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Summary

I. Title

Development of manufacturing technique for heating boards of functional

woodceramics from thinned logs

II. Purpose and Necessity of Project

Under the actual conditions of our country which relies on the import of large
quantities of timber every year owing to the lack of internal resources, the
efficient use of wood available is a very important problem. Recently, in
particular, researches on the development for a new use, using thinning logs
produced in the process of tending a forest, are being in progress. As one of the
methods, it seems that it will be helpful in using thinning logs effectively by
developing the technology in order to manufacture a heating board of functional
woodceramics, utilizing woodceramics made from thinning logs. Woodceramics is
a kind of porous carbonized materials, made by impregnating wood or woody
materials with thermosetting resin and afterwards carbonizing them in the
vacuum state at high temperature, and characterized by lightness, hardness,
corrosion resistance, durability and far-infrared radiation, as maintaining wood
features, thus it is a new material which is expected to be used in various
industries. Yet, techniques for manufacturing woodceramics, so far, have been
merely an emerging study focusing on the development of a new material. On
top of that, currently it is not satisfied with developing it for many uses. It is
then assumed that the diversification of both resin impregnation and
manufacturing methods of woodceramics can solve the present difficulties in

developing their uses, arisen from the difference in characteristics of the existing



woodceramics by its each part due to the lack of uniform impregnation during
the resin impregnation and the dissatisfaction with carbonizing technologies. Also,
by utilizing small-diameter thinning logs, which have been confined to low
value-added uses because of the limit of domestic thinning logs and the decrease
in the amount consumed, as high-value added resources, productivity and
economic efficiency in forestry may be lifted. Accordingly, this study aims to
establish the manufacturing techniques of boards by making high—quality sawdust
boards using thinning logs; develop techniques to manage the resin impregnation;
and develop manufacturing techniques for heating boards of functional

woodceramics according to a wide range of manufacturing conditions.

M. Contents and Scope of Project

To utilize small-diameter thinning logs efficiently, which have been confined to
low value-added uses, this study manufactured sawdust boards with timber from
thinning, and then developed new resin—impregnation technologies and
manufacturing technologies for heating boards of functional woodceramics. The

major contents and scope of these developments are as follows:

1. The manufacture of boards and the development of resin impregnation
technologies

A. Establish conditions to manufacture boards by the kind of trees

B. Investigate physical properties according to conditions of manufacturing
boards

C. Treatment the resin impregnation using decompression, ultrasonic waves,
and evaluate their performance

D. Investigate conditions for the optimum application of ultrasonic waves and

decompression treatments



2. Development of techniques for the manufacture of woodceramics

A. Establish a condition for carbonizing

B. Manufacture woodceramics according to a board’s rate of resin
impregnation and carbonizing temperature, and evaluate their physical
properties

C. Manufacture woodceramics according to heating rate and holding time at
the highest temperature, and evaluate their physical properties

D. Establishment of manufacturing methods of woodceramics having excellent

performance

3. Development of manufacturing technique for heating boards of
functional woodceramics

. Manufacture woodceramics suitable for the making of heating boards

. Manufacture wood frame-type woodceramics floor boards

. Manufacture concrete block—-type woodceramics floor boards

o9 o W o>

. Investigate the physical properties of the heating boards

IV. Results of Project and Suggestion for Application

Using domestic thinning logs, which have been limited to low value-added
uses in spite of large-scale production, this study developed techniques for the
manufacture of functional woodceramics heating boards by manufacturing
sawdust in various ways and impregnating resin, carbonizing it in the vacuum

state at high temperature, and finally manufacturing woodceramics.

1. The manufacture of boards and the development of resin impregnation
technologies
The physical properties of sawdust boards were affected by heating, rather

than pressure, and the higher the boards’ density and amount of resin, the more



the bending strength and hardness and the less the water absorption became.
Also, the characteristics of raw materials at the time of manufacturing
woodceramics and boards’ percentage of resin impregnation and uniformity are
an important factor having an effect on Wwoodceramics’ properties after
carbonizing, so to measure the percentage of resin impregnation, impregnation
was performed with the following methods: atmospheric pressure, decompression,
atmospheric pressure following decompression, atmospheric impregnation after
conducting decompression and ultrasonic vibration simultaneously. As a result,
impregnated boards to which wultrasonic vibration treatment was applied
concurrently were high in density, the percentage of resin impregnation, swelling
of size, bending strength, and hardness, suggesting that the effect of
impregnation was improved by performing the treatment of ultrasonic vibration

during the resin impregnation of sawdust boards at a time.

2. Development of techniques for the manufacture of woodceramics

Woodceramics differ in their properties after carbonizing according to
manufacturing conditions, such as features of the raw material, percentage of
resin impregnation, carbonizing temperature, heating rate, and holding time at the
highest temperature. As such, this study examined their physical properties by
making them in various conditions in order to develop a manufacturing method
possible to produce high—quality ones. As the carbonizing temperature grew, the
density after carbonizing increased until it reached the carbonizing temperature of
1,000C, but after 12007C, it decreased. Their thermal conductivity was getting
better with the percentage of resin impregnation rising, showing the fastest in
the carbonizing temperature of 1,500C. The faster the heating rate--ie., the
faster the carbonization speed, which hindered complete carbonization, the lower
the density, and there was no difference in density in the highest temperature
according to holding time. The thermal conductivity reached its highest level in
woodceramics that were made in a 2-hour holding time in the maximum

temperature and heating rate of 2°C/min, and it was down slightly as the heating

_10_



rate was on the increase. Furthermore, it was nearly a conductor for the reason
that the higher the carbonizing temperature, the lower the electric resistance,
maintaining almost even at a carbonizing temperature over 1,000C. In the
meantime, woodceramics manufactured with sawdust boards had high far-infrared
emissivity and radiant energy, indicating 0.920 and 4.30x10°> W/m’ respectively.
The higher the carbonizing temperature, the lower the far-infrared emissivity and
radiant energy, but there was no definite tendency in the relationship with the
percentage of resin impregnation. In case woodceramics are used as a plane
heater for heating, it seems to be the best under this condition: carbonizing
temperature of 600C, heating rate of 2C/min, 2-hour holding time in the highest
temperature. Additionally, there is expectation for woodceramics to be used for
various purposes in the future because their electrical and mechanical properties

may be changed by diversifying manufacturing methods.

3. Development of manufacturing technique for heating boards of
functional woodceramics

Woodceramics’ resistance, voltage, electric current and electric power were
measured by fixing an electrode on their two end sections and conducting
electricity. Also, by applying an electric current after putting woodceramics
connected with electric wires into a wood frame and a concrete block, a test of
model of ondol(a traditional Korean under—floor heating system) intended to
investigate the changes in the surface temperature of laminated floor boards and
plywood floor ones at a given temperature was conducted. The result showed
that the smaller the fixed resistance of woodceramics, the higher the surface
temperature despite the low-voltage current, and that a sample having more
resistance had to be conducted in high voltage so as to heighten its surface
temperature. If many samples were connected and conducted, voltage would be
more likely to be lowered by selecting a sample having small resistance. In the
rate of heat transfer after ohmically heating for 60 minutes, laminated floor

boards were faster than plywood floor ones, and in terms of the difference in the

_11_



decline of woodceramics’ surface temperature between the beginning and 30
minutes after according to the adjusted temperature, the wood frame and
laminated floor boards were bigger than the concrete block and plywood floor
boards respectively, showing the relative swiftness in the fall of temperature.
Judging from this result of the test of ondol model of floor boards using those
woodceramics, woodcramics are able to be used for a plane heater on account of
the excellent heat transmission from a conducted woodceramics’ surface to floor
boards’ one.

