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Rapid Moisture Content Determination Technique
Using Microwave Oven*'
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ABSTRACT

Conventional hot-air oven-drying method takes at least four hours to determine the moisture content of
wood sample and this method is not always acceptable to wood industry. In this study samples of six
different specifications from Paulownia coreana, Pinus densiflora and Quercus acutissima were dried in
domestic microwave oven to their oven dry weights to investigate the possibility of rapid moisture content
determination technique using microwave-oven drying method. Continuous heating time, cooling time and
intermittent heating time were determined by each species and sample specifications. Temperatures of
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surface and center of samples were also measured during drying. Oven-drying times were reduced to 1/7~
1/10 of conventional hot-air oven-drying method. Therefore microwave heating and drying techniques
appear attractive for wood industry as a rapid moisture content determination method.

Keywords: moisture content, microwave, microwave-oven, oven-drying method, Paulownia coreana,

Pinus densiflora, Quercus acutissima
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Fig. 1. Preparation of testing sample.

Table 1. Specifications of six-different samples

Sample L T Volume
No. (mm) (mm) (x10°m?)
1-a 10 25 250
1-b 10 50 500
2a 2 25 625
2b 25 50 1250
5a 50 25 1250
5b 25 50 2500
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— W= Vx(Dx1000)
M=V (Dx1000) (1)

M; © estimated
{fractional)

W : weight of sample before drying (kg)

V ! volume of sample before drying (m%

initial moisture content

D : basic specific gravity
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W,=( M;— M) x Vx(Dx1000) (2)

W: © weight of moisture removed by continuous
microwave heating (kg)
Mg : fiber saturation point (fractional, 0.2~0.3)
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Ti : continuous microwave heating time (hr)

P : output of magnetron or microwave oven (kW)

7 : energy efficiency of magnetron or microwave
oven (fractional, 0.7~0.8)
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Fig. 2. Schematic diagram of wood tempera-
ture measuring system.

Table 2. Continuous heating time in initial
drying stage and intermittent heating
time for oven-drying of samples of
Paulownia coreana, Pinus densiflora

and Quercus autissima  (unit: sec)
Paulownia Pinus Quercus
Sample  coragng densiflora  acutissima

No.
CHT*? IHT*® CHT*" IHT*? CHT*" IHT*?

la 130 30 100 30 92 30
b 180 30 240 30 180 30
2a 180 30 180 30 210 30
2b 180 20 420 30 3% 30
5a 300 20 420 30 400 30
5b 440 20 720 30 720 30

*U continuous heating time in the early drying stage.

*» Intermittent heating time.
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Table 3. Initial moisture contents and initial microwave drying rates of samples of Paulownia
coreana, Pinus densiflora and Quercus acutissima

Sample Pavlownia coreana Pinus densiflora Quercus acutissima
No. IMC (%) Drying rate (g/sec) IMC (%) Drying rate (g/sec) IMC (%) Drying rate (g/sec)
la 262 006 112 009 78 011
1b 260 009 144 on 79 012
2a 273 014 110 013 75 0.09
2b 244 013 144 015 77 on
5a 240 013 129 014 78 013
5b 245 011 148 015 75 013
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Fig. 3. Microwave drying curves of Paulownia
coreana, Pinus densiflora and Quercus
acutissima.
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Fig. 4. Surface and core temperatures of Paulownia coreana samples during microwave heating.

(Legend: Center ______ Surface)
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Fig. 5. Surface and core temperatures of Pinus densiflora samples during microwave heating.

(Legend: Center Surface)
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Fig. 6. Surface and core temperatures of Quercus acutissima samples during microwave heating.
(Legend: Center Surface)

Table 4. Heating time, cooling time and total drying time for microwave oven-drying of samples

of Paulownia coreana, Pinus densiflora and Quercus acutissima (unit: sec)
Sample Paulownia coreana Pinus densiflora Quercus acutissima
No. HT? cT? TT? HTV CcT? TT? HT™ cT? TT?
la 430 660 1,090 310 520 830 300 1266 1,566
1b 660 960 1,620 510 942 1452 390 1670 2,060
2-a 360 570 930 300 782 1,082 450 3159 3609
2b 560 1,660 2,220 690 2680 3370 780 6253 7,033
5a 600 3076 3676 540 2117 2657 760 6,021 6,781
5-b 1,140 6,068 7,208 1,110 5,765 6,875 1,440 13,714 15,154

"D heating time, ® cooling time, ™ total drying time.
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Table 5. Estimated ovendry weights per 1 m’
based on green volume of green
Paulownia coreana, Pinus densiflora
and Quercus acutissima by micro-
wave oven-dying method

(unit: kg/m

Sample Paulownia Pinus Quercus
No. coreana densiflora  acutissima
la 1676 38604 6696
1b 1904 4082 7636
2-a 1875 3782 7184
2b 1920 3832 683.7
5a 1954 3852 6931
5b 1787 3765 6783

Average 1853 3863 7011
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