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Abstract

Nd-Fe-B magnetic ring with outer diameter of 39.5 mm and wall thickness of 4.5 mm was prepared
by backward hot-extrusion technology. The effects of extrusion speed, deformation pressure and
mold structure on the magnetic properties, microstructure and phase structure of the backward
hot-extruded Nd-Fe-B magnetic ring were studied. The results showed that, with the increase of ex-
trusion speed and deformation stress, the magnetic properties of the magnetic ring increased first
and then decreased. The magnetic properties of the magnetic ring prepared using an extrusion
speed of 0.05 mm/s and a deformation pressure of 164 MPa were the best, and its remanence, coer-
civity and maximum magnetic energy product were 12.385 kGs, 10.705 kOe and 32.808 MGOe, re-
spectively. The Nd-Fe-B permanent magnet prepared by the backward hot-extrusion mold with a
boss structure has higher coercivity and better axial uniformity of magnetic properties than the
magnetic ring prepared by the conventional backward hot-extrusion mold.
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AKHEIAFE R WG R AR LB, REFR PR RE AP SR e FE ML) TARRCR S Aa g vt HAl, AKBEF i
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Figure 1. Backward hot-extruded Nd-Fe-B permanent magnet ring process flow
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Figure 2. Demagnetization curves and magnetic properties of the backward hot-extruded Nd-Fe-B magnetic
rings at different extrusion speeds ((a): demagnetization curves; (b): magnetic properties)
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Table 1. Radial magnetic properties of the backward hot-extruded Nd-Fe-B magnetic rings at different extrusion speeds
F 1. TEHFERE RN R EASTE Nd-Fe-B HEMZ () # 14% 42

B # E Imm/s Bi/kGs Hcj/kOe (BH)max/MGOe
0.03 12.195 8.856 29.153
0.05 12.385 10.705 32.808
0.07 10.95 11.158 24.041

K] 3 s N 43 )9 0.03 mm/s. 0.05 mm/s. 0.07 mmi/s F 5 [ #d% i Nd-Fe-B i3 b 4o &
AR XRD Btk . BT LA R A Y, AN FH R K Nd-Fe-B BAFAFE L # L 7(004). (105). (006)
DA S (008) AT i g, 1€ LA G 06g Sz WO R G BRI A ST B 17 43K o I & R ) FABE IR Nd-Fe-B 34 11
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Figure 3. XRD patterns of the backward hot-extruded Nd-Fe-B
magnetic rings at different extrusion speeds
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K] 4 B N8 43 )9 0.03 mm/s. 0.05 mm/s. 0.07 mmi/s F 5 [l #d% i Nd-Fe-B i3 b i fir &
AL SEM Bl 18] 4(a) B H7 L7 M5 77 ), BRI CUE H, AN BT Ol R R 2
TER T —sERRBE MUK, $5 R E 2y 0.03 mm/s 1 0.05 mm/s BIREFRRFE ) SbiHE S S ], 5 #idk c
T T FEATE BT 3R 105 A (A 4(a) R 4(b)), T 0.07 mm/s FIREIA AR A SR HES R TR EL L ¢ B
T AITE S BT 5 D7 1R 72 AR T — 8 A B I m e (&) 4(c)) o 1 4(b) 2T (0 5 Bl Bl o R R AR AR T 52 4% 1 [
PRl R, BRI A 0.05 mm/s A1 0.07 mm/s (REIRRFESS 77 A2 T BB AN S8 (5 ok, X AT g
H T3 R (4, BT AN TE 40 S B o iR A T AR B A5 ) S 1k () AR W o 383 nano measurer K
3%t SR R ST IR S i, B9 IEE 4 0.03 mm/s. 0.05 mm/s. 0.07 mm/s BEFR 1 stk R~ 36 20 510 o 110
nm~630 nm. 60 Nm~490 nm. 70 nm~390 nm. [&] 4(a) 4L LT Sk B8 kR ok, =R R 5 2
A TR R, ] 4(a)~(c) R FR BRELOR d R R ST 29 30l 1938 0.63 pmy 0.49 pm 0.39 um, F5KIE N 0.03
mm/s RGN = A R R B = T 2, RSHRECR, i R id 2 0.05 mmi/s F1 0.07 mm/s FIHLK i
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Figure 4. SEM images of the backward hot-extruded Nd-Fe-B magnetic rings at different extrusion speeds ((a): 0.03
mm/s; (b): 0.05 mm/s; (c): 0.07 mm/s)
4. FEIFFERE R R EHSTE Nd-Fe-B #3F SEM E((2): 0.03 mm/s; (b): 0.05 mm/s; (c): 0.07 mm/s)
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Figure 5. Demagnetization curves and magnetic properties of the backward hot-extruded Nd-Fe-B magnetic rings at different
deformation pressure((a): demagnetization curves; (b): magnetic properties)

