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SmaFe N, L EWEF R BRI, FHERAFH —RNF L AR
o BXRGEHT T SmyFe ;N IR MHIE L HENRAEERA, FETRAR
SIS SRR 1 R PERENY . AL L, G R R B A R
BN H PSP, JERT R R . R AR R E AT THR. A
B, BIXFI AR B TR ER(ERR SPS), HHTT SmoFeN, MM MBI F
B, WAZRIFRIE T POETE SPS R4 nL I8 P RIIMBAT A RAB LN,

HH XRD, SEM. VSM %45 MTF&, W RAESGHERERENEES
H RS SmoFe Ny 3T TR, BEMAER, 2 XM H SmassFes
B-E4, BEREATEN 1050°C X30 AR, SEMELTE R 500°C X5 .
HALE ] SmoFe N, HIMMPEEE R, BULAB JELREFU, AHAHREHR
HERRENTEA, TEAREVAERER BN 2 e, @5 J=134T, H,
=T774kA/m; EEIREHAIRER A 8 AN, BASHEN: J=127T, H.=
691.5kA/m. A8 &4 T BRI SmoFe N, h BB A N B THh 2.8, BRI
TREEF KH550 %t SmoFe N, BT R G EAE LM, FF DTA. XPS. FTIR.
AES. VSM I SEM X088 SR8 AT IRM, R BB BL A LUk S 8 i 77 R IR 7
MR, TR T —ZPORAEE, HH0bM T MR 58 P B, AT
R T HRTERR T HPEIEE S . U SmoFe) N, BRI KH550 SRR
Plo~dwiR ZA LB SE, KREn LUEmBER MM E e h, aIUHERT
il & R S R L R R B

FH XRD. SEM. B-H M EHTRMFEL, X) SPS L IE A b1 & High
MR T EHAT T IR 9T, 19 HOR S5 RE 1k o B AR A B ELAR ISR AT BB 0 6wi%.,
BAZRR ERIE 100°C, B EIH) SmyFe N, S5 M BRI PERE b Br=0.701T,
iHe=521.4 kA/m, (BH)max=64.7 kJ/m*. ScB A TR REM R HE A0 RS LR 1
EMBEREA RSN EERE. 5 SmoFe; N, K 2 R4 135 B4 RO S rh
LK, SmFeN K BAMFIBE(BO A B IE A% o H-0.096%/°C, AT %
L(Br)4-16.3%, Yt B AEF U1 % (8 SmFeN K& @ity NdFeB ¥ 45 REtE B FiL
R R AR, [0 SmPeN ¥4 Bk ¢ R0l AE (it 0.8 B AE T NdFeB For545H:
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BRI 55 B TR 45 (SPS)H AR Hl # SmoFe N, SR B 1. AT 9T T B4t s
EEAFE & LT HEAERREMIENL, RRERARIERE . RBEEIH
BIREHRTZ, SmFeyN, HlaRAEMS . XA Rietveld HEBIHHET
SmaFe N G HE AT ZYHN SR, RIMBEEERHEN, HibaFe & BES
Hhn, M 100°CHI 2wi%, B 600CHIEME 32wt% . H ¥ KM HRTEM %F
SmzFeyN, JREFE BT T OGR4, BRI T #4749 SmN Mo-Fe 5%
EH EHEXR, FETEDRANEAE, Mo UIEREL, MRS
/NF 100m A RIERAFE. WO BEEEAT TiHe, AR ¥Mmah 2mmE
K&, #AECLE G SmoFe N M8, Hamidfh “5HBH. B K" midf.

REW:  SmoFerNo ML, WH, Bk, BASE 7L (SPS)
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ABSTRACT

As a promising candidate for next generation of rare earth permanent magnets,
SmyFe7N, compound possesses excellent intrinsic magnetic properties. In this
dissertation, fabrication process as well as coating technique of magnetic powders
have been studied systematically to obtain the anisotropic magnetic powders with
good magnetic properties and ideal antioxygenic property. On the basis of above
research, warm compaction techniques have been applied to prepare anisotropic
bonded magnets from the magnetic powders. Then the magnetic properties, thermal
stability as well as corrosion behaviors of the magnets were investigated. On the other
hand, densification process of the powders has been studied by the way of spark
plasma sintering (SPS) technique, and the decomposition mechanism of the powders
during sintering process has been proposed.

SmyFe;Ny powders with high performance prepared by traditional powders
method were studied by means of XRD, SEM and VSM. The process routing as
follow: melting-homogenization-pulverization-nitrogenation-ball mitling. The optimal
magnetic properties were obtained in the alloy with composition of SmjasFejs. The
homogenization temperature was 1050°C, time was 30h. The optimal nitrogenation
temperature was 500°C, nitrogenation time was 5h. The magnetic properties of
SmyFe 7Ny coarse powders were very bad, so it must be ball-milled to fine powders
that the coercivity would be improved. The optimal milling time was 2h by means of
planet ball-milling machine, the magnetic properties with Jr of 1.34T, iHc of
774kA/m were obtained. But the optimal milling time was 8h by means of rolling
ball-milling machine, the magnetic properties with Jr of 1.27T, iHc of 691.5kA/m
were also obtained. The biggest N atom of SmyFe;sN, was 2.8 in these processing
conditions.SmyFe 7N, powdets were surface treated by silane coupling agent{KH550)
for the first time. The coated powders were invested by DTA. XPS. FT-IR. AES.
VSM and SEM. It was found that 2~4wt% silane coupling agent formed a net-like

film on the powders surface by chemical bonding. Powders coating with the film
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possess excellent oxidation resistance as well as good magnetic performance.

The warm compaction process for producing anisotropy bonded magnets was
investigated in detail by means of XRD. SEM, B-H tracer and SPS. It was founded
that the optimal epoxy ratio in bonded magnets was 6wt%, the warm compaction
temperature was 100°C, the magnetic properties were Br of 0.701T, iHc of 521.4kA/m
and (BH)max of 64.7kJ/m’, The alignment and density of bonded magnets were
discussed. It was founded that the fine particle size of powders was the major reason
for low degree of alignment and density. And the effective ways of producing high
performance bonded magnets were put forward. For the first time, the temperature
characteristic and erosion resistance of bonded magnets were studied. For the
temperatute characteristic, the reversible temperature coefficient o was -0.096%/C,
the irreversible loss was -16.3%. It showed that the temperature characteristic of
SmFeN bonded magnets was better than that of NdFeB bonded magnets. For erosion
resistance, SmFeN bonded magnets was distinctly better than NdFeB bonded
magnets.

For the first time, SmyFe ;N sintering magnets were prepared by SPS. The
magnetic properties and structure of sintering magnets prepared by different process
were investigated by means of XRD. SEM. HRTEM and B-H tracer. It was founded
that SmyFe;;N, would decompose partly under high pressure, different atmosphere or
rapid heating rate.Rietveld method was applied to calculate the content of different
phase in sintering magnets. It was founded that the content of a-Fe in magnets
increased from 2wt% of 100°C to 32wit% of 600°C with the improvement of
temperature. For the first time, HRTEM was applied 1o analyse the microstructure of
sintering magnets. It was founded that the decomposition of SmN and a-Fe was
coherent with the matrix in a certain degree. The production was partly amorphous
grain and partly crystal grain of within 10nm. The decomposition mechanism was
discussed, founded that it was impossible to restrain the decomposition of SmyFe;;Ny
according to thermodynamics and kinetics. The decomposition behavior appeared a

process that was easy to nucleate but difficult to grow.
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1.1 A&

BIMEME R —REEARGAE, EMRTEA SRR T 82 T EN
R« SYIR_L 33 7 R R R BEYEAT B AT 432K R0 77/ T 100A/m (£ 1.250¢)
ROFR B RREM R B KT 1000A/m (49 12.50e) MIFRAHEERIME, HaH
A-F 100~1000A/m (£ 1.25~12.50e) 28 BIFF Ay f0E s b 6", S8REAT %L (Hard
magnetic material) SFEBEWNG, ZBIMEMRAEBEIERE, FTLXH
Hp R # (Permanent magnetic material) .

KEMEAANRHLNRERE TEERR, 2ZNRHAT RN EEY
AR, EATERBEER. Bat. HEH. B UE. BE. 8. B2,
FEWTERHEBE TN AY, i B R R AR QS AR R A
WAR, EERRIVARSEEAPHERTEELRR. A2 FEHY
SmgFe 7N, R KR TR 5T B R BT 51 03 U SRR 9T A

1.2 X#MHeRRIE

1.2.1 WadrkiEd R

KB R R R 4 h A B (1) BER, B3 C . WL Co
W%, KEEAMBAEREBERMN: (2) Anico REEAEE, ) BEERKR
%, ¥ BaFe0vg F1 St FepnOwo BRAHBEME: (4) Sm-Co Bt AR, X B KR
MEZEREE AR T — R A SRR, A9E 125 &R0 2:17 & Sm-Co &8 HkRIE(S)
NdFeB R# K.

Alnico R¥FIE KM R MBRER =, REET. THREES, #EsEH,
FERARTHEMEBTE Co FI NI, HEMRILRE, EARBME DTS
EFERE. HEElE, K. NS TEHE—ENEA.

B KB BB BRI, REREHE, THEER, QenBEME
WEES, EE ERERNRTIPEE T ENNE,

Sm-Co R LABHE, BE 1966 FEME SmCos M1 1977 ERWH
SmyCoyy, BitERE+ AR, EEHERLER SmMAHRNRIESE Co, MiikLL

e
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ok RETENERE HOFERTHEHRRESEIL.

