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Effects of Aging Treatments on the Microstructures and Mechanical
Properties of Fe-15Mn-8AI-10Co-xC Alloys
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ABSTRACT

The purpose of the present study is an attempt
to examine the effects of aging treatments on the
microstructural changes and mechanical properties
of two kinds of Fe-15Mn-8Al-10Co and Fe-15Mn-
8AI-10Co-1C and alloys by means of transmission
electron microscopy (TEM) and hardness tester.
The effects of decreases in manganese and carbon
additions on the microstructural changes of the
Fe-28Mn-8AI-10Co-1C alloy are aso investigated.
Based on our TEM examinations, it was concluded
as bellows: (1) The experimental results indicated
that the decrease in manganese content of the
Fe-28Mn-8AIl-10Co-1C  aloy inhibited the
precipitation of (Fe,Mn)s;AlICy carbides within the
austenite matrix and also lowered significantly the
surface hardness property of the Fe-28Mn-8Al-
10Co-1C alloy. Besides, it aso enhanced the
formation of (B2+D0,) ordered phases within the
ferrite region. (2) The decrease in the manganese
content of the Fe-28Mn-8Al-10Co aloy not only
lowered the B2->D0; and a—>B2 transition
temperatures but also expanded the existing
temperature range of B2* ordered phase. (3) The
addition of carbon element to the Fe-15Mn-8Al-
10Co dloy enhanced the formation of austenite
phase and (Fe,Mn);AICx carbides. In the present
study, we also found that the carbon addition in the



Fe-15Mn-8Al-10Co alloy enlarged the domain size
of B2 ordered phase. The above result indicated
the carbon addition stabilized the B2 ordered phase
within the ferrite region of the Fe-15Mn-8Al-
10Co-1C dlay, which has never been reported by
other researchers of Fe-Mn-Al aloys before.

Keyword: Fe-Mn-Al-Co-C aloy, transmission
electron microscopy, B2 and D05 ordered
phases, microstructural analysis, ordering
transformation, aging treatment, domain

size, (Fe,Mn);AICx carbides
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Fig.1 The opt|cal m|cr0graph of the Fe-15Mn-8Al-
10Co-1C aloy in the as-quenched condition.
In this micrograph, the austenite grain is
marked as " A |

markedas "F .

and the ferrite region is
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Fig.2 Electron Micrographs of the as-quenched
Fe-15Mn-8Al-10Co-1C alloy. (a) and (b)
show two SADPs taken from the ferrite
region. The zone axes are [001] and [011],
respectively. (c) is the 200 D0O; DF electron
micrograph. (hkl: the ferrite matrix; hkl:

DOsordered phase;  hkl: B2 ordered phase)
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Fig.3 Electron micrographs of the Fe-15Mn-8Al-
10Co-1C alloy aged at 450°C for 24 hours.

(@) is the 200 DO; DF electron micrograph,
(b) isthe 111 DO, DF electron micrograph

taken from the same area as Fig. 3(a).
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Fig.4 Electron micrographs of the Fe-15Mn-8Al-
10Co-1C alloy aged at 750°C for 24 hours.

(a) is the 200 DO; DF electron micrograph,
(b) is the 111 DO, DF electron micrograph

taken from the same area as Fig. 4(a).
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Fig.5 The SADP taken from the austenite matrix of
the Fe-15Mn-8Al-10Co-1C aloy aged at
500°C for 24 hours. The zone axis is [001].
(hkl: (Fe,Mn)3AICx

carbide)

austenite matrix; hkl:



Fig.6 (b)

Fig.6 Electron micrographs taken from the
austenite matrix of the Fe-15Mn-8Al-
10Co-1C alloy aged at 500°C for 24 hours.
(a) is the BF electron micrograph, (b) is the
DF electron micrograph taken from the same

areaasFig. 6(a).
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Fig.7 Electron micrographs teken from the
austenite matrix of the Fe-15Mn-8Al-
10Co-1C alloy aged at 650°C for 24 hours.
(a) is the BF electron micrograph, (b) is the
DF electron micrograph taken from the same

