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Influences of Spray Parameters on the Structure and Corrosion Resistance of
Stainless Steel Layers Coated on Carbon Steel by Plasma Spray Treatment
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Stainless steel powders were sprayed on the grit-blasted SM45C carbon steel
substrates using a plasma spray method. The influences of the spray parameters on
the structure and corrosion resistance of the layers coated on the carbon steel were
investigated. Corrosion behavior of the layers were analyzed by the anodic polari-
zation tests in deaerated 0.1 M NaCl+0.01 M NaOH solution at 80°C. The surface
roughness and porosity were observed to decrease with decreasing the particle size.
The surface hardness of the coating was always higher than that of the matrix,
SM45C, implying that the higher resistance of the coating to erosion-corrosion
than that of matrix, and increased as the spray power and the spray distance in-
crease. Stainless steel coats showed more corrosion resistance than the carbon steel
did, due to their passivity. The corrosion resistance of the coats, however, were
inferior to that of the bulk stainless steels due to the inherent defects tormed in
the coats. The defects such as rough surface and pores provided the occluded sites
favorable for the initiation of localized corrosion, resulting in the conclusion that
finer the powder is, higher the corrosion resistance is. And the Cr oxides forma-
tion resulting in Cr depletion around the oxides reduced the corrosion resistance of

the coats.
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Fig. 1, Schematic view of the plasma spray coat-
ing system used in this study.

Table 1. Plasma spray parameters used in this
study for the deposition of stainless steel layers
on SM45C carbon steels

Nozzle type 431 B type
Carrier flow indicator 30
Powder feed rate Feed rate indicator 70
Plasma gas flow rate| I\r(pS} : 100
Hy(ps1) var. depends on DC volt
Spray Power DC current 500amp.
(kW, Amp. x Volt.) DC Volt. var.
Spray distance var.
Gun-substrate Gun traverse rate 12em/sec
relative motion  |{Substrate rotation speed 600rpm
Coat_mg layer 200-300,m
thickness
Coating layer
. var. depends on powder type
composition
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Table 2. Nominal compositions, particle size and
general applications of AISI type 431 and 304 pow-
der used in this study.

Nominal
Composition

(%)

AlSI

licati
Type Applications

Particle size

-Machinable,  hard.
wear resistant coat

-1404 325 mesh
-106 4+ 45 microns
Arithm mean

Fe-balance
Cr-16.0
Ni-2.0
C-0.2

431 ng

diameter -Higher particle ero
sion resistance
-Good
stainless steel for re
pair of parts
-Machinable, hard,

wear resistant coat

:94.39 microns

all-pupose
Fe-halance
Cr-18.4
Ni-9.3
Mn-1.49
Si-0.6
C-0.035

-50 microns

Arithm. mean
diameter
:34.6 microns

304

ing
-Good for food process
equipment
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Fig. 2. Typical coating surface (a) and cross sec-
tion (b) of the plasma sprayed layers. 304 stain-
less steel layer on SMA45C. Spray power . 40kW,

Spray distance : 6cm.
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Table 3. Effects of spray power and spray dis-
tance on surface roughness{root mean square am-
plitude) of type (a) 431 spray coated layers and
(b) 304 spray coated layers

(unit © un)

Spray power Spray distance .
6cm 9cm 12cm

35kW 17.4 14.4 146
37.5kW 15.8 14.0 10.4
40kW 20.2 14.8 15.8

(a) 431 coated layers(mean diameter of powder_s
:94.4m)

(unit : gan)
Spray distance
Spray power 6cm 9cm 12cm
35kW 13.4 - —
37.5kW 11.4 9.5 7.6
40kW 15.9 - -

(a) 304 coated layers(mean diameter of powder_s
. 34.6m)
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Fig. 4. EDS line composition profiles for Cr, Fe and
Ni across the oxide layer. Cr content is higher in
the oxide layer resulting depletion in the neighbor.
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Fig. 5. Anodic polarization behavior of SM45C
substrate and type 431, 304 stainless steel bulks.
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Fig. 6. Anodic polarization behaviors of 304

sprayed layers for as-sprayed and polished sur-

face. Curves for bulk and substrate are included

for comparison.
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Fig. 7. Surface morphology before (a) and after
(b) corrosion tests for 304 stainless steel sprayed
layers on AMA5C. Corrosion is concentrated in the

exposed pores and chromium depleted regions.
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Fig. 8. Anodic polarization behaviors of 431
sprayed layers for as-sprayed and polished sur-
face. Curves for bulkk and substrate are included
for comparison.
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Fig. 9. Effects of spray power (a) and spray dis-
tance (b) on the anodic polarization behaviors of

304 stainless steel sprayed layers.
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Fig. 11. Vickers microhardness indentor site for

less oxidized region (a) and more oxidized region
(b). Hard oxides contribute to the surface hard-
ness of the sprayed layers. Magnification : x 50).
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