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Moisture Content Change and Heat Distribution Characteristics of
Veneer Heated by Microwave'
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ABSTRACT

The analysis of shape before and after heating, Surface moisture content, Moisture weight change and surface heeat
distribution by fixed type microwave heeting in forms of flat veneer and veneer roll of Korean pine, pitch pine, larch
and yellow poplar was conducted. The results were as follows: In case of flat veneer, the quality after microwave heat-
ing was comparatively good, but it was somewhat warped. These phenomena may be due to transformation by nonuni-
form drying stress and stronger effect of local irradiation on the veneers when heating veneer owing to the character-
istics of fixed type microwave equipment. In case of the features of roll-shaped veneer heated by microwave, the quality
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after heating was comprehensively excellent. Especially there was no warping unlike flat veneer. Heat distribution and
diffusion were also very stable for roll-shaped veneer and such heat distribution had much influence on surface mois-
ture content and moisture weight loss. Accordingly, the veneer roll would show sufficient drying efficiency in fixed
type microwave equipment through a scrutinized examination on generating power and irradiation time according to

species and thickness of veneer.

Keywords: fixed type microwave heating, flat veneer, veneer rall, drying efficiency
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Table 1. The Experiment factors

Species of veneers used Width Thickness Length
Korean pine 2.6 mm
- E— veneer :
Sam Softwood Pitch pine 40 cm
ples 10.6 cm ’
2.6 mm, Roll :
Larch ol
3.7 mm 20 m
Hardwood Yellow poplar
Frequency (GHz) 25
Specification Generating power (kW, variable) 1~6
Chamber volume (cm) 70 x 70 x 70 (343,000 cm’)
Output power (kW) 3
Microwave Hea_tlng Flat veneer Less than 20 min
experiment Heating period (min)
Veneer roll Less than 60 min
Terget Surface moisture  Flét veneer  Per sample, 3 point / 40 cm, Average | e than
limits after content (%) Veneer roll  Per sample, 100 point / 20 m, Average 12%
heating
Temperature (C) Average 80T + 10
Lab temperature and humidity 28C / 80%, Average
Changes in shape No split, warping or discoloration before and after heating
Changes in surface Changes of Surface moisture content before and after heating
moisture content (Use of surface moisture content-measuring device)
Analysis N
Changes in weight Moisture weight changes before and after heating
Thermal pixel Surface temperature of samples before and after heating

(Use of FLIR Thermal Pixel Camera, Max. 350C)

* Moisture weight : 2 il 24 4l frololel itel Farow Hojalol vjolamat b A B4 Y bl e S, S

Eof 7] Fo2 AR R S B HFAFHHG+E) dib] Eo] TAsE vle&E vERH & Moisture weight loss ratez gt
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Holc, PO BLIYERS 015 MHZE, 2450 HE oulx Au7k AL ® ofUe} spde] uE
MHzgC.2 &2 0.5~25 kWe| Aol it A AehdAS 2askd 4= glch(Murasaki - 1999).
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(a) Korean pine, pitch pine, (b) Therma pixel camera

larch and yellow poplar
Fig. 1. Experiment materials and equipment.

(b) Measurement of surface

(a) Placement of flat veneer
in chamber

Fig. 2. Two types of veneer for microwave heating.
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moisture content of veneer roll

(c) Messuring device of surface (d) Microwave heating device
moisture content meter

(c) Measurement of weight of (d) Placement of veneer roll
veneer roll in chamber
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Fig. 4. Surface moisture content and moisture con-
tent decrease rate of flat veneer by thickness before
and after microwave heating.

Rl SR AUA, xhﬂa ot o 2
o= Uepd v, Yelgo) 49 7 ojdne 7
ool wses, 14 T 12 b e o)
o EYol g Ao Uehith. FA5EoR U
o] A9 Tale 1o w2 71 F BEAE O

&3 HO}H woh g vhd A7k o) =

3.1.2. ot gHO| St M|
EnE R EEE ]
2 Table 2 ¥ Fig. 49} Zt}. 3 kw



Table 2. Surface moisture content changes of flat veneer before and after microwave heating

Classifications Before heating (%) After heating (%)
Species of Thickness Hesting Sample No. Av Sample No.
veneers (mm) period (min) @ @ ® ’ @ @ ®
Korean pine 251 19.3 19.0 211 135 12.9 13.8
Pitch pine 18.3 19.3 225 20.0 9.1 81 8.8
_— 26 15
Larch 20.7 194 195 199 9.1 6.7 9.7
Yellow poplar 359 342 329 343 28.3 30.6 25.0
Korean pine - - - - - - -
Pitch pine 22.6 27.9 22.7 244 7.2 8.9 6.6
_— 37 18
Larch 191 220 19.0 20.0 11.2 115 9.2
Yellow poplar 333 346 35.8 34.6 16.0 95 85

Table 3. Moisture Weight changes of flat veneer before and after microwave heating

Classifications Before heating (g) After heating ()
Species of tress Thickness  Heating period Sample No. Av. Sample No. Av
(mm) (min) ®© ©® 0 © @ ©
Koreanpine 504 489 511 501 439 442 463 448
Softwood Pitch pine 502 528 662 594 484 478 532 498
Larch 26 15 786 871 872 843 652 717 709 693
Hardwood  Yellow poplar 86.8 831 848 849 598 581 570 583
Koreanpine - - - - - - - -
Softwood Pitch pine 1042 1171 893 1035 637 674 594 635
Larch 37 18 877 1050 1030 986 782 822 823 809
Hardwood Yellow poplar 1248 1443 1218 1303 781 8.8 748 799
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Table 4. Surface heat distribution of flat veneer after microwave heating

Softwood Hardwood
Classifications
Korean pine Pitch pine Larch Yellow poplar
Thickness 2.6 mm

Heating period (min) 15

Temperature (C) Max.

