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Effects of Magnetic Field on the Growth of a-Fe Particles
in a Single Crystal Cu Matrix

Toshiyuki Fum, Kengo Kusaka and Masaharu Kato

Synopsis : The effects of magnetic field on the growth of ferromagnetic a-Fe precipitate particles in Cu-1.53mass% Fe alloy single

crystals have been examined by the magnetic anisotropy measurement.

Specimens aged at 973K for 24h were

deformed in tension along the [419] direction to induce the y— e« martensitic transformation in dispersed small Fe
precipitate particles. After deformation and successive annealing at 973K under the magnetic field of 1.25MA/m
parallel to [110] and [116] for 30min~ 8h, the magnetic anisotropy was examined by measuring magnetic torque around
(331). The torque curves were analyzed theoretically by considering the crystal and shape magnetic anisotropies of the
a-Fe particles. It is found that the elongation of a-Fe particles to the [110] direction by annealing is accelerated under
the magnetic field parallel to [110] and restrained under the magnetic field parallel to [116]. These results can be
understood by considering the magnetostatic stability of the a-Fe particles.

Key words : Cu-Fe alloy ; precipitation ; phase transformation ; magnetostatic energy ; magnetic anisotropy ; magnetic torque ; effect

of magnetic field ; shape change of particles.
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Table 1. Notation of the 24KS variants.
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Table 2. Six twin-pair groups of the KS variants.

Group #11  #12  #13 #2223 #31
name .

KS1-1 KS1-2 KS1-3 KS2-2 KS2-3 KS3-1
Belonging KS1-4 KS1-5 KS1-6 KS2-4 KS2-6 KS3-4

twin pairs KS2-1 KS4-2 KS3-3 KS3-2 KS4-3 KS4-1
KS2-4 KS4-5 KS3-6 KS3-5 KS4-6 KS4-4
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Fig. 2. Volume fraction of transformed a-Fe parti-
cles in the specimens annealed at 973K
without an external magnetic field.
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Fig. 3. Magnetic torque curves obtained from speci-
mens deformed in tension by 209§ at room
temperature and successively annealed at
973K under the magnetic field of 1.25MA/m
parallel to [110]; (#H) and [116]; (L H) for
(a) 0 min, (b) 30 min, (c) 2h and (d) 8h. Curves
for annealed specimens without a magnetic
field (H free) are also shown.
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Table 3. Calculated aspect ratios and volume fractions of the twin-pair groups to reproduce the experimentally

obtained torque curves in Fig.3.

Annealing | Volume fraction 1 i1H i H free | iH
time | #11 #2 | #3 | #n | #31 k | D K p | x D
1o 02 | o1 07 0 o | - 1 - 138 0354 | — -
AsD | o 0 1 o o | o [ - T - 121 | 036 | — -
- 0 0 02 o7 o1 | o | — | - 131 | 0361 | — -
0 0 1 o | o 0 136 | 0242 | 134 | 0130 | 130 | 0199
t5min | o 0 09 o | o1 0 | 142 | 0254 | 140 | 0144 | 135 | 0213
o [ o I os o | o2 0 12 | 020 | 148 | o157 | 142 | o2
01 o | oo o [ o 0 151 | 0204 | 146 | 0161 | 142 | 0166
Imn | o | 0 0.9 01 | o 0 153 | 019 | 148 | 0168 | 144 | 0.162
o1 | o | os o | o1 0 162 | 0205 | 157 | 0182 | 151 | 0am
02 | o [ o8 | 0 | 0 0 170 | 03 | 1es | o022 | 16 | o2
1h 0 | o 07_ | 01 | 0z 0 202 0283 | 197 | 0238 1.91 0.250
0 0 038 0.1 01 0 176 | 0288 | 173 | 0241 | 169 | 0257
0 0 09 | o1 | o 0 182 | 0453 | 180 | 0276 | 173 | 04s6
2h 0.1 0 09 0 0 0 1.78 0471 | 176 | 0278 | 169 0.472
0 0 08 | o1 | o1 | o 206 | 0444 | 203 | 0288 | 193 | oaeo |
0 0 09 o1 | o | o 188 | 0565 | 186 | 0484 | 180 | 0.464
4h 0.1 0 09 0 o | o 18 | 0582 | 18 | o484 | 177 | 0470 |
01 0 08 o | o1 ! o 206 | 0573 | 204 | 0495 | 197 | 0476
0 0 08 02 o | o 244 | 0685 | 238 | 0693 | 232 | 0671
8h 01 0 0.7 0.1 01 | o | 295 | o7s | 28 | o065 | 278 | 078
02 0 0.7 0 01 | o | 276 | o687 | 268 | 0699 | 262 | 0672
[110], (118), (1701, (176}, [110], 372, BERET ANV T MPHIBLEH22DE L L ILET
T - T 2%, HIF LY CRRLL->Tw s, 2TH6DERIIAK

(a)/H

Torque

180 270
Rotation Angle, 6 / deg.

