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Demagnetization of Nd-Fe-B sintered magnets under

proton and neutron irradiation near the beam line of a
proton synchrotron was investigated. Magnets with
coercivities of less than 1.3 MA/m showed obvious flux
loss proportional to the absorbed dose. On the other
hand, the flux loss was less than 1% after 4.1 kGy
irradiation of magnets with coercivities greater than
2.0 MA/m. Since all of the magnets have the same
Curie  temperature, the  difference in  the
demagnetization rate can be attributed to the
probability of nucleation of a reverse domain in a
locally heated region located around a knock-on atom,
which is analogous to the thermal demagnetization of
the magnets that usually starts below their Curie
points.
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WS NN SFAET AR BN T L bAARET
1372<, HEEL, PRIROEN, WMAaREOEREW-=XE
TELBERIE > THIT S, MEEBET 2EROUE IR
THROBHNH D, BNz Nd-Fe-B BfEa 12 dE = N
BT RRVY, TR, BTHYOEBETSEE, <
JORIRE RN EHBBAOHERENFH LT L &
MHISN TS, Kihkonen 5132 WK%, kirEzEls
E5FaY—RELLORFINBBELRE, FRICEN
TEIDWHROBEAERICE > THIALE .

B, Nd-Fe'B HEfERLA ORIE N DK E & AR FR 8RS
REDBHEEEI G X Z2EEIZDN TN DHDREMT
ENTNWS. Tto 513 Nd-Fe-B ek o 1@ T )L ¥ —
200 MeV D5 F#E % RS Ul & & OE DR %R
EL, WAOHMENRIGREOMEIZILHTEZE, B
K, REANENZEE, FEN—I 72 AEENREN
FE, BMENBED ETOBRMBINELS 252 &%2RL
7= 8. FJz, Bizen 51F, MEIFRINF—2.0 GeV DEF
MERBMOY—7y NI L-E20RBICE M
Nd-Fe-B BEfS A O I HE B % 0, BFEENETH O
SHREICHBIT B Z &, WAD®REH, N—37 > 2%
B, ERAPMOEEBIIDVTHRELTND 9.
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i, Nd-Fe-B Seks LA 2 VL - R EI RS D% TIN5 E2 o
WEBNDIEAEEADHEIMOTEETHS. ZIT,
AR TIL, Kéhkonen 525208 U 7= Wikt £ 4309 5
BT, READL IR EL B2 Nd-Fe-B Hift &
ERE S TR FHROBHEREEML 7=

2. RBAE

FEHOF ) —BENEL < (B90K), REHM 0.9~
24MA/m DHEHMIZH S 4 FEEDO NAd-Fe-BREERAGERE
L7z, Table 1 IZAWEHOOHBESEERT. #RAD
BWE, HLERATICEENL2EFLEOLZEOENIZ
HERT S, WA EME 34 mm, BEX GEAHH) 10 mm
DEFETMIU /1%, BEWL-. F/-, #6434 mm,
JEX 1.65 mm D7 7 U )VEEMHIER O M I #EHE 34 mm,
JEZ 1.0 mm OEHREE D EDREZHOEAZL, %
2EDOHWATIHSAHIATIHEOBEAREIE L, &
D P UN—=37 2 2RH0) OFEHEILZ 1.2 THS. 72U
IVEEBIREIRICIE, FOEH OB EZRET22DICH™
AA=EZDTO—TEFATELILEHR T~ 2L, m
HERE ISR CEEICRIEEZ TS =D Th 5. Hag
ZHIET HRTOME A~D OHRLIHEEE I ZNEN
0.63, 0.60, 0.54, 052T TH-7z. WHEEERET 2
BROBIRIZIL I0CHEOESHNH > 70T, TXTOHEE
BEZREROZEREAHOBBHREEDREGREKT A
WT20CTOMEICHIEL /=

BN ORFRBAIL, &R F— RS ITHRE O
BrerobaliE>TiTo7 ZOEBOEY LY
UmELFIVF—12 GeVIZIIBFE—LZIRO T

Table 1 Magnetic properties of sample magnets at
300 K.

Symbol B He (BH)max
(T) (MA/m) (kJ/m3)

A 1.39 0.9 374

B 1.33 1.3 342

C 1.21 2.0 279

D 1.15 2.4 255
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ELTH, BELRBIZENEZNKCTHY, WARKDR
BICLDEBMRISR IV ERVWEETH .
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WRARBOWREE IR EEEOHMANT-EB/ERL
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HEILTWS, £, BEANEAMEIZEE —RIVGE
LD OWEMEITNE 2B,

Fig.2 i, MA DRI EWIFRE 1 kGy $H7= 0 DL
£ GBI 3 MO oMBRERT. MEORICIE
SN AHBENH 0, REHIEOIE E R ERIT R
e 5.
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Fig. 1 Relation between the absorbed dose and the magnetic flux of Nd-Fe-B
sintered magnets placed near the beam line of a proton synchrotron.
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Fig. 2 Demagnetization of Nd-Fe-B sintered
magnets per 1 kGy of irradiation with protons and
neutrons.

