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Fig.1 Schematic diagram of cutting and measuring of Fe-Al alloy samples
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Fig. 2 SEM images of (Fe, Al ,),,,..Ce, alloys: (a) x=0, (b) x=0.05, (c) x=0.1, (d) x=0.2, (¢) x=0.3, and (f) x=0.4
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Fig.3 Microstructures and EDS analysis results of (Feg Al ,),,,4:Ce s alloys: (a) SEM image, (b) local mappings, and (c) line scanning along
line 1 in Fig.3b; (d, e) EDS point scanning of point 2 and point 3 in Fig.3b
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Fig.4 Microstructures and EDS analysis results of (Fe, Al,),, ,,Ce, ,, alloys: (a) SEM image, (b) local mappings, (c) line scanning along line 1 in

Fig.4b; (d, e) EDS point scanning of point 2 and point 3 in Fig.4b
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Table 1 Chemical composition of matrix and second phases at

grain boundaries in (Feg Al ), Ce_alloy (at%)

Precipitates in the grain

Content of Matrix ]
boundaries
Ce element
Fe Al Fe Al Ce
x=0.05 81.01 18.99 64.37 24.79 8.14
x=0.10 81.13 18.87 62.90 27.68 9.42
x=0.20 81.09 18.91 63.29 27.09 9.62
x=0.30 81.11 18.89 63.31 27.37 9.32
x=0.40 81.27 18.53 62.38 27.70 9.92
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Fig.5 SEM images, EDS element mappings, line scanning and selected points scanning of (Fe, Al,y),,.Ce alloys: (a) x=0.05, (b) x=0.10, and

(c) x=0.40
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(e) x=0.30

—B— Texture fraction of 5 texture
—®— Texture fraction of a texture

\, —A— Texture fraction of y texture - 8()
9. —@— Fraction of columnar crystal

Texture Fraction/%
N o
> S

[
(=]
T

—
S

o><. 420
\//\A

—a ST A
0.0 0.1 0.2 0. 3 0.4
Ce Content/at%

Fraction of Columnar Crystal/%

S

7 (Fey Aly),.Ce, & & HHAR B AIZU 5505 Ce KR
Fig.7 Relationships of fractions of columnar crystal and texture

components with Ce contents in (Fegy Al Ce, alloys

19) 100-x

AR AT SR U T B4 300 it 5 B8 (T 8b) , i R 5
B Ce T3 & MG INSEIE RS 08/)N, Ce 703 790.05% I
e B RS W PR AR AR, R Ce Tt
REE G R E R K . X RIRE Cen & MIENA
FEAR ABAETR I Ce TE R N 0.05%~0.20% IS Bl N , KSR A
# Ce JUE EVETERAR R, ITFIA FI TG & I RESUR AR &
. HAERA Ce S EALIIN, HEH Ce-AlIITEL, BEK

30 40 50 60 70 80 90
20/(°)

0.29065} }\{

0.29060} / \{

0.29055 p \

0.29050} %\

0.29045f

a
(110)
0.40%Ce J (200) 211 é
=
| 0.30%C A 3
< & oCe
e
S 5
0,
% 0.20%Ce k g
E | o.10%ce J 3
q
0.05%Ce ~
0Ce A

0.29040

101

< RV HR ) B PR A oy 2R R R v 22 (I 1)

T IR Ce M ALK &, 3 30 A% 2.

BB H TEM BT OSSR AE 3 T Ce TR
S B9 A Feg Al FI(Feg Aly)g, 0sCe, 0 T 2 FE
I TEM T3 5 SAED 6 RE . 45 BRI AN, 7E5535 Feg Al
AT I AR RS EE A ARFE[1001R1[110]
A 38 DXRT B A5 R, X e gl oK R~F B8 A D DO,

HEUES0-T AT, B4 Feg, Al 2 4x T A2 JEAA AN G K
JOSHEI DO AP FARZL R . ¥5I10.05% Ce JTLE 5, 7F A2 3

P EFR T 9K ST DOAHAR B B T B 2 RS RN S
FH o FRAR[ 100l ¥y ide DX AT 5 25 SR, 8 R REAT S BAE s R T
. SEA[12] I X AT 545 5L, Ha 2 Lo AH (i
5E XN Modified-DO, MDATHBE SURFIE . BRI ] AHEWT , 7
(Feg Al )y o5Ceq s B3 H L 1 0B Ce TOFR A 34, etk
TR T 2GR T L6, , T B0 AR AR
RSy
3.4 CeJtZEXT Fey,Al, & & i1 B Fn o B (R 45 1 &8
AL