360

Fig. 4. Theoretically calculated torque curves
which best reproduce the experimentally
obtained curves for the 30 min annealed
specimens in Fig.3 (b).

FEEDOFER A TFig. 3R LIZERIZL 3 b ihig
PRMTLIC, FO#ER%Y, Table3 2T, 2D TableiZid
BRI T, EBC I A v ol R S (HRT 2
v —HFERE L LY, DIED/NS L DD GEIC 34T
DRLTHB,2D5 b, DIEVE L DS K I 5 B o
—Fl% EEREAR L L b2, Fig. 4 LTS
4.2 EHEZD MR

Table 3 12T, EHEHEKE (As-D) @ b2 ilifiiz,
DEHKR S { FRIBOHBIFREI B L by 5,

94

WET a-Febl 7% B— %) 7 > b ORIEEFERE L RE LT
CtiZdaltFELZONSE, TOZ LW, FuiiicOWEIE
CTTTEHEBINTU 3, T2bb, EFCIERER
Da-Febl 745, Maxim» o L s BREEZ LB, D, B
LI HYEADPHFET 5D, AN TR INCOREERE
LTeRwicdThs tFELLND,
43 ERESHEMED Lo ER

Table 3 D4R (H free) DERIFB L TA S E,
HI3ZBT AR T OEBBRTOR L L2 D2 2 Libh 3,
ORI, [419] 5EEB - L VEEMCHERINLI =Y
FUHA MNY T IDKSI-3ELI-6SV PP THB L
SLIRIDOFFERERI E—IK L TV 5, L 2 ATHIZ V-
ZIXKS3-3¢3-6-3Y 7 b b 55, LIBIOBFERSRE
PHECTIE, IN6DNY T MUREL T3 HEE
B w25, 272, Table3 DEMBHEIIC L 2 a-
Febi FOMLDOE L RTA % b, By EL O Tl
R LTWL 2t bbb, ZOHKED, Fuiib O
FARERE—ET B DTH Y, #1327 v — 7 DRLFH3 sl
0 (101, FMEKEL T ZL2RTHDTH B, 12
2L, AHEDORERTIE, BRI E VL DTS, #ilk
BFWiib D DL bRE L RT3, T, RERT
BEBEEH Y BB TIT- 210D, FeliFD=v7 ¥4 b
FRBIMM Lo LLEELTY3, T4bb, Ml
BRI T a-Fehl 7 £ y-Febl FH73E7F L Tv 2 85481213,
a-Fehl TDADBA TS, £ DHOBESIZ & 5 o-Febi ¥
DEREDPRAEIND LIS T|EDDH 59, T NRAHFEOE



EERDBEAHLLTH Y, LIh’> T, a-FehiTDK
ErMEEINIE VLB,

Table 3 iz TEERMAR £ HRHROBRO—HE LR
TDHEP RS L, BV ELICONTREL LT ZE
Bhrd, ik, REEEEESEL 7o EEREER O BEIRHEHR
VB ELRERT 2, T4bb, GREOBRMTIIE
BHBRO 7 — ) 2GR T, 6KV ED7—Y ¥
BEELZCOx L, BEEBESZ1T > 72800 O B
Beo—YVxa@tast, 6RkUEDOT7—Y ZfRE» £/

- Eins, 2O LR, a-FehiFORRIE, RiFfH DB

2 & b, B REEERATHEMT S v S RERLE
KANEBMLTCB T ERREL T 5, BE, Fujii 6 12,

[110] Nz L 7 a-FeRl-T O Wi % &8 & -1 SHsR
BEL RTFOMEP 77y MET 2 Z EERLTV 319,
4.4 o-FeIFOWARELICRIZTHBESHR

Table 3 DFATRES; (#/H) L EEES (LH) BESLOH
RO EHDHBSEORR LI T 5 £, ML vThobst
BT, PATHBTIRARE(, BERETRNI k-
Tvd, TORBLY, RKOBELERPHEL LTS
5,

