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It is known that the corrosion resistance of stainless steel is deteriorated by blasting, but the reason for this
deterioration is not clear. A blasted austenitic stainless steel plate (JIS-SUS304) has been characterized with
comparison to the scraped and non-blasted specimens. The surface roughness of the blasted specimen is
larger than that of materials finished with #180 paper. A martensite phase is formed in the surface layer of
both blasted and scraped specimens. Compressive residual stress is generated in the blasted specimen and the
maximum residual stress is formed at 50-100 µm from the surface. The corrosion potentials of the blasted
specimen and subsequently solution treated specimen are lower than that of the non-blasted specimen. The
passivation current densities of the blasted specimens are higher those of the non-blasted specimen. The
blasted specimen and the subsequently solution treated specimen exhibit rust in 5% sodium chloride (NaCl)
solution, while the non-blasted specimen and ground specimen do not rust in the solution. It is concluded that
the deterioration of corrosion resistance of austenitic stainless steel through blasting is caused by the roughed
morphology of the surface.
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1. Introduction

Ceramic coatings by plasma spraying onto metallic materials
are applied to provide wear resistance, corrosion resistance and
heat protection in many industrial fields. Ceramic coatings
themselves exhibit excellent intrinsic corrosion resistance but
sealing of pores is usually needed to prevent solution reaching to
the metallic substrate. Process rolls made of austenitic stainless
steel (JIS-SUS304[1]) with plasma-sprayed alumina coating are
used in the paper making industry. Stains might appear on the
alumina surface if the sealing operation is not perfect, even if the
rolls are used under conditions where the SUS304 steel does not
rust. It is expected that stains on the alumina surface are caused
by deterioration of the stainless steel through the grit blasting
process prior to plasma spraying.

Figure 1 shows a SUS304 steel plate grit-blasted with alu-
mina after a salt spray test for 250 h.[2] It is observed that the
blasted surface of SUS304 steel rusts after the test, although
non-blasted SUS304 steel does not rust under the same condi-
tions. Figure 2 shows the alumina coating plasma sprayed on the
blasted SUS304 steel substrate without a sealing process and the
specimen after corrosion test in 5% sodium chloride (NaCl) so-
lution. It is confirmed that the rust appears on the surface of the
coating from SUS304 steel substrate through pores.

Since the blasting process forms plastic deformation on the
substrate surface, residual stress may develop in the blasted sur-
face layer. Microstructural features such as lattice defects may
influence the corrosion resistance of stainless steels.[3,4] Further-

more, it is reported that the natural corrosion potential depends
on the surface roughness.[5] Accordingly, it is considered that
the blasting process affects the corrosion behavior of SUS304
steel.

There are few reports concerning the effect of blasting on the
corrosion resistance of SUS304 steel.[6] For the present work,
the characterization of surface condition, structure, and residual
stress distribution, as well as corrosion resistance of SUS304
steel plates blasted with alumina grits were been investigated.
Factors affecting the corrosion resistance were examined by
electrochemical and corrosion tests.

2. Experimental Procedure

A commercial austenitic stainless steel plate of JIS-SUS304
was solution treated at 1273 K to remove the effect of prior cold
rolling. The surface layer was abraded by about 0.2 mm from the
surface with #400 abrasive paper in wet and then finished by
buffing with 0.05 µm alumina powder before roughening. Since
the inherent strain is not developed by grounding with #400
abrasive paper,[7] the polishing process with #400 abrasive paper
does not generate residual stress in the specimen. The blasting
was performed so that specimens were uniformly roughened us-
ing an air blast machine under the conditions shown in Table 1.
The specimen ground with #180 abrasive paper under dry con-
ditions and the specimen polished electrolytically after polishing
with #400 abrasive paper to remove the layer having a marten-
site phase were also prepared for comparison. Grinding with
abrasive paper was performed under standard conditions of 400
cycles under 29.4 N load using a Suga abrasive tester (NUS-
ISO3 Suga Test Instruments Co., Ltd., Tokyo, Japan).[8]