E 5. FRZEMENNREASTE Nd-Fe-B HEIMBRHEAHZ M RE((): BHIZ; (b): HiMERE

Table 2. Radial magnetic properties of the backward hot-extruded Nd-Fe-B magnetic rings at different deformation pressure
2. FEIZEHENRERTFE Nd-Fe-B BAERMZ mIHE M RE

S F1/MPa Bi/kGs Hcj/kOe (BH)max/MGOe
128 7.844 8.236 10.706
164 12.385 10.705 32.808
200 9.645 10.569 16.738
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Figure 6. XRD patterns of the backward-extruded Nd-Fe-B mag-
netic rings prepared at different deformation pressure
6. TNEIZRE MR EHSGTE Nd-Fe-B #IR XRD Ei%

K 7 Fia A K /7 128 MPa. 164 MPa. 200 MPa [ [ #4455 Nd-Fe-B BEFR IO ESE . i 14
7()FTLAEH, 77 128 MPa FIREIRFE S FoR slobi HEFIVREL, 111 7(0) & 7(c)Hr A R R HE 51 K i
LI 1) R o A [ AR T e 7 1) 2% PO RE PR m R PR B ) AN 58 4 R AR I ), 9 BARAE 35 T 40
SR B A PR AR, X ERH K 1)Uk 22 FELAS R (R, X AT RS2 3 30U% 77 128 MPa I REI A
i s RLHEZ VR ELRIRL BRI R A . Bhah, BATRIUE S 128 MPa. 164 MPa. 200 MPa [IREIR H ki <)
36 FEl 43 %124 300 nm~510 nm. 150 nm~300 nm. 200 nm~500 nm, J& /7 164 MPa [HIHEFRAEE G itk AH X 58
Yl o DR P R 10 22 3 B T S TR0 BT R AR T IR RORE i 15 B AR T Sok e 51 A e bR s 1

Figure 7. SEM images of the backward-extruded Nd-Fe-B magnetic ring with deformation pressure ((a): 128 MPa;
(b): 164 MPa; (c): 200 MPa)
7. BREDHIRFE Nd-Fe-B #4EF SEM [El((a): 128 MPa; (b): 164 MPa; (c): 200 MPa)

3.3. BREZMR RETE Nd-Fe-B B LALA K2 M4 REAIRZ M
SRS, R R FE UL (BE) A FE ST R h, IR Y B R AU B, Aix—BLR,
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R
]

Figure 8. Two kinds of the backward hot-extruded mold and the prepared
corresponding magnetic rings
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31%. & 9 From AR BE JECHR AN Rl B R AR 2 RO L Re L, AT 9()HH mT DA HY, i B A i) 4
F5 & BE il £ (R BEJEHE 5 mm F1 10 mm A7 & IR S, BERHR 20 mm A7 B R RIRE A, TR RLER
JEHS 10 mm A7 B i, BEJEHS 20 mm A7 B A AR W lE 9(b) B, A AL R A GBI
BE-TU il % ¥ REMR BEJECH 5 mm A7 B IR IR e v, BEREFA RS 20 mm A7 B O RIRE S AR, 1T BEREIA T 15
mm A7 B R s, FEREIAEEE 5 mm A7 B R A% . ] 9(c) i R I A 5T E Nd-Fe-B
PR AN RO B AR IR e AL I, et xd LRI, BE A1 BE-TU il % M RAFA LRI RE By MREIFE
HRER A B AL PR, (H BE-TU N INTLE, ULHH BE-TU RAFR IS0 kiR 51 58 0
FUNA 7 B A B ns 5], S KHEREAR (BH)max LALE Rt B, AHIF . $R1f0 BE A1 BE-TU il % (R4 FF UF
T He ZRAGEIASAH R, BE REFMRFERIFRIT He Se3 NS08, 10 BE-TU BEMRFE T He
iR E ETHES, BFom A ¥KF BE B ARE, HEN BT BE-TU RN IEM R Mish, REER, i
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Figure 9. Demagnetization curves and magnetic properties of two kinds of backward hot-extruded Nd-Fe-B magnetic rings at
different positions from the bottom ((a): BE; (b): BE-TU; (c): magnetic properties)
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Table 3. Radial magnetic properties of two backward hot-extruded Nd-Fe-B magnetic rings at different positions
= 3. MR EREFE Nd-Fe-B M A RINLE MR EE M AE

