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Effects of Cold-Rolling on Magnetic Properties
in Copper-Dilute Iron Alloys Containing Aluminum

Iwao Isuipa and Mitsuhiko KosHipa
(Received November 30, 1983)

Abstract

Effects of cold-rolling on magnetic properties and microstructure in (Cu, _xFex) g.04
Algos (x=0.005~0.03) alloys with y-iron precipitates of various mean diameter are
investigated. The magnetic moment always increases by cold-rolling. The coercive
force of specimens with smaller particles (R~90 & ) remains unchanged, with medium
size particles (R~1904)increases, and with larger particles (R = 450 4 ) decreases.
Taking into account the observed results by transmission electron-microscopy, it is
concluded that (1) the smaller particles are split up by glide dislocations and transform
to e-phase (2) the medium size particles transform to « and grow preferentially along
the rolling direction (3) and the larger particles transform to « with deformation twins.

1. F X

AT OLREARICHES fec BED 7 ST AIHLY™, Il LE 7 S FRIERT
RARHED®, BRCEEMETSH 5. T 7 SR TREBEINTIE L > T 5 v 94 FEOZE
REAHE L, bee MEXEOREIME ¢ ST EL B2, BREIMTOMEIC ST, Boltax (K% 15
ABEOESr SN TEREETHEEE T 2RE S TEAMES T3 E LY, Saji & K100
AP EDEEE 1 Sk T ARSI EST B C &P &, % 7 Kato 5 IZH%200~2000 A DA
T A ERROETRWRE A L b5 7> a BHET ST &0 2HE LT 5,

MEGSASRNESTRERN L ASRICET 3 BERIE L ALV, ESRRERNT
BT LTk -T, SOBEBEKE, 7525 v, FRROKTHEE FHETFOBES 5003
T 7 ST ic T 2 BB TOMBES MG 5 C L1k - THAHES 5 5 0 REROAHE
EROFhim 0 2B THEMD D B, BE O EMBEBRALICT L = 29 A2EML 14
% (Cuyes Fex Joos Alg,os DOV TR AITOELAOBRKS ZHEFEBRH L TWE, RHT
TSI & BULTRIC & - T, ST HIRIRA4A 5 5 670 A 105 5 T 4 O SR A FER L, BofR i i
LA IORIC> O THESHER O HBE TS EE I X > Tl R AR T 5,

= E |



146 AH e EERE 2

2. % B%

2.1 HEoER

99.99 BB FA L 99. 9% EBIRSkA T VTV 7 — U IARR OABELZL L Cu—10wt.% Fe £
AEEFRIL, BE64, 99.8% Al BLEBFHRMZRMRICAERL, (Cur-r Ferdoos Aloos (z
=0.005~0.03) A&RAER L 72, SiCHId 2868 « $50.005, 0.01, 0.015, 0.02, 0.025
K F0.03 THBABAELITZNZEHA0.5, Al, Al.5, A2, A2.5RTA3 &MFE3s(AlL Al %
B L, HESICHT 280 at. BAEEKRT 5),

INOHDERY VREEERESH I mm ICHBEZEL, BEZERT1000°C x 2450 BESI ATV,
AREFICEHARETKBEANZIT > /oo —EREEHTI S 512T00°C x 24K d 503 700°C x 481K
MEZeth TN L oo BEAN SRR ORISR RE 2 (B REERE L, EAH 5 mm ORI
L TR H AR & L, BE%3mm ORI TR S EFEME MR E Uiz, BT
MeEEE AR, ) Y#E250ce, TF T3 —w250ce, #EK500cc, O ENLT LT — L
50cc, FR%5g OBMEAM, BHEIOV, EiH190mA TY = v MEICKAHE, MuNib0 %
TV, SOICHEiE L, *4 / — 2 DEGORGIRERAER THEIL, BRIV TH EDTE
L, &RIK, *45 /- B8, HEEIT-> TERILIG

