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Development of metalized wood composites

for floor radiant heating system
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SUMMARY

The metalized wood composites with the natural grain originated from the imported Juglans nigra
and Pinus radiata, which were impregnated with low melting alloy, were manufactured and were
evaluated in this study. The proper manufacturing conditions were also investigated. The low
melting alloys such as bismuth(Bi) and tin(Sn), which are harmless to humans, were applied to this
new composites. The composites showed not only no defects in discoloration, delamination, swelling,
and cracking, because of high dimensional stability and low thickness swelling, but also much
improved performance such as high bending strength, high hardness, abrasion resistance, high

thermal conductivity as floor materials.

The proper impregnating condition depending on the wood species were suggested in this study.
For the Juglans nigra, the 10 minutes of the preliminary vacuum time, 186°C of the heating
temperature and 10 minutes of the maintaining pressure time at the pressure of 30kgf/cm’ were the
proper processing condition. For the Pinus radiata, 10 minutes of the preliminary vacuum time, 18
6C of the heating temperature and 2.5 minutes of the maintaining pressure time at the pressure of
10kgf/c were the proper conditions. This metalized black walnut composites showed 7 times higher
density than that of the control sample. great increase in bending strength from 131.8 N/mr to
192.3 N/mm', and great increase in hardness from 18.2N/mm to 94.0N/mw. The metalized radiata pine
composites showed 15.4 times higher density than that of the control sample, great increase in
bending strength from 84.0 N/mr to 186.8 N/mrf, and great increase in hardness from 11.6N/mr to
51.IN/mr. The composites demonstrated not only high emissivity of about 90%, high shilding
effectiveness of 92.59-99.99%, high fire resistance but also great decrease in abrasion depth,

water absorption and thickness swelling.

The bonding properties of metalized wood composites with plywood showed unproblematic in terms of
adhesion, TVOCs and formaldehyde. The bonding strength of metalized wood composites was higher than
that of wood. This metalized wood composites could meet the conditions of the KS standards for
coating properties such as cold resistance test, heat resistance test, acid resistance test,
alkali resistance test, durability of abrasion test and adhesion test by masking tape. Both
staining and heating treatment method were good for modifying the color of metalized wood
composites. Workability of this composites showed excellent for cutting by saw, drilling, screwing,

and tacker nailing.

The working life of this metalized wood composites by abrasion depth indicated 3.6 times longer
than that of the radiata pine control sample and 2.1 times longer than that of the black walnut

control sample.

Key words: low melting alloy, wood composites, Juglans nigra., Pinus radiata, hardness, abrasion

resistance, dimensional stability, bonding and coating., workability.
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1) 48 e FEFEHFLE FFAd wEk Zolrt vERE T gl E ekl 10kgf/ o,
30kgf/ci, 50kgf/cii Foll A Tablel® o] nF e ZA3ES Yehlo] 10kgf/ ol FE3}
H3 walnut= 10kgf/ en,30kgf/ e, 50kgf/ cnr,70kgf/ crie] & Foll A 30kgf/crrol™ A3
I red oakE 30kgf/cro] A3 Aoz el white oake 10kgf/cn, 30kgf/ e, 50kgf/
1 Foll A 50kgf/cr o] AL FEkth

2 ¢=ol met FEFAFY A= 2A IR F4E, 58, FANEES A
Haste] A gerg o] wg- —‘50}53\ . BEFYEA GO/ o, 10X E])9] F54&-S RPo 7

9 xTFTe 18% , walnut= 4.8%, red oak:e 11.7%, white oak:E 18.1%¢] E31}slH
50kgf/cri, 1027tk A2l o] FE5TYEANY FAFEELS RPHETE 20.7%, walnut= 4.6%,
red oakT 49%, white oake 409% 2 A FAWEFo| HAdwgkolF 1y AEubako| T =1t
wha} x}o|7F 9lom XS0k A o] ]9 =olF ).

v
>
S
o
o
o

(1) Azl weby FEFYBL P ed £Eo ma 2ol AU
@ Azl ek ¥ AR FRRT 95E, F5E, TABRES dasar
@) AFANY F7te 457U FFE vHoH FHEHFH e FUlsta s, &
T&, FAREESS HLFEJT
Table 1. 5mm &2 2] Bi- Sn ¥§EFFYU A & =% Z718&
=4 o} 1
oL =0l =% o == o (0
(&% 186T) = 9 A & FTFHSITE(%)
Radiata pine Walnut Red Oak White Oak
A o1 e 7kt F=13.792*+* F=109.133*+* F=97.851*+* F=607.661**
A 7+ o A 7+ mean mean mean mean
e e DT DT DT DT
+ SD + SD + SD + SD
1290.08 331.12 206.48 62.71
2 80 19.75 ¢ 15.43 B 22.07 A 4.84 A
+ . + . + . + 4
10kgf/caf 1244.06 29581 287.72 208.89
10° 00” BC AB B B
+ 32.25 £ 20.34 + 16.11 £ 932
1270.83 531.48 314.20 364.92
, 6’ 30" C C B C
10 30kef/cit + 48.56 + 39.21 + 17.53 + 11.34
00" 8 1194.05 579.31 479.34 441.49
10° 00” B D D D
+ 1941 + 26.71 + 16.84 + 1414
1268.59 612.58 448.63 480.39
50kgt/cnt 10° 00” C D D E
+ 41.51 + 33.79 + 17.73 + 17.50
620.58 404.38
70kgt/cnt 10° 00” D C
£ 23.92 + 1918
5 1100.27 261.52
30kgt/cnt 6 30” A A
00" + 25.56 + 1542

P-Value: * 0.1, ** 0.05, **0.01(¢]-$- Table & 23})

DT : DTcan’s new Multiple Range Test(¢]-¢ Table &2 g}



Table 2. 5bmm Ez}2] Bi- Sn =Y Ay T L=(g/cn)
}“Zj 14 ZZ0) 4ﬂ S ]|
an Z Kol UEL:_ 3
o 186c T2 9] Ad F U (g/ o)
Radiata pine Walnut Red Oak White Oak
AF F=618.571%* F=154.559%** F=166.785%%* F=405.727%*%
e AR
Al 7 mean mean mean mean
DT DT DT DT
+ SD + SD + SD + SD
) 041 0.59 0.58 0.68
wl = g A A A A
+ 0.010 + 0.023 + 0.040 + 0.069
6.13 2.61 2.06 118
230" + 0.09 ¢ + 012 B + 022 B + 0.09 B
10kef/ ot — — — —
Okegt/ c 591 2.60 243 222
100 00” BC B C C
+ 015 + 018 + 014 + 010
10 5.96 3.76 2.44 2.25
00 6 30 0.23 BC 0.28 ¢ 014 ¢ 015 ¢
n + 0. + 0. + 0. £ 0
SOkgt/ o 6.03 431 3.61 3.79
100 00” BC D E D
+ 010 + 0.20 + 013 + 012
5.83 443 3.19 3.94
50kgt/ cnr 100 00” B D D D
+ 019 + 024 + 013 + 014
5 592 243
30kgt/ cnr 6" 30" BC B
oo" + 014 + 014
Table 3. 5Bmm Ez}€] Bi- Sn FFFY A & TFFE(%)
22
A =0l % S 32~L (0
(85 186T) a4 7Y A F &%)
Radiata pine Walnut Red Oak White Oak
A 2~ — o — o — dekede = dekede
43 ol Az F=2160.958 F=227.958 F=3469.911 F=2498.135
Al 7 mean mean mean mean
DT DT DT DT
+ SD + SD + SD + SD
12.12 12.02 8.92 947
o & g C C D E
+ 0.596 + 0.294 + 0.350 + 0.348
0.67 0.88 0.82 256
230 0.05 B 023 A 0.04 BC 014 b
+ 0. + 0. + 0. £ 0
10kgt/af 0.28 153 0.66 048
10 00~ A AB B B
+ 0.02 + 124 + 014 + 0.09
107 0.30 015 0.87 0.70
00 & 30" 0.02 A 0.02 A 0.05 ¢ 011 ¢
" + 0. + 0. + 0. £ 0
30kgf/cnt 043 011 024 0.30
10 00~ AB A A AB
+ 0.09 + 0.02 + 005 + 011
0.32 0.08 0.39 024
50kgt/cnf 100 00” A A A A
+ 0.08 + 001 + 004 + 0.08
5 0.28 0.53
30kgt/cnf 6’ 30" A A
00" + 0.04 + 036
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Table 4. 5Bmm Ez}€] Bi- Sn FFFY HAd & F5&(%)
B | .
:]_;L_él: 20 i_]g] S 5 2-.9 (0
( w 186'C) T H e HTE( 0)
Radiata pine Walnut Red Oak White Oak
] 2= = ek = ek — ek = ek
% el A7t F=107.286 F=35.592 F=890.882 F=2342.745
Al 7 mean mean mean mean
DT DT DT DT
+ SD + SD + SD + SD
148.27 2791 32.83 21.20
0 = g B C D E
+ 24.26 + 585 + 0.80 + 044
547 5.69 7.19 16.68
230 0.88 A 133 AB 0.35 c 021 b
£ 0 + 1. + 0. + 0.
10kgf/caf 254 934 7.67 536
10 00 A B C C
+ 0.09 + 371 + 0.65 + 024
10 2.30 1.85 8.30 570
00 & 30 0.21 A 017 A 0.55 c 015 c
" £ 0 + 0. + 0. + 0.
30kgf/ caf 2.97 213 256 332
10 00” A A A A
+ 018 + 025 + 1.02 + 031
2.71 1.33 3.84 3.84
50kgt/cnt 10 00” A A B B
+ 011 + 003 + 016 + 016
5 2.65 3.99
30kgt/cnt 6’ 30" A A
00" + 0.08 + 1.64
Table 5. 5mm &2} Bi- Sn T§EFFY g A BEE(%)
=a 74 Y9 AY & 54 FS8L(%)
(&= 1867T) B
Radiata pine Walnut Red Oak White Oak
]:“_L = wkE = wkE = whkE = whkE
RS o2 A 7F F=83.297 F=88.510 F=99.005 F=174.95
A 7+ mean mean mean mean
DT DT DT DT
+ SD + SD + SD + SD
4.39 6.81 448 476
0 = g B C B C
+ 021 + 072 + 010 + 028
0.69 0.99 137 237
230 033 A 0.58 A 0.20 A 019 B
£ 0 + 0. + 0. + 0.
10kcgf/ caf 0.52 178 136 134
10 00” A B A A
+ 030 + 028 + 030 + 013
10 0.73 0.64 141 1.21
00 & 30 031 A 010 A 019 A 0.08 A
" £ 0 + 0. + 0. + 0.
30kegt/at 0.75 0.87 1.05 137
10 00” A A A A
+ 0.27 + 0.05 + 036 + 0.23
091 0.54 1.22 113
50kgt/cnt 10 00” A A A A
+ 024 + 031 v0.06 + 010
5 1.02 1.15
30kgt/cnt 6’ 30" A AB
00" + 0.02 + 037
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(1) FE£F4FL 220 me} Zo|7k VEpyith 142°Ts} 183T7F 5
Hog E u 103T, 142T, 183T Al 7}

il

A #Aa
L 279 59%, FABEES HJE?LQ 10.9% 24 A

Skl =

ImZ =
TS

o 183C7} 71 %

EolF ) 183C

900mm X 90mm X 5mm)

A5l ekt e A
oo

%5717} 6.69u)7} QU% A7t 8242 ok F 2A FUtetEA FEF
ge

|- Ao mj &

FEFYEA

ol me =ZA =obA

250 mE Walnut<]

s | BE= Y FE Y | &R | B2 39
SFS7HE _ _ _ _ N _ N _
A % g % g % Ay §
onxA (%) _
e A % (g/ o) 3-8 (%) E48 (%) T3 88 (%)
( ]Ii'_/\‘l 7F 10 F=150.390***
oAt ’ F=479.717*** F=431.282** F=50.866*** F=93.113**
or= 50kgf/cn
pAZ 0 |
ean
D DT Mean DT Mean DT | Mean | DT Mean DT
+
_ 0.58 12.07 27.91 6.81
L b A B B C
+ 0.02 + 0.87 + 5.85 + 0.72
669.24 4.78 048 1.65 0.74
183C B C A A A
+ 21.45 + 0.15 + 0.04 + 0.02 + 055
678.20 4.97 091 3.97 143
142C B C A A AB
+ 3292 + 0.24 + 0.29 + 0.88 + 0.19
362.20 2.79 1.15 553 1.95
103 A B A A B
+ 19.83 + 0.15 + 018 + 0.40 + 0.35
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5. 10mm E-Aj¢] Bi- Sn & F+U F W3} (Z7]: 900mm X 90mm X 10mm)

