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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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1.  

 

  . . 2508  SMR 

(Standard Malaysian Rubber)      

  

 ( , 2549)  . . 2511  TTR (Thai Tested 

Rubber)  . . 2539  STR (Standard Thai Rubber)  

. . 2550  40   20   

 10  

 . . 2537  0.28   1.13  

 ( , 

2539)  1)  

  2)  

  3) 

 

  

  10 

 STR  . . 2539   . . 2548 



2 

  (  

  )  

  

 

  

  

  

 (Trolley)  30  

  120-130   100-110  

 4  (  , 2549) 

  

 (   , 2548) 

  22.88 

 (     , 2549) 

 2.26 

  

 

  (2550) 

 

 

 

  (2551) 

 

 800   

   

  STR 20 

 

 

  800  

 

  

 

 



3 

2.  

  

2.1  

2.2  

2.3   

2.4   STR 20 

 

3.   

    

  STR 20  

 2.1  

  
 

4.  

 

  STR 

20     

 



   

 2 

 
 

 

  

 

     

     

 

 

1.  

 1.1   

    1  . . 2457 

  “ ”  (Natural Rubber; NR) 

 Hevea Brasiliensis   

   “ ”  “ ” 

  “ ” (  , 2549)  

    

 . . 2442-2444     

  “ ” 

 14  3  

    

  . . 2543 

 (  , 2546) 

 

 1.2  

      

   

  (  , 2548) 

 

  1.2.1     (Roots) 

    (Top root system)  (top root) 

 2.5   3  

  (lateral root)  pericycle   



 5 

7 - 10   

 

   1.2.2  (Stem) 

     2     (cone)   

 (seeding tree)  

   (cylinder)  

(budded stump)  “ ” 

 

2 - 2.5      

    1.2.2.1  (corky bark)  

  outer soft cell  cortex  bark cambium 

    10 

 

    1.2.2.2  (hard bark)    

 bark cambium   

  stone cell    

(interupted latex vessel)   outer cortex 

    1.2.2.3    (soft bark) 

  inner cortex           

(sieve tube)   

      latex 

 cis-1, 4-polyisoprene   (lacitifer) 

 (continuous latex vessel)     2 - 5  

   medulla rays 

   

  

 

   1.2.3  (Leaf) 

     (Compound leaf)  palmate 

 3    “ ” 

 (spiral)   peteolule   

    

 

 



 6 

   1.2.4  (Flowers) 

        

 2     

   
  (  , 2548) 

   1.2.5  (Fruits) 

      3 

 3     3 - 5   3  

 1   

   1.2.6  (Seed) 

      1.5 – 2.5   2 – 2.5 

  3 – 6  

     20   

 

 1.3   

   1.3.1  (Chemical Properties) 

     

 5   8   C H5 8 

 (isoprene)  2.1   

 

 

 
 

 

 2.1  (Maurice, 1973) 

 

     1  

 3,000  5,000   200,000  400,000 

  

 2.1 
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 2.1  
 

  (%)  (%) 

 (Moisture) 0.5 0.3 – 1.0 

 (Acetone Extract) 2.5 1.5 – 4.5 

 (Protein) 2.5 2.0 – 3.0 

 (Ash) 0.3 0.2 – 0.5 

 (Rubber Hydrocarbon) 94.2  

Total 100.0  

      :  Maurice, 1973 

 

     (Double bond) 

   

    

hydrogenated rubber  chlorinated rubber  hydrochlorinated rubber 

 (cyclised rubber)  cyclisation 

   1.3.2  (Physical Properties) 

     

   10  

 0.92 – 0.95 (Blow and Hepburn, 1985)  2.2  

 

 2.2  
 

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/cm2/ C 

Dielectric constant 2.37 

Power factor (1,000 cycle) 0.15 – 0.2 

Volume resistivity 1015 ohms/c.c. 

Dielectric strength 1,000 volts/mil 

   :  Maurice, 1973 
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 1.4   

  

 2    (solid form or dry rubber) 

   (concentrated latex)  

  1.4.1   3  

  

   1.4.1.1     concentrated process   

   

  1.4.1.2  

 (technically specified process)   (standard block rubber) 

1.4.1.3   

 

   (viscosity stabilized tubbet; CV) 

 (superior processing rubber; SP)  (oil extended natural rubber; OENR) 

     

     2   

  (fresh or field latex)     

   (dried rubber, naturally coagulated)  

 (cup lump)  (tree lace)   

(bark scrap, earth scrap)   “ ” 

  

 

  1.4.2     2   

 (treated)   

  

 “ ”  “ ” (prevulcanised or vulcanized latex) 

 

 

2.  (Block Rubber) 

  

  

  “ ”   

 

 



 9 

 2.1  

   (Block Rubber) 

  . . 2508 

   

  . . 2508   

  

   

   2.1.1    

   2.1.2   

 

   2.1.3  

     

  

  

  2.1.4  

  

 2.2   

       

   

  (Fresh or field latex)   (field coagula 

material)  2  

   2.2.1   

     

 40  60     1:1 

 15-20   

  

 2   

    

 (granulator)  

   

 3-4    

(crumb)     

-    

     100 -110 



 10 

  4    60 

  

   

   

