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Enhancing electrical resistivity of Nd-Fe-B-type magnet with addition of

dielectric oxide with low melting point

Min Seok Kang

Department of Materials Science and Engineering, The Graduate School,

Pukyong National University

Abstract

Ceramics—bonded Nd-Fe-B-type magnet with high electrical
resistivity was fabricated with the intention of suppressing
induction of eddy current thus lowering operating temperature of
the magnet used as rotor magnet in high speed motor. The
ceramics—bonded Nd-Fe-B-type magnets were fabricated by
consolidating mixture of melt-spun flake and HDDR —treated
powder and oxide ceramics with low melting point. The
ceramics—bonded  Nd-Fe-B-type magnets had remarkably
enhanced electrical resistivity with respect to the magnet without
ceramics binder. Coercivity of the isotropic ceramics—bonded
magnet decreased with increasing the addition of ceramics binder,
and this was attributed to the increased demagnetizing factor.
Thin oxidized layer on the flake surface formed by reaction
between the flake and oxide binder also contributed to reducing
coercivity 1n the ceramics-bonded magnet. Highly resistive
ceramics—bonded magnet containing 30 vol% ceramics binder still
had good magnetic performance and high mechanical strength at
175 °C: iHc = 5 kOe, Mr = 4.8 kG, (BH)max = 4.3 MGOe, and



over 900 MPa. In the anisotropic ceramics—bonded magnet, thanks
to low temperature consolidation of Nd-Fe-B-type particles using
oxide ceramic binder with low melting point the detrimental
reaction between magnetic particle surface and oxide was
profoundly suppressed, thus retaining the high coercivity of initial
magnetic particles even 1In the ceramics—bonded magnets.
Ceramics—bonded (15 vol%) magnet, which had good room
temperature magnetic performance (iHc = 12.7 kOe, Mr = 94 kG,
and (BH)max 170 MGOe), still had reasonably good
performance(iHc = 5.0 kOe, Mr = 87 kG, and (BH)max = 10.2

MGOe) at 150 °C.
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Fig. 1. Hysteresis loop of permanent magnet.
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Fig. 5. SEM 1mage showing the morphology of
Nd13,6Fe73,6C06,6Gao,6B5,6 MQU*F flake.
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Table. 1. Physical properties of the BixO3 -  Si0s B20O3
ceramics binder.
melting . electrical .
structure point (de;::?r’;?) resistivity mheac;:i';fsal
(cc)f I (Q-cm)
amorphous _ 5 12 18] 913 Hyo 3
glass 550 ~ 570 54 1.5 x10 50 HRC
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Fig. 9. SEM 1mage showing the morphology of
Nd12.5F€80.6B6,4Gao,3Nb0.2 HDDR powder.
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Table. 2. Physical properties of the V.05 - P05 - TeO,

ceramics binder.

melting density electrical mechanical
structure point ( alem?) resistivity hardness
(cc) 9 (Q-cm)
amorphous " 8 6 [9] 293 Hy 5
glass 260 ~ 284 3.3 1x10 8.7 HRC
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Fig. 12. Schematic diagram of 4-point probe for measuring

electrical resistivity.
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Fig. 14.  Dependence of electrical resistivity of the

ceramics—bonded magnet of the amount of added ceramics binder.
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Fig. 15. SEM photos of the ceramics-bonded magnet containing

30 vol% oxide binder. Arrow in (a) indicates pressing direction.
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Fig. 16. Dependence of magnetic performance of the

ceramics—bonded magnet on the amount of added ceramics binder.
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Fig. 20. SEM photo showing magnetic particles separated by
dielectric ceramics binder in the ceramics-bonded magnet with 30

vol% V505 - PsOs - TeOs; ceramics binder.
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Fig. 22. EPMA element mapping showing surface oxidation of
HDDR particle in the anisotropic ceramics—bonded Nd-Fe-B-type

magnet with VoOs - P-Os - TeO, ceramics binder.
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Ceramics-bonded Nd-Fe-B-type magnet with high
electrical resistivity
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! Pukyong Natiowal Univerary, Busas, Repsblic of Korva, 45511
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C5E229-2  Kargeral AIP Aovances B, D5E220 (2018)

Electrical resistivity and densaty of the prepared specimen were measured by using & Four-Point
Probe and an Archamesles’ principle. respocunvely. Magnetic charsconzation was performed wsing
VEM equipped with heating oven for sample pre-magnetized with 5 Tesla filed along the pressing
direction. Microsiruciure observation and slement distnibution snalyais wee performed by SEM and
EFMA. Mechanical stremgth of the prepared specimen wan evalusted weing compressive fracture
strength measured by UM {universal iesting machine).

