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The effects of aging treatment on the precipitaion behaviors of Fe-Cr-Mn-N stainless steels
were studied using a transmission electron microscopy, scanning electron microscopy. optical
microscopy and XRD. In the austenitic stainless steel having a single phase, M23C6 carbides
were first precipitated in the grain boundary by aging and then grew from grain boundary into
grain with aging time. Carbides showed lamellar structures. It was shown from the analysis of
spot patterns that carbides had a coherent relation with matrix and their lattice parameter was
roughly three times that of austenite, During initial stages of M23C6 carbide precipitaion. the
iron content was quite high. With increasing aging time, the chromium content was increased.
As the tungsten was added to improve the corrosion resistance of the Fe-Cr-Mn-N stainless
steels, ferrite phase was formed. This ferrite phase was decomposed to chi(x ) phase and
secondary austenite, Chi phase was mainly enriched with tungsten, chromium and tungsten were
depleted in the secondary austenite due to the formation of chi phase. M23C6 carbides were also
formed in the grain boundary. Nickel stabilized the austenite phase and decreased the ferrite
volume fraction. But nickel content was not sufficient to suppress the formation of ferrite, and
precipitaion behaviors were not changed.

Keywords : Fe-Cr-Mn-N steel, microstructure, tungsten, secondary austenite, precipitation, M23Cé6
carbides, Chi phase, ferrite decomposition
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Table 1. Chemical compositions of the experimental
alloys (wt%)

C|Si[Mn|Ni|Cr| V|W|[N|Fe
C11(0.09{052|144| - |16.1{0.29]0.01]0.40 | Bal.
C13|0.11}{050|135| - |[14.5]/0.24|3.60|0.43 | Bal
C14]007]051|139(157(15.1]|0.17|3.57|0.43 | Bal.
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Fig. 1. Optical micrographs of C11, C13, and C14 alloys aged at 650°C
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Fig. 2. X-ray diffraction pattems of C11, C13, and C14
alloys aged at 650°C
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(a) C14 Alloy : 650C, 1 hour
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Fig. 3. Scanning electron micrographs of the C14 alloy
aged at 650°C
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Fig. 4. Tmrmﬁssionelaclmnmlcmscopyandysisofmec11 alloy aged at 650°C (a) 1 Hour{dendrite
carbides) (b) 100 Hours{continwous and discontinuous carbides precipitated in grain boundaries) (c)
100Hours (dendrite Carbides)
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Fig. 5. Transmission electron microscopy analysis of the C13 alloy aged at 850°C (a) 1 Hour (b) 100 Hours
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Table. 2 EDS results of the alloy C11 aged at 650°C
(wi%)

lhr, aging 100 hrs, aging

4 Ma2:Ce '4 M23C6
Fe 73.2 68.6 68.7 22.1
Cr 129 178 16.2 65.9
Mn 139 13.7 15.2 12.1

Table. 3 EDS results of the alloy C13 aged at 650°C
(wt%)

1 hr, aging 100 hrs, aging

r a x ¥ | MnuCs| =«

Fe | 646 | 663 | 46.1~503 | 719 [ 149 | 563
Cr | 186 (202 205~195 | 125 | 635 | 176
Mn| 153 | 113 ] 17.2~184 | 131 | 101 144
W | 14 | 22| 162~114 | 25 | 115 | 118

7 * : austenite transformed from ferrite
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Fig. 6. Transmission electron diffraction pattems for the C13 alloy aged at 650°C for 1 hour
(a) bec [100] (b} bee [013] ( +15° , -10.8° )
(c) bec [012) ( +85° , +0.2° ) (d) bee [011] ( -25.5° , +10.2° )
(e} Kikuchi map for the bec [113]
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Fig. 7. Transmission electron microscopy analysis of the C14 alloy aged at 650°C

{a) 1 Hour (Chi phases formed in a ferite) (b) 100 Hours (dendrite carbides)
{c) 100 Hours{Chi Phases formed in decomposed fenite)
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Table. 4 Composition in femite and austenite of C13
and C14 alloy annealed at 1200°C

Ferrite Austenite Ferrite Vel
Phase(wt%) | Phase(wt%) Fe"‘t? °(‘;/“;e
Cr|w i Ni|c|wl(ni| Rt
C13 Alloy | 179 | 58 | - |167] 34 21
C13 Alloy| 183 | 60 | 09 175 34 | 13 8
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