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[Fig. 6]

Before process After process

(975°C)

Br 14.5 14.3
(kG)
iHe 11.3 23.1
(kOe)
(BH)max 50.5 49.9
(MGOe)
Weight increase ratio — 0.45
(%)
(BH)max+iHc 61.8 73
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[Fig. 7]
Dy Dy surface | Br iHe |(BH)ma | (BH)ma
configura | area/sintered k@) | (kOe) | x x+iHe
-tion magnet  surface (MGOe)

area

Non-film | — (non-treated) 14.6 | 10.5 51.8 62.3
Bulky 5.3E-05 14.6 11.8 51.6 63.4
(Imm ¢)
Bulky 7.0E-05 14.6 | 14.5 52.4 66.9
(1lmm ¢)
Bulky 1.1E-04 146 | 198 51.6 71.5
(Imm ¢)
Bulky 5.7E-04 14.6 | 19.8 51.6 71.5
(Imm ¢ )
Bulky 2.1E-03 146 | 21.6 52.1 73.7
(2mm ¢)
Bulky 6.5E-03 146 | 22.1 52.0 74.1
(2mm ¢ )
Bulky 1.2E-02 146 | 23.9 51.5 75.4
(5mm ¢ )
Bulky 6.4E-02 146 | 23.6 52.0 75.7
(5mm ¢)
Bulky 1.8E-01 14.6 | 23.7 52.0 75.6
(5mm ¢ )
Bulky 7.0E-01 146 | 23.7 51.8 75.6
(3mm ¢)
Bulky 1.4E+00 14.6 | 23.8 52.1 75.9
(Imm ¢)
Granular 6.7E+00 146 | 23.7 51.9 75.6
(0.4 mm)
Granular 1.1E+01 146 | 23.5 52.2 75.7
(0.4 mm)
Granular 6.8E+01 14.5 | 22.7 51.4 74.1
(0.4 mm)
Granular 1.6E+02 145 | 214 514 72.8
(0.01
mm)
Granular 5.6E+02 145 | 20.9 51.7 72.6
(0.01
mm)
Granular 1.6E+03 144 | 19.6 51.0 70.5
(0.01

mm)
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Film Granular 4. 8E+03 13.8 | 154 46.9 62.3
(0.01
mm)
Granular 6.0E+03 13.7 | 14.5 45.1 59.6
(0.01
mm)
[Fig. 8]
Average grain diameter of sintered magnet (1 m)
0.5 1 2 3 4 5
Br kG) 14.1 14.3 | 144 | 148 | 147 | 144
(BH)max 47 50 52 54 53 51
(MGOe)
iHe (kOe) 40 36 34 32 31 30
Optimum 72 24 18 12 10 8
vacuum vapor
processing
hour (hr)
Comparativ Present Invention
e
Example
[Fig. 8 (continued)]
Average grain diameter of sintered magnet (1 m)
6 7 8 9 10 12 15 20 25
14.2 144|148 | 149 | 15 | 152|152 | 15.2 13.8
48 51 53 54 55 58 58 58 46
27 30 32 34 34 32 32 30 25
6 5 2 1 1 1 1 1 1
Comparativ Present Invention Comparativ
e e
Example Example
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[Fig. 9]
Vacuum | Compo- | Optimu | Br (BH)max |iHc Evaluat
vapor nent of |m vapor | (kG) |(MGOe) |(kOe) |ion of
processin | magnet | processi Corrosio
g n-g time ‘n
resistan
ce
Embodi | Not-perfo | 27Nd-1 — 144 51.2 11.4 |6 hr or
‘ment 4 | rmed B-0.05 less
Performe | Cu-0.05 2 15.5 59 18 [120 hr
d Ga-0.1 or more
Zr-bal.
Fe
Compar | Not-perfo | 27Nd-1 — 14.3 51 11.3 |24 hror
-ative rmed Co-1B- less
Exampl | Performe | 0.05Cu- 10 15.3 58 17 |120 hr
e 4a d 0.05Ga- or more
0.1Zrb
al. Fe
Compar | Not-perfo | 27Nd-4 — 14.4 52 11.1 |48 hror
-ative rmed Co-1B- more
Exampl | Performe | 0.05Cu- 22 15.2 56 16.5 {120 hr
e 4b d 0.05Ga- or more
0.1Zrb
al.Fe
Compar | Not-perfo | 27TNd-8 — 14.4 52 11 |72 hror
-ative rmed Co-1B- more
Exampl | Performe | 0.05Cu- 32 15.1 55 164 {120 hr
e 4c d 0.05Ga- or more
0.1Zr-b

