A3, tg Ao o F&&(@)S ALstad.

a = 1-(B/A)?

a=1-1

(471l r: B/A A, B : &9

E 3 A A 94l (standing wave ratio, n)& o}ai e}l o] HAS U AHuj
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S vz 3k

n = Pray/Pmin

n = (A+B)/(A-B), B/A = (n-1)/(n+1)
e}, a = 1-((n-1)/(n+1))%

a = 4n/(n’+2n+1)o] ™,
Fro] Yoyt FupE

fo = ¢27(G/V)™, G = s/le

le = 1+6

(o3 7)o Al ¢ : sound velosity, G : conductivity of neck)

V : volume of cavity, s ! surface area of neck
le : effective neck length, 1 : neck length
d ! end correction = 0.8d, d : diameter of neck
o] Ar}. 1YHE
fo = /27 (s/V(1+6))*°

<A 7-10> HHASYHI|E M E

* 2 BEGE AR, 0 WA FEE
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Power amp : B eter:
VK 2708 .

,,,,,, Muis, Amp
............ BEK 2036 .

TBand pass Elltcr
B&K 1647 ‘

<3q 7-26> ZitHol o E28 S

A2dg A+4ds4

L 52dRE % 2o A8 43 % A9d €3 Bx

=

<AY 7-27~28>2 AMF-FI WARFHon REAIY EJE
(A= 08g/cm)el WFA AgAFoIt} 7)o A B upet o] dEsAH
ZAE AHEEt] Az SAEY FHEGLES FAYA A YRS
oA ok 5%, FARFHAAM < 2% HEY FFFAEE KA
xyladecor, urethane, fluoro resin 282 ZTHAIE ¢ A9 FLHHAEL

Aoz of 1% ARA FAUA) vald RFHL AUNZ & b

seal, xyladecor, IPBCE 3%, 6% % 9% #H7I3l Az2d 549 FFALE
& AR A}, FA A vate] WARF] e o= HE F3P
g NEIANE ¢ A A2 JVERoy, ZARERd geide 2 A
&7 o el 8 water seal A ANAE BEHARA Hre A
ERALG Az 2olE & 4 UMk o|AFH B2 dig B v, A&
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g AzA WEAE Ashs Atk LeAz § oEvel s ol

A g, dEd R URE RelE A whaAsita gusan

R aAe] A REEe] AW FPdaEol oF 10% AL Aol vatol
1

S ALl Aol 5% olgtz Y

¢
Y
rlo
4

N
M

2 Az HEm a2 2

(et

AREEE Aol o f19le] glvhar we g

6

GiCoriolu

ote [ Bcariols varsteotor |
Ty romyecs pa araatrls

5 { BTyromycos palustrls |

Weight Loss{%)
Weight Loss(%)

AR 7-11>8 B8 A3 A g o] MR E e AR s
AET F o 2NYe) AAF F I AatA Da FA AR 27 Hus

FAHL QA= ARREL wAFI YY)

<AL 7-12>% Al 38 Alglol o] 16719 0] Auty AR L
SzAFAIT elrl A i ubeh o] AT wyY ds s} A

Aol E Rolal gl wh, FAE L¥I A AAE Bye BAgs 2

mupel whg EAle] 1 AA VeI ek 2@y xyladecord] @] E-2 3

rlo

fluoro resinA 2] &¥2 ¢ud FHHE FAsAL. o9 L& Auy <%

77>l M ek ol BYA G FA9] HXUEH APAAME e 4
ATt fluoro resin 2] 300A17F A Folw A& HEHE Hx8hglont
FHlgEAA A= et gl FagS sl

i B
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<AREL 7-11> R EXEof o/t f& <At 7-12> S| ERof o3t SHEY
sejo] 2575 Abe) of dslael(1e7e 2t =)