areaasFig.7(a).
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Fig.8 shows the effects of aging treatments on
surface hardness of the Fe-15Mn-8Al-10Co
-1Cand Fe-28Mn-8Al-10Co-1C dloys.
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Fig.9 Micrographs of the as-quenched Fe-15Mn-
8AI-10Co dloy. (a) is an optical micrograph.
(b) is the SADP taken from the ferrite region.
The zone axis is [011]. (c) is the 200 DO; DF
electron micrograph. (hkl: ferrite matrix; hkl:
DO0; ordered phase; hkl: B2 ordered phase)
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Fig.10 The SEM micrograph of the Fe-15Mn-8Al-
10Co aloy in the as-quenched condition.
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Fig.11(b)
Fig.11 two 111 DO; DF electron micrographs
taken from the ferrite
Fe-15Mn-8Al-10Co aloy aged at 450°C for

region of the

(a) 24 hours and (b) 96 hours, respectively.

Fig.12 the 200 DO; DF Electron micrograph taken
from the ferrite matrix of the Fe-15Mn-8Al-
10Co alloy aged at 550°C for 12 hours.



Fig.13(c)

Fig.13 Electron micrographs taken from the ferrite
matrix of the alloy aged at 550°C for 24 hours.
(a) isthe SADP taken from the ferrite region.
The zone axis is [011]. (b) is the 100 B2 DF
electron micrograph taken from the same area
as Fig.13(a). (c) is the 100 B2 DF electron
micrograph of the alloy aged at 550°C for 96
hours. (hkl: ferrite matrix; hkl: DOz ordered

phase; hkl: B2 ordered phase)
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Fig.14 Electron micrographs of the alloy aged at
550°C for 168 hours. (@) is the BF electron
micrograph, showing rod-like precipitates
formed within the ferrite matrix. (b) the
SADP taken from the mixed region of
precipitates and ferrite matrix. The zone axis
are [111],.r and [011],.r, respectively. (c)
show the SADP taken from the mixed region
of rod-like precipitate and its surrounding
ferrite matrix. (hkl: L1,-type phase; hkl: B2
ordered phase)
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Fig.15 the 200 D0O; DF electron micrograph taken

from the ferrite region of the

Fe-15Mn-8Al-10Co aloy aged at 750°C

for 24 hours.



7 PUBEREGE ) - K2 450°C~TB0C R I EEI i -
Fi* R Ve B o P S [ ARG (A
Ei(at DO3) > (a+B2) > (04B2%) > (a+B2+B2%)>

(0tB2)> a °
B };w]‘[a‘, %7"‘[!7 il Eﬁi’sﬁﬂ@mr
ik {2 Jra’”?#gh@15ﬁf8£ﬁlo% &

TRUE URYRS T SERE-28 (-8 1-10 ﬁﬁﬁff
P (S5 4 BB\ (1 2 OB £
BESP I P | BRI R e 5 B H {0 P
BSAFISEFAR 1) 136£0.5° 0 & 47 1 4 UG I
f:l 300 *j o ?ﬂ“gl |ﬁFﬁEfF'E 155 157 » I'] HV %

> Fig.16 Fifl 18-15 & -8% [-10 %F}QE“J% -28
n,84—F 10%{% HV 7R7% =il > il e
PP SRR B gy Ty o R ORI T A
9t ABOCHRFEECRIIV IR - #5-28 -8
\ 5-10%’“{*}% Fiiﬂﬁfﬂ' HV 270 ‘T‘F ’ Fij%-lS
= 8% 104 £ & JLEL s S00TCH 355! 24 1

VEE(fE i HV 550 % 7 « BT SEE 51155 ¢ £ U7
% fifi /R DOs tfjlilﬁ“?frkj’flg’?fﬁﬂffﬂ
R TEA o A B2 A AT R BT A PR
4 fif > E’E%ifﬁéiguﬁﬁﬁ ’ iﬁ’%%-ﬁ %8%
-105?L SEATA IR Fuﬁ"lﬁ”%‘g EH?F? B @:ﬁl{g
F18 VUL i P og S ATREE S - b1t - 850
PSSRV 24 [ o R L o
Y ’IEI@FI 2[RRI R B e

HYV

600 w0
500 A
o My | v
- 1[1""-—!_ 03 25
ZDD = ].68
IDI:I 1 1 1 1 1 | |

430500 550 600 650 A0
HHEERT

Fig.16 shows the effects of aging treatments on
surface hardness of the Fe-15Mn-8Al-10Co
and Fe-28Mn-8AlI-10Co dloys.
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