G RBPicHZ S ELHFEETHKSI-Z3E1L-65) 7 M D

a-Fell ORI, Bt - 2OR KR HATH 5 [110];

HI RS s s b, BE3IN3,

(i) 3 72 2 L L3RS, [110] 5 i B 72 Him i

s s b, [110], FrR~Of&iZ#AFE S 5,
Fig. 3 R LI ERHMBOATIE, 2O LidH T b AT
B oo, AHEOBTCL Y LDz EXBHG L
Kotz, i, BRARFHUE 2TV, AENL
HERIIMRMT 24T 20, BEEEARL T O b 3 REREIL b
o232t TsaZ il ked, 22, EBT 5412,
[T16] JFm % BB ED hn 5 a) & § 2 FEERES P IS DA
BT b, a-Febl FIMRER E L TI110] FmECE L Tw
52 ETH5B,[110] ok U TEE L SEREESE L, &
MEHRRZFOLDD, ZOHM~DEERFI ST 3
TOMPRFLLCEC L 5,

AHFEDRBITIZ BT, FRDNY TV M (7 v—2)
T, a-FeblFOElilbiz T <TH L L LY, Hx DY
Y7 PNCRBT AR TORE I RIETHSDE T
STOLROCHTREYH 2, L L, EHEEEMC L 2 EE
PR3, BT 2a-FehI T, #13IZBT 2 D
PREAETHEZ L6, RERTRIS LICEEBEE

95

CuM#E SR D o-Febl T DR & AE T oM @50 701 Bl

1B BT 2 a-FelFIT 5 DTHLEHE LTI,
LI2H o T, RFROHEITHERIL, a-FeblFORE AT
AN NR T FARML TV B v B,

ST

AT, WhgR= VT o4 VERBL I a-Fekl+
281 Cu-1.53mass%Fe & Hitd ¥ VT, BEghic & 5
a-FeRLF D& - BRI /MR R 2, AR S ERIE
Bk 9N, BARFHUEC LI Y BOoR vl
8%, a-Fehi FO# MHEAE T LEBREBARFEZHRE
LTI L, UTo®mrE.

(1)8E8t & % o-Fehl TOB &L, BEsbr (2R D E il

FHEIZGECIABRBEESEIMmE s L, B3N s,

(2) I b REBE LR FOHEM G RIS YHIME S

L, FORERIRHEIdN S,
(3)EREFERIERE L, MEERETOH 3 LR
EiLF bR LB 2 ERLTFETDH %,

X R

1) C.S.Smith: Phys. Rev., 57 (1940), p.337

2) K.E.Easterling and H.M.Miekk-Oja : Acta Metall., 15 (1967),
p.1133

3) K.E.Easterling and G.C.-Weatherly : Acta Metall,, 17 (1969),
p.845

4) M.Kato, R.Monzen and T.Mori : Acta Metall., 26 (1978), p.605

5) H.Kubo, Y.Uchimoto and K.Shimizu: Met. Sci. J., 9 (1975),
p.61

6) J.B.Newkirk : Trans. AIME, 209 (1957), p.1214

7) INEERER, WERZ, BEHRL, F WU BAREBESHE, 56
(1992), p.865

8) R.Monzen, A.Sato and T.Mori: Trans., JIM, 22 (1981), p.65

9) T.Fuyjii, M.Kato and T.Mori: Mater. Trans., JIM, 32 (1991),
p.229

10) T.Fujii, T.Mori and M.Kato: Acta Metall. Meter., 40 (1992),
p.3413

11) T.Fujii, Y.Watanabe, T.Enami, A.Sato and M.Kato: ISI]J
Int., 32 (1992), p.1027

12) R.M.Bozorth: Ferromagnetism, (1951), p.849 [D.Van Nos-
trand Company, New York]

13) R.E.Johnson: Metals Handbook 8th Edition Vol.8, ed. by T.
Lyman, (1973), p.293 [ASM, Ohio]

14) Y.Higo, F.Lecroisey and T.Mori: Acta Metall., 22 (1974),
p.313

15) M.Kato and T.Mori: Acta Metall,, 24 (1976), p.853

16) K.Hoselitz: Physical Metallurgy, ed. by R.W.Cahn, (1965),
p.1015 [North-holland, Amsterdam]

17) H.Gengragel and U.Hofmann: Phys. Stat. Solid., 29 (1968),

p.91