  33.3   670 x 330 x 170   (polyethylene) 

  2.2  

 

 

 ( ) ( )

 ( )

( )  
 

 2.2   (   , 2540) 

 

   2.2.2  

     

       2.3 

 



 11 

 + 

 ( )

 ( )

 ( )

 

 -

 

 

( )  
 

 2.3  (   , 2540) 

 

    2.2.2.1     

  2.4   5 - 6  

   

 

         
 

           ( )                    ( )  

 2.4    ( )  ( ) 
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    2.2.2.2     

    

    2.2.2.3    

    2.5  

   

 

 
 

 2.5  (Verhaar, 1973) 

 
    2.2.2.4      

  2.6 

 

 
 

 2.6  

 
   2.2.2.5   2.7  

100 - 120   3 - 4    

 2.8 



 13 

 

           
 

    ( )  ( )  

 2.7    

 

 
 

 2.8    

 

    2.2.2.6    

        

 2.9 

 

      
 

                       ( )             ( )  

 2.9  



 14 

    2.2.2.7  

 

        

 2.10 

 

                
 

           ( )                                                          ( ) 

 2.10  ( )  ( ) 

   
   2.2.3  STR 20 ( , 

2544) 

    2.2.3.1     (Creper)  2.11         

2   

 

 

 

 (zero friction)  

 

 
 

 2.11  (Creper) ( , 2544) 



 15 

   2.2.3.2    /  (Shredder)  2.12 /  

  /   

 

 

/  

  
 

 
 

 2.12  (Shredder) ( , 2544) 

 

   2.2.3.3     (Slab Cutter)  2.13 

  

 

 

 STR 20  (Slab Cutter)  

  

  

 

 
 

 2.13  (Slab cutter) ( , 2544) 



 16 

   2.2.3.4      (Pre Breaker)  2.14 

  (Shear force) 

 

 

  

    

  

 

 
 

 2.14   (Pre Breaker) ( , 2544) 

 

   2.2.3.5      (Rotary Cutter)  2.15  3 – 5 

    

 

  

 

 
 

 2.15   (Rotary Cutter) ( , 2544) 
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 2.3    

   2.3.1   . . 2511 

   

  (TTR : Thai Tested Rubber)    

 . . 2537  

  

  TTR  STR (Standard Thai 

Rubber)    

  STR  8   4   STR 5L, 

STR 5, STR 10  STR 20  4  STR XL, STR 5CV, STR 10CV  STR 20CV 

   

 1  . . 2539 

         

      

 3/2538 “ ”  2.3 

 

  2.3    
 

STR STR STR 5 STR STR 10 STR STR STR

Parameter XL 5L 5CV 10 CV 20 20 CV

Dirt retained on 44 |Ll 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 - - - ** - ** - **

(l' + 4')100C

Colour Coding Marker blue light light white on brown white on red white on

green green green brown red

backgroun backgroun backgroun

Latex Latex / Sheets             Lump / Sheets

 
:   , 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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 2.4   (  , 2540) 

   

  (Lot) 

       

      

   2.4.1  (SMR Bulletin, 1970) 

     

(Homogenisation)  2   6   12  

 31  

 1.46 : 1       

 
 

 2.16  ( ) 

 

     ( )  

 (nip)   

    0.065  (1.65 )                                                                    

0.020  (0.51 )                                               

0.013  (0.33 )  

      6  

    6 

( )  1-5  
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  2.4   
 

  ( ) 

-  15 

-  10 

-  10 

-  15 

-  25 

-  25 

   
   2.4.2  (Dirt content) (ASTM D1278-91a) 

       325   44 

     

  

    2.4.2.1  

      

     1)  

     2)   200 °C 

     3)    30 

  2-3   13   325   44  

 15  

     4)   1500  

     5)  0.1  

     6)  

     7)  (Ultrasonic cleaning kit) 

     8)  1  

      

     1)  (Turpentine) 

     2) Peptising Agent : RPA 3 (Xylyl Mercaptan) 

 



 20 

 
 

 2.17  

 

    2.4.2.2  

     1)   15   0.013  

 2   10  (  3 )   

500   250   1  

     2)  140 °C (

  )  ½ -1  

     3)   

   30-50   2 

    

  

     4)   90 – 100 °C  30  

 0.1  

    2.4.2.3  

      (1) 
 

 
X 100  (1) %  =  

 

 

   2.4.3  (Ash content) (ASTM D1278-91a) 

       (inorganic salt) 

       

  

    2.4.3.1  

     1)  50  

     2)  

     3)  



 21 

     4)  

     5)  

    2.4.3.2   

     1)  5-10  (  0.1 )  

     2)   (

  0.1 )    

     3)   530 ± 20 °C 

 2-4   1   

     4)  0.1   

    2.4.3.3  

      (2) 
 

A - B - C 
% ASH =  

D 
X 100  (2) 

      A   +        

      B   

      C   

      D   

 

   2.4.4  (Nitrogen content) (ASTM D3533-90) 

       

  

 

 

  

 

 
 

                                                 ( )                                      ( )  

 2.18  ( )  ( ) 
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    2.4.4.1  

      

     1) Micro-Kjeldahl and distillation 

     2)  

     3)  