al. Fe
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[Fig. 10]
Temperature of vapor processing (‘C)
Not-va | 750 | 800 | 850 | 900 | 950 | 100 | 105 1100
por 0 0
proces
-sing
Br 142 | 143 | 14.6 |14.7 | 14.8 |14.9 |14.7 |14.6 | 14
kG)
(BH)ma | 49 | 495 | 50 |52 |b4 |54 |54 |51 |48
X
(MGOe)
iHe 145 | 1568 | 22 (24 |26 |27 |26 |24 16
(kOe)
Weight — 0.01 100501 {03 (04 |06 [08 |15
increase
before
and
after
vapor
processi-
ng
(wt%)
Comparative Present Invention Comparativ
Example e Example
[Fig. 11]
Temperature of vapor processing (°C)
Not-va| 850 | 900 | 950 | 100 | 105 | 110 | 115 1200
por 0 0 0 0
proces
-sing
Br 14.2 | 143 {146 14.7 | 153|154 | 14.7 | 14.6 13
kG)
(BH)ma | 49 | 495 | 50 | 52 |57.4|58.1| 54 | 51 40
X
(MGOe)
iHe 145 | 1568 | 21 23 | 29 | 30 | 29 | 28 8
(kOe)
Comparative Present Invention Comparativ
Example e Example
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[Fig. 12]
Average grain diameter of sintered magnet (1 m)
0.5 1 2 3 4 5
Br kG 13.9 14.3 | 144 | 146 | 146 | 143
(BH)max 46.5 50.5 | 51 | 52.8 | 52.2 | 50.5
(MGOe)
iHe (kOe) 40 36 34 32 31 30
Optimum 72 36 18 12 8 8
diffusing
process  hour
(hr)
Comparativ Present Invention
e
( ' Example
[Fig. 12 (continued)]
Average grain diameter of sintered magnet (x m)
6 8 9 10 12 15 | 20 25
14.1 1441148 | 15 |15.115.2]15.2 | 15.2 13.8
48 51 54 | 55.1 | 55 | b6 | 56 | 56 46
27 30 | 32 32 32 32 31 30 25
6 2 1 1 1 0.5 | 0.5 1
Comparativ Present Invention Comparativ
e e
Example Example




7/16

[Fig. 13]
Vacuum | Compo- | Optimu | Br (BH)max | iHc Evalua-
vapor nent of | m vapor | (kG) | (MGOe) |(kOe) |tion of
processin | magnet | processi ’ Corrosio
g n-g time n
resistan
-ce
Embodi | Not-perfo | 28Nd-1 — 14.4 51.2 114 |6 hr or
-ment 8 | rmed B-0.05 less
Performe | Cu-0.05 2 15.4 58 19.5 {120 hr
d Ga-0.1 or more
Zr-bal.
Fe
Compar | Not-perfo | 28Nd-1 — 14.3 51 11.3 |24 hr or
-ative rmed Co-1B- less
Exampl | Performe | 0.05Cu- 10 15.2 57 18.2 | 120 hr
e 8a d 0.05Ga- or more
0.1Zr-b
al. Fe
Compar | Not-perfo | 28Nd-4 — 14.4 52 11.1 |48 hror
-ative rmed Co-1B- more
Exampl | Performe | 0.05Cu- 22 15.1 55 174 {120 hr
e 8b d 0.05Ga- Or more
0.1Zrb
al.Fe
Compar | Not-perfo | 28Nd-8 — 144 52 11 |72 hror
-ative rmed Co-1B- more
Exampl | Performe | 0.05Cu- 32 15 54 17 |120 hr
e 8c d 0.05Ga- or more
0.1Zr-b

