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ABSTRACT

The purpose of this study was to design and construct a high power laboratory-scale microwave oven
for drying rubber blocks using ordinary air and hot air. The parameters studied were bed height: 10, 15 and 20
cm, hot air temperature: 100 and 110°C and heating time: 1 and 2 minutes. The final products were tested
according to the standard for STR 20 rubber block, with the following results:

The constructed microwave oven had a capacity of 76 liters, equipped with a 2.45 GHz magnetron
tube giving a maximum power of 1,700 W. The test results for microwave drying of rubber blocks with
ordinary air indicated that the temperature within each block could be controlled uniformly for varied bed
heights, but the moisture content and specific energy consumption decreased while heating time increased with
increasing bed height. With hot air, it was found that increasing the bed height resulted in a decrease in the
temperature gradient and an increase in the heating time, whereas increasing both the hot air temperature and
heating time resulted in an increase in the temperature gradient, which caused the moisture content, heating
time and specific energy consumption to decrease. The dried rubber blocks were tested for their quality
according to the standard for STR 20 rubber block and passed the major criteria.

In conclusion, the optimum condition for drying rubber blocks with microwave was to use with hot air
for a bed height of 10 cm, temperature of 100°C and heating time of 1 minute, resulting in a specific energy

consumption of 10.30 MJ per kilogram of evaporated water.
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nu U asunlasain 0.92 — 0.95 (Blow and Hepburn, 1985) duUAN1NMeMNLs10a08aada13191 2.2

Mms1eh 2.2 AUUANNMENINUDIENTTTNFIA

Density 0.92
Refractive index (20 C) 1.52
Coefficient of cubical expansion 0.00062/ C
Cohesive energy density 63.7 cal./c.c.

Heat of combustion 10,700 cal./g
Thermal conductivity 0.00032 cal./sec/em’/ C
Dielectric constant 2.37

Power factor (1,000 cycle) 0.15-0.2
Volume resistivity 10" ohms/c.c.
Dielectric strength 1,000 volts/mil

nu1: aautlagan Maurice, 1973
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Y
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M990 2.3 111@]‘5@1”81\1!!;1/]\1‘%’1!55]1@ 9

STR STR STR 5 STR STR 10 STR STR STR
Parameter XL SL SCV 10 CV 20 20 CV
Latex Latex / Sheets Lump / Sheets
Dirt retained on 44 |L1 0.02 0.04 0.04 0.04 0.08 0.08 0.16 0.16
aperture (max, % wt.)
Ash (max, % wt.) 0.4 0.4 0.6 0.6 0.6 0.6 0.8 0.8
Nitrogen*(max, %, wt.) 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Volatile matter™ 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
(max, % wt.)
Initial plasticity (Po), 35 35 30 - 30 - 30 -
(min)
Plasticity Retention 60 60 60 60 50 50 40 40
Index (PRI), (min)
Colour Lovibond Scale 4 6 - - - - - -
(individual value, max.)
Mooney Viscosity, ML - - - Ho - Ho - H
(" + 4’)100C
Colour Coding Marker blue light light white on brown white on red white on
green green green brown red
backgroun backgroun backgroun

a @ A

=~ o ad
n: aanagn w@wild NeANasIa, 2540

* Producer limit is not more than 0.50%
** Producer limit of 70(+7,-5), 60(+7,-5) and 50(+7,-5) for STR 5 CV

60(+7,-5) for STR 10 CV and 65(+7,-5) for STR 20 CV
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2.42  @@nilsn (Dirt content) (ASTM D1278-91a)
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Plasticity Retention Index : Po 418 PRI) (ASTM D3194-84, ISO2007-1981)
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Parameter Cu Al
(mm) Steel
7 7 8
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Power loss
86x43 132 178 837

W att/meter at 25 kW

n17: aau1lag1n Meredith, 1998
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Waveguide

Microwave Cavity
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AN TIRFDUNIINIZNUADU