Table 7. 10mm Ex}€] Bi- Sn ¥EFFY A & THSZ7FE(%)
= '

eql 75 9 3 Fe/rE)
Radiata pine Walnut
S X s i
(g A3k 10° 00) F=3.134* F=56.027++
4
=] 25 Mean + SD DT Mean SD DT
Az
Skt 1 30" 1196.33 A
g + 40.89
1210.15 135.07
10kgf/ cnf 2 30~ A A
186°C + 59.06 + 28.62
1208.17 278.96
20kgf/ cnf 4’ 30~ A B
+ 33.00 + 45,03
1254.31 533.65
30kgft/ cnf 6 30~ A C
+ 50.73 + 38.16
1293.20 524.27
50kgf/ cif 163T A C
+ 43.65 + 3917
1230.48 510.37
50kgf/ cif 100 00 173¢C A C
+ 79.92 + 4291
1287.95 530.23
50kgf/ cif 186T A C
+ 64.48 + 31.88
1289.84 570.72
50kgf/ cif 163T A C
+ 52.57 t+ 32.76
1249.69 570.92
50kgf/ cif 117 00 173¢C A C
+ 75.18 + 21.33
1251.87 530.89
50kgf/ cif 186T A C
+ 55.93 + 22.60

. ges exe 9

(1) Table 794 E= vle} o] Bi- Sn &5 FUoll thdh hge] g2 trjogude] 73

9 5kgf/cn ,10kgf/cn, 30kgf/cm, 50kgf/cre] 4eoA REF Z-e AE vehfo 5-10kgf/
crol™ =839 walnute 10kgf/cn, 30kgf/cn, 50kgf/ crf, 70kgf/criZ ol A 30kgf/ cro]l &
Aotttk mEkA FFol mak Aol7t S-S & F AT

2) g8 wet FEFAFY D27t 2A FUtedn g5e, 5 F
o ekl wl-g- ZA =l F&EFUEA (BG0kgt/ ar, 186, 10)2] &
279 266% , walnute 3.63%° A|UA] ¢ktow wmlzrix 2 45
186, 10")2] FAB LS RPYZT2 19.78%, walnut= 21.82%% = A X4
oH T
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3) &% wa}t 163T, 173C, 186 T F&FTUZFY 2ol H7A Benteh 2ol glith
Bi- Sne] &8FH(138C)e] =2 #A=Z 183Crt 7 4399 BiSn'In FFo ZAzol=
S 2A Ve

U Az 9%
(1) Azl BF FFL $F mek FEEQFo] T7AY Aol vebsie)
@ Al e F¥37) AEE AT §5E, T8 TANEEL Basn

W& Y MY F LR a) | wE T AY F s
=4
(RAZ Az 10° 00°) Radiata pine Walnut Radiata pine Walnut
F=74.725%* F=75.569*** F=762.279** F=1795.005***
o= Mean Mean Mean Mean
4= 5 DT DT DT DT
A 7+ + SD + SD + SD + SD
0.41 0.57 11.99 12.50
MESE) A A A E
+ 0.018 + 0.031 + 0.864 + 0.387
5.77 024
skgf/er | 1° 30" BC B
+ 020 + 0.01
5.61 122 017 1.03
10kgf/cni | 2° 30 BC B B D
+ 027 + 024 + 0.01 + 022
186C
541 2.65 0.15 0.42
20kgf/cnt | 4° 30" B C B C
£ 015 + 044 + 0.01 + 0.04
558 3.64 016 013 AB
30kgf/eni | 6" 30” BC D B
+ 022 + 026 + 0.001 + 0.01 C
5.96 3.72 0.01 037
50kgt/cnt 163¢C C DE B BC
+ 020 + 0.27 + 0.001 + 0.03
559 4.03 0.02 0.08
50kgf/crd | 10° 00 | 173C BC DE B AB
+ 0.35 + 035 + 0.001 + 0.01
5.83 3.82 0.04 0.13 AB
50kgt/cnt 186C BC DE B
+ 028 + 022 + 0.001 + 0.01 C
592 4.05 0.03 0.05
50kgt/cnt 163¢C C DE B A
+ 024 + 024 + 0.001 + 0.001
593 417 0.04 0.05
50kgf/crd | 11’ 00“ | 173C C DE B A
+ 0.36 + 015 + 0.001 + 0.001
551 3.90 0.05 033 AB
50kgt/cnt 186C BC DE B
+ 024 + 017 + 0.001 + 0.001 C
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Table 9. 10mm 29| Bi- Sn FFFY M2 T F58(%) 2 T4 BE&(%)
w4 Y AY w4 Y AY
zA S8 (%) A B8-S (%)
(g 2T 10° 00%) Radiata pine Walnut Radiata pine Walnut
F=1479.891 ** F=239.390** F=36.549* F=106.939**
= Mean Mean Mean Mean
= 25 DT DT DT DT
Al 7 + SD + SD + SD + SD
83.77 33.57 4.69 6.72
1] =] g D D C E
+ 1.64 + 1.02 + 071 + 059
Skgf/ci | 1° 30” L78 A 139 B
g + 017 + 032
1.38 11.64 0.76 3.82
10kgf/cni | 2° 30 A C AB D
+ 035 + 1.58 + 026 + 047
186C
1.53 5.62 0.63 1.87
20kgf/crt | 4 30" A B A C
+ 039 t 2.35 + 034 £ 010
1.31 1.65 0.89 115
30kgf/eni | 6" 30” A A AB AB
+ 050 + 034 + 0.15 + 0.11
2.95 2.83 123 147
50kgt/cnt 163C AB A AB BC
+ 076 + 1.00 + 0.08 + 011
2.36 1.39 1.06 0.73
50kgf/crd | 10° 00 | 173C AB A AB A
+ 025 + 039 + 017 + 0.06
223 1.22 0.73 1.03
50kgt/cnt 186C AB A AB AB
+ 023 + 032 + 010 + 016
587 0.97 0.77 059
50kgt/cnt 163C C A AB A
+ 1.06 + 0.04 t 045 + 034
423 2.63 0.82 0.77
50kgf/crd | 11’ 00“ | 173C BC A AB A
t 2.77 + 1.13 + 029 + 046
2.37 248 0.63 0.80
50kgt/cnt 186C AB A A A
+ 017 + 084 £ 013 + 020
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6. 3mm EAol Bi- Sn TFF Y T W3} (Z7]: 900mm X 90mm X 3mm)

7. FQm

AFAT 102, 2 Sokgf/ar, F A7 10(2), APLE 186CL W Bisn &3 FYol
WE QEURe) B9 FHEHEol 28w, BFALRE A5 790 Frtstgn W=t of
z7uT 204, EEAUTE 798 /AT Fee o T v

731% A2HAT, AUE EFAUT 298 HETE @ W FEFYAYE A=
69.2%2 2A ZHistel A5Agel e Eohith FABEEL LFURY B 2T B
o 731% gaHAn, EXAUT A9 BETY 602%8 A Fastel Aol
o EolAT,

Table 10. Z-&AIZF 10, 4¥ 50kgf/cr, &8 A7 10 of¢] BiSn FFFU F ¥3}

24 39 24 39 a4 39 a4 59
ZF=Jle e e T o
L ) A F A F Ae F A F
<5 (1)
r A% (g/ai) | FEE(%) EFER(%) | FABRE(%)
F=111.991*
F=347.761** | F=434.854** | F=14569.04*** F=35.996*"*
esUY 0.29 593 55.01 2.60
g A C D C
=4 + 0.02 + 0.17 + 061 + 0.34
QEYY 2176.46 591 0.22 3.18 0.70
_ C A B A
F45FAA A + 184.00 + 0.50 + 0.01 + 0.09 + 0.16
Ash(g A A) 0.61 460 8.89 2.01
A B C B
=4 + 0.03 + 0.44 + 0.36 + (0.38
Ash 788.52 482 0.57 1.16 0.62
B A A A
F45FAA A + 23.40 + 0.12 + 0.02 + 0.15 + 0.19

_29_



2500

L o] = = L]
3mm =42 FF 571 (%)
2000 -
1500 -
1000 -
_ t
[V .
7
3mm 2 A2 2% A5 (g/cr) 4 3mm 249 ¥5 & (%)
6 6 |
5 5 4
4 4
3 3
2 2 -
1 1 4
0jHal o5 X 0] % 2] Ash Ash njHe| 2 5 °E 0] % 2] Ash insh
w 3mm =A%) 58 (%) : 3mm =A% T 48 (%)
50 3
40 2
30 2
20 - 1
N | . .:
| e 1 | | |
oKz 2= °F 0| X 2] Ash Ash ojHe| 2 5 e= 0]%| 2] Ash Ash

Fig 9. BAZ 10, 98 S0kgf/cr, % A7 109 o) 3mmZAe] Bisn FFFS *
ws

_30_




o ol
U ﬁT
4r
T
o)
T g
— .
eh 80
D
iy
o )
™ o
IX ﬂ
ST
g
T
i
u% il
Pl
iy Njo
m A
=) ny
an W
~
SRy
2 4
o e
=
<K
wmo ®
= E
i
R
Ty
= 0|
,m,b _z_o
4+ e

ol

3T

1%A}

=
=

d2] ¥ Walnut 2]

*

afl

= Hoj

100% <8 wel [(50kgf/ cri-186 C-7FF10E (R 310 +7F410) 2 2 ]

Z7]: 900mm X 90mm X 10mm)

a8

At (Al
Fig. 109] z& AMzl-2 28] FFF7het 4.65u)9] EEF7tol] wat &F

sz
562%%2 F7 Y

2

A

Y2

ar

£& 3357%) A

1:\__
a1

7¥

Fopron 3
%

15kl us

2

6.72%N A 1.87% =2 ZAF

[N eNe
L= T

18.200]] A]

1:\__
a1

89.2N/miol A 1499N/mi2, BAASE S4IN/m=HE  14718N/mi &

41982 =AA Z7}+

ted 0424cnioll A 0.247cr2 =

o5

z9 F&az

0|

M
.
4
4
a5, .M
X |
:
Wm
i
WA

[e)

<]

F Walnut &)

12

8. AAARBAR

2 QYA

AFRE 017 & 1500 2 o)

K

o)
e
mjJ

0

Am
o
)

Mo

4l

Aotk whaEba 20kgf/ ari-186 T-7FF10E (%

B

Ay =

10'+7}94107) 2

ANeH Tig. 108 L& AL FAFE i Apxlo] Fig. 119

] 2ol ebab 1] 50kef/ cr-186 C-7FH0= (K F10+714H107) A ] o]

9] 7t=

=]
T

AR o2 ZA)

ki3

otk 7 28 %& 100w 2

=
=2

3 #old Ur

ol
L

iy

of
)

_31_



71X Eee ReFT Itk Figl2e) F7F YHANL Auw Alzlolm ofE AW A
& FHuH Ao R JtEpe] F408 FYH Hge HFD glon WE W o2%
Ae MFTE Bl Fxo| FHstel AT DAY Hol JE BEe Bel Fu

Det WD nY, | Det wp ———————

_SE_109 I § V 3. SE_ 258

i
ii

[ Bt 7

2 -
Det wbD ———— 1
SE_ 103

SAccV -.Spti'i Magn
20.0 kv 3.0 600X SE 9.7 =

Fig. 11. View of low melting alloy impregnated Walnut
(Top Left: Tangential section of partly impregnated area, Right: partly impregnated
radial section, Middle Left: Transverse section of boundary between fully impregnated
region and partly impregnated area Right: Cross section of wood fiber and vessel in
fully impregnated area Bottom Left: transverse section of wood fiber right: fully

impregnated tangential view)

_32_



i L gk gl e » e A
AccV  Spot Magn  Det WD b—— AccV Spot Magn Det WD F———
29200kv30 30x  SE 205 . | = 200kv 80 100x  SE_ 206

fi

AccV  Spot Magn AccV  Spot Magn Det
20.0 kY 3.0 bOx o = ! 20.0 kv 3.0 800x SE

Fig. 12. View of low melting alloy fully impregnated Pinus radiata
(Top Left: Transverse section of boundary area between early wood and late wood,
Right: A closer view of annual ring, Middle left: Radial section showing alloy
impregnated tracheids, right:  bordered pit of tracheids showing impregnated alloy
Bottom left: Tangential section of low melting alloy fully impregnated Pinus radiata

right: partly impregnated cross field and pit canal showing impregnated alloy)
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Ash(heat treated sample) Paulownia (Paulownia coreana U) 2.-&
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Hl 2~ 2(Bi: 83 271.5T)9F F4(Sn: 83 23206 C)S AME-stH Bi: Snel FHH| = 58: 42
2 F2ald 8% 138C T} Qtﬁ v 2~ 2(Bi: 84 271.5T), F4(Gn: €3 232.06C),
AT (In: §7A156.76°C)9 3% F&£2A4S FFJu| 2 575 17.3: 252 (Bi: Sn: In)Z & FF-&

