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Fabrication of Far-Infrared Ceramic/Al Composite Powders by Spray Drying Method
and Characteristics of the Plasma Sprayed Coating Layer
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Abstract Far infrared ceramic/aluminum composite powders for thermal spray were fabricated by spray drying meth-
od and investigated the characteristics of the plasma sprayed coating layers, i.e. microstructure, phases, thermal shock
resistance and spectral emissivity. The shape of the spray dried composite powder was spherical and the particle size
distribution was 34~ 105m. Aluminum was distributed homogeneously in the spray dried composite powder. Spectral
emissivity of the plasma sprayed coating layer ranges from 3 to 14um whereas spectral emissivity of the raw ceramic
powder ranges from 8 to 14:m. And then spectral emissivity of the coatings was better than that of the raw powder but
spectral emissivity was decreased with increasing aluminum content. It was found that aluminum content ranging

from 20 to 30wt% was suitable for fabricating far-infrared radiator by plasma spraying method.
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Table 1. Parameters for spray drying.

inlet air temperature | 210°C

outlet air temperature | 110°C

slurry temperature 25C

slurry feeding rate 33ml/min

disc rotation speed 8000 R.P.M.

solid content 50%

0%, 10%, 20%, 30%, 40%, 50wt%
5% bentonite

3% sodium tartrate

aluminum content
binder

dispersive

Table 2. Parameters for plasma thermal spray.

Coating variable
SPRAY GUN gun type | MBN
nozzle type 432
Ar-~ H2
pressure ~ primary, psi 100
GAS - secondary, psi 80
flow - primary(cc/min) 80
- secondary(cc/min) 20
Ampere (A) 500
POWER Voltage (V) 80
feed rate (g/min) 60
POWDER carrier gas flow rate 36
FEED (cc/min)
carrier gas flow 36
spray distance {mm) 80
gun traverse rate(mm/sec) 100
rotating speed (mm/sec) 1,250
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Table 3. Nominal chemical composition of raw materials.

TRzl A% £41-4 A A/Al HEEYR o 1207

CH; Fezos SlOz MI’lea Cl’zQ} ) CaO P.O; ] AIZQ: ) MgO K0 TlOz BaO IG-1L0S
powder | 4396 | 24.81 21.91 333 | 039 0.25 3.09 0.10 0.71 011 | 0.04 0.80
Al Al Cu Fe Si Mg
__powder 95.5 15 13 | 12 0.5
CH3 powder Al powder
Fig. 1. SEM microstructure of the CHs and Al powder.
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Fig. 2. XRD patterns of the CH;s and Al powder.
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Fig. 3. Spectral emssivity of the CH, powder.
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Fig. 4. SEM microstructure of the spray dried powder.
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Fig. 5. SEM crosssectional microstructure of the spray dried powder depending on aluminum content.
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Fig. 6. SEM crosssectional microstructure of the coatings depending on aluminum content.

20

Fig. 7. XRD patterns of the coatings depending on aluminum
content.
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Table 4. Results of 30° bending test of the coatings.

Surface cracking | adhesive condition

0 wt% Al severely cracking bad
10wt% Al severely cracking bad
20wt% Al microcracking not bad
30wt% Al no cracking good
40wt% Al no cracking very good
50wt% Al no cracking very good

Table 5. Emissivity change of the coatings.

Emissivity range | Total emissivity

CH; powder 0.494~0.957 0.79404
0 wt% Al 0.881~0.928 0.89539
10wt% Al 0.852~0.923 0.89343
20wt% Al 0.840~0.930 0.89330
30wt% Al 0.818~0.917 0.86813
40wt% Al 0.791~0.888 0.84461
S0wt% Al 0.764~0.827 0.80139
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Fig. 8. Thermal shock test results of the coatings depending on
aluminum content.
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Fig. 9. Spectral emissivity of the coatings depending on
aluminum content,
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