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Nanoscopic Analysis of Grain Boundaries on Ag-Containing Nd-Fe-B Sintered Magnet
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It was found that adding very small amounts of Ag or Au to a neodymium-iron-boron (Nd-Fe-B)
basic ternary sintered magnet increases its coercivity to the same level as that achieved by
adding a similar amount of copper. Moreover, the Nd-Fe-B-Ag sintered magnet was analyzed
by means of TEM/EDX and AES. These analyses show that the Ag is distributed not only at

triple junctions but also at the boundaries between pairs of grains.

®Key Word : Nd-Fe-BHf&tia, Ag, HF
®Production Code : NEOMAX® series

®R&D Stage . Research

1. #&

il

Nd-Fe-B R BEf A1 DO PRI Hep i
ZERTELY,

, RRD L HIZET

He=C X Hp = Neg X Jg (1)

ZZT, HalZFMHORGHRESR, T EEMOfEAL,

CIEEAHOKE SRR S 5 R R L 72485, Neg i3
T 72 AR BT B o

(D) Rz, WD H ZREODDITIE, §H—H
DC X HyZ#RKELL, FIHDNyg X J&2/NSL LA
TSRV, LA L, JJdattFcs - TEEL2
HTHY, TNEBREICTZ2FREET L2, flzid,
Nd-Fe-B&#f1® NdD—#% Dy % Th & o 2284 T4
TETERT D HEPNSNTWED, ZOWE R
RHABKEL B2 —0, EHOBMBLIAMET T2,
FRIC, FeD izt EZ CEIRT 2 HELEZ LN
BH, HFICHOLITRIIMON TRV 2, KT
L3\,

Z ORI, F L THREC,
HEED B TDOWE & D720
Fio@y, CERKET LD FEDVE DT TR
B DOREERRL R DOBIHSA R TH 575, AW TIIERAGE
ZAMN)y TF Y AMETHERL, METEEHVLIL
T ORI %R AT

Negr (2# H U TR

Fidler? 3N 2 @m0 5tHE M) 21~2 at% i f &
#7:Nd-Fe-B-M A2V TOMGEF 247, PDUTFIZR
TEIODRMEIIR Lz b, (A) KRR O,
HEMTHHNIM £ 7213Nd-Fe-M 2R TR L, 2o
Bk F 72 RERDER IR LA & R AR TH - T, EM
Lo ERET HILE BlE LTAL Cu, Zn, GaZe &
b)), BIY (B) s7{bWEEE L, EMHORNKE
ZHIT HeFE BIAZIEV, Mo, Nb e &b b) O F
HORMTHD, 72, Kim 5% 13Cu?0.03~0.2 at%
LMEEASIELILT, RUBHEEEZKTIELZ
ERL, BEHFRBICMETEIE2HE LTV,
BB, CuRAlZEAH T 5B/ & g b CaULEL
THUE, BB ET 2L W) HEY S Twb,

L2L, MEnRICX 2RI EO X=X A 200N
TWEAHAREDZ V. Tz, RPN Tk L L Qb
AW % TEM (Transmission Electron Microscope:
FEBBETHMEE) 2T RITWISRAE L3RG
%<, ZRITH BRI O RCHIK IS T 2 F 4 i
W55,

Z 2 THEE SIE, PREEI 1A R R) iR e R O fFT
#iTH L L, TOIREORME, ThbHBMALEECHE

FEHLAR IS TSR B R L, ME T #E I Fidler,
Kim 5 OMGE; L7z LR OO H» 5, KA L L OFE

EHTWIzAgl AuDRIRICOVTIHRE 2175 72,
AKix, AgRAuzEHESELZLICLY), Cukldit

* A &Ebkstt NEOMAX 7 v /8=— *

38 HiI£EHR Vol. 25 (2009)

NEOMAX Company, Hitachi Metals, Ltd.