287 o] 788Co]x 58 27 150]W 90.5C, 58: 32: 100]™ 99°C, 58: 37: 5Co|™ 119CE 1}
EbdS Ao st FHESHTh 28y AYg JhFe] Y HAER v 2w ap T4
S AMESte oz AASIE T FASAE oA mERY JtEdexe AdAHAHE 15
28o%7} 138CQ Bi: Snel Su|7} 58 429 FFoz AAIYT.
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A 44 23z AT F3) A

1. =

Ip

SEVE

Am
oX,

ol

ﬁ_

7} BiSnF G EAEFA S A=
v 2w A (Bi: §4 271.5C)8F F4Gn: 83 23206 C)S AML-35e Bi: Sne] 0|2 58: 42
2 &gt &5257F 138T7F HATE HAA7FAZx el 7hEedl dste] wg] &89
AA ] Fafgt ALFFF AAE AHZ Fgstn HFAZF FNEE 5 FAE A}
B3t APz F£94 1 EXH7P A7=E 3tz AW 24 2a HPS 22 A3
TE JIEstHA JF3HPZ 95t :}O‘Q st B 378
Hg)gk Fofl ThA] 7}9H(10- 70kgf/cm)% skl EA ol AAGE S A2E&FdwS FYS
F9o] BEAU R SEHH gty AHY & 41 AR FF FAE =2 &7
AE Az AAFEHL2RE AWWA W 9 U=

of Hezol thA Eeudth JlPUMRe] HHzERE How }e FEEYS
= 4Es A9e shel ERL BEOW FE5FYEARYAY AzE SR

i} Bi-SnFYEABFA ] 54

AQA x2S FFo wat g8 JEsth FAYHY A¢ radiata pined 10kgf/ o,
30kgf/cir, 50kgf/crre] <8 ZFo|A] Table 11, Table 12, Table 19914 H& uls} o]
5~10kgf/crol™ F&5FU TFF7HEC] FAAL 128 Fro D3t enz o] Hele] ¢

Holm HAH3 ML, walnute}l red oake 30kgf/cro] A Aoz e}t (Table 13 ~
Table 16). white oak 50kgf/cr (Table 17- Table 18)9] ]E‘ ZUT HAHLEE 2EHY
Aol 7hedd HAE F v 25 oo A FFo §F2EolAY 2EE Hsldof =

H, 3L HA E3& 7PHe= 200T 016}0401: gt} Table 19¢4 H= upsp 2ol
163°C, 173°C, 1869 A 2% ze= gIon AAAMZAZFE AFAHYAIHS 528
o 1020 F9k1 HAARIIAAZS FF wet F5FYFe] Aol7t YE =Tl radiata
pine2 2E30%, walnut, red oak T white oak= 10&0°] A Z9kr}.

Azxd 25FAFAELAS 4 F4:0] FQlFFo] ula} Table 11~Table 2004 X}
o} ol Ax7l A FUHSA L FrE, F5E FANEES A Taste AFAE Aol
-9 EolH}l & £ radiata pineo] F$ LWE= 10kgf/cm4 Ao 7FAA T 2830%
A9 AEs FXg9 04128H 6.13g/ar 2 1548 F71stoer FFF7He-S 1290%
Z71gtel wel FA=E 84N/ mrol A 186.8N/m'2, B 98-S 9009N/mrol A 15853N/ mr 2.
, AEE 115744 510602 Z7lslgon Ewo| gt }042101 g}l HuntE = 0415

o

bt

oA 0116 B ZHAEo] o] 36 71 HUvt FF&L 1483%A] 547% = hE 7t
259D T4 BEEL 439%0A4 069% 2 ZA Ao mpEgke]l AWl 2|4=QFA A o]
- ZA FAEJG E FFAME nprtx e A3E YR
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(1) Bi-SnTYEAEFAGmm)S] A2 2do wE E A A2 & 7|AH 44
Bi-SnF Y EAEFA (Gmm) o] Az 2o W2 FFE HAE 47 H5td, EHA HF
2EA AR, IS, F5E, FAREE, A7) A, dAEEE & AXA 44

Table 11. Bi-SnF¢4 & & A (5mm, Radiata pine )9 =3 42

s T TFrs A dAee A7l A
(g/ cr) (%) (%) Ba-5 (%) (W/mK) (Q)
2 WH F=618.571%** F=2160.958%** F=107.286*** F=83.297#* F=439.041%** F=1.129
mean DT mean mean mean mean mean
DT DT DT DT DT
+ SD *2 + SD + SD + SD + SD + SD
041 12.12 148.27 439 0.026 X
R=S ) A C B B A
+ 0.01 + 0.596 + 24.26 + 021 + 0.010
10kgf/ cn-186 C-10 6.13 0.67 547 0.69 0.910 146
~ C B A A D A
25302 + 0.09 + 0.05 + (0.88 + 033 + 0.045 + 1.64
10kgf/ cn-186 C-10 591 0.28 254 0.52 0.844 040
BC A A A C A
105 + 0.15 + 0.02 + 0.09 + 0.30 + 0.008 + 0.14
30kgf/ cn-186 C-10 5.96 0.30 2.30 0.73 0.794 0.10
BC A A A B A
65302 + 0.23 + 0.02 + 021 + 031 + 0.021 + 0.07
30kgf/ cn-186 C-10 6.03 043 297 0.75 0.893 033
BC AB A A D A
105 + 0.10 + 0.09 + 0.18 + 0.27 + 0.020 + 0.04
50kgf/ cn+186 C-10 5.83 0.32 271 091 0.903 0.16
B A A A D A
B 108 + 0.19 + 0.08 + 0.11 + 024 + 0.030 + 0.02
30kgf/ crt-186 C-5% 592 0.28 2.65 1.02 0.906 0.23
BC A A A D A
-6%-30% + 014 + 0.04 + 0.08 + 0.02 + 0.033 + 0.18

Table 12. Bi-SnF¢4 & &2 A (5mm, Radiata pine )9] 7|AI ¥ A

ZHFSTE (%) BAEN/m) | BDA 5N/ mi) 73 5 (N/ mrr) HovehR = (or)
B F=2160.958%** F=18.129%** F=19.92%* F=11.639%* F=1103.278%**
Ael W
mean DT mean mean mean mean
DT DT DT DT
+ SD *2 + SD + SD + SD + SD
84.0 9009 11.57 0415
R=S ) A A A E
+ 3.0 + 154 + 0.34 + 0.010
10kgf/ cn-186 C-10 1290.08 186.8 15853 51.06 0116
~ C B B BC A
H2H30% + 19.75 + 121 + 5423 + 4718 + 0.002
10kgf/ cn-186 C-10 1244.06 178.6 21493 53.48 0.208
BC B C BC D
105 + 32.25 + 96 + 1158 + 7.96 + 0.005
30kgfl/ cr-186 C-10 1270.83 2239 22895 47.56 0.144
~ C C BC B B
H-6730% + 48.56 + 52 + 1195 + 2.82 + 0.005
30kgfl/ cr-186 C-10 1194.05 205.7 24025 57.50 0.162
B BC BC BC C
105 + 1941 + 4.7 + 1298 + 11.40 + 0.003
50kgf/ cn-186 C-10 1268.59 195.2 26350 66.02 0.118
C _ BC C C A
B 108 + 41.51 + 45.6 + 2428 + 10.18 + 0.004
30kgf/ crt-186 C-5% 1100.27 213.0 26017 60.11 0.199
~ A BC BC BC D
-6%30% + 25.56 + 12.2 + 1352 + 15.87 + 0.005
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Table 13. Bi-SnF¢ &A1 & A (5mm, Walnut)9] =3 ¥ A2

B} _ A AT i
= (g/ an) & (%) T8 (%) 558 (%) W) A7) AFH Q)
F=154.550%* | F=027.958** | F=35592%* e F=942 084%+
2] W TF=88.510%** F=334.189%*
mean DT mean mean mean mean mean
DT DT DT DT DT
+ SD *2 + SD + SD + SD + SD + SD
0.59 12.02 27.91 6.81 0.048 x
=] 2 A C C C A
+ 0.023 + 0.294 + 5.85 + 072 + 0.018
10kgf/ cn-186 “C-10 261 0.88 5.69 0.99 0.212 3.27
B A AB A B A
B2E30% + 012 + 0.23 + 1.33 + 0.58 + 0.016 + 219
10kgf/ cn-186 “C-10 2.60 1.53 9.34 1.78 0.455 11.16
B AB B B E A
H10E8 + (.18 + 1.24 + 3.71 + 028 + 0.044 + 571
30kgf/ cn-186 C-10 3.76 0.15 1.85 0.64 0.387 3.91
C A A A D A
B 6E30% + 0.28 + 0.02 + 017 + 0.10 + 0.003 + 0.16
30kgf/ cn-186 C-10 431 0.11 213 0.87 0.574 0.49
D A A A F A
B1058 + 0.20 + 0.02 + 0.25 + 0.05 + 0.016 + 0.19
50kgf/ cr-186 C-10 443 0.08 1.33 0.54 0.781 0.36
D A A A G A
B1058 + 0.24 + 0.01 + 0.03 + 031 + 0.023 + 0.12
30kgf/ cri-186 C-5% 243 0.53 3.99 1.15 0.310 291.68
~ B A A AB C B
-6530% + 0.14 + 0.36 + 1.64 + 037 + 0.019 + 11.77
Table 14. Bi-SnF¢ &A1 & A (5Bmm, Walnut)2] 7141 ¥ A A=A
SFETE (%) 74w (N/m) HAA 4N/ mr) 73 % (N/ mn) H3 vl R (cm3)
F=109.133%*** F=6.070** TF=8.256%** F=218.427%* F=102.645%**
2] Wl
mean DT mean mean mean mean
DT DT DT DT
+ SD *2 + SD + SD + SD + SD
131.8 13570 18.18 0.424
221 A A A D
+ 16.3 + 991 + 0.70 + 0.014
10kgf/ cnt186 ‘G-10 331.12 152.2 14048 4161 0.349
B B A A B C
B2E30% + 15.43 + 36.4 + 2361 + 273 + 0.016
10kgf/ cnt186 “G10 295.81 143.1 14472 69.65 0.247
AB A AB D B
H10E8 + 20.34 + 30.7 + 1107 + 0.54 + 0.018
30kgf/ cn-186 G-10 531.48 194.3 16997 78.98 0.243
~ C B BC E B
B 6E30% + 39.21 + 12.0 + 1559 + 276 + 0.018
30kgf/ cn-186 G-10 579.31 192.3 15551 94.03 0.209
D B AB T A
H10E8 + 26.71 + 11.3 + 882 + 711 + 0.010
50kgf/ cn186 10 612.58 208.6 19174 96.67 0.201
D B C T A
H10E8 + 33.79 + 15.6 + 1089 + 3.46 + 0.011
30kgf/ cr-186 C-5 261.52 192.3 19146 50.56 0.409
B A B C C D
B 6E30% + 1542 + 10.9 + 1360 + 1.37 + 0.024
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Table 15. Bi-SnF ¢ 24 & 34| (5Smm, Red Oak)e] 2]l 42

B} A AT .
9% (g/ o) T8 (%) 5 (%) 258 (%) W/ mK) A7) A Q)
F=166.785"* | F=3469.911%* | F=890.882+* e F=45.430%*
g e TF=99.005%** F=595.995%#*
mean DT mean mean mean mean mean
DT DT DT DT DT
+ SD *2 + SD + SD + SD + SD + SD
0.58 8.92 32.83 448 0.090
23 g A D D B A X
+ 0.040 + 0.350 + 0.80 + 0.10 + 0.004
10kgf/ cn-186 G-10 2.06 0.82 7.19 137 0.253 22.73
~ B BC C A C D
B O2HE30% + 022 + 0.04 + 0.35 + 0.20 + 0.002 + 3.22
10kgf/ cn-186 G-10 243 0.66 7.67 1.36 0.292 8.00
C B C A D BC
B 108 + 0.14 + 014 + 0.65 + 0.30 + 0.011 + 0.85
30kgf/ cn-186 C-10 244 0.87 8.30 141 0.220 9.88
~ C C C A B C
B 6H30% + 0.14 + 0.05 + 0.55 + 0.19 + 0.015 + 1.77
30kgf/ cn-186 C-10 3.61 0.24 2.56 1.05 0.454 0.65
E A A A F A
2105 + 0.13 + 0.05 + 1.02 + 0.36 + 0.012 + 0.35
50kgf/ cn-186 C-10 3.19 0.39 3.84 122 0.392 3.61
D A B A E AB
2105 + 013 + 0.04 + 0.16 v0.06 + 0.002 + 1.26
Table 16. Bi-SnF Y ZA &34 (5mm, Red Oak)e] 714 <l A2
THFSTHE(%) A7 (N/mm) A AN/ mm) A% (N/ i) Byl ol B (cm3)
F=97.851%** F=3.018* TF=29.998%** TF=35.98*** TF=56.074%*
Ae) W
mean DT mean mean mean mean
DT DT DT DT
+ SD *2 + SD + SD + SD + SD
169.3 15256 25.66 0412
221 A A A D
+ 8.8 + 774 + 099 + 0.011
10kgf/ cn-186 C-10 206.48 174.2 17071 35.18 0.359
B A A B B C
B2E30% + 22.07 + 6.1 + 209 + 298 + 0.021
10kgf/ cn-186 C-10 287.72 177.6 17683 45.46 0.309
B AB BC C B
H10E8 + 16.11 + 109 + 525 + 046 + 0.031
30kgf/ cn-186 C-10 314.20 185.2 18771 56.76 0.209
~ B AB CD D A
B 6530x + 17.53 + 84 + 465 + 131 + 0.012
30kgf/ cn-186 C-10 479.34 204.5 19904 71.18 0.283
D B DE E B
H10E8 + 16.84 + 33.1 + 613 + 965 + 0.010
50kgf/ cn-186 C-10 448.63 205.7 20852 60.55 0.232
D B E D A
105 + 17.73 + 75 + 971 + 6.20 + 0.009
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Table 17. Bi-Sn3¢ ) 234 (5mm, White Oak)e] 2 &9l 42

