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Description 

FIELD  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  fibrous  anisotropic  permanent  magnet  comprising  as  main  compo- 
nents  a  rare  earth  element,  iron  or  iron  and  cobalt,  and  boron,  and  to  a  process  for  preparing  the  magnet. 

BACKGROUND  OF  THE  INVENTION 

io  Recently,  a  Nd-Fe-B  system  magnet  has  been  developed  which  exhibits  a  maximum  magnet  energy 
product  superior  to  a  Sm-Co  system  magnet.  The  aforesaid  magnet  is  considered  to  be  useful  in  various 
applications  such  as  in  the  area  of  high-performance  miniature  magnets. 

It  is  generally  known  that  the  maximum  magnetic  energy  product  of  a  magnet  material  composed  of  a 
rare  earth  element  and  Fe  or  Fe  and  Co  is  greatly  improved  by  imparting  thereto  a  magnetic  anisotropic 

75  property.  In  this  regard,  a  number  of  processes  for  producing  a  Nd-Fe-B  system  magnetic  material  having 
excellent  magnetic  characteristics  have  been  proposed. 

As  an  example  of  a  typical  process  for  preparing  a  Nd-Fe-B  system  magnet  having  magnetic 
anisotropy,  it  is  proposed  in  JP-A-59-46008  (the  term  "JP-A"  as  used  herein  means  an  "unexamined 
published  Japanese  patent  application"  that  the  magnet  can  be  prepared  using  a  conventional  powder 

20  metallurgy  technique.  JP-A-59-46008  further  describes  a  process  for  preparing  an  anisotropic  magnet 
comprising  preparing  an  alloy  ingot  of  Nd,  Fe,  and  B,  next  pulverizing  the  alloy  ingot  into  a  fine  powder,  and 
then  consolidating  the  powder  in  a  magnetic  filed  following  by  sintering. 

However,  the  anisotropic  magnet  produced  by  the  above  described  process  is  disadvantageous  in  that 
the  magnet  can  not  be  used  as  a  magnetic  powder  for  preparing  a  bonded  magnet. 

25  Apart  from  the  above  described  powder  metallurgy  method,  the  rapid  quenching  method  from  the  melt 
proposed  in  JP-A-59-64739  and  JP-A-59-21  1549  describes  a  process  for  preparing  a  magnet  material  by 
forming  a  ribbon-form  amorphous  alloy  from  a  molten  alloy  of  Nd,  Fe,  and  B.  A  rapid  quenching  technique 
such  as  melt  spinning  is  then  used  followed  by  heat-treating  the  amorphous  alloy  ribbons  to  crystallize  the 
Nd2Fei  +  B  phase. 

30  Furthermore,  JP-A-60-9852  proposes  a  quenched  ribbon  form  magnet  material  containing  fine  crystal 
particles  of  a  Nd2Fei  +  B  phase. 

The  magnet  material  disclosed  in  JP-A-59-64739,  JP-A-59-21  1549,  and  JP-A-60-9852  as  noted  above 
have  a  high  intrinsic  coercive  force  of  from  8  kOe  to  15  kOe  but  are  disadvantageous  in  that  the  magnet 
materials  are  isotropic  and  the  maximum  magnetic  energy  product,  an  important  magnetic  property,  is  not 

35  sufficiently  increased. 
A  process  for  preparing  an  anisotropic  magnet  using  flakes  of  amorphous  alloy  ribbons  produced  by  a 

rapid  quenching  technique  is  proposed  in  JP-A-60-1  00402.  The  process  comprises  first  hot  pressing 
powdered  Nd-Fe-B  system  amorphous  alloy  ribbons,  next  hot-deforming  the  bulk  and  orienting  the  axes  of 
the  crystal  that  are  reading  magnetized  in  the  same  direction  based  on  the  plastic  flow.  However,  the 

40  production  process  of  the  above  described  anisotropic  Nd-Fe-B  system  magnetic  material  is  disadvanta- 
geous  in  that  complicated  steps  are  required,  the  production  time  is  inevitably  prolonged,  the  productivity  is 
low,  and  the  production  cost  is  very  high. 

On  the  other  hand,  a  high-performance  miniature  magnet  other  than  the  above  described  quenched 
ribbon-form  magnet  material  and  a  process  of  producing  the  same  are  proposed  in  JP-A-1  -180757. 