I, RESULTS AND DISCUSSION

Fig. | shows charmcienstics of the BiyOy-Si0y-B 04 -Zol) coramics powder examaned by XRID
ud DTA. In the XRID patierns & brosd bump appeased in the range 20 - 40 deproe, and this was
dbue o the presence of shon-range onder, indicaung that the covamacs binder was in smorphous stale,
Ascanbe soenin DTA wace, meing post of the conmmics powder was spprovimalely $50°C Physical
propertses of the ceramacs powder were sumamanized i Fig. Lic). The propenses were measured in
wwmumﬂmm“mhmmmmm
ayslem.

Fig. llﬂmmﬂm:ﬂﬂm:ﬂﬁ:mmmum

flakes by ihe diclectric conamics bander s dwwn o Fig. 2
mmm.qu—ummmum ihﬂlﬁ

20 | degree )
-]
point [ glcm?)
i)
amorphous  S50-5T0 54 =185 107 ™ 543 H,{300g)
glass 50 HRC

FIG. |, XRDCe K,y pemerns (ak. DA (3" Crmin im Ar) resll (8. md physcal properties (o) of the Big (-5l -B 0y -Zn(
peramics tinder.
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Amounil of Ceiamics binded | |
a " @ -t - m w e LI T
- -
;:m _E- * - ME!iu:“:_n tﬁ_lli
T i-nn.x- n - -“‘ ¥ . -I
!" . = e e @ :‘ & B ™
LT i~ . e £a=0w o L] ]
S g S— -
o 1 " ="
My B @ & Yi s =s 8= a'v Y, a = -

" covamics binder Mg

FHe 1 Dhpefaletcs of cecical ponidlioily ol et guriosmer (0 sl dovsty (0 of The oormmmii - bonded magnet
i the vt of whled ooramion b SEM (s el TR G) plionon o W e A wiagne g W valh
ani hinider Ao in (o indidaies preasiyg S iam

ceraniigs hinder Possible factor il may contribule 1 she comanity decréase by additian of the
ceramdcs binder inglude ( | ) inuneated effective demagmetizing Laior (N, | and ( 2) thin oxidizesd Layer
o the flake swrtace by roacibon borween flake and o ide binder.

Effgetive domugneticng Fcwor of a permancnt magnel i consisting Langely of three conribu-
bk Mg = M + Ny * N e N donones macroscopec demagncezing facior, which is
detarmined by apparent shape of the magnen. N, denotes demagnening (o of tsolaed g in
the Iagmet, ansd Ny o i 10 steay Bebd ot nos-ferromagnetic maltiple junction, For the paticu-
lar magnet samples prepared i the present work thie N may b identical regandles of cevamacs
bindar addition because of thei ulentical shape Regarding the N, .. grains in the Make were very
fimne 1Fig. 2ie)) and they were mationally believed not 1o be isolacd but magnctcally coupled by all
means. The N . thercfore. may contribate hile o noe 1o the elfective demagnetizing factor in
ihe preseii samples. Ny, may rather contribute i fhas partcular case nstesd. As shown it Fug. 2id)
the fakes wgre almost perfectly isclaied by the Slded ceramics bandef, siithe flake sas helicved
tiv have signifieant Jdenigneticing ctor due 1o s plate-bke vhape To add Wiihe plate-like dhape,
flakes in the presied magned were Shgnid dee unply 1o ity plaiehikc peametry-in such a way that
thickness direction of the plate-like Makes wene oflembed pacalle] o the peetsing direction. As the
magnetic properties wene messurcd-aloeg the pecstong dndtion the Ny, may more considerably
comribute. Fimally. the N o, due 15wy Bekd 21 oxsle feachon may more greatly contribule in
this ceramics-honded magnet because the oxide junctions wene langer and mone: frequently appeared
in the ceramuics-bonded magnet. Mone socurate espressson of effective demagnetizing factor for the
ceraimics-honded magnet 15, therefore, o be wniien a8 Mg = N + Mo + Neronn. The Mone
may increase with increasing the addson of ceramecy bander i the ceramscs-honded magnet, hence
reduscing coercrnty, Another major contribstory factor for the reduced cocrcivity in the cerarmics-
bonded magnet may be the presence of than oxsdsed layer on the flake surface formed by reaction
between the flake and onide binder. As hot-presung was accomplished at high iemperature af 670 *C
at which the added oxide binder bocame hqued. oxidation of the flake surface was inevitable and fast.
As a result. thin oxidieed layer with a fow micrometer thickness formed near surface of the fAake as
can be scen in Fig. . The reacton between Nd;Fey B phase and oxygen 15 known 1o cause decom-
position of the Nd;Fe, B phase inte mixture of NdO, + Fe + (Fe-B).* The Fe and (Fe-B) phases in
the decomposed mixture are magneteally soft. The ousdized layer on the Aake surface may, there-
fore, have radically reduced magnetocrystaline anizotropy, s demagnetization under reverse field
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AR AR AR R R

