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Abstract

Rare earth-transition metal (RE-TM) submicro- and nano-particles could be used as building
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blocks for advanced bulk magnets and high-density magnetic recording media. An innovative tech-
nology, surfactant-assisted cryomilling (SACM), was developed to prepare the Nd;Fe14B, Sm;Fe 7Ny,
and SmCos nanoflakes. 2-methyl pentane was selected as a solvent due to its extremely low melt-
ing point. The effects of ball-milling temperature on the morphology, particle size, microstructure,
and magnetic properties of the nano-flakes were systematically investigated using field-emission
scanning electron microscopy, laser particle size analysis, vibrating sample magnetometry, and
other analysis methods. Compared with the nano-flakes prepared using surface-active agent-assisted
ball milling, the morphology, size, structure, and magnetic properties of the permanent magnet
materials prepared using SACM were significantly different. Cryogenic ball milling was found to
produce smaller, more uniform, low-oxygen, and higher magnetic performance nanomaterials
than room temperature ball milling. This has important implications for refining rare earth per-
manent magnet particles, preparing high-performance bonded and sintered magnets, and nano-
composite permanent magnet materials.
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1. 51§

AR, i U 4 R (RE-TM) K AN ACKRL - R L TE SitERe K A il % FE R iE A I
VBRI AR SE T T Y E N R T 51 T AT 2 Q0] [2]. RIS M BIEREE (SABM)E AR E) iz
N F 25 1) S RE-TM QKRB NG K B (1A B, 40 Nd-Fe-B [3]. Sm-Co [4]%%. Bl R RS M55 0
AN, RE-TM &[4k & 10 m] A i 4 s A LU R o AP JEL R0, 3R PR 2 R 0 K 45 R A e o 48 1) 5%
SE. P, (RIEEREESIA I ALAT AI-Mg & &0 K L= IR EREE IS %16 AL AT AI-Mg & &8 R OR B
THEZMERIA[5] [6], RIRERES S FEREGS T FREREE AR P RAERI G, T SR R AR ) ) = ML EE,
A ARTLEAS T ) W7 AR T R o 2 R RS Wy 2 . AR TR SR VR A VR ER BE G, DL 2-FR 2k
TR A5E TR, SR 2 T P 70 A B IR BE KL% (SACM) #1145 T Nd,Fey,B SmyFe;;Ny F1 SmCos 45K 7 A o
ARG TE 7 ERES IR E X RE-TM QKR O S5 44« P FIRLE sz ma, AT R 46 o M B4l Kk
T AASRAE T r REME .

2. SEERERSY
2.1. SEEGJR

R, SAE 99.99%, iEFHMALRE)RHE AR AT Fe B, >4 99.9%, FifHMALE)RIEE
PR AN, >4lifE 99%, HimHit (b)) ARAR; Co, >4 99%, i) RHEAR

AL
2.2, HEmBIE

¥ NdjFeB. SmyFe; fl SmCos & &5 E @ I TF-ER W 30~500 um FIK K. SmoFey; ¥ R 7E
B30°CIRET 3N KRAEME AP EA 6 h, 1N SmoFeyN K. NdyFeB. SmyFey;N, AT SmCos
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#r A F SPEX-8000D ERBEHLLEANEE A ER B FE (Retsch MMA00 Ji) FRE AT BREE , NEB4NER B2 5078 6.5 mm
A19.5 mm. BB ] 53519 0.25~6 ho et 2-H B ke (82%) VE WEREE /il HJds iR (-153.7°C). X T
Nd,Fe;sB Fl SmyFe N, £ il LAHIZ(OY)IE R G ER,  Semt o 4 FH (10 2 11 75 14 70 F o asok R 1)
30 wt.%. X SmCos#fih, LL=3¢[&(TOA)MERIIETER, TOA Hi2iamARMERELL A 1:1. (KiEK
BE T2 8l I A EAE R G B T B3R AR A R ARIE RN R B PR ARIR N AT . BREB S,
Je H PEREHE R BB R IS ML, AR5 T A BHRE &