1983 4F, AARGEABREBHEASHMANEN (Sagawa) HCE LAk A
T8 & M7 ETR G th 4 AL T NdFeB Rk ik, BEEER ik 36MGOe( 286.6kJ/m’*),
MBS TR AR . NdFeB Rk ARG K RROBIERE,
ARMEBRRER, EZFBR Sm-Co RAMBMEEKE, RERCKE
P, MIRETRARSE—SRIE B~ 2EE LA, 2003 FoHARE
NdFeB Elik 18460 mfil,

NdFeB ZK#i M ML, AEQFANEL HESHE —EHBRE: (1D
HATERME, REE: () JUMmt. HELHEE., MR T e
TR, FIREFA RS E T N RPUB L s R, — E7ERIRHF
KB HEA L
1.2.2 WMIRPHB kAR

REME L BRI ESWHTTRE R, KBS YD Fe-Fe R TME I,
Fe BEXEME, VR TFEMRR, BN SELSYRBERRK.
REINERET (NN, C, H%) @&, SREKSH Fe-Fe fHEMH
K, Fe-Fe XHMACFIIHE, Fe RFFHRETHERSHK, BREARELHHI.
EX—BBEET, MMNEFIIASH L - haPRBRR R s ey,
AR MRS, B 217, 112, 329 KM sy, A
RoFeiNu & Ry (Fey, M) N &, Ry (Fe, M) N, BSREULESRER
WELREERE, SUETAMIM 6. Boh, TURGK M Hks, LBLE
REERERREY Ky IMI/m’, R S8 B 930S ST KT SmoFeN, R 4/ 44,
KB HARHEEE LN E.
1.2.2.1 R, (Fe, M) N, ZEBE L

1990 %€ Coey KR RoFer:Ny EAA, ¥R B%H# N BT 5| A B RTiFe,, h&
Yirb, RIS BB IR SRR Y BT RO OCIRT, MTTTTRE TR B kR + K
BEFAR R —23, #8ETRHEEAV, 2 MRA kR REEE
VR Lk, HEREEA RTER RS T A E M ER AR, @
BYSHHABITRARET —, 112 WERELSY ThMn, B, —BE
RFeM)pN, Fo5w, RAEML (0 Nd, Pr), M WEERAEMIE = TE (0
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Ti, Mo, V, W. Si, AlE). 112 ERREAYEMBEARE A 1.54T, B &N
RWZN 8~ 11T, ERHAEH N 406.0~469.6kI/m’, & HIEE R 740~780k. &l
EHEHEERE S, HBE. (R, IREShEE,

1.2.2.2 Ry (Fe, M) »N, ZEBEE L

1994 £F L SUHRIE X ST 47845 B Hu UMD FAT 54 BIE T Nas
(Fe,Ti)yy R EWMAT RFREW, FREA P2/c. EIERMFTMEDE
R: A2im EABFE P2/c BEE AP IARX MG, A2m £ P2/c MI—FPRDIE
FItgE 8. HELZE, — &35 Ry (Fe, M) x HH(R=Y,Ce,Pr,Nd,Sm,Gd,Tb;
M=Ti.Ct,V.Mn Mo)HESEAFTE, T 3:29 W&PMBI AR A — M A5, Rifi
Ry (Fe, M) oo N BABELE MRS X (6] B AT AGE 2.

[ 2:17 46 &Y —#, BALAL T DL B 188 3:29 (& W R 88 . K. Koyama
GUIBFST Smj (Fe, MyaZy (M=Ti,V,Cr; Z=H,NYL &9 S5 M BRI B8 . 2
BRFHEAEE YR E R T H 2 SR0 ¢ Fil K, BRGEEEK, &R0834sY
PR IRA . SRR TR, MR MRS, BREEHATRA, A
1518 Smi(Fe, Mo 14& 200 55 BEAL 77 1R th 5 2 §i% 35 55 55 ¢ . Ho P Smi(Fe, V)N,
FIHRF IR,
1.2.2.3 THEHR R L KBV

e R LA S SRR K TR SR, EREENRERAS
& HIREABOD o-Fe 55, B ARBMEFESEMASRY. 20 oA+
#48, R. Cochoom!™, J. Ding U MBIT “TUHE S BMKRABEE" e
TS, BRESTPELEABNEEMMA: —RKEM, —REERA(RR
KA, TENASK RN, BRESREAE I REE BT
BE RS . FRABEETE %, SmoFeNyFeesCoss & HRERMT
& 9% AR, HIRE KHEEERR D 137MGOe! .

XK G KB SRR, SHANRSHERNES, XBRETHE
HHREWEN. T. Schrefl EAUSH BT Stoner Wohlfarth 92 BB ik, H7EHH
Fe R ILGTR B R R T T BRI R, HRE B R AT KR ik
T EFAMGRNA AR, B, SETaek RBMmK R egsEnm 2
HMMERRERE,
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1.3 Sm,Fe;N, R H BB L T &8

1990 £, F/R2M Coey 1 Sun Hong f#8 T FIF S B R & A% RaFeq Ny ]
BT &R EAEY"), 3188 TS ROEARE. RoFer (L& 300CLLE
BT AT R R N JERE RoFey N (&4, RoFen (&Y N JG, Rikshil
AR, BRARER, X SRR R AEH AR, ERER AR
HENRERR.

ERR M ReFeyN AL EYF, ZREAHE R=Sm 7 B75 C #EmBH,
HAFMRETPERPERE. SmoFe;Ny 5 NdyFesB 1 BEREPERERTEE LE 11,

# 11 SmyFe;sN, '3 NdFe B 94 BRI RS
Table 1-1 Intrinsic magnetic properties of Sm;Fe);Ny and Nd,Fe;,B

. BEERE | MAEEE | BRZAsEg BB R Py

} Tc (k) ueMs (T) ugH, (T) BHumax (kJ/m*)
Sm,Fe;N, 746 1.57 15.6 470 (59MGOe) | [20~22]
Nd,Fe,,B 580 1.61 8.0 512 (64MGOe) [23]

7] NdzFe 4B #EE, SmaFe;sNy BRI E LA 1 KA BB 5 NdFeB 4
LK EEERE BERAERMABEREGIRE 1600). BISHERZRAE
iz, WIRTAFEEME, AR MEERT NdFeuB, EH, SmyFe;N; &
1) BR AL R LK B B AT OH B — R kR R D, REF IS A
EHEREETLERSASSINE, TREEREANSHEEREELE
REFWBIR: A—FH, B TFRLGEL NdFeB €, ERMAF L NdFeB
e A&ERLEIZH. FTLL SmFeN, REREMLDH LABAHTUR S S
NdFeB ZHEFHF —UKRME, FEXEHRAE - .

1.3.1  Sm,Fe;;N, AI4EH

SmpFeN: HH ThoZng, BRI RAALHMNALEY, HEESHRE 1139,
SeoFe; L& PIRFENF RS : (1) AFK % MBS, THTHEET
JZHE: (2) + Tk 3a, 3b EBREAL. 3a FABRALT 6c WEES S {7 (75 Fe EF 2
[]; 3b @ArA7 T C HMAR LR FREE @, (3) WEk 18 &, T4
T C BB LIRTEoZE, ERENRLETHRAZESSH4YT. N
BT LB 9o NEESEL, T—MRMHRIFE 3 MAEKRL, # SmoFe;
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WEDFBLESH IANMNEF, B SmoFe;N;.

O
0O
)
QJ S
a
a
R Oﬁc
Fe @6c ™93 @18r ©13n
N ® %e

[@ 1-1 Sm;FenNg E"]r?ﬂ*‘:’éw
Fig.1-1 Crystal structure of SmyFe;;Na

1.3.2  Sm,Fe;N, Bl PR # 1 GEF0 TR H 4 51
1.3.2.1 BREHE

RoFey; B/ B BARIE (240-480K), JRER RoFey, 3% Fe—Fe Bi¥
BB, SEHEBS MK REMERS, TRIEFT235, BTl Te /M4,
H3Z Bethe-Slates 2R #H, 4 Fe-Fe RF BT X5, RTHIERKLE. HTNE
FIIA ReFer e H B R E MR R RoFe N, (9 Fe—Fe JB Tl 5 18,
MTIAE Fe—Fe BFRBERAKIME, TeRIERT. BIEE HELOGL %,
FRRGEARBUAEE Fe. N FFETHAEFMER. N ETHIA K5
i Tc PI94R # 400K, P SmyFeN, MIE BRI Tc £5% 746k,
1.3.2.2 fhinsticiam

Méssbauer #7478, RoFeyy M “Fe M PIYBIEMIBH 31T, & RaFe 7N,
WEBH TFe MTISERMIB N 35TCe LAY, BB RaFer N, LA
BoORTHSGER Fe BT, FAELERM EORETRIESERARE
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HigE, BTUARLMUMB LR B E . H 9 SmaFe) N, B AMBEL IR u M
2907 1.54T.
1.3.2.3 HREBRKE

EFTHT RoFerN WY, SmoFe N AL EYRM—BH S C % E R4
¥« T BRUET N Ot SmoFe, IRE & & 1) B 2L 35 R0 5 BRI T Ripm B AR
ik, HARERE S BT LHRRHREK A K. N BETHEIA,
fEERLRBR &R R R ERNR, 75 Fe IRMB A RN BENES P SRS,
M T SmoFey (b &, e ARG TR ERETFER, N BT H AR Ap 5%,
HEMH Ay EBER, SmoFeir: Ayp=~-50Kag; SmaFe;sNye: Agas-300Kag P,
BB 8¢ Stevens X Ta,>0 M# L CE Sm. Er. Tm AT BTN 5 508 1
. HEERN, RE SmPe N, W—REH C BZRREY, HEFARESE
11.2~20.8T.
1.3.2.4 SmFepN, INMESHME N SRHLE

N FEXf SmoFeN, MW BEME A EEREW. N RTH—RE 0-3.0 2,
EREER TR AT 3.0, Fif, ¥ NEFHY 3.0, SmyFeN, HiBitEEE
5.

