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SUMMARY
I. TITLE

The development of the environment-friendly composite material for replacing

FRP/ synthetic wood and construction materials manufacturing technique.

O. NECESSITY

Recently, Due to the desire worldwide of material with lightweight and
high-strength properties, the requirements and application of composite is keeping to
expand, Specially in the fields of aerospace, aircraft, automotive, however, besides
these requirements the composites using the nature fiber and man-made fiber for
saving the limited resource and recycling are developing and expected to applicate
in construction interior, chairs and tables in park and so on.

For the clean composite materials, the composites using nature fiber to mix with
polymer is the most concerned part and it is trend to expand the application,
because of the recycling possibility, economical efficiency and convenience of nature
fiber using in clean composite, additionally the market growth of nature fiber -
polymer composite 1s very fast. For above reasons, it’'s feasible to research and
develop composite with flame retardant property for construction materials using

clean materials and manufacturing method to replace the synthetic wood and FRP.

. CONTENTS AND SCOPES

This report covers the first year study of 3-year span research plan. To
accomplish the specific objectives of the first year study, the following work tasks

are established and performed.

o Natural fiber mechanical/physical characterization research

o Natural fiber composite material system design

O Natural fiber preprocessing research

0 Modifying surface of natural fiber for the interfacial adhesion improvement
0 Research for the obtaining incombustibility of composites

o Continuous coating process design

In order to achieve the research objectives of the second year, the following

content and scope are established and implemented.

o Fabrication of lab scale atmospheric plasma polymerization reactor

© Research of surface compatibility depends on polymer types



o

Research of influence depends on wood flour features

O

Research of physical effect based on wood flour addition

O

Design and fabrication of moulding device

o

Prototype moulding and evaluation

In order to achieve the research objectives of the 3rd-year, the following content

and scope are established and implemented.

o The optimization at room temperature and atmospheric pressure continuous
device of plasma
o Establish optimal manufacturing process

o Fabrication and evaluation of prototype

IV. RESULTS

The finished results based on the lst-year research objectives are as following

0 Compatibility of polymer matrices with natural fibers
- Effects of polymer matrix properties
- Improvement by coupling agent addition
- Improvement by cross linking of polymer matrices
o Surface treatments for making natural fiber more compatible to polymer
matrices
- coupling agent and plasma treatment
o Examination the suitability of natural fibers and flame retardants
o Development of plasma polymerization reactor at ambient temperature/atmospheric

-Schematic design for the requirements of reactor and plasma polymerization

The implemented results based on the Z2nd-year research objectives are as following

o Fabrication of lab scale atmospheric plasma polymerization reactor
- Surface modification of wood powder
- Supply of modified wood powder
o Research of surface compatibility depends on polymer types
- Feature comparation of modification agents
- Determination of surface energy
0 Research of influence depends on wood flour features
- Research of wood powder uniform distribution
- assurance of manufacturing technology for preform application

0 Design and fabrication of moulding device



- mold design and fabrication

- Design for optimal heating device
o Prototype moulding and evaluation

- Prototype moulding

- Evaluation for mechanical properties of prototype

The implemented results based on the 3rd-year research objectives are as

following

o The optimization at room temperature and atmospheric pressure continuous
device of plasma
- Development of design drawings for the commercialization
- Identify the surface-modification mechanism
o Establish optimal manufacturing process
- Establish the optimum conditions of the Twin Screw Extruder’s process
variables
- Establish the conditions of the manufacturing process of Injection Molding
Machine
-Produce the composites of the content of wood flour
-Plan of material recycling
o Fabrication and evaluation of prototype
- Acquire the physical properties of the prototype
- Acquire the flamme resistance
- KOREA ECO-LABEL and technology transfer

V. APPLICATION PLAN

To utilize the results of research and development areas are as following

o

Development for automotive parts of composite materials

o

Development for disposable utensils by use of waste resources

o

Development in the new plant fiber composite

O

Production of composites for building materials for interior
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0.2 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x
0.4 X| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| X
0.6 X| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| X
0.8 X| x| x| x| x| x| x| x| x| x| x| x| x| x| x| X| x| x| X
1.0 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x
1.2 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| o| o
1.4 X| x| x| x| x| x| x| x| x| x| X| x| x| x| x| x| ol of o
1.6 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| o| ol of o
1.8 x| x| x| x| x| x| x| x| x| x| x| x| x| x| ol o| ol of o
2.0 X| X| X| X| x| x| x| x| x| x| x| x| ol ol ol ol o of o
2.2 X| x| x| x| x| x| ol o|l ol o| o| o| of o| o o| o o| o
2.4 x| x| x| x| x| ol ol o| ol o ol o] ol o ol o| o| o o
2.6 x| x| x| x| x| ol ol o| ol o ol ol ol o ol o| o| o] o
2.8 X| x| x| x| o|l o| o| o| of o| o o|l o of o of o of o
3.0 x| x| x| x| ol o| ol of ol o| ol o| ol o| ol o o| o o
3.2 x| x| x| x| ol ol ol o| ol o ol o] ol o ol o| o| o] o
3.4 x| x| x| o| ol o| ol o| ol o| ol o| ol o| ol o o o o
3.6 x| x| x| o| ol o| ol o| ol o| ol o| ol o| ol o o of o

i 2 = 3 2 10mm (or A x A
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20

19

18

17

16

15

14

13

12

11

Frequency(kHz)

ghzut B 2A( A5 15mm)

=

3T

Voltage(kV)
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6

gzul @A 271 15 mm (o0 FA xi vEAY)

i

25
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Zgzv 24 2A( AF 20mm)
Frequency(kHz)
Voltage(kV)