B} A AT i
Aw(g/a) | FFE%) | EFE(%) o , A7 Q)
5 (%) (W/mK)
) F=405.727%* F=2498.135%** | F=2342.745%** F=142.36%*
A W F=174.95%+* | F=38.006%*
mean DT mean mean mean mean mean
DT DT DT DT DT
+ SD * + SD + SD + SD + SD + SD
0.68 9.47 21.20 476 0.130
2 2] A E E C A x
+ 0.069 + 0.348 + 0.44 + 0.28 + 0.004
10kgf/ cn-186 G-10 1.18 2.56 16.68 237 0.162
~ B D D B A x
27302 + 0.09 + 0.14 + 0.21 + 019 + 0.000
10kgf/ cn-186 G-10 222 0.48 5.36 1.34 0272
C B C A BC X
2105 + 0.10 + 0.09 + 0.24 + 013 + 0.028
30kgf/ cn-186 C-10 225 0.70 5.70 1.21 0.239
_ C C C A B x
61302 + 0.15 + 0.11 + 0.15 + 0.08 + 0.023
30kgf/ cn-186 C-10 3.79 0.30 3.32 137 0.280 58.15
D AB A A C
B105 + 0.12 + 0.11 + 0.31 + 0.23 + 0.016 + 3.18
50kgf/ cn-186 C-10 3.94 0.24 3.84 1.13 0.301 115.00
D A B A C
B 108 + 0.14 + 0.08 + 0.16 + 0.10 + 0.027 + 594

Table 18. Bi-SnT¢ &A1& A (5mm, White Oak)e] 7141 &< A&

TS (%) 7% (N/mm) A AN/ mm) A% (N/ i) Byl ol B (cm3)
F=607.661%** F=28.133%** F=80.078%* F=84.934%** F=61.977%*
A W

mean DT mean mean mean mean
DT DT DT DT

+ SD *2 + SD + SD + SD + SD

119.2 11565 18.17 0.443
H=] 2 A A A E

+ 4.8 + 398 + 1.97 + 0.019

10kgf/ cn-186 “C-10 62.71 122.3 12011 24.09 0.421
A A A AB E

H-2530% + 4.84 + 7.9 + 996 + 1.87 + 0.053

10kgf/ cn-186 “C-10 208.89 147.2 13801 33.53 0.290
B A B B D

105 + 9.32 + 20.1 + 977 + 590 + 0.020

30kgf/ cn-186 C-10 364.92 1974 18709 49.34 0.235
~ C B C C C

B 6E30% + 11.34 + 315 + 1251 + 0.39 + 0.007

30kgf/ cn-186 C-10 441.49 225.8 20829 90.02 0.206
D B D D AB

B 108 + 14.14 + 97 + 1190 + 11.70 + 0.006

50kgf/ ci-186 C-10 480.39 265.8 23569 95.38 0173
E C E D A

105 + 17.50 + 26.6 + 729 + 7.62 + 0.006

(2) Bi-SnTYEAEFA(10mm)e] 2] ZAd wE o]

Bi-SnF Y H A EFA (10mm)e] Az o @& FFE H2S &7

2A AR, ¥, 58, FANEE, AV AY, dAEEE FAEeH,
A

& Potur] SAstel FFFHE, BYE, BIAS, FEFE AASA
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Table 19. Bi-SnT¢4 &A1 & A (10mm, Radiata pine)2] =2 -7]A4 &< 42
A= T TFrs 7 AEE dAEE A7l A THSE A= Lkl A=
(g/ cr) (%) (%) (%) (W/mK) (Q) (%) (N/ ) (N/ ) (N/ )
2] whH* F=74.725%* | F=762.279** | [=1479.891*** | F=36.549** F=10.348%* F=0.781 F=3.134* F=13.38%= F=22.724%* F=17.123%*
mean mean mean mean mean mean mean mean mean mean
DT DT DT DT DT DT DT DT DT DT
+ SD + SD + SD + SD + SD + SD + SD + SD + SD + SD
0.41 11.99 83.77 4.69 0.026 90.0 8152 11.80
H=] g A B D C A x A A A
+ 0.018 + 0.864 + 1.64 + 0.71 + 0.010 + 1.1 + 129 + 0.32
Skgf/ crt186 G10 & 5.77 0.24 1.78 1.39 1.128 0.565 1196.33 178.6 20197 70.89
~ BC A A B B A A BCD DE C
1830z + (0.20 + 0.01 + 0.17 + 0.32 + 0.092 + 0.233 + 40.89 + 14.8 + 1123 + 7.08
10kgf/ cnt-186 “C-10 5.61 017 1.38 0.76 1.221 0.440 1210.15 2114 22529 79.13
~ BC A A AB B A A E DE C
H2H30% + 0.27 + 0.01 + 0.35 + 0.26 + 0.035 + 0.014 + 59.06 + 17.7 + 1640 + 3.16
20kgf/ cni-186 ‘C-10 541 0.15 1.53 0.63 1.236 0.640 1208.17 204.4 21344 79.15
~ B A A A B A A DE DE C
HAR30% + 0.15 + 0.01 + 0.39 + 0.34 + 0.036 + 0.269 + 33.00 + 23.8 + 2109 + 8.9
30kgf/ cni-186 C-10 5.58 0.16 1.31 0.89 1.328 0.275 1254.31 202.4 21668 84.47
~ BC A A AB B A A DE DE C
H-6730% + 0.22 + 0.001 + 0.50 + 0.15 + 0.033 + 0.035 + 50.73 + 18.3 + 1074 + 2.79
30kgf/ cni-186 C-10 5.75 0.08 1.21 0.88 1.214 0.388 1221.28 1974 20508 75.68
BC A A AB B A A DE DE C
105 + 0.16 + 0.01 + 0.28 + 0.2 + 0.021 + 0.042 + 60.53 + 8.7 + 1534 + 3.52
50kgf/ cr-163 C-10 5.96 0.01 2.95 1.23 1.404 0.230 1293.20 153.8 16184 50.03
C A AB AB B A A B B B
105 + 0.20 + 0.001 + 0.76 + 0.08 + 0.539 + 0.001 + 43.65 + 9.6 + 1838 + 9.%
50kgf/ cr-173 C-10 5.59 0.02 2.36 1.06 1.286 0.528 1230.48 180.8 | BCD | 19448 71.25
BC A AB AB B A A CD C
105 + 0.35 + 0.001 + 0.25 + 0.17 + 0.046 + 0.145 + 79.92 + 12.2 E + 594 + 9.38
50kgf/ cr-186 C-10 5.83 0.04 223 0.73 1.359 0.400 1287.95 151.9 17323 82.82
BC A AB AB B A A B BC C
105 + 0.28 + 0.001 + 0.23 + 0.10 + 0.140 + 0.001 + 6448 + 19.0 + 1204 + 1911
50kgf/ cr-163 C-11 592 0.03 5.87 0.77 1.276 1.050 1289.84 162.2 15409 69.93
C A C AB B A A BC B C
105 + 0.24 + 0.001 + 1.06 + 0.45 + 0.368 + 1.061 + 5257 + 45 + 722 + 6.30
50kgf/ cr-173C-11 593 0.04 4.23 0.82 1.141 0.330 1249.69 187.2 18909 74.31
C A BC AB B A A CDE CD C
105 + 0.36 + 0.001 + 277 + 0.29 + 0.039 + 0.001 + 75.18 + 29.1 + 1869 + 9.54
50kgf/ cr-186 C-11 5.51 0.05 237 0.63 1.152 0.525 1251.87 195.0 20468 82.12
BC A AB A B A A DE DE C
105 + 0.24 + 0.001 + 0.17 + 0.13 + 0.038 + 0.361 + 55.93 + 5.2 + 2288 + 5.63
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Table 20. Bi-SnT4 &A1& A (10mm, Walnut)e] E]- 7|48 A
A it F55 A AHE AATE A7 A ZFEE S EARS A4 A
(g/ cm) (%) (%) (%) (W/mK) (Q) (%) (N/mr) (N/ mr) (N/ mr)
2] W F=74.725%= | F=762.279%** | F=1479.891** | F=36.549%* | F=10.348%* F=0.781 F=3.134%* F=13.38%** F=22.724%% | F=17.123%**
mean mean mean mean mean mean mean mean mean mean
DT DT DT DT DT DT DT DT DT DT
+ SD + SD + SD + SD + SD + SD + SD + SD + SD + SD
0.57 12.50 33.57 6.72 0.048
a7 A - D - A y 89.2 A | 8141 A | 1820
+ 0.031 + (.387 + 1.02 + 0.59 + 0.018 + 4.0 + 970 + 142
10kef/ cr-186C-10 | 1.22 1.03 11.64 3.82 0.058 49350
gt/ cul : B D c D A D 13507 |, | 1101 AB 9648 A | 189
BOH30% + 0.24 + 022 + 1.58 + 047 + 0.003 + 0212 + 28.62 + 144 + 617 + 0.84
20kef/ crt-186C-10 | 2.65 042 562 1.87 0.113 3975
gt/ : c c B c A BC 27896 B 149.9 BC 14718 B 41.98 B
B4830% + 0.44 + 004 + 235 + 0.10 + 0.007 + 0177 + 45.03 + 316 + 582 + 1.78
30kgf/ crt-186°C-10 |  3.64 0.13 1.65 1.15 0.256 1.010 533.65 189.5 16831 56.59
i} D ABC A AB B A C CD BC B
B 6530x + 0.26 + 0.01 + 0.34 + 0.11 + 0.021 + 0.198 + 38.16 + 73 + 2565 + 426
30kgf/ crt-186°C-10 | 3.75 0.15 1.97 0.86 0.679 121 54326 192.3 1984 80.66
DE ABC A A C A C CD C C
0% + 0.11 + 0.02 + 0.75 + 0.09 + 0.033 + 0.078 + 1512 + 92 + 1364 + 856
50kgf/ ci-163C-10 | 3.72 037 283 147 0.257 2.010 52427 187.8 16418 82.67
DE BC A BC B AB C CD BC C
105 + 0.27 + 0.03 + 1.00 + 0.11 + 0.066 + 0.905 + 39.17 + 21.1 + 3041 + 1849
50kgf/ cr-173°C-10 | 4.03 0.08 139 0.73 0.786 2440
gt/ cul DE AB A A D ABC 51037 c 150.0 BC 16004 BC 83.89 c
2108 + 0.35 + 0.01 + 0.39 + 0.06 + 0.036 + 0.693 + 4291 t 71.3 + 4760 + 11.83
50kef/ cr-186°C-10 | 3.82 0.13 122 1.03 0.669 3.685
gt/ DE ABC A AB c BC 530.23 c 183.0 D 20898 c 84.6ﬂ6 c
0% + 0.22 + 0.01 + 032 + 016 + 0.047 + 1.959 t 31.88 1 94 1 3414 1 631
50kgf/ cr-163°C-11 | 4.05 0.05 0.97 0.59 0.677 0.565
gt/ cul DE A A A c A | 57072 c 176.8 D 15695 B 78.22 c
208 + 0.4 + 0.001 + 0.04 + 0.34 + 0104 + 0.092 + 32.76 t 3.1 + 3540 + 6.9
50kef/ crt-173°C-11 | 4.17 0.05 263 0.77 0.771 1.390
gt/ DE A A A D A | 57092 c 200.6 D 16226 BC 79.24 c
208 + 0.15 + 0.001 + 113 + 0.46 + 0.014 + 0156 + 21.33 + 281 + 1054 + 7.86
50kgf/ cr-186C-11 | 3.90 033 248 0.80 0.295 4300
gt/ DE ABC A A B c 530.89 c 205.0 D 17654 BC 81.85n c
2108 + 0.17 + 0.001 + 0.84 + 020 + 0.038 + 0.990 + 22.60 t 6.5 + 1039 + 9.23
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t}. Bi-Sn-InFYZA A2 Az
ool BiSnFYEARGAA ] Az st BT P2 HAh FFO2E Walnutg A}