Ag £ EH ¢ 5 Nd-Fe-BEiEHRA DR F / 51

BEORBE M LR AR L2 &, BLUNd-Fe-B-Ag
BRI 2 0512 TEM/EDX (Energy Dispersive X-ray
spectroscopy: T v ¥ — ik X fc R o irEiE), AES
(Auger Electron Spectroscopy:*— ¥ = B&T0EE) %
7 FURNT 2 47V, Fidler OFEH & BB MICIRA L 72
ERICETE2LDOTHL, 1B, FICAgxEEAH LR
GBI, CuZ & L7zBek Bea O FAT s
%L, AgEG A LOERZEELLTVWIE, BIW
AESTAgIZCull bR <, 2O Nd % Fe, B
EVo MOMBEE S E A=Y 2B T O -7 TRV F—
MR D707, BEAEHREN ORAT L ZAL 2 A5 & < RT
TAHDIHT L EHFLIZDDTH S,

2. XBFHE

WU VE R BEREHLA Ze E~D Ag, AuDEHBEZYS
PNZT B 7280, WMEHHE % Ndiy¢BeiMyFep, (at%) & L
72 (72721, MIZCu, Ag, 721X Au, 130.025~0.4),

RICA M) v F¥y A MECTHMBILREEZEAT 5 Ltk
WKOGEEZHER L, INSOESIIKERILEIZLD
ML, Yy PINVIZEDPHRAEL~5 pmEid
OB L, BSThERIEOOL, Bk L, EHERhuLEE
fiti U C RVl H 3k & L7z

O N7 WA A OBSIFETH 5 B, R Heyld, B-H b
L—HZHw7z7 Ve 27 ¥ A4EE ML — A LT 7,
F o) —RERKIGEIZOWTIE, DTA (Differential
Thermal Analisys @ RZZSHEN) % H A RERE
10 K/min O 50 CHlE L7ze Bl&, MA R ZHAEL,
H 7 #EFT B HF2100 % TEM THLKE 2 813 L, NORAN
#Vantage D EDX %k L CH UL CTHLK 2 450 L 72,
AESIZ7 VY 7 - 7 7 A 8PHI SAM680 % v, ZD
AREHIMRIRITIN T L7- Ag A BRSO 23T D, Z Ol
T % B LR A 2R L7z 2B, Z oK oBmIX
WA TH Y, ATV BERTELD0TH 5,

3. WMEITHE LHTEFEORR

Cu, Ag, AunEEMEZ, B1, B2I1TRT, hF
TCuEAICL DVREIAN ET 22 2 dH SN Tz,
Ag, AulZ2WTH0.1 atB L F OEH = THRIEN 2R K
Y, HE LRV 2EU EE o7, ZOF
A TIIRE AR EE B O 13001 TR#THY,
Fa)—lEOEALDLL CUTENEV, ZNEDFEE
2H, AgRAuld, CulHERICEMHOB G EIZIZEAL
B LTWRW D EEZ LML, 72, Ag, Cuz&h
L 7Bk A0 % 420~ 700 C OHIPH CHRERILIL L 72 & &
2, PRI Hg 2SIk & % BiEEZh 21620 T, 500
CThHotzo SHICDTADWERRELY, Agid610 T
12, Culdd490 CTIIWEs ¥ — 27 A Sz SO
X, Nd&NdM (M=Ag, Cu) OI5hiEE (Ag : 640 C,
Cu : 520 C) 2\,

1,000
__ 800
€
<
S
2 600
2
=
o
[
Q 400
8 0
2
Z O Ag
200 - Au
-~ Cu
0
0.0 0.1 0.2 0.3 0.4

M content x (at%)

1 Ndi4.6Bs.1 MxFebaL'kﬁ*\%wE‘r: BUBZRENDEMDEFEEXD
SN

Fig. 1 Dependence of intrinsic coercivity on M content ratio (x) of
Nd14.6Bs.1MxFepa. sintered magnets (M = Ag, Au, or Cu)
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Fig.2 Dependence of remanence on M content ratio (x) of
Nd14.6Bs.1MxFepa. sintered magnets (M = Ag, Au, or Cu)
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Fig. 3 TEM/EDX images of Nd146Be.1Ago.1Fe79.2 sintered magnet:
(@) TEM, (b) Fe/EDX, (c) Nd/EDX, and (d) Ag/EDX
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Fig. 4 SEM and AES images of a broken test piece made of

Nd14.6Bs.1Ag0.1Fe79.2 sintered magnet: (a) SEM, (b) Fe/AES,

(c) Nd/AES, and (d) Ag/AES
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Fig. 5 Depth profile of (a) Fe and Nd and (b) Ag from the surface of a
broken test piece made of Nd146Bs.1Ago.1Ferg 2 sintered magnet
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