K10 M (Feg,Al,), 0. Ce, (x=0.0.05.0.10- 0.20+ 0.30+
0.40) & 4 M WG U 4 RE L WA T2 . 35745 Fey Al
& 4 I BE S 45 22808 81 ppm, 7E Feg Al & 4 HH s

b

0.0 0.1 0.2 0.3 0.4
Ce Content/at%

I8 (FeyAl,),00.Ce,(x=0, 0.05, 0.10, 0.20, 0.30, 0.40) % %=1 XRD &1 A1 i s 3 4

Fig.8 XRD patterns (a) and lattice parameter (b) of (Fey A

Ce, (x=0, 0.05, 0.10, 0.20, 0.30, 0.40) alloys

]9) 100-x



e 1754 « MAEEME S TR

55 %

10 nm™ 10 nm™*

10 nm™ 10 nm

B9 Fey Al 242 5(Fey AL,y Ce, os 2421 TEM B (R [100].[1107H i 192 [ AT 56 BE 23
Fig.9 Bright field TEM image (a,d) and the selected area electron diffraction patterns with the beam parallel to the [100] (b,e) and [110] (c,f)
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Fig. 10 Magnetostriction versus applied magnetic field (a), magnetostriction versus Ce content (b), Hysteresis loops (c), and variation curves of
coercivity (/) and saturation magnetization (M) (d) of (Feg, Al,,),,,.Ce, (x =0.05, 0.10, 0.20, 0.30, 0.40) alloys
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Effect of Trace Doping Ce Element on Microstructure, Texture and Magnetostrictive
Behavior of Polycrystalline Feg Al,, Alloys

Hao Hongbo'?, He Zhenghua'”, Li Weijie'”, Yang Enshen'”, Zhou Lei'”?, Liu Jiande'?, Zhang Haoyu'?, Zhou Ge'”,
Sha Yuhui*, Chen Lijia'?
(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)
(2. State Key Laboratory of Baiyunobo Rare Earth Resource Researches and Comprehensive Utilization, Baotou Research Institute of Rare Earths,
Baotou 014030, China)
(3. Shenyang Key Laboratory of Advanced Structural Materials and Applications, Shenyang University of Technology, Shenyang 110870, China)
(4. Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)

Abstract: Fe-Al alloys exhibit excellent mechanical properties, low cost, and moderate magnetostriction, making it a promising magnetostrictive
Ce, (x=0, 0.05, 0.10, 0.20, 0.30, 0.40, at%) alloys were prepared by arc melting. The effect of trace

doping rare earth elements Ce on the microstructure, texture, and magnetostrictive behavior of Fey Al,, alloys was investigated. Results show that

material. The polycrystalline (FegAl),,, .
the trace doping of the Ce element transforms the equiaxed crystals into columnar crystals, thus significantly improving the volume fraction of
favorable 7 texture. The columnar crystal characteristics gradually weaken with the increase in Ce content, leading to weakening of # texture and
an increase in the volume fraction of a and y texture. With the increase in Ce content, a large amount of Ce-rich phases form at grain boundaries
and within the grains. Among them, the phases at grain boundaries are mainly composed of Ce-Al-rich phases, while the phases within the grains
is a composite secondary phase of Ce-Al wrapped around the Fe-Ce-rich phase. The magnetostriction of Feg Al ; alloy is significantly enhanced
by trace doping of Ce element. The peak magnetostriction of 153 ppm is obtained at the Ce element of 0.05at%, with an enhancement of 89%
compared to the magnetostriction of a binary alloy. This improvement in magnetostriction is attributed to more columnar crystals containing 7
textures and the formation of more nanoheterogeneous phases owing to solid solution of trace Ce element .

Key words: Fe-Al alloy; magnetostriction; rare earth elements doping; texture
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