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Toshinobu Miyamoto : Magnetic Aftereffect on Spinodal Type of Permanent Magnet

Alloys.

Magnetic aftereffect was investigated for semi-columnar Alnico 5, columnar Alnico

5, columnar Alnico 8 and anisotropic Fe-Cr-Co alloys by a nuclear magnetic resonance method.
The magnitude of the aftereffect was expressed by the amount of specific loss in remanent
magnetic induction during one decade of time S;;. The referring time was taken at 10 sec after

magnetizing.
the pre-stabilization by a DC pulse field.
the aftereffect.

The magnetic aftereffect depends on the operating point, the temperature and
These results were compared with Néel’s theory on
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yoke, @ : modulation field coil, @ : RF field coil.

Fig.1 Cross section of the magnet assembly
with a spherical yoke and the element
of a NMR method used following mea-
surements.

* RS B AHHATE # (Research & Development, Sumitomo Special

Metals Co., Ltd., Osaka)
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Table 1 Preparation of specimens.
Materials Dimensions (mm) Composition (wt%) Heat treatments
Alnico 5 semi-col. ¢ 30x 20 8 Al-14 Ni-24 Co 1250°C x 30 min soluted, 20°C/min field cooled,
nico col. ¢ 34x20 -3Cu-0.5Si-bal. Fe | 650°C x 30 min+575°C x 14 hr ‘aged
. 20 25 7 A1-14 Ni-35 Co- 1250°C x 30 min soluted, 810°C x 8 min field-
Alnico 8 ox 5 Ti-3 Cu-bal. Fe treted, 650°C x 30 min +575°C x 14 hr aged.
. 1300°C x 30 min soluted, water quenched,

Fe-Cr-Co $18x20 28 C1-23 Co-18i- 640°C x 40 min field treated, 610°Cx 1 hr+

: 580°C x 2 hr +550°C x 2 hr aged.

Stedic, =2— 7 XERIKSEA, TR L L
Fo THIZ X D HIREE ARSI E Ty FTH T ENT
&5,

LB D X AEsORBN L O RERADR—= »
Fhsbyy 7Y vy L, REBA O kX Table 1125%
T X 57 MREE B AEER T, Z o fEAFEEE 2~6 i
IR, LT IRE AR B ORGEBIES (4 — § 7 v ARE) &
AIEE Rt H— ¥~ ACITBERRSAERL, D
EEE 50mme & Lic, ZHuc X BB E# B —
BEVE# o » 7 hfted 30 mmg LUK 22 1 THy 1x107¢ LA
NThH5.

H— o — A DRI B RIS IME R TR A+ 1L
L7k (10% H,S0, KEW) kAt 7 v 7 vk, ZhuH
Ba A AREABEANEED V-V a vy AAA)ED
LR, 2T IERMEED r— AT bh T 5, €D
FEt# 10 mm x40 mm x 60 mm TH B, ZEMRARE R
By AR+ v v m 2T 7D T T Y v I SRR
BoE— 7%ty b Lick XOBEREMAORERS LD
ko bhs, COREEDSRIELT 7y vE ETHENT
x5 v— 7 SO TEL bh, & THWIEE T,
3000 Oe DREFIZXF LT 10 ppm FLETH S |

2. BRET(LEBOER
KPS RADEHCERA 21 V25X, ZhictD7k
BMXDANVABHYEE L TCRIE L% t=0 L35,
ZDHDOEZEDOER L 12351 5 BIREE By (1) (X 0%
ot LTI ERITEET A 2 EBRHMbR T B D,
Tebb
Bg(t)=—S" logy, t+C (1)
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e hizn. LicdioT, FEEELE ERE LT B(t) D
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R DRIEE By (10) % F#t 1z LT BRHEZ L& 3T 5
Z ek Ui, W L e B0 5 RELRY

4 By(t) /Bg(10) = — (B, (t) — B, (10)) /B, (10) (2)
CX-TEHTHE, R(l)kksT

4 By (t) /By (10) =S'/B, (10) (log ¢ 1)
=Syp(log 2-1) (3)
Lign, T
Syy="5'/Bg(10) (4)
FREEIER AT 2 — & Y, TR e TREE
LDORERREY T LDD.

Sy fEE Be(10) 3.2 bhs &, (EED BHID Be(t)yo

filL
By () =Bg (10) {1 - Syo(log £ —1)} (5)
X s>TRkdDBRS,

T ¥, AW CIlL &R 10sec 150 B, fH & H e L L1
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sec O Hi1z 103sec RDE (72 & 21X Lo B) #HWTH
By (ty) & Bg(10) djfn iz 2k O v & LTIEBT S &
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BT & » CHILC E O JIER R 2 L+ 5 2 TR T
H5.
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Cr-Co & &>\ THIE 2477 » 7o, PRk i Alnico
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Fig.2 Demagnetization curves of the specimens.
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EHREZR TR, ThHORBO MRS X O #
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Fig.3 Magnetic aftereffect of the gap flux
density measured from 10 to 106 second

after magnetizing.
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T ENbhots, BCEH LI T A—x Sy fELzhb
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5. oo Table 2 i fekOPERBRERR LI, &
= CIERELL RO HUE & 7o DI £ 2AHIEHZIC X b 102
~103sec izt » TR LTV B A, BB X 5T,
TOENCE 5 Thiebd& N5 S, [HEDET WD THE W
DTEEDOPE LTz Sy & THTILEELS 5,

o Gould r Kronenberg o 581, A HAEDH]
ERERTH DO L, UIBKEEC X 2 ERSR CH
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HHbhB,
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Fig.4 The magnetic aftereffect at various
operating points of a semi-columnar
Alnico 5 magnet alloy.
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Table 2 Previous results on the aftereffect in Alnico 5-type alloys.

