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FSP Mesurement of Heat-treated Hardwoods Using Volumetric Swelling Method
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Abstract: Specimens of seven hardwood species were heat-treated at three temperature levels of
170, 190 and 210°C. Their FSP’s were measured by the volumetric swelling method and com-
pared with the control’s. Within a species the FSP decreases as the temperature of heat treat-
ment increases. The FSP’s of the controls range from 26.1 to 29.6%, while those of the speci-
mens heat-treated at 210°C from 16.9 to 21.8%. There were no difference of basic density be-
tween the heat-treated and control specimens. The color indexes of ash and beech specimens
were measured using a colorimeter. It was revealed that the temperature of heat treatment af-

fected on the color more than the treatment

time.
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Fig. 1. Measurement of the FSP by the volumetric
swelling method.
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Table 1. Moisture contents of the specimens after soaking in water for four weeks
Temp. of heat Ash Beech Red oak White oak Hard maple Red alder Sycamore
treatments
Con 742 (7.2)* 673 (2.0) 102.1 (1.1) 679 (04) 83.1 (0.7) 129.4 (3.4) 116.0 (3.9)
170C 70.8 (5.3) 614 (1.1) 919 (0.8) 659 (0.7) 833 (0.8) 138.6 (1.8) 1162 (5.7)
190C 585 (0.7) 575(1.9) 796 (25) 56.6 (0.7) 762 (0.9) 1249 (3.9) 113.0 (4.6)
210C 55.0 (1.8)  57.5 (1.8) 694 (2.8) NA 71.7 (6.5) 1269 (2.9) 103.3 (1.5)

* Standard deviation
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Table 2. Comparison of the basic densities between the heat-treated and control specimens

Temp. of heat

Ash Beech Red oak White oak  Hard maple Red alder Sycamore
treatments
Con 0.593 (0.008)* 0.568 (0.006) 0.553 (0.004) 0.696 (0.004) 0.582 (0.003) 0.395 (0.019) 0.486 (0.006)
170°C 0.610 (0.024) 0.576 (0.008) 0.553 (0.004) 0.709 (0.008) 0.573 (0.006) 0.376 (0.006) 0.493 (0.003)
190°C 0.596 (0.007) 0.588 (0.004) 0.559 (0.002) 0.707 (0.003) 0.588 (0.004) 0.393 (0.005) 0.490 (0.006)
210C 0.602 (0.006) 0.58 (0.008) 0.553 (0.008) NA 0.587 (0.023) 0.388 (0.006) 0.494 (0.007)
P-value 0.231 0.153 0.236 0.100 0.234 0.054 0.121
* Standard deviation
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Fig. 2. A plot of the basic density and soaking MC of
the heat-treated specimens and a linear regression.

Table 3. The slopes and interceptions of the linear re-
gressions for the plots of the basic density and soaking
MC of the heat-treated specimens and a linear re-
gression.

Temp. of heat

treatments Slope Interception
Con -0.0033 0.8560
170 -0.0032 0.8463
190 -0.0032 0.8162
210 -0.0027 0.7552
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Fig. 3. Typical drying curves of the heat-treated and
control specimens.
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Table 4. The FSP’s by the volumetric swelling method
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Fig. 4. Photos of the surfaces of the heat-treated and
control specimens.
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Temperature of Heat treatment

Species

Con 170 190 210
Ash 25.5 (0.9)* 245 (2.0) 222 (12) 21.8 (2.4)
Beech 26.1 (2.0) 23.7 (1.9 21.9 (1.6) 19.8 (1.0)
Red oak 29.6 (1.8) 20.7 (1.5) 18.3 (1.8) 17.6 (2.8)

White oak 26.5 (1.9) 23.5 (1.8) 18.7 (1.0) NA
Hard maple 27.1 (1.9) 25.6 (1.0) 19.7 (0.7) 19.3 (1.7)
Red alder 27.5 (1.4) 254 (2.7) 17.4 (2.5) 16.9 (1.9)
Sycamore 289 (2.0 28.5 (1.6) 245 (1.0) 21.6 (2.1)

* Standard deviation
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Table 5. Color indexes of the heat-treated and control specimens

Temp. of Heat

Color index

Species treatment I 4 b AE
Con 54.57 13.65 32.35
170 33.69 10.95 16.51 26.35
Ash
190 27.90 5.16 8.17 36.99
210 25.16 3.03 4.45 4191
Con 58.45 14.0 34.31
170 34.56 12.65 18.27 28.81
Beech
190 27.39 7.16 9.90 40.09
210 24.53 3.76 5.22 45.84
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