al. Fe
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[Fig. 14]
Temperature of sintered magnet (°C)
Temperature of 750 800 | 850 | 900 | 950
processing
chamber (°C)
Br &kG) 900 14.3 146 | 14.7 | 14.8 | 14.9
(BH)max 49.5 50 52 | 54 | 56
(MGOe)
iHe (k0e) 15.8 21 23 | 24 | 26
Br kG) 850 14.3 14.6 | 14.7 | 148 | 14.9
(BH)max 49.5 50 | 52 | 54 | 56
(MGOe)
iHc (kOe) 15.8 22 24 | 26 | 27
Br &G 800 14.3 14.6 | 14.7 | 14.8 | 14.9
(BH)max 49.5 50 | 52 | 54 | 56
(MGOe)
iHe (kOe) 15.8 22 | 24 | 26 | 27
Br &G) 750 14.3 146 | 14.7 | 14.8 | 14.9
BH)max (MGOe) 49.5 50 52 | 54 | 56
iHc (kOe) 15.8 22 24 | 26 | 27
Comparativ Present Invention
e Example
[Fig. 14 (Continued)]
Temperature of sintered magnet (°C)
1000 | 1050 | 1100 | 1150 | 1200 | 1250
147 | 146 | 14 | 135 | 12 11

54 51 48

44 30 21

25 23 21

12 8 4

14.7 | 14.6 14

13.5 12 11

54 51 48

44 30 21

26 24 22

12 8 4

14.7 | 14.6 14

13.5 12 11

54 51 48

44 30 21

26 24 22

12 8 4

14.7 | 14.6 14 13.5 12 11
54 51 48 44 30 21
26 25 24 12 8 4
Present Invention Comparative

Example
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[Fig. 15]
Average grain diameter of sintered magnet (u m)
0.5 1 2 3 4 5
Br kG) 13.9 144 | 144 | 147 | 147 | 144
(BH)max 46.5 51.5 | 52 | 53.6 | 53.3 | 515
(MGOQe)
iHe (kQe) 36 34 32 30 29 28
Optimum 72 36 18 12 8 8
diffusing
process  hour
(hr)
Comparativ Present Invention
e
Example
[Fig. 15 (continued)]
Average grain diameter of sintered magnet (1 m)
6 7 8 9 10 12 15 20 25
14.1 145149 | 15.1 | 15.2 | 15.3 | 15.3 | 15.3 13.8
48 52 55 | 56.1 | 56 57 57 57 46
25 28 30 30 30 30 | 29 28 23
6 4 2 1 1 1 0.5 | 0.5 1
Comparativ Present Invention Comparativ
e e
Example Example
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(Fig. 16]
Vacuum | Compo- | Optimu | Br (BH)max |iHc Evaluat
vapor ent of | m vapor|(kG) |MGOQOe) |(kQOe) {ion of
processin | magnet | processi corrosio
g n-g time n
resistan
-ce
Embodi | Not-perfo | 21Nd-7 — 14.4 51.2 10.8 |2 hr or
-ment rmed Pr-1B-0 less
11 Performe | .05Cu-0 4 154 58 205 {120 hr
d .056Ga-0 or more
.1Zr-bal
. Fe
Compar | Not-perfo | 21Nd-7 — 14.3 51 11.2 |12 hror
-ative rmed Pr-1Co- less
Exampl | Performe | 1B-0.05 10 15.2 57 18.2 | 120 hr
ella d Cu-0.05 or more
Ga-0.1
Zr-bal.
Fe
Compar | Not-perfo | 21Nd-7 — 14.4 52 11.0 {36 hr or
-ative rmed Pr-4Co- more
Exampl | Performe | 1B-0.05 22 15.1 55 17.4 120 hr
ellb d Cu-0.05 or more
Ga-0.1
Zr-bal.
Fe
Compar | Not-perfo | 21Nd-7 — 14.4 52 10.8 |48 hror
-ative rmed Pr-8Co- more
Exampl | Performe | 1B-0.05 32 15 54 16 | 120 hr
ellc d Cu-0.05 or more
Ga-0.1
Zr-bal.