L3tgon, o] &3 FFo 2= 359 QA A F<£, H]_tﬂ_( i &7 2715C), F4
(Sn: &3 23206C), AHE (In |§4156.76C) FFu| 2 57.5: 17.3: 252 (Bi: Sn: In), &-§%
788C<l 2% FaS AFESIAT Bi: Sn: InFAJu| &0 wha} 58: 27: 150]9 90.5C, 58: 32:
100]™ 99C, 58:375C0] 119CE YehJAT)

—

i

A4
=

2} Bi-Sn-InFYEA HFA o] 54

2

(1) Bi-Sn-InFY E A4 B-FA) & A
Bi-Sn-InF Y EAE-THA| o] A=
T, g, 55 TANEE, A
AN FHSHE, BAE, %%‘ﬁl—’ﬁ AL, FontE

7} AIZE 10802 5le] AHTeEE
183, 142TC, 103 T2 7471 Azsdoen, THHE FEFAAYE A & BN +
Z& yEhdth Table 2204 Heule} o] FHF7HEL 183Tu 142CollA tizFEoh
669%,678% 2 FUd AFZ 7lHYgo} 7EF AAo] 183TC9 AT 48 Aoz e
ThHTable 21,22). & <8 50kgf/cr-183°C-FZFA 7F 102- 7FA1 7 102¢] 3% Bi-SnInF¢
EANEFGA ] AL 669%2 THF7IE DE7F 058g/ el A 4.78g/ cn 2 8.24¥) F7H5lH S
o ol2 Qs BAEE 132N/mroll Al 174N/mi2, BAA5= 13570N/miol A 18786N / mif
o2 ATE 184 728 Z7lslgn BEInlEEE 0429cro) A 0.08ciz A ZHAste] B}
Foe] nrEYE 548 FTMAIAY. TS 12%00 4 048% 2 F48-L 27.9% A 1.65%
(thzT9 59%) 2 T BEEL 68%N4 0.74% (2T 109%)2 ZA HAAA X5
S vl ZA FFAHT

Table 21. Bi-Sn-InF¢ EA 2 A (5mm, Walnut)2] =340 A2

B} A AT i
= (g/ an) (%) &%) o oo . 7] AHQ)
Bas(%) (W/mK)
i F=479.717%** F=431.282%* F=50.866*** F=18.656**
22 "Wy F=93.113** | F=577.392%*
mean mean mean mean mean mean
DT DT DT DT DT DT
+ SD + SD + SD + SD + SD + SD
0.58 12.07 27.91 6.81 0.048
=317] A B B C A x
+ 0.02 + 0.87 + 5.85 + 0.72 + 0018
50kgf/ cn-183 C-10 478 0.48 1.65 0.74 0.573 0.763
C A A A D A
208 + 015 + 0.04 + 0.02 + 055 + 0021 + 0.230
50kgf/ cn-142 C-10 497 0.91 3.97 143 0478 0.700
C A A AB C A
208 + 024 + 0.29 + 0.88 + 0.19 + 0.022 + 0.141
50kgf/ cr-103 C-10 2.79 1.15 5.53 1.95 0.148 3.813
B A A B B B
208 + 015 + 0.18 + 040 + 035 + 0.008 + 0972
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Table 22. Bi-Sn-In

FYEA 2 A (5mm, Walnut)e] 7148 A2

TS (%) A7 (N/mm) A A 4=(N/mm) A% (N/ i) Byl R (em3)
F=150.390%** F=12.069** F=78.382%** F=20.325%** F=1277.293%**
A Wy
mean DT mean mean mean mean
DT DT DT DT
+ SD *2 + SD + SD + SD + SD
131.767 13570.333 18.180 0429
R=S AR A B A C
+ 16.317 + 990.588 + 0.700 + 0.011
50kgf/ cn-183 C-10 669.24 B 173.767 B 18785.799 C 72.061 c 0.080 A
105 + 21.45 + 8.150 + 881.148 + 2.556 + 0.003
50kgf/ ci-142 C-10 678.20 B 143.100 A 12398.500 B 67.742 c 0.067 A
105 + 32.92 + 0.500 + 87.500 + 18.629 + 0.003
50kgf/ cr-103 C-10 362.20 A 139.767 A 10931.131 A 47.855 B 0.205 B
105 + 19.83 + 1.950 + 152.523 + 1.504 + 0.011
2. FEFASAREA Wat 45 B
w53 AeE" Z2:3 A9 =
-7 E.E. u _I1 ! i 2 . o £l
A3 Ridiata Pine Radiata Pine N det Walnut
e ®
20%
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7k 7t Al 8

Fig 145 2£FYEARPAe] st 45e Asrl skl Mumss FEEYd
radiata pine¥} red oak, 231 FY HHA &L radiata pined} red oakE 10cm=o]of A]
58 Bk WUR 71dsele Wl AEE B3 FEE e Aol
Fig 14o| A4 RE&= vie} Zo] EAE EAl= 712 & 2025FH EES UH el duR=E
g 2£FUEAE 24X 2R A agkon 4mREy FEIASAE J94HE
FAGRA U ol SohEA A4T PANYY. TAY DAL B 52 TR
22 YHA B Aded 223020 PRl Uy] Azale vad 4TnREYG F4F
AEA= Fig 1348 28 3HA] ottt

o da des AlEE
FEFAFAEGAN Y e Hee A1) 95t KS F ISO 5660-18 o835t 3359
U}, Fig 159} Table 23& 28 & 3002 o Ewz HolHl2 el Ao, Ao ]
5t B3lE o] YEhA] oA wle e F WSy A9, durE, AAs
vl o] Vel o83 Aie F45FYE A= S5 vste dart €A HA &1 F
#FS FASHT g Hold I AdS B F1 AT FEFYETA FoAAM= F50]
714 Bol T8 Radiata pinee] 345l 714 #lojxe.

Table 23. F4FY2AREA A2 45 A9
) :Liil-z o]E_;(HE_BJ-;(ﬂ
o_]E_ = T HT
PING == | Radiata pine Walnut Red oak White oak
25 = (g) 62.55 532.8 333.91 373 2452
AL T Z 2k (g) 12.72 531.4 279.9 369.1 213.11
Z 3 313k (g) 49.83 14 54.01 3.9 32.09
FHHIE 79.7% 0.3% 16.2% 1.0% 13.1%
o 7]l =2 219.981 1.097 23.865 21.29 33.734
AR A2 ) | 31.564 0.027 9.43 0.014 13.95
A
B 47.832 0.044 14.482 0.024 21476
ArEHFM/

\ um--.

f_.k,.q i PN

it e
1 \ G -,
g
24 | 4

Radiata pine
Fig 15 2431 2A9 i A
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4 FEFYEAR A AH e

FEFYEALEA A PAEL ZH57] S5kl Table 249] Pl £FL BFAA
A A ALY 9 F sl FT-IR Spectrometer2 =73t} Table 249} Fig 172 1 ZAx}
2, AERe A A48T Wi niRge] e dg Az o5AZ W Bado] e Fa
# o5 BHSEH FEFARAE AHESe] U BA R 4TI Fole ek of
1@} (Radiata pine?] 7% 0026014 091002 35u) =o}7), HHALEE Table 2404 HE
Hlsl o] 89% 2 EAlSl M=F £A2 HolL glol AANY PAEAS J5e FET
RSt vk o]9)Y EFH VU Walnute] F% B¢t H23F A& YERHI 9o

A7) MAEARA o] FE Ushde & 57} Uk

Table 24. F&£FYEAEFA ] AHAH PALS
I _ P A
(F8 240,57 1+78:5~20um) (F8 240,57 37:5~20um)
EFdUE 0.91 3.67x102 W/m2
vETYEFUVT 0.89 3.57x102 W/m2
Radiata pine 0914 3.68x102 W/m2
54 ¢Y Radiata pine 0.89 3.59x102 W/m?2
Walnut 0.917 3.70x102 W/m2
F5F9Y Walnut 0.909 3.67x102 W/m?2
* FT-IR Spectrometer =7 23}
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5. F%FYEAREA | TVOC

Table 257} Fig 188 F&£FYEZAEFZA 2 TVOCE veld Aoz F£3F¢YFE Radiata
pine¥} Walnut & 719 =F& KS F 19989 A&~ AHHol osle] dezts] 7f2~az2nEd
ZE A 7](Thermal Desorption Gas Chromatograph Mass Spectrometer ;TD-GC-MSD)E& o] &

g3t3ith. Table 2501 4] H=ubel Zo] FLFUEAN ] A4 TVOCH HCHO EF7}
Hos SRBET O B B2 dehjol F9r5ae 1874 A2Ie & 7 A

Table 25. 243 EA) B35 e] TVOC

P O = _7:‘4 O ~= 1
H¢-T58 S H
(mg/m?2-h) (mg/L)
=N = H
BT WA
(Radiata pine, 0.013 0.1 0.007 0.3
Walnut)
TO11 Compounds RetTime Araa Amtiarea Armounti®EiE)
WD B, $5=380 16 Refeai (101028 -OTC2804 O T — 1 rll-l.Jizlwde 5.308 36.442) 0,002 0.055
. | ] 776 i ;
‘ AT E 1
5 12 445 -
14.755[- Sk -
i 15823 1.267) 01004 0.005,
: k3 17 568} A B
H £ H 19267 1.181 0001 0.007)
1 5 ] H
H 8 ] 165,538~ -
B 8 s 4 : 20371
A ] $8 £E ] 20622 - - =i
— e — — = i 22 688 2504 0.005] 0.014]
3 elhybenzakanyde i E‘ |-
| Tolsis | | 0,078
ol
Formaldehyde 0,055 =at= 0.007 seimh
o4 l.'.oll-pr.;und! | R Height Area - L ngyath -x_
T
[T ISR ) ]
1004 111391 Toluene 1& - =
T Gosl|  noge| ooy s2ag|
%]
546
&
Ve [ [rotal Conaaniraion =
& Beaperions wokd Reieic Phenyimaleic anhydride 4353 246 A L i 186 i
853 2857 - Ar E: Ratey= 050 Fowr
S ; Y
il TEss S [ TE T
1002 B@ 2002 2502 3002 »s01 | o0

[ RT [ case
a5 0w

| == 08
F] 0605 BERED
3 |Phenyimae anydride £1.102 38122357

6. FEFUYEALTA ] AR AHE

Table 26%} Fig 19 FH5FAFTAELAL] AT AdHes ved 2oz FE5FYE
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Radiata pine¥} Walnut F 7H9] 4% ASTM4935-99, KS C 0304 19984 <Aty h=A
AgtAT-Ao o ste] SHITE Table 2604 B=ukel o] vk o] HAm A&
L 0% wele] FEFYEAQEFGA S AodE N%A 99.9% 718 =L AR T 2}
48 UEe 2 57} J9nh

Table 26. F&FYBALGA ] AT 25 &

Shielding Shielding
R Frequency(MHz)
Effectiveness(db) Effectiveness(%)
e =RE 10 ~1000 17 ~37 98.00 ~99.98
R 30~1500 0 0
=43t Y Walut 30~1500 11.3~41 92.59~99.99
% 8 YRadiataPine 30~1500 13.1~28.2 95.1~99.84
A H A 24427 ,43+5%RH
A g ASTM 4935-99, KS C 0304 :1998
2AHEE(%) = (1-10-A/10) x 100 (A dBe] AHEE B9F)

1200

100.0

80.0

60.0

40,0

SE(dB)

20,0 L —

300 104 177 251 324 398 471 B4h B18 592 TER 839 912 986 1059 1133 1206 1280 1353 1427 1500
Frequency (MHZ)

1200

100.0

SE(dB)

60.0

40,0 e

.

