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Abstract

This paper describes the effects of shot peening for corrosion on stainless steel.

Shot peening were performed to austenitic stainless steel, SUS304 by air type
peening machine. Obtained factors are austenitic volume, residual stress, half width and
corrosive resistance.

Shot peening has the effect of corrosive resistance on intergranular corrosion.
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1. Introduction

Stainless steel invented in the twentieth century, and manufacture process are
developing. Especially austenitic stainless steels was widely used in various such as
mechanical, chemical, atomic, medical, offshore structure and so on. At present, various
stainless steels developed to accomplish various purpose.

In heavy corrosive environment, stainless steels are used as the meta! reguired much
more corrosive resistance'’. If the surface trearment by shot peening improve
corrosive resistance and mechanical property, shot peening is a useful.
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2. Experimental Procedures and Equipments

2.1 Specimen

Specimens in this study were produced from austenitic stainless steels (SUS304

The 'size and shape was shown in Fig.l. Shape of specimen is ¢ 16X16mm. Al

specimens were treated stress relief annealing in vacuum. because of removin

influence working, removing
oxidizing film and producing

uniform structure.
Treatment was shown in
Fig.1.

2.2 Shot Peening
Specimen was peened by

three type shot; steel

ceramic, and glass.

Conditions of shot peenig,

heat treatment, and
corrosive solutions were
shown in Tab.l, and arc
heights were shown in
Tab.2.

2.3 Measurements
Austenitic  volume and
residual stress were
measured by X-ray
diffraction  method, and

distributions were obtained
by window-method. Window
size ts 4 X4mm.

Material : SUS304

16mm
Vacuum Annealing
£ Vacuum : 10°mmH
£ g
) Temperature : 900°C
Heating time : 120min
Cooling : Furnace cooling
Fig.1 Specimen and Heattreatment
Shot steel, ceramic, glass
Diameter 0.92mm, 0.18mm
Shot peening Peening time Tf (full coverage)
Pressure 1,2, 3atm
Equipment Air type
T
: Heating temperature 100~600°C
. Heat i Heating time 60min
treatment :
Equipment ; Vacuum furnace
Intergranular corrosion : HNG; 10%
Corrosive (room temperature) ' +HF 3%
solution
(per12) : Pitting corrosion FeCl; 100g
(room temperature) - ! +HCI 5%

Tab.1 Experiment Conditions
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2.4 Corrosive test
Corrosive test was
performed static immersion
under room temperature,
and performed on the
intergranular and on the
pitting.  Composition  of
corrosive solutions were
shown in Tab.1¥ ¥,
Microphotograph of surface
after corrosion was shown
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Shot Diameter | Pressure i Arc heightﬂ(n;r;) *4
tam | 033a ,0l3 "
0.92mm 2atm 0.48A  p/“
seee! 057 ! 3atm 0.67A ;: )
0.18mm B 3atm 0.12A . oo{
' 0.92mm I 3atm 0.61A  pi4
ceramic —= ‘ -
c.18mm . 3atm | 0.11A 00X
glass 0.92mm 3atm 0.60A g4

Tab.2 Arc height

v,

Fig.2 The surface after
intergranular corrosion

The surface after
pitting corrosion

in Fig.2 and Fig.3.
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3. Results

3.1 Influence of residual stress and
transformation by shot peening
Shot peening was performed by
three shots; steel, ceramic and glass
and by three air pressures; 1, 2,
3atm. As the second experiment,

specimen was heated removing the

affected zone induced by shot
peening.
Fig4 shows distributions of

austenitic volume, residual stress

0.8

Residual stress (MPa)

Half width (deg)

.0 ] ;
0.0 02 04 06 038
Depth below surface (mm)

Fig.4 Distributions induced by
three shots
(¢$0.92mm, 3atm)

and half width. Shot diameter was 0.92mm. Steel shot was much influenced for
distribution of austenitic volume, but residual stress was not so influenced by the

quality of shot.
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d>01§2mm, 3atm

i i

- i E Transfor- Residual Half width @ Arc height -
S \{ mation (%) ' stress (MPa) (deg) : (mm)
 steel 7268 913 3185 - 067A
»-ceramic 60.01 -538.6 2.293 K 0.61A
glass 47.93 -501.1 1.932 0.60A

Tab.3 Influence by 3 shots

¢ 0.92mm, steel

e T |

: ™ ! Transfor- 3 Residual ; Half width ] Arc height
| “ mation (%) | stress (MPa) |  (deg) {(mm)
{ latm 53.30 -240.7 2.017 0.33A ‘

2atm 63.23 -312.2 2.447 0.48A i
4 3atm | 72.68 | -591.3 3.185 0.67A |

Tab.4 Influence by 3 pressures

Distributions of austenitic  volume,
residual stress and half width were shown
in Fig.5 under three peening pressures. In
this case, shot is only steel and diameter is
0.92mm. As for transformation, 3atm was
influenced deeply. And all distributions
have the largest value at surface.

Fig.6 shows the influence of heat
treatment on surface values by 60 minutes
heating after shot peening. All values were
decreased by heating and reached annealed
values at 600C.

3.2 Characteristic of corresion
The sort of corrosion of stainless steel is
intergranular and pitting. Detail of

corrosive solutions was shown in Tab.i.

austenitic volume (%)

Residual stress (MPa)

Half width (deg)

50 USRI

N
(¥,

00 02 04 06 038

-400

-600

00 02 04 06 0.8
Depth below surface (mm)

Fig.5 Distributions induced
by three pressures
($0.92mm, steel)

For removing the affected zone produced by shot peening, and for comparing under the

same roughness of specimens, they were annealed after shot peening.
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Fig.6 Influence of heat treatment : :
for 60 minutes after peening 1 ‘ '
(¢0.92mm, steel, 3atm) 0 100 200 300

Corrosion time (min)
_ Fig.7 Influence of shot peening and

3.2.1 Property of intergranular corrosion heat treatment on intergranular

Weight loss per wunit area on corrosion
intergranular corrosion was shown in
Fig.7 and Fig8. Fig7 are the result of comparison on three specimens. Peenec
specimen was the most least weight loss, on the other hand, heat treated specimen wa:
the largest. Thus, it was found that shot peening improves intergranular corrosive
resistance.

In Fig.8 another viewpoint for corrosion was shown, and the peened specimen b}
0.92mm shot was the most corroded.

3.2.2 Property of pitting corrosion

Weight loss per unit area on pitting corrosion was shown in Fig.9.

In this experiment, it was found that shot peening didn’t affect pitting corrosive
resistance.
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Fig.8 Influence of shot peening and
heat treatment on intergranular
corrosion

5. References

Weight loss (10 g/mi)
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Fig.9 Influence of shot peening on
pitting corrosion

4. Conclusions

1) On the stainless steel, work induced
transformation was produced by shot
peening. ;

2) Corrosive resistance of intergranular
was improved by shot peening, and the
most improvement was 17.3% in this
experiment. But shot peening didn't
affected pitting corrosive resistance.

3) Shot peening effect for corrosion was
removed by heat treatment over 600C.
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