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Development of New Surface Treatment Using Shot Blast for Improving Oxidation

Resistance

Hiroyuki Kawaura, Hiroshi Kawahara, Kazuaki Nishino, Takashi Saito
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A new surface treatment using shot blast with WO,
powder has been developed. This has been very effective
for improving the cyclic oxidation resistance of TiAl-base
aloy inair and in an exhaust gas atmosphere of adiesel
engine up to 1223K.

This effect is due to the formation of an Al,O; layer in
the oxidation atmosphere. The above layer is supposed to
be formed as follows: Since the WO, powder is repeatedly
shot during the surface treatment, a WO; layer adhering to
the substrate is formed on the surface. Thislayer causes

Abstract

the preferential oxidation of aluminum during the early
stage of oxidation, resulting in the formation of a sound and
continuous Al,O; layer.

The devel oped surface treatment provides the same
oxidation resistance as that of the nickel-base superalloy
Inconel 713C up to 1223K, and is applicable for complex-
shape parts with as-cast skin surfaces, such as turbocharger
wheels. Furthermore, the devel oped surface treatment is
extremely effective for its application to other alloys such as
titanium alloys and stainless steels.

Oxidation resistance, Intermetallic compound, Surface treatment, Shot blast, Powder, TiAl-base alloy, Titanium alloy, Stainless steel
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Table 1 Chemica composition of Ti-47Al specimen.

(@) S Ca

Al
(mol%) (mass%)

47.4 Balance 0.16 0.01 0.04

Table 2 Chemical composition of Inconel 713C

specimen.
(mass%)
Cr Mo Al Nb Ti zr C B Ni
125 42 61 20 08 01 012 0012 Baance

Ti-47Al

‘/j

Treating powder (W,WO3)

Compressed air
(0.20 0.6MPa)

Spray gun

Fig. 1  Schematic drawing of surface treatment using

shot-blast equipment.
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Fig. 2  Temperature versus time curve of short-term
oxidation test.

Table 3 Composition of model exhaust gasfor oxidation tests.

(O 11.2 vol.%
Co, 7.4v0l.%
NO 1000 ppm
CO 760 ppm
C3Hg 600 ppm
SO, 300 ppm
H,O 3.5v0l.%
N, Balance
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Fig. 3 Massgain dueto cyclic oxidation of Ti-47Al
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Fig. 4 Relation between pneumatic pressure in shot blast
and mass gain of the WO;-SB treated specimen
oxidized at 1223K for 360ksin air.
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Fig.5 Massgain dueto cyclic oxidation of Ti-47Al
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Fig. 6  Appearance of untreated (a) and WO4-SB treated (b) Ti-47Al
specimens oxidized at 1223K in air after the short-term cyclic

oxidation tests.
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Fig. 7

SEMsof the outer surface and the fractured section of Ti-47Al specimens by WO,-SB treatment, before
oxidation (aand b), after oxidation at 1223K for 7.2ks (c and d), after oxidation at 1223K for 180ks (e and f),
and after oxidation at 1223K for 720ks (g and h).
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Table 4 Summary of XRD data for WO4-SB treated
Ti-47Al specimens oxidized at 1223K.

Oxidation Intensity of detected peak
time TiAl  TiAl - WO,  2A1L,0,5W0; Al,O; TiO,

SB ﬁ;:ment s m S - N B
1223K-1.8ks s m s w w w
1223K-3.6ks S m s m m w
1223K-7.2ks s m s s m m
1223K-36ks m s m s m m
1223K-180ks m S w — S s
1223K-720ks w m — — s s

s=strong, m=medium, w=weak, —=nothing

Interface
Surface layer | Substrate
WO4-rich 1“3’}‘31‘ TiAl / Ti3Al

‘WO;-SB treated Ti-47Al

Intensity

Depth from surface, d /um

Fig. 8  AESdepth profile near the surface of the
WO,-SB treated Ti-47Al specimen.
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Fig. 9  AESdepth profile near the surface of the WO~
SB treated Ti-47Al specimen after oxidation at
1223K for 720ks.
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Fig. 10 Massgain dueto cyclic oxidation in exhaust gas of
Ti-47Al specimens WO;-SB treated at 1173K.

(8) untreated ( after 180ks) (b) WO,-SB treated ( after 720ks )

Fig. 11 Appearance of untreated (a) and WO4-SB treated
(b) Ti-47Al turbine wheels oxidized at 1223K in
exhaust gas atmosphere.
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Fig. 14 Appearance of untreated (a) and ZrSi,-SB treated (b)

SUS304 specimens after the cyclic oxidation tests at
1223K.
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