After considering all the factors discussed above, we reached this conclusion:
Even though, at this point, it is insufficient to put them to practical use only by
those results, valuable data and information, which attempted to use
woodceramics as a functional plane heater, were produced. For the practical use
of this product developed here, from this time on, it is required to have accurate
and large-scale facilities accordant to the standard of the actual industrial
production, and to perform as much tests as possible to apply them, departing
from the low level like a laboratory with small-scale equipment for impregnation

and carbonizing.

_12_
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Table 1. Manufacturing conditions of board

Density Resin content Pressure Press time Temperature
(g/cm) (%) (kgf/cm) (min.) (C)
50—40—30 T—6—5
40—30—20 6—b—4
0.6 10 190
40—20—10 5—4—3
30—20—10 4—3—2
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BARel FE Fr&ol =dow, ItdES Eod 45 4-3-28, 4520
15kgf/crroll A 74 w2 & F5&S Uttt Baudk bk Qv 5 vl
e stuF R Alxd BRErE 77 7pgheke 9 ARt MR FEEo] ot F AL
= ueetth g olek {(1994)2 vgkwitel PDMI =415 H7bskel 7hb ot
30kgf/crr, D A7+ 20sec./min. 2O E RS A%3 & TS xAS A}
HF 0.6, TAH7ME 5% 4 W = F5E&2 314%, vF 08 WEFFE 5%, FA
HA7bF 5% W B FFE&S 337% 2 Haghkglel FWEEAZE A PDMI A
o] 7bsde HES vk Qv
Table 2. Coefficients of water absorption of specimens in various hot pressing
conditions
(Unit : %)
Press time Conditions of hot-press pressure(3-steps, kgf/cif)
Species (3-steps,min.)| 950—40—30 | 40—30—20 | 40—20—10 | 30—20—10
T—6—5 110.7°£15.2 | 102.7£15.6 | 110.1+13.6 103.4+18.3
P. 6—b—4 104.2+186 | 1089+154 | 110.2+154 123.7£12.5
densiflora 5—4—3 109.5+155 | 111.2+187 | 112.2+13.2 123.9+15.4
4—3—2 116.2+186 | 1185+135 | 118.7+14.3 126.2+12.5
T—6—5 90.3£19.6 43.8+8.6 81.949.3 44.016.3
L 6—b—4 96.3+17.4 68.6+7.3 118.5+14.2 63.8£5.7
kaemferi 5—4—3 84.0£15.7 72.5%6.2 115.3+10.3 100.3+10.3
4—3—2 119.8+20.3 96.3+8.4 130.7+16.9 131.7+15.2
T—6—5 99.7+16.3 97.5+8.3 122.9+18.2 118.5+15.6
P. 6—b—4 116.6+19.6 | 104.7+135 | 122.7+165 119.7+14.3
koraiensis 5—4—3 111.6+16.3 | 124.7+186 | 1255+13.2 121.2+15.8
4—3—2 118.0+16.5 | 126.9+14.7 | 130.4+145 131.3+16.2

a : Mean value from 5 replications

&
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—3-2% 4 W Mg 2 %S dHEdT ol dY AAAA dol UTor FE
5 AEEA X3 FEolM o] TR fEoz oA

o] &g MDF] Al 9 EA4#3 A+

g el ey
s

o) RN R 3

7 +
et al, 1975). 334 7k¢F b Zpolol &% FA AEE&S LvFet 99
1 BEs 7kE Y 40—-30-20kgf/anrd w) A lew, A= ke 40-20—
10kgf/errd wl Wl s AA yepsd, 38 HudA s AuhE Alxd Bev)
Zb 7Rqtehe W= =

_":_
& gt Al 7ko] A4 = 12% o]sto]olA KS F 31049 PB 7% 1808 7]1+5 vh

Table 3. Coefficients of thickness swelling of specimens in various hot pressing

conditions
(Unit : %)
—— Press time Conditions of hot-press pressure(3-steps, kgf/cm’)
P .
(3-steps,min.) | 504030 | 40—30—20 | 40—-20—10 | 30—20—10
7T—6—5 11.22+2.1 95+2.3 11.1£1.8 11.5+1.7
P. 6—5—4 11.2+2.4 95+2.6 12.842.3 11.1+£1.6
densiflora 5—4—3 14.9£3.6 14.8+2.5 13.6%£2.2 16.5%2.3
4—3—2 18.2+3.8 185+3.8 19.0£3.8 185124
T—6—5 12.3+1.7 74+15 10.811.6 9.4+2.1
L 6—5—4 125+2.3 10.1£2.2 11.0£1.3 12.0£2.3
kaemferi 5—4—3 13.4+3.2 13.0£1.9 10.2+1.8 12.3£25
4—3—2 16.2+2.4 13.0+£3.2 14.9+3.2 15.6%3.6
7—6—5 10.2£1.8 94425 8.212.3 10.0£2.1
P. 6—5—4 10.1£1.3 8.312.3 89425 10.242.3
koraiensis 5—4—3 13.6%2.3 10.4£2.1 12.0+3.1 13.9+3.2
4—3—2 15.6£2.6 14.5£3.5 12.1+£2.1 16.4+£3.9

a : Mean value from 5 replications
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= A7t o]¢ §(1994)8 vEure] PDMI 4 & H7bste]l 74st o= 30kgf/cr,
At AIZF 20sec/min. 2RO R REZE AxS & FA A ES A A HF
]_

06, FA A7 5% 4 W 134%, ¥l 0.8, A 9% of 10.1% oAtk B

3) A=
TZF 9 AR AxY REE §5E5E 10mm/min. 2A0E WA E AFIS
o] g3l FAEE =AH3 A= Table 4 9F 2t}

4 FEER Az BEe IAFEE dAH ez Akl gl meh s
o

Qo A AZE 76580 AN FBFEF AP Za, 4-3-289 H$)
7 AL g dEhlh ole SR E9Adel B BEe A FUAA
Bl srhadler AEeslv] oz Atk JhttHel we fAFE:
A FE BF 7MY 30-20-10kgf/end W 7 A ghs uEbdloh = A

Table 4. Modulus of rupture (MOR) in various hot pressing conditions by
bending test.
(Unit : kgf/cm?)

) Press time Conditions of hot-press pressure(3-steps, kgf/cr)
Species (3-steps,min.) | 50—40—30 | 40—30—20 | 40—20—10 | 30—20—10
T—6—5 78.4°+8.3 38.2+8.3 82.316.8 83.219.6
P. 6—5—4 76.0+8.2 87.6%5.6 81.7£10.3 79.1+8.7
densiflora 5—4—3 75.8+6.5 80.8+10.3 77.5%9.6 48.2+6.8
4—3—2 55.7+3.8 58.6+6.7 48.4+5.3 41.9+6.2
T—6—5 87.9+10.2 85.7+5.4 106.9+£12.3 80.7+6.8
L. 6—5—4 78.8£11.3 71.9+6.5 87.2+5.8 53.4+4.5
kaemferi 5—4—3 68.8+6.5 59.8+4.5 69.4+6.7 53.7+6.2
4—3—2 44.6+4.8 40.4+5.8 48.6+5.2 41.6+54
T—6—5 115.9+12.3 35.8+6.7 99.1+8.8 90.3+10.6
P. 6—b—4 112.3£10.5 83.2+7.9 82.7£9.6 87.248.7
koraiensis 5—4—3 91.4+102 77.4%9.1 85.7+6.4 62.215.6
4—3—2 78.2+8.6 69.3+6.7 71.2+6.5 62.7+4.8