* ShaEie] Al HE S - Urethare resin -
Xyladkoor % Fluoro resin 12

A
Kl

7-7> WS AME A SFRY dsAE 20

A g a I‘Jrethane N Urethane resin Fluoro resin
Fluoro resin
U, oFzE A EEE oFZF A
A () () ()
R AR ~67mg ~95mg ~90mg
AdA = THo] 3 THo) % THo)
42 A 100 100 100

8371 g9 We wARe e Azd
Aotk Al SANAE @it

(K)ol 4% 13 4 0% 88 A

;]LS} orh, & AgelMe FA Sem
X 7FR 30em X Al E 30cm ] we ghak

=
B
o

A 281 7] _r] 3 dtAaES

ity
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At EANEE E9E Az 13 2 08 E9 AzxE A% ¢
d2AEH BFEHY AxE Y3 dg2AFS <FE 7-8>7 @)

<E 7-8> SRS ZFY MY AYAAE

M 18- 08 E8(5X20X10cm) B35 2 (5% 30X 30cm)
EyEE 0.80g/cr’ 0.85g/ci
d49E 50~-40-30kgf/cut 50~40-30kgf/cnt

A Az 9-8-3(20%) 15-5-5%(25%)
2% 180°C 180T

A 3hlMe AA2AEL HEY AolE B W} el 27

7 AR wel FAgFozel e Aol s wAsgon, B

FAY AFEY W AF £37)0 d5te) 2P Aol AshA Lot

nEAY BEUS ART 4 Ye Ao YEuo adu g 5
=

=2
R
3
PN
%
N
i)
ne
o)
lo
icjal
e
N
2
2
ok
()
L
£

<# 7-9> SWEY 22 JIAH 43

Aggs FEEE AAEE geg H@AE gE2e
(g (g/cr) (%) (kgf/crt)  (kgf/om)
489 080 0.814 11.23 131.7 176.0

* 1) KS F 4004 HE HE)9] Agwyo] o
2) KS F 419X A =4 23 E Q27 2)9 Nl 2%
3) FAEYY FAHNE : 15%

<¥E 7-9>d M9 AEFAEE FFE 71 F 12 I 6slip)7t GASE A
dxel EFoERE AEH golth oE By FALE E4o AWEY
fZaE B9 PAE(F 50kef/er)d 20 o)A UEE FHoln, ¢4
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il
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hu
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32,
2
ol
b
o
¢ [o4
2
=2
2
e

o AEY FAHE E8E FE3] diAd = e Aoz ey,
AR T-14>%= B Ao Axd FA 50mel HAEYe #ddy &v

o] Apzle]t}, Abxlof Al Bz wpe} zho

A8 A UAA Az

A A BYAAE FAYTge s U=

7]

i

0
]

i

& kel MEAYA FZol FA lm, <A 7-14> SREo| FH(Z)T
2mn @& AAYstel Aoke Aoy, ol¥A AT REE Gy} FAlo]
o FET H3to] ol A ko)l @@ FAlelo] HAHoA dbE @A
WS BdsAT. wEkA olgh e W AA A& oA F71H
l FA4%Yel "Hasdty, o g3 =& vusiez dE3oz FAst g
Ro s AT

3. AME - FHuCs] FEA AU

B AgoMe Alzxd AU E(04g/cer, 05g/cr) FHE =Y E/MEe o

goz AZULE FLMorNY 484e AR WIAY Foe
fol AAa g qUAE 24 Er FaAvE BRow, Be ¥IE
A5 Qe FeAL v I% FE, A FNFL Fu g B A
Aot WA A# F&, 290 FATHINE o 8F FLIT 5 o
g3t Aot

Bedd FLAE A e ot gont He Ty geldd Fo
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<IH 7-29~30>8 B AgeA A2 Mo <A 7-10>3 o] -4
s g3 Fire] ddgwrE 247 Hel F588 ST Ao,