Surface roughness of the specimens was measured using a
roughness tester (SURF TEST 301 Mitutoyo Corporation, Ka-
wasaki, Japan). The structure of the surface layer of the speci-
men was examined by x-ray diffraction (XRD). The residual
stress distribution through the thickness was measured by the
inherent strain method.[9] The corrosion resistance of the speci-

F. Otsubo, K. Kishitake, T. Akiyama, and T. Terasaki, Department
of Materials Science and Engineering, Faculty of Engineering, Kyushu
Institute of Technology, 1-1 Sensui Tobata Kita-Kyushu 804-8550, Ja-
pan. Contact e-mail: otsubo@tobata.isc.kyutech.ac.jp.

JTTEE5 12:555-559
© ASM International

Journal of Thermal Spray Technology Volume 12(4) December 2003—555

P
eer

R
eview

ed



mens was evaluated from anodic polarization curves measured
using a potentiostat in de-aerated 1 N H2SO4 solution at 303 K
and a corrosion test in 5% NaCl solution. The opposite electrode
and reference electrode used were platinum and saturated calo-
mel for the measurement of anodic polarization curves, respec-
tively. The surface of specimen was masked with acid-resistant
lacquer to expose an area of 100 mm2 for the measurement. The
measurement was carried out by scanning the corrosion poten-
tial to +1.1 V (versus SCE) with a scanning rate of 60 mV min−1

after holding at −0.7V(versus SCE) for 0.6 ks. A water-line at-
tack test at room temperature was applied for the corrosion test
in 5% salt water.

3. Results and Discussion

3.1 Surface Roughness

Figure 3 shows profiles of the surface roughness of speci-
mens roughened by grit blasting and grinding with #180 abra-
sive paper. The roughness of the blasted specimen is large com-

pared with the specimen ground with #180 abrasive paper. An
average roughness value (Ra) of the specimen ground with #180
abrasive paper was 0.87 µm while that of the grit-blasted speci-
men was about seven times larger.

3.2 Structure of Blasted Specimen

Figure 4 shows XRD patterns of the surface of the roughened
specimens. Diffraction peaks of the solution treated specimen
are of only austenite phase. A large diffraction peak of marten-
site phase appears in the XRD pattern of the specimen ground
with #180 abrasive paper. The diffraction peak of martensite
phase is also seen for the blasted specimen but it is smaller com-
pared with the specimen ground with #180 abrasive paper. This
implies that the volume fraction of martensite phase on the sur-
face layer of the grit-blasted specimen is smaller than that of the
ground specimen. Martensite phase may be formed by plastic
deformation[10,11] through roughening and martensite in austen-
ite phase might deteriorate the corrosion resistance.[12]

The diffraction peak of martensite phase disappears in the
XRD pattern of the ground specimen after electrolytic polishing
and removing several micrometers material. Figure 5 shows the
XRD patterns of the grit-blasted surface and subsequent surfaces
obtained by removing surface layers by electrolytic polishing to
150 µm in depth. The peak of the martensite phase shows a maxi-
mum at a depth of around 25 µm from the surface and almost
disappears at 100 µm. It is understood that martensite phase
forms in the surface layer to a depth of about 100 µm from the
surface in the blasted specimen.

3.3 Residual Stress

The blasted surface layer of a specimen was removed elec-
trolytically by a given depth step by step and the change in strain
on the opposite surface was measured in each removal with a
strain gauge. Figure 6 shows the change in measured strains of a
grit-blasted specimen and subsequently annealed specimens at
different temperatures for 10.8 ks. The strains of the blasted
specimen and the specimen annealed at 873 K become positive
side and then remain unchanged, but the specimen annealed at
973 K exhibits no change in the measured strain. Thus, there is
no residual stress in the specimen annealed at 973 K.

