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Table 2-1 Conditions of steam treatment and thermal flow test.

0.2mm

0.384m’°
90 250um
220
20
39.2MPa
9.8 196 29.4

Steam treatment

Thermal flow test

Temperature () Time (min)

Compressive
pressure (MPa)

Moisture content of
sample (%)

none (no steaming)

Test1 39.2 7
160-220 (4 steps) 20
none (no steamin
Test 2 ( ing) 9.8-39.2 (4 steps) 7
160-220 (4 steps) 20
none (no steaming)
Test3 39.2 7
200 10-120 (6 steps)
Test4 200 20 39.2 0-30
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200 10 20 30 40 60 120 Test
3 7% 39.2MPa Test1 3
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Fig. 2-1 Autoclave.
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Fig. 2-2 Diagram of capillary rheometer.
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Fig. 2-3

Fig. 2-4
160 220
20 39.2MPa
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160 180
180 180
180 200 220 20
128

Capillary
rheometer

Outflow material

Fig. 2-3 Photographs of thermoplastic flow behavior of steamed wood flour. a Front
view. b Bottom view.
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Fig. 2-4 Thermoplastic flow curves of wood flour measured in thermal flow test. Wood flour was
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Fig.25 160
200 220
10
197.4
35)
5_

220

160

200

20

180 20

220

28)

14-17, 32, 33)

18,19, 32)

Test 1

220

180

200 220

¥ 169.6

-206.2

200

180






180 19.6MPa 29.4MPa
19.6MPa 210

200

220 9.8MPa 19.6MPa

200 9.8MPa

18)

‘ [(JosvpPa [ 196MPa H 29.4vMPa M 39.2MPa

220

200 -

180 -

160 -

140 |-

120 +-

Thermal flow temperature Tf( )

100 -

80

200 220

Steaming temperature ()

Fig. 2-6 Relationship between thermal flow temperature (Tr) and compressive pressure. The shadowed
bar shows that the wood flour did not flow out. Steaming time, 20 min; moisture content of sample,
7%. Data are given as mean + SD (n=5). **, significance at 1% significance level in Scheffe’s F test.
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Fig. 2-7 Relationship between thermal flow temperature (Ts) and steaming time. The shadowed bar
shows that the wood flour did not flow out. Steaming temperature, 200 ; compressive pressure, 39.2
MPa; moisture content of sample, 7%. Data are given as mean + SD (n=5). *, significance at 5%
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Fig. 2-9 Cumulative frequency of the observed thermal flow temperature and that predicted by multiple
regression.

Table 2-2 Statistical analysis results for the regression coefficients obtained by multiple regression.

Regression Standard error t value P value 95% lower 95% upper Standard regression Partial correlation
coefficient confidence interval confidence interval coefficient coefficient
Intercept 456.808 26.278 17.252 2.76>10%° 404.204 509.411 456.808
Xy -1.095 0.125 -8.787 9.57>10™ -1.343 -0.847 -0.401 -0.680
Xy 0.319 0.054 5.898 6.36><10° 0.211 0.426 0.273 0.528
X3 -2.227 0.153 -14 577 2.03<10%° -2.53 -1.923 -0.690 -0.838
X4 -2.843 0.309 -9.192 1.37><10™ -3.457 -2.228 -0.421 -0.696

Xy, Steaming temperature; x,, steaming time; X5, compressive pressure; x,, moisture content
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Fig. 3-3 Chemical compositions of Japanese beech flour after steaming. Steaming time: 20 min;
compositions are based on oven-dry weight of steamed wood.
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Fig. 3-4 Appearance of steamed flours.
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Fig. 3-6 Micrographs of shaved surfaces of molded boards obtained from flours under different steaming
conditions. (1:100 magnification)
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Fig. 3-7 Physical properties of molded boards obtained from flours under different steaming conditions. (a)
Board density, (b) specific bending strength, and (c) specific Young’s modulus. Letters A, B, C, D and E over
columns indicate significant difference compared with no-steaming, 160°C, 180°C, 200°C and 220°C,
respectively, as analyzed by the Scheffe’s F test (*P < 0.05, **P < 0.01).
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Table 4-1

Fig. 3-5 L* 180 30MPa
Fig. 35 L*
b*

180 30MPa

Table 4-1 Color values of moldings.

Molding temperature Molding pressure Color value
() (MPa) L* a* b*
90 2.5 38.52 11.58 18.64
90 30 33.67 8.29 12.3
120 2.5 35.71 10.59 16.81
120 5 37.2 10.12 16.96
120 10 33.97 9.59 15.24
Molding from wood 120 30 12.86 2.14 2.55
flour under steamind at 150 2.5 27.9 8.88 12.05
200 420 minut 150 30 8.83 1.22 1.18
and £8 minutes 180 2.5 22.63 7.59 10.55
180 5 18.4 591 7.99
180 10 791 1.46 1.5
180 30 7.89 1.26 1.42
210 2.5 21.07 6.98 8.58
210 30 10.19 091 0.84
Molding fi
olding from 180 30 65.71 8.7 21.12
nonsteamed wood flour
% i I. 1 T T T
30 @ @ @b @ @
0 ' : i 5 i §
a 25 p] Rtk SEEETEEEPPEE R [ —~
=3 70 ; : E s
o Color difference |: : : :
5 20 | AE* R bomeennnes Foeeeeees —
3 ab E 5 j 5
5 15 L] —20 S S S S i
2 ' : : : : :
£ : ! : : : :
2 10 e, [ N— R SRR F S -
= | E 5 : : :
5 b, é .......... Q ................................. .. .................... —
o o e O O
0 ] i i I ] i