LR Ny BN, SmoFerN AL SR EE TH X — 7% 0-3.0 2 54
SR, HERETERFN, SmoFeNy FSFFR L RMAR. MR MEED
Tev Mss Hav Ko Ko BUMBIR AR, SEETHEx M 0 R&E 208 E
W, SMRRERREROBNET REHE, Tc SABRARMENLER
BHERR, WMBARE Is IR i g, B2 X>20 B, JsHnmEE. m
F A Ha R THRS I T REHMEM, B H 5ERET N BHS
BEX, MAHATEBR K NENSIERN. 7 SmPerN, EWP, LRBIM
BRBIRFECA x=2.94, W% &YW Js=151T, K;=8.4MJ/m>, K2=2.1MJ/m’,
Hx=16800KA/m, SR x=3.08, Hs=17616KA/m.

R NH; B NH; HH, BT, BEREFHEKT 3. &N, NETANES
BT 9o NTRTEBRAL R, o o 48 3t AR () BT B (O 18 U1 4 (R R B,
BN BFRED, SRREE. WNRAREREREBEERREPE,

N FEBARA SmpFerN, fIAEBEHETEEEW. FEETNETER
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SmaFe N, B4 BRREY.  SmoFe;N, MRS WHEEME % 4 REEHEE N R
THEAG LTSN, N ETH x 8%EE 3, MERESE, —f%E soTclL,
FLd SmoFey A& RN BEREMNEMA S Hi95, XEBFIH SmyFe N, K
tEREA FE LT,

1.3.2.5 FMERTTEX SmyFe;N: RIF L kBRI 4AEMFm

TR B INTL R RS R B SmyFe N, 0L 4 BLHE PR AR, BB MIREER A,
AR UME R KA AT ROEL, RORE, FNTERBRER
W R AIRE, Fia R ERR.

BMEAFE LT Cey Nd. Pr. Y SHAHH Sm B A EEBEE R R
TIPS, HA B N, Pr BACTTLURRIEE (Sm. Nd) oFer,N, HoRAIR
HaR LA,

b BHAR 3d &£ TE YN Fe, WCr. Al Siv Ti. V. Mn. Ni. Ga.
Zr. Nb 7 Mo <5, X SmyFe;;N, WEREM sk SRR X4, il 24
BT ARNEETREND. V. TS Fe 3 SmyFeN, MMM B M, %
SRR Smy(Fe, M) pN, 11373 BB & R BALIRAEEILL SmypFe N . i3
AITRILA V. TIEABR Fe B, BT V. Ti 5 N %4 Fe 1938, R
LA, (BRI A TR,

ALAE L TR, WIS BK Co JF TR S B Smy(Fe; -, CoNy(x<0.3)
R BB B 174, HELREMENBHEHE—TEFAE Co S BHMMT
R#E., BERERSHTRA 100K, AT 845K,

HETEBBE M LIRS SmoFeM)oN, R REE, F 12 AWT
S.SugimotoP VM BLER, WLIEH, B Ni s ESREEADN A RE
K. LA LU RSB &8t ikE b B gD o Fe IAEREE, &H
G BB LR B A B LR B R R R T E.

F#1-2 SmyFeosMo )N, M1 BIE
Table 1-2 Decompaosition temperature of Sma(Feg oMy 13N,
BRI EM) Fe Co Ni Cr Mn Al Ga Ti
FERECT) 547 577 490 | 661 587 580 600 580
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1.3.2.6 ¥mihiH

% F SmaFeN, F A HUIRG 1 B — B EIRIT 2 b, ARV R,

). Ding® VSR IEFINM A SRS N T SmoFe N R, AT R REM 3
FERISINA, HLERSSLB B SmoFe N, BRI BT 3 4 B 7 EHTILHL
HlFEs: EXREERETRERE, X.C Kou™ VS @it M R4 T MA
R B SmoFe N BERIIFFIAT 0, RN A R AL TR 4.

K.H. Moller %85 T M Zn 5451t SmoFe :N, i ARREAL Bh£8 50, B
X1 SmaFey N, b BB BB IS, OB RBALBS TR, P, Pawlik!™™
W T SMER ) 5 B AL B0 e £ 0 RIRLAAIRIR D 3SR, Wk R ML)
HFBHEL,

B Py Hu Jifan 2P 08T JOBKL SmoFeN, HIBS 4 #7040 BER T 1025404
i, 3BT TR SRR RO PR R AL AT T 447, A Zn %b
EEANRAEBEAE 1 SmoFe N, BRI SN0 X B 4 S RN R4,
#P15A% HDDR 615 (1 SmaFe N, BEVE, FUHFTA 2 LS00 2 8 ik
RS BIHLRISE AR

GREE R, KE MBI RME TIAh SmoFe;sN, VA1 695181 4 B M4 .
1.4 Sm,Fe;;N, RO 3T

1.4.1 Sm,Fe; N, ZREMMHIELE

SmaFesN, B BB HHE FE L EEBRAREE. RS SLE.
HDDR #EF AR SEFNMAE, RE 12, 55 SR 8TV EdeE
B TR,

(1) BEREE (RS

tRI¥EE (Rapid Solidification), RE-AEMRIT, MM B & E 5
H#IR B, BMPOERE R R, REHBRERUEK, BB
SmoFe); &%, BEEBE SmpFe;;N,. ML NdFeB Btk BIpT vl =
TR A RIRALD, {B7E SmFeN MR TRHBHAE . 18R SmoFe N, M Bk
W EER TR, T SmypFey; BRE S RS 5 H A REERE . R4k
BEFFEIME%, KTERAERSEERBEITE, BREANBETTHR
BB RIS LRI 2:17 B ToCu, AUH, HULBFEARNEAH SmyFe,; &
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G, AMEAERERE. XM ERGI SN LS B RER, FIRIK, BRRAE.
BRI ZHMFERITR, HUHITHEER.

(D) B\ Q) e 4$kiE  (3) HDDRE  (4) BKEen
A S I BEOH LRI R RS B EmG BEEIE%
v v v v
15 bIE K B HIRE HALIR K Byspbst ok
v v v v
Pk B 1R & MmdEsd R— i3l g W
M Fe 5 g-Fe Bt
TR K
| :
¥ #OR KR
- BEHME
Gl HDDR 4472 Jr—
v
W5 R
R
L——ﬁ

HAHEE: 450~500°C, 1—6h,
£ N, 8¢ NH;+H,, #ishaliiE

Y"!

H—HEREE 1~3um

Smy(Fe, M) N, Bk}

B 12 Smy(Fe M) N, KRB & ik
Fig.1-2  Fabricated methods of Smy(Fe,M);;N, magnetic powder

(2) PIEEE MA

MA HEREEPERELRE, 1% 10:0~50:1 FIRE MR, 2T
FELEREE, ATRBREES FACHEE. HEES. FEREYS, BE—HES
FEEHE, - AE AT NS SR, SRR E RS RE KRN
KEHESH. MA BEEMEHIE TTRAMIERTZ, & SmFeN 4 H AR
MBS, ZR BT U H R RN, FRRE RSN,
B SmFeN I & &S, MA ERBHFTRALZR BN, A, Teresiak Ft
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FiERE R SmFeN $ A B A &k 3.7T%, T C. Kuhrt HIEHIHARHIRE R
BRI BT 44T B E kP& B AT Liu Wei 2%t ] MA E3RB T Ha=
44.0kOe, B=8.0kG, (BH)nu = 14.3 MGOe HIHEE .

XM EBRRRE A& E EER, BB, BEneReBEAR.