a : Mean value from 5 replications
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Table 5. Brinell hardness in various hot pressing conditions
(Unit : kg/cm?)
Speci Press time Conditions of hot-press pressure(3-steps, kgf/cr)
ecies .
b (3-steps,min.) | 50—40—30 | 40—30—20 40—20—10 30—20—10
7T—6—5 238.4%+20.3 243.5£25.8 242.6+22.6 234.2+22.5
P. 6—5—4 229.9+25.6 234.2£24.6 238.5£25.1 209.5+23.1
densiflora 5—4—3 201.4£24.9 226.9£21.3 239.2+28.7 181.1+20.5
4—3—2 193.4+18.9 208.1£15.6 232.8+18.6 193.4+18.4
T—6—5 176.9+20.3 225.8121.3 216.5+20.4 227.2+16.5
L. 6—5—4 168.3118.7 2135%15.6 215.7+21.6 225.8123.5
kaemferi 5—4—3 181.1£185 189.3+17.5 217.6£18.6 220.3£20.6
4—3—2 167.4+17.6 181.1+18.6 204.4£24.1 215.6£18.4
7T—6—5 229.9£22.6 260.1£22.5 220.5%16.8 242.6£19.6
P. 6—5—4 192.7£185 221.7£24.3 217.6+15.7 234.2+18.7
koraiensis 5—4—3 219.5£15.7 256.4£25.8 205.5£20.3 235.7£20.3
4—3—2 187.7+18.6 217.6£16.5 201.9£16.9 217.6£19.8
a : Mean value from 5 replications
U 2x 2 B2 Hs5A JrrEgy 9%
1) &€
AzE HEE 2051 CE 24A12F AAg § Hee] dWe g 52 Hrigkol me
FTreS A3 A= Figs. 1, 29 29 BE=9 ¥x7) 0.39g/cnoll A 0.69g/cni =
7 el wEl AYFE AxE BEo F4E2 167.6%~826%, SdFoE Alxd
HIE & 1525%~64.3%, AAUF = AZ2H BE=w 179.0%~80.7% = HEo WLyl &
Aol e FREe gastar ot WE/l ¥25% nmEe) 240 AWl
TFEFTTY TEQ FFo] Hojx FF o] & Fom FuhHETh o9k £(1994)
MDI FA = Azd FHREe] S g3 & F5Fe o] S/
o we} FTAgthy S ™, Yoshida 5(1986) = Uz AzxdH HE=E9 EAZX
Abell Al &2 UE7t F7hsh o AR AT B gk ovp glof
2 ATARE o9 dAE AEFE Ut FF 1 HuoA e YPFoE Ax
¥ B Fgo] otk AA vEE
g A HIbEol 5% ~20% = F7hstel wel AuFE Alxd BREY FFE&E
- 26 -



129.4%~80.6%, G50 AxH HEE 1227%~34.2%, AR s Az ®
1329% ~81.1% % 4| H7bo] S7hetel wet §5&2 Zasi. olds 2=
2e WEoAME FA bl e = &
5 Walstaly] Wi R of AT o9k §(1994) FWH o] A b
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Fig. 1. Relationships between water absorption and
density of board(resin content 10%).
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Fig. 2. Relationships between water absorption and resin
content of board(density 0.6 g/cm®).
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Fig. 4. Relationships between thickness swelling
and resin content of board.
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Fig. 5. Relationships between bending strength
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Fig. 7. Relaitonships between brinell hardness
and density of board.
350
300 +
250 +
200 - —a— P, densiflora
—e— L. kaemferi
—A— P. koraiensis

150 1 1 1 1

0 5 10 15 20 25

Resin content (%)

Fig. 8. Relationships between brinell hardness
and resin content of board.
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Saito, 1995a, 1995b ; Okabe et al., 1996a, 1996h).
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Table 2. Change of density after impregnation with phenol resin
(unit : g/cm)

Species P. densiflora L. kameferi P. koraiensis
mpregnation
type * * * *
Number 1 2 3 4 1 2 3 4 1 2 3 4
of times
1 0.75* 075 076 085 075 077 074 081 074 072 075 083

+0.02" +0.03 +0.03 £0.04 +0.03 +0.03 +0.04 +0.04 +0.03 +0.03 +0.04 +0.04
075 076 078 083 076 077 075 082 071 070 0.75 0.83

2 £0.03 £0.03 £0.04 +£0.05 +0.04 +0.03 £0.02 +0.04 £0.02 +0.03 £0.03 =0.04
3 076 077 080 08 075 078 075 083 075 072 076 084

£0.03 £0.03 #0.04 +0.05 +0.03 #£0.03 +0.02 +0.04 =0.02 +0.02 +0.03 *0.04
4 078 079 081 087 077 079 077 08 076 073 076 0.86

£0.04 +0.03 +0.04 +0.05 +0.02 +0.03 +£0.02 +0.04 +0.03 +0.03 +0.03 +0.04

a @ Mean value from 5 replications

b : Standard deviation from 5 replications

1* : Nonpressure only

2% Vacuum pressure only

3% : Combined vacuum pressure, Nonpressure

4% : Combined vacuum pressure with ultrasonic vibration, Nonpressure
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Table 3. Percentage of resin impregnation of board after impregnation with

phenol resin

(unit : %)
Species P. densiflora L. kameferi P. koraiensis
mpregnation
type « « * *
Number 1 2 3 4 1 2 3 4 1 2 3 4
of times
1 33.1% 323 450 527 396 370 470 513 324 297 423 579
+43° +47 +56 +59 +47 +36 +52 +73 +47 +36 +46 +69
5 46.8 385 505 645 431 422 516 619 384 294 450 66.3
53 #46 64 63 52 39 65 72 53 37 62 50
3 46.2 387 483 66.1 464 423 525 621 386 301 468 685
46 +42 +53 £72 53 37 63 +47 58 +37 +53 7.2
4 482 463 511 663 477 458 527 656 386 361 473 685
73 #62 63 73 #46 63 53 70 36 27 52 63

a ! Mean value from 5 replications
b : Standard deviation from 5 replications

1%, 2%, 3%, 4" : See table 2
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Table 4. Linear shrinkage after impregnation with phenol resin
(unit : %)
Species P. densiflora L. kameferi P. koraiensis
Impregnation
type « « * *
Number 1 2 3 4 1 2 3 4 1 2 3 4
of times
1 07 06 13 12 12 11 15 15 07 07 09 11

+0.03” £0.02 +0.03 +0.04 £0.03 +0.02 £0.05 +0.03 £0.03 +0.03 +0.03 +0.04
12 07 14 13 15 12 17 15 08 06 10 13

2 £0.03 £0.04 £0.06 £0.03 £0.04 +0.03 £0.05 +0.05 £0.03 +0.02 £0.04 +0.05
3 1.1 06 09 14 15 11 18 19 08 05 08 15

£0.04 +0.02 £0.02 £0.03 +0.03 +0.04 +0.02 +0.04 +0.02 +0.02 +0.03 +0.05
4 1.3 1.1 11 15 14 13 17 20 09 07 11 15

+0.05 £0.03 +0.03 £0.05 +0.04 £0.04 +0.03 £0.05 +0.02 £0.03 +0.04 +0.04

a . Mean value from 5 replications
b : Standard deviation from 5 replications
1, 2°, 3, 4" : See table 2
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Table 5. Thickness swelling after impregnation with phenol resin

(unit : %)
Species P. densiflora L. kameferi P. koraiensis
Impregnation
type * * * *
Number 1 2 3 4 1 2 3 4 1 2 3 4
of times
1 6.5 95 124 110 103 95 109 112 58 79 126 128
+0.7° +0.8 1.3 +05 +09 1.0 +0.7 +2.2 04 +0.7 +1.3 £19
0 89 87 105 116 119 107 131 120 93 11.2 139 13.0
0.8 1.1 #09 #15 +08 1.2 %13 #06 *05 +0.7 £1.3 #0.8
3 105 99 95 118 120 125 125 135 6.1 94 125 156
09 +£0.7 06 +09 *1.2 +0.7 £1.3 08 +0.5 0.7 +0.9 *1.7
4 104 99 106 141 121 125 131 176 141 148 155 16.7
0.7 £08 1.3 *1.1 09 +0.8 #1.2 23 *1.2 0.7 0.9 £2.2

a . Mean value from 5 replications
b : Standard deviation from 5 replications
1%, 2%, 3, 4" : See table 2
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ot Bl Ax e AN E Alxd R 6344 ~ 851.0kg/ar, HESE A
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Table 7. Brinell hardness after impregnation with phenol resin.