1 2 3 4 5 6 7 8 9 11| 12| 13| 14| 15| 16| 17| 18| 19| 20
0.2 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| X
0.4 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x
0.6 X| x| x| x| x| x| x| x| x| x| x| x| x| x| x| X| x| x| X
0.8 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| X
1.0 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| X
1.2 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x
1.4 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x
1.6 x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| o| ol of o
1.8 x| x| x| x| x| x| x| x| x| x| x| x| x| x| ol o| ol o o
2.0 x| x| x| x| x| x| x| x| x| x| x| x| ol o| ol o| ol of| o
2.2 x| x| x| x| x| x| x| x| x| ol ol o|l ol o ol o| o o o
2.4 x| x| x| x| x| x| ol o| ol ol ol ol ol o ol o| o| o] o
2.6 x| x| x| x| x| x| ol ol ol o| ol o| ol o| ol o o| o o
2.8 X| x| x| x| x| x| ol o| ol o| o| o| of o| o o| o o] o
3.0 X| x| x| x| x| ol ofl o| ol o| o| o| o| o| o o| o o| o
3.2 x| x| x| x| x| ol ol o| ol o ol ol ol o ol o| o| o o
3.4 X| x| x| x| x| o| of o| of o| ol ol ol of o of o of o
3.6 X| x| x| x| x| o| o| o| of o| o ol ol of o of o of o

¥ 4 Zgzv 3 24 20mm (of A xi w)EAl)

-, A4 A5 Sg=v A H g
3APA T A= 22 d =] e lab scale A

9 e e A4 BRAATN A5TAL 98 4A Adss
o] 3

il
%
e
ol
)

o olo ZFEtzwp WAo|A w2 H|8E& AA|SE carrier gase AZES 93]
collector®] F5-ol connect AAE 3sto], AdF5Y 2z =g 7|A 7} connect &
ol WA U HH 58S AA 7AE FstelA ®Hot o] W AFe] 5 A

A5 71A 45718 S8t 7HE5E w o
OAl Stz A 2 FAEA foh RGP AE Foto] Fek=nk A8 && 50%

PN
2 =9 g AL

o~
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AC
power
supply

Electrode

Carrier Gas(He)

Powder g Collector

Monomer

224k Ee+=) lab scale  *] 9]

|, Monomer
Electrode

3 on’

Powder # Collector

Bubbler

Carrier
Gas(He)
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T H T F ¥ 9 H] 31
g4 F 1800¢ 7,020,000 89%
i 2set 61,600 0.7%
A8 2, Lk A) 126kW 729,540 9.3%
A 7,811,140
ol Hg2: g Fow mrIslem, dAF 99.999%°] 7tAelH, o] Afo]=
10mme]t}. B8 lab scale & A E AT

¥ 5 22pd % Aeakel Zeb=n) lab scale A 2@ H]E(240417h)

22PA RS ARt EeEebA Y] X e AFEE AEH BExwE collectors E3h
of WY, 3 FdE oAM= Zgl=zul A vl oA BE RBES (A3lu Y=
AFe] AEHFS Haste] oiFAsr AAe] divletdth. dAwel AAES S
collector?] “g%-° connect A& ’3}913} A5y RxwE 3% 7|A7}F connect &
Esto] MAUITHA HH 58S Tkl 7IAE AstetA €k o] A7 54
g A AFHES o] &t ﬂ@rﬂ 45E dF7teae VA 4E71E 5k Ut
%3} Ho] tAl Eetzrt AW 2 oA FYEA @ HSAAE Fste] Heb=at
Agu &S 50% = =9 F dAgoh

T 7 T = 9 H] 3
g & 900¢ 3,010,000 79%
Aq = Z2set 61,600 1.8%
A9 7, 1y A) 126kW 729,540 19.2%
A 3,801,140 -
e Hg2r AY fHow xrIsiglen, #AF 99.999%°] THAolw, H=e| Apo]=
10mmeo]t}, H]-&-2 lab scale 2 7% At}

¥ 6 B AAY At Zek=vt lab scale #X A v]&&E 7

T3k 7|Ag Rxmo] o] H=e wHe AAY wAoR W wwe AFH H
A=e 1 95 o TAd 2 A zuid SE S A% Sg=nk 4A
£ A7 ¥t 19 8L 2xtd = %t Z2=v} lab scale FAolal, 17 14+
Mol AAE AL Feb=nt FX ] JREfx olth lab scale HAINA = A= FSiol
T AFEEY screwE ZEbEvbrl AAEE AWMUl olEAlA AR T FA
Fehzul BAo] o]F oA A5 HHNA] o] FoAAEE sttt EHetxul Ao
8% FE¢ AL 7 plate FEOA screwd] T4 screwZF = AW o]
£ 7Y Yz EexE JdHE B Sezv BA4S T AT Alo]oA] o]
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xR i HIe screwd] AL 10mmE ZA Y screwe 3AEE 2 7HA
%) b ok & A e Ar|E =A4sAY ol
Aoz AN E SRS QSRR BT,

Electrode

19 12 Electrode &&=

olgflo] 19 12+ A4S kvl X9 Aol A= FdFole Ao~

EVF SHH lon o F9E ALO; 7F EHALL 9 (

o EFdznt ZX= Ao A HEHE S &

AAdx = Fx2 AA HAh oY Fxe= A5

WZ S7HA Hol A9 fmdel =Ade] A Zehzvr B4 A 9 Fg=

vl wjEkafo]l Aol WA, T A FrdE 2 AT
u]