     4)   1500  

      

     1)  

     2)  0.01  

     3)  0.01  

     4)  2%  

     5)  (NaOH) 67% W/V 

     6)  (  CuSO4 5H2O  2  K2SO4 15  Se 1 

) 

     7)  0.15%  (  Methyl Red = 

0.1 g + Methyl Blue = 0.05 g + Ethanol = 100 ml) 

     8)  0.1% W/V 

    2.4.4.2  

     1)  0.1   Micro-Kjeldahl flash  0.65 

  2.5  

     2)  ( )  1 

        

     3)   10  

     4)  30  

 2-3   2-3   

     5)   10   2-3 

  ( ) 

     6)  NaOH 67% W/V 10   

 5  

    7)  5  

    8)   

 1   

    9)  0.01 N 

 –  
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    10)  BLANK   

    2.4.4.3  

      (3) 

                               = 6.25 X 100  (3) 

   

   2.4.5  (Volatile matter content : VM) (ASTM D1278-91a) 

       

    

   

  

    2.4.5.1  

   1)  0.001  

    2)  (  4   8   0.06 ) 

    3)  (  6.5   14   1.5 )  7  

    4)  

     5)  ( ) 

    6)  

    2.4.5.2  

1)   10  ± 0.001  

     2)   10  ± 0.001  

3)  (  7 ) 

4)  100 ± 3 °C  4  

5)   

  3    (

 1½  ) 

     6)  30  

     7)  0.001  

    2.4.5.3  

      (4) 

A - B  
% ASH =  

A 
X 100  (4) 

      A   ( )       

      B   ( )      
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   2.4.6  (Original Wallace Plasticity and 

Plasticity Retention Index : Po  PRI) (ASTM D3194-84, ISO2007-1981) 

     (Po)   

Po     Po  

  140  

 30  (  ) 

   

    2.4.6.1  

     1) Wallace rapid plastimeter 

     2) Wallace stream generator 

     3) Wallace punch 

     4)   140±0.5 °C   

 6  

    2.4.6.2  (  ) 

      

1)  20±5    

2)  2  

 1.65    

   3)  2    3.2-3.6  

   4)  6  

5)  3   (Po) 

 3  P30 

      

1)  140 °C  30  (

  5   6  

)   

   2)  30   30   

   3)  2    3.2-3.6  

      

   1)  

  2)  15   -            

1   100 °C 15   10±0.1   

  3)   0.01  
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    2.4.6.3  

      (5) 

Aged median plasticity value  
% PRI =  Unaged median plasticity value 

 

X 100  (5) 

      P           O

      P         30

      

 
 

 2.19    

 

   2.4.7  (ASTM D3517-84) 

     

 (Lovibond)    

 6    STR 5L   6 

  STR 5  

 

   2.4.8  

     

   Mooney Viscometer 

 Po 

  
    2.4.8.1  

       (mooney 

viscometer)  (ASTM D1646-94  ISO R 289-1963) 

 

       

11500±500    2  

(Torque)  
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       8.3±0.2  

 100  (MV scale)  

 

 
 

 2.20  (Mooney viscometer) 

 

    2.4.8.2  

     1)  100  

 

     2)   45   6  

     3)   

     4)   1  

     5)  4  

    2.4.8.3  

      (6) 

                        =  50M L (1’+4’) 100 °C               (6)    

                       

      50 M    =     (Mooney viscosity)  

      L          =     

      1’         =      

      4’         =     

      100 °C  =    

 

     

         (Calibration)  
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 3. 

 3.1   

     

  (  , 2529) 

 

 

   3.1.1  

     (Moisture Content)  

   (Wet Basis Moisture Content) 

   (Dry Basis 

Moisture Content) (   , 2544)  

       3.1.1.1  

%   x100
w

d)(wM w       (7) 

  ,          Mw

       w  , kg 

       d  ( ), kg 

 

        

  (% M ) w

    3.1.1.2  

    %   x100
d

d)(wM d       (8) 

  ,          Md

       w  , kg 

       d  ( ), kg 
 

    

  

    

  (  , 2540) 

   3.1.2  

    H  t 

 2.21 (a) 



 28 

 2.21 (b)  

 2.21 (a) 

 2.21 (b)  

(     ) 

 

 

 
 2.21  (Hajime et.al, 2548) 

 

    

    

 

mm
m

wS r
d
dw

A
W)th(t

d
dt

)wC(C
A
W                        (9) 

 

 W   , kg    

   A   , m2 

   CS   , kJ.kg-1 -1 .K

   CW   , kJ.kg-1 -1 .K

   h   , kJ.h-1.m-2 -1 .K

   tm   , K 

   rm    t -1 , kJ.kgm
 

     1 

  2   
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            H)k(H
d
dw

A
W

m                                            (10) 

 

 k   , kg- .h-1 -2   .m . H-1 

   Hm      tm 

 

    (4)  (3)  

 

mmm
m

ws H)rk(H)th(t
d

dt
)wC(C

A
W                      (11) 

    

d
dt m    t   H    m m  0 

 t    “ ”  2.21 (a)  t-tm m 

 tm   (11)  0  

t   twm  

  (  = tw 

  tw) 

    II  2.21 (a)   (11)  0 

 