Fe
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[Fig. 171
Temperature of heat treatment
Not-heat | 400 | 450 | 500 | 550 | 600 | 650 | 700
treatme
nt
Sample | Br 14.4 1441145146 | 14.6 | 146 | 145 | 144
1 kG)
(BH)max 50.8 50.8 | 51.1 | 53.5 | 53.8 | 53.3 | 52.1 | 50.8
(MGOe)
iHe  (kOe) 5.2 63 | 71 | 84 |86 |83 |81 |78
Sample | Br 14.8 1481148 148|148 | 148 | 14.8 | 14.8
2 kG)
(BH)max 53.7 53.7 | 3.7 | 53.7 | 53.7 | 3.7 | 53.7 | 53.7
(MGOe)
iHe (kOe)| 121 [18.2120.5]22.1|24.6|26.5|24.8]23.6
[Fig. 18]
Degree of vacuum
10Pa | 1Pa | 107! | 1072 [ 107® [ 107* |1075| 107°©
Br 14.2 148 | 148 | 148 | 148 | 14.8 | 148 | 14.8
(kG)
(BH)max 49.0 53.1 | 53.3 | 53.7 | 53.7 | 53.7 | 53.7 | 53.7
(MGOe)
iHe 12.0 182 | 20.1 | 229 | 24.8 | 26.1 | 26.3 | 26.4
(kOe)
Compa Present Invention
r-ative
Exampl
e
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[Fig. 19]
Heating temperature of metallic
material (°C)
Temperature | 750 800 850 900
of  magnet
(C)
Comparativ | Br 1150 13.5 11.0 10.5 10.5
e Example | (kG®)
(BH)max 30.1 25.1 | 247 |244
(MGOe)
iHe (kOe) 8.9 6.9 6.9 7.0
Present Br 1100 14.3 144 |144 |144
Invention kQ)
(BH)max 49.5 499 520 |54.0
(MGOe)
iHe (kOe) 12.3 179 239 |[26.0
Br 1000 14.3 146 |146 |148
kQ)
(BH)max 49.5 498 |51.9 |54.0
(MGOe)
iHe (kOe) 12.1 189 (240 (260
Br 900 14.3 146 |14.7 |14.8
ey
(BH)max 49.5 498 |51.8 |[53.9
(MGOe)
iHe (kOe) 12.2 165 233 |255
Br (kG) 800 14.3 14.6 146 |14.6
(BH)max 49.5 499 |[52.0 |53.7
(MGOe)
iHc (kOe) 12.0 170 239 259
Comparativ | Br 750 14.3 14.3 14.3 14.3
e Example | (kG)
(BH)max 49.5 49.2 1493 |49.3
(MGOe)
iHe (kOe) 12.1 11.9 120 |12.1
Compa | Present Invention
r-ative
Exampl
e




[Fig. 19 (Continued)]
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Heating temperature of metallic material (*C)