200 Gt Ty

300 104 177 251 324 398 471 B4h B18 592 TER 839 912 986 1059 1133 1206 1280 1353 1427 1500
Frequency (MHZ)

Fig. 19. 9435 Radiata Pine($])¥} Walnut(e}&))
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7. BEFABARTAL Foel WA W FAYE 2 LU= PP

7h AFA d ARAAE
Fig 20~23& F&£FYE AE A Fael 2 o FZo] & o]FofA=AE A
B (HH) g AT Pé U IFARGHHE, W IFAEHFE AP FA Ay
HAHAPL KS M 3720:2008 2 Aste] A3 ZAaich A2 (2P Wl ZI3dFEE
B E3e&S YEtd)E HdE, SlE W JFE AIE ZRCAA mRA ol HH
gg BYon oFA A9 HEFAE TS HAEHH WS FF=He] UMFY UFRG
=4 vEsten 53 g HEREol =A uvEhsith Fig 238 Wi A g AIREHRE
ot "eEg veRd Aot %é%%ﬂm 1A A FEARTG e FA] del ol
G UER Aol A UEhden nE | ATt F&3 A= &2
ol HE gL wX)A] gFE ¥ ojje) B E]E HA veht v 3 424 vEhd
I YAk o1y olfE FEAYUAE FE

= I

o2 $%o] 4 YRHDR £2

_IH

& ABAANA Foe wa 2R AUA
GFe FE Fol9l Aoz Yzsojik,

35 +4104% 378 380
oy {51%:| +0.25 2080
E 4 4 273 26T (67%) (66%)
i 0 Zh. 91% +Hp 18 =
e 89%) 17 (58%) (60%)
a
S
L]
.
s 1-
Z
To
~ Epoxy PF UMF UF
®m Mon Treatment+Flywood Metalized wood

Fig 20. Dry Strength of adhesive of metalized wood
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(zwwyN)Isa) Buyeos Joygp|oa

Aq anlsaype jo yibuans japy

on
i

i | 3.03
+0.73 (97%) 2[5»2599 £0.60
3 4 (97T% +1.69 -
(97%) (96%) (97%)

Epoxy FF
®m MNon Treatment+Flywood

192
0.69
+0.41 099

UMF

= Metalized wood

2.04
+0.18

UF

Fig 21. Wet Strength of adhesive by hot & cold bath test of metalized wood

(zluw/N)Isa) Jlog
Aq amisaype jo yibuauys japn

4 - 2.67
2.41 2.33

¢ | 1135 i;?;;g 2.04 *0.57
1 (97%) (97%) +0.34 (57%)

2
a1
]
Epoxy PF
B Non Treatment+Plywood

UMF

B Metalizedwood

UF

Fig 22. Wet Strength of adhesive by boil test of metalized wood
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s 16.33% 16.00%
= 18% -
& o | SR e £ LI g
Eﬂ 14% - +1.73% +2.47%
I 12% -
@ 10% -
Z 8% -
=4 6% -
= 4% -
@ 2% -
ﬁ 0% - .
= Epoxy PF
m Non Treatment+Plywood Metalized wood

Fig 23. Peeling off rate by boil test of metalized wood

U ZELHE =
Table 27-&
tsl= ®At
(50%, pH 7.
pH 65 )= 4

ot

b

§EgAs el F2F] A AIEHYKS M 1998)0ll &3 25
Aolth o] W AF&3F UMFFA(NVC 54%,38%F pH 6.5 )9t UFFX
A3 At A AR SHE ElSHS AHESES2H, Epoxy2|(NVC 98%,
33 PFA)(&BH] #l& @ 37% TE2ZY =1 : 1.63, NVC 60%, pH
11.5) A¥ tod AMESlYTh FE5EFYSFAETAL - Table 250419} o]
TVOCH HCHO<] = H¢FSFETG B 53 AEolBE g5FYEA L T
< HHer HAZ FEFJENELA rhFwe] A= Table 27014 Hi= niel o] A
ZAlo] wat ZFEE 4 F AT

N
RS
I
>

o I o I
i)
o
ol =

2
=
-4
RS

ol ol

ok
p)

i

i =
2
>
2L

olr

ol
= W
o,
S

Table 27. 24FJEALFA 2 BHel FAAle 42 T2Lus = Wit

HCHO
(mg/L)

FTEFYEAEDA Y =3 A FArFRAA ALEEE Hu F29 8333Y =8
E A7 (2 Head sanderE ©]8-3F Sanding, #180,
2 AR UVERERRA 189 29 259

HENBRL ANEE T84 B S 2ol UVEEER
Q3L o NEA otaPdolEA UVESE Hgstel =45
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hoWEd 2 ey Mg
Wed 2 gdd AW AT Fig 249 o] =) Ele] geld, HES, WA 2 29
o W7t ol FAVIEA B FANAT ol FEFYAAT} moel dBL FA %e
& & 57} qdrh

R R R R IO
Wik, gt A9 Fig 259 Zol mte] wiae} ¥ g oW W doluhA
&)

gt ol muhel FAe FEF AN} WAE FA 4oL

Cold resistance test.

Heat resistance test.

Before After
Fig 24. W3td € I A9

Acid resistance test

Alkali resistance test

After A

Fig 25. U4, ygd7ta]ld A1

_54_



o} Wtz AlE

°] 0.63g L

2

)

&
T

Brel Wimbe g A e 2 500313
=2 Yrtr AP AzE 06522 Aol7h A vehtA itk U

o
=

AEgA L =%

A

T
Tou

ﬂ
e

kATt

k3!
=]

e Al

a3,

o 1)

g =

shop ol

T
T

A7} Fig 26014 1

=)
=

ree) A

'/_'(_'

2o =ehy
°of flo] Axtel AAle FA= o= A

o
T =

ANEFAS =3

ol
=]

]

=

o= ol &

g 7F AT

After

Before

Fig 26. Adhesion test by masking tape

k!

k3!
=]

Recycle 4]

A8 g4 o]

=
=

Q]
1=

tod Fig 273} Zo] 5x5xler =

=)

dolr 7] £

o
qr
3t

ol

Ar

2 7teA e ¢ &

tsle,

o] A= W3

AR
AN

ol mhd1}gke}. Table 28

=)

olelel B £

240
[

A

H

)

_55_



Table 28. F&FYEA] &A1 9] Recycle H|&
A T%Fg) | TYE 55 $%(@) | Recyde 557 (g) 3 T&(%)
Radiata Pine 11.04 120.52 114.25 94.78%
Walnut 14.51 85.01 80.9 95.16%

(Juglans mandshurica M)2] 74 |

EAE FFALEAA 1975~20053 714

100x250x5mme] =72 AEsle F

LB E ES

L FEFYEAEFA ] Recycle A

Y=AZFA] 54

35 rhERe 29 o] &S H5te] AAlZ 7] 75x900x7.5mmE AFHS
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ol

=3

HAuz 5P en EAZCZ zole o}t HE2%m o FAlFE =&
7 o},

WEee vhFRe] KS Aol 6%olsklEl AHF 3%olstE AS EF A

End
2 H

< 3T 9 10%9 E}O‘A 17+-& F= 3ol ATt
AeleEe &84 138Ce Al & Fx &e 200C Abele] 228 AMSSHT. A2
ZFoli= Table 317 320014 B= whel o] BE WA A 2pol7h I 187T
ZANA FFgol 2F O ¥& Aoz YEgon, 163TCAM ¢8de F7] 93t
davteg FYE o WF2=7F 138C 7hrtel “*012% Mgz o BFTAAM e &
Fol F& WAel UEth mebd Hqlel golde ¥ W 359 We £43 99 2AE
e o 187°C7F AwstAnh
k82 Table 338} 3404 HEo] 8 - 7IAZ o] 48 10kgf/crell A 7HE ke,
30kgf/ci, 50kgf/citoll A= A9 =3t AAS Vel ZAAIEE 135 o 30kgf/ard] &
o] A¢H ez vetyton, HAA7FGAIZEL Table 354 36l A Hxo] &2l -7|A# Aol
FAHLRE 68202NAE Aols HEMI ST 1083 2082 7hkA ol A= dAe 2o
7b vheRedel, 108 0] HAZIFAIE ek TE whet H bR FE5FdAE e TS
AIZE10%, &% 187C, &8 30kgf/arf, 7FEAIZE 102 0] HA e o2 LRyt

Table 29. Physical properties of composites along with the vacuum time

Densi Moisture Water Thickness Thermal Electric
. ensity
vacuum time- @/ ) Content Absorption Swelling Conductivity Resistance
ar
pressure- | (%) (%) (%) (W/mK) ()
temperature- . F=0.438** F=25.208** F=0.124** F=0.399** F=38.1**
i i mean mean mean mean mean mean
pressing time DT DT DT DT DT DT
t* 8D t 5D t* 8D t* 8D t 5D t* 8D
10°-50kgf/ cur- 4.92 0.77 1.30 2.74 0.5281 0.58
A A A A A A
187°C-10 + 021 + 0.2 + 0.02 + 0.54 + 0.0069 + 0.05
1.97
20-50kgf / cur'- 4.80 0.81 2.69 0.5194 043
A A + B A A B
187°C-10 + 0.3 + 013 018 + 0.53 + 0.0257 + 0.05
30"-50kgf / cr'- 4.64 0.87 1.45 255 0.5157 0.26
A A A A A C
187°C-10 + 047 + 0.05 +0.1 + 0.32 + 0.0145 + 058

Table 30. Mechanical properties of composites along with the vacuum time

. Weight Percent Gain Bending Strength Hardness
vacuum time-
0/0 2 2
pressure- (%) (N/ ) (N/ ) Abrasion depth
F=0.651** F=1.091** F=0.667**
temperature- (mm)
mean mean mean
pressing time . SD DT ‘D DT ‘D DT
10°-50kgf/ e 705.87 193.97 87.32
A A A 0.072
187C-10 + 21.6 + 47 + 20.52
20°-50kgf / e 700.06 200.4 77.29
A A A 0.072
187 C-10° + 27.24 + 10.54 + 124
30°-50kgf/ e 681.13 2119 70.35
A A A 0.048
187 C-10° + 43.32 + 19.28 + 2712

_58_



Table 31. Physical properties

of composites along with the temperature

Thermal
Moisture Water Thickness Electric
. Density Conductivit
vacuum time- @/ ) Content Absorption Swelling Resistance
ar
pressure- & (%) (%) (%) Y (@)
F=0.562** (W/mK)
temperature- F=4.187** F=1.046** F=0.122** F=2.192%*
) ) F=0.712**
pressing time
mean mean mean mean mean mean
DT DT DT DT DT DT
+ 8D + SD + 5D + SD + SD + 5D
10"-50kgf / cur- 4.79 1.16 171 2.64 0.549 0.52
A B A A A A
163°C-10" + 028 + 0.04 + 021 + 048 + 0.02 + 0.05
10"-50kgf / cur- 4.76 0.83 1.72 255 0.5326 0.65
A AB A A A A
176°C-10° + 018 + 023 + 067 + 034 + 001 + 013
10"-50kgf / cur- 4.92 0.77 1.30 2.74 0.528 0.58
A A A A A A
187°C-10 + 021 + 0.2 + 0.02 + 0.54 + 0.007 + 0.05

Table 32. Mechanical properties of composites along with the temperature

vacuum tme- Weight Percent Gain Bending Strength Hardness
pressure- (%) (N/ mm) (N/ ) Abrasion depth
temperature- F=1.050** F=0.523** F=0.441** (mm)
pressing time mean + SD DT | mean + SD DT mean + SD | DT
10°-50kgf/ e 694.90 202.67 70.83
A A A 0.048
163C-10 + 48.27 + 821 + 21.81
10°-50kgf/ e 739.36 200.53 77.24
A A A 0.072
176 C-10° + 57.74 + 731 + 31.36
10°-50kgf/ e 705.87 196.97 87.32
A A A 0.072
187°C-10 + 21.6 t 4.7 + 20.52
Table 33. Physical properties of composites along with the pressure
Water Thermal
Moisture Thickness Electric
. Density Absorptio Conductivit
vacuum time- ’ Content Swelling Resistance
(g/ cx) n y
pressure- (%) (%) ( 9)
F=253.337** (%) (W/mK)
temperature- F=14.557** F=4.231* F=18.038**
. . F=205.43** F=402.761**
pressing time
mean mean mean mean mean mean
DT DT DT DT DT DT
+ SD + SD + SD + SD + SD + SD
10°-10kgf/ cot- 1.66 3.76 13.37 3.58 0.1416 0.95
A A A A A A
187 °C-10° + 0.05 + 119 + 134 + 03 + 0.02 + 024
10"-30kgf/ cut- 4.67 144 201 272 0.5644 12
B B B B B B
187 C-10 + 033 + 0.24 + 047 + 036 + 0.03 + 0.08
10"-50kgf/ curt- 492 0.77 1.30 274 0.5281 0.58
B B B B B C
187 C-10 + 021 + 02 + 0.02 + 054 + 0.007 + 0.05
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Table 34. Mechanical properties of composites along with the pressure

vacuum time- Weight Percent Gain Bending Strength Hardness
pressure- (%) (N/mm) (N/ mr) Abrasion depth
temperature_ F=1190.203** F=36.166** F=26.198** (mm)
pressing time mean + SD DT mean + SD DT | mean + SD | DT
10°-10kgf/ cnf- 202.82 145.6 2242
A A A 0.218
187 C-10° + 16.97 + 12.34 + 24
10°-30kgf/ cnf- 701.78 18947 73.38
B B B 0.08
187 C-10° + 944 + 4716 + 10.38
10°-50kgf/ cnf- 705.87 193.97 87.32
B B B 0.072
187 C-10° + 216 + 4.7 + 20.52