2.3. SR

FERESR: FEE FEI A% FEI QUANTA 250 FEG Y35 # v 1 (5 13k 5% (SEM) K RE ik &1
8000~10,000 f 41144+ it T35 5

ASEMESE: B HA HORIBA 2 EMGA-620W 2458 & 7 Hr G IR RE S A R

KEAR T KB i (1A 2R ORS00, b 4 [ A 28 5 A7 B A W) HELOS/RODOS/M AU BOHLFEE 43
Fr A RS

WEVEREII R : BB J OB ARFE S AE 27T Wi IR A E MG, %85 32 1H Lakeshore /A ] Lakeshore
7410 BUARBNFE SR T (VSM)HEAT I £

BB RIS . K RE S T4 22 SERA A &) Tecnai F20 7437 &k 553 5 o7 B4 T HEAT 9 338 Stk I
MG

3. BRI

K 1R T = IEAVRIEEREE R NdoFesB (a, b). SmCos (¢, d)Fl SmaFe; Ny (e, f) ki (IS . =4IK1%
BIER TACK BN P, XA DUAE T 0K A TN 7 ARG r 8k . SR, @it s b e LAE
HRIRERES R 9K b SR BREE T N8 5), A R L B . 1X W] BB TG 51 k2 i) P ol
AR (18 e 2 354 A0 T S50 o AER TR R B 1) 5 BRI 40K BRSP4 0K RS /N T R BR B R R i, 1X 1] BB H T SACM
R G AT S, FEBREE I AR ARV AR B S A G AT

TRk, 152 BoR T NdyFey,B 7EAN [FIELE R EREERE 5 1P YRAE SEREERT R OC R . B H
T CABH R A, AR FIBREE R (], (RIREREERLZ B BN TR EEREE, X5 1 iR Bon g 1t
N, HAEFFE R E SACM IR RHIE MG T e, BREESCRE & . 175 8 /NNTBREE f5 , @i SACM 3k
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Figure 1. SEM image of nanosheets prepared by ball grinding assisted by surfactants. (a) Normal temperature ball
milling Nd,Fe4B; (b) Low temperature ball milling Nd,Fe4B; (c) Normal temperature ball millSmCos; (d) Low
temperature ball mill SmCos; (¢) Normal temperature ball milling Sm,Fej;Ny; (f) Low temperature ball mill
szFeNNX

B 1. REEMEFEENEKETI SRS SEM Bl (a) FEIRIKE NdFe,B; (b) {KIRIKE NdFe,B; (¢) &
JREKEE SmCos; (d) {K;ETKEE SmCos; (e) HiBFKEE SmoFeysN,; (F) KIEIKEE Sm,Fe N,

137 Be/NBURLRSE 1.13 pme H AT, 404k Nd-Fe-B #y A IR R T 250 Joe 425 WAk iR 3 i 77 1) A 5 28 22 11
Jike SN, fERGSTURRESY, AR IRE, BARZN 3 pm. ARIEERES AR Nd-Fe-B Rk
WORE RS BT RO, 100 T il £ i ) e 4 W 2k T B A B X

UbAh, WE T RE-TM KA A& &, % 15t TAEARNRE FEREE RE-TM 490K A & B 5k
BEIN AR5 2R o IR R] LA HIGIR BR B (R il S0 2 B B R BR B 1) 4% TR FE I NdoFesB. SmCos #11
SmyFe Ny K F #1521 T IS5 R AT AN, RERI A& X RE-TM & 4 I REREVE B8 A 1R K
R, IR AT 2 PR RE-TM BEMR & 805 3 s HL R P RE I — P 1) T B o

XFF SmaFe Ny T 5 A& R 2 /b B doe HuivERe, A STHAEZ TR T AN R BR B ] 4 1)
SmFe Ny K A A S &, W 3. WEF T LUE AR RACIREREE L /2 F IR ERES , [l 25 BRES I (8] ) 18
K, PP RS R EL TR R SCRRE SR R, ASCUCNES B B SmoFe Ny KA
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Figure 2. Average particle size of Nd,Fe;4B powder under different milling
time