(3) HDDR i

HDDR #£ hydrogenation-disproportionation-desorption-recombination [J{#] 57,
BIRE — B — i —8-5. HDDR R FEER - & RS WE H 1E
ATELERE, BAIR, a0 EL, MRS ERCKSSH. SFirk
R 1989 FHAZ A A Takeshita T S5 M4, 5 H7E SmPeN {35 & 514k
HR %707, HDDR %1 & MHR SF RS, M. Kubis S kB
FHIRER T IES T 3.0T. HDDR B3IBNE 2 & MR, B,
RLEERB AR

(4 BEBEE

RAREERBBHNSESINLBKE, BERERRER, KRS58k
133 SmFeN MERMEI V. BT HWONBXKEHL BRI K, BERET 3um &
AN AR RE, EfHENER SRR, XMFEI SRS, 55
PE4F . RTRIEAET, HiRBBE MR, LU HiEBE T B mafs
5771, R, Arlot™IHRE T 3@ i BREE VR DRSEFP R IS MM, 2548 7 Br=15.1XG,
Hei=11.1kOe, (BH)ma FiiE 46.8MGOe #] Smy(FeqoCoq 1)17N2 o BEHE, FRIE M s
Fh 45 5 B AR ) (BH)max=18.4AMGOe.,

£1-3 AFITER S ORE YRR L

Table 1-3 Comparisons of magnetic properties of magnetic powders prepared by different process

ik H{MA/m) B{T) (BH)mes(k V') ZE R
MA & 23 0.75 102 178}
R 0.71 0.91* 104 [79]

HDDR & 2.2 077 100 {80}
BARBEE 0.8% 1.51 372 {491

PeiiE, IS Sk, HDDR FEBIB M T LB RENFE L, BR
FTHREB THAFREBREHERR T Bl THANSREMRANS, M
A, BTEMARGAR, —BE 100k’ £4, IE 13, Tskb ekl
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HAE & R RO, HB KBRS T i =M sl s, Eiogks
SIER B S BERE SmoFe N, BRI BRE R HE.
(5) & HY ik

B LA FEMNUH G ESS BRMEASRERI LA BRI T HEEA &
TZRMEHE & 1 FtE SmFeN B, 8144 Smy0;. Fe . Ca HLRAS,
E-ERETRBREERT SR, FRE£H Ca0. Ca B LB T SmyFe);
BEK. EMTERRBRETUR R SmeO; R ER, B FHE A 2.
1.4.2 SmyFe N, REMHZEAEBHR

AT RAEESORERLE, SLEMESERRTAE. RN, £RmaE
MBAIRA RS, TEY, SEAE RTINS, HRERghE B R
M, EEEREHEANEES. Bk ENNENCEEEEEER.

REXT SmpFerN, MM IR EI LB A S8 NRIE, EXTHMBEHNE
HABARTEFADLIR, BILUE N SmeFe N, Bk #H LB 54,

HMERELBEFZEROOELE, FEMEHL. SUEFASHiE, Hh
BRENARRE OB, AR 7555 M P 20 E M 60
BEWELHEE, BE-BEAEREYR. R LNEROESEYREEA: (1)
HHRAAL WBERA] (BFERR. HRRE. BEEREAENmALS). RES RS,
(2) B&Y: (3) XY, (1) $BREASGNE,

e, EESHBBG R ME BRI A S G AT S aeR,
—HETNUMENMARES SR EEER, U R SRR SR
PEBE. S W HAEMAE NG TR, DIREHESERE. SEANEEAE
FEFERHBEERE, PSRRI RORNRA ALY RN SRS R
B BRNT TR P, EEERSNTRASHRBENNFRELLE
NdFeB MR —R#IZRAMIE. MEREHFEE, TTLUSHN N
ASHERBRAGEIEN (AR, B¥YS) +. B-BERETE, &
AERREAE L BEES T RN,

1.5 Sm,Fe,,N, BRI

1. 5.1 Sm;Fe;-;Nx ﬁ%ﬁﬁﬂ%ﬁ?ﬁ
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1.5.1.1 ¥EHESELE

MEMAEM T hiEs, oA LMWEnmE (ENLBRA) ., HFEEHR
RUMESTRE A AR . B, LSRR ERE BA R RN ARER R,
HEWmBE T ZNE.

HETERREEERARRT LG, EEEH, FEXRHERAT, SHRK
ZNHERERABAE SRS, TRRAEHNE D RESHAEE, TE
SmyFe N, BN &, ERONESBER, ERRELBRABRN S &L
Fy EE KRR T LU IR . X AR KR E T BRI
LEFIBm R AR EE.

1996 4F, #AAFREAPILLE i T4 NdFeB ¥k K RERI B AR AL A H 1Y,
BT LR BR TR RS SN BB R . S5 R, A
“RIEREY (80~100C), RJH IR NdFeB ¥4 RUARTH B M, BiliE
HmHy, ERE R, REESSERY ERERYE, TURERE AT
RO, RN EREAUEEENBE: Sob, Eidindtny MR 5 m
B, EER S TRE. [, #EENSE R YR TSRS R, XHA
PRI P AR R R B RS KR R . BT “RIERE” RER T ihis
RS R R M B, [RT AR A R R B R IR B R
1.5.1.2 SmyFesN, #4558 (%

2N RIEN, SmPerNJMEAHBHHTOREBT —LHE.

Hiroshi YamamtoUs1 7% 4 FiS %b 45 4 (Smo oNdo 1)2(Feo sCog 2)17N; 07 HE 44
(BH)ma=101.8kJ/m’, 77 Suzuki & ATE 1993 /i) B8 /R BEMIRL S i b, B8
T HaATH] & PR B S R MR AR I 19.4MG O,

EX, EA—EHRAARBALFRREERANERRARA--EERN Zn
(<Iwt%) B8, ek KRB TR R e e . A Zn 0
R ARI RS BRSNS SR AT B BB e & 1760 ™, 3%
72 SmapFeN BEFHRIENZ S IR SRE.

AR SmyFerN, 4T T —48H5T, SemPI% 6% RS 7.5MGOe
i3 SmFeN Bk TRRPLRA Zn A 354 RS BIREEEARL Y 2.3MGO0e £ SmyFe N,
Rk, EF SR T ADTE, HREHEERERARE.
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MWE A SRR EE, HE AN SmyFerN, HIERF 5 EsMELL, XFEER
NN
1.5.2 Sm,Fe; N, B &R AHIR

tH T SmaFerNy 7E 600°C LL B4R 4= 57 ##P%, SmyFejNy — SmN + a-Fe, B
LVRMEF L4 & SmyFer N G-I, EIFRARLRET T iR,

A. Handstein 2" F 425°C. 200bar #5585 E 41 S RS 4 6.7g/em’,
Wik 29T, {EREEFIE, BREMZEMEREL. Tsutomu Mashimo %7197
FHBRYERA (shock-consolidated) #I8 T SmyFe N, ik, H ik R #3s7Esy
HEB BB RITBE=EMEE TRARKE, B8 8KEMEREMN, 1535
HE R ENYIUE. RSRMMEED N 14.6GPa, [ELEFTRE Y 7.33g/m’, 4
BE4: Br=11.4kG, Hci=5.7k0e, (BH)pu=21.9MGOe, BT ¥4 8% R
il

i X. Chen™ R AF PSRRI 41 % H! SmoFe; £ILMELEK, RGBT
FALRTTiE, BB T SmoFeN, Biik, BRI ASRE.

1. 6 SmyFe;N, ##5 L kbR 33 S F A RY (51 5F

SmyFe Ny BABMEAIBIR CRBIEIER, BFERERT YR LE
B X BB NAKEA B, 08 SmyFer N, RABM R PR FE LR S, +
HEREUTLA:

(1) BRI E, BERMEREZ RMNEEEK, SmyFe N, B I
BB EFELF— RIT T E RN LF, M SmoFesN, MEEHEREX T 28K
WAEUE, FUEEWRE, A48 TH&FEEENRLIRRLSHENR
. BEG SmaFe N, BRI RERTERE. FMUERRAEEFHH L
KEEME, R AETZMA R s MRS,

(2) WA IR AESE. S5 SmFe N, BT R X TR A
HEHL, MEARHRRD. EERSHENBAMLSIE. BA SmeFeN, ¥
BOAMAEE 1~um A RRBERFML, BREELSARMNEL, BN
EMEENS, FEAMRAXSHERA,

BEER, AR SmpFe N A EALE BB O RE L, TRIE
R SmaFe N BRI R Z —, FEM 0L .
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(3) BBESMRE. Ha% SmoFeN, MRS BEMHAREERE D, BT
X F AR B R B #E B  RE TAER TR B A AR T A B 4 B
PHCARFAMRIE, HLENREITRETR, WREHEanH&RftsE,
BRI K BEEE AR & SmoFe Ny BB RER, (H—F b i
A—BBREBEFELHEAR (SPS) ¥ UM IX— 3 IRt — A1 1o B s,
1.7 MBREBETRERK (SPS)

TR B 15 45 (Spark Plasma Sintering, 8% SPS)*%), A% B Ti%ihs
LPASYET, THEAB TR 1960s FEELH, 1990 4 H AR T8
FLAWEF R B =78, HA 10~100t S15245 R 7150 5000~10000A KBk fLsf o
SPS HACHHA. BREMELAB RIS 2 AT HREBRE ML, bbbkl
BRHATEL BIMERTRL, EEME. SR E S SR & M TR R IT & .
1.7.1 SPS £&

SPS RS I F M. MIERS GAIE). A MR . 1 TS
R (AFSES. BR). HAKNLE, BENEE%. C5IERLEE N
BEEME RS, SRS BAIKEE TN & s bR (TRt -3
FFF 7%

el £F 13
| [NE MR (KT A

*ANE
it

B 1-3 MR%H-r s RERER

Fig.1-3 Sketch of spark plasma sintering system

1.7.2 SPSiELEH |

WETHRAAT. ERBTARREFURN—HER, FRymea
HAITE. B IETRHABNES. S g T AT aimmn, g
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JEENE, TR EEE T AR AR BRI SRR R . SPS

FAKREERBESE T4,

SPS A RHETIEEWE 14, HARKFIAMKEE. FHTH. HAKSE
HRMEERFENBN RS REMEE SR, REdEREREE 1-5. 2%
SARERESABEEETH. AHSHETEEDS BN RTE R mARK TR,
(1) BRla) kot R s r= A I eE i dm Bk R B AR AL, YRR (fhEER )

KD RBESESRERT, KA LA B RS T R T A R T B R .

(2) BN RRAREA hhEE, EREEE 4T LR SR, S5
R R AL B B2 B A T = A S T k.