Table 35. Physical

of properties composites along with the pressing time

Densi Moisture Water Thickness Thermal Electric
ensity
vacuum time- (@ ) Content Absorption Swelling Conductivity Resistance
g/
ressure- % % % W/ mK Q
p F=19. 63+ (%) (%) (%) (W/mK) (2)
temperature- F=8.601** F=3.094** F=2.07** F=50.488** F=18.9*
pressing time mean mean mean mean mean mean
DT DT DT DT DT DT
+ 8D + 5D + 5D + 5D + 8D + 8D
10"-30kgf/ cut- 3.74 1.78 248 297 0.4111 1.56
A A A A A A
187°C-6"20" + 026 + 0.29 + 02 + 02 + 0.01 + 019
10"-30kgf/ cut- 4.67 144 201 272 0.5644 118
B AB A A B B
187°C-10" + 033 + 024 + 047 + 0.36 + 0.03 + 0.08
10"-30kgf/ cut- 4.8 1.02 1.87 25 0.5548 0.98
B B A A B C
187°C-20° + 016 + 011 + 019 + 028 + 0.02 + 013

Table 36. Mechanical properties of composites along with the pressing time

vacuum time- Weight Percent Gain Bending Strength Hardness
pressure- (%) (N/ mm) (N/ mm) Abrasion depth
temperature- F=36.072** F=30.776** F=1.022** (mm)
pressing time mean *+ SD DT mean + SD DT mean = SD DT
10°-30kgf/ cnr-187 603.24 162.01 63.9
A A A 0.104
T-6'20" + 19.89 + 9.01 + 5.69
10°-30kgf/ cnr-187 701.78 189.47 73.38
B B A 0.08
T-10° + 944 + 416 + 10.38
10°-30kgf/ cnr-187 705.96 201.67 71.32
B B A 0.08
T-20° + 25.29 + 471 + 12.34
5) F5F YRS FAP
Agure HBIAR EBREFTL 819/m, Ewe] HARFIFL 65-170m, Lol
240~740mmel L @dHFolH WAERAHLS 1M4EE FE FA4PeIH FHFe dols
610~1820/m% ©](1994)= Hiista Qv Fig 289 Fuw ARed= =83 SHf/o 5
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Fig 28. SEM micrographs of Juglans mandshurica impregnated with low melting alloy

=
TUHA 107] 55 AB2AeR AHHst F5FYAYF HA2E dotR7] flsto BiSn
FUAYE AA5A . white oakE A 23 radiata pine, walnut, red oak, 7}&j+5F<]
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=2
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N,

R
T H|aL (P9 )
Tmm 2mm(Y = el
o 2 () 3k 37k 7mm
7)) 294 29+
S (EHEE) 3.5k 73+
243 257,6202
SR = 0 Bi+Sn
Ct3H 3 (303H4)
471 38.57H¢ 125k
) 7} 505+ 255k

* ;. &9, 7mm Birch &3,

hEe): UVES, tael Euwe 43, g e 2g

*Z 4= BiSn=58:42(2 %)), $20.9/ke:$26.9/kg (FHE:$23.42/ke)11002 /$-(257609 /kg)
1.0mm F7¢] Black Walnut = 10kg/%Hx $23.42/kg x11001/$=257,620)

Black Walnut: SpGr 056-059, 3¢l 100kg &2 Z.2(10mm%EA) Imm 57 257,600
7V 2010129713 F47H4 20091013 54 29,6129 /kg ¥l 2=F2 22,9904 /kg

R 714/ w9 2000 2005 2008 2010
Bi*1 $/kg 5.73 9.13 20.9
$11,900 $25,000
Sn*2 $/T $26,920
(Nov.24. 07) |  (May,08)
In*3 $/ke $94('02) $1,000(07)

*1: Bismuth Advocate News

*2: Metal prices.com

*3: "Mineral Commodities Summary 2007: Indium"
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Bismuth compounds are used in cosmetics, medicines, and in medical procedures.
Bismuth has unusually low toxicity for a heavy metal. As the toxicity of lead has become
more apparent in recent years, alloy uses for bismuth metal, as a replacement for lead,

have become an increasing part of bismuth’s commercial importance.

7}. Health and cosmetics

Bismuth is an ingredient in some pharmaceuticals, but the use is declining.[24] Bismuth
subsalicylate (the active ingredient in Pepto-Bismol and (modern) Kaopectate) is used as
an antidiarrheal and to treat some other gastro-intestinal diseases (oligodynamic effect).
Their mechanism of action is still not well documented. Bibrocathol is an organic
compound containing bismuth used to treat eye infections. Bismuth subgallate (the active
ingredient in Devrom) is used as an internal deodorant to treat malodor from flatulence
(or gas) and faeces. Historically bismuth compounds were used to treat syphilis and
today bismuth subsalicylate and bismuth subcitrate are used to treat peptic ulcers.
Bismuth oxychloride is sometimes used in cosmetics. Bismuth subnitrate and bismuth

subcarbonate are used in medicine.[3]

1}, Toxicology and ecotoxicology This section requires expansion.

Scientific literature concurs with the idea that bismuth and its compounds are less toxic
than lead or its other periodic table neighbours (antimony, polonium)[28] and that it is
not bioaccumulative. Its biological half-life for whole-body retention is 5 days but it can
remain in the kidney for years in patients treated with bismuth compounds.[29] In the
industry, it is considered as one of the least toxic heavy metals.

Bismuth poisoning exists and mostly affects the kidney and liver. Skin and respiratory
irritation can also follow exposure to respective organs. As with lead, overexposure to
bismuth can result in the formation of a black deposit on the gingiva, known as a

bismuth line.[30]
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Bismuth’s environmental impacts are not very well known. It is considered that its
environmental impact is small, due in part to the low solubility of its compounds.[31]
Limited information however means that a close eye should be kept on its impact.

o HuEd

(1) C. R. Hammond (2004). The Elements, in Handbook of Chemistry and Physics 81st
edition. CRC press. ISBN 0849304857.

(2) Joachim Kriiger, Peter Winkler, Eberhard Liideritz, Manfred Liick, Hans Uwe Wolf
"Bismuth, Bismuth Alloys, and Bismuth Compounds" in Ullmann’s Encyclopedia of
Industrial Chemistry 2003, Wiley-VCH, Weinheim. do0i:10.1002/14356007.a04_171

(3) HSBD Search for Bismuth Compound toxicology. Compare this data with a research
on Lead compounds

(4) Fowler, B.A. (1986). "Bismuth". In Friberg, L.. Handbook on the Toxicology of Metals
(2nd ed.). Elsevier Science Publishers. pp. 117.

(5) "Bismuth line". Farlex, Inc.. ttp://medical-dictionary.thefreedictionary.com/bismuth+line.
Retrieved 8 February 2008.

(6) Data on Bismuth’s health and environmental effects.

= o o) -

T T = — = = o

YEE FHEFS ShEd BEF FAZToIRI olf FEE AL el FAZ Ho g
FHAEFS B Aotk B g40 AgsER AZeA) FARANE 3

Another large application for tin is corrosion-resistant tin plating of steel. Because of its
low toxicity, tin-plated metal is also used for food packaging, giving the name to tin

cans, which are made mostly of steel.

Tin plays no known[citation needed] natural biological role in humans, and possible
health effects of tin are a subject of dispute. Tin itself is not toxic but most tin salts are.
Organotin compounds are very toxic.Tri-n-alkyltins are phytotoxic and, depending on the
organic groups, can be powerful bactericides and fungicides. Other triorganotins are used

as miticides and acaricides.

7h BuES
(1) Blunden, Steve; Wallace, Tony (2003). "Tin in canned food: a review and

understanding of occurrence and effect". Food and Chemical Toxicology 41 (12): 1651 -
1662. doi:10.1016/50278-6915(03)00217-5. PMID 14563390.
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(2) "Eat well, be well — Tin". Food Standards Agency.
(3) http:/ /www.eatwell.gov.uk/healthissues/factsbehindissues/tins/. Retrieved 2009-04-16.

. Indium

From Wikipedia, the free encyclopedia

Pure indium in metal form is considered non-toxic by most sources. In the welding and
semiconductor industries, where indium exposure is relatively high, there have been no
reports of any toxic side-effects.

Indium is not known to be used by any organism. In a similar way to aluminum salts,
indium (III) ions can be toxic to the kidney when given by injection, but oral indium
compounds do not have the chronic toxicity of salts of heavy metals, probably due to
poor absorption in basic conditions. Radioactive indium-111 (in very small amounts on a
chemical basis) is used in nuclear medicine tests, as a radiotracer to follow the movement

of labeled proteins and white blood cells in the body.

General properties

Name, symbol, number indium, In, 49
Pronunciation /'indiom/ IN-dee-om

Element category post-transition metal

Group, period, block 13, 5, p

Standard atomic weight 114.818g-mol —1

Electron configuration [Kr] 4d10 5s2 5pl
Electrons per shell 2, 8§, 18, 18, 3 (Image)
Physical properties

Phase solid

Density (near r.t) 731 g-cm—3

Liquid density at m.p. 7.02 g-cm —3

Melting point 429.7485 K, 156.5985 °C, 313.8773 °F
Boiling point 2345 K, 2072 °C, 3762 °F

Heat of fusion 3.281 kJ-mol —1

Heat of vaporization 231.8 kJ-mol —1

Specific heat capacity (25 °C) 26.74 J-mol —1-K—1
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Manufacturing and Properties of Bi-Sn Impregnated Wood Composites of Juglans nigra

Seog Goo Kang, Kye-Shin Park, Ho Lee, In Soo Seo, Jong Shin Lee, Hwa-hyoung Lee’

Department of Biobased Matenals, College of Agnculture and Life Science,
Chimgnam National University, Daejeon 305-764, Korea

Abemact: The metabized wood composites with natwal grain of imported Jfuglans nigra, which
was mpregnated with low melting alloy were manufactured and evaluated in this study. And the
proper mamufachuing condifions was also mvestigated m this study. The low melting alloy with
bisnuth (Bi) and tin (Sn) which are harmless to mmans, was apphed to this new congposites. The
composites showed not only no defects of discoloration, delammation, swelling, and cracking, be-
cause of high dimensional stability and low thickness swellng, but also nmch improved perform-
ance such as high bending strength high hardness, abrasion resistance, high thermal conductivity
as floor materials. This study also suggested the proper impregnating condition, such as 10 mi-
mutes of the preliminary vacumum time, 1867 of the heating temperature and 10 minutes of the
omintaining pressure time at the pressure of 30 kef/co’. Thﬁmdnhmdmmdcmnpnsrtesshmmd
7 times higher demsity than comtrcl, great increase in bending strength from 131.8 N/mm' to
192.3 N/mm’, and great increase in hardness from 182 N/mm' to 94.0 N/mm®. The compo-
sites demonstrated not only high emissivity of 91%, high shilding effectiveness of 92.50--99.000,
high fire resistance but also great decrease in abrasion depth, water absorption and thickness
swelling.

Eoywords: low melfing alloy, wood composites, Juglans nigra, hardness, abrasion resistance
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Table 1. Weight percent gain and dimensional stability of wood-metal composites along with the temperature.

Prossme Deu:ﬂ.r_', Weight percent Water Thickness swellng
renperature- (gien) gain (%) absorption (%) (%)
A e F=0961% F=0213%= F=3.665% F =30.002%%
pressing time mean + 50 DT mean = SD DT mean+SD DT mem =50 DT

50 kgflam® -16370-10510° 372+ 027 A 5M27+3W17 A 28301 A 147011 A
50 kgfem’ -17302-10%10° 403 + 035 A 51037+4291 A 139+03%9 B 0TI x006 B
50 kgfom’ -186T-10110" 382 = 022 A 53023 +3188 A 122+032 B 1083=x015 C

* DT : Duncan’s new Multiple Bange Test

Table 1. Weight percent gain and dimensional stability of wood-metal composites along with the tenmperature.

Prosome DE:I..I*:} Weight percent Water Thickness swellmg
i T %

e padoswe  Eisswme  reamee  pessews
pressing time mean + S0 DT  mwean = 5D DT mean+ 50 DT meam =50 DT
30 kgfiom” -186'C-56"20" 243 + 014 A 26152+ 1542 A 390+ 164 A 1.15 + 037 A
30 kgflom’ -186-1026" 20" 376 £ 027 B 33148+ 2083 B 185 = 0.17 B 064 = 0.10 il
30 kgflem” -186T-206"20" 381 £ 031 B 352160+ 1380 B 189 + 0.14 B 068 =009 B
30 kgflom’ -186%T-3026" 20" 380+ 029 B 33820+ 7120 B 189 + 0.16 B 081 + 0.02 B

* DT : Duncan’s new Multple Bange Test
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Table 3. Weight percent gain and dimensional stability of wood-metal composites along with the pressure.

