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High-Temperature Corrosion of Fe-Ni -Cr Alloys with NaCl Deposit
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Fe-Ni-Cr (253MA 310 353MA) 850 2mg/cm2

substrate /

Fe-Ni-Cr 310 

ABSTRACT
Three austenitic Fe-Ni-Cr alloys (253MA, 310 and 353MA) have been oxidized in static air

at 850 with a deposit of 2mg/cm2 sodium chloride (NaCl). The results showed that the initial
reaction for the corrosion of alloys is oxychlorination, while the chlorine (Cl

2
) released from initial

oxychlorination accelerated the corrosion by the cyclic chlorination / oxidation. The alloying
element of nickel shows noble characteristic. The metal losses of alloys are related to the total
depletion amounts of iron and chromium from the substrate. According to the evaluation of the
corrosion resistance of alloys from the total depth of attack, the best performance is the 310 with
medium nickel content.

Keywords: Fe-Ni-Cr alloy; NaCl; high-temperature corrosion; oxychlorination; accelerated
oxidation.
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1.  

Table 1. Chemical compositions of alloys (wt%)

2.  1-36 

Table 2. The measurement results of metal loss,

subscale attack and total depth of attack after

the three alloys corroded for 1 to 36 hr.

3. 

Table 3. The high-temperature properties of iron, nickel,

and chromium chlorides. 
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T
m
: melt point, Tb: boiling point, PCl

2
: dissociation pressure of metal

chlorides at 850 , T
4
: the temperature when chloride vapor pressure

at 10 4atm, P
850

: chloride vapor pressure at 850 .



1. ASTM G54 

Fig. 1 Schematic diagram showing depth of attack

measurements.

(a)

(b)

2. (a) 353MA 850 9 

(b) 36 

XRD 

Fig. 2 (a) Cross-sectional micrograph of 353MA

alloy corroded at 850 for 9 hr (b) XRD

analysis of corrosion products of the alloys

corroded for 36 hr.
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(a)

(b)

(c)

(d)

(e)

(f)

3. 353MA 850 9 

(a)

(b) (c) (d) (e) (f) X-ray 

Fig. 3 (a)Scanning electron micrograph of the scale

formed on an 353MA corroded for 9 hr at 850

, and X-ray maps of (b) Fe, (c) Cr, (d) Ni,

(e) Cl, (f) O of (a).
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(a)

(b)

(c)

4. (a) 353MA 850 9 

(b) Cl (c) O 

X-ray 

Fig. 4 (a) Scanning electron micrograph of the voids

formed on 353MA alloy corroded for 9 hr at

850 , (The white cross is the position of the

quantitative analysis around the voids.) (b) and

(c) are the X-ray maps of Cl and O

respectively.

(a)

(b)

5. (a)353MA 850 36 

EPMA 

(b) EPMA 

Fig. 5 (a) Scanning electron micrograph and EPMA

quantitative analytic positions of 353MA alloy

corroded for 36 hr at 850 . (b) EPMA

quantitative analytic results of the alloys.
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6. SEM EDS 

(a) 253 MA 850 9 

(b) 

(c) 253MA 353MA 

EDS 

Fig.6 SEM morphological examination and EDS

analysis on the external scale peeled off from

the specimens corroded for 9 hr at 850 . (a)

the outermost surface of external scale of 253

MA. (b) the innermost surface of external

scale of 253 MA. (c) EDS analytic results.

(a)

(b)

7. 850
(a) 

(b) 
/

Fig.7 Illustration of high-temperature corrosion

mechanism of Fe-Ni-Cr alloy with NaCl

deposit at 850 . (a) Before volatilization of

molten salt, the oxychlorination leads to a

selective leaching of chromium and iron,

forming the initial external scale. (b) After

volatilization of molten salt, the external scale

grows continuously. Cyclic chlorination /

oxidation deepens the subscale attack.
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8. 

Fig. 8 Illustration of simplified nickel concentration
curves, in which, the areas enclosed by the
curves indicated the total depletion amount of
Cr and Fe.
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