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Abstract

The heating unit of direct heating method manufactured as the plasma spray coating of TiO»/NiCr
conductive heating material on the surface of heating unit in order to improve the disadvantages of indirect
heating method. TiO, and NiCr (80wt.%Ni-20wt.%Cr) that had the properties of conduction and heating
was chosen for the conductive heating material. The compositions of the composite powders were studied
TiO2-30wt.%NiCr and TiO,-10wt.%NiCr.

As the heating temperature was increased, the hardness of heating layer was increased because of the
fine microstructure and the decrease of porosity. The adhesion strength was decreased for coarsening and
connection of voids in the insulation layer, and the electrical resistivity of heating layer was increased for
fine crack formation and growth.

In this study, the best efficient sprayed coatings with heating unit was concluded as the plasma sprayed
Ti0>-10wt.%NiCr coatings that was heat treated at 300 C.
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Table 1 Compositions and powder sizes of spray
powders for each coating layer

Layers Materials COI?VI; ES;/SOHS (Sul ;e)
Heatin TIO2/NlCr Ni-Cr:10 TIOZ : 90 560
® | (80NI-20Cr) | Ni-Cr:30 | Ti02:70
Insulating AlOs Al2O3 : 100 15-45
Ni 895
Bonding Ni-Al-Mo Al : 5.5 45-90
Mo : 5.0

Table 2 Conditions of atmospheric plasma spray

Coting layer Bonding | Insulating | Heating
Spray powder Nl%i'ASOAl_ AlzOs  |TiO/NiCr
Spray gun Metco-9 MB
Ar gas flow (cu/s) 872.6 705.5 628.9
H2 gas flow (cu/s) 117.9 117.9 117.9
Spray distance(mm) 152 75 100
Spray angle (°) 90
Arc current (A) 500
Arc voltage (V) 70
Powder feed rate(g/min)] 190 | 42 | 64
Carrier gas flow {(cn/s) 106.1
Coating thickness (m)| 50 | 200 [ 120
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Fig. 1 SEM surface images of TiOs-10wt.%NiCr
heating coatings according to heat treated

temperatures
a) as-sprayed, b) 300 C, ¢) 450 C, d) 600 C

Fig. 2 Cross—sectional optical images of heating coating.
a) TiO-10wt.%NiCr, b) TiO2-30wt.%NiCr
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Fig. 3 EDS analytical images of cross section on
as—sprayed heating TiO2~10wt.%NiCr and
insulating Al2Os coating
a) SEM image, b) Ti, ¢) Al, d) Ni, e) Cr
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O Ni
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30 40 50 60
Diffraction angle (28)
Fig. 4 XRD patterns of TiOs-10wt.%NiCr heating
coatings (a) as-sprayed, (b) 300 T, (c)
450 C, (d) 600 C
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Fig. 5 Cross sectional optical images of TiOz-
10wt.% NiCr of plasma sprayed coating
layers at heat treated temperatures
a) as—sprayed, b) 300 C, ¢) 450 T, d) 600 T
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Fig. 6 Adhesion strength of plasma sprayed layers
depending on heat treated temperatures
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fracture surface after adhesion strength test,

a) as-sprayed and heat treated temperature
at b) 300TC, ¢) 450 T and d) 600 T
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Porosity of TiOs-NiCr heating coatings on
as-sprayed and heat treated temperatures
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Fig. 9 Porosity of insulating layers depending on
as-sprayed and heat treated temperatures
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Fig. 10 Schematic diagram on the movement of pores during heat treatment in

plasma sprayed layers
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Fig. 11 Hardness of TiO2-NiCr heating coatings
according to as-sprayed and heat treated
temperatures
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Fig. 12 Electrical specific resistivity of TiO2-NiCr
heating coatings on as-sprayed and heat
treated temperatures
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