950 1000 1050 1100 1150 1200 1250
10.7 10.8 11.0 10.7 10.7 10.9 9.8

24.3 23.5 23.2 22.1 21.5 21.3 16.9
6.9 6.9 7.0 7.0 6.3 5.2 3.0

144 14.3 14.3 14.3 14.2 14.0 11.0
56.0 53.9 49.8 49.5 48.3 48.0 21.0
26.9 26.7 26.0 25.9 23.9 15.9 14.3
14.9 14.7 14.3 14.4 14.3 14.0 11.0
56.0 53.9 50.9 49.5 49.2 47.8 20.9
26.9 26.3 26.3 26.0 23.9 16.0 15.3
14.9 14.7 14.6 144 144 14.0 12.5
56.0 53.9 50.8 50.2 50.1 48.0 36.3
26.5 26.0 25.7 25.6 23.8 15.9 15.5
14.7 14.7 14.6 14.6 14.4 14.0 13.1
55.9 53.8 52.8 52.1 50.3 47.9 39.1
26.9 25.8 25.4 24.8 23.9 15.9 15.4
14.3 14.3 14.3 14.3 14.3 14.3 12.3
49.3 49.2 49.3 49.2 49.2 49.2 20.9
12.0 11.9 11.9 11.9 11.9 11.9 11.9

Present Invention Comparativ

e Example
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[Fig. 20]
Average grain diameter of sintered magnet (1 m)
0.5 1 2 3 4 5
Br (kG) 13.9 144 | 144 | 147 | 14.7 | 144
(BH)max 46.5 515 | 52 | 53.6 | 53.3 | 515
(MGOe)
iHc (kOe) 36 34 32 30 29 28
Optimum 72 36 18 12 8 8
diffusing
process  hour
(hr)
Comparativ Present Invention
e
Example
[Fig. 20 (continued)]
Average grain diameter of sintered magnet (1 m)
6 8 9 10 | 12 15 | 20 25
14.1 145|149 15.1 | 15.2 | 15.3 | 15.3 | 156.3 13.8
48 52 | 55 | 56.1 | 56 57 | 57 | b7 46
25 28 | 30 30 30 | 30 | 29 | 28 23
6 2 1 1 1 0.5 | 0.5 1
Comparativ Present Invention Comparativ
e e
Example Example
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[Fig. 21]
Vacuum | Compo- | Optimu | Br (BH)max |iHc Evaluat
vapor nent of | m vapor | (kG) |(MGOe) |(kOe) |i-on of
processin | magnet | processi COrrosio
g n-g time n
resistan
-ce
Embodi | Not-perfo | 21Nd-7 — 14.4 51.2 10.8 |2 hr or
-ment | rmed Pr-1B-0 less
16 Performe | .05Cu-0 4 15.4 58 20.5 [ 120 hr
d .05Ga-0 or more
.1Zr-bal
. Fe
Compar | Not-perfo | 21Nd-7 — 14.3 51 11.2 |12 hror
-ative rmed Pr-1Co- less
Exampl | Performe | 1B-0.05 10 15.2 57 18.2 | 120 hr
e 16a d Cu-0.05 or more
Ga-0.1
Zr-bal.
Fe
Comypar | Not-perfo | 21Nd-7 — 14.4 52 11.0 |36 hr or
-ative rmed Pr-4Co- more
Exampl | Performe | 1B-0.05 22 15.1 55 17.4 1120 hr
e 16b d Cu-0.05 or more
Ga-0.1
Zr-bal.
Fe
Compar | Not-perfo | 21Nd-7 — 14.4 52 10.8 |48 hror
-ative rmed Pr-8Co- more
Exampl | Performe | 1B-0.05 32 15 54 16 1120 hr
e 16¢ d Cu-0.05 or more
Ga-0.1
Zr-bal.

Fe
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[Fig. 22]
Degree of vacuum

10Pa | 1Pa | 107" | 1072|107 | 107* 1075|107 °®
Br 14.2 148 | 148 | 148 | 148 | 148 | 14.8 | 14.8
(kG)
(BH)max 49.0 53.1 | 53.3 | 53.7 | 53.7 | 53.7 | 53.7 | 53.7
(MGOe)
iHe 12.0 182 | 20.1 | 229 | 248 | 26.1 | 26.3 | 26.4
(kOe)

Compa Present Invention

r-ative

Exampl

e