(3) MEERKP I on-off FFEARERIT, SBTHRAMME.

(4) Bk, BUERSAMS. ERRASDSETHELYRERET
. SRFHERETRER, FhpEAT, snida), FEENE
BALTH (REAREEELR), BRAERRE S,

(5) BREESHTRENRERRY SSWRTE. £ENERT. 4B
BEMEE, MRS E0, BESETNE BN H T, EAE T
B i .

AL, SPS HH VS HENs s, SRy e A AR
FETH, ERRESEANTEIERSONEREN. HFAEFRREGELES
Tress, WRUEBRE., (RRLess: FsERENER R EINES, Tl
BREGEMBEAREESEE. EHRTUERRM IR (0-600°C/4 T
WD BR RS R (H BB P A B NE 100~200K) - 458 MR8 T ] C0~5min) |
BEBIBEEIE S (0~200 JT) TR AR, HORERELSE. BHE,
HERERALL, SPS REREMEA. FERMEHA, BERER. HERE
K SRRAhERSE.

LR TR 2001 45 5 H3IHET SPS3.20-MK-V AR e 8 By Fhest 245,
FEHREHE . BEME. BRAOS. HESEHE. gORMBRR KM e
TR T KERMBIRITE, HhER LA AR & A ERE T Y
RIER, BT L R, Wik, HREETH SPS H AN H T Sma(Fe,M)iN,
HARSE, MRRNE, BEEREEENLEFENENE.
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Fig.1-4 Sintering sketch of SPS
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Fig.1-5 Sintering process sketch of SPS

1.8 EFEBMEMRAER

SmoFe Ny RH LA B EITIR S, BOBMEILIE, MRk
MEHEREA L, LA RRA £ IR FE R AL i ) R 2 B R 1 S 0
AL, TOAMTIBES: SmoFerN, BRSH BB, S HAEABFE RIIRA RS E0M
.
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Hit, AMAEEKRBERRAEHSHELZE R, 25, HaeiRE. it
B HIR I RERity, RGFIH SPS BIER A, R IX LR AT PURS e |
REEFREM I, W R SPS BRI R R bl & be R
5, JFX SPS BEA I M A XU HEA TR .

BT LLEHRE, ARICHE T UL RHLAI

1) SRRSO AETT BRI RER) SmoFer N, BEH), 3 & T EHFHHTIAL.

FXHR REHTORELE, TR,
2) FA SPS, RAAFE LI ZHI% SmoFe N, K45 ik, 31 #i4AELE F
ETEREALHEATIR ST, AP GRR R AR T, R ST
3) KH SPS FAR%E SmyFe Ny BeLEREE, i ick BV FTHOM 25 45 50 43 AR
HUERHEATH .
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F2F FRAESEHRE
2.1 FRAHFENETERSE
2.1.1 KB A%
FADT-2 Tolkaigk, A4 9% MK+ 4R Sm MT a4 /8 Co AR,
FEF MU S, SR TFRIEEE CRI I RRA 4

SmyFei7, x =235, 2.5. BN&Eh0 15, 20wt % B Sm MR E.
RBTEKA TP FERL, FE&EE 21 N TEBREHITLR,

Hii& SmoFe,,, B HURM 4
v
HBeEsbidk
v

BREEFA AR, 1T 400 B 7% (<38um)

v

Sm.Fe,, &L
v
WAL Y BOE K
v
B3 SmoFe) N ¥}

v

MBTHEES 1~3um

v

BREEL, VSM AR

B 2-1  SmoFe N, BEBHHIE L EHER
Fig.2-1 Preparation diagram of SmyFe;N, magnetic powders

E¥rHl & TR
SmyFei & S HELEET T F 1050CHIMUIE K 10~30h, 4R EMBHRRE
7400 H (38pm) EUF Y St Ferr B K. MAKTE latm SEES . 425~525CF &



H2E KETESEREA

b 1~%h, AGHEEAS, FA lam F4L Ar, BT 500C F%54L 1.5h, HE
SmaFe N, K# . M A ERE — @i 1), FRMNAT 1-3um 26, FESFMRA
B9 SmoFeryN, B AI¥y. BERTES 3T Bk RESHER R LS 2T 1 vSM I B 3
fR

FRaEHE AR T2

B SmoFe N, BER A4 6 Lol (A B BRVR & 05, AL 10mmx 10mm FJ7 5L
RS BEREA, 72T %, 140MPa f11/E 110 80~140°C oA MR HE
TEERERE, RIFE SPS T 150T. 600MPa T ELL 5 4M4h, BF| SmaFeisNy
R

REEEEETE: B SmoFe N, HEMBAERE D 010mm. &% 24mm 1§
EILERE AN, BRANE, £ SPS TARMEERE. RRANEEE
ATHIBRE . TR, SPS BEEAMHR: ETEHN 10%Pa, i
BEA 50°C/5, RIBHRLY 5 54,
212 RBERIGE

2.1.2.1 BRAZBAW

RSB EIRXN 1600C, EEHEAR 10°Pa, A THESENESbLRE,
2.1.2.2 AHREXREN

5 B EFR N 1200°C, EA A 2x107°Pa, HBUPRER ST 4 0105400,
2.1.2.3 FEH

HA 7w 1 KREMES Ar, SR RMRERTER. BIE, UTRK.
2.1.2. 3fTEXEREN

ERBHL N GN-2 B BRERREE L,
BREN MRS HOR B B 22 5
7%, FLHUETE 0~110V (RS,
T AR RS LA TR, (A
H—emE, RBAERETE
700v/m. HREEMERN T0mm, &

BA 70mm BRZEHARE
4-15mm Z I GCrls 42k, AR P22 RESBHSHREN (HIE)
Fig. 2-2 Sketch of high energy ball mill




LRI IFETEE LR

ERNMERE — 2 L BIEC AR, BRBHEL 15:1, RSB ERN 2700m.
2.1.2.4 RITKEH

HREHOERA 140mm, AA 130mm, BEREFERE 4~18mm 2 [HlH)
GCr15 Bk, KNAZMRRE—E LHImMR, AL 151, BBV EEE N
145r/m.
2.1.2.5 HEREEERBES

FT 6 & & E 7 SmoFe N ERIGMBR LR S E TS0 BRI E A
%, LHAREAMNARSE. HrREnE 23 fiF. BERESRNT. $EE
NAE 80~140°CH5, 2. HUA. FEH. RIS IES, GEEmE, o
% 2T, H3% 140MPa.

L%

/

/WE

Bkt - ~— PR

T

B 23 & & BB SmoFe N, HEER A KBRS R A S
Fig.2-3 Skeich of anisotropic SmyFe;7N; bonded magnets fabricated
by warm compaction equipment

2.1.2.6 HMBEZTHE(SPS) R

SRR R AR AR bk & I M FUR ML SPS3.0 R4EAT
L. EIRB IR IEAH 20 0, HRMR R ERFER YA 100004, SPS
HENEWTEERLE 13,



2R KRTELEREE

2.2 ML AHEREE
221 BENN. HESB

TEWE . FSNE R AR,

N EEBHWE. RAEE LECO 474 /=1 TC-436 RE B E LU HTEE G b
MINSE. HRENTF:

EEART, ABHET AN mBEE, REPHELL Co rER
i, WEEPREL N BRI, T CO NN, EETRNEN T, 28
{LHREE RS CO ER COyy BALAMRI P ER SR, 25, Sl
5, CO ML, ESIMEH Ny BEA RS B #TE I E.

HE58R%E. REABHBRNP A - HRERIENELAEE. BENF.

R SRD, WS SR R i fh, RAEED A LS TR
AT, FWERBEEFARS O PRTRN, BRI SAANER Y
HEMATE.

2.2.2 H1%aE
FH LX-VSM-1 BB R REE T (VSM) B EDBIOREITEGE, A
PR AME . #H DGN-3 B L sk K B O S RA s P BE.
223 XHE&ESH. ERSH
X BT 53R A A2 Dimax-3¢ B X RTS8 678 Cu B K o 4857
(RJE 35V, K 35mA, 28=20~80" , i 0.154059nm) JEH KM
X BT HTAT Y, AT o e BE Al B A2 R R AR

ZHMTTE STA449C B (NETZSCH 27 4R&A i biT. FHEs
2 10k/min.

224 X SHER B TFEEHET

XPSSH T FKratos A 5] M Axis Ult ra XML TEOS M e S WA K. 1
AR AMono AlK ¢, BEISKY, B15mA. i ER4 BT/
F140.1501.0 eV, HICIsHIE & H284.8 eVEST.
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£15MHHE 5P HTE P-E FTIR-1730 BVE Lot 20 S e (0 Bt AT, HEHEEA
4000~400cm™", - HHEETATIA lem™ o FISKRM KHSS0 fREAHIELE AT /7 SmaFe N,
FAFREM TR, EEERS KBr K —RES. TIE. ERUEH#T
R, REREREERR TR LETIR.

2.2.6 {HEKBFEEIES T

KA PHI-610 RERHE 7 RE I OO B E A, BB RE AT TR
22,7 BERFRESH (SEM)

K H] HITACHI S-3500 #3#H4%. FEI Quanta 200-EDAX Genesis 2000 %43
iR 5 & JEOL JSM-6500F 435 R 5 7 HFEA #E v L B0 K TR . 4 AR BUHE K
D BRETEH AL EHE, FHUT R TR S
2.2.8 EHBTRENSH (TEM)

K H JEOL 2010 BUEH B MBS AN, HATIER B TR 47
2.29 SHPHEHBFRMS I (HRTEM)

K 300KV {5 TECNAIL F30 R 4 B 5 B (FED M S 48 AR 2 4.,
F30 kit BHEBRAFRR, HE&/D Inm WBCNEBIA S InA MR,
HAK A LaB6 AT445 100 . 7T LMESIKE B TR (NBED) Fgh¥K X

M X SRR 774 (EDS). HA08% 5 0.205 nm (300kV), 28408124 0.102
nm (300kV)., BAKEHH 51~100 FiE.



