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Fig.1  TEM images of S280 ultrahigh strength steel showing M[111] and Cr

2

C[111] in specimen after aging at 540 
: (a, b) TEM images, 

(c) computational simulation patterns, and (d) filtering image 
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Fig.2  TEM image of S280 ultrahigh strength steel showing M[111] and Cr
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 in specimen after aging at 540 
: (a) HRTEM 

image, (b) computational simulation patterns, and (c) filtering image 
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Fig.3  TEM images of S280 ultrahigh strength steel showing M[011] in specimen after aging at 540 �: (a) morphology, (b) SAED 

pattern, (c) dark field image 1, (d) dark field image 2, and (e) computational simulation patterns 
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Fig.4  TEM image of S280 ultrahigh strength steel showing M[113] in specimen after aging at 540 �: (a) morphology, (b) SEAD pattern, 

(c) dark field image 1, (d) dark field image 2, and (e) computational simulation patterns 
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Fig.5  TEM images of S280 ultrahigh strength steel showing M[011] in specimen after aging at 600 � : (a) SEAD pattern,            

(b) computational simulation patterns, (c) bright field image, and (d) dark field image 
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Fig.6  EDS spectrum of S280 ultrahigh strength steel after  

aging at 600 � 
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Fig.7  EDS spectrum of precipitates after aging at 600 � 
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Table 2  Chemical compositions of S280 ultrahigh strength 

steel and precipitates after aging at 600 �
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� (ω/%) 

Element Fe Cr Mo Co Ni 

Basement 72.24 12.66 2.79 9.46 2.85 

Precipitates 49.63 22.66 15.03 9.64 3.04 
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Abstract: By heat treatment process experiments and mechanical tests, the appropriate heat treatment process of S280 steel (heating to 

1080 �aholding for 1 h, and quenching in oil, cooling to -73 , holding for�  2 h, and warming in air to room temperature and then heating 

to 540 , holding for � 4 h, and cooling in air) was found in this research. After the appropriate heat treatment process, S280 steel can get 

good comprehensive performance, with the strength of 1900 MPa, and K

1C

 of 90 MPa·m

1/2

. The microstructures of new ultrahigh strength 

stainless steel S280 after thermal ageing at 540 b and 600 b was investigated by optical microscopy, transmission electron microscopy 

(TEM) and high resolution electron microscopy (HREM). The results show that the S280 steel aged at 540 b  has desirable 

microstructures, which is fine lath martensite matrix with high density dislocation and finely dispersed precipitate strengthening phase, and 

film-like reversed austenite precipitated from the boundary of martensite. The strengthening phases of the steel include Fe

2

Mo

[1]

, Fe

3

C and 

Cr

2

C. There is no related report about that Cr

2

C precipitated from ultrahigh strength steel as a strengthening phase. And the 

crystallographic orientation relationship between Cr

2

C and matrix was measured:

(110)

M

//

(121)

Cr

2

C

a[111]

M

//[111]

Cr

2

C

.

 

The steel aged at 

600 b have the same precipitated phases Cr

2

C and Fe

2

Mo. and they are relatively bigger than that of sample aged at 540 b. The 

strengthening phases of S280 steel have high contents of Cr and Co analyzed by energy spectrum analysis (EDS).  

Key words: New ultrahigh strength stainless steel S280, microstructure, precipitates, Cr

2

C 
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