AQEd s Sejxol B9 Ag $EY L

a7 13 A= e 7Y 2 (D AR A A= (@) AR (10417 A=
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electrodelscrew
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Electrode

wood powder
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2. 39 Azs4d &H
7h AQAAF BAALY 384 S wole EEH WEYHE AF

A0 7IAA 24 MEZEAE AMEEE v Ay B ek A
Hols Jeke wol] wi=th dwHo g FRP HgAd 2185 = s 254 S o
woolg g 5L ey AAARS = S48 YA Ho AFE S AstAl7I= 84
of A Unt. olo] Zelw wlEY 29l BAAS AfH S IV A AF A
g Zol MaPO(Maleic Anhydride Polyolefin)2 24 BZAQ da Al&5H = 7
EJ Aol FH FRP B Aol = A &o] ¥iL vt MaPO+ &3td AFOE 4
o] golstH A A o]t

ole 1AL AFoAE MaPO AZHAE AHEste] MAPP(Maleic Anhydride
Polypropylene)® *12] 3 wood powder2} PP(Polypropylene)E Al-&3te] FRP &-3HA)
= A#ska

\ Wood Powder ] L Wood Powder ]
I | 1 T | |
OH OH OH OH HO i \
. MAH
H—O o H—O 0 }' coupling agent
& O o o 0O 0 | \
\.:;‘.‘/' \\'//,, \\:( '\‘"’? O= *.: \/ 0 o \ ’,}_‘3
\‘s—j‘ ‘\_."r“ ‘.‘ / I‘ I/
s ~ A e VAR
BRSNS, ﬁy}% Wg}f" V&% WIMAPP and PP
3 ,\/(\/ NS SSY S ¢ 23399 /> Y | interdiffusion zone
" PeMamx
1Apd = AMEH A FE 2UF9 wood powderE Ag3lon WH A7]|E
100gme]stoltt. A& wood powderd] TS FLLES Tl 24A7F A AFRAIA
FE dEFS 1%0)87hA] A AT ARSI T wood powder/PP H 2 uwjEZ A9}
B FHFE 22 10, 30, 50wt E 2elste] AFsdch AFy Ay AT

25 F3l 24A3F S A2 AHE AAH AFET]d FYUEH
2132 wood powderet MAPP wood powder2} PPE

9% e PE §E/1Z B WAL A
A5 Fol AEE olgetel BAUES AT ABL ARG ol FFL 23
o] MPL WASHA O, wood powders] BAE el GE7IE 38744 WAk
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®x500 100um

a) wood powder/PP - 10wt% b) wood powder/MAPP - 30wt%
2% 16 H3A shdde] SEM

30
25.9
249
4.2
2s F
1.1
206
. 198
£ 2
®
E
% 15 1
=
10
s
o
T1E=1% TE:t% Sdo1% FEat% S5h1% S50:o1%
+ + +
KafpP klafP EHaFPP

a9 17 58 + MaPPe} =& + PP Hgtaje] <lgA e 2y

Ae A3 a9 179 e} o] PPeF MAPPe J14Ad A= MAPPE AME
gk E3hA e A oﬂ oF 22%° Zx s How, Ao sy #EA = PP
AeE 19 164 (@)l A Rz o] Eia AWAgH o] vro} Ryl F=o] H3
H wkdHol, MAPP] 49+ Sz AdAdstao] gAxo] Hio] njEg 2 &3
U o] AFHAT, B i frEFe]l Frbsel wet A=A E i 3% U
9]t
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wood powder?] FHAZ ] Uit B4 H2E 9 A= 2x3pd ol A&t 8
gk 7 g o)t}

- Zgt=zn 79 Ao A3 monomer AAS Y WEYI AT AR EHE PPE Z
a2 A A dA} FAS 2 filme Ak o2 A AZE PP filme %
onomers ©|&3dlo] AL JAAZ & HEZ SAHS T xHAANYHA

- AF$¥" monomer®+ Oxygen, Benzene, CH, Acrylic-acid, Hexafluoroethane,
Trifluorotolune, Hexamethyl-disiloxane(HMDSO) % 77FA$lem o]F HMDSO:
SR WSS Folur] A FFe Besel Fb YL APHA

Polypropylene
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AEET Keesom Q
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ol Debye <1¥, London #2H#

(dipole)

N
il
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~
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of 93] AAHE AAAH AFAZEH
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ol

- ysL

yL (1+ cos©)
)1/2 _ 2(7";

+ yLv cos©

= ysL
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2 1 Wa

L Ysv
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T

9
pal

:ll

60.96
42.93
33.64
3.09
=

=

Polar
47.37
57.42
70.22
28.21
4891
73.21
27.81
25.21

A ol A

Dispersion
12.78
1.08
2.14
1.72
0.54
4.90
2.54
4.32
4.39
457
5.43
71.68

3t

Surface Energy(dyne/cm)
PP film9

73.73
59.56
71.94
28.75
38.03
32.39
30.64

Total
49.17
53.81
75.74
47.25
T4.77

Glycerol
9
65
47.6
47.7
103
53.1
41
60
68.8
73
73.5
76

=n

a}

3z

=

Contact angle(®)
Water
58.8
55.7
35.7
93
49
28
56.5
66
72
73.5
105

1]

°

A5

=

=

Monomer
Oxygen/PP
Benzene/PP

CH,/PP
Acrylicacid/PP
Trifluorotolune/PP
HMDSO/0,(2:8)/PP
HMDSO/0(3:7)/PP
HMDSO/0,(4:6)/PP
HMDSO/0(5:5)/PP
HMDSO/PP