<I1® 7-29>00 4 R upe) 3ol Hajel Aol A Fukg ool A
2 oF 5% Wele] WAL HAE RolFal Qe ity AR LS Ao
2 OFEE&0 AT w2 #AE dEdloh 13 $9E 248K & A

g el FREe] Ao 1okHzE a8k L5k oA F380

<Y 7-30>8 <APA 7-10>9 ¥AR R E(AET), A type(/F ), B type
iF), 2 Ctype(fi k) 59 REd dglo] F&5&E 4 dytojr}. 1¥

A R wpel o], AWML . T BANEI TR Rl we Faps
dedz g FL54S YeEha vk 58 A typedt B typedl Wi

200~40011z Y9Il Al 50% olde] %<& F58&& eyl

ol el AaE Foto] & Aol AEE ARl - F3 HPHEE TS

—o—Controt |’
——A type
—4—Btype |

—¥—C type
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i g
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w0 o o o o o jo) o o o (=3 o
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¥ 2 8 & 2 8 8 8 8 & 3 g Frequency (H2)
i e o @ Cod e
Frequency (Hz) l

<38 729> XYL - FEEEL| EHE <1y 7-30> 3YI| =4 HEUT -
=3
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(1) HEAEHo YREIFAYYY o EM xyladecor, urethane, fluoro resin %
& AR BAEYY FENLEL F 1% AERZA fifFkel AA3 Al
Bk w3k ok E 2 A F o) A xyladecor @ fluoro resinx 8] 8L 1679
B3 Folx F5e JHE fAsle] ofg EHoR Algo] st o
FekE A

(2) A dgd2AE(YY 50-40-30kef/cn’, 15-5-511)2 2 &3to] A2
FAEHGEX30X30em)> F33F W @ ae] dojubx] grgkon, Yt
o ARR¥ZE wdsdy. 719 AHMEeE nlate] HAREE 29 o4

9
ox
o

(3) B AT APAAE EUE AL FLALZ HFS
VREE M. F54 M 2e 29 2 gy gl ¥
T 04~05g/crolth o9} #e RE9 F
4% 1okHzE 273t 2FHFGAA F5&0] 30% HeR FadH
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ASTM E 1050-98. Standard test method for impedance and absorption of
acoustical materials using a tube, two microphones and a digital
frequency analysis system.

Environmental Protection Agency. 1990. Characterization of municipal solid
waste in the United States: 1990 Update. Report EPA/530-SW-
90-042

Sungsoo Jung, Cheolho Whang, Yongtae Kim and Jaegap Seo. 1999. The
acoustic characteristics of a ceramic having a rectangular capillary
tube. Ungyong Mulli. 12(1): 32-38

Watanabe, T., T. Matsumoto, N. Kinoshita and H. Hayashi. 1967.
Acoustical study of woods and wood products. J. Japan wood res.
soc. 13(5): 177-182

S ARE RS, 1997, AE R BEAER MRL B U R 0 D S8 U i A 78

INERAET AF AN 1996, KB 7 m oy 7 ofliE & WWEICEY 2 BIIECGEIE) - SR
s ARE 70 v 7 bk Bud 38, AM L3 51(8) @ 352-357

AWk 9 59 1997 A¥WE sk 261-279

HAA. 1992, &%t AE, vl 74-94

AQA LR 7 EFEL. 20000 E2EEY BES AT

o] FF. 1996 HHEH ] AEH @It dddtd AR 118 189-201

ojg - L, AuFE, £49. 1993 £HA-HEFRE] Az s R
TAH &l B¢ N2AT. FA$ 3 21(2): 57-66

A2, 1995, vr=h g

93} 1989, EAIG

i

Ao FAdF gt WE. HAE 5 23(2): 83-87

= =
Wel FEASY FANWLE BAF 17(2): 26-33
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7838 A, 7(1 - 2) 21-27

KS F 4419 3= 2283, RALL ZATE QEET 2
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KS F 4004.
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