e b e—
hianics | an |

FMi 1. EFSIA n-ray mapping s disimils ol ok o i T e iEhetic flake sfd awide Binde s e
ceraniin bomded magnet with 30 el cnide =uclio

may be mone easily initisted. hence reducing cosravity. ™ ¥ Ceramacs: honded magnet with mean-
nglul elecinial resistivity and magnetic perfommuance was proparod when contasmng 0 vol% oxile
binder: g = 1303 pllem, iHe = | Li-ke0e, Sy = 3.1 k5, and fBlLmax = 5.3 MGOc o room temper-
aturg, Fug, 4asl) shows ampermers dependenee of magnetc performiance of Uhe ceramica-bomded
miigned with aid withdut 30 vol% oukle binder. The baghty reiisiive copsmites-bonded magnes con-
taining 30 vol% eramics bimder still hasl prefty gousd! magnetic pevformance & 173 *C. iHe = 5 k(g
Mr = 4 ¥ kG and (BHman = 4 3 MGOe. Temperstare coclliciont of remanence (i) and cosrcivity
(i) of the genamics-bonded magmets with and withowt 30 vl corantics binder in th range from
s Reghperatiune 1o 173 *C were vinsilar

Ao included i Fig. 4 wos eompaniaon of fractere srength of the cormmics-honded magnets
with and without 3 vol% cxdde binder. Room semperstone fractone srength of the bonded mignel
sithyand wathou 30 w0l ouide bunder was similas Worth pemuar.ing was that while fracture srength
of the magnet withowt oude Binder was comsidershiy redwood @ 175 “C the coramics=hongdcd nugnel
wilh 30 wol ™. oxide bindar sl had as high mechancal srength sl 175 %C as tht ai room temperatne
Present siady revealed thet fabeication of coramics-tonded magme: with remarkably high electrical
esintivily was Teasible. However, coescivity wab considerably dccraded by addibon of the oaide

LTS

..H.-.
Fracture
1

PG 4. Temperanurs dependence of pesh Harallh it i himical rnength (e} of the voramics-tended magne:

weith and withoul 3 vl ¥ onide b
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e, andl i was aitribuiced panly o surfsce oxidstion of the magnetic flake cansed by reaction
with oxide binder, Thenelore, im onder 1o develop a good coramic-honded magmct with high electnical
residtivily and kigh magnetic performance. it is requinod 1o ind new chemscally meri diclecinic binders
with further low melung posst. Equally wmponas:, asistropic ceramics-bonded magret with high
electrical resistivity is desirable using anisotrope: hasd magnetsc powder sach a5 anisotropic HDDR
powder or MOA powder.

IV, CONCLUSION

using low meling point oxide hinder. Coercivity of the ceramics-hondid magnet decreased with
increasing the addition of cersmecs bimder, snd this was sanibaiod 10 the incneased demagnel ang
factor, Than oxidized layer on the flake surface fomsed by seaction between the Make and oxide
hinder also contribwted 1o reducing cosrcivity in the ceramics-honded magnet. Ceramics-bonded
magnet with kigh restsivaty still had good magnetic performance snd high mechanical strength at

'l.m mwm;n-lun-l—ﬁ‘hu_nmmiu.
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