Hexafluoroethane/PP
HMDSO/05(1:9)/PP

- Z}Z} 2] monomer

%M%m%%ﬂ ﬁwi%ﬂﬂ
o ©S N B o K| %o .
:.Lﬂaﬂmlplo _ JlﬂulJuoEdl
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T8 25 7=
AEFE DoAY 9E5S JAHSE JtE-A e dHe Ao
157 | 24 7t d3golA FAJNET|FIEA Fo8 295A ¢S ¥
=
7hEA g ARG ol A F2A, HRIE, 715, SAYUE §o =20
257 | AEHAAY olo 2d® HEAZZAZHIISFEIY THA
2 Agedd AZAE A19)
VA AN TRAZ/IISFGEIY AT ALHA
gmo [71W ol 24d ASAst o) doks AAEEA B WE
°F L AR A20zo3A2Ee] 1FARAF FA5FIIEN ATt
A e HEA H B Y 12570 sigHA = 7IE #HE5A)
A 2 HEd 5 S =
A= AR 5 ARA]] HEelA BAss AAECR, M, ] oo
H7E | 5)
PEH/NE F o, 342 WUy & A% | 15F
HEASA | s EAFREA o9 R) 1537
5& H|
Al AT EA (FRA Y FA) 357
AAEGIZS, ZAF 5) 153
EAZZA | B ok 5 153
& A
) 2 =] =TEA 159
JEZRE - AR 25w
A7 T
CER 25F
F2AE 7 HEE 28E 7T 353
A 9] BolE, 39, 2AANA, SAANE S AgH |
BA T2 | R 24 3w
2y ASAN N B Age] AHEE HE A

T = 25wl siFE, QLA AEA
of &3t o]FolA FE HIFFFAA U2 HEAS ekl HEES AAE A

w9 Atol== WPC Azt 7Hd wol AE-% -+ 407120mesh& 20740, 40760,
60780, 807120, 1207200mesh® AlZ&tstHom A F71E ol &ste] dAEZE=Z &
= 7hste] Zzk Atolz=® 7 E sieveo] HES Rob Al Al Aol AREsESiTh
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Hi1, R1 H2, R2 H3, R3 H4, R4 H5, R5
20740mesh 40760mesh 60780mesh 807120mesh 1207200mesh
3807830um 2507380um 1807250um 1207180um 757120um

8 FE Aoz

A

=
T

Diameter -

Size <10% <25% <50% <75% <90% (rr?e‘a—n)
(mesh)

1207200 7.35 20.48 36.72 49.40 60.59 35.19

807120 29.84 66.96 130.53 17757 215.90 125.77

60780 29.06 83.12 144.70 223.20 245.40 150.05

40760 165.43 308.83 530.50 606.23 637.03 435.50

20740 - - - - - -

%9 EE iy
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ZAAA AFe APt

20+

Heat flow (mW)
&

40 ' 80 ' 120 ' 160 ' 200
Temperature ( C)

% 28 PP DSC 1=

29 30 Twin Screw Extruder

1% 29 Twin Screw Extruder Rt
Twin Screw Extruder &3d
) ) W ¢1(Screw) 3o g7 g 7] <}
3)E 1 3E 2 ) i} .
A& B HEE kR t}o] Alo] 7+A
235C 230C 1757180rpm 1407150rpm 8507900rpm 8710mm
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A}. Injection Molding Machined AZ&A %74 ¢

Injection Molding Machine A% &3
met 2%, ALE Al 55 aEsko]of
T7F vrowl AE7E Wb Hof F3go] 1t

FAE B2 JER AL

19 32 Injection Molding

Machine ZZt3d

2EA"Y(TC) | ENZ. | NOZZ. 1 2 3 4 5

A= 220.0 | 240.0 240.0 220.0 210.0 - -

i 200.0 | 200.0 200.0 200.0 200.0 - -

T3 AstE = Al AR Av)el gAse] AAEAl S Y, A R OARE

< obef EsF o] At

=(%) <= (bar) A2l (mm) Al ZH(s)

4

25 65 10.0 10.0

- 44 -



Selah Ane] #e nestel AW HE, A B Az 5L ARaT A W
AN F83] Fol AE Aol MEHE AL WAL At FPoE £
= oR¥o] malE AL WA @ & ATk

AZFA Y 1S 1C 2C 3C 4C 25

Al w4 5(%) 50 40 40 40 40 45

o} 3t (bar) —~ 2 2 : : -

2] (mm) — 15.0 30.0 40.0 50.0 55.0

A #EA 2 25.0s A ZF YA 7 20.0s

of, B IHdE HFEA FH

2Re qael Alol=dE 5% ¥l sgen, 2AdE B4R 23 ezl
ot xAMA g7t 7H =2 Alol=2E AESte] 3ahd R A AFE ST
Tk 539 $afe] WE HIAAE AZste EA4HE S8 2HE vusAn 59
A= DAPE A#d HEEE ol &sto] AZstATt 1 Ay} HiEe] Alo]=o] mE %
HlE &3 R3¥% H3ol 7Hg =1 UEbSTh Alo] =] mE gW/idS Ee=vbrt
SgEe AFAbole] AT BRS o]EAYE screwe] 7ol o3 Folsh dA@
Ao 7 FAHETh 10mmE A AT 1AL Este AL Alo|x7F IE4E 29
Aoli} screwel 7ol wel WaAH: WANLL GAT 24 mRA0l7] wiol
ool HF A% BgAdl AHERE BRel 44t 60780mesh? AA A

R1 PR1 R2 PR2 R3 PR3 R4 PR4 R5 PR5

Q1%

AR 18.302 | 19.23 1838 | 20.05 | 18464 | 21.238 | 1857 209 17.028 | 18.696

(MPa)