Figure 7 shows the residual stress distribution through thick-
ness calculated from the inherent strain distribution curves,
which are obtained from the measured strain curves. It is seen
that a large compressive residual stress is distributed within the
blasted specimens. The specimen reveals the maximum com-
pressive residual stress of about 600 MPa at a depth of around 50
to 100 µm from the surface. It seems that the formation of mar-
tensite phase is related to the maximum stress in the blasted

Fig. 1 Grit-blasted austenitic stainless steel plate after a 250h salt
spray test

Fig. 2 Alumina coating surface on SUS304 substrate: (a) as-sprayed,
(b) after immersion test

Table 1 Blasting Condition

Blasting media # 24 Alumina grit
Air pressure 0.6 MPa
Angle 75°
Nozzle opening 8 mm (in diameter)
Work distance 100 mm
Blasting time 60 s

Fig. 3 Surface roughness profiles of specimens
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specimen. Annealing at 873 K released the residual stress in the
area with the large stress of the blasted specimen and annealing
at 973 K released the stress entirely.

3.4 Corrosion Resistance

Figure 8 shows anodic polarization curves of the grit-blasted
and non-grit-blasted specimens in 1 N H2SO4 solution. The
specimen solution treated at 1273 K in vacuum after grit blasting
was measured to eliminate the influence of the martensite phase
and the residual stress in the blasted specimen. All of the anodic
polarization curves reveal an activation-passivation transition.
The corrosion potentials of the blasted specimens are low com-

Fig. 4 XRD profiles of specimens

Fig. 5 XRD profiles of grit-blasted specimen at different distances
from the surface

Fig. 6 Measured strain of grit-blasted specimen and annealed speci-
mens as a function of depth from the surface

Fig. 7 Through-thickness residual stress distribution of grit-blasted
specimen and annealed specimen as a function of depth from surface
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pared with the non-blasted specimen and the passivation current
density of the blasted specimen is much larger than that of the
non-blasted specimen. Therefore, the blasting process deterio-
rates the corrosion resistance. However, the anodic polarization
curve of the specimen subsequently solution treated at 1273 K in
vacuum after blasting reveals almost the same curve as the
blasted specimen. The deterioration of the corrosion resistance
of the specimen is attributable to the roughened surface since the
martensite phase disappears and the residual stress is released in
the solution treated specimen.

Corrosion testing in 5% NaCl solution was carried out to
evaluate the corrosion resistance of the roughened specimen.
The specimens did not corrode when the specimens were dipped
in the solution. Therefore, water-line attack due to the formation
of an oxygen concentration cell was applied to evaluate the cor-
rosion resistance. The specimens tilted 5° to the water line to be
moved along the specimen surface by the natural evaporation of
the solution (Fig. 9). Figure 10 shows the appearance of the
blasted, non-blasted and abraded specimens after the corrosion
test. It is shown that the blasted and subsequently solution
treated specimens rust after the test (Fig.10a,b), whereas the
non-blasted and #180 abraded specimens did not rust though the
volume fraction of martensite phase in #180 abraded specimen is
large. From the results of the anodic polarization curves and the
corrosion test, it is concluded that the deterioration of the corro-
sion resistance of the specimen by the blasting process is not
caused by the formation of martensite phase and the generation

of the residual stress but mainly by the change of surface mor-
phology.

4. Conclusions

Surface roughness, structure, and residual stress distribution
of the blasted SUS304 steel plate were investigated, and the ef-
fect of grit blasting on the corrosion resistance was examined
with respect to the characterization. The results obtained are
summarized as follows:

• The average roughness value of the grit-blasted surface is
larger than the surface abraded with #180 abrasive paper.

• Martensite phase forms to the depth of 100 µm for grit-
blasted specimen.

• Compressive residual stress is generated in the grit-blasted
specimen and the maximum stress is at around 50 µm depth
rather than the surface.

• The deterioration of the corrosion resistance of the blasted
specimen is not attributable to the formation of martensite
phase and the generation of the residual stress, but rather to
the surface morphology of the specimen.
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Fig. 8 Anodic polarization curves of specimens

Fig. 9 Schematic illustration of corrosion test

Fig. 10 Photos of specimen surface after immersion test: (a) grit-
blasted specimen, (b) solution treated specimen after blasting, (c) non-
blasted specimen, (d) #180 scraped specimen
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