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Manufacturing and performance of high density sugi bark boards
without synthetic resins (Part 1)
Effects of mat moisture content and hot-pressing schedule

on basic properties of the boards
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Fig. 1. A schematic draw of hot-pressing schedule. Press closing time of 10 seconds was
eliminated from total pressing time of 300 seconds.

Table 1. Combinations of mat moisture content (MC) and hot-pressing schedule.

. . Second press step
o First press step Breathing step ,.
MCO) | p (MPa), th(sec)  Pu(MPa) (P kot a) Symbol
7 40 0 140 20-7-40
20 7 60 0 120 20-7-60
9 40 0 140 20-9-40
....................................... 9080 D320 20960
7 40 0 140 30-7-40
30 7 60 0 120 30-7-60
9 60 0 120 30-9-60
....................................... 980 O 300 30:980
7 60 0 120 40-7-60°
40 7 80 0 100 40-7-80
9 60 0 120 40-9-60°
........................................ 980 O 20040980
7 60 0 120 50-7-60
50 7 80 0 100 50-7-80
9 60 0 120 50-9-60
9 &0 0 100 50-9-80
0 7-0°
0.25 7-0.25
760 0.75 120 7-0.75
...................................................... LOO e 12100
0 8-0
0.25 8-0.25
40 8 60 0.50 120 8-0.50
0.75 8-0.75
......................................................... 100 e S2A00
0 9-0°
0.25 9-0.25
960 0.75 120 9-0.75
1.00 9-1.00

a.

* Symbols are different but the same letter shows the same pressing schedule.
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Fig.2 A cutling pattern of the test pieces.
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Table 2. Aspects of boards produced with complete breathing conditions (P, = 0 MPa).

For 16 specimens with a dimention of 110 mm by 25 mm

Symbols  Colored area - - -
Thickness (mm) Density (g/cm®) Degree of inner crack (%)  The number of

%) Avetstd Aveztstd Avetsid specimen without crack
20-7-40 60 4.98+0.07 1.15:0.08 23+13 10
20-7-60 64 501%0.13 1.16£0.07 23+12 6
20-9-40 69 4.72:+0.11 1.1740.04 13£11 8
20-9-60 48 4.76+0.12 1.21+£0.05 1111 6
30-7-40 67 5.23+0.16 1.1240.09 14+14 7
30-7-60 70 4.96+0.10 1.17+0.06 38+18 2
30-9-60 54 5.25%0.17 1.13£0.11 33+14 4
30-9-80 80 493+0.11 1.16£0.07 29+19 0
40-7-60 80 5.35+0.13 1.0840.06 8025 0
40-7-80 87 548+0.10 1.06£0.05 79410 0
40-9-60 92 519015 1.124+0.05 41£35 0
40-9-80 82 5.13%0.10 1.1140.06 32+16 3
50-7-60 86 5.27+0.12 1.09£0.07 5320 0
50-7-80 94 5.17%£0.09 1.074+0.05 65+22 0
50-9-60 94 511015 1.04£0.07 94t7 0
50-9-80 91 5.29%0.20 1.054+0.04 59415 0

* Percentage of crack length to specimen's perimeter
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Table 3. Mechanical properties and d!mensuonal stability of the boards produced with com-
plete breathing conditions (P, = 0 MPa)

Bending property Internal bond strength  24-h water immertion

Symbols MOE (GPa)MOR (MPa) N (KPa) N/ N WA (%) TS (%) N

Avetstd  Avedstd Avetstd ’ Avedstd  Avetstd
20-7-40 2.01+1.06 15153 16 60437 6/10 72.3+133 55.74-8.9 8
20-7-60 209098 147460 16 132459 6/10 B -
20-9-40 1.8920.75 143449 16 12252 10/13
20-9-60 1.384+0.57 162442 16 - - - -
30-7-40 1.31£0.58 121445 16 60'*‘40 4/7 5214225  36.0:£14.9 8
30-7-60 1.934+0.79 162450 15 10151 2/6 391135 26.2%122 8
30-9-60 1.5840.89 147465 16 130429 2/7 383+126  26.7k11.6 8
30-9-80 1.924+0.73 146436 14 121:£66 1/6 3574115 239483 8
40-7-60 1.18:£0.53 10.1:£34 16 5645 0/3 42.7£6.0 26.91+26 8
40-7-80 0.97+042 8.3+24 16 91441 1/3 374460 221439 8
40-9-60 1.7120.50 130433 16 51428 177 397478 25.0:4:4.1 7
40-9-80 1.97£0.50 14.0+28 15 8152 1/6 35.5+83 20.6::38 8
50-7-60 1.724+0.79 120454 14 60126 3/6 42.3+11.9 21.2465 6
50-7-80 1.47+0.69 103+£38 15 - - 46.0+£12.0 213458 7
50-9-60 1372041 81+£3.0 12 2445 0/3 39.1414.6 245483 7
50-9-80 1.000.24 7.3+1.6 12 8619 1/4 66.7:+7.0 35.6+45 8

*Ratios of the number of specimen without crack to the total specimen's number
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Fig.3. Relationship between bending properties and density for boards produced with a
complete breathing. (P, = 0 MPa)
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Fig. 4. Relationship between percentage of colored area and coefficient of variation (CV)
of MOE and MOR.
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Fig.5. Relationships among density, water absorption (WA) and thickness swelling (TS)
after a 24-hour water immersion test.
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Table 4. Aspects of boards produced with incomplete breathing conditions
(P, = 0.25-1.00 MPa) .