=7 5.07 9.09 15.02 12.54 9.8

Hi1 PH1 H2 PH2 H3 PH3 HA4 PHA4 H5 PH5

Q1%

AR 21.684 | 22.460 | 21.219 | 22.671 | 2147 | 23.362 | 23.707 | 24.855 | 24.321 | 25.803

(MPa)

S7HE 3.58 6.84 8.81 4.65 6.09

E 10 BebErE el fR] ME BR Abol=w AFRE F/hE
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FR3-D(75)

16.572

31.923

3.168

FR3-D(65)

16.342

32.555

3.172

FR3-D(55)

16.944

33.832

3.157

FR3-D(45)

17.453

35.012

3.221

FR3-D(35)
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35.890
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g2 PP
e HEE PP (R3-55) | (%% -PP)-PP (RR3-55)
(H3-55)
A=
21.47 18.464 20.012
(MPa)
=I5
41.08 35.98 3778
(MPa)
Z3171—_1,:_
o 335 3157 367
(kgf-cm/cr)
%12 AR atolZ Yol e B 24
2 TP Y FA
HAAHLS hot pressE ©] 83t dFAHFoRE AEHIT. 53S o EHA Sk
Ayt Alole] TS 5 200CoA He FFo| FTYale] 207 %< 25kgf/cm’e] & o
2 4249 F4 BN AsAch

250

200

150

100

Temperature (°C)H

50

Place matenials

!

40 &0 B

Time (minute)

1% 33 ZTyA AEETA
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-
NH,),HPO _ _ _
\*( ﬁgm 4 —JiH0| HEstn FH=2 L del 20|
S -Ns4d, oI Hloll ol
golal | ) [-==2nz A
Eelihs SRR Lol
+Boric acid
\—/
- N (O _ ™ : )
Ammoninm -~ EolAl ZCIHEIIA MY up HSF &
polyphosphate(AP MU ESATSOZ EBFATO0| A THE
PP (P)+PRR+SAHOI | (- M54, eolerdol otdd ;
HANMel| — MNERENEE ;
—.—ﬁ:gH]ElHIE HEtold = A
N PROHMAPP M sz orm s o4 )
LRl g AlgEE ddAE AT EA, AAFTEA, FLTEA T
o] o E AjoME A3FEA L H43EA FAAS ALEE . <3S
At BastgEAE 740 AEe HAF 4L AHZ7F 4 g2 dAAdd & AE
Aol A H SHAME Be FHES 7/HA Ak g s (NHy)HPO,9F &4t
Ak FUIAE 8 FAATE THA = FHE] 22 SAE AT o2 A F
et FE7ta7E Ao WAEA] kol HAAFES =3 EFste] Dipping, Spray,

of &3lAA FA ZHE AE=EH]

AA ) Ml $54e 7 FH ol

PP A& Wdx2 Ammonium polyphosphate(APP)$} Pentaerythirite(PER), 1]

I BAkold S PP(100)o] thal 20 @ 5 1 25% E&3 QA JAAe} Faksal a3t
Polypropylene Grafted Maleic Anhydride(MAPP)2} Z<21o] 60 : 10 : 152 7}k F7)
A GAAE AFESEAT A dAAE ASA, 1S5S wEsta A7l gk
A% Aa, 27 D ALE A FAFo] Aol ZERAA FAA hAFoE 7

o kel
R4 3y =
= WA v a2y A sbFe] B A dAA R WA Al ZEAA H[Eo] B

r2

2! 3
°of B Aol wiat dear] 8 heA R AlVIEa Ak A Y. 2y
Ax ) AsFEL Esel oe) F el Asta ojde] HETs I
shar Zejvelelate] Add wf dpatgel sl AT @davtre] A4hE A
sted aE mrob 4% WS dEhlaL Stk B AIFA Ade 4ol fla
dHS A E3 HEE A4S 54 Aok dHFRAA 9] = =
23 7hAE HEdT 1A Ha gy

ErHE PP WAAR AR FAE vl e A S AR Aol sl
ek oiere R ARgE Ao pabshebRuEEY 1000 AR w2 oF 330TelA
walske, ojwl 3715 WE FANEl o8 AnE ANFH w4 AF A A
& S WSV WA, FAA] glon, Andd, A5AH B A 7 AlF
ofth. Aol shstel A ZAZE glo] dRAA HiAl =dE w2 o] ofF
oAX L v ey Aol Bal F7HA QL b skEre] Fastthe Aol dHoR A
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6h 12h 24h
ml 100 100 100 100 100 100 100 100 100
m2 13573 | 13552 | 13561 | 111.27 | 111.15 | 111.26 | 189.86 | 189.99 189.9
m3 241.66 | 24156 | 24153 | 220.26 | 220.14 | 220.23 | 299.74 | 299.87 | 299.99
a 0.015 0.018 0.016 0.015 0.014 0.018 0.015 0.017 0.016
b 0.006 0.009 0.008 0.008 0.007 0.009 0.012 0.015 0.014
HE=F | 0.0689 0.07 0.0678 | 0.0976 | 0.0956 | 0.0996 | 0.10214 | 0.10104 | 0.10324
0.0689 0.0976 0.1021
3 13 DAP9] HF=(247)
6h 12h 24h
ml 100 100 100 100 100 100 100 100 100
m2 146.1 146 146.15 | 156.68 | 156.62 | 156.69 143.9 143.88 | 14391
m3 255 254.83 | 25518 | 26698 | 266.89 267 254.1 254.06 | 254.12
a 0.015 0.014 0.016 0.015 0.014 0.016 0.015 0.014 0.016
b 0.007 0.006 0.009 0.01 0.009 0.011 0.007 0.006 0.008
HE=F | 00978 | 0.0976 0.098 0.1085 | 0.1083 | 0.1087 | 0.1109 | 0.1107 0.111
0.0978 0.1085 0.1109
% 14 DAPS] AE2(60T)
6h 12h 24h
ml 100 100 100 100 100 100 100 100 100
m2 102.65 | 102.63 | 102.67 | 108.02 | 108.01 108.01 12477 | 12476 | 124.76
m3 20375 | 203.71 | 20379 | 211.67 | 21164 | 211.65 | 229.18 | 229.16 | 229.17
a 0.015 0.014 0.017 0.015 0.014 0.015 0.015 0.014 0.014
b 0.01 0.009 0.012 0.009 0.008 0.008 0.009 0.008 0.008
A% | 00161 | 00159 | 00163 | 0.0428 | 0.0426 | 0043 | 0.0505 | 0.0503 | 0.0504
0.0161 0.0428 0.0504
¥ 15 Boron compound?® & #(247C)
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6h 12h 24h

