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Variation of Microstructure with Nitrogen Content in Low Activity
Martensitic Steels
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Abstract

The effect of nitrogen on microstructural changes during heat treatment in low activation
martensitic steel has been studied. Transmission electron microscopy and image analyser were
used to observe the variation of microstructure during austenitization and tempering treatment.
As nitrogen content was increased, the content of Nb(C,N) which was not dissolved during
austenitization was increased. Undissolved Nb(C,\N) inhibited the growth of austenite grain, so
the prior austenite grain size was gradually decreased with nitrogen content. The average size
of martensite lath width was decreased with nitrogen content. The addition of nitrogen
restricted the dissolution of CroN type precipitates, and raised the precipitation temperature of
MX type precipitates. V(C,N) was precipitated at lath boundaries and prior austenite grain
boundaries. The size of V(C,N) was about 20-50nm. The shape of CrsN was narrow line type
when nitrogen content is 0.05wt.%. As nitrogen content increased, the shape of CraN was

changed from line to the bar type and the size of CroN was considerably increased.
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Table 1 Chemical composition of N added 10Cr-Mo steels

C Si Mn Ni Cr Mo V Nb N
NOO 013 0.06 048 050 1017 120 020 020 0.003
NO2 0.15 0.08 048 049 994 127 020 020 0.02
NO5 0.15 0.08 048 050 1000 128 020 020 0.045
NO8 0.15 0.06 047 045 1001 129 020 021 0.079
N10 0.14 0.06 048 047 996 127 020 021 0.093
Table 2 Precipitates evolution in 10Cr steels
Tempering Minor phase present
Temperature | Np(C,N) M;C CrN V(CN) MosCs
200 *OHA *@OH | VN
550 *OHA *@OH [ V'N *
600 *OHA *~ON ONA *OHA
650 *OHA OHA *OHA
700 *OHA | *OHA
750 *OHA [ ] | *OHA
780 *OHA ONA *OHA
800 *OHA ONA *OHA
*:NOO @:N02 M NO5 A:NO3

Table 3 Chemical composition of M23Cs after tempering at 750°C for 2 hrs

M23Ce Cr Fe Mo \Y% Cr/Fe ratio
NOO 67.38 25.24 6.28 1.05 2.67
NO2 63.33 29.38 4.67 0.86 2.16
NO5 67.00 30.00 3.00 2.23
NO8 64.15 31.36 3.94 0.55 2.05
N10 65.31 27.55 597 0.54 2.37
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Fig. 1  (a) Prior austenite grain size and (b) size distribution
of 10Cr steels with N content
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(c) N10 (d) average size of Nb(CN)
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Fig. 4 Precipitates morphology after tempering ; (a) V(C,N)
(b) EDS results of V(CN) (c) M2Cs and Nb(C,N)
(d) EDS results of Nb(C,N)



Fig. 5 TEM micrographs of CroaN (a) N05 (b) NO8 (c) N10
(d) EDS result
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Fig. 6 TEM micrographs of tempered 10Cr steels with nitrogen

content and tempering temperature
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Fig. 7 Change of (a) average lath width
(b) lath width distribution of 10Cr steels
with nitrogen content
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