105°C =2 $FLIR
Thickness 3.7 mm > h.\q o~
e
'MI'- L.
4 .

Heating period (min) 18 ,{ t ;

Temperature (C) Max. - 105.7 116.0 65.1
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Fig. 5. Moisture Weight loss rate (%) of flat veneer
by thickness before and after microwave heating.
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Fig. 6. Average temperature of flat veneer after mi-
crowave heating.
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) (& 3 kW 40 min Hesating (b) 3 kW 50 min Heating
Species
Before heating After heating Before heating After hesting
Korean pine
SR e—
e == Pn,
Pitch pine
Larch

Fig. 7. 2.6 mm thick veneer roll before and after microwave heating.

(& 3 kW 40 min Hesating (b) 3 kW 50 min Heating

=]
T Before heating After heating Before heating After hesting

Korean white
pine

Pitch pine

Larch
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Table 5. Surface moisture content changes of veneer
roll before microwave heating

Classifications

- - - — Before heating
Species of Thickness Heating perio (%)
veneers (mm) (min)
Korean pine 19.6
Pitch pine 40 17.6
Larch 18.1
—— 26
Korean pine 19.2
Pitch pine 50 17.7
Larch 17.9
Korean pine -
Pitch pine 40 236
Larch 16.9
_— 37
Korean pine -
Pitch pine 50 24.3
Larch 16.3
0 oo
28 DAfter_neating(average)  » Moislure comient decrease rate
?: | | . 0w =
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Ep | 'I 0 B
E 10 | 1N 5
| 3 B
0 ‘ e H [=§
4 ] ! —‘ Il 2
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xurnan Plh:h pine Larch Korean Pilch pine  Larch
pine pina

2.6mm, 40min 2.6mm. S0min

Fig 9. Surface moisture content and moisture content
decrease rate (%) of 2.6 mm thick veneer roll after
microwave hesting.
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Fig. 10. Surface moisture content and moisture con-
tent decrease rate (%) of 3.7 mm thick veneer roll
after microwave heating.
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Table 6. Moisture Weight changes of veneer roll be-
fore and after microwave heating

Classifications

. . Heating  Before After
Species of Thickness period heating (g) heating (g)
veneers (mm) (min)
Korean pine 2,613.6 2,284.0
Pitch pine 40 2,764.1 2,331.6
Larch 26 4,170.0 37154
Korean pine 2,372.3 1,882.4
Pitch pine 50 3,037.3 2,467.5
Larch 4,268.2 3,658.2
Korean pine - -
Pitch pine 40 42933 3,666.2
Larch 4,768.2 4,319.6
Korean pine 37 - -
Pitch pine 50 4,149.1 3,472.6
Larch 4,922.4 4,315.6
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Fig. 11. Moisture Weight loss rate (%) of 2.6 mm
thick veneer roll after microwave heating.
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Fig. 12. Moisture Weight loss rate (%) of 3.7 mm
thick veneer roll after microwave heating.
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Table 7. Surface heat distribution of veneer roll by microwave heating

Species of veneers Korean pine

Pitch pine

Larch Yellow poplar

109" erLn

Thickness 2.6 mm

Hesting period (min) 40

Exceeded the desired heating time
limit, so additional experiment needs to
be proceeded after setting additional goal

Temperature (C) Max.

Thickness 2.6 mm

Hesting period (min) 50

Same to the above

Temperature (C) Max.

Thickness 3.7 mm

Hesting period (min) 40

Same to the above

Temperature (C) Max.

Thickness 3.7 mm

Hesating period (min) 50

Same to the above

Temperature (C) Max.

Target Iemp:laturet‘
SCI'C =10}

BU
70
50
40
30
20
10

]

Korean | Pitch plna Larch Koraan Pitch plna Larch
pina pina

@
=

Temperature T}

2.6mm, 40min 2.6mm, 50min

Fig. 13. Average temperature of 2.6 mm thick ve-
neer roll after microwave heating.

A 28 9 A7F £F0] 7153 Aow o).

olo]|Z 21 3 kW 71gE 3.7 mm HdEHE9] 3
ek 71482 26 mm X} 405 7197} 505
N9 o)/t et Eaigh ko thehdt.

N
)
2

AN

Target Temperaturel Th
% / (80T + 10

70
60
50
40
30
20
10

o

Pilch ping Pilch ping Larch
3.7mm, 50min

Temperature(c]

3.7mm, 40min

Fig. 14. Average temperature of 3.7 mm thick ve-
neer roll after microwave heating.
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