ml 100 100 100 100 100 100 100 100 100

m2 101.73 | 101.72 | 101.74 | 95.08 95.04 95.11 92.14 92.11 92.18

m3 20094 | 20593 | 205.96 | 200.62 | 200.55 | 200.65 | 19795 | 19791 | 198.01
a 0.015 0.014 0.015 0.015 0.013 0.016 0.015 0.013 0.017
b 0.012 0.011 0.012 0.009 0.007 0.01 0.007 0.005 0.009

AFE | 00452 | 0.045 | 0.0453 | 0.0618 | 0.0615 | 0.062 | 0.0666 | 0.0663 | 0.0669

0.0452 0.0618 0.0666

¥ 16 Boron compound® I EF#(60T)

DAP
24T 60°C
A ZE (hr) 6 12 24 6 12 24
72 (wit%) 6.89 9.76 10.21 9.87 10.85 11.09
W 3H-8(wt%) 41.56 4.61 10.99 2.16

Boron compound

24C 60°C
Al ZE (hr) 6 12 24 6 12 24
= (wi) 1.61 4.28 5.05 4.52 6.18 6.66
H 315 (wt%) 165.4 18.09 36.57 7.87
E 17 B WAl AT

Ao go AeA7HAu) AUEN T 0% A T eln Aol doj s
ARTE Z7 2y AgAtel ohe F7188 Aode ugth F o
L 6A T A 12204 ] F kgl 1243k A] UN A 9] ZAHE R k)
Aol AL Aol W FA AT A ARLe] F7hg0] G Ao

Ak oo w EEol WA 6050l 1243t ® Agsti=Ae] Ba

=

o il
el

pak

(3) ¥eiAd 7 - KS F 22719 W& JaAAd

>

KS F 2271 A5EY WHe Agstes A5 2 Fx29 A 27|49 ddAd Al
Ao st A oz ddAdel Fdel wEt VAAY, xuAd, FUHAY
9 7t {FEld AES ok G ke dEEvEd Yy FEAnEEs o
Sl AP on GAgde] FE2 S ek ok
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THR (MJ/cm?)

HRR (kW/cm’)
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1 1 | 1
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148 RS o] g3l Ay Bae

lo
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e
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N
BN
=

R3 FR3-A FR3-B FR3-D FR3-M | FR3-D-M
THR(M]J/m?)
\ 65.25 4359 46.75 4258 36.54 30.77
< 8M]J/m
HRR(kW/m?)
< 200KW/m? x © © © © ©

b. A=A 4(LOD 4
LOI= A Age] da4d 3 @A

< W7bske AeEA A7 AaE A58
= ZaF HA Abae] FE B dWbHow LOIE wEA =do dAdS
F7bsh=dl RtEA] SASE Ve olgdrh dubdor uEA Awe LOIF
21%017%%9] #& 7Hd A5 1 Ase ddd e eva AAsta glew Lok 24
= AF8A Ao dAAHdL ¢tk A (oxygen index, OD<= U Aol 28}

o 3 4 glvh
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]y s 1LOI
7FAA 0 0 20
A 0 A=A AA= A 20-25
A 0 AA = A 251
S X X
19 LOIo| W& Ao 43
1) FR3-A / 2FaA<=
N8 A3 (Test Result)
N1 series measurements
N. series measurements (8.6.1 and 86.2) (86.3) Ct
Oxveen Concentration %) | 210 | 212 | 214 | 216 216 214 216 214 | 212
Burning period (s) <180 | <180 | <180 >180 | <180 | >180 | »>180 | <180
Length burnt (mm) <50 | <50 | <50 =50 | <50 | =50 | =50 | <%0
Response 0 0 O b4 O ¥ % 0

k value from ISO 4589-2 Table 4 1 1,25

Hence Ce= 212 k=125

O =Cr+kxd =212+ (125 % 02)=2145

- Verification of step size d% oxygen concentration
o=y [(*'115[7]1;2

o= [ el 5 = {1151 66
D gL - pi011 < g <0274 = Ol s valid
- Specimen Size * 10m x 120 m x45m / Weight : 56 | O 214
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2) FR3-B / At&A 4

A &R (Test Result)

