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Structure and Anisotropy of Dielectric Constant in Hardwood*
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The dielectric constants in the three principal directions of hardwood were evaluated on the basis
of the rule of mixture using the models in which proportions of the chemical constituents in the cell
wall substance and various anatomical structures in hardwoods were taken into account, and the
effects of the structure on the dielectric anisotropy were discussed. The dielectric constant in the
longitudinal direction was greater than those in the transverse directions as is generally recognized.
In the transverse directions, the dielectric constant in the radial direction was slightly greater than
that in the radial direction, and this mainly depended on arrangement of vessels, percentage of ray
element, and irregular array of wood fibers. The estimated values were in satisfactory agreement with

the experimental ones and could express the dielectric anisotropy in hardwood.
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Fig. 1. A. Cell wall model (c¢: crystalline region, n: noncrystalline
region, M : matrix, f: average microfibril angle), B. Unit cell
wall model. Note: Pc, Pr and Py show length fractions of
¢, n and M, respectively.
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Table 1 Estimated volume fractions d of chemical constituents in hardwood
at various relative humidities (H).

H crystalline | noncrystalline mannan pentosan lignin
cellulose cellulose

&) | O (%) da (%) om (%) dp (%) 0:1(%)
0 0.257 0.202 ‘ 0.038 0.257 0.246
10 0.246 0.208 0.038 0.265 0.243
20 0.241 0.211 0.040 0.268 0.240
30 0.238 0.214 0.039 0.271 0.238
40 0.234 0.216 0.040 0.274 0.236
50 0.230 0.218 0.041 0.277 0.234
60 0.225 0.220 0.042 0.280 0.233
70 0.219 0.223 0.043 0.284 0.231
75 0.216 0.226 0.042 0.286 0.230
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Fig. 2. Relative humidity dependence of dielectric constants of
matrix at 20°C and 1MHz (A : Hardwood matrix, B:
Coniferous wood matrix)
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Table 2 Estimated dielectric constants of chemical constituents and matrix in
hardwood at various relative humidities (H).

noncrystalline | noncrystalline
H anfielleaﬁsnean anile]rlrllla}a?ls:an lignin pentosan matrix
in 1-direction | in 2-direction
(%) ent En2 €1 cp M
0 8.21 8.00 4.04 4.01 4.02
10 10.73 10.51 4.45 6.52 5.46
20 12,87 12.63 4.70 8.64 6.56
30 14.99 14.73 4.95 10.78 7.63
40 17.48 17.24 5.25 13.28 8.86
50 20.64 20.37 5.80 16.49 10,52
60 24,02 23.74 6.30 19.88 12,19
70 28.32 28.00 7.00 24.15 14.37
75 30.58 30.33 7.30 26.48 15.49
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Table 3 Calculated dielectric constants of cell wall
with a microfibril angle of 13° in hardwood
at various relative humidities (H)

H longitudinal transverse
direction direction
(%) Sewl EewT

0 5.60 4.68
10 6.42 5.84
20 7.54 6.72
30 8.62 7.54
40 9.90 8.49
50 11,58 9.72
60 13.34 10,97
70 15,65 12.60
75 16.87 13.64
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Fig. 3. A. Unit model for calculating ¢sp and ¢sr (7 fractional
radius of lumen), B. Unit model for calculating cer (Z;:
parameter indicating irregular array of cells)
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wood fibers

Fig. 4. Hardwood model (7y: fractional radius of vessel, -
m: parameter indicating arrangement of vessels, d:
proportion of ray element in the tangential direction)
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Fig. 5. Schematic model of m, a paramenter to explain
the distribution of vessels.
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Fig. 6. The calculated values of dielectric constant ¢’ at 20°C and
1MHz of hardwood (specific gravity 0.75) at various
moisture contents m.c. (L : longitudinal direction, R : radial
direction, 7': tangential direction) :
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Fig. 7. Dielectric constant ¢’ at 20°C and 1 MHz as a function
of percentage of ray elements (¢=0.12, m=1, Zt=0.2,
S=0.75)
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Fig. 8. Dielectric constant ¢’ at 20°C and 1 MHz as a function
of m (a=0.12, ¢=0.15, Zt=0.2, $=0.75)
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Fig. 9. Dielectric constant ¢’ at 20°C and 1 MHz as a function
“of Zt (a=0.,12, ¢=0.15, m=1, $=0.75)
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Fig. 10. Dielectric constant ¢’ of Mizume wood at 20°C and
1MHz as a function of moisture content m.c. (solid
lines : calculated, plots: experimental)
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