80 100 120 140 160 180 200 220

Molding temperature ()

Fig. 4-1 Color differences of moldings from steamed wood flour in reference to molding from nonsteamed wood flour.
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Fig. 4-2 Relationship between density and molding temperature.
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Fig. 4-8 Relationship between water absorption (a) or thickness swelling (b) and molding temperature.
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Table 4-2 Predicted and experimentally obtained values of color difference under various

molding conditions.
Molding temperature Molding pressure  Color difference
() (MPa) AE*,, Comments
90 2.5 27.45 Experimentally obtained
90 5 26.54 Predicted
90 10 29.52 Predicted
90 20 35.47 Predicted
90 30 33.23 Experimentally obtained
120 2.5 30.36 Experimentally obtained
120 5 28.84 Experimentally obtained
120 10 32.29 Experimentally obtained
120 20 42.10 Predicted
120 30 56.39 Experimentally obtained
150 2.5 38.87 Experimentally obtained
150 5 39.80 Predicted
150 10 42.78 Predicted
150 20 48.73 Predicted
150 30 60.73 Experimentally obtained
180 2.5 44.37 Experimentally obtained
180 5 49.18 Experimentally obtained
180 10 61.47 Experimentally obtained
180 20 55.36 Predicted
180 30 61.54 Experimentally obtained
210 2.5 46.40 Experimentally obtained
210 5 53.06 Predicted
210 10 56.04 Predicted
210 20 61.99 Predicted
210 30 59.62 Experimentally obtained
35 ! : : . . .f
30 L~ : ._ Color diiference
. a DB
S 25 b, NG YY1 A i 70
S 20 b @ NS A ] -
g : 20
a 15 feeeeenaes FSR SN AU . AV Ay 4% T b eeeens .
= Suitable molding condition !
o - H h H .
g 10 @ @
5 | ’ ..
: .
0 ! i f t i
80 100 120 140 160 180 200 220

Molding temperature (°C)

Fig. 4-10 Relationship between color difference and molding conditions.
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Fig. 5-2 Density of moldings obtained from flours under different steaming conditions.
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Fig. 5-3 Typical bending stress-strain curves of moldings obtained from flours under different steaming
conditions. a Japanese cedar, b Japanese beech.
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Fig. 5-4 SEM photomicrographs of specimens after bending test. (Japanese cedar)
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Fig. 5-5 Specific Young’s modulus of moldings obtained from flours under different steaming conditions.
Fig. 5-6 Specific bending strength of moldings obtained from flours under different steaming conditions.
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Fig. 5-7 Deflection energy of moldings obtained from flours under different steaming conditions.
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Fig. 6-5 Rupture point of bamboo fiber.
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Fig. 6-6 Weibull plot in bamboo fiber.

Table 6-1 Mechanical properties and Weibull parameters of bamboo fiber.

Number of samples 80
Average cross sectional area (mm?) 0.099=+0.074
Average tensile strength (MPa) 27471147
Average Young's modulus (GPa) 15.8+4.2
Shape parameter m 3.112
Scale parameter o, (MPa) 272
™% 7
100% 5.8
(135MPa) *© 15
100%
Table 6-1 15.8GPa
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Fig. 6-7 Typical tensile stress-strain curves of moldings. Fiber weight fraction is a : 25%, b : 50%, ¢ : 75%.
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Table 6-2 Mechanical properties of moldings.

Contentof  Number of Density Young's modulus Tensile strength +
bamboo fiber layers in tension £ S.D. S.D.

(%) (g/cm®) (GPa) (MPa)

0 1 1.45 105 + 0.6 366 + 28

25 3 1.44 169 + 1.8 624 + 169

25 5 1.44 148 + 24 47 =+ 76

25 7 1.44 156 + 1.1 669 + 138

50 3 1.43 221 + 21 816 + 391

50 5 1.42 234 + 23 1213 + 314

50 7 1.45 195 + 0.9 61.1 + 213

75 3 1.42 258 + 18 1263 + 414

75 5 1.43 253 + 14 1428 = 309

75 7 1.42 274 + 10 2170 + 283

100 1 1.44 30,7 £+ 29 1585 + 628

Fig. 6-8 SEM photomicrographs of specimens after tensile test. a : 100% wood flour, b : 100% bamboo
fiber, ¢ : 50%-5layers. w : wood penetrate into bamboo fiber layer.
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Fig. 6-12 Typical load-deflection curves of moldings. Fiber weight fraction is a : 25%, b : 50%, c : 75%
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