N serigs measurements

N. series measurements (86.] and 8.6.2) (863) Ct
Oxvegen Concentration (%) | 230 | 228 | 226 26 | 28 | 26 | 24 | 226
Burning period (s) >180 | >180 <180 | >180 | =180 | <180 | <180
Length burnt (mm) >50 | >50 <50 | >50 | >50 | <50 | <%0
Resporse X X 0 X X O O

k value from ISO 4589-2 Table 4 @ (14
Hence Ce= 226 k= (.14

‘OL=Cet kxd=226+ (014 x 0.2) = 2263

- Verification of step size d% miygen concentration

— e 11135
[ 2e=0D | [%]1!2 015067

o
ﬁf( & : :
3 d< 5 = 010045 < d < 022600 = .O.I 18 valid
+ Specimen Size * 10m x 120 m x45m / Weight 1 62g | QI 22.6
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3) FR3-D / AF&A] 4

N8ZA3 (Test Result)

- Nr series measurements

N, series measurements (8.6.1 and 86.2) (8.63) Ct
Oxvgen Concentration (%) | 270 | 272 | 274 214 212 214 212 | 214
Burning period (s) <180 | <180 >180 | <180 | =180 | <180 | <180
Length burnt (mm) <50 | <50 >50 | <50 | »50 | <50 | <%0
Response 0 0 X 0 % 0 0

k value from IS0 4589-2 Takle 4 : 004
Hence Ce= 274 k= 004

QL =Crt kxg =214+ (004 x 02) = 2747

- Verification of step size d% oxygen concentration

0= [ 2@y e (M0 g0

-1 H
20 X B
3< d < 5 = 010749 < g < 024185 = OI 18 valid
+ Specimen Size @ 10mm x 120 m x45m / Welght : 55g | QI 274
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4) FR3-M / AF&A) 4

N8R (Test Result)

*Nr serigs measurements

N. series measurements (867 and 86.2) (8.6.3) Ct
Oxygen Concentration (%) | 260 | 262 262 | 260 | 262 | 264 | 262
Burning period (s) <180 =180 | <180 | <180 | >180 | =180
Length burnt (mm) <50 >50 | <50 | <50 | >S50 | >%0
Response 0 X 0 0 X %

k value from ISO 4589-2 Table 4 @ -0,17
Hence Cr = 262 k = -0.17

QL =Cet kxd =262+ (-0.17 x 02) = 26.17

g= 11

X b
3 <4<

0.1133
1 =0

*Verification of step size d% oxygen concentration
[ Z( Cz’r_ ODE ] 12 i

150 56

= 010037 < 4 € 022583 = Olis vald

- Specimen Size © [0m x 120m x42m / Weght © 54¢

Ol

26.2
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5 R3 / Ak2A]se

N8ZA3 (Test Result)

- Nr series measurements

N, series measurements (8.6.1 and 86.2) (8.6.3) Cr
Oxvgen Concentration %) | 200 | 198 198 | 200 | 202 | 200 | 198
Burning period (s) >180 <180 | <180 | =180 | =180 | <180
Length burnt (mm) =50 <50 | <50 | »50 | >S50 | <50
Response X 9] ®) X X 0

k value from IS0 4589-2 Table 4 ¢ 033
Hence Cr = 198 k= 083

QL =Ce+kxd =198+ (083 x 0.2) = 1997

Verification of step size d% oxygen concentration

— Afe 0.1133
o= [ HE e (2R g
2 ]
B g2 2010037 < ¢ <0258 = Ol is val
3 g =0 . . I vahd
- Specimen Size : 10m x 120m x4.2m / Weght : 51g | OI 200
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6} FR3-D-M / H4&A$

A 8d 3 (Test Result)
- N7 series measurements
N. series measurements (86.1 and 8.6.2) (86.3) Ci
Osvgen Concenfration (%) | 296 288 | 300 298 300 208 286 208
Bumning period (s) <180 | <180 HIR0 | <IR0 | »IB0 | <IR0 | <180
Length bumt (mm) <50 | <50 »50 | <50 | 50 | <50 | <50
Response 0 8] % 0 b ] 0
k value from IS0 4588-2 Table 4 : 115
Hence Ci= 298 k= Q.15
“QI=Cr+kXd=298+ (015 X 02} = 2983
Verification of step size d% oxygen concentration
_ Sa=aP e 0130049y,
g | = 17%= 1_—5 75 = 016124
Ded <2 = 010749 <d < 024185 = OL is valid
- Specimen Size : 10w % 120 mn % 45m / Weight : 55g | OI 29.8

T3 2 ppoll 2442 A E GAAE o] &5t A FE HItAle] SHAFAA] G
A= vy go] FAHHI
R3 FR3-A FR3-B FR3-D FR3-M FR3-D-M
LOI(%) 20 21.4 22.6 27.4 26.2 29.8
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B9 (erf) A #(g) % (g/cm)
PP 6.45 5.56 0.86
H1 6.51 6.62 1.02
H2 651 6.60 1.01
H3 6.44 6.72 1.04
H4 6.43 6.63 1.03
H5 6.42 6.68 1.04
PH1 6.52 6.54 1.00
PH2 6.52 6.55 1.01
PH3 6.41 6.66 1.04
PH4 6.58 6.69 1.02
PH5 6.56 6.81 1.04
R1 6.54 6.82 1.04
R2 6.52 6.80 1.04
R3 6.55 6.82 1.04
R4 6.53 6.79 1.04
R5 6.50 6.77 1.04
PRI 6.56 6.65 1.01
PR2 6.58 6.66 1.01
PR3 6.61 6.68 1.01
PR4 6.55 6.64 1.01
PR5 6.51 691 1.06
F 21 HgAe 2
AAE D AGAEAGLE 17 187 o] ASTM D 638 Wl 9 Ag73=e}

]_

o

Asgnr. 2 =21G BQ Hh&slo] Hghs kg o, ojue
o2 St
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Flexural Strength (MPa)