Microwave Power 50%
ufa T1 T2 AT MInsEnEAaY
1 28.9 48.9 20
2 28.9 46.2 17.3
3 28.9 56.6 27.7 62.45
4 28.9 54 25.1
5 28.9 51.4 22.5
Microwave Power 609%
LLﬁl'!“?; T1 T2 AT ﬂ'l‘iﬂiﬁ)’li]ﬂ?i'u
1 28.8 51.6 22.8
2 28.8 50 21.2
3 28.8 63 34.2 61.99
4 28.8 58.2 29.4
5 28.8 56.1 27.3
Microwave Power 70%
Ltﬁl'lﬁ T1 T2 AT m‘mszmﬂﬂﬁu
1 29.5 55.5 26
2 29.5 54.5 25
3 29.5 64 34.5 72.46
4 29.5 61.5 32
5 29.5 58.3 28.8
Microwave Power 80%
LLfT’J'?i T1 T2 AT ﬂ'liﬂi%ﬁnilﬂa"u
1 29.4 57.8 28.4
2 29.4 67.2 37.8
3 29.4 63.6 34.2 65.59
4 29.4 59.7 30.3
5 29.4 72.7 43.3
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2
NIINNAFDUNITNICANYAIU

Microwave Power 90%
urfaf T1 T2 AT mansznenay
1 29.2 62.3 33.1
2 29.2 77.6 48.4
3 29.2 70.7 41.5 68.39
4 29.2 67.3 38.1
5 29.2 64.1 34.9
Microwave Power 100%
LLﬁ"Jﬁ T1 T2 AT ﬂ"liﬂi%ﬁ)"lilﬂa"u
1 29.2 63.1 33.9
2 29.2 71.1 41.9
3 29.2 66.4 37.2 65.32
4 29.2 72.6 43.4
5 29.2 81.1 51.9

A v o w A S A : A
M3190 .3 wansdamaaveslyTasow (AURQY 3 1) LUDUNUANTNANUNITN (20)

Microwave Power T1 T2 AT Power (Watt)
50% 29.2 42.4 13.2 921.10
Microwave Power T1 T2 AT Power (Watt)
60% 29.9 45.8 15.9 1109.50
Microwave Power T1 T2 AT Power (Watt)
70% 30 49.8 19.8 1381.64
Microwave Power T1 T2 AT Power (Watt)
80% 29.6 50.3 20.7 1444.45
Microwave Power T1 T2 AT Power (Watt)
90% 30.2 52.6 22.4 1563.07
Microwave Power T1 T2 AT Power (Watt)
100% 29.9 54.3 24.4 1702.63
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HANTIMaAReL
Fioth Fanmiandsn | Rannifemmn W Hnmlulenan | anwdowan o ATIHRRE
% Tambwiiny | (% Tawsiwiiny | (9 Taoshwiin) | (% Tawiwiin) Guusn | awdeudd | ML () 100°C
(Pg) (PRI)

1. Hot air 2 min Microwave 1 min 100°C

@ 10 em. set 1 0.039 0.35 0.28 0.27 32.0 56.3 70.1
Lum 10 cm. set 2 0.020 0.37 0.25 0.27 34.0 54.4 73.4
LA 10 cm. set 3 0.016 0.38 0.27 028 33.5 58.2 74.6
wa 15 cm. set 1 0.033 0.35 0.28 0.27 29.0 58.6 72.6
W@ 15 cm. set 2 0.050 0.38 0.28 0.24 33.5 56.7 75.1
e 15 cm. set 3 0.116 0.49 0.26 0.27 38.5 68.8 78.9
\ua 20 cm. set 1 0.013 0.34 0.29 0.27 21.5 65.1 55.0
\uA 20 cm. set 2 0.004 0.35 0.30 0.28 25.0 64.0 65.2
\um 20 cm. set 3 0.053 0.32 0.35 0.30 27.0 70.4 59.1
2. Hot air 2 min Microwave 1 min 110°C

