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Abstract Inorganic oxide colloids dispersed in alcohol were applied to a stainless steel substrate to produce
oxide coatings for the purpose of minimizing emissive thermal transfer. The microstructure, roughness, infrared
emissive energy, and surface heat loss of the coated substrate were observed with a variation of the nano oxide
sol and coating method. It was found that the indium tin oxide, antimony tin oxide, magnesium oxide, silica,
titania sol coatings may reduce surface heat loss of the stainless steel at 300°C. It was possible to suppress
thermal oxidation of the substrate with the oxide sol coatings during an accelerated thermal durability test
at 600°C. The silica sol coating was most effective to suppress thermal oxidation at 600°C, so that it is useful
to prevent the increase of radiative surface heat loss as a heating element. Therefore, the inorganic oxide sol
coatings may be applied to improve energy efficiency of the substrate as the heating element.

Key words low emissivity coating, stainless steel, thermal resistance, radiative heat transfer.
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B Ao ARR-EH 7] 100 mm x 100 mm x 2 mm
A719] 2RI =74 (Z=ER1 8] 27F430)0] A th. A-A =
AbgE Z}E B7)AEHE £& KICETOA #A1%3 ZnO
9} MgO, SiO(HTY7 33nm, IPA) & Al #|F ATO
(E)ERIEH A, 30 nm), ITOFIAIEZ(F), 80 nm), TiO,
(F)H=d, 30nm), Au S(GF)H =Y, 5nm)S 94
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Table 1. Primary particle size by TEM and secondary particle size by electrophoretic light scattering(ELS) method for various

inorganic oxide sols.

Average primary particle

Average secondary particle

Sample size by TEM size by ELS Dispersing medium
(nm) (nm)
ATO 10 30 Isopropylalcohol
ITO 30 80 Ethanol
MgO 20 120 Ethanol
ZnO 70 200 Ethanol
Tio, 30 60 2-Butof;le1?}?:rio.l =4:6
SiO, 16 33 Isopropylalcohol
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Fig. 1. TEM images of selected inorganic oxide sols; (a) ATO, (b) MgO, (c) TiO,, and (d) SiO,.

Table 2. Far-infrared emissive energy and emissivity of various substrates (a) stainless steel and (b) glass with different surface
roughness, and (c) coatings on stainless steel at 300°C in the range of 2.5~25 pm.

Emissive energy Emissivity
Sample (W/m?) (3~20 pm)
. Polished 12.17 x 10° 0.22
(a) Stainless steel )
Sand blast 33.71 x 10 0.61
Polished 4931 % 10? 0.89
(b) Glass )
Sand blast 49.82 x 10 0.90
ATO 11.63 x 107 0.21
ITO 12.31 x 10° 0.22
ZnO 14.24 x 10° 0.26
MgO 12.12 x 10° 0.22
. . Si0, 13.49 x 10° 0.24
(c) Coating on stainless steel . )
TiO, 13.92 x 10 0.25
Au 7.17 x 10 0.13
ITO / Ag 6.10 x 10° 0.11
ITO / Ag / ITO 8.93 x 107 0.16
Glass frit coating 29.78 x 10° 0.54
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Table 3. Surface heat loss change and roughness in the samples relative to the polished stainless steel, depending on the substrates

and type of oxide coatings.

Sample ASHI; Surface roughness
(W/m?) (pm)
Polished 0 0.07
(a) Stainless steel Sand blast 5.0 x 10 1.05
Oxidized(600°C, 30h) 9.7 x 10° 0.09
(b) Glass Polished 12.6 x 102 0.01
Sand blast 12.8 x 10 2.95
ATO 2.3 %10 0.08
ITO 0.4 x 10 0.13
Zn0 +0.2 x 107 0.12
] ] MgO 2.1 %10 0.06
(c) Coating on stainless steel Si0, 14x10° 0.07
TiO, -12x10° 0.11
Au -6.5 x 107 0.08
Glass frit coating +4.0 x 107 0.58
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Fig. 2. Correlation of surface heat loss change (ASHL)
compared to polished stainless steel substrate and far-infrared
emissivity of coatings on stainless steel.
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Fig. 3. Surface heat loss change (ASHL) of the coatings as a
function of surface roughness.
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Fig. 4. SEM images of (a) stainless steel substrate before heating and (b) stainless steel after heating, (¢) SiO, coating on stainless
steel after heating, and (d) TiO, coating on stainless steel after heating at 600°C.
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