(unit : kg/cm)

Species P. densiflora L. kameferi P. koraiensis
Impregnation
type * p * *
Number 1 2 3 4 1 2 3 4 1 2 3 4
of times
1 544.07 409.3 568.2 634.4 484.1 463.0 400.2 648.2 440.8 471.3 553.2 761.3
+62.7° +535 +73.7 +47.6 +36.2 +54.3 +30.2 +537 +60.3 +352 +60.3 +72.4
5 652.6 476.1 602.4 662.3 465.1 5725 451.3 780.4 365.2 4079 547.6 835.3
473 £25.7 +50.6 +62.4 £39.2 £47.3 +22.7 +63.9 £19.2 +30.3 +465 725
3 498.8 663.9 5739 849.2 5279 561.3 4379 849.6 4135 416.3 708.8 894.3
£53.3 #65.2 #3377 £72.0 £60.4 *43.1 +51.6 +725 £30.7 +31.2 +54.6 £724
4 746.8 6459 720.6 851.0 572.0 6305 497.2 843.9 4409 439.4 540.4 900.8
+81.6 +43.2 +51.4 +452 +37.3 +496 524 +63.2 +305 +27.2 +46.5 +82.6

a ! Mean value from 7 replications
b : Standard deviation from 7 replications
1%, 2", 3, 4" : See table 2
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Table 8. Properties of sawdust boards after impregnation with phenol resin according to the density

Percentage

Species Density  Impregnation Density of resin Linear swelling  Thickness MOR Brinell hardness
P (g/cm®) type (g/cm®) . (%) swelling (%)  (kgf/cm?) (kg/cm?)
Impregnation (%)

04 1" 0.667+0.02 83.8°+10.1 1.4%0.3 10.1£0.5 75.316.8 536.4+32.7
) 2" 0.77+0.01 130.4+17.3 1.4£0.3 7.2£05 124.1+10.2 624.3+30.5
Pinus 05 1 0.74+0.02 65.3+7.2 1.1£0.2 10.7£0.8 106.7+11.3 571.2+41.2
densiflora 2 0.83+0.03 83.6£10.3 1.3£0.3 12.5+0.9 142.4+14.6 611.9+38.6
S ot 7 06 1 0.76+0.02 50.0+6.5 0.9+0.1 12.8£1.2 146.5+9.8 698.4+65.3
) ' 2 0.83+0.03 68.2+8.7 1.2+0.2 11.8£1.1 174.6+19.4 1148.7+112.4
07 1 0.78+0.02 29.2+5.3 0.6+0.2 17.1£2.0 159.6+16.5 595.4£60.5
) 2 0.82+0.03 58.0+7.2 1.1+0.1 21.9+2.2 171.6+17.1 912.9+73.2
04 1 0.69+0.01 88.4+6.5 1.8£0.2 9.4+1.0 74.9+6.5 373.6£17.3
) 2 0.72+0.02 126.8+7.7 3.1+0.3 125%1.2 122.8+9.7 542.1424.7
Larix 05 1 0.72+0.02 64.8+4.8 1.8£0.2 12.4£0.8 120.7+14.3 440.5+39.6
kameferi 2 0.79+0.02 88.6+9.6 2.6+0.3 135%1.3 132.4+10.6 662.9+47.3
C 06 1 0.75+0.03 50.7+7.2 1.1£0.2 13.8£2.0 120.4+14.5 571.1+56.4
’ 2 0.85+0.04 64.3+5.3 1.8£0.2 14.9+1.7 168.7+17.2 1014.1£72.6
07 1 0.80+0.03 33.0+4.6 1.2+0.3 14.2+15 155.4+10.3 642.8+48.2
) 2 0.84+0.03 54.9+6.2 1.8+0.3 17.4£3.2 157.1+16.2 962.1+111.4
04 1 0.68+0.02 87.6+7.3 1.3£0.2 8.9+0.9 80.9+6.4 333.2+19.6
) 2 0.78+0.03 119.6+11.2 1.8£0.2 9.9+1.2 103.1+11.2 595.7+46.3
Pinus. 05 1 0.74+0.02 61.4+9.6 1.2£0.2 10.4£1.3 112.2+10.3 614.7£72.6
Koraiensis 2 0.82+0.03 94.4+8.2 1.9£0.3 15.2£1.7 128.9+13.1 888.2+65.8
S ot 7 06 1 076+0.02 45.3+6.3 1.1£0.2 13.4£15 130.9+10.5 584.0+34.2
' ' 2 0.85+0.02 67.3+6.4 1.7£0.2 18.7+2.1 163.5+17.2 1144.5+152.7
07 1 0.78+0.03 33.7+4.6 0.9+0.1 135+2.4 152.1+10.7 683.6£49.5
) 2 0.86+0.05 52.8+6.3 1.3£0.2 19.2£2.7 168.2+15.4 843.9+63.7

*

*

: Value after impregnation
. Mean value from 5 replications

T M N =

. Vacuum pressure 10 min, Nonpressure 10 min, 3 times
: Vacuum pressure with ultrasonic vibration 10min, Nonpressure 10 min, 3 times
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8~0.8%, ek - 253 A F A9k FH Al 22~1
Z 7}(\ =

t
T FEE A Bl G Wk 2R A

o FF Al 217 ~ 57%, A 259 WM T Ay 3 Al 237~79% ol em
7

6~T2%5 24 FAPH BE A ArFel FAAGel wet T FAEe 7
adt AFolth BE £33 £A AWM B - 2% WY F 3G T
of o1% §H wEel AF Fhgel F Ao et FHEe 9P we Aow

o
AbmE T R A H7EEE 10%01A Aol B A S7bEol 435 HAasts AL

TA HA7bel WE 3 BEo A= FA HUbEF] 5~ 20%E S
ueh v BEo A S & AR Al 829 ~ 180.7kgf/an, 7Y - 259 H
g I e Al 1062 ~ 199.7kgf/cn, 9% R=v 47 732 ~ 149.2kgf/cr,
1104 ~ 152.5kgf/cnf, Ay B == Z}7F 564 ~ 170.5kgf/cn, 97.5 ~ 194.7kgf/cnf =
TA 7 o] St E AAER SISt eH Auy BHEgL AuF HEE
A H7F&o] 20% Y W 199.7kgf/cmet 194.7kgf/en® & A= e HEWL T3
A 259 B3 F A el 9% I3 Rl AT A F A TR
O =A dEbsk e, oled At A H7bo]l SUbSkel wet 3 REe] Wk
= Za BE F Al 9% 33 REed Wrrt
o7 AzZtEr) dubH o g WAz A A HrrEe] BE4E L

} 1998 5 ofef & 1994)+ AFolA = T

A nEe 47 Aol H4E G v Ao AnH

i

5

W 1395.6kg/er e, HHE HE=o AuUE BHEs FA HWAE 20%Y W 747
1096.1kg/cir 2k 1403.4kg/cm2i 7V 2 AR e dEH
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Table 9. Properties of sawdust boards after impregnation with phenol resin according to the resin content