For 16 specimens with a dimention of 110 mm by 25 mm

Symbols Colored area  Thickness (mm) Density (g/om®) Degree of imner crack (%) The number of
(%) Avekstd Avertstd Aveztstd specimen without crack

7-0 80 5.35+0.13 1.08%0.06 80+£25 0
7-0.25 93 5.15%0.21 1.07+0.06 2320 2
7-0.75 94 5.15+0.07 1.07+0.04 9=+9 3
7-1.00 91 5.23+0.14 1.0§£0.07 7x13 10

8-0 80 5.01£0.09 1.11+0.04 23+16 0
8-0.25 90 5.11£0.13 1.08+0.06 3%4 9
8-0.50 91 5.34+0.16 1.06:0.04 4+4 7
8-0.75 84 5.25%0.12 1.09+0.09 1+3 14
8-1.00 90 5.11+0.12 1.09%0.05 7+7 6

9-0 92 5.194%0.15 1.12:4+0.05 41:£35 0
9-0.25 90 5.15:0.10 1.10:£0.05 2+4 11
9-0.75 94 5.26%0.15 1.09£0.05 3+5 11
9-1.00 79 5.19:40.11 1.09+0.05 143 13

* Percentage of crack length to specimen's perimeter
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Table 5. Mechanical properties and dimensional stability of the boards produced with
incomplete breathing conditions (P, = 0.25-1.00 MPa).
Bending property Internal bond strength  24-h water immertion
Symbols MOE (GPa)MOR (MPa) (KPa) N/ N WA (%) %) N
Avetstd Avezstd Avetstd ’ Avexstd Avexstd
7-0 1.18+0.53 10134 16 565 0/3 42.71+6.0 26.9:+2.6 8
7-0.25 1.15+0.62 104437 16 66143 8/15 54,4201 29.1+86 15
7-0.75 1.53+0.30 112425 16 83+27 5/16 51.013.1 29.0197 16
7-1.00 1.53+0.54 11.1+38 16 88+43 10/15 5194143 3054107 16
8-0 1.86£0.45 12.7+£37 16 49432 1715 5394137 368124 16
8-0.25 14230.58 106£29 16 64151 11/16 484+£11.0 32.2:£95 16
8-0.50 1.463:0.53 9.8+3.1 16 80+83 9/14 4844108 29.8+9.1 16
8-0.75 1.61%0.60 11.9+44 15 82453 16/16 5234150  312%108 16
8-1.00 1.85+0.67 124+36 16 102:£43 9/16 4744101 26.919.0 16
9-0 1.71£0.50 13.0+33 16 514:28 1/7 39.7+78 25.0:+4.1 7
9-0.25 1444045 11.0£28 16 5728 11/16 451491 31.6:£6.3 16
9-0.75 1514047 118432 16 77+41 12/16 4694123 31.3%£99 16
9-1.00 1.434:0.44 10.8+3.0 16 103:+64 13/16 4774132 2974104 15

® Ratios of the number of specimen without crack to the total specimen's number
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Fig. 9. Relationships among density, water absorption (WA) and thickness swelling (TS)
after a 24-hour water immersion test for boards with incomplete breathing condi-
tions at P, = 8 MPa.
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Summary

A method of manufacturing high density bark boards using sugi (Cryptomeria japon-
ica D. Don) bark particles without adhesive is reported in this paper. Five-millimeter-
thick boards with a target density of 1.0 g/cm® were fabricated at various mat moisture
contents and hot-pressing schedules. The total pressing time and the pressing tempera-
ture were fixed at 5 minutes and 180 C, respectively, while the hot-pressing schedule
that consisted of three pressure steps was mainly changed at the first press pressure
from 7 to 9 MPa and subsequent breathing pressure from 0 to 1 MPa. When made with
mat moisture contents (MC) of 40% or more, the boards showed less variation in
modulus of elasticity (MOE) on a board plane as well as an improvement in water resis-
tance due to a great amount of colored area on the board surfaces that may be an evi-
dence of self-bonding. However a breathing pressure of 0 MPa caused rapid eruption of
steam, which caused many inner clacks. This resulted in less internal bond (IB) strength
and modulus of rupture (MOR). Breathing pressure of more than 0.75 MPa effectively re-
duced inner clacks, resulting in an improvement in IB strength. Further, the colored area
on board surfaces was expanded further by those breathing conditions. When providing
a breathing period with some pressure, the best board performance was obtained with a
combination of a first pressing pressure of 8 MPa and a breathing pressure of 1.0 MPa
(a mat MC of 40%). Similarly, the best board performance was obtained at a combination
of a mat MC of 30% and the first pressing step with a pressure of 9 MPa for 80 seconds,
even though the breathing pressure was 0 MPa. These boards showed an MOE of 19
GPa, an MOR of 12-15 MPa, an IB of 102-121 KPa, and a thickness swelling of 24%-27%

by a 24-hour water immersion.