3% RS PR SnFeoN, B TR S

£ 35 SHEERRY SmoFe, N, MR

TR A SmaFey; @M BIE T EMAT THIR, REXMELE, MET
SHATTHRAMPIA, Bl THERUEMBNEEIESH. B4, HABE
HIBEAT AT T RIEALER, BIRT HAEWATH.

3.1 SmFe, S&MH &

B 3-1 & Smy sFey; BAEMHARE BB A . T LUE BRI R i S F AR 4
REMBCRAN ., REALMOERL. HE 3-10b) T X =MWMHEIET T geit
S8 (EDAXD, SRR 3-1. APROAMMERAR Ha-Fe H, KEBHNY
SmyFe; 4648, ABAL N E Sm 4B SmFe, H SmFe;. Bl SmyFe,; 4542 ta-Fe.
Sm;yFei; F1'E Sm A (SmFe; Fl SmFe;) #HpkL.

B 3-1 SmasFe, AN SEM
(2) SmysFer BA(100X)  (b) SmyFeyy HZR(400 X )
Fig3-1 SEM of SmyFey, cast alloy

#3-1 SmysFep BRI EDAX 51
Table3-1 EDAX results of Smy sFe;, cast alloy

- Sm (at%) Fe (at9%) Total {at%) RS
A 211 97.89 100 a-Fe
B 11.98 88.02 100 SmyFey;
C 28.16 71.84 160 SmFe;. SmFe;
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& Sm-Fe —m&LMEBTH, SmFe; hEYRETARETRAN, N

HEEERAS TR Po-Fe HE LR, RARETERRMN:
L+a-Fe —® Sm;Fey; (3-1)

R SmyFep #, ATRARNATE, £ EaFe. SmPe,. SmFe; F4H,
FrLA SmyFey; &&BEF RS BAETS., Kb, Kiida-Fe MFLESBEER
SmyFep N, i M RE B E TH, T4 4T HIE Sm HI(SmFey. SmFe;) 7 /5 EHI
FEALA R & AL SmN Fla-Fe, &AM REK T4,

Pl 3-2 4 SmyssFers M SmysFer; M 5E48 1050°CIE A 30 /M) X S 2R RT 5T
B, JUES, AHEEFENYA SmFe; H, EAFEFe, BHEEEE
Sm # (SmFe; M SmFey). Aid, 7£ SmpasFer G E&ETE Sm BHIEERD, #
AR e B e L B i

Bl 3-3 g Smy3sFe;; BETE 1050°C T, BB K 10 /NEFF 30 /N ) B
AR CHHEED. K, KEREEYN SmPe; 48, BANAE Sm 8.
ME 33T AE L, A2 10 MRS ZE, oFe HESHE, HEE
Sm HUIRE L, H—BR ke BIZEKE] 30 /i (B 3-30)FT5R), S4FH
B Sm ABE—H R, XX TEMLERSE RN AER. B, BAT
ZEA1050°C . Bk 30 RS E.

FLBEMT, &5 A SmassFer MBHE &4, 1€ 1050°C. 3B K 30 /i
AT AT Bl AR BT 8 SmoFeys B B4R

x SmFe2
“v 8mFel

smz.sFen

x *v
sz.asFew

-
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20 {degree)
W32 AF Sm Z B SmyFe;; &4 XRD &
Fig.3-2 XRD patterns of SmyFe,; alloys with different Sm content

intensity(a.u.)




FIE R T SmFe N BB MBS

Bl 3-3 TRIBXTET SmoFe;; &4 SEM (1 ELSHE)
(a) 1050°C, 10h (b) 1050°C, 30h
Fig.3-3 SEM(back scattered mode) of SmyFe;; under different annealing conditions

3.2 SmyFe17Nx ¥ HETE
BRI 60T ZBEL N s SmoFer $ CHIAD) — B~ BT LR K —Sm Fe N

CHA ) — 418 —~ SmyFe N CRM). EALTTH K TR KD — R %

20~40pmU" . A58 KA 400 BI85 SmoFey; $165, 85 K BIBLR <1 7E 38um
BT

3.2.1 |mikms

3.2.1.1 Bk TEm@R

B 3-4 Jg SmyFerr MARHAR 30um £0E N HE T TG/DTA Hhik. WE
TG AT LIF Y, MBLEF<400CH, BREAXTRENE, WRhEm
REEE, R MHREOEAR ZLUE MR SmoFe /Ny L 54, MR 400°C
B HSITHREE, WA T ARE. A TG LB 2R AR BUE B 40 446.8
C, BhBER, BREEREHEM, BN REFHAN SmoFe), GBI HRE
SmoFe Ny, B 670CEAMEILTB KE 3.23w%. BEBT 670°CERA TS
RE, BE SmoFe N RAESBRME Ny TTRE, TEHFRBE SmoFes,N, 7 670
CHAFGIE, KBl EREEZTRCEFBOEME. REGTRANE
ARRIMERLTHE LA E TG RILAME. MM DTA e x5 5H
BRI, TTREBHRNTZBRZ, HmRERSARSEEE.

MRBDFRAER BREEE, BARMETIRR, BEFREERS,
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SmoFe; Ny BEHXLEAM, AUSEEMLZN, EREIBHET, N
WEEBRAN LR, scBrE4LE, BORERE, KHBEENALTE.

05 104
SmzFevr
044 N2, 10k/min 103
@ g.34
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.g _ 323wty 1O 2
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B34 SmyFey; B Ny B K/ TG/DTA Bgk
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Fig.3-27 Auger electron spectra of $m,yFe;N, magnetic powders coated by KH550
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Table 3-3  Results of surface elements and contents of magnetic powders coated by KH550

clement C N 0 St
REUERF 0. 185 0.327 0. 258 0. 158
BE 2B 65.08 7.08 20, 74 7.10
KH550 5 F Hoat%) 70. 50 5, 88 17.64 5, 88
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Table 3-4 Results of surface elements of magnetic powders coated by KH350
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Table 4-1 Contrast of properties between samples prepared by room temperature compaction and
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TableS-1  Parameters of peak width used by Rietveld calculation and caleulation results

] SmoFeyN, (BELEY) | o-Fe (BRABED | EE
H ul v W ulviow Of\ztif gom’
30MPa,500°C 0 0 0.08 0 0 0.5 1.0 4,494
250Mpa,500°C | 0 0 0.05 0 0 0.5 3.0 5,706
500MPa,500C | 0 0 0.06 0 0 0.5 5.8 6.277
750MPa,500C | 0 0 0.08 0 0 0.5 7.0 6.558
1000Mpa,500C | 0 0 0.04 0 0 0.5 9.0 6.753
100°C,1GPa 0 0 0.08 0 0 8.5 2.6 5471
200°C,1GPa 0 0 0.05 0 0 0.5 3.0 5.670
300°C,1GPa 0 0 0.04 0 0 0.5 5.0 6.002
400°C,1GPa 0 0 0.08 0 0 0.5 6.0 6.352
500°C,1GPa 0 0 0.08 0 0 0.5 9.0 6.801
600°C,1GPa 0 0 0.03 0 0 05 320 7.042
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Table 5-2 EDAX results of the sample at 1000MPa

position Element Wr% Ar%
NK 0329 13.42

A 0K 01.49 05.32
Sl 24.96 09.47

FeK 70.26 71.79

NK 0292 12.08

B oK 01.49 05.3¢9
Smi. 2563 09.89

FeK 69.97 72.65

NK 03.40 13.44

c 0K 02.64 09,15
Smi. 2522 09.28

FeK 63.74 63.13
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B SmN Hlo-Fe T, BEMEHIRBERATIEM. REREEE—BTE.