Species Resin . Impregnation Densitgy Pirfci:?fe slxigliiarfg ’I:;Celﬁ?s;s MOR ) Brinell harglness
content (%) type (g/cm”) Impregnatio (%) %) (%) (kgf/cm?) (kg/cm®)
5 1" 0.71%+£0.02 53.4°+6.2 1.8+0.3 21.7+3.2 82.9+6.8 500.5+30.7
2" 0.78+0.02 82.5+7.3 2.2+0.4 23.7+2.7 106.2+11.3 509.6+32.4
Pinus 10 1 0.73+0.03 51.8+4.7 0.9+0.2 13.4£1.6 139.9£13.2 533.24+26.5
densiflora 2 0.80+0.04 74.2+85 1.3+0.2 16.5£1.8 146.6+10.5 958.3+64.7
S ef 7. 15 1 0.77+0.01 50.7+6.3 0.8+0.1 7.1+1.2 152.6+16.2 843.0£72.5
2 0.88+0.04 69.2+7.2 1.4+0.2 7.5+0.8 192.9+17.3 1395.6+112.4
20 1 0.77+0.03 46.5+4.3 0.8+0.1 5.7+1.0 180.7£20.5 887.1+90.7
2 0.85+0.05 68.9+7.2 1.1£0.2 79+1.3 199.7+14.7 1233.4+132.7
5 1 0.71+0.02 55.7+4.9 2.5+0.3 21.3+3.6 73.2+6.2 510.7+40.2
2 0.73+0.03 78.9+46.1 3.5+0.4 33.9+34 110.4+7.3 637.2+70.4
Larix 10 1 0.75+0.02 485+4.3 1.6+0.2 13.5+0.9 122.1+15.3 553.2+62.7
kameferi 2 0.80+0.03 65.8+7.6 1.9+0.1 14.4+1.3 127.2+10.2 829.7+54.3
C 15 1 0.77+0.02 46.9+3.4 1.1+0.2 6.9+0.7 127.5£9.7 741.6£72.1
2 0.83+0.04 68.3+4.8 1.7+0.3 10.7+0.9 160.6+£13.2 992.4+86.5
20 1 0.77+0.03 46.7+3.5 1.3+0.2 8.3+1.1 149.2+10.6 803.8+56.7
2 0.82+0.03 66.7+7.5 1.5+0.2 9.5+0.7 152.5+11.3 1096.1+99.4
5 1 0.69+0.01 58.1+4.6 2.0+0.3 26.7+3.2 56.4+7.6 524.3+35.2
2 0.74+0.02 78.6+9.2 2.7+0.3 28.6+2.5 97.5+8.1 716.2+65.4
Pinus 10 1 0.74+0.02 51.8+3.7 1.1£0.1 14.0+1.3 120.3£10.9 675.4+73.6
Koraiensis 2 0.78+0.03 71.5+8.3 1.9+0.2 18.1£2.0 129.6£11.2 960.5+111.5
S ot 7. 15 1 0.77+0.03 49.7+5.1 0.8+0.2 55+0.6 156.6+13.4 997.2+105.2
2 0.84+0.04 69.9+6.4 1.2+0.3 12.3£0.7 160.4+11.7 1200.3+97.8
20 1 0.77+0.03 41.8+3.7 0.7+0.1 5.6+0.4 170.5+£19.6 827.9+65.4
2 0.84+0.03 68.7+8.3 1.1+0.2 7.2+0.7 194.7+15.4 1403.4+131.1

1"t Vacuum pressure 10min., Nonpressure 10 min., 3 times

2" Vacuum pressure with ultrasonic vibration 10min., Nonpressure 10 min., 3 times
a . Value after impregnation

b : Mean value from 5 replications
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ATHAKitsu et al, 1991). 4719 Wi T2 279 $&4 A& F4A]7)
27} e (Yano ef al, 192)3t =8 ¥ A7 dag durAs 4x248e do
1A ol AESHA Axzer] fs Jwjr] HExzd 2 Ax 2AE AEs s 7]
24 AR5 95l AR 71E duFEE Axsed oW Aol AQF =
o ol¢l @HS FEE7] s HUE wE A7 <ol AXRE sHA dHoly HE
A4S IS F e HH 21S FAFs LA FFA T

2. Az R

7h FAAR

Ao AR divire Ad AFA THasel] 91X A st AFdE, F
Yt GAS, AT A FHdE A 2001d 9€ ~10€0l AF sk AHEEATh HuFE
FHo) wel $A4Z7F 27wl (Itoh, 1990)7FA o 2]3F Aldy oz 3 o4
o] & (Phyllostachys nigra var. henonis)Z ol A =1 ZAdlo] glow uir]e}l nfrjAl
&, Aol #e Fu7F oF 6~Tm, XA 30mF-He HF F Aol 22eme] HE o
A 60cm o] mol® AFHSI FAAMREE ARG AUt AFHAA A
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FEEA W o8 AEee

MC(%)= L X100 - - - - (D)
W,
A71A MC(%)= s, Wee SAAY FAMATFA) 28 W A5

ojt}.

_56_



o w7 A2
w7 Hele ARG Ao R EXRZE ALEste] duE ®
7bate] Alehs W os AR 34yl A3 ko] AAEHGT
2= Qe mAE Gl A7) wEel AH2E HAE HHEA

SA(SPOT THERMOMETERS5 05 A)E AF&3to] ZAMe9th

B ol

s A
w7t 20~257C,

WA se] Az ek

40%9] %=

7h BA s
S 25 o® HEH 60mA = HuyHF 107l =2 5H
67+7% = YEbsth 2o iy S Fej(A R
22.5+5mm ] %1 T},

XH

pul

A zH 6‘]—

¥ 30cm)9

oi

=
=
o=

rij

O
rlo

. A7 st @ dwr] Az

AR 4= 2wy ZAgS 98l 150T, 180T, 210Ce] Aoz X g gyFo

_57_



Z9 FEHE detddd. &S5 d= 150ColA = w77 ehdsiAl HA ke
W, Tl = 180T = A3 Axp el uid Ao &= glden Fea 4
T ANE YElAT 28a 935S 2%7F 210C 8 =R A B¢ F¥o] g
stEo] Aol EFS dezoen AA Wsta Mg F4 Fd ok e Adg=
sl Awjy] A A 180CTAHE= 7 7HE A=33 =2 AdH AT £3F 180T 9
[eg]

o Az g FqaE& HE

Table 17} Fig. 19 Buri, Bure, Burse EXE AFESE HH dAg gk AlgHolxn
Brri, Byro, Byra A E] AT ARt @E A% .
3d%e] giyFE dAYAS W 5~11%H 5] FrE& TAE UEdo] dA-EE
lste] of= A dhygo] frasto] HelA Aushe AdRAAgA % AxARE @

Soll €A marh dAHAT a2y AL AgEe] s Ao WEr gl
At HAl= FEATol SUkeks AFaEsiiio]l dnbHow of 28~30%ClA W =

W
Jil:] ]
o
o
Jo
kel
Ko,
=
f
u)
pIv
rlo
ol

&

1B 15 Y tH(Laxamana, 1985). FA17F A +3E 8k ol
Avith Be& Aol7t yelwth 2% 40T, BAFE 40%2 24 Bure, Baro)ol 7HE
AA AfrEstilel voston A 7|3 7zt
7] digFAl 2% 25T, F% 40%° =7
19dol vk AFEHAA 7HE =A mad =
Z(Buri, Byr) ol A &= 242 28U 3 30€ 0] 74 =

ATk Ut oz 20T, BAFE 65%2 AN B BPFFEEA F 12%71A

AzA7led Ades A= B2 Zol7F AT Buri?t Bym®l 7] E) 30

A\1
o e
Epe

(00]
> P e
2 5
, 5 X
_L,ﬂ‘
o

]
N
N
—
I
ruEHU

= 30¥ o] AHstodx 12%7MA AxE A ol Axzst=d Wiy 71 Algke] Ad)
= As ¢ T AAJT TR Bars? BarsS 12% 704 A xzskEd oF shdole)
= 11 Alzre] At AW Bury, Byew & 12%7FA = 9 o] ARt