  2.21 (b)  II  “

”   

   

  

  III  “ ” 

  (11)  0 

   

   2.21 (b) 

  

    I  II   

wC    wc 

  

 wC  2 - 3   

 wC   

 15-20    w   1.0 – 0.5  C
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 (Hajime, 2548) 

  3.1.3  

   

  

 

 

  

 

  

 (  , 2548) 

  3.1.4  

     

 

 

 

 Luikov 

      (Luikov, 1966    , 2540) 

   3.1.4.1  Capillary flow 

 (Surface force) 

   3.1.4.2 

 (Liquid diffusion) 

   3.1.4.3  

(Surface diffusion) 

   3.1.4.4 

 (Vapor diffusion) 

   3.1.4.5   

(Thermal different) 

   3.1.4.6 

 (Hydrodynamic flow) 
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 3.2  

 3.2.1   

    

  

  (crumb rubber) 

   

                           

          ( ) 

    ( )     100 – 120  

    ( )           50 – 60  

    ( )         50 – 60  

    ( )              45 

  

  

 2.22   

  (gravitational 

drainage)  (syneresis)   

     

     100 - 

120    

   

  

 (Verhaar, 1973) 

 

 
 

 2.22   (Verhaar, 1973) 
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  3.2.2  

    

  

  

  

   

    

(Diesel burner)  (Hot oil burner) (

 )  3  2.23 

 4    

 

 
 

 2.23  

 
    1  

  

    2    

 

    3  

  

    4  
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4.  

 4.1  (Microwave Fundamentals) 

    2.24 

  300  MHz   300  GHz      

      (Microwave heating)  

     

2.45 GHz    915  MHz   

 

 
 

 2.24  (  , 2551) 

 

    

  (  , 2548)   

  4.1.1  (Transparent material) 

     

   

  4.1.2  (Opaque material) 

     

 

  4.1.3  (Absorber material) 
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  4.1.4  (Absorber Mixed) 

 

 (Source) 

      

 

 4.2  

     

(Dielectric properties)  

 

  

   

  

  

    2  

  

  (Permittivity)   (Metaxas 

and Meredith, 1988)  (12) 
 

                                          j"'                                (12) 
 

         (Complex permittivity)  

 '        (Dielectric constant) 

   "     
  (Dielectric loss) 

  ' 

  j          
 

  

 (Absolute permittivity) 

      0
r      '       (13) 

   

       
0

"
     " r                                 (14) 

          8.854  10-12 F/m   0

      r       (Relative permittivity) 
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 (Lossy materials) 

 (Dielectric loss) 

 (14) 

V|E|P 2
r0ave                         (14) 

 

   P          (W) ave

   V            (m3) 

                         

   E             (V/m) 

  

  (14)   2  

 

f

 
2

r0 |E|f2q             (15) 

 
3    q           (W/m ) 

   f           (Hz) 

  

   

  

 (Dielectric loss)  (  , 2548) 

 

 4.3   

     (interaction) 

 

 2  (  , 2548) 

   4.3.1  Ionic polarization 

    

  

  

   2450  

 2450    2450 
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   4.3.2 Dipole rotation 

     (polar)   

  (Randomly oriented) 

  

   2.20 

   

 

 
 2.25  (Decareau and Peterson, 1986) 

 

     

  

 

 (Decareau and Peterson, 1986) 

 

 4.4   (Factors Having Effects on 

Microwave Heating) (  , 2551) 

   4.4.1  (Moisture content) 

    (Dielectric Constant) 

 78 

 

  

(Rules of Thumb)  
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   4.4.1.1  

   4.4.1.2  (Dielectric loss) 

 20  30  

 ( ) 

   4.4.1.3 

 

     

 

   2.4 

     

   

  2.25 

    (Bound 

Water)  (Free Water)  (Pore)  2.25  

( / )   (critical moisture content; m"d dm c) 

 (  10  40 ) 

 (  

 

 0.003 

 12) 
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 2.4  
 

  

 (Water)  

 (Acid Anhydrides)   (Halogenated Hydrocarbons) 

 (Alcohols)    (Alkali Halides, e.g., Salt) 

   
 (Aldehydes) 

(Inorganic Oxides, e.g., Sulfur) 

   
 (Ketones) 

(Some Elements, e.g., Sulfur) 

 (Amides)  (Boron Nitride) 

 (Amines) 

 (Cyanides) 

 (Porteins) 

 (Ferrites) 

 (Ferroelectrics) 

 (Ionic Solutions) 

 (Mica) 

:  , 2551 

 

 
 

 
 

 2.26    (Dielectric Loss Factor, ) "

                                     (m) (  , 2551) 
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  4.4.2  (Density) 

   

 

  4.4.3  (Temperature) 

   

 

 

   

  

 

 

  4.4.4  (Frequency) 

    

 ISM 

 

  4.4.5  (Conductivity) 

    

 

 

  4.4.6  (Thermal conductivity) 

   

 

 

  

  

   

  4.4.7  (Specific heat) 
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  4.4.8  (Penetration depth) 

      (penetration depth) 

  (power penetration depth)  

  

 

  

  

  (wavelength,
 

) 

 (dielectric constant, ' )  (Dielectric loss factor) 