Investigator Material Crystal L/D B/H ty Sty

6.0 (37.4) 0.04%
Gould® Alcomax [ random 4.1 (21.6) 1 min 0.15

2.3 (9.5) 0.25
5.8 (38.0) 0.038

Kronenberg® Alnico VY random 4.3 (21.0) 0.1hr 0.155
2.9 (11.4) 0.30
— =70 =0.02

*Dietrich® Oerstit 500 random =24 1 min =0.035
_ =9 =0.06
— 40 0.02

*Present work Alnico 5 semicol. _ %}1 10 sec 88%5
— 14 0.097

* NMR method .

Alcomax I : 8 Al-13.5 Ni-24 Co-3 Cu-0.5 Nb-bal.Fe, Alnico V : 8 Al-14 Ni-24 Co-3 Cu-bal.Fe,

Oerstit 500 : 8 Al-15 Ni-25 Co-3 Cu-bal.Fe

Table 3 Variations of Xjrr, S;, and S, with operating I
points and permanent magnet alloys. ob_o
Nt —— Su=0017%
- < —_— 10=0.! %%
Material | B/H | I(G) | Zirr | Si(%)| So(O€) = N A['\.\T °
g -0.

' 40 | 950 | 0.11| 0.02 | 0.75 < ‘ B . \| T ooss
semi-col. | 31 920 0.16 | 0.03 0.75 S02b— g —t—at6 Ay |
Alnico 5 | 24 880 0.26 | 0.035 | 0.51 7 21 ~.

14 680 41 0.097 | 0.007 = 2 * 2 112 0.10
2 -0.3F
=2 < B
28 | 1030 |=0.0 | 0.017 | oo 2 i 18k6)
Ades |2 | oo | olos| ooss| 23t % 1 [ NN\,
12 650 65 0.10 0.0046 &
o
2 0
col 18 | 810 | 0.04| 0.03 | 2.33 800 600 400 200 0
Alnico 8 8 720 0.20 | 0.045| 0.68 | !
4 420 1.07 | 0.08 0.16 07 107 107 0%
25 730 | 0.20| 0.135| 2.10 Time Duration (sec)
Fe-Cr-Co | 18 670 0.44 | 0.125| 0.79 Fig.5 The magnetic aftereffect at various
11 440 1.24 | 0.37 0.55 operating points of a columnar Alnico
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Fig.6 The magnetic aftereffect at various
operating points of a columnar Alnico
8 magnet alloy.
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Fig.7 The magnetic aftereffect at various
operating points of Fe-Cr-Co magnet
alloy.
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Fig.8 Temperature dependence of the magnetic
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alloy.
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Fig.9 Relations between the magnetic aftereffect
and the prestabilization by DC pulse fields
for columnar Alnico 5 magnet alloy.
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TR L Sy fHD# 0.985 fEORIEMEAGEH Licd hudis
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ARERATLE D S 7 (BH) max SR FIC LicZh bt
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#1 3~5 %, Fe-Cr-Co i T 2~3 f5Th 5.

Iz Néel OB ik LTAMZEORE R BHEL X
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Néel (3 29 b ¥1Z X 5 58 % (AN AL B THb
L, ThIZX o TREARIITAE T35 & U8 L TR
BALERRUA® | 2 DOEEIRER D IRl H R DR B L Bl
LCHINT2LE2 5L, BEREBEDOEEDORZ L ITHT S
Wb ox I(t)i%

I(t) =Xier H () +C (6)

Hp(t) = —Sp(Q+1nt) (7)
TEbLEND., T2 T Xier 1238 O EIES I BT B
MREALER, Hp (@) 3R 28103 % ERA O IRIE, S»
IREFEELOKRE X 252 2YPHEERTHS. Tl QIL,
40~50 DEEB THEIC X 5 Th ¥ b &b Ligys,

AT THLE L 7e—E R OREREIENC 31 % Z2RE T
T B (XA DR [T fIL, %D HElERiTpEE
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AI(8)/I(10) =2.3 i S, (log £ —1) /1(10) (8)
e, oTR(8) ER(3) T

S10=2.3S, Xire/J (10) (9)
DGR A ELR S,

Table 33 & CRIE L Sp & & b, FRHDH,
BEBER BRD I T B X O Lier NRI KTV 5, BT B,
(st LA UBHC LY, 2ol ofix
(10) i LT Lomzisws, 2T Sy, Lirr L O
DPEEP BRIV X W FHBE L S, i fBo ek
mLT,

Néel iz S, WEER LB 2 L RIRE LT W50,
CHAbID X5, £hZhDHEHZDWT S, D N+
DENWERIC X » TRIBEAF LT3, —fIc3—3 7V
ARBIMEL B E S IZELLETFT 5. LidisT,
ZhBOMBHTS L Néel DR EE I F@HT5Z Lk
TEig\w, ZO—D2DHHE LT, ThbOEoRit
FRRF 12 3stF % interaction domain® (9 (# 7-i% super
domain) DHEAZEF Sh5 . B, fh b He SICE 5
MEE © 180° KERMRL Hbh 5 & i, BREL k
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LU S ED L 5 i fHIk LCTIET 5 2 Lk Cx e
WThH,

TOBWRTI\T Néel D2 FIL BRSSO THD
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X b uB LRSS,
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(5) BIERENE s LREEIIREL LS.
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