Primsig Density Weight percent Water Thickness swelling
temperatare (ziem’} gain (%) absorption (%) (%a)
T Y F=710983% F=120218%+ F=1267+F F=20.920+%
pressing time men +SD DT mem=50 DT meam+SD DT mem =50 DT

10 kgfiom’ -1836T-10-10° 260+ 018 A 29581+2034 A 934+371 A 178+029 A

20 kgfiem” -186T-10-10° 431+020 B 5M931=2671 B 213+035 B 08005 B

50 kgfiem” -1361C-10-10° 443 +0M B 612583379 B  133+003 B 034 =+031 B

* DT : Duncan’s new Multple Fange Test

Table 4. Weight percent gam and dimensional stabilbity of wood-metal composites along with the pressing time.

P Density Weight percent Water Theckness swelling
S— (gem) gain (9 absorption. () ©4)
AT F=60933%* F=6.159%= F=27273%* F=265T%*
pressing time mean = 5D DT mean = 5D DT mean + 53D DT mean =50 DT
30 kgflem” -1367C-1026' 20" 376 £ 027 A 53148+ 2003 A 185+ 017 A 078 004 A
30 kgflem’ -1861T-10-10° 431+ 02 B 5M31+2671 B 213+ 025 A 087 = 005 A
10 keflem’ -18670-10%-20° 439+ 019 B 58144+ 1538 B 182+014 A 079 £ 007 A

* DT . Duncan’s new Multple Bange Test
186 C9] 27} AHg6l7] Hdslch

312 AT

AT AFTEZE olddld 49 We
AckE FAske Aoz gutes okl Fq] A
A 7] BLATL 15-608 FES FLelAs
T3 A 4B F9d selgercd agdi
Azlsty EAsE 2o} AAFET} o] GE
d 302 olviE A& AHeHc} Table 28 o
o ohed 2 104 olde] FgzAdA: FEF
o] 2 o7} Gion 5Ro] ApE $e £3)
2 pdaF webd 1089 Bezte] FA3
glzdes FEEck

313 FEH

Table 39 719}8] =& dlmsled EW 10
kgflem’ e 32 FRE7HEel vehle ug
o, 30 kgflem ©1L} 30 kgflem AHE T T35
7HEe] vieksich wEbs A Ael ZAdH 30
kgflom 7k 743 AR EoE ehich

314 7HgAI

HA7ISHTHE Table 4914 B vl ge] &
A B4 43 6 2029 060 2A g
o5, 1083 2089 F3E T2 Fast ehis
= 1089 sl 284 § Adeida #
dedck debd FEFY Bed FETUR
AdzAL 24T 102 4 30 kgflem’, 25
186, 7Igh47t 10822 Aelsis ol 71 7
A Hels F el whend ol gk S02010)0] 2
EF G839 HEuTe 22 248 Bdn

3.2. 5FAA] 42

321 2913 434

31004 FEE 2ol £3511T0) FLmel
A3 Adzdes Add 2% 186T, FgARt
108, 71steke 30 giem’, 7FEATE 10E 2 FE]
g3 2459 AeAdg fAaAdze] g9
44 H]ZE Table 500 ehisick dze] A%
FLIAAE 2 74 sl B Al Hlakd 3
Jht s, oled 2 S99 Naeser (1930)
o} Martel (1930)7F B8 Walnut 3e]742] d]5

Joumal of the Korea Fumiture Society Vol 22, No. 1, 2011

_94_



60 FETF g0 A

913-H - o] 2%

Table 5. Physical properties of Bi-Sn mpregnated wood composites.

(g-'r_m‘} cummt absorphion m'd!:ng cm.d;tmhtﬂ}r resistance
(*a) (*a) (WmK) ()
Control 059 + 0023 1202 + 0294 2791 + 585 681 + 072 0048 = 0018 u
Metzhized wood 4.31 = 0.20 0.11 = 0.02 213 £ 025 087 £ 005 0574+0016 049 =019
Table 6. Mechanical properties of Bi-Sn imprepnated wood composites.
Weight percent MOR MOE Hardnass Abrasion depth
gain (%) (Nizoan') (Vo) (Nizoas) ()
Control 5 1318 = 163 13570 + 991 1818 = 0.70 4 + 003
Metahzed wood 57931 + 26.71 1923 + 113 15551 + 882 9403 £ 711 2 + 0.015
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Fig. 3. Acid resistance test of metalized Juglms nigra.
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Table 7. Emissivity and emission power.
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Table 8. Shielding effectiveness.
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Properties and Manufacturing of Low Melting Alloy Impregnated Wood Composites
for using Domestic Thinned Logs of Juglans mandshurica

Kye—Shin Park’- Hwa—hyoung Lee'"

ABSTRACT

The low melting alfloy impregrated wood composites with natural grain of thinned Juplans mandsiurca was made and
gvaluated in this study. And the proper manufacturing conditions was also investigated in this study. The low melting alloy with
bismuth(Bi) and tin(8n) which ars hammless to humans, was applied for this novel composites, which showed not only no
defocts of discoloration, delamination. swelling. and oracking. becauss of high dimensional stability and low thicknass swslling.
but also much improved parformancs such as high bending strength. high hardness, low abrasion. high thermal conductivity as
floor matarials. This study also suggested the proper mpregnating condtion, such as 10 minutes of the preliminary vacuum
tima, 187 T of the heating temperature and 10 minuies of the maintaming pressure time at the pressure of Eﬂkgf.-'cmz. The
produced composites showed 8 times higher density for small specimen. 6.6 times for actual sime sample and great increase in
bending strength from 102.05M/mm® to 188.47M/mm’® for small siza sample and to 206.4N/mm® for actual size sampls, also
great incraass in hardness from 15.1M/mm® to 73.38MN/mm” for small size sample and 64.87M/mm® for actual size sampls. And
the composites demonsirated great decrease in abrasion depth and in water absorption.

Koy words. Low melting alloy, Wood composites. Thinned logs. Jugans mandshurica
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Fig. 1. Jugians mangshurica.

Fig. 2. The low melting aloy with bismuth(Bil and tin{Sn).

Fiﬂ 3. Pressure tregting cvinder.

Fig. 4. Juoians mangshunca impregnated with low melting alloy.
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Tahbla 1. Physical properties of composites along with the vacuum time.

) Densi Moishure Water Thackness Thermal Electric
e A {g,cn:lg Content Absorption Swelling Conductivity Eesistance
e - (%) (%) (%) (W/mk) (£2)
temperature- T F=0.438" F=25208" F=0.124" F=0.398" F=381"
pressing hme

mean+50 DT mean+5D DT mean+SD DT mean+5D DT mean+50 DT mean+5D DT

10°-50kgfem’-187°C-10° 492:021 A 07702 A 130002 A 2742054 A 0528100069 A 058005 A
20°-50kzfem®187T-10° 48003 A 0814013 A 1974018 B 2694053 A 05194200257 A 043005 B
30°-50kzfem® 187T-10° 4642047 A 0872005 A 145201 A 255032 A 0515700145 A 0262058 C
' DT : Duncan's new Multiple Range Test
Table 2. Mechanical properties of composites along with the vacuum ime.
S ) Weight Percent Gain Bending Strength Hardness ]
precswe- %) (Vi) (¥/mm’) S
temperature- F=0.651" F=1.001" F=0.667" ﬁ_ﬁ;
preszsng time mean+5D DT mean+5D DT mean+50 DT
10°-50kzfem™- 187 T -10" T05.87£216 A 1969747 A 87.32420.52 A 0.072
20°-50kgfem®™187T-10" TO0.06£27.24 A 200.4+10.54 A T1.29+12 4 A 0.072
50 -50kzfem™ 187 C-10° 5681.13+43.32 A 211.9+19.28 A T0.35+27.12 A 0.048
" DT : Duncan's new Multiple Range Test
Journal of Agricuitural Soisnoa 37(3), 2010. 12 459
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Table 3. Physical properties of composites

giong with the temperature.

. P Moasturs Water Thickness Thermal Elecme
R e (E.m {} Content Absorption Swellmg Conductrvity Fesistance
A pIgs (%) (%) (%) (Wim) )
i : : " )
temperature- o F=4.187" F=1.045" F=0.122" F=0.712" F=2.192"
pressng hme
mean+50 DT mean+SD DI mean+5D DT mean+S0 DT mean+5D DT mean+5D DT
10°-50kefem®163T-10° 479:028 A 116004 A 1712021 A 2642046 A 05493002 A 052005 A
10°-50kefem™ 176 C-10° 476018 A 083023 AB 172067 A 255034 A 05326001 A 065013 A
10‘-Sﬂkgf_'-‘cm!-13?'f-lﬂ‘ 49240721 A 077102 B 130002 A 27405 A 05210007 A 058005 A
" DT : Dmran's new Multiple Range Test
Table 4. Machanical properties of compesites along with the temperatura
vacm Hme- Weight Percent (Gain Bendimg Strength Hardness .
’ 1 Abrasion
pressure- %) _ (Uimm’) (Memm’) ot
temperature- F=1.030 F=0.323 F=0.441" i
pressing time mean+SD DT mean+SD DT mean+SD DT S
10°-5 ngﬂ:mz—lﬁt Bk 694 90=48.27 A 202.67=8.21 A T0B3=21.81 A 0.043
10°-50kefem’ 176 T-10°  739.36257.74 A 200.53£7.31 A T7.24:31.36 A 0.072
10°-50kefem® 187°C-10°  705.87+21.6 A 1969747 A 87.32=20.52 A 0.072
" DT : Duncan's new Multple Range Test
Table 5 Physical properties of composites along with the precsura.
Bt Moisture Water Thickness Thermal Electne
Facmm, e ;;,} Content Absorption Swelling Conductivity Resistance
prassure- . (%) (%) %) (W /m) (&)

: =2 T - . - - e
fEmpertue ST F=14.557 F=205.43 F=4231 F=402.761 F=18.038
pressing time

mean+5D DT mean+SD DT mean+5D DT mean+SD DI mean+SD DT mean+5D DT
10°-10kefem® 187 C-10° 1664005 A 3.76£119 A 13372134 A 35803 A 01416002 A 095024 A
ID‘-SﬂkgE’cmz-lS?'('-l{]‘ 4674033 B 1444024 B 2014047 B 274036 B 0564003 B 115008 B
10‘-50!:;5‘@12-13?'('-14]‘ 492 =021 B 0702 B 130+0.02 B 2744054 B 05X1=0007 B 058005 C
" DT : Duncan's new Multiple Range Test
Table 6. Mechanical properties of composites along with the pregsure.
Vacuum time- Jeight Percent (Gain Bending Stength Hardness
2 Y - Abrazion
pressure- (%a} (N/mm”) (Nimm®) depth
temperature- =11%0.203™ F=36.166" F=26.198"
pressing fume mean+50 DT mean+5D DT mean~50 DT (oom)
10°-10kgf'em*- 1877 -10° 202 82+1697 A 145.6=1234 A 2242434 A 0218
10°-30kgflem2-187C-10° T01.78=9.44 B 189474 16 B 73.38£10.38 B 0.08
10°-50keflem® 187C -10° T05.8721.6 B 1969747 B 87.32:30.52 B 0.072
" DT : Duncan's new Multiple Bange Tast
0C Aole) £58 Agaiglont Az BE Aok it W 1877 Adsickn gt
Table 33} 4lM B ukel o] FAHo T Aoy o]z}
9o 187C S Amzed Bao] 22T we 2 o mEee
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Table 7. Physical of properties comgosites along with the pressing tima.

) Phsicaly Moisture Water Thickness Thermal Electric
TR JTe - o) Content Absorption Swelling Conductivity Resistance
5 - fem i 2 R
S D] (%) (%) 8 (W) ()
temperainee : F=2.601" F=3.094" F=2.07" F=50. 488" F=134"
pressmg tome
mean+5D DT mean+SD DT mwan+S5D DT mean+5D DT mean+SD DT mean+5D DT
10°-30kgflem’ 187 T 6207 3.74:026 A 178z029 A 24802 A 29702 A 041114001 A 156£019 A
lﬂ‘-EOk#-'nmz-IS?T-IU‘ 467033 B 144:024 AB 201047 A 272203 A 056442003 B 1182008 B
ID‘-Eﬂkﬁsz-lS?'C-ED‘ 48016 B 1.02+011 B 187019 A 25028 A 055484002 B 098013 C
" DT : Duncan's new Multiple Range Test
Table 8. Mechanical properies of composites along with the pressing time.
vacuum Hme- Werght Percent Gain Bending Strength Hardness )
0 f e Abrasion
pressure- (%) . (Nnxrna}n C‘umm)?. ik
temperature F=36.072 F=30.776 F=1.022 P
pressing fime mean+SD DT mean+5D DT mean+SD DT T
10°30kzflem’™-1877C 620"  603.24=19.89 A 162.01=9.01 A 63.9+5.69 A 0.104
10‘-31Jkg£’m2-13?l" -10¢ T01.78=0.44 B 189 47=4 16 B 73381038 A 0.08
10°-30kgfiem®-1877C -20° T05.96=2529 B 167471 B 713241234 A 0.08

" DT : Duncan's new Multiple Range Test
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Fig. 12. Comparison of weight percent gain betwesn the control
and the freated specimen of small and actual size.
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