2. NEEKEERTE]T Nd,Fe;4B # KRB FIRIZ

Table 1. Oxygen content of Nd,Fe4B, SmCos and Sm,Fe;;N, at room temperature and low temperature ball milling (wt.%)
1. ERMLEEKE T Nd,Fe By SmCos F1 SmyFeysN, F & 2 (Wt.%)

- IR GRS
BREERT [ (H)
Nd2F914B SmCos Sm,Feq 7Ny Nd2F914B SmCos Sm,Feq 7Ny
0.5 0.6534 0.5426 0.5696 0.2287 0.2187 0.1988
1 0.8268 0.7839 0.7286 0.5002 0.5022 0.5322
2 0.9324 0.8913 0.9234 0.6134 0.6253 0.6542
4 15321 1.4265 1.3097 1.1859 1.1556 1.2176
6 1.9321 1.7871 1.8333 1.3029 1.1673 1.6321

TOrfR, MRS R U] SmoFe Ny k™ 8. M EIH AT UG H,  HH RN B R (RIR R S R S S
B TR IR EERE S, VUSRS REAH] SmoFe Ny IR0 i . SmoFe Ny ZM = AL BREAH, it it
FE SRR RE LN ), MRIREAGSREE S, I R I IR IR BB B T LU S B B A ol A B8 S 1k e 1)
KZz—.
N T RS S IR AVIRIR A6 NI B 9K O S5 M PR 22 57, AR SO0 NdoFeqB BIEES 4 /NS
PR EAT T OB S BRI L, W&l 4 B 6] 4(a), 1 4(c) R 4(b), [ 4(d) 2 il s T A SABM Fil SACM
i) 8 RV ot 14 ) — DX 3 S R 5/ 3 BB B o 3B 0 oK A 523 PG rhn] LR i, FERS S UG T
WHERT, SACM Hill & B S kL 2 AKIPIR . 25538, SACM FlI SABM il £ FIARE i fwOU 285 H4) A7 7E B {2
ZE5, SACM il % MK R AR B T 28 22 (R B AL R R AN AR

V| 5 R BH B A B S I R] )B4 00, 7E == IR RIRIR T BE 1Y) NdoFe B 4K I Se 38 I, SR i
BE— OB A ESIRAVIRIER T, BB [E] 2350009 0.5 /NREAT 2 /NIFIRE, - 22 5% NdoFeB 449K F i)
Wiy, 4108 2.1 kOe A1 3.1 kOeo WIARK T B it /7 i 34 0 V=1 DR T e 82 1 dfobr ik, T Bl A gk — 28

ANSY
e
=t
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Figure 3. Relationship between nitrogen content and milling time of Sm,Fe;;N, nanosheets prepared
by ball milling at different temperatures

E 3. NERETKESIZH SmFe N, A K AR & B 5B EIMN X &

a

Figure 4. TEM images of Nd,Fe;4B nanosheets grinding at room temperature (a) (b) and low tem-
perature (c) (d) for 4 h, and (a) (c) and (b) (d) are bright and dark field images, respectively

4. =B (@) (b)FMEE(C) ()R THIE 4 h B Nd,Fe,B 40K F TEM B, (a) (c)FA(b) (d)5 3!
ARIFHFEEIAE &
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Figure 5. Relation between coercivity and grinding time of Nd,Fe;4B nanosheets
grinded at different temperatures
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Figure 6. Relation between coercivity (Hci) of Sm,Fe;;N, nanosheets and milling time

[&] 6. SmyFe 7Ny Zh2K F BOEF 1 (Hei) S Bk EBRTE B X &

DOI: 10.12677/aac.2023.133041 385 oririb it e


https://doi.org/10.12677/aac.2023.133041

FREAMR, fREE

K 7 & SmCos 9K F (IR )1 SERBERF A6 R o KT HI (<2 h)EREE, WRh 7 VL ERBERE 5 A
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Figure 7. Relation between coercive force (Hci) of SmCos nanosheet and milling time
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