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The Effects of Carbon Contentsand Aging Treatments on the Micro-
structures and Mechanical Properties of the Fe-15M n-8Al-xC Alloys
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Abstract

The purpose of the present study is an
attempt to examine the effects of carbon contents
and aging treatments on the microstructural
changes and mechanical properties of the low
Mn-content Fe-15Mn-8AIl-xC alloys 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) In the as-quenched condition,
the microstructure of the Fe-15Mn-8AI-0.7C
alloy was the mixture of (ferrite + austenite)
phases. TEM examinations revealed that no
(Fe,Mn}AICy carbides « carbides) formed
within the austenite matrix, however, (B2+{0
ordered phases could be found within the ferrite
region. Compared to microstructures of the

as-quenched Fe-15Mn-8AI-1.0C and Fe-15Mn-



8Al-0.7C alloys, it indicated that the reduction of ™8 7 ¢ {f"f VIFRLT > SRR ik "F’—‘ > Y [ i
carbon content not only raised the volume [~ % /i #% ¢ -(4.9- 11)Wt°/é:F (24 35) Wt
fraction of ferrite phase but also restricted the -(0.5-1.3)wef# lﬁﬁ%,y%ﬁ " 'hIIH[ i%
formation of ordered phases in the Fe-Mn-Al-C ZVEE! i < f - & T\Elr‘a“(”ﬁ‘ﬁ‘t V- P
alloy. This result has never been reported by [ "ff! - i 500C ~750C = AR ffiupg 5
other workers in the Fe-Mn-Al-C alloy system &CEIix » 578 L'1, i’xﬂ‘%ﬁlfJ;’xE'f%((Fe,Mn);AICx
before. (2) When the Fe-15Mn-8Al-0.4C alloy % {™ [ F,'& AR i 17 [100] 7 ]
was aged at 450 for 24 to 72 hours, bemdesl‘%ﬁﬁﬂ AT T gl B PRI = P A
the growth of D@ ordered phase within the #*UEIUWF%W%"“EH%QEIJ(Fe MNBAIC « B = F27%
ferite  matrix, « carbides with rod-like < RELRIP RS AT 5[OS PR
morphology also began to precipitate within the 71 » pjjg[%j ‘“ £ IR [3 SRy AR
ferrite matrix. It revealed that the lower carbon [ If & B i N Eﬂj‘ i’?Eﬂj‘ e =
addition would change the formation mechanism (Fe,Mn}AICx ’n'%é[’“ Pop eI lf}i‘gli*’ﬂ[‘
of DO; ordered phase from continuous ordering ¥ [ﬁ’?“ J “Jﬁ'? it yly FIJFF’i pil T mbai Ay
transition to nucleation and growth mechanism, \Jﬁ L %FEEF'F[ &g 1 PR
and also enhance the precipitationkofarbides  {* « 3G yhy [l B 1955 SR S
within the ferrite region simultaneously. This (Fe,Mn);AICxE%éf“%”'JF{f’J‘ L1, §Y lepfjgﬂﬂ—%%
result has also never been reported by others%(L1; £} NizAl Ef ”FFFl ﬂ‘g e FLi'fFF
workers in the Fe-Mn-Al-C alloy system before. 7 = ffal[r-o & f@' > EF Rl 'FF [ HTAE FF#[F‘ fY
(3) Based on our experimental results, reduction /* fl& £ » #R/EL=" HI[61 g»ﬂf?ﬁ' b FF#[FFTHI s L1,
of the carbon content to 0.4 wi% in the PUAdifE=" L12 flftadfee = for f)l AT hihl
Fe-Mn-Al-C alloy would not only enhance the Q'H?Fﬁ#ﬂ]‘ﬁﬂl%%’!ﬁiﬁfﬁﬂtﬁﬁﬁfé@ I I P
formation ofx carbides within the ferrite region,  aAg IR FRp TR o R o
but also restrain the precipitation ofcarbides  1/2,1/2,1/2F) o 855" H [ L ZH{HI] « AR
within the austenite matrix as well as the phase [~ #7532 “ﬁﬁ'ﬁl*"ﬂ[ T’TH%WJW
decomposition of they—o+x” on the grain  5fv(Fe,MnpAICK th [~ » | «’ ﬁ'ﬁrﬁi[’“ Piry,
boundaries. These microstructural changes ™t y/y % a /v [ i F755 (1 (Fe, MnpAIC K filx
resulted that there was no significant [~ I F{IF‘EJ’FE%ﬁ T R R AT i 3
improvement in the mechanical property of the # -
Fe-15Mn-8Al-0.4C alloy after being solution XA SR oL g 6101, ’5 E&F
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Table 1. The chemical compositions of the

studied alloys by ICP analysis (wt%)