 16 

"

'
0

2pD                                                      (16) 

   
 

pD  

 37 (1/e) 

  (Free Space) (m) 0
 

   (16)  

 

 

 2.5 

 

 2.5   
 

  ( )  ( ) 

(MHz)  (meter)  (feet)  (meter)  (feet) 

5.0 60.00 196.83 23.90 78.41 

13.56 22.10 72.51 8.80 28.87 

27.12 11.10 36.42 4.40 14.44 

40.0 7.50 24.61 3.00 9.84 

915 0.328 1.076 0.130 0.426 

2450 0.122 0.400 0.049 0.161 

:  , 2551 
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 4.5  (advantages of microwave and dielectric 

systems) 

  4.5.1  (Advantages of 

microwave and dielectric heating) 

   

  

 

 (bulk heating)  

 

  

  30,000 C/s  

  1 C  100 

     

   (coupling efficiency) 

 

 

     

   4.5.1.1   (high speed)  

 (stationary part) 

   4.5.1.2   (energy penetration) 

 2.26 
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(a)  (b)  ( ) 

 2.27   (  , 2551) 

                             

   4.5.1.3   (Selective Energy 

Absorption) 

   

 

   4.5.1.4   

 

 

   

 ( ) 

   4.5.1.5   

  

   4.5.1.6   

   (Puffing) 

 (Drying)  (melting)  (protein denaturation) 

 (starch gelatinization)    

   4.5.1.7   (high efficiency) 

 (

 10-30  

 60-70 )  

   

    

   4.5.1.8   (clean processing) 

   

 

  4.5.2   (advantages of 

microwave and dielectric drying) 



 43 

  

 

 

 

 

   

 

  

  

 

 (pumping effect) 

 

 

 

    

   

    

  (hybrid system) 

    

 

  

 

   

 (hot air system) 

  (free water) 
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    3  

 2.27 

   4.5.2.1   (Preheating) 

    

  

 

  2.27 (a) 

 

   4.5.2.2   (Booster Drying) 

      

2.27 (b)   

 

 

 

   4.5.2.3   (Finish drying) 

    

  2.27 (c) 
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 2.28  

                                            (  , 2551)   

              
 4.6   

    

  

   (

)  

  

    

 

 2.28  
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  4.6.1  (Magnetron)   

    

   

   

2,450±50  

     (  , 

2546)  

2,450  915   2.29 

 

 
 

 2.29  

 

 

                                    

  Magnetron 2,450 MHz          Magnetron 915 MHz  

 

 2.30  2,450  915  (Meredith, 1998) 
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   4.6.1.1  2.45 GHz  50 - 72 % 

 915 MHz  80 – 87 % 

   4.6.1.2  

   4.6.1.3 

   

   4.6.1.4  2.45 GHz  1 kW  30 kW 

 915 MHz  5 kW  100 kW  5 kW 

   4.6.1.5 

 

 

   4.6.1.6 

   

   4.6.1.7  

   

   

   4.6.1.8 

 (Coupling)   

  4.6.2  (Power supply)   

   

  

    

(Microwave power generators)  300 W 

 100 kW  

  

  4.6.3  (Waveguide)   

    (Cavity 

Oven)   

2.30  

  4.6.4  (Turntable and baseplate)  

   

 (Hot Spot)  
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  4.6.5  (Stirrer blade)   

   

 

 

           
 

 2.31  

                                          

  4.6.6    

  

 10 mW/cm2  50 mm   

 

5.  

 5.1    

   Cousin et al. (1993)  

 100   1.2    

  

  3    

  2    

  3  

 

   Naon et al. (1995)   3 X 1 X 2  

 0.5   120 – 150  
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      (2548)  2  

 108 - 130         

2    130   105 - 110  

   

     

 STR 20  

        (2549) 

   2 

  

   22.88 

 

        (2550) 

  100, 110  120  

 30   

 800   -  

 20    

 

        (2550) 

 26.8 – 37.6     2  

  915   6.39 – 14.32 

 0.10 - 2.23   2450   7.29 – 14.17 

 0.48 – 2.32  

 2450   915  

 

         (2551) 

 

 800  

 100     

   

 STR 20 

 

 5.2   

     (2546) 

  60   6.1  



 50 

 80   300 450  600  

  

600  5   4   0.42  

 10.48  

     (2546)  

   9  –  15  

  4.61  

 3  (28 )   

 

 



 

 3 

 
 

 

  

 4   1)  2) 

 3)   

 4)  

 

1.      

  

 

  

 1.    

 2.    

 3.    

 4.    

 5.    

 6.    

 7.    

