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Assessment of the Coupled Electric-Thermal Numerical Model
for Microwave Sintering of KLS-1
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Abstract

The in-situ resource utilization (ISRU) for sustainable lunar surface and deep space explorations has recently gained
attention. Also, research on the development of construction material preparation technology using lunar regolith is in
progress. Microwave sintering technology for construction material preparation does not require a binder and is energy
efficient. This study applies microwave sintering technology to KLS-1, a Korean lunar simulant. It is crucial to secure
the homogeneity to produce a sintered specimen for construction material. Therefore, understanding the interactions
between microwaves, cavities, and raw materials is required. Using a numerical model in terms of efficient assessment
of several cases and establishment of equipment operating conditions is a very efficient approach. Therefore, this study
also proposes and verifies a coupled electric-thermal numerical model through cross-validation and comparison with
experimental results. The numerical model proposed in this study will be used to present an efficient method for producing

construction material using microwave sintering technology.
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Cavity size (m)
: 0.596(W) x 0.598(D) x 0.396(H)

IR temp. sensor

Fig. 1. Large—scale multi-mode
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Table 1. Geometry parameters used in the simulation
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Value Unit

Cavity size (W) 0.596 m
Cavity size (D) 0.598 m
Cavity size (H) 0.396 m
Waveguide size (Ww) 0.0864 m
Waveguide size (Wp) 0.0432 m
Waveguide size (Wr) 0.08 m
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Fig. 3. Domain including boundary conditions for numerical analysis
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Halim and Swithenbank (2019) This study
(b) Multi-slices of electric field intensity distribution
Fig. 4. Comparative analysis results between this study & Halim and Swithenbank (2019)
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Table 2. Heat distribution comparison between numerical simulation and experiment

Numerical simulation Experiment

Condition

1st floor
(0—20 mm)

2nd floor
(75-95 mm)

Results

3rd floor
(150-175 mm)

4th floor
(225—245 mm)
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Table 3. Thermal properties used in the simulation
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Real permittivity (€)

Dielectric loss (")

Electrical conductivity (o, S/m)

10

Real permittivity
- - - Real permittivity fitting y=intercept+ 2 B*x" (i=1,2....)
Real Permittivity (')
B , R-Squ. 0.998
Intercept 4.30+0.060
B1 0.00158+0.00103
&r B2 —1.39E-5+555
- B3 4.75E-8+125
B4 —6.41E-11+1.23
4o 200 400 600 800 1000 B5 3.14E-14+4.40
Temperature (°C)
(a) Real permittivity
s y=intercept+ = Bi*x" (i=1,2,...)
L ectieToss Dielectric loss (¢”)
- - - Dielectric loss fitting R-Squ. 0.998
Intercept 7.78E-4+0.060
B1 0.00492+0.00266
B2 —9.60E-5%+4.03E-5
B3 8.09E—7+292E—7
B4 —3.62E—9+1.18E-9
B5 9.43E-12+2 81E-12
B6 —1.47E-14+4,09E-15
0 200 400 600 800 1000 B7 1.35E—17£3 54E-18
Temperature (°C) B8 —6.79E—21+1.68E-21
B9 1.43E-24+3.36E-25
(b) Dielectric loss
o y=intercept+ = Bi*x" (i=1,2,...)
— Electrical conductivity Electrical conductivity (o)

- - - Electrical conductivity fitting R-Squ. 0.998
Intercept 1.07E-4£0.0082
B1 6.74E-4+3.64E-4
B2 —1.32E-5+5.52E-6
B3 1.11E=7+4.00E-8
B4 -4 97E-10+1.61E-10
B5 1.29E—12+3.85E-13
B6 —2.01E-15+5.60E-16
. L L B7 1.85E—18+4.85E—19
e B8 ~0.30E—22+2.30E-22
Temperature (°C) B9 1.961E—25+4.60E-26

(c) Electrical conductivity

Fig. 5. Dielectric properties of KLS—1
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Time=3 min

Slice: Temperature (degC)

(a) Bottom plane

Time=3 min Slice: Temperature (degC)

Time=3 min Slice: Temperature (degC)

(b) Central plane
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Fig. 7. KLS—1 heat distribution with height using numerical analysis
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(a) Around 280°C

(b) Over 280°C

Fig. 9. Alumina ceramic crucible failure by high temperature
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