L\ 10 cm. set 1 0.043 0.34 0.30 0.26 24.0 62.5 61.5
e 10 cm. set 2 0.007 0.35 0.29 0.28 28.0 60.7 68.8
\um 10 cm. set 3 0.012 0.34 0.27 0.28 31.0 59.7 73.9
\ua 15 cm. set 1 0.064 0.35 0.35 0.26 27.0 63.0 Ly
\Wwm 15 cm. set 2 0.056 0.35 0.34 0.27 235 63.8 64.3
\wa 15 cm. set 3 0.072 0.35 0.28 0.28 25.0 64.0 59.5
@ 20 cm. set 1 0.059 0.31 0.29 0.28 19.0 65.8 49.6
LuM 20 cm. set 2 0.010 0.31 0.26 0.28 21.0 64.3 62.8
\um 20 cm. set 3 0.024 0.32 0.26 0.29 225 62.2 58.0

arnruliusiven = . . N 5
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HENMIMATaU
Sath Fanwieandsn | Py 1Rainoaih Wanndlulesiaw | enudowdn amit anuniia
@ Tawsbwsiny | (% Taosming | @ Tawshwin) | (% Taesimsin) Guusn | emmseusa | ML (144) 100°C
(Po) (PRI)
3. Hot air 2 min Microwave 2 min 100°C
e 10 cm. set 1 0.024 0.35 0.27 0.26 320 53.1 73.8
wa 10 cm. set 2 0.022 0.34 0.27 0.28 31.5 55.6 72.6
tua 10 cm. set 3 0.021 0.34 0.26 0.28 26.5 52.8 64.2
A 15 cm. set 1 0.013 0.34 0.28 0.26 29.0 58.6 73.2
\Wwa 15 em. set 2 0.013 0.35 0.29 0.25 29.5 57.6 67.5
1@ 15 cm. set 3 0.012 0.37 0.29 0.24 26.0 61.5 63.0
U@ 20 em. set 1 0.009 0.35 0.26 0.26 26.0 65.4 61.9
LA 20 cm. set 2 0.028 0.34 0.30 0.28 24.0 66.7 58.9
Lum 20 cm. set 3 0.026 0.34 0.31 0.27 225 62.2 54.2
4. Hot air 2 min Microwave 2 min 110
A 10 cm. set 1 0.033 0.37 0.28 0.28 31.0 51.6 68.4
wm 10 cm, set 2 0.017 0.36 0.28 0.27 29.5 50.8 68.8
\wa 10 cm. set 3 0.008 0.38 0.27 0.27 37.0 51.4 76.4
e 15 em. set 1 0.048 0.32 0.29 0.28 20.5 53.7 41.8
L 15 cm. set 2 0.045 0.33 0.29 0.28 19.0 63.2 53.9
\ua 15cm. set 3 0.070 0.32 0.27 0.26 23.0 60.2 52.8
LA 20 cm. set 1 0.069 0.34 0.28 0.27 25.0 68.0 58.9
LA 20 cm. set 2 0.017 0.32 0.26 0.27 19.0 57.9 51.7
\wa 20 cm. set 3 0.021 0.33 0.27 0.27 24.0 62.5 55.2
dramaliuruen R . y - A R R
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HANTNAREY
sntha Fanodantsn | Fanadomwe | o | Ranodlulasan | anudawda anih anundia
(% Tasviwming | (% Tapswriny | @ Taodawiny | (% Tawimsin) Gausn ATINEENAT | ML (1+4) 100°C
(Pg) (PRI)

5. Microwave

\w@ 10 cm. set 1 0.009 0.34 0.23 0.28 26.0 61.5 61.8
@ 10 cm. set 2 0.027 0.36 0.28 0.28 36.5 56.2 778
@ 10 cm. set 3 0.042 0.34 0.28 0.27 255 58.8 B63.6
LM 15 cm. set 1 0.020 0.32 0.29 0.24 245 65.3 47.4
\ua 15 cm. set 2 0.017 0.32 0.26 0.27 22.0 50.0 56.9
LA 15 cm. set 3 .0.026 0.33 0.25 0.24 28.5 61.4 70.2
M 20 cm. set 1 0.014 0.34 0.28 0.27 28.0 62.5 68.5
M 20 cm. set 2 0.024 0.35 0.257 0.27 37.0 56.8 76.1
A 20 cm. set 3 0.011 0.34 0.28 0.26 31.5 58.7 65.7
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