;s Sm;Fan,ﬁ%ﬁ{’kﬂ‘Jﬁ)f’fﬁ

| .- \
i L
_‘ull .hi - L

B 525 1GPa TARRERLGRM TR AL SEM
(@) 600°C (b} 650°C
Fig.5-25 SEM of magnets under different sintering temperature at 1GPa

F53 HARNEDAX &%
Table 5-3 EDAX results of the sample

sample Element Wit At%
NK 02.45 1035
K 1 03.84
600°C g 11.04 3
Smi, 24.73 09.73
Fek 71.78 76.07
NK 02.38 09.83
650°C K 02.01 07.20
Sml 25.10 09.68
Fek 70.51 73.20

5.2.4 BorES BEMEHRTEM)Y B

ATH—FTEIBRTWORE. SENSRYE, FHESIEEh
(HRTEMY ERORE BT T R A MR, BE 5.1.1.2 % 500C, KRS
PRSPPI AT T B BT, OB 2 5% 250MPa 1 1000MPa
Hi. B 5-26 ARRIEEER. BTHSHEEETE, 2300 5.706gkm’ #
6.753g/erm’, BRI BE AT OB B SR SR IO AT, SBORL B FLIFE T b,
b 2 () 7 7 0 A 2 AR S e v ol
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B 5-26 HE&SHEM A TEM
(2) 250MPa  (b) 1000MPa
Fig.5-26 TEM of the sintering sample
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B 527 250MPa FEEHESE £9 HRTEM S%R(100 Ji )
Fig.5-27 HRTEM image of the sample at 250MPa
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7 4 B 250MPa F 8 BT 20 S G AR 8, XA A2 SmoFe 7N (220) & 1 1 S i %
SmyFe 7Ny A8 PRI DX AT B BE 5 B bR E SN 5-28 T35, B ) S B e 7S 46 #,
EEP%:MS, B =[uvtw] =[2423] .
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]
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B 5-28  250MPa # £ HIE I H8F A7 51 B R 47 56 B A A s
(2) EEELTHIHE (b HTHBES MR
Fig.5-28 Electron diffraction pattern of selected region in the sample at 250MPa

T 250MPa & H S BXENRE S HRBGME 520 FRr, BES
B)F — N EETE M4 Tam ) SmoFey Ny G885, X BB R SmaFe :Ny(104) 5 ,
XRMGRI BRI SmoFe N, #0 . BMMKBATHE SR, EHERKNE
BB AR SmoFeiNy. SmN 1 a-Fe B{E—A, T H5 7nm B9 SmyFe N, K 5%
AR RR, WHRE SmFeyN, RIMIFHMEMXKE. BomAE L
SmzFeNy(13) R E 5 R A48 RN SmN(IDSERE —Eh LRk
F. B EERAABEREEGR BT EORERD, 55 R AN
S H) Fe(110)1 SmN(111), FHRHRA, RF 10nm.

1000MPa B2E5# B MEBCIRAT M R e 2 S BB IR 5-30. BB i)y —
RESSMOTER, FMREGBEETPITHS LR8N RK, 2RSS
BHMER, SToRREENHE. B4, MEBAKN SmoFeN L, B4
=¥ SmN F! o-Fe MRBRMULEA/D, % 100m BLN. 785 250MPa R
aARtL, Y o-Fe MEBEME L, SHHENEEESBEYEm, 248
IR, X B RG24 B R B

AR PR BT EFERRBERFHRE, 77870 R AR
TR A, X ER RS T R KRE .
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# 5-29 250MPa $E45+E 5 ¥ HRTEM £ 4530 5 %)
Fig.5-29 HRTEM lattice image of the sample at 250MPa

B 5-30 1000MPa Fe4EH Fif) HRTEM & 51280 Jifg)
Fig.5-30 HRTEM lattice image of the sample at }000MPa
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Xt 1GPa . 600°CHI 650 CHIFZMFEEHRMT T HIFH. 1T 600
CHIEES AR, HP a-Fe 5 32wt%, T 650°CH ™ SmoFe N, DA 54
SRR SmN Fl a-Fe, B o-Fe FIS 2 74.4wt%, FHABMEMBER F, #
e B HE o Fe B SHRES, B S5-31 AHAR 600CH S H) Fe(110)& T
AR

00CHEAHMIBEBNANTFHREGEWE 532, BAH
SmyFey Ny(202)% M § K ik 5H BTG Fe(L1OEE —ZMATARE X &, S
¥ SmN M a-Fe R/, MHELHALG, THEHZ SmN, HMERTTHNES
Ef AR BIR A, BRMERELHALT. £ XRDB 5-3)hth R MG RS A
72, TH oFe WHERML, AD-FEIEELT HE-Y SR, BE%R
i

B 531 600THEAHE M HRTEM R451%(80 J )
Fig.5-31 HRTEM lattice image of the sample at 600°C
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Fig.5-32 HRTEM lattice image of the sample at 600°C
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Fig.5-33 'HRTEM lattice image of the sample at 650°C
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Fig.5-34 XRD pattern of the sample at 600°C

6SOCRB BRI E A S EREIME 533 §i5, BASEE-—H
10nm A5/ SmpFerNy MBIER, HNAE SmyFe N(202)E M, EXRAHMN
SmaFe)yNy R AR BB 2- FE — 3 ¥ X, T X R % 8 7 2 SmpFes Ny
SmN 1 a-Fe BE—4, EIAREH) SmoFei N, 5 o-Fe 2 (8], HRHY
SmoFe N L Fl o-Fe A LB XR, HHE SmoPepN, MR EMXE. B
b, AR HEARE 00CHERNEE —&, R-ThSREERLI—%, &
EHBEASSNE I KANE R, A, FEHREFURTNKBGEE. B
535 ATEMEBETHSIAEER, BANSNREES 8, TUSHEH
PR EBIR D, NI 100m, IR SmN #E A, [ BB AP SR FHIRE,

M 650CH R XRD(E 5-36) ' thAEEF), SmN Al o-Fe BB, HE
FEETFE. X SmN Al o-Fe WRBHAT T S NE 537, RERERRL
AT EB L Fe 9FHARAAN A 6.70m, SmN HI T RE R % 3om 715 .
BT R XRD G EREAE, B HET—EMiEE, RERR TS
%, PdtbAEB IR SRR TR .
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Bl 5-35 650°CHeZEFES: 30 HRTEM R 1R(50 1 15)
Fig.5-35 HRTEM lattice image of the sample at 650°C
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Fig.5-36  XRD pattern of the sample at 650°C
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a Fe 404
100+ 354
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o = SmN
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26+ o
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B 5-37 650°CHESHI Fe. SmN BU£H] XRD &
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Fig.5-37 XRD patterns of single peak of Fe. SmN in the sample at 650°C

FUCIRE E R TSR, 0T CARRER AU 3 S s B i g ik 4y
Vs RAH ARR—HRT, FIR BB MEE I A i ) L T B A/ 5 JLEk
TSP B R RITE 10nm LAY, QI KM A4 RRTR, MAFTEER
ITERMER B Y L, &S “8" WEEYT SmN, 9% a-Fe (8] SmyFeNy),
FBEA RS Smy Feuo N =MUCEHH, XEOWEEMIN B, FLL=F
TR T L PIMIA SmoFeiNos BURTFUWRESE. Wik, I8 mBNEENS
HrRAHEX 42 FF SmpFe N, HI5H R H1M0

LR LATIR, BERSEE B K ERERE B O N, SmoFe) Ny MBS0
Bl MWt — e AR R R AR, RIFFEEM RIS 88, SR8
REWME KR ROBil KRR, 2@ wEsH N, AR,
5.2.5 ¥RESHLUK S R IE RS

SmFe Ny R AHABMBORANEEENGFHEEENBIOALTE
X, FLEREHARRSMNARMEENOTL, UAEEIEOERS, T
TR A SHIB R 12 R E B A AR AT S,
5251 SmyFe N BEHMANFRE

WEMEL RS, REBRAFENZEE B ON A , B

AG=AH-TAS<OMRMNAESARET. Xhac BRENEME LT,
AH BREFRRT, 4S8 BREMASE.

SmoFe); 3R B RS, B R4 FHARM,
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SmyFe;s+N—»  SmyFe;sN, + Q) (L (5-33}
SmyFe Ny ———p2SmN + 17a-Fe + N, + Q) () {5-4)
B mAEEW A LLRR A -
AQG (SmpFeNy) =AH (SmyFe;Ny) —TAS (SmyFesNy) (5-5)

AG (SmN+a-FetN;) =AH (SmN+a-FetN,;) —TAS (SmN+a-FetN;) (5-6)

H T4 SmN. a-Fe ¥ N, BRSSP E B SmoFe N UM BE L, 2
% SmN. a-Fe F1 Ny IS4 R SmoFe;oN, 482 #a 7Y, Fibl SmN. a
-Fe F1 N; MRS YER P LI SmoPeN, BT . BALKT Z 57 LLREAE AR
SmoFey Ny TR (5-3) M (5-4) MIEERKELZHNER. B4, BFRL

(5-3) RGHTHERN, BERERSEE FEMLBEN SmFe N, h&MES
BEENEASERSHE, PIEMNAZLEHREEN.

MBERT SmpFeN AN EREMEELLLE, T SmoFeyN, B H B,
m(5-4). SR RRMA N MR, HRERNSE, BHER G4 ALK
REREAT, BUAT LA SmoFe Ny I8 . SCERPTHRIE SmyFe), 8 KL 6 4 KE
Ny TEALET, BEMUEEBIH o-Fe MATH, T A B7ERUE I o] BB k300
A, B NRETERRBH SRS, BTEl, R R TEB S Ny SR
IR, AR SmoFesNy I . (BEMRRER MM 1 MRSE N S5
T4 SPS Rerly, BEAR SmFerN KRR E, METT. | X5E Ar
AT SPS BEAMBARFEHENTA. T8 XRD B L 9HHH o-Fe B 5
AR, BAEREHEAER, #ERENEENSFESN (O KSE) MR
RNEFIEERLTFERE, TRFERSNSFENA R BS54 I H .
5252 BRFEANBEPIEABTREITIRAE

BIHAR A ZRAEITET SmoFerN A SWAR R B, X B E
AR HAR T,

RER N BEF5IN SmyFe FIATRREE 9% KALAEM. I SmFenN,
FN REFH x<3, NETHA 9e ROEREEREBEN T (1) ERSRHE,
PR R AR R AR LTt (2) S8R Fe-Fe [ TERYAZ B E IR, (820l
i, ERGEERK.