 

 1.1      

  (Magnetron)  

 2   915  2450  

     (2550) 

 (  

)   

  2450  

 915     

2450   800   

   

 2,000   3.1 

 (Power Supply)  3.2 

 Cober Muegge  
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 3.1   2,000  

  

          

 
 

 3.2   

 

 1.2  

       

  (Corrosion) (Meredith, 1998)  

attenuation   3.1  attenuation  

 17  attenuation (d /m) (Meredith, 1998) c

 

f
f

f
f

f c
a
b

c

bc

2

2
1

21
2

1

1

 

(17) 
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     intrinsic impedance , a  b  

, 

 

,   (cut-off frequency) cf

 

 3.1   attenuation  Power loss    2.45 GHz 

W G  s iz e S ta in l e s s

( m m ) S te e l

(m ho/ m ) n/ a 5 .5 x10
7

3 .0 x1 0
7

1 .4 x10
8

c 8 6 x4 3 2 .2 8 E - 02 3 .0 9 E - 02 1 .4 3 E - 01

P ow e r  lo ss

W a tt/ m e te r  a t 2 5  kW

837

P a r am e te r C u A l

8 6 x4 3 1 3 2 1 7 8

 
                                                   :  Meredith, 1998 

   

   8 X 4  

  

   

   (Rectangular waveguide) 

 TE   3.3 10

 

 
 

 3.3  

                          TE  (Meredith, 1998) 10

   (Cutoff frequency, ) 

  18 
cf
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22

2 b
n

a
mcf

mnc  (18) 

 

   c  m  n  a  b   

   a = 8   b = 4   m = 1  n = 0  TE10 

 2.45 GHz  2 = 1.87 GHz 

  

 

 8 X 4   

cf

   (Overhead feeds) 

   (Stirrer) 

  

    

 1.3  

  

 3.4  

 1   

  

 (multi mode)  a = 38 cm, b = 50 cm, d = 40 cm 

 (cut-off frequency, )  (19)  
mnpcf

 

222

2 d
p

b
n

a
mcf

mnpc  (19) 

 

8    m = 0,1,2,3,…, n = 0,1,2,3,…, p = 1,2,3,… 3x10  c
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 3.4   

   Mathlab       

 3.2  
 

 3.2     

m n p f(GH

5 1 5 2.43

0 5 4 2.479

1 2 6 2.40

7 1 3 2.41

3 1 6 2.45

2 2 6 2.45

4 5 2 2.42

8 0 1 2.42

5 4 3 2.45

6 3 3 2.43

7 3 1 2.43

0 6 2 2.48

6 4 1 2.42

8 1 1 2.461

1 4 5 2.46

5 3 4 2.42

z)

34

33

48

53

88

86

91

13

06

99

43

36

96

95  
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 1.4  

  -

  

 (Trap)   3.5  

    4
1

4
1

 

 

 
 

 3.5  

 
  (safety switch)  

   

 3.6 

 

 

 3.6  (safety switch) (  , 2541) 
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 1.5  (  , 2541) 

   

 

   

  1.5.1  

    

   1.5.1.1    (Microwave Oven Survey Meter)  

(Prob) 

   1.5.1.2   -200  1370  

  0.3  

   1.5.1.3   0.01  

   1.5.1.4  (Beaker)  600   1  

   1.5.1.5  (Protective suit) 

  1.5.2  

    (Protective suit) 

 600     

(Microwave Oven Survey Meter)  3.7   

    -   3.8 

 5    

  1.5.3  

    5   DHHS (Department 

of Health and Human Suervices) (Meredith, 1998)  

   

 

 
 

 3.7  
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 3.8   

 

 1.6  

   

  

 

   1.6.1 

    

   1.6.1.1  (Beaker)  100   5  

   1.6.1.2   -200  1370  

  0.3  

   1.6.1.3   0.01  

  1.6.2  

    100   5   T1 

  3.9  

2   T2  20 

%100
max

min

T
TQ  (20) 

 

    Q  T    Tmin max 
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  1.6.3  

    (Q)  4  65%  

 
 

                          ( )                              ( )   

 3.9  ( )  ( ) 

 
 1.7  

   ICE60705 (International 

Electro technical Commission)  

  

  1.7.1  

    

   1.7.1.1  2   1   

   1.7.1.2   -200  1370  

  0.3  

   1.7.1.3   0.01  

   1.7.1.4  

  1.7.2  

    1   1  

  T1   

 60    1  

  T2  21 

 

t
TVP 718.4

 (21) 
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    P =  (Watt) 4.187 =  V = 

  (Liter) T =   (°C)  

t =   (minute) 

  1.7.3  

     15 

 

 

2.  

    (2550)  2.5 

   800  -  

 95-110  

  (2551) 

 

 100   

 

 

   

(  1)  

    

 

 2.1  

   1   76  

 

  ±  0.1   

    3.10 
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 3.10  

 

 2.2  

    

  2.2.1  

  2.2.2   0.01  

  2.2.3   4,000    0.1 

 

  2.2.4   -200  1370  

  0.3  

  2.2.5   0.01  

  2.2.6   76   

    

  2.2.7  0 – 100  

 

 2.3  

  2.3.1  

                           3   10 15  20  (  1,500 

2,500  3,300 ) 

                2.3.2  
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    2.3.2.1   32   0.5 

 

   2.3.2.2  1,700  (

 1)  

   2.3.2.3   40 50.5  34.5 

 ( ) 

 

 
 

 3.11  

 

 2.4  

   

  20   10 15  20   0.5  

 -    1  

 (  3.12) 

  2.4.1  20 

  3   10 15  20  (   1,500 

2,500  3,300 ) 

  2.4.2  100   

32  ( ) 

  2.4.3  (   3 

  3   120  

)  
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  2.4.4  10   1,500   

 40   8   105 

   