_58_



Table. 1. Change of moisture content by drying period

conditions Me M?leiter 16% MC 1296 MC
(green) treatment (FSP)
Bty Day - - 28 30
MC(%) 58 53 16.7 16
Heat By Day - - 7 9
treatment MC(%) 60 51 154 12
Birrs Day - - 17 23
MC(%) 61 50 16 12
Bry Day - - 30 30
MC(%) 66 66 23.7 24
Non-heat Day - - 8 9
Bnr2
treatment MC(%) 58 58 15.7 12
Bas Day - - 19 30
‘ MC(%) 64 64 16.3 12.8

Notes; MC: Moisture content, FSP: Fiber Saturation Point,

Heat treatment: (Bpri: Dried at 20°C, 65% condition after heat treatment,
Bure: Dried at 407C, 40% condition after heat treatment and Burs: Dried at
air condition), Non-heat treatment: (Bnri: Dried at 20T, 65% condition
without heat treatment, Bnre: Dried at 40T, 40% condition without heat

treatment and Bnrs: Dried at air condition without heat treatment).

&

' BureHt Byre, Burs®t By FSPolA B E-&714] Edst=dl= ko] Aol
7F Aot A9 wls3k AEe 48 AAEHE JeElyRdnh wEiA] B AT 3
Z271 FAA gdA2E duFE W2 A Jo dxsr] Hg AEs 21

A€ Bure, ByreZt 233 T
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Table 2. The number of splitted specimen by drying condition
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Table 3. The ratio of splitted specimen after heat treatment by growth area

Rate of split(%)

Number of split

Number of
specimen

Location

13

30

Sancheong-gun, Sicheon—-myon

30

20

Changnyeonggun, Namgi—up

20

20

Gyeongsang N.U. Experimental
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and T. Morooka. 1991. Vibrational properties of

chemically modified wood. J. Japan Wood Res. Soc. 37(7): 590 ~597.
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. Itoh, T. 1990. Lignification of Bamboo (Phyllostachys heterocycla Mitf.) During
its Growth. Holzforschung. 47(2) : 191 ~200.

. Laxamana, M. G. 1985. Drying of some commercial Philippine bamboos. FPRDI
Journal (Philippine). 14(1/2); 8~109.

. Rowell, R. M. , R. S. Lichtenberg, and P. Larsson. 1993. Stability of acetylated
wood to environmental changes. Wood & Fiber Sci. 25(4) : 359 ~364.

. Takeshi, O. 1991. Acoustic properties of wood. J .Japan Wood Res. Soc. 37(11)
© 991 ~998.

. Yano, H., M. Norimoto, and Rowell, R. M. 1993. Stabilization of acoustical
properties of wooden musical instruments by acetylation. Wood & Fiber Sci.
25(4) : 395~403.
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TANEo 2= AU (Pinus densiflora S. et 7.), S84 (Larix kaemferi C.) 2 b

U (Pinus koraiensis S. et Z)ZVE A S A&t

FolE dAA =

HEAZ 2708 FAEZFE 10%, 4% 190C, 7FFde 40— 20— 10kgf/em*(3
o 7HS), AEAITE 6 5 4% (39 dghrzhem dsle] WE 06g/cm’e HE
5 7t Ag A 10Wy AFzsgr REAZR Al AMES RREESA(ZlE
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AlZrel e EA4S A flste]l $3E 70£2%9 A@EWS S5 % 2T /min,
3C/min, 4C/min, 5C/min, 6C/min A2 2 A% [00C= LAt =3k
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Fig.2. Relationship between carbonizing temperature
and density of woodceramics.
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Fig.3. Relationship between percentage of resin
impregnation and weight loss.
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Fig.5. Relationship between percentage of resin
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Table 1. Heat conduction of woodceramics from kinds of wood and carbonizing

temperature
Carbonizing Thickn 23C to 23T to 23T to 23T to 23T to
Species  temperature (;m‘iss Time 30C 35°C 0C 45T 50T
() mm/sec mm/sec mm/sec mm/sec mm/sec
600 12.4 0.0611 0.0418 0.0288  0.0189  0.0120
800 11.7 0.0863 0.0597 0.0453  0.0358  0.0282
Pinus
. 1000 11.2 0.1333 0.0842 0.0577  0.0393  0.0260
densiflora
1200 12.3 0.1397 0.0976 0.0723  0.0535  0.0389
1500 125 0.1842 0.1423 0.0954  0.0725  0.0442
600 11.8 0.0670 0.0417 0.0275 0.0186 0.0124
800 12.2 0.1080 0.0619 0.0419 0.0414  0.0199
Larix
. 1000 11.3 0.0919 0.0589 0.0409  0.0281  0.0192
kaemferi
1200 125 0.1106 0.0706 0.0481  0.0321 0.0203
1500 125 0.1754 0.1325 0.0824 0.0632 0.0372
600 12.7 0.0747 0.0488 0.0339 0.0236  0.0159
800 11.7 0.0775 0.0520 0.0381  0.0279  0.0196
Pi
s 1000 12,0 01132 00727 00504 00354  0.0232
koraiensis
1200 12.1 0.0725 0.0498 0.0353  0.0243  0.0178
1500 12.4 0.1813 0.1160 0.0878  0.0604  0.0404
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Table 2. Heat conduction of woodceramics from kinds of wood and percentage of

resin impregnation

Percentage of 23C to 23T to 23C to 23T to 23T to
. resin Thickness . 30C 3T 40C 45C 50C
Species ) H (mm) Time
impregnation
b ﬁ/) mm/sec mm/sec mm/sec mm/sec mm/sec
(0]
40 10.7 0.0542 0.0312 0.0201  0.0124  0.0091
50 10.9 0.0673 0.0407 0.0271  0.0178  0.0125
Pinus
. 60 10.8 0.0800 0.0489 0.0339 0.0234  0.0158
densiflora
70 11.7 0.0863 0.0597 0.0453  0.0358  0.0282
80 12.8 0.0638 0.0434 0.0401  0.0220  0.0142
40 11.0 0.0624 0.0512 0.0325 0.0214  0.0101
50 11.2 0.0848 0.0546 0.0370  0.0247  0.0150
Larix
. 60 115 0.0865 0.0556 0.0401 0.0324 0.0182
kaemferi
70 12.6 0.0945 0.0632 0.0464  0.0348  0.0265
80 11.6 0.1207 0.0941 0.0617  0.0457  0.0355
40 10.9 0.0537 0.0315 0.0267 0.0127  0.0082
50 10.8 0.0624 0.0457 0.0315 0.0217  0.0129
Pi
s 60 10.9 00826 00519 00363 00260 0.0160
koraiensis
70 11.7 0.0775 0.0520 0.0381  0.0279  0.0196
80 12.4 0.1155 0.0842 0.0598  0.0435 0.0319

3) 71AH 42
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Table 3. The mechanical properties of woodceramics manufactured at different

percentage of resin impregnation

St PRI MOR" MOE® Hardness cs!
ecies
P (kgt/cr) (kgt/cr) (kgf/cr) (kgf/cr)
50 68°(10)¢ 16242°(5436) 1.88(0.50) 114°(18)
60 75(17) 17672(5779) 2.01(0.48) 132(25)
P.densiflora
70 79(20) 18248(6148) 2.15(0.36) 136(36)
30 98(21) 19347(6416) 2.17(0.41) 165(38)
50 7009) 17611(5316) 1.65(0.18) 96(20)
60 74(11) 18347(5864) 1.78(0.20) 99(25)
L.kaemferi
70 78(13) 17853(5016) 1.99(0.25) 104(35)
30 85(16) 18714(5124) 2.18(0.24) 146(34)
50 72(8) 16547(3715) 1.60(0.15) 99(19)
60 73(10) 17405(5137) 1.67(0.45) 124(25)
P.koraiensis
70 79(11) 16978(5016) 2.04(0.30) 138(27)
30 105(15) 19974(6240) 2.08(0.40) 175(43)