Eepzn A B BPAE FAe =
At 2Ey gElF Aol =7t b Ze 1207200mes
©ooF 1% Z7FE 60°80mesh] HEE o] g3ke] AlAE HgA

o]
37%ETF 2%k mzE7FA] 2 60780mesholl Al 7H &34 o] AT

S
=

=
(]

=
(0]

e
[y

=
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| ® | Nontreated (H)
® Plasma treated (PH)

o =

1(20-40)  2(40-60)  3(60-80)  4(80-120) 5(120-200)
Particle Size (mesh)

19 58 dAAbol =Y A e

2o

LA

=
g
Mr
o
9
op
ol
Rl
2
2

13000
11700
10400
9100
7800
6500
5200
3900
2600
1300

Ly

0

1 941156 67
2

1163.04
9639.0

1056.66

048

736103

H1

/ PHI1 H5 / PH5

R3 / PR3
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H3 PH3 R3 PR3
1% 1 0.08 14 0.08
34 15 0.2 1.8 0.23
5d 2 05 3.1 0.58
74 3 0.65 37 0.7
9% 3.2 0.74 39 0.86
1y 3.8 0.88 4.1 0.98
13% 4.1 0.95 49 1.03
159 45 1.01 5.1 1.19
£ 24 HRAbo] 2 FEFTE
H4 PH4 R4 PR4
1 1.1 0.07 14 0.07
34 1.4 0.18 1.36 0.21
5d 1.8 0.45 3 0.55
74 25 0.6 3.65 0.68
99 34 0.71 39 0.8
1Y 35 0.8 4.1 091
13% 4 0.88 46 11
159 4.3 0.95 4.8 1.01
325 BEAtol=W FEESE
H5 PH5 R5 PR5
1 0.9 0.07 1.32 0.08
34 1.3 0.15 1.62 0.31
54 1.9 04 2.7 0.6
74 2.3 0.54 3 0.67
9% 3.2 0.61 3.2 0.81
1Y 34 0.79 3.8 0.9
13% 3.8 0.85 3.8 1.3
159 4.1 0.9 39 115
26 HaAbol = FRETE
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ANE g5 ANEH] R F 1o 2] FelA A
mm A gHe] A

4 = 100100 1

¥ T & LEE SHS ANEH 1

] = vhe] soxZd o]~ ("") +50] A2 g 1, 712 B

ko B vhe) soxZel[2=W("+50] | MR B L TEE W L

&5 77 AFE 50%50 1

gy = 5050 1

LHALR A 8 50100 a1, 53 1

FEYQUIE PP 50150 gEE EIT ANFEY A
FHZHo] 1800cm’ YE =)
Fg uses HePd A)E
AH-g- 3ot

¥ AF = 50%50 1

WEA4 300300 1

A4 100100 1

Yok zel A 100100 1

e g4 100100 1

) 9 F] A4 150150 1"

W& A 5050 1

@ E 4 900<900 1

4 a4 220%220 1

=74 Wl

(1) FAA FFHol w&
Eiol dAAld DAPSE BA EFES ol&dte AFE H§A= 22 FR3-D
FR3-BE #7|8t¥ o™, ppe @A APPe} 4tstul i+
FR3-A¢ FR3-Mo = x7|staith 18al FA g
Z

ddAeE BES ALEE BgAel A4 2L oft 7

A= zhz}

o

A= T EY A EIREHS =A% =
(MPa) (MPa) (MPa) (MPa) (kgf-cm/cm)

R3 18.46 441 35.98 3808.83 3.01
FR3-A 1751 4.19 34.36 3259.40 3.13
FR3-B 17.67 542 36.05 4680.11 3.01
FR3-D 16.94 476 33.83 3863.43 3.16
FR3-M 20.04 5.40 38.22 4813.57 3.26
FR3-D-M 18.98 5.02 36.36 4016.58 3.15
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Alge= ZRI|E P
v 0.8~1.5 74
I H, H-T 3000 o]A
ZZ Y }F(N) 1% 7.2
S, ST 3400 o]4F
i H, H-T 0.20 ©]3]
I 33X A (%) 13 7.3
S, ST 0.25 ©]3}
12 27 } 2 A
ARGy oo aiul b 74
ALezA o]de] gl A
22735 (kJ/m?) 3.0 o4 7.5
HEDH (%) 2.0 o]3} 7.6
H, H-T 400 o] A
AR fAE(N) L 7.7
S, ST 780 o]AF
118 A34(C.S.R) 0.40 o)A 7.8
TE FE FZH (%) 8.0 o3} 7.9
=5 3 .
sagd o =5 SEEe 27 90 o]4 7.0
‘Q‘( o)
N S-T, H-T 3.0x107° ¢]5
Aol g BFAF(1/T) — e 711
S, H 6.0 X 107 o]3}
IR FAZT A& (%) %=7] 80 o]& 712
H] 2 (As) 0.1 )3}
FF=F(Cd) 0.1 °]3}
#HE A= 0.1 o3} 7413
g2 mgL) | o CD 1913 ;
Z(Pb) 0.1 o]&}
4L (Hg) 0.005 ©]3t
Fgdstol= WA (mglL) 1.5 o]3} 7.14
}517] 5
pepe €r3}71 o] (cm) 20 cm ©]3} 745
Uoz] EE(%) 10z °]3}

FEEA diA A8 53 B Zg)ag
R3 PR3 H3 puz | SEA vER
=3 HAdskE (N) 2971.9 | 3386.8 | 3370.2 | 3535.8 3400 o]
247 = (kJ/m) 3.01 3.85 3.13 4.01 3.0 o]
FEFTE - THUHR) 17.7 1.1 12.6 1.0 8.0°] 38}
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