Fig.3 12, &kt C, D ORMMEICH/-HRIEHRERT.
A C TR, BIGREN DR VWEIKIZEA ERBSR SN
1IN0 127N, MR B 4k Gy R D EERF LT
PHRBOMBUTHAIL THA Uz, 72720, ¥ CIZR-
TR B 4 kGy &8-S TREIORBAE
EZ2HAMSHE-—LROELOO—HNSA~BEHL
L7Ze®, TORENERNEELEZ NS, —F,
Al D T, BREERERICHALTSH0, ToEiE
B CITHARTRZZS N TH 5. WIERERITK U THEARY
TR AR Ui B A, B LB LT, B C. D O
FFINS SIS NCRRDRIGREKFEZRT.

4 FEIHEOER

ERIZADHNINWS DNOIREERITS. £, ARk
SITHBHZ B S N 2 BRI R T4, BT, T RO
3FNEZSNDN, ZO55 v #id Nd-Fe-B H#E#a
ICHE L THRBBEIFEASR IS NI &g 5N T
W Y g TV IO AR EDY -SRI DK
HEIZA 30 MeVLL EOIEL R I F—2HFT5HDIZMHR
5N, rHIBREINARNL. FIT, SR TIRRNGE
DORFEMMPAEEIN P TR, BIUBTFRICKZ2HDT
HBEERBLUTUTOEMZEEDD. 2B, hHEFEBET
ORFHBEZRP L THETELL S BREBNZNDT
MEERTEL VA, GBI O BIZ KT 2 &k 7 D K85y
Wt rTh s BN S.

F7=, MR U TR & kA B S DA L8/ 0,
AWIFE BRI E & U TR B FoiEs 1)L
F—Eo DIEIZASH T, BEETIC, IETFILF—500
MeV DIFFYE—LEBBEDENY —7y MIAF S B2 5E
12, AGHIR & BEER AN RET DPETFOIRNF—ARYT
NVEFFE U 7AERICIAUE, TRILF—N 1 MeV D& ZAITH
MTFEOE—IMHD, FO537IE 100 MeV O &7z 0 F T
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Fig. 3 Relation between the absorbed dose and the
magnetic flux of Nd-Fe-B sintered magnets with
coercivities greater than 2.0 MA/m.
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Fig. 4 Model to
magnetization caused by proton and/or neutron

explain the

irradiation.
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Table 2 Onset temperature of thermal
demagnetization at 2 = 1.0.
He Onset temperature of
Sample at 300 K thermal demagnetization
(MA/m) ®
A 0.9 315
B 1.3 370
C 2.0 445
D 2.4 485

WONR=I7 2 ABEDVNS <, MOEE R BN RKE
TERTE, VHBEOBRAERCBICRENEZ 57255,
ERTHEL<EUMATILRE ThHilBI2HAUEE
HHEME <, HOENEENES 22D T, BRiEZIdE
IV s. ZOLE3IT, ¥ A~D DR U 7= il
BBV, fEE R ICBU RN REROEZ DT
SOBEWIERTAEEZ S EHMAELPT .

Table 2 12, N—=3X7 > ZAREMN 1.0 TH 2k A~D
ERMUMEOMAZE—ICIEE LRS- E60REY
WHET 2IREZRT. MADEHERBEINENZE, B
B AR T EROITENT 5. s s
Fig2 IR LU#RZEDE 2 &, UTFOL D EZBRNT
RETHD. £, HIKRR ORE ThHIZEHDEZ & 5T
HLEHEICHMLTNAHEEZEZ SN, FOBBEIE, K’

KT DA F OB LI F—EolZ0Tindd 2 &0, #igess,

HDHWNIEZET DHFNTLIEE, Fe, B OWTNTHENEDE
WIZED Eo®S B knock-on atom {2 Z T ESNSEESMNA
BB EREMBTEND. B A, B TIIBAME BN
BondZEns, Th OFMOLanWilsnae A
DORFEMRBIEETH D 315 K 28I T3 &R N
5. —F, WA 2.0 MA/m LLETHZHE C, D TH
WS < AHHE, THORHEDD BHE C DR
BAIAIRE TH D 445 K 2R 2 HOMNEF IV RN
ThaEHEEIND., DED, AWFKOBHELEETIE, T
DRFHDIZEAEN 315~445 K DHIFHICER LTS &
Hbons.

BB, BAPITRATLIHEFNS ALER, Moz
Y 5 EFORFEOBEMEREIIHD T/hEL, F&A
EORFIIHEEZE I TICHBAaETE2FE®BO L TL
D, LMo T, HRIGABOEDHIHIZBNTHRU
MRTEIS. £/, BILRERIZMEE R 2 NET D8 Sk
DA ETHICEB LA EZZNE, BB A Bics
WTEEZENRIREICIH T 2 2 A TE 5.

Rt & UTHR U 7= LRl OB IE L Wb & T30,
HL EohINE <, Tu S F OMEL D BRI B AR 1 %88 2
TR, WIGRESE RIS EHEITE<EDS
BNETTHS. LirL, SEOHIETIE, BRELGIE
ERRSEWVGRE D IIBWTHRBERIIY OIS an
o/ Fz, Figd ITRL& D1, ¥ C, D OWIE
B O E Ve A, B OB A &E > THEA 4
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BASHC L DS, H5 WIS TRMOEARE, B
£ 75 BB LA S 00 IS MM 22 B D TTAEME & B T E A0,
TS RIS DN TSRO E NS

5 &8

FRHEALNIVDRILD 4 FEHO Nd-Fe-B HE#EBIAIZ,
MR TRV F—12 GeV OB FIMERENTESE LT
FHFNSBDEERNTEREE L& XOMBEERE
L, UTo#kREE-.
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