  2.4.5  40  4  

  95   

  2.4.6  2   105  

  4  

 95   

  2.4.7  6  (  50 

 4 )  0.8  

 3  

  2.4.8   70 

  14   

  2.4.9  15   2,500  

  50.5   8  (

 2.5 )  105  

 

  2.4.10  50.5  8   

  95   

  2.4.11  2   105  

  4   95 

  

  2.4.12  11   62.5  4  

 74.5  8   0.8 

  3  

  2.4.13   70 

  14  

  2.4.14  20   3,300  

  34.5   8  (

 2.5 )  105  
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  34.5  2   

  95   

  2.4.15  2   

 2   

  2.4.16  15  37  2.5  

 42  4       

  2.4.17  71  4   

105   8   95  

 0.8   

 3  

  2.4.18   70 

  14   

 

1. 2.  8 

  105 C

3.  4  

 95 C 

4.  (1)  (2) 

 0.8 

5. 6.  

 (2)  (5)

7. 

  

  

 
 

 3.12  

 

 2.5  

    

 

  2.5.1  
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 2.5.2  

     

 

 (22) 

   
w

d-w M w
 (22) 

 

        (wet basis), % wM
      , g      w

     d      , g 

 2.5.3  

 2.5.4  

       (23) 

   
m

 t)(P 3.6  E
evap

m
m

 (23) 

        mE )(MJ/kg OH2

       (kW)  mP

    (hr)     t

   evapm   (kg water evaporated) 

 

3.  

  2   0.8 

   15  20   ( ) 

 20  
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 3.1  

   1   76  

 

  ± 0.1   

    3.10 

 3.2  

    

  3.2.1  

  3.2.2   0.01  

  3.2.3   4,000    0.1 

 

  3.2.4   -200  1370  

  0.3  

  3.2.5   0.01  

  3.2.6  (%RH) 

  3.2.7   76   

    

  3.2.8  0 – 100  

 

 3.3  

  3.3.1  

   3.3.1.1   3   10 15  20  

   3.3.1.2   2   100  110  

   3.3.1.3   2   1  2   

  3.3.2  

   3.3.2.1  0.5    

   3.3.2.2  1,700  (   
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 3.4  

     

  (  3.13) 

  3.4.1  20 

  3   10 15  20  (   1,500 

2,500  3,300 ) 

  3.4.2  100  (1,700 ) 

 100   0.5  

 

  3.4.3   (   3 

  3   120  

)  

  3.4.4  10   1,500   

 2   2   1   2   2  

 1   

  3.4.5   4   0.8 

  3     

  3.4.6  15  20   2,500  

3,300   4   0.8 

  3  

  3.4.7   70 

  14  

  3.4.8  10   1,500    3 

   2   2   2  

 2   2   2   

  3.4.9  15  20   2,500  

3,300   8   0.8 

  3   7 

  3.4.10  110   0.5  

  

  3.4.11  10   1,500   3 

   2   2   1  

 2   2   1   
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  3.4.12  15  20   2,500  3,300 

  11   0.8 

  3   7 

  3.4.13  10   1,500   3  

   2   2   2  

 2   2   2   

  3.4.14  15  20   2,500  

3,300   13   0.8 

  3    7 

1. 2.  2  

 1 

3.  (2) 

 0.8 

4. 6.  2  

 2  

 (2)  (5)

8. 

  

5. 

 (2)  (4)

7.  

 (2)  (6)

 

 3.13  

 

 3.5  

    

  3.5.1  

 3.5.2  

     

 

 (24) 

   
w

d-w M w
 (24) 
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        (wet basis), % wM
      , g      w

     d      , g 

 3.5.3  

 3.5.4  

       (25) 

hEmE E  (25) 

 E          )(MJ/kg OH2

        (MJ/k  

   

mE )g OH2
 

   (23) 

    E   h   )(MJ/kg OH2
 

evapm
thhm

1000
E 12

h
 (26) 

     (kJ/kg dry air) 

rated) 

 

.  STR 20 

 2  3 

4.1  

 STR 20  

 STR 20  

1h
     (kJ/kg dry air) 2h

m     (kg dry air/hr) 

     (kg water evapoevapm

   t  (hr) 

 

4

    

 53  57   

 

 

  

 

   

  2  3   45 
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  STR 20 

  STR 20 

 

 

 

 

 4.2  

  

 

 (  2 15) 

(1)  

(2)  

(3)  

(4)

(5)

(6)  

(7)  



 

 4 

 
 

 

 

 3  5   

  

  STR 20 

 

 

1.       

 

 

  

 76    

 4.1  

( ) 

  

1.  

 2.10    

10   . 1  (  ) 

2.   (5)  

70.92    65%  

 . 2 (  ) 

3.    15 

  2000   1702.63  

  . 3 (  ) 
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 4.1   

 4.1     

 

1.   2,000  2.45 

2. 

3.  40x38x50   

4. - -  

5.   21   2950 

 1.5 

6. 

7.  9 

8. 

9.  140   ±0.1
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2.      

