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The Effects of Aging Treatments on the Microstructural Changes and
Mechanical Properties of the Fe-15Mn-8Al-1C Alloy
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Abstract
The purpose of the present study is an

E-mail:wec(@mail.stut.edu.tw

attempt to examine the effects of aging
treatments on the microstructural changes and
mechanical properties of the low Mn-content
Fe-15Mn-8Al-1C alloy by means of optical
microscopy (OM) , transmission electron
microscopy (TEM), hardness tester and wear
resistance tester. Based on our experimental
examinations, some results were given below. (1)
When the alloy was aged at 550°C for 24 to 72
hours, besides the growth of (Fe,Mn);AlICx
carbides (k carbides) within the austenite matrix,
the (Fe,Mn);AlCx carbides also began to
precipitate on the vy/y grain boundary («'
carbides). In the present study, we defined K
carbides and «' carbides to distinguish the
(Fe,Mn);AICx carbides precipitated within the
austenite matrix and on the y/y grain boundary
separately. Along with the growth of the «'
carbides on the y/y grain boundary, the phase
transformation sequences of ytx—y+Kt+K'—
votK' occurred. With increasing the aging period
to 168 hours, yo+«' phases further decomposed to
otk phases, resulting the complete phase
transformation of y—o+k'. This result has
never been reported by other workers in the
Fe-Mn-AlI-C alloy system before. (2) The alloy
possessed the best surface hardness property
after being solution-treated and then aged at

550°C. The wear resistance property of the alloy



was promoted obviously by the aging treatment
in the present study. The alloy with higher
surface hardness property will possess the better
However, our

wear resistance

property.
experimental results also indicated that
prolonged aging periods increased the surface
hardness property, the wear resistance property
of the alloy seemed uncertain. These results
showed that the wear resistance property of the
Fe-15Mn-8Al-1C alloy could be relative to the
toughness property, the particle size of the
(Fe,Mn);AICx carbides and the morphology of

grain boundary precipitates, etc.

Keyword : Fe-Mn-Al-C alloy, fully austenitic

structure, (Fe,Mn);AlCx carbides,

wear resistance
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Fig.1 show an optical micrograph of the
Fe-15Mn-8Al-1C alloy in the as-

quenched condition.



Fig.2

2(c)
show three TEM electron micrographs of
the Fe-15Mn-8AIl-1C alloy in the

as-quenched condition. (a) and (b) are
SADPs taken from the austenite matrix.
The foil normals are [001] and [011],
respectively. (c) is the k-carbide 100 DF

electron micrograph.
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Fig.3 show an optical micrograph of the Fe
-15Mn-8Al-1C alloy aged at 550°C for
24 hours.
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Fig.4

4(c)

show three TEM electron micrographs
of the Fe-15Mn-8Al-1C alloy aged at
550°C for 24 hours. (a) is the BF
electron micrograph. (b) is the SADP
taken from the austenite matrix. (c) is
the k-carbide 100 DF micrograph taken

from the same area as Fig.4(a)
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Fig.5 show the BF electron micrograph of the
Fe-15Mn-8Al-1C alloy aged at 550°C for
24 hours. k’-carbides begin to precipitate

on the grain boundary.
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Fig.6 show an optical micrograph of the
Fe-15Mn-8Al-1C alloy aged at 550°C
for 72 hours.

Fig.7

7(c)
show three TEM electron micrographs of
the Fe-15Mn-8Al-1C alloy aged at 550°C

for 72 hours. (a) is the BF electron
micrograph. (b) is the SADP taken from
the aurtenite matrix. The foil normal is
[001]. (¢) is the «-carbide 100 DF
electron micrograph taken from the same
area as Fig.7(a). (hkl:austenite matrix;

hkl: k-carbide)
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Fig.8  show the BF electron micrograph of the
Fe-15Mn-8Al-1C alloy aged at 550°C
for 72 hours, revealing the lamellar
precipitation behavior on the grain

boundary.

Fig.9

9(c)
show three TEM electron micrographs of
the Fe-15Mn-8Al-1C alloy aged at 550°C

for 72 hours. (a) is the BF electron
micrograph. (b) is the SADP taken from
the mixed region of «’-carbides and their
surrounding phases. (c) is the k’-carbides
100 DF electron micrograph taken from

the same area as Fig.9(a).
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Fig.10 show three EDS spectrum obtained

from the alloy aged at 550°C for 72
hours. (a) is taken austenite matrix (b)
is taken from k’-carbide on the grain
boundary. (c¢) is taken from the

austenite region close to k’-carbide.



Table 1 chemical compositions of the phases of
Y—YotK of the
Fe-15Mn-8Al-1C alloy aged at 550°C

phase transition

for 72 hours by Energy-Dispersive

Spectrometer.
Element
wt% Fe | Mn Al
phase
Y 76.8 | 15.1 | 8.1
K’ 60.6 | 322 | 7.2
Yo 79.6 | 11.8 | 8.6
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Fig.11 show an optical micrograph of the
Fe-15Mn-8Al-1C alloy aged at 550°C
for 168 hours.

Fig.12

12(a)

Al
200 nm

(011"

12(c)

show three TEM electron micrographs
of the Fe-15Mn-8Al-1C alloy aged at
550°C for 168 hours. (a) is the BF
electron micrograph. (b) is the BF
micrograph at larger magnification. (c)
is the SADP taken from the mixed
region marked as “F” in Fig.12(b).
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Fig.13  show three EDS spectrum obtained

from the alloy aged at 550°C for 168
hours. (a) is taken austenite matrix. (b)
is taken from «k’-carbide on the grain
boundary. (c) is taken from the ferrite

region close to k’-carbide.



Table 2 chemical compositions of the phases of

y—o+k” phase transition of the

Fe-15Mn-8Al-1C alloy aged at 550°C
for 168 hours by Energy-Dispersive

Spectrometer.
Element
wt% Fe |Mn Al
phase
v 76.6 | 153 | 8.1
K’ 535 [ 391 | 74
a 81.0 | 10.6 | 8.4
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Fig.14 Effects of aging treatment at 550°C for
24, 72 and 168 hours on the mechanical
properties of the Fe-15Mn-8Al-1C alloy.
(a) shows the hardness property ; (b)

shows the wear property.
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