B TASBERNDESHEN 85, TRESBROBELDLRETR, &
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35 B SmyFe N, FediBl ke sy

ELYE SR S TR E R AR BTUES BOAR & 8RR REA R
AR, A SmoFe Ny AR E AR

RIEE N R FHFE RN, FEFEREKERM, {# Fe-Fe R FlaIREH
wasg, FERERS, ETBRRASER A BN, THEES, HLTREAR
TR, EB AR RN SRR, T SMRE. A S/,
SmoFe Ny L EWERTIRE, HHERERR, FUlaeNEREE 3R ki
) SmyFe,N L&Y

SmaFe Ny L YIHIIEEMER R TR AE FRE IR R RE R BRI, THhikeitts
TEWRTER, B3 RERMRTRE YV A o TOXT 2 AR SmoFe N, Hh &4k it
HEBE R HAE NS . AH SPS Pedtet, BB SmyFe) N, HER
BIERS, BHAHERME, BEMREERHT, E30h% £40Fa,
SmpFe N (LSRR T .

5253 szFel-,N, H‘]ﬁﬂt‘-j’iﬁ

SmoFeN, FHAL SmN Mo-Fe TERFIIKET #. ERENRSHRES
HF, SRRENRRERTAESRRES, £ Binth, BFREFKK, —
TH—ENETERER N EY, 5—FHEK SmN Flo-Fe 4, T SmN
HloFe &R AMEM D BNEL, B RENENRFRENHOER, 2HR
Rrsnil, #7iHA) SmN fla-Fe WIBEE T, BTL, § 8BUHTHES 20 EHE
fshhegmEE.

SPS Hi# X SmyFe Ny SMFHE ERBW. KBTI 500C, 30~1000MPa
feghet, RIVEEDEEM, SmFenN, HHE#THE. hFA 1GPa HE/ER
BHREE 300C U T THIGHAE, BREM SmoFe N, KT 4. Xk
IR SMEHE T SmoFeN, 8. P IF A HIRIESIE T SmyFessGagsNy
H SmyFerssGag sCx FIBF &, A —EE T 300MPa MULHRLE 5 T pess fxt
LR, BRGEG R B, RO RS #R R 7E 425°C, 200MPa
Tl SmoFeN B, BRI EIH A Ea-Fe, RREHRETHR. HRE
B, R AR R A R AR R, TR T /R M KBS BE.
Rk, BEREE SmN MaFe MEHEES, BELTNS, SREHT
SmoFe Ny 9708 ERRKATERFHEET ., WHENEHT Sm. Fe &

111 St
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THFHL ERERERKKBIERER, WIS T RAERA, FrilEEEs(e
HET SmoFesN, BI7H#%, (HIHIT @KAHKK, BRI HE~% SmN HMa-Fe /R
FLEIRE. /4, HSGMBAY,. EaBidiEr 1 “BE&. #EKX”
FapuE R

ALK WK A SPS REFE . MR HIE SmoFe N, B R, BT “th”
RIBEG SmoFe N, B12H#, (BRI, REBERMIZRFA. BEKEERE K,
A1 A SRR PR3 SR o o AR AR ) R R R RO BRI 51 T SmaFey Ny B B
. BIERAKRE R R MAOMERE. AR, SR, WNEEE
ZEEHIHARFRRERS, B ET AR 4 R X M 7 SR K kb,
FREARERE, BRBRAERBI LT RERE, THERE, HEEH
ARKAEERE TR, ETHETE 10%Us. B TERRM%sE, REEHTE
i, B ARMREAZUEREBHARETL, FURMEEED, R
WFHIM SmN Fa-Fe, MEHASBMEERGHES. HLRBmBEED N
14.6GPa, $545 5 SmyFe N, B B 7 7.33g/em’, #8529 : Br=11.4kGs, Hei=5.7kOe,
(BH)ma=21.9MGOe. ZHRIPIFREFI I, BRI EHNEE. Br=42kGs,
Hei=9.0kOe, (BH)mu=2.5MGOe, WHRIXFF T S bAdsdl. SPS R UGETHE.
Wiy, HITHRERA Bk R, (8 AR RARE, Bk 58
FERRBA MR R, BREMAE. LARETHE 450K/ min B9850, EE iy
A 75Kis, MFHREE BB RZXAEY, FibEmr A i shE 2R R

REA, BB SmFeN, B4R,

PEEE TR RTR S B AT R, RIUIT 4R AR 4T t f0-Fe 415 B AR %
&, B EMNAHXE Hon2meas, BRI, FRREnragg
ZUFRGE. MAHRAEENoTFe WE, HE. 4/ 5W0aFe MBHHE
WUDHIR W HLAEL R a-Fe MMEWERE, RERo-Fe £R0H RN R
by, TIHRACS 70 Ha-Fe £ RELF KRB B S, #HHHRE TR, B
AL P MEERMEB A 300C) P, b Ba-Fe(Swive) i iF i
BAORKTHE. MRBFEREREREREES, oFe £ E LA BN H,
KRXBERERBRR, REANOEENERE S, MEHENELRLT VS,

grLBE, SmyFer N, SRE5T, MM M KSRGS RENNm, EE

—102—



B 5T SmyFe N BB ETT

ENBRE, KoRABRR—1 “BE. #EX” 0, NHBEEEEN
BOmSER D, MG KK RBMEE A, LR 2 IRE. g2 1Y
EnFIdESS AT SmN Hla-Fe &L,

3t SmoFe Ny LI IR KB, SmoFe N, BIEUH 1k & — B4R 7 8,

FEHA—PIRRIN, KLRITESUAREMENENERTANET 4t

HPEMRE, 35 EREMEHREERENSEER.

5.3 XE/NE

1. BERRRIBBESE TR (SPS)BABIE SmyFe) N, BB HIA. 5751 T o4t

- BEARRIELETREERRSMNEL, ROEAEERS. RS
PR AESE T 2, SmoFeN, & R4 B DR,

2. XH Rietveld U E SmoFe N, SR BAF AR S B. 70 500°C %
HEET, HELKREM, &P a-Fe S EZHEN, A 30MPa ¥l 1wt%
HEMZ] 1000MPa ] 9wt%: £ 1GPa fIBRES R T, BHIREE M3 0, RS Hq
-Fe F BM 100CH 2wt%, %) 600°CETH) 32wt % .

3. BHUCRA HRTEM X SmyFe N, $e45RE ST T RO 7. HISMER 4
SmN Fla-Fe 584k SmyFe N, H —E X R, FMRFDRELNFRET, &
THE5E 21 SmoFe) Ny F1 7 H 49 SmN. a-Fe BA/NF 10nm 845 (9 S FE7E.

4. X SmoFe N Beffi4r BHVIREAT Titid. WADFHE 2 AaERE, #
AHEBE % SmaFe N I5HR. HARISRA “H#. BEKX" Midk,
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& it
FXEERFAT H &SR T SmoFe N RN RS RT L85, REER

18 T HEAEtR RO AR B, — T IRIFTF T 1% SmaFe N 48 B 45 i R R A2

TE, B—HmEXA SPS AT T SmyFey N REM BTN . £ X FELE R

1. BEBEEBENSE LRSS R SmysFeyr BRI T EH 1050°C X30
Nt BAERMEULTZ 500°C X5 M. BEIHT SmFe N HIBRANGE
A7 2.8atom.

2. SmpFeN, MM B o] BEEREHMS . REBMBERE AL, T
NERBYRIEREERTE14 2 DY, BHASMER: J=1.34T, H.=774kA/m; EFH)
IREYUBREEET R4 8 AR, BiFtER: J=127T, H,=691.5kA/m.

3. BHREMHEERMBERAX SmoFe N, BUKHHIT T RE QA LR, RELIBELHIL
RN T ARMERN RE, BRT —ERRER, SRELE TSRS
R SRR, NTTRE T B &E T IHELEE ) . A8 SmoFe;N,
HEAY B KH550 R E R 2~4w% ER &3S

4, MBEERRGEREUWEN T ZHEAT TIHRATR, B0 RESmkD B i
FM TR K 6w, BEEMNEFERE Y 100°C, HhEE 0RO B Ml 1 A
H: Br=0.701T, iHe=521.4 kA/m, (BH)max=64.7 kJ/m’.

5. UK SmoFey Ny K5 RE 1K BB RURR YR R T PEEAT THRSE. $SE BRI
BB B E R B o 4-0.096%/C, AEEBEA LBHN-163%, HEH
SmyFe Ny ¥i &Mtk NdreB MiZHEREERRKBEAREHE, BN
SmoFe 7Ny K 5 RE (R IR IR TR YL B B AF T NdFeB RFGEE Rk

6. ERRHARBEE TRESPSHAHE SmoFe N FES B, TR T &M
FEARGE LT ETREERNEMNERL, RREHASERSE. 58
MR ZETE, SmoFe NS R EHY ..

7. FFH Rietveld HEHIITH SmoFe N AR YIS B, 4 500CHE
SRET, BEDMEN, P MaFe &EESHHEM, M 30MPa 1 1wi%
#h0E) 1000MPa i) 9wt%: £ 1GPa IREIE AT, BEREMNM, B
-Fe T EM 100CHI 2wid%, FinH 600°CH &) 32wt%.

8. HIKRF HRTEM % SmoFey N, SEAHEMMBAT T H0W 447 . BRIPE R0t
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it SmN Mla-Fe SHEAHF—EHBXR, HiUMREMBALE. oL
ERFFE, RIS LUNT 100m AR ERFE. HMENEETT
Tk, WBRHEMEAFNAERE, SmoFeyN, K RALLER, Hom@
dRA L. KA BTR.
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