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ABSTRACT

The purpose of the present study is an attempt to
investigate the effects of aging treatments and carbon
additions on the hardness and microstructural changes of
Fe-28Mn-8AI-10Co-(0.5,1,2)C alloys by means of
transmission electron microscopy (TEM) and Rockwell
hardness tester. Based on our TEM examinations, it was
concluded as belows:

(1) The hardness of the as-quenched Fe-28Mn-
8Al-10Co-1C dloy was about HRC 38, which is
superior to those of conventiona Fe-Mn-Al-C aloys.
Based on our TEM observations, it was resulted from the
precipitation of nano-scale (Fe,Mn);AlCy carbides on
high density of quenched-in dislocations within the
austenite matrix. The particle sizes of extremely fine
(Fe,Mn);AICy carbides ranged from 10 to 20 nm in
diameter. After being aged at temperatures ranging from
550°C to 650°C, the hardness of the aloy increased

significantly to about HRC 45, which is attributed to the
strengthening effects of (Fe,Mn);AlCy carbides grew on
high density of as-existing dislocations.

(2) The increases of carbon content in the Fe-28Mn-
8Al-10Co-xC alloys resulted in the decreases of
hardness of the as-quenched and as-aged Fe-28Mn-8Al-
10Co-2C alloys. It revealed that the increase of carbon



addition enhanced the amounts of (FeMn)sAICx
carbides by TEM
precipitation of these coarser and rod-like (Fe,Mn);AICy

observations. However, the
carbides was not beneficial for the promotion of
mechanical property of the Fe-Mn-Al-Co-C aloys. This
result was quite different than those observed in the
Fe-Mn-Al-C aloy system before.

(3) The lower carbon content of the Fe-28Mn-
8AI-10Co-0.5C aloy not only inhibited the precipitation
of (FeMn)z;AICx carbides but aso induced the
formation of the duplex (a+y) phases. The hardness of
the as-quenched Fe-28Mn-8Al-10Co-0.5C alloy was
only about HRB 87. Based on our TEM observations, it
was concluded that the precipitation of (Fe,Mn)s;AICy
carbides was the magjor strengthening mechanism of the
Fe-Mn-Al-C aloys. Besides, the DO; ordered phase was
superior to the B2 ordered phase in the promotion of the
hardness property of the Fe-Mn-Al-C alloy. These
conclusions have never been reported by other

researchers before.

Keywords: Transmission Electron Microscopy, Fe-Mn-
Al-Co-C Alloy, Aging Treatment, DO
Ordered Phase, (Fe,Mn);AICx Carbides,
Hardness
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Fig.1 Electron micrographs of the as-quenched Fe-28Mn-8Al-
10Co-1C dloy, (a) is the BF electron micrograph, (b) is the DF
electron micrograph, (c) is the SADP taken from a mixed region
covering extremely fine (FeMn)sAICx carbides and the
austenite matrix. The zone axisis [011].

Fig.2 Electron micrographs of the Fe-28Mn-8Al-10Co-1C alloy aged
at 550°C for 24 hours, (a) is the BF electron micrograph, (b) is
the DF eectron micrograph taken from the same area as
Fig.2(a).
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Fig.3 Electron micrographs of the as-quenched Fe-28Mn-8Al-
10Co-2C aloy, (a) shows the SADP taken from the austenite
region. The zone axis is [001], (b) is the BF electron micrograph
of the K-carbide, (c) is the DF electron micrograph taken from the
same area as Fig.3(b).
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Fig.4 Electron micrographs of the Fe-28Mn-8Al-10Co-2C alloy aged
at 550°C for 24 hours (a) is the BF electron micrograph of the
austenite matrix and K-carbides , (b) is the DF electron
micrograph taken from the same area as Fig.4(a) , (c) is the BF
electron micrograph taking from the grain boundary regions.
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Fig.5 Electron micrographs of the as-quenched Fe-28Mn-8Al-
10Co-0.5C dloy. (a) is the SADP taken from the ferrite
region. The zone axis is [011]. (b) is an 200 DO; DF
electron micrograph. (c) is the 111 DO; DF electron
micrograph taken from the same area as Fig.5(b).



[}« REE R IR U - 85-28 558 411-10 5
-05EF'F,\,[B°I AISIE ™ OIS ) HRBET.2 7 -
|4 385-28 §5,-8 5f1-10 -1 50 §85-28 5-8 £f(-10 55

Fig.6 Electron micrographs of the Fe-28Mn-8Al-10Co-0.5C alloy aged
at 550°C for 24 hours, (a) is the 200 DO; DF electron
micrograph taken from the ferrite region, (b) is the 111 DO
DF electron micrograph taken from the same area as Fig.6 (a),
(c)is the BF electron micrograph taken from the o/y grain
boundary.
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