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Introduction

In recent years, there have been considerable interests in the development of techniques 
that allow examination of mechanical material surfaces [1,2]. It has been known that it is 
necessary to add ~13% Cr in order to make FeCr alloys corrosion-resistant. However, it is not 
understood why this amount is critical for prevention of corrosion under conditions where 
the metal is already covered with an oxide film (either an air-formed film or a passive film). 
When the ferric oxide component of the film is reduced to ferrous oxide and dissolves away, 
the exposed underlying iron corrodes. A synchrotron-based spectroscopic method, or X-ray 
absorption near edge structure (XANES) is able to give information on both the valence electron 
state of species in passive films, and the amount of each element with monolayer resolution 
during film formation and dissolution. Recent investigations have shown that the passivation 
in mildly acidic solutions results in no detectable dissolution of Cr, but a small quantity of 
Fe is lost. During reduction of the oxide, the Fe loss appears to increase significantly below 
about 13% Cr. These measurements are being used to test the hypothesis that the extent of 
reactivation is controlled by the Cr content of a stoichiometric passive oxide layer that forms 
under a Cr-rich porous layer resulting from passivation [3]. Newman and co-workers have 
found a different critical threshold at 17% Cr for passivation of oxide-free stainless steel 
surfaces, which they have modeled using an approach based on the percolation theory [4]. 
Both the value and sharpness of the threshold were verified using another synchrotron-based 
technique, the X-ray microprobe [5]. Rather than making a whole series of samples with 
compositions close to the 17% threshold, a single thin film sample was sputter-deposited 
with a continuous lateral variation in Cr content by sputtering from adjacent Fe and Cr targets 
to give a linear variation in composition, with a resolution of ~ 0.01%. The crystallinity of 
passive films can also be correlated with the passivity of FeCr alloys. Using in situ STM, Ryan 
et al. [6] found that the passive film on a sample containing 13.8% Cr showed long range 
crystalline order, whereas that on a sample with 16.5% Cr was more disordered. According to 
the model, the passive film formed from an alloy with a lower Cr content is more open, so it 
can crystallize more readily. We study the film passivation effects on surface properties such as 
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Abstract
The surface characteristics of CF8 stainless steel materials for shell mold cast and investment cast were 
studied, including surface composition, roughness and reflectivity. We report their changes are governed 
by the solution annealing, casting and passivation treatment. As for the surface composition, Chromium 
(Cr) portion decreased initially but showed increasing tendency at time passed in passivated shell mold 
cast. However, nickel (Ni) portion increased initially but revealed decreasing tendency at time passed. 
This implies the surface film becomes the chromium-rich oxide phase at optimum condition. The optical 
reflectivity of solution annealed and passivated surface increased by 16% compared to the basis metal 
case. When the optimum chemical passivation was applied, the surface roughness showed the lowest 
value in shell mold cast. This may indicate that the corrosion resistance of CF8 material can be improved 
by solution annealing followed by optimized chemical passivation.
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reflectivity in materials of shell mold cast CF8 stainless steel Elbow 
fittings. When the optimum chemical passivation treatment was 
applied, its corrosion rate showed the lowest value. Consequently, 
it is suggested that the corrosion resistance of SSC13 50A Elbow 
fittings can be improved in relationship to the reflectivity of passive 
film [7-22]. 

Experimental 

The material used in our study was a shell mold cast CF8 
stainless steel (SS) and its chemical composition is shown in Table 
1. Shell mold cast CF8 SS samples were solid solution annealed 
at 1393K (1120 °C) for 10 minutes and then water-quenched, 
producing average grain size of 50μm. Table 2 shows the specimen 
conditions used for the corrosion tests. The six distinct specimens 
numbered 1, 2, 3, 4, 5 and 6, were tested. They were then immersed 
in a test solution composed of 65% HNO3 at 150 °C for 48 hours, 
and their weight loss % measurements were accomplished using 
the ASTM A 262 method. The centers of surfaces exposed to the test 
solution were observed by a scanning electron microscope (JSM-
6701F).

Table 1: Chemical composition of the CF8 austenitic 
stainless steel (wt. %).

Elements Measured ASTM A743

C 0.0755 0.08 max

Si 1.2989 2.00 max

Mn 1.11 1.50 max

P 0.02763 0.040 max

S 0.00225 0.040 max

Ni 8.26375 8.00~11.00

Cr 18.225 18.00~21.00

Table 2: Conditions of specimens for the tests.

Specimen 
No. Casting conditions Treatment conditions

1 Shell mold casting Natural passivation

2 Shell mold casting Solution annealing & natural pas-
sivation

3 Shell mold casting Solution annealing & 10 second 
chemical passivation

4 Shell mold casting Solution annealing & 30 second 
chemical passivation

5 Shell mold casting Solution annealing & 60 second 
chemical passivation

6 Investment casting Natural passivation

Results and Discussion

We evaluated solution annealed samples which were chemically 
passivated with respect to those naturally passivated for corrosion-
resistant shell mold cast and investment cast. As shown in Figure 1, 
all specimens show weight loss while the specimen No. 3 and No. 
6 show negligible ones. This indicates the formation of enhanced 
film protection. The resistance to corrosion increased by more 
than a factor of two when the solution annealing and chemical 
passivation were applied [23]. Figure 2 shows surface roughness 
of the different specimen. We find that the specimen with negligible 
weight loss as particularly seen in the investment cast specimen 
No. 3 and No. 6, produce reduced roughness. This leads to the close 
relation (Figure 3) between surface roughness and film passivation. 
Figure 3 shows the change of surface composition of specimens. It 
is revealed that the specimen No. 3 shows the lowest chromium 
content as 17.2%, possibly due to the depletion of Cr on the surface, 
forming protective film. As chemical passivation time increases, 
nickel on the surface could be dissolved due to excessive chemical 
reactions. Figure 4 shows the changes in optical reflectivity at visible 
wavelength, which were measured by the spectrophotometer for 
the test specimen. The reflectivity change was measured with 
respect to that for basis metal. The results show that, while the 
solution annealing treatment increased the reflectivity of the shell 
mold cast specimen, natural passivation increased the reflectivity 
of the investment cast specimen.

Figure 1: Weight loss (%) for the different specimens for corrosion test. 
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Figure 2:  Surface roughness of different specimens. 

Figure 3: Surface composition of CF8 stainless steel for different specimen 

Figure 4: Change in optical reflectivity of the different specimen at visible wavelength. 

Conclusion

 The corrosion resistance of the CF8 stainless steel was affected 
by roughness and reflectivity of the material surface. The resistance 
to corrosion increased by more than a factor of two when the 
solution annealing and chemical passivation were applied. While 
all tested specimens showed some susceptibility to chemical 

corrosion, the specimen No. 1 showed large number of weight loss 
indication. This suggested a generalized attack on the surface. The 
reflectivity of solution annealed, and passivated surfaces measured 
by SD-4000 spectrophotometer was increased from basis metal 
by 16%. When the optimum chemical passivation treatment was 
applied, its corrosion ratio and surface roughness showed the 
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lowest value in shell mold cast. Consequently, it is suggested that 
the corrosion resistance of CF8 material can be improved by the 
roughness and reflectivity of passive film on the surface.
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