    

 

 

 2.1       

    

–  

 4.2  4.4 

   10   4.2   8 

 83.7    106.3   40 

-  95–105  

 40    100.8   24 

  

  0.67  

  70   50   20  

   15   4.3   16 

  75.3   105   50.5 

 95–105   40   

 100.8   50.5 

 10   

 72.5  

  0.48  

 114.5   70.5   44  

   20   4.4   16 

  81.9   106.3   

34.5  95–105   34.5   

 100.7   32 

  39 

   0.46  

 127   67   60  
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 2.2  

 

    4.5   

      

 

   

  

   
 

0

2

4

6

8
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En
er

gy
 (M

J/K
g H
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)

Drying time (min)

Bed 10 centimeter Bed 15 centimeter Bed 20 centimeter

 
 4.5    

                                  

 

       

 0.80    10 15 

 20   8.39 7.31  4.73 

  4.6  
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En
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Bed thickness (centimeter)
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 3.1     

 

      

    

 

   

   3.1.1  

    

 . 1 (  )  4.8 
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 3.2     
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 4.2   

                     (  3 ) 
 

(% ) (% ) (% ) (% ) (Po) (PRI) ML(1'+4'')100˚C
0.16 0.8 0.8 0.6 30 40 -

 10 cm 0.025 0.37 0.27 0.27 31.7 56.3 72.7

 15 cm 0.066 0.41 0.27 0.26 33.7 61.4 75.5

 20 cm 0.023 0.34 0.31 0.28 24.5 66.5 59.8

 10 cm 0.021 0.34 0.29 0.27 27.7 61.0 68.1

 15 cm 0.064 0.35 0.32 0.27 17.0 63.6 60.5

 20 cm 0.031 0.31 0.27 0.28 20.8 64.1 56.8

 10 cm 0.022 0.34 0.27 0.27 30.0 53.8 70.2

 15 cm 0.013 0.35 0.29 0.25 28.2 59.2 67.9

 20 cm 0.021 0.34 0.29 0.27 24.2 64.8 58.3

 10 cm 0.019 0.37 0.28 0.27 32.5 51.3 71.2

 15 cm 0.054 0.32 0.28 0.27 20.8 59.3 49.5

 20 cm 0.036 0.33 0.27 0.27 22.7 62.8 55.3

 10 cm 0.026 0.35 0.26 0.28 29.3 58.8 67.7

 15 cm 0.021 0.32 0.27 0.25 25.0 58.9 58.2

 20 cm 0.016 0.34 0.27 0.27 32.2 59.3 69.9

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

2.Hot air 2 min Microwave2 min 100  ˚C

3.Hot air 2 min Microwave 1 min 110 ˚C

4.Hot air 2 min Microwave 2 min 110 ˚C

5.Microwave
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 4.3  
 

 30 (Po)   (MJ/Kg H2O)  (MJ/Kg H2O) (MJ/Kg H2O)

1.Hot air 2 min 10 cm 31.7 3.56 6.74 10.30

Microwave 1 min 100˚C 15 cm 33.7 3.74 7.72 11.45

2.Hot air 2 min

 Microwave 1 min 110˚C
3.Hot air 2 min 

Microwave 2 min 110˚C

10 cm

10 cm 32.5 4.21

14.0510.213.84

7.46 11.67
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 .2    (21) (  3 ) 

Microwave Power 50%

T1 T2 T

1 28.9 48.9 20

2 28.9 46.2 17.3

3 28.9 56.6 27.7

4 28.9 54 25.1

5 28.9 51.4 22.5

Microwave Power 60%

T1 T2 T

1 28.8 51.6 22.8

2 28.8 50 21.2

3 28.8 63 34.2

4 28.8 58.2 29.4

5 28.8 56.1 27.3

Microwave Power 70%

T1 T2 T

1 29.5 55.5 26

2 29.5 54.5 25

3 29.5 64 34.5

4 29.5 61.5 32

5 29.5 58.3 28.8

Microwave Power 80%

T1 T2 T

1 29.4 57.8 28.4

2 29.4 67.2 37.8

3 29.4 63.6 34.2

4 29.4 59.7 30.3

5 29.4 72.7 43.3

65.59

72.46

61.99

62.45
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 .2    (21) (  3 ) ( ) 
 

Microwave Power 90%

T1 T2 T

1 29.2 62.3 33.1

2 29.2 77.6 48.4

3 29.2 70.7 41.5

4 29.2 67.3 38.1

5 29.2 64.1 34.9

Microwave Power 100%

T1 T2 T

1 29.2 63.1 33.9

2 29.2 71.1 41.9

3 29.2 66.4 37.2

4 29.2 72.6 43.4

5 29.2 81.1 51.9

65.32

68.39

 

 

 .3  (  3 )  (20) 
 

Microwave Power T1 T2 T Power (Watt)

50% 29.2 42.4 13.2 921.10

Microwave Power T1 T2 T Power (Watt)

60% 29.9 45.8 15.9 1109.50

Microwave Power T1 T2 T Power (Watt)

70% 30 49.8 19.8 1381.64

Microwave Power T1 T2 T Power (Watt)

80% 29.6 50.3 20.7 1444.45

Microwave Power T1 T2 T Power (Watt)

90% 30.2 52.6 22.4 1563.07

Microwave Power T1 T2 T Power (Watt)

100% 29.9 54.3 24.4 1702.63  
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