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The Experimental Assessment of Influence Factors
on KLS-1 Microwave Sintering
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9 7 Kim, Young-Jae

Abstract

The Moon has been an attractive planet as an outpost for deep space exploration since He-3 and water ice which
can be used as energy resources were discovered. /n-Situ Resource Utilization (ISRU) construction material fabrication
method is required for sustainable space planet exploration. In this paper, the possibility of microwave sintering
technology for construction material fabrication was evaluated using lunar regolith that can be easily collected from
the Moon surface. Experimental assessment of the influence factors on microwave sintering was conducted using a hybrid
sintering system for efficient processing. The heat distribution in the furnace was observed using thermal paper that
is coated with a material formulated to change color when exposed to heat. Based on this result, sintered cylindrical
KLS-1s with a diameter of 1 cm and a height of 2 cm were fabricated. Densities were measured for the sintered KLS-1s
under rotating turntable conditions that have an effect of microwave dispersion. The more dielectrics were arranged,
the more microwaves were dispersed reducing the heat concentration, and thus a uniformity of sintered KLS-1s was
enhanced.
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HAz7|A 2 FEH 0 QIt(Christian et al., 2018; Brent,
2019; Weiren et al., 2019). Z18|\} & FHE 2] A4
A AEo] WS SRR A2V R FGET]
AL The 2o BvI&0] AT i) AXA
AdANRE 2T 9 A= AR AU FLISRU,
In-Situ Resource Utilization) 7|4 ii) 4 x4 A
H 753 Y-S 83 w2y AR 74 i) BEE
she Zlabol 2XskE AAAES} 7] %(Lim et al,
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2017). HA7|& 7S Q5 A4S Q8 & 59
oA A H5T 5= J= YHES AR A=
2 FERET Q)tHLim et al, 2017; Jin et al., 2020). O}&

e

2 e 3 HESH YHE(Lunar soil 14163)E 7]
BRoR )R, §9, U 5L YUE WAES

BAALE 388t 9l o m(McKay et al., 1972; Carrier
et al.,, 1973; Carrier, 1973; Mckay et al., 1994; Weiblen
et al., 1990; Kanamori et al., 1998; Zheng et al., 2009;
Spray, 2010), >-2]U}2t =3t 3+ Q1T UHEKLS-1,
Korean Lunar Simulant - type 1)5 72l 7=
SHE fJ3t Ao &8skl ItkRyu et al., 2015;
2018).
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(c) Pore shrinkage and grain growth

(d) Densification and pores disappearance

Fig. 1. Sintering process of powder materials (Sikalidis, 2011)
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2>Z(sintering)> HEO] HRRIHE B 7 44| b=t}
Lol glo] 2 el UNES B AU
A 714 Shee] T8 4 9l Ve 2w ot
(Sikalidis, 2011; Lim et al., 2015). @A7IA] g o] A
(Balla et al., 2012; Fateri and Gebhardt, 2015; Goulas
et al., 2017), EfF3H(Lin et al., 1997; Sauerborn et al.,
2004; Hintze et al., 2009; Meurisse et al., 2018) 5=
283 YU E o] #et A7 AdEo] ok &
3], upolA2uts Z-g3t 242 Rty H]sf| Xty
90%71A] oA Aol 7Fsd Zo= 7|dhEm, & 3
Hol| A8 Al 2" Fe= Y= 53 22 52
FAoll= A& 4= S Aoz HhEtK(Sato et al,
2003; Taylor and Meek, 2005; Agrawal, 2006; Taylor
et al., 2010).
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Qlo] FQ 7l A (P, absorbed power)>
A ()3} o] Aolglch. HErhgol ofs) wAlshE
= MU A] £A49 S -4E4E(tand, loss tangent)©]
o} shzt] nsiz 4 Q)0] R B} o] §A4A
(¢", dielectric loss factor)™} --A-8(c, permittivity)2]
H] 2 A 9Ht(Oghbaei and Mirzaee, 2010). =22 5
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Fig. 2. Characteristics of microwave heating (Micro Denshi Co., Ltd.)
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P=2rfey, tand| E|* (1)

”