? Percentage of resin impregnation, > Modulus of rupture as determined from a bending
test, © Modulus of elasticity as determined from a bending test, d Compression maximum
crushing strength, ¢ Each mean value from 15 replications, ! Each mean value from 5

replications,  parenthesis is standard deviation.
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Fig.9. The average values of MOR according to percentage
of resin impregnation and species of woodceramics.
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Fig.10. The average values of maximum crushing strength
according to percentage of resin impregnation
and species of woodceramics.
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Table 4. The mechanical properties of woodceramics manufactured at different

carbonizing temperature

Species o MOR" MOE* Hardness cs?
(kgf/cm) (kgf/cm) (kgf/cm) (kgf/cm)

600°C 53°(7)g 15420°(4823) 1.95'(0.59) 33°(6)

800°C 74(18) 23180(7255) 2.00(0.52) 115(27)

P.densiflora  1000C 79(12) 14150(5094) 1.69(0.18) 137(16)
1200°C 104(15) 19020(2182) 1.54(0.31) 152(33)

1500°C 91(16) 20620(3278) 1.90(0.48) 91(41)

600°C 64(10) 13320(2185) 1.21(0.16) 42(7)

800°C 72(10) 16740(2031) 1.97(0.18) 99(17)

Lkaemferi ~ 1000C 83(13) 17220(3702) 1.51(0.33) 160(14)
1200°C 82(14) 17420(4317) 2.01(0.32) 102(20)

1500°C 91(5) 16930(2459) 1.91(0.24) 93(25)

600°C 57(18) 15070(1414) 1.71(0.21) 73(17)

800°C 72(26) 18800(5573) 2.02(0.35) 124(11)
P.koraiensis ~ 1000C 66(42) 12390(5558) 2.28(0.62) 189(26)
1200°C 75(4) 12430(3437) 1.85(0.20) 89(17)

1500°C 86(6) 20370(2763) 1.42(0.11) 101(11)

 Carbonizing temperature, ® Modulus of rupture as determined from a bending test,
¢ Modulus of elasticity as determined from a bending test, d Compression maxium crushing
strength, ¢ Each mean value from 15 replications, ! Each mean value from 5 replications, ¢

parenthesis is standard deviation.
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Fig.12. The average values of MOR according to carbonizing
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Fig.22. Relationship between holding time and density
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Fig.23. Relationship between heating rate and weight loss.
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Fig.24. Relationship between holding time and weight loss.
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Fig.25. Relationship between heating rate and linear
shrinkage.
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Fig.26. Relationship between holding time and linear
shrinkage.
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Fig.27. Relationship between heating rate and thickness
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Table 5. Heat conduction of woodceramics from kind of wood species and

heating rate

) ) 23T to 23T to 23T to 23T to 23T to
Species Heatlng rate Thickness Time 30C 35C 40°C 145C 50°C

(C/min) (mm)
/min fm (mm/sec)
2 117 01170 00661 00461 00261 00158
. 3 114 01056 00564 00348 00210 00141
u.
s 4 117 00883 00597 00453 00358 00282
densiflora
5 114 00891 00471 00281 00128 0.0074
6 11.9 008% 00492 00312 00159 0.0087
2 124 01292 00656 00392 00259 00163
. 3 12.6 01099 00624 00375 00254 00194
e 4 12.2 01080 00619 00419 00414 0.0199
kaemferi
5 116 01091 00689 00386 00223 00152
6 117 00998 00684 0039 00219 00127
2 118 01297 00468 00468 00314 00216
_— 3 116 00975 00599 00367 00246 00158
s 4 117 00775 00520 00381 00279 0019
koraiensis
5 116 00972 00644 00388 00232 00145
6 121 00968 00497 00289 00176 0.0079
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Table 6. Heat conduction of woodceramics from kind of wood and holding time

at maximum temperature

) ) 23T to 23T to 23T to 23T to 23T to
. Holding Thickness . . . . .
Species Time 30C 35T 40C 45C 50C

time (h) (mm)

(mm/sec)

1 10.9 00850 00420 00196 00097  0.0032

. 2 10.9 01254 00746 00447 00365 00248

s 3 10.9 01038 00586 00352 00214 00132
densiflora

4 113 01076 00604 00375 00233 00135

5 111 00932 00487 00286 00162  0.0094

1 12.1 010386 00658 00398 00247 00146

. 2 115 01196 00699 00431 00587 00184

e 3 114 00966 00530 00341 00216 00141
kaemferti

4 12.3 00841 00523 00339 00238 00155

5 115 00833 00523 00344 00233 00161

1 10.9 01073 00621 00347 00206 00120

. 2 109 01241 00763 00548 00368  0.0205

s 3 113 00904 00509 00327 00215 00125
koraiensis

4 11.3 01000 00579 00370 00222 00121

5 108 00942 00608 00379 0019 00124

3 7IAH BA

FATAE 70+2% 9o FHAREE L2ALSE 800TCHAM Axd S=Aetge] &2
Exo] mE 7AH AEE ZAS AnE  Table 79 Figs. 29~340] Jepic}. 3
zo] A TLEE 4C/min 4 W Hugs YEidlon $£&5% 6T
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Table 7. The mechanical properties of woodceramics manufactured at different

heating rate

Species H- 3“ MOR” MOE*® Hardness cs?
(C/min) (kgf/crr) (kgf/cm) (kgf/cm) (kgf/crr)
2 80°(12)® 25133%(3101) 11.01(1.6) 105°(16)
3 77(10) 27807(2603) 12.0(0.7) 115(15)
P.densiflora 4 97(6) 29365(2574) 12.7(2.3) 110(27)
5 90(7) 25870(3754) 7.3(1.2) 107(25)
6 69(12) 29760(4586) 9.7(0.6) 75(19)
2 104(15) 25721(6098) 13.9(3.6) 94(37)
3 83(15) 26296(7024) 12.5(10.8) 71(27)
L. kaemferi 4 87(10) 17979(5859) 9.2(2.1) 88(23)
5 83(11) 20681(2600) 10.6(2.0) 82(24)
6 63(12) 14769(3999) 8.6(1.6) 66(24)
2 75(23) 20383(4511) 7.1(1.5) 100(30)
3 88(5) 25689(3237) 9.3(1.1) 123(19)
P.koraiensis 4 83(11) 15516(4017) 9.4(1.4) 120(46)
5 74(13) 24446(4327) 8.8(2.3) 90(14)
6 69(13) 16904(3854) 8.2(1.8) 96(43)

4 Heating rate, > Modulus of rupture as determined from a bending test,
¢ Modulus of elasticity as determined from a bending test, ¢ Compression
maximum crushing strength, ¢ Each mean value from 15 replications, ' Each

mean value from 5 replications, ® parenthesis is standard deviation.
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Table 8. The mechanical properties of woodceramics manufactured at different

holding time in maximum temperature

Species HTMT*  MOR’ MOE' Hardness cs*
(h) (kgf/cm) (kgf/cmt) (kgf/cm) (kgf/cmt)
1 88°(13)* 26471°(5429) 10.9(3.8) 73°(16)
2 94(6) 27118(5049) 13.9(2.4) 110(27)
P.densiflora 3 34(5) 28456(5454) 10.1(2.5) 106(3)
4 90(10) 20235(2574) 10.1(3.4) 91(20)
5 85(10) 19947(1877) 11.1(2.4) 110(20)
1 73(9) 18477(3518) 6.6(1.8) 66(24)
2 83(10) 17997(5859) 9.2(2.1) 87(18)
L.kaemferi 3 63(11) 17347(4771) 7.4(2.0) 65(17)
4 74(10) 19420(2797) 5.8(0.6) 60(16)
5 70(8) 17540(2514) 6.6(1.0) 71(20)
1 69(20) 17432(1654) 8.0(1.6) 75(24)
2 99(18) 22478(1705) 9.4(1.4) 120(34)
P.koraiensis 3 73(5) 20034(2166) 6.9(1.1) 78(7)
4 69(12) 18906(1443) 6.9(1.2) 116(20)
5 79(4) 20944(2017) 6.7(0.5) 94(5)

