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Abstract

Fe-30.6Mn-6.8Al-0.9C alloy steel is employed in this study to coat the chromium carbide and

related hard coatings on the surface by using pack chromization process. Electrochemical test in

25 ,3.5wt% aqueous solution is used to evaluate the corrosion resistance of chromized specimen

in room temperature. The immersion test in 10 wt NaCl 90 wt Na
2
SO

4
mixed molten salt at

877 for 48 hours is conducted to investigate the hot corrosion resistance of chromized specimen.

The (Fe,Cr)
2

N
1-x

and Cr
23
C

6
phases are found on the chromized surface, while the internal part of

chromized layer is Cr
7
C

3
phase. In general, the corrosion resistance of the chromized specimen is

apparently improved. The resistance to high temperature mixed molten salt of the chromized
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specimen is also better than that of 430 stainless steel. However, the corrosion resistance of the chromized Fe-Mn-Al

alloy steel will be affected by denseness and oxide defects in the chromized layer.
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1

25 3.5 NaCl 

*

Table1. Electrochemical parameters of untreated and

chromized Fe-Mn-Al alloys tested in 3.5

NaCl solution at 25

Ecorr* Ep* Icorr*

(mV) (mV) ( A/cm2)

-727.9 -319 59.27

-481 +908 1.246

*Ecorr Ep

Icorr

2 877 10 wt NaCl 90 wt

Na
2
SO

4
48

Table2 The weight loss data of the specimens

immersed in 10 wt NaCl 90 wt Na
2
SO

4

mixed molten salt at 877 for 48 hours.

(mg/cm2.)

452.24

34.51

430 40.49

1

Fig.1 The apparatus for chromization

2 1000 4

Fig.2 The cross-sectional micrograph of the Fe-Mn-

Al alloy chromized at 1000 for 4 hours. 
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Fig.4 (a)Secondary electron image of the surface

chromized layer and X-ray mappings of (b)Al

and (c) O of the Fe-Mn-Al alloy chromized at

1000 for 4 hours.

 

 

  

3. 5 m

X

Fig.3 The X-ray diffraction patterns of surface

chromized layer and 5 m beneath the

chromized layer of Fe-Mn-Al alloy
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5

25 3.5 NaCl 

Fig.5 The potentiodynamic polarization curves of

untreated and chromized Fe-Mn-Al alloys

tested in 3.5 NaCl solution at 25

6 25 3.5

NaCl (a) 

(b) (c) X

Fig.6 (a)Secondary electron image of the chromized

surface after electrochemical tested in 3.5

NaCl solution at 25 and X-ray mappings of

(b)Al and (c) O of the Fe-Mn-Al alloy

chromized at 1000 for 4 hours 
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7 25 3.5
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(b) (c) (d) X

Fig.7 (a)Secondary electron image of the surface

void on chromized layer after electrochemical

tested in 3.5 NaCl solution at 25 and X-ray

mappings of (b)Cr,(c)Al and (d)O of the Fe-

Mn-Al alloy chromized at 1000 for 4 hours.

(a) SEI

(b) Cr

(c) Al

(d) O



-104-

91 6

 

   

  
 

 

(a) (a) SEI

(b) Al

(c) Mn

 

   

   
 

(b)

8 877 10 wt NaCl
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4 
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(b) X

Fig.8 The X-ray diffraction patterns of (a) black

corrosion product and (b) residual alloy of

untreated Fe-Mn-Al alloy immersed in 10 wt

NaCl 90 wt Na2SO4 mixed molten salt at

877 for 48 hours.
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10 430 877 10 wt NaCl 90 wt

Na
2
SO

4 
48 X

Fig.10 The X-ray diffraction pattern of 430 stainless

steel immersed in 10 wt NaCl 90 wt

Na
2
SO

4
mixed molten salt at 877 for 48

hours.

11 430 877 10 wt NaCl 90 wt

Na
2
SO

4 
48

Fig.11 Cross-sectional micrograph of 430 stainless

steel immersed in 10 wt NaCl 90 wt

Na
2
SO

4
mixed molten salt at 877 for 48

hours.

(e) O

9 (a) 877 10 wt

NaCl 90 wt Na
2
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4 
48

EPMA (b) (c) (d) 

(e) X

Fig.9 (a) EPMA cross-sectional micrograph and X-

ray mapping of (b)Al (c)Mn (d)S (e)O of

untreated Fe-Mn-Al alloy immersed in 10 wt

NaCl 90 wt Na
2
SO

4
mixed molten salt at

877 for 48 hours. 
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(a) SEI

(b) Na
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(e) Si

12 (a) 430 877 10 wt NaCl 90

wt Na2SO
4 

48 EPMA

(b) (c) (d) (e)

X

Fig.12 (a) EPMA cross-sectional micrograph and X-

ray mapping of (b)Na,(c)O, (d)S and (e)Si of

430 stainless steel immersed in 10 wt NaCl

90 wt Na
2
SO

4
mixed molten salt at 877

for 48 hours.(c) O



-107-

Fe-Mn-Al 

(a) SEI
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Fig.13 The X-ray diffraction patterns of chromized

Fe-Mn-Al alloy immersed in 10 wt NaCl

90 wt Na
2
SO

4
mixed molten salt at 877 for

48 hours.

14 877 10 wt

NaCl 90 wt Na
2
SO

4 
48

Fig.4 Secondary electron image of the void on the

chromized surface layer of Fe-Mn-Al alloy

after immersion in 10 wt NaCl 90 wt

Na
2
SO

4
mixed molten salt at 877 for 48

hours.

15 877 10 wt

NaCl 90 wt Na
2
SO

4 
48

Fig.15 Cross-sectional micrograph of the void on the

chromized layer and internal attack of Fe-Mn-

Al alloy after immersion in 10 wt NaCl 90

wt Na
2
SO

4
mixed molten salt at 877 for 48

hours.
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Fig.16 (a)EPMA cross-sectional micrograph of the

peeled chromized layer and induced internal

attack and X-ray mapping of (b)Al, (c)Cr,

(d)Mn,(e)S and (f)O of Fe-Mn-Al alloy after

immersion in 10 wt NaCl 90 wt Na
2
SO

4

mixed molten salt at 877 for 48 hours.(d) Mn