SE R A JE FR BE 15 /mm Bi/kGs Hei/kOe (BH)max/MGOe

5 12.413 9.312 31.837

10 12.385 10.705 32.808

BE 15 9.604 8.963 17.238
20 7.914 7.112 10.807

5 12.174 11.386 32525

BETU 10 11.992 11.943 30.856
15 11.657 12.852 28.375

20 9.613 11.809 17.812

Figure 10. SEM high-magnification and low-magnification images of the two kinds of backward hot-extruded Nd-Fe-B mag-
netic rings at different positions from the bottom ((a), (b), (c), (d): BE; (e), (f), (g), (h): BE-TU)

10. PR [EHIFE Nd-Fe-B BAIFIEREBAERIBE A SEM (REEFZEE((), (b), (c), (d): BE; (e), (f), (g), (h): BE-
TU)

Kl 10 From M b e e 345 He Nd-Fe-B A R RS AN [F) 67 B 1) SEM GRS AT fis 8], AL 10(a)
FE 10(b))FH ] 10(e) Rl 10(F) AT LAE Y, BEFR IO TS0 S A0 5 DXORIGH & X 22 & HER, R kL X 1 T
FCRT g 5 AH AR BV A AS 78 4 3 A 5 [10]. 14 10(c)Fas i) BE PR 43T 6 48 A R Sk HE 51 B8 n e
WA 7, 1 10(d) B it BE REFR S B 147 B 3R RE SR I B R VR AR A — S5 B, BT DA R PR I
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HAL B T . [N 10(c) A& 10(d) ik A AE R RS VE FEIE 0.32 pm~2.2 pm F0e AN S5 LK Sk,
ATLIERE tH, & 10(d) 4 G X FHLR dioRiBE R, &k 1oum ARLR i 8 22, HLERL IR G 1R 22 LB,

XA e H TSRV, SRR TSN, RIS SR AN SO RS T kLI NI 50
meoRL IR B2, i ARET IR A 1 A7 B ) F REAN I i /g S8 A &) 10(g) A1 ] 10(h) Firzs 370l 9 BE-TU f3AR
ST BSR4 B SEM i, MW AT LU H SR IR R A B AR (] 10(0)) ) &
o B 17 B T AR REAIA CAL B AR FEC I 10(h)), X5 BE MIBEIMRFEMIZARLAIF, R Rt fEeE
e RURST A 0.29 pm~1.18 pm FPRLR S, (EAHELT BE REFF, dhRR SN AR D . @il xt
Fe I, BE MG & X FIGH &t X A7 AR KRR S,  H BE BEMVRSURIR, FEGT A
TRy, X TREMA SR, AT SN RARR 1 A e -

4, 4Eip

SR AN [F) 55 S P AN [R) AR T R il 46 7 I A1 3GES IR Nd-Fe-B 7k i3t , &5 R, HFrdEdigs
SEGFRLAE G, TG BT B AG . FAR KB R I TT DASRAR B A (D, R R A
G, SEFBIEC. P RE AR IR R BN, 8 IR ) AR Re AR AR . 20
XL AR BL, HFHEE 0.05 mmis. AFFEIE ) 164 MPa il & I REIAREPE e e tE o 80T NGBk A L3R 454,
B & BT CASR SRR A A R e X ST REEA A R BB R K 0 4 L B T A L 4 TR
MRS B ARE 1, I BB i KRG RERR 25 MGOe L L #5235 bb l %A ™ & 46 EL ) 45 (R R FA 1 15%
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