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The Electron Microscopic Observation of Phase Separation
Process in a Magnetic Field in the Fe-Al Alloy.

Masayuki HASAKA, Kuniaki YOSHIMURA and Hideto KOGA

(Departrr;ent of Materials Science and Engineering)

» The process of the B2 — a+B2 phase separation during cooliﬁg and
annealing the Fe-Al alloy with 23.3 at%Al in a magnetic field of 800 kA/m

was studied by transmission electron microscopy.

The B2 phase within the

antiphase domains separates into a mixture of the a and B2 phases which
are both elongated and aligned by the application of a magnetic field. No
layers of the B2 phase along antiphase boundaries tend to appear due to a

magnetic field.

These effects of a magnetic field on the microstructural

changes during phase separation appear markedly with cooling slowly and
annealing the alloy below a certain temperature in a magnetic field
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Fig- 1 The iron-rich portion of the Fe-Al
equilibrium phase diagram. “The
ordering temperatures and the
miscibility gap were obtained by
Swann et al23), and the Curie tem-
perature was obtained by Koster
et al 4447, Points A and B
indicate temperatures of heat-treat-
ments in the present work.
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(a) (b)
Photo. 1 200 dark-field micrograph (a) and bright-field micrograph () of the Fe-23.3
at% Al alloy annealed at 871 K, point A in Fig. 1, for 18 ks after cooling from
1073 K to 871 K at the rate of 0.017 K/s in a magnetic field of 800 kA/m.
The long layers of the a phase on antiphase boundaries and the mottled
structure within antiphase domains are visible. The degree of long range
order changes with the distance from antiphase boundaries. The a and B2
phases are neither elongated nor aligned

(b)

Photo. 2 200 dark-field micrographs of the Fe-23 3 at% Al alloy cooled from 1073 K to
841K, point B in Fig. 1 in a magnetic field of €00 kA/m (a) and without the appli-
cation of a magnetic field () showing the microstrctural changes during
the B2 —a + B2 phase separation. The microstructure in (@) is weekly
influenced by the application of a magnetic field. In (a) , that is, the e« and
B2 phases are slightly elongated and aligned, while a well defined layer of
the B2 phase along antiphase boundaries disappears.
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Photo. 3 The anisotropic structure of the a and B2 phases in the Fe-23. 3 at%Al alloy
annealed at 841 K, point B in Fig. 1, for 18 ks after cooling from 1073 K in a
magnetic ficia of 800 kA/m. Dark-field micrograph using the 200 reflection.
The image of the B2 phase is diffuse, because the degree of long range
order in the B2 phase is small due to directional order.
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(a) (b)

Photo. 4 The Fe-23.3 at%Al alloy anneaied at 841 K, point B in Fig. 1, for 0.3 ks
after furnace-cooling from 1073 K at the rate of 0.9 K/s in a magnetic field
of 800 kA/m (a) and without the application of a magnetic field (4) . 200
dark-field micrographs revealing the initial stage of the B2—a+B2 phase
separation within many antiphase domains. The contrast between the a and
B2 phases is not remarkable, suggesting that the disordering of the B2 phase
occurs. The size of the a phase in («) becomes smaller than in (4) by the
influence of a magnetic field though the elongation and alignment of the a
and B2 phases are not recognized.



PBHEL -

KB HE LV T BAWNIT 5 & 05bh 5,
—J)7, B (b)) KOS XD TR DT Hin
LB G aridB 2 o) 5 ITH A - 72 (Al
BERicn -T2 & 61T, B2MoRE/, X
M3 HRIC E > T KA A4 Y NICSERNITIEKRT 5, F
7o, WNCAHBIRICH - THT I Lca MO T3 B 2
HOmMARSN, ZOB2HD I Y M52 hHmNT
E XD B 2 OB 2378 )rJ(/‘LﬂZ/\_'oﬂ =,
Pol R 11373 h@)rll/},q FESN ARSI , Foy
HER PRI TR O FEH: A 841K L (/){.”JEF ..
EWNC EDERIN S

Photo.3 & Photo.2 & [AE£ I 800kA/m O @A
T 1073K 75 841K (Fig.1.1CBWF 5 BA) £ TR
WL, TOWEET 18ks HERE L7z ok /khicam Uiz
B2D 200 MR 4% "9, Photo.2 (a) XV1% 5)711
ToAE R & i UCTBestils i 2s RO 7o D R D2 B s
U st < B, WifBERITHT I Lica iz B4 4
YNANERARITHTY, FA 4 v NO aflZ/KFITES
M5, T, afMBmer s LR TR

IR RICEA TN E—FKT 5 EEbNW 5, T2,
FAALYHNOB2HEafEDHIDa Y b7 R DY
{12->THD, B2HOBAENRERICIDIELIES

fi%

(a)

WU - HEFBA 63

TEMHEEIN D, TDOXEHITB 2 OB DME <
55 L IWRICK ﬁT@T@bM“MW%WMﬁM
WEL BT EICX D EMIRING, THbb, MR
o B 2 HHCBWOTIRA 1 BRI SRR H&V‘{Lh"f L
BAMEO MBI 2SN DITH LT, AT B 2 i
“T@WIWMWKNW%TQMNLTAMH%@ﬁ
MASINBI 5 & £2 55,

Photo.4 (a) BXU (b) [ 800kA/m DEHH,
B LT HICE N T 103K &0 0.9K/s D
T 841K (Fig 11cHB1F 2BA) FTHML, 841K T
0.3 ks HBE Sl % KK~ & U2 BRo 200 I BB A
Ko MHFDERID DD XD ITHA) ,grrgm)\-%b\
72, B2l atioay 7 & kb, WA
BIRAZ N, 2D E XD, B2 MM HICRBIIIL
LTV T EMI A Do aifii3 T OBAMBIR

K-> THT T 2 & & BIT, Fx A4 YRITHESNIC
m&faommm4<@¥_@>¢@mw¢55,m
FRICED FAL VY NOaHOKE SPBPDNELED
I AR 51 Do

Photo. 5 (a) B8 KT (b) 13 800kA/m O 5
ths XOEREFP I 5 W T, Photo. 4 D5 &
Bz 0.9K/s o i < 841K (Fig. 1 15 5 B

(b)

Photo. 5 The Fe-23.3 at%Al alloy annealed at 841 K, point B in Fig. 1, for 6.2 ks after
furnace-cooling from 1072 K at the rate of 0.9 K/s in a magnetic field of 800

kKA/m (a) and without the application of a magnetic field (b) .

200 dark-

field micrographs revealing the latter stage of the B2 — a + B2 phase

separation.

The complicated structure consists of the « phase on many

antiphase boundaries and the a and B2 phases within antiphase domains.
Both the elongation and the alignment of the a and B2 phases are visible in

(a) .
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