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ABSTRACT The magneiic parameters such as exchange integral A, magnetocrystalline anisotropic
constant K7 and saturation magnetization M, of Fe-Cr-Al and Fe-Cr-Al-5i alloys anmealed at 1373 K
were measured. The energy densities and volume fractions of the domain walls (DW3s) of these alloys were
calculated based on the theory of ferromagnetism and the magnetic parameters measured. The analysis of
the physical process of irreversible movement of DWs reveals that the dissipated elastic energy due to the
irreversible movements of DWs is equal in value to the energy densities of DWs, that is v, /8, = A.E/2,
which is an effect of magneto—elastic interchange in ferromagnetic alloys. The energy densities of DWs of
Fe-Cr-Al-Si(L}), Fe—Cr-5i, Fe—Cr-Al and Fe—Cr-2A1-Si alloys involved in the investigation are becoming
greater one after another, which is the main reason why the internal frictions {damping capacities) of these
four alloys annealed at 1373 K—1473 K are becoming higher successively.

KEY WORDS ferromagnetic alloy, internal friction, damping capacity, magneto—elastic interchange
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Table 1 Chemical composition and grain size of the alloys

Sample Clontent, mass fraction, % Grain size, L
Mo. Alloy Cr Al Si c v 5 P Mn Fe um
1 Fe-Cr-8i 12.64 - 2.80 0.018 0.0080 0.0069 D.015 0.041 Bal 72
2 Fe—Cr—AI-58i(L) 12.92 3.00 1.00 0¢.015 0.0063 0.0040 0.015 0.020 Bal 200
3 Fe—Cr-2A1-5i 12.78 1.39 1.08 0.013 D.0066 0.0056 0.014 0.024 Bal 264
4 Fe—Cr-Al 12.85 2.99 D.15 0.012 0.0076 D.0DBO D.015 0.034 Bal 274

MK, KEARATAR 120° Bl gieRe 1373 K B
& 1h ZBEEHRRRTFLE 1 UER. B Fe-Cr-
Si(No.1) &&8 el B RS, Ha=ra SR
¥ R AR, TR Fe—Cr—2A1-8i(No.3) i Fe-Cr—
Al{Nod) &&MGERAD 4T Xk R E e %
FAIRE S5 BB N, B RS, BAEHE
AR TIRE R SRS A, s — MR
ol gl e R R e L VT
2 BESEMEE
— RGBT HlE Curie 8BS HH A Weiss 442 )
_ 3KgTc
2Z8(5+1)

EiEEEEEAS A 2 (1) H Ky 5 Boltzmann %%
Tc % Curie B, 7 AEEFETEMAK, S YEERT
¥ WF Fe RHEMUEGS., Z=8, 5=1/2, & (1) A[f
b4

A (1)

A=025KsT: (2)

Hi, HEME Curie BE., BMATMAAR (2) B ER
fEE 285>, HIE Curle IR FEREFRE LN ER
frA 400—T700 THRBAHB B LEE (B 1la): 8E
WA R ) v A L 5R B AIE B T R TR (IR B a1 A
HrEY HRSENENRAREEE. BEUREXR
BiAbgR, LAERIRE(EOR BE AT A SRR, EHE e

273 473 673 873 1073

hEENHTHHEREASTEEEERXOP S RNESR
AB.CD.EF #fl GH([® 1b), TE M ERERZEHME
WA E B, D, F' 1 H' B35 Curie iB¥.

REL RERIE R ERNE & RIERE BiER
ERAETER 0

a
My=M(l- = — )+ xp,H (3)

A, M, HMABELRE. H A8 My s
A H RO REhaEE, x, MIARRBEE. R (3) FHER
o, b R T HAR L ERFITZRE IR/ AD. ENHET
HE AR L. b STMBESSRREER K B
RE(ERE M, ZHEMXERN
_ 8 K
T 105 pZM?

(4)

AF, po HEZESE LRFHAFRN b B EhH
AR () REERERREEYR K- *XR2E#hR
(F 2) PE BRI & P EBAMA (3), FELW
TR/ 2 H R el B

5
.12
Q=3 [MH‘ — M(H.. 4, b)]
=1
5]
a b 12
= Z; [ﬂf_ﬂ- - M, (1 - E - FE)] (5)
3000
! b
2500
%, 2000
E
E 1500
<
& 1000
950‘ H
0l - FRA,
810 930 8" gr0 £ g70
T.K

Bl RSyt RESRENERN Curie BFRNH#E

Fig.1 Saturation magnetization per gram vs temperature {a} and the determination of Clurie temperature (b)
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Fig.2 Magnetization curves (5 /| z and H f r represent the applied field being parallel to the axial and radial directions
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Table 2 Measured results of the magnetic parameters

Sample Alloy Te A K M,
No. K 10— ) 10% 1 /m? 106 Afm
1 Fe-Cr-Si 944 3.259 12.108 1.271
2 Fe-Cr-Al-Si(L) 947 3.270 11.196 1.192
3 Fe—Cr-2Al-8i 965 3.332 12.675 1.306
4 Fe—Cr-Al 967 3.339 12.094 1.224
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Table 3 Calculated results of energy density (yw, ) and volume

fraction (g, )} of D'Ws

Sample Alloy “fw Tv Pw
No. 10 % )/m? 1080 I/m? %
1 Fe-Cr-8i 5.87 3.86 0.118
3 Fe-Cr-Al-Si(L) 5.66 3.56 0075
3 FeCr—2AI1-5i 6.08 4.05 0.060
4 Fe—Cr-Al 5.94 3.90 0.060
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Fig.3 The comparison of internal friction (a) with energy den-
gity ve of DWas (b}
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Fig.5 Sketch map of the physical process of irreversible move-
memnt of 90° domain walls
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