? Holding time in maximum temperature, " Modulus of rupture as determined
from a bending test, ¢ Modulus of elasticity as determined from a bending test, d
Compression maximum crushing strength, ¢ FEach mean value from 15

g

replications, ' Each mean value from 5 replications, parenthesis is standard

deviation.
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Fig.29. The average values of MOR according to heating
rate and species of woodceramics.
140
120 + o
100 |
80}
60 -
40+ [ ]P. densiflora
L. kaemferi
201 I . koraiensis
O 1 1 1 . 1 . 1

2 3 4 5 6
Heating rate ("C/min.)

Fig.30. The averages values of maximum crushing strength
according to heating rate and species of
woodceramics.
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The average values of hardness according to heating
rate and species of woodceramics.
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The average values of MOR according to holding
time and species of woodceramics.
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Fig.33. The average values of maximum crushing strength
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according to holding time and species of
woodceramics.

16 P. densiflora | |
141 - [ 1L. kaemferi
Il ~. koraiensis
12+
10| | - -
8t
6 L
41
oL
0 1 1 1 1 1
1 2 3 4 5
Holding time (h)

Fig.34. The average values of hardness according to
holding time and species of woodceramics.
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Surface temperature (°C)

Surface temperature (°C)
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Fig.35. Relationship between heating time and surface

temperature of woodceramics.
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Fig. 36. Relationship between heating time and surface
temperature of woodceramics.
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Surface temperature (°C)

Surface temperature (°C)

60

—— 2°C/min

50} | —0— 3°C/min
—— 4°C/min
—w— 5°C/min
40

—e— 6°C/min

30

20

10 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

Heating temperature (°C)

Fig. 37. Relationship between heating temperature and
surface temperature of woodceramics.
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Fig. 38. Relationship between heating temperature and
surface temperature of woodceramics.
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Surface temperature (°C)

Surface temperature (°C)
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Fig. 39. Relationship between time and descent of
surface temperature of woodceramics.
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Fig. 40. Relationship between time and descent of
surface temperature of woodceramics.
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Emissivity

Emission power (W/m 2)
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Fig41.Relationship between percentage of
resin impregnation and emissivity .

410

50 60 70 80

Percentage of resin impregnation (%)

Fig42. Relationship between percentage of

resin

impregnation and emission power.
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Emissivity

Emissiom power (W/m 2)
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Burning temperature (°C)

Fig43. Relationship between burning
temperature and emissivity.
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Fig44.Relationship between burning temperature
and emission power.
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Table 9. Electric resistivity of woodceramics by carbonizing temperature

Species Carbonizing temperature (C) Resistivity (&)
600 1314
800 05
P.
. 1000 0.2
densiflora
1200 0.2
1500 0.2
600 157.8
800 0.6
L.
. 1000 0.2
kaemferi
1200 0.2
1500 0.2
600 148.7
800 05
P.
o 1000 0.2
koraiensis
1200 0.2
1500 0.2

Table 10. Electric properties of woodceramics

Percentage Electric Consumption
. of resin Resistivity Temperature Voltage .
Species . . . current  of electric
impregnation (@) () (V)
(A) power(wh)
(%)
50 1.70 44 .4 3.69 2.94 10.85
P. 60 1.60 45.0 3.61 3.12 11.27
densiflora 70 0.88 56.7 3.27 5.82 19.23
30 0.56 61.4 3.07 7.64 23.43
50 3.70 32.7 3.54 1.36 4.85
L. 60 4.32 31.6 3.69 1.42 5.26
kaemferi 70 2.13 38.6 3.46 2.15 7.45
80 3.11 324 3.54 1.73 6.15
50 2.82 36.5 3.63 1.75 6.41
P. 60 2.05 39.8 3.54 2.43 8.63
koraiensis 70 6.43 30.3 3.72 0.78 291
80 2.11 40.1 3.24 2.85 9.24
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Table 1. Electrical properties and stability of surface temperature according to

electric resistance

FER(Q)  AER(Q) Voltage(V) EC(A) EP(W) Time(min.) T(T)

13 0.95 3 3.16 9.20 100 52.8
' 0.68 4 5.84 23.7 30 95.3
1.63 3 1.84 5.36 80 42.1

2.0 1.44 4 2.77 10.80 120 61.6
1.14 5 4.37 21.10 120 94.3

3.49 3 0.86 2.66 60 31.8

3.42 4 1.17 4.59 60 36.8

4.0 3.16 5) 1.58 7.78 80 477
2.73 6 2.20 13.11 140 60.7

2.27 7 3.08 20.84 140 79.4

5.77 3 0.52 1.59 60 29.6

5.55 4 0.72 2.87 60 35.9

6.1 5.15 5 0.97 4.84 80 45.1
4.58 6 1.31 7.74 120 56.4

3.80 7 1.84 1270 140 7.0

8.33 3 0.36 1.09 80 29.9

8.00 4 0.50 2.01 80 33.9

8.0 '7.46 5 0.66 3.30 100 40.1
6.82 6 0.88 5.22 140 50.4

6.03 7 1.16 8.12 140 63.3

FER : Fixed Electric Resistance
AER : Acted Electric Resistance
EC : Electric Current

EP : Electric Power

T : Temperature
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Time(min)

Vel dro = 40

EP(W)
21.68
19.10
18.95
12.38

9.52

EC(A)
5.23
3.95
2.89
1.78
1.30
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Voltage(V)
10

woodceramics

1.3
2.0
4.0
8.0

6.1
FER : Fixed Electric Resistance

EC : Electric Current
EP : Electric Power

FER(Q)

Table 2. Electrical properties and time for rising 70C of surface temperature of

Notes;
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Table 3. Electrical properties according to voltage and surface temperature of

woodceramics
Temperature
() 30 40 50 60 70 80
Voltage(V)

EC(A) 2.05 2.20 2.29 2.37 2.49 2.67

20 EP(W) 41.7 45.3 485 49.3 51.2 56.8
T(min.) 3.3 7.8 14.0 22.8 35.2 49.7

EC(A) 2.47 2.66 2.87 2.99 3.13 3.31

25 EP(W) 60.1 66.2 714 745 76.7 82.3
T(min.) 14 3.6 6.6 10.1 14.4 184

EC(A) 3.01 3.26 3.47 3.69 3.95 410
30 EP(W) 875 92.6 99.1 109.5 112.5 116.9
T(min.) 1.3 3.0 41 6.4 8.7 115

EC(A) 3.87 4.20 4.43 4.80 5.05 531
35 EP(W) 137.0 149.2 155.3 169.5 176.5 185.0

T(min.) 1.0 2.0 3.3 47 6.0 75

EC(A) 4.47 473 5.04 5.32 5.68 6.01
40 EP(W) 175.0 188.4 199.2 2129 223.6 241.2

T(min.) 0.7 14 2.1 2.8 3.7 47

Notes;
EC : Electric Current
EP : Electric Power
T : Reach Time
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Fig.2. Relationship between heating time and surface
temperature of plywood floor in wood frame.
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Fig.3. Relationship between heating time and surface
temperature of laminated floor in concrete block.
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