1000°Cx 24h(8h ) —=Water quench

Fig.1 Electron micrographs of (Cui-zFex) .04 Alo,os annealed for 24hrs
at 1000°C and quenched into water.
(a) A0.5 (x=0.005), (b) Al (x=0.01), () A1.5(x=0.015), (d) A2 (x=0.02).
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Fig.2 Electron micrographs of (Cui-xFex)0.94Alo.0s aged for 24hrs
at 700°C after quenching.
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Fig.3 Distribution of diameter of precipitates.
{a) Annealed for 24hrs at 1000°C and quenched into water.
{b) Aged for 24hrs at 700°C after quenching.
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Fig.5 Magnetic moment in field 5.3KOe against reduction rate.
{a) Cold rolled after quenching. (b) Cold rolled after aging for 48hrs at 700°C.
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Fig.6 Magnetic moment of A0.5 (x=0.005) and Al (x=0.01)
specimens in field 5.3K0Oe against reduction rate.
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Fig.7 Magnetic properties of cold—rolled A1.5 (x=0.015) specimens
after quenching against reduction rate.

(a) Magnetic moment in field 5.3KQe, {b) Coercive force.
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Fig.8 Coercive force of about 80% cold—rolled A2 (x=0.02) specimens
against 8, angle between applied field direction and rolling
direction, after quenching or aging for 24hrs at 700°C.
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Fig.9 Coercive force of cold—rolled specimens against reduction rate.
H., and He, are coercive force in applied field parallel to and normal to
rolling direction. (8} Cold—rolled A2 specimens after quenching,
{b) Cold-rolled Al specimens after aging for 48hrs at 700°C.
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(c) Age and 0% roll (dark field)

Fig.10 Electron micrographs of 10% cold—rolled A2 (x=0.02) specimens.
(a) after quenching, (b) and (c)after aging for 24hrs at 700°C.
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Fig.11 Electron micrographs of about 90% cold—rolled specimens after quenching.
(a) A0.5 (x=10.005), 92% cold—rolled. (b) A 1 (x=10.01), 88% cold—rolled.
() A1.5 (x=0.015), 91% cold—rolled. (d) A 2 (x=10.02), 90% cold—rolled.
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Aloos Tid ¢ SITHBTFOBTEICREST L E VW 5,

5. ¥& B

WRMEHAERICT VI =29 LERMUICESR (Cumr Fer) oot Al 0.0s(x = 0.005 ~ 0.03)
CDWT 7 ST IC g 2 BEIEZOME S, HiHFom EicEE LT, REREERH
FHC & BRERIIE R OB B T BMGEIIEIC & » TR
(1) HEANROENIC L > T, TEIHRRAA DS 6T0AICE B 1 S TFE S A D

B8 SN,

(2) PN HKIEESA DRAE 7 S T2 S ORI, EER0% L THEEOMME & &Ik
SE— AV N RESIICHEINT B0 L, A 100 O BET—EICE L 5, B
WOEETIE, BE 7 ST ET~NDEMIC L BIMMEENEEE DT T —a FiEE
ELTVBEALNS,

(8] TEAMTHREA 450 A PLEDBE 1 T4 SLRE TR, FER0BLF TG T — 24 ¥
M UAHIT 20 L, BRTET L, FEER0% L ETHEE — 2 v b d—EfEic
& & D A ORI PSRBT & HINT B, FEERI0% OEEHTFIRRES % & o
HFHBESh, FEE0SUTCERNELE 615 7 — a BEMSE LTS RSN,

(4) TR 18T ADRA 1 SR T ASORE T, FER0~60%THEAET—A ¥ F, %
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WAL bIcBIEL, OBIERHCEEROEENFICEL, 7EEEORKEE b OHEHK
RO a PhFHBESND, BT, EEHEEELEHRET S aBhORENETE L0 £
FUF TN SOEREFEL BT 5,

FREEKRDICHIZY, RELH LW ESAHEELETHME s 0 TERE L TOREOIE
FmLERHE AAEEEK, B0KSNTHEC DV TER L Tl o dbipl K EHIT
B CK, BT TEMBERE HRIERRK, STHEEERECOVLCRESEETHMENRE
2H #£K, BRBICEXBEBOCILZOICHREZEOERICLIOHEBEEZELET,
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