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The Effect of Nitrogen Content on Material Properties of
High Carbon Stainless Steel SUS440A

Tetsuya Sumapa, Akio Yamamoro and Seizaburo Ase

Synopsis : As the hardness of high carbon martensitic stainless steels is very high, they are used for cutlery and bearings, etc.
However, as huge Cr carbides larger than 20 gm in diameter are formed in these steels, knife edges are easily chipped
and fatigue cracks during rolling are initiated from these huge Cr carbides.

In this paper, the effect of nitrogen addition to obtain fine Cr carbides in SUS440A (Fe-16.5%Cr-0.65%C) has been
studied, and the effect of nitrogen content on both mechanical properties and the corrosion resistance has been
investigated. The main results are summarized as follows : The addition of nitrogen more than 0.25% supresses the
crystallization of eutectic Cr carbides during casting, and fine Cr carbides can precipitate after hardening heat
treatment. As a result, the impact toughness of hardened and tempered sheets is improved, the maximum hardness
shows more than HRC60, and the cold workability, the resistance to temper softening and the corrosion resistance are

comparable to conventional low nitrogen steels.

Key words : High carbon martensitic stainless steel ; high nitrogen stainless steel ; Eutectic Cr carbides ; Cr nitride ; pitting corrosion ;

spheroidizing heat treatment.
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Table 1. Chemical composition of specimen. (mass%).

C Si Mn P S Cr Ni T.N T.0
0.029%N 0.667 0532 0.471 0.003 0.006 16.37 0.244 0.0152 0.0123
0.06%N 0.643 0.484 0.606 0.003 0.006 1624 0.255 0.0653 0.0154
0.10%N 0.619 0526 0530 0.003 0.005 1640 0.255 0.1052 0.0047
0.25%N 0634 0542 0512 0.003 0.006 1645 0.248 0.2680 0.0090
0.35%N 0.686 0568 0.532 0.003 0.005 1586 0.258 0.3420 0.0081
0.45%N 0.669 0.543 0.494 0.003 0.009 16.34 0.248 0.4320 0.0085

Table 2. Reciprocal coefficient, ey.
C Si Mn P S Al Cr Ni
0.1426  0.057 -0.0211 0.0475 0.0074 0.01056 -0.0497 0.01056

0.02%N 0.10%N

0.25%N

0.35%N

0.45%N

T §

Fig. 1. Changes in as cast structure of SUS440A with N content.
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Fig. 2. X-ray spectrum of precipitations extracted
from casting ingots.
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Fig. 3. Phase diagram of Fe-17%Cr-C steel.
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Fig. 5. Transmission electron micrograph of precip-
itations extracted from annealed plate of
SUS440A added 0.25%N.

Fig. 4 Changes of hardened structure of SUS440A with N content.
(a) 0.02%N and (b) 0.10%N steels heat treated at 1050°C.
(c) 0.25%N, (d) 0.35%N and (e) 0.45% N steels heat treated at 1000°C.
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Fig. 6. Effect of N content on tensile properties
after spheroidizing at 750°C for 36ks. :
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Fig. 7. Changes in hardening behavior of SUS440A
with N content.
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Fig. 8. Changes in temper softening behavior
SUS440A with N content.
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Fig. 9. Effect of N content on impact value of
quench tempered SUS440A.
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Fig. 11. Effect of N content on pitting corrosion
resistance of SUS440A heat treated at
750°C for 36ks (As SA) and heat treated at
200°C for 3.6ks after hardening heat treat-
ment (As QT).
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Fig. 10. Effect of N content on anodic polarization properties of SUS440A heat treated at 750°C for 36ks
(As SA) and heat treated at 200°C for 3.6ks after hardening heat treatment (As QT).
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