Mn Al C Fe
A 14.92 8.05 0.71 Bal.
B 15.07 7.96 0.42 Bal.
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Fig.1 Optical micrograph of the Fe-15Mn-
8AI-0.7C alloy in the as-quenched
condition. (F: ferrite matrix; A: austenite

matrix )
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Fig.2 XRD patterns of the Fe-15Mn-8Al-0.7C

alloy in the as-quenched condition.

Fig.3 TEM selected area diffraction pattern

(SADP) taken from the austenite matrix

of the Fe-15Mn-8Al-0.7C alloy in the

as-quenched condition. The foil normal

is [011] direction.
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Fig.4 TEM electron micrographs of the Fe-

15Mn-8Al-0.7C alloy in the as-quenched
condition. (a) and (b) show two SADPs
taken from the ferrite matrix. The foil
normals are [001] and [011], respectively.
(c) is the (200) DY DF electron micro-
graph. (hkl: Ferrite; hkl : B2 ; hkl : DOs)



Fig.5 Optical micrograph of the Fe-15Mn-

8Al-0.4C alloy in

condition.
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Fig.6 TEM electron micrographs of the Fe-
15Mn-8Al-0.7C alloy aged at 450
24 hours. (a)and (b) are two SADPs

for

taken from the austenite matrix. The foil

normals are [001] and [011], respectively.

(c) is the (100)x-carbide DF electron

micrograph. (hkl: Austenite; hkl :

k-corbide)
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Fig.8 TEM electron micrographs of the Fe- 15Mn-&AFC alloy aged at 450 fd68 hours. (a) and
(b) are (200) and (111) QOF electron micrographs taken from the ferrite@agshowing the
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Fig.9 SADP taken from the austenite matrix of
the Fe-15Mn-8Al-0.4C alloy aged at 450
C for 24 hours. The foil normal is [011]

direction.

Fig.10 SADP taken from the austenite matrix of
the Fe-15Mn-8Al-0.4C alloy aged at 450

‘C for 72 hours, showing the existence

The foil normal is [011] direction. (hKI

Austenite; hkl : k-corbide)
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Fig.11 TEM electron micrographs of the Fe- 15Mn-8MC alloy aged at 450 for 24 hours. (a) and
(b) show two SADPs taken from the ferrite regiomeTfoil normals are [001] and [011],
respectively. (c) and (d) are (200) and (111} D& electron micrographs taken from the ferrite
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Fig.14 TEM electron micrographs of the Fe- 15Mn-8MC alloy aged at 450 f&2 hours. (a) is
BF electron micrograph taken from the ferrite regih) show SADP taken from the region
marked as “A” in Fig. 14(a). The foil normal is [0l (c) is the (200) DY DF electron



micrograph, revealing the morphology and domaie iz DG ordered phases. (d) shows the

SADP taken from the mixed region of rod-like préif®e and its surrounding ferrite matrix,

shown as “K” in Fig. 14(a).
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Table 2 Chemical compositions of the phases of
D0O; and rod-like k carbide of the
Fe-15Mn-8Al-0.4C alloy aged at 4%0
for 72 hours by Energy-Dispersive

Spectrometer.
Element
wit% Fe Mn Al
phase
DO; phase 79.47) 11.42 | 9.11
k carbide 68.95| 24.63 | 7.42
(a) Fe
Mn
Fe
Al
Mn
Fe



(b) Fe
Mn

Fe Mn
Al
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Fig.15 EDS spectrum obtained
15Mn-8AI-0.4C alloy aged at 450 for
72 hours. (a) DPordered phase and (b)
carbide within the+DO0s) region.
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the wear property.
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