&
tand = —
&

2)

A7 fi= FuEH), g AE/FES] FA&(F/m),
e/ = AeAss, B A71% 27)(Vim)th

vholzizulel B 2 AEAG-E Fig. 30 LieRd ot
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A solamte] ofe) $EIYE ek sholaz
o} v 8 4= Stk ey 5
Bageel 9 B0 AR TR A

g0tz whe vol2zuke F4stel 7t 4 9)
CHTaylor and Meek, 2005).
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Fig. 3. Interaction of microwave with materials (Taylor and Meek,
2005)
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QITHRyu et al., 2015; 2018). 0] AFSHEE-L AF2.of 4]
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ks A a4 5 A& ok, A4 E =
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A AGEE vie} o] mpo|a 2y} 7FES W RE=HE 9
7kdol7] wiiZel A= FHA F EAlo] WS 4= 9l
of olejgt BAYES M4l S8 vtolazmat 42
Al B27FER|(SIC susceptor) Q] E2-2 2Hal Q1T (Oghbaei
and Mirzaee, 2010; Allan et al., 2013; Bhattacharya and
Basak, 2016).
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Fig. 4. Microwave power distribution (Wickersham et al., 1990; Herzig et al., 1988)
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Fig. 6. Microwave propagation path (Mishra and Sharma, 2016)
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Table 1. Heat distribution on the thermal paper

Z—axis height
Dielectrics Rotation of the
turntable
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Number Layout
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Fig. 8. Appearance of microwave sintered KLS—1s without rotation of the turntable

Table 2, State of the sintered KLS—1s

) ) Rotation of the turntable
Number of dielectrics Location
X 0
1 Center of the bottom susceptor Fully melting Partial melting (middie)
©)
(Quadrant 1) Cracked (top) Homogeneous
@ Cracked (top, middle) Homogeneous
4 (Quadrant 2) ’
® — Cracked (top)
(Quadrant 3) — Partial melting (middle) Cracked (top)
@ . — Cracked (top)
(Quadrant 4) Fully melting ~ Partial melting (middle)
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(a) KLS-1: 1 (b) KLS-1: 4

Fig. 9. Appearance of microwave sintered KLS—1s with rotation of the turntable
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Table 3. Densities and porosity of a sintered KLS—1 with rotating turntable

Top Middle
, P, 1951 2543
Density (g/cm®)
Py 2.925 2.948
Porosity (%) n, 33.29 13.74

Photos of sintered KLS—1

Table 4. Densities and porosity of sintered KLS—1s with rotating turntable

® (Quadrant 1)

@ (Quadrant 2)

Top Middle Bottom Top Middle Bottom
3 Py 1.884 2.051 1.944 1.946 2137 2.007
Density (g/cm®)
Py 2.965 2.991 2.931 2.875 2.799 2.829
Porosity (%) n, 36.44 31.44 33.68 32.32 23.63 29.07

Photos of sintered KLS—1

o

® (Quadrant 3)

@ (Quadrant 4)

Top Middle Bottom Top Middle Bottom
3 Py 1.875 2108 1.976 2.018 2.325 2.156
Density (g/cm®)
Py 3.357 3.193 3.016 2.805 2737 2.768
porosity (%) n, 4415 33.97 34.48 28.08 15.05 22.10

Photos of sintered KLS—1
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Table 5. Gap between maximum and minimum bulk density with height when the turntable is rotated

Dielectrics Bulk density (g/cm®) Gap between
Number Location Avg. Var. Stdev. Max. (middle) | Min. (top) | max. and min. (%)
1 Center of the bottom susceptor 2.307 0.314 0.099 2.543 1.951 23.28
@
(Quadrant 1) 1.960 0.085 0.007 2.051 1.884 8.14
@ 2.030 0.098 0.010 2137 1.946 8.94
4 (Quadrant 2)
©)
(Quadrant 3) 1.986 017 0.014 2.108 1.875 11.05
@
(Quadrant 4) 2.166 0.154 0.024 2.325 2.018 13.20
=28 OIZFHE(KLS-1) 00|32 220 OIXl= SEIX0| 248t 8N 1 15
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