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Vibrational Properties of Wood-Plastic Combination of Sitka Spruce
Impregnated with MMA/HEMA
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Table 1. Summary of polymerization data for WPC

Direction r PL (%) TC (%) EPL (%)
L average 0.46 62.01 85.91 4277
R average 0.45 27.73 33.96 18.03

PL; Polymer loading (RY < -G8
%PL=100(W;— W)/ W
where Wi=weight of oven-dried WPC
We=weight of oven-dried wood
TC; Total conversion (£&EAR)
%TC=100Wp/ W,
Wp=weight of polymer
W= weight of monomer
EPL; Effectiveness of polymer retention (# ') <= —FeHa%h%)
%EPL=100PL/TML
TML; Theoretical maximum polymer loading (FgfmAk# ) < —&)
% TML=100(1 —r/7)rn/r
r =specific gravity of wood
r =specific gravity of wood substance
rm =specfic gravity of monomer
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Table 2. Summary of test results
Q)]

PL E{ Gir Q! , P

Noom ) GPa)  (GPa) (oY B B EVG
L-1 502 33.77 CONTROL 16.8 1.003 6.64 334 8.41 16.7
WPC 175 1.029 10.1 2756 11.1 16.9

L-2 456 3649 CONTROL 149 0.808 6.34 32.8 6.81 18,5
WPC 15.9 0.828 9.49 26.8 9.44 19.2

L-3 521 44.07 CONTROL 174 0.899 6.00 33.3 9.04 19.3
WPC 19.8 0.982 10.2 277 14.1 20.1

L-4 454 4729 CONTROL 14.0 0.788 6.38 30.8 6.35 17.7
WPC 15.8 0.863 9.68 24.8 9.99 18.2

L-5 437 52.25 CONTROL 12.6 0.858 6.22 28.9 5.51 14.7
WPC 14.7 0915 9.37 23.3 9.27 16.1

L-6 455 7141 CONTROL 137 0.826 6.33 30.1 6.25 16.6
WPC 16.0 0.902 11.4 21.7 11.8 17.7

L-7 383 7392 CONTROL 11.6 0.635 6.27 30.4 4.45 18.3
WPC 18.3 0.650 11.8 27.1 124 282

L-8 431 9582 CONTROL 13.2 0.884 6.70 30.7 5.70 14.9
WPC 16.7 0.937 11.3 209 134 20.0

L-9 439 103.1 CONTROL 13.0 0.881 6.66 29.6 572 14.8
WPC 164 1.039 12.7 19.4 138 15.7

2

PL Ex Ggr Q! , i

No. " (%) (10"'GPa) (10°'GPa) (103 E/7 Er EYG
R-1 406 14.07 CONTROL 6.20 0.258 21.5 1.53 2.52 24.1
WPC 9.02 0.265 384 1.79 454 34.0

R-2 455 1459 CONTROL 5.61 0971 23.0 1.23 2.55 5.78
WPC 5.93 0.801 38.1 1.20 2.93 7.40

R-3 422 15.00 CONTROL 5.08 0.557 24.7 1.20 2.14 9.12
WPC 6.17 0.600 35.6 1.30 2.93 10.3

R-4 421 19.13 CONTROL 5.05 0.448 22.6 1.20 2.13 11.3
WPC 4.99 0.421 40.6 1.06 2.34 11.9

R-5 .386 26.04 CONTROL 4.16 0.166 22.1 1.08 1.60 25.1
WPC 421 0.156 39.3 0.937 1.89 27.1

R-6 457 29.35 CONTROL 4.35 2.56 21.0 0.953 1.99 1.69
WPC 4.84 1.59 35.9 0.851 2.75 3.02

R-7 422 39.31 CONTROL 441 0.299 21.1 1.09 1.78 14.7
WPC 7.14 0.387 38.3 1.34 3.82 185

R-8 454 43.04 CONTROL 5.54 1.87 23.6 1.22 251 2.97
; WPC 10.9 1.38 36.8 1.62 7.38 7.90
R-9 472 49.07 CONTROL 6.22 0.952 24.8 1.32 294 6.53
WPC 12.1 0.933 45.0 1.75 8.33 12.9
Notes: 7, specific gravity. PL, polymer loading. @', internal friction. E{, Ex, dynamic Young's

modulus in longitudinal and radial direction, respectively. Gir, Ggr, dynamic shear
modulus in L-T plane and R-T plane, respectively.
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Fig. 1-1. The relative moduli of dynamic Fig. 1-2. The relative moduli of dynamic
elasticity before and after treat- elasticity before and after treat-
ment versus polymer loading. ment versus polymer loading.
Notes. FEi, Ei;: dynamic Young’s modulus Notes. FEge, Eg;: dynamic Young's modulus
in longitudinal direction measured in radial direction measured before
berore and after treatment, respec- and after treatment, respectively.
tively. Grro. Grri: dynamic shear modulus
Giro, Giri: dynamic shear modulus in R-T plane measured before and
in L-T plane measured before and after treatment, respectively.

after treatment, respectively.
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Summary

Changes in acoustical properties of Sitka spruce due to MMA/HEMA copolymer
impregnation were investigated. ‘The properties were evaluated by the dynamic Young’s
modulus E’, dynamic shear modulus G’ and internal loss @ ! measured using the flexural
vibration method on free—free beams for the longitudinal and radial direction.

In both the directions, E’, G’ and @ 'showed tendency to increase with increasing
polymer loading, except for G’ in R-T plane reducing at lower polymer loading.

Specific dynamic Young’s modulus in the longitudinal direction decreased with in-
creasing polymer loading. But in the radial direction, it increased in some range of polymer
loading.

In both the directions, the rate of increase in £’ was higher than that in G’. As a result,
the value of E'/G’, which is the parameter exerting influence on frequency dependence of
apparent Young's modulus or internal loss, became higher.

Key words: WPC, polymer loading, dynamic Young’s modulus, dynamic shear modulus,
internal loss, frequency dependence