45  Particularly,  JP-A-1  -180757  describes  a  fibrous  Nd-Fe-B  system  hard  magnetic  material  having  a  diameter 
of  less  than  500  urn  formed  by  spinning  into  fiber-form  and  solidifying.  JP-A-1  -180757  further  describes 
that  the  magnetic  material  can  be  produced  by  method  of  spinning  in  a  rotating  liquid  using  water  as  the 
cooling  medium. 

However,  when  the  present  inventors  sought  to  produce  a  Nd-Fe-B  system  hard  magnetic  material  by  a 
50  method  of  spinning  in  a  rotating  liquid  using  water  as  the  cooling  medium  in  accordance  with  the  teachings 

of  JP-A-1  -180757,  a  miniature  fibrous  material  having  a  diameter  of  less  than  500  urn  was  obtained. 
However,  the  surface  of  each  fiber  was  covered  by  a  thick  oxide  film,  the  intrinsic  coercive  force  (iHc)  (a 
magnetic  characteristic  of  the  resulting  material  was  only  from  about  3  kOe  to  5  kOe,  and  the  maximum 
magnetic  energy  product  was  even  less.  Thus,  the  present  inventors  have  determined  that  a  fibrous 

55  permanent  magnet  having  excellent  magnetic  characteristics  is  not  obtained  by  the  process  described  in 
JP-A-1  -180757. 

Also,  a  method  of  spinning  in  a  rotating  liquid  using  water  as  the  cooling  medium  for  obtaining  a  fibrous 
permanent  magnet  is  disadvantageous  in  that  there  is  almost  no  difference  in  the  fibrous  permanent  magnet 
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thus  obtained  between  the  magnetic  characteristics  (e.g.,  coercive  force  and  residual  magnetic  flux  density) 
in  the  lengthwise  direction  of  the  fiber  axis  and  those  in  the  direction  perpendicular  to  the  fiber  axis.  In  other 
words,  a  fibrous  permanent  magnet  having  anisotropy  is  not  obtained. 

5  SUMMARY  OF  THE  INVENTION 

A  first  object  of  the  present  invention  is  to  provide  a  miniature  fibrous  anisotropic  rare  earth  element-Fe 
or  Fe/CO-B  system  permanent  magnet  having  excellent  intrinsic  coercive  force,  maximum  magnetic  energy 
product,  residual  magnetic  flux  density  and  anisotropy,  and  which  can  be  utilized  as  a  magnetic  powder  for 

io  a  bonded  magnet. 
A  second  object  of  the  present  invention  is  to  provide  a  low  cost  process  for  producing  the  above 

described  fibrous  anisotropic  permanent  magnet. 
As  a  result  of  various  investigations,  the  present  inventors  have  discovered  that  the  above  objectives 

are  attained  by  providing  a  fibrous  rare  earth  metal-Fe  or  Fe/Co-B  system  magnet  having  excellent  magnet 
is  characteristics,  which  magnet  is  anisotropic  even  in  a  quenched  state,  and  which  magnet  can  be  obtained 

by  a  rapid  quenching  method  using  an  oil  as  the  cooling  medium. 
In  accordance  with  a  first  embodiment  of  the  present  invention,  a  fibrous  anisotropic  permanent  magnet 

is  provided  comprising  fibers  composed  of  an  alloy  comprising  at  least  one  of  a  rare  earth  element  selected 
from  the  group  consisting  of  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  Fe  or  Fe  and  Co;  and  B,  said  fibers  having  a 

20  mean  diameter  of  from  50  to  1  ,000  urn  and  exhibiting  magnetic  anisotropy. 
In  accordance  with  a  second  embodiment  of  the  present  invention,  a  process  for  preparing  a  fibrous 

anisotropic  permanent  magnet  is  provided,  comprising  extruding  a  molten  alloy  comprising  at  least  one  rate 
earth  element  selected  from  the  group  consisting  of  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  Fe  or  Fe  and  Co;  and 
B  into  an  oil  to  cool  and  solidify  the  molten  alloy  into  a  fibrous  form. 

25  The  fibrous  anisotropic  permanent  magnet  of  the  present  invention  exhibits  excellent  magnetic  char- 
acteristic  including  a  high  degree  of  anisotropy  in  the  lengthwise  direction  of  the  fiber  axis  in  the  quench- 
solidified  state  and  in  particular,  an  intrinsic  coercive  force  of  at  least  8  kOe  under  an  applied  magnetic  filed 
of  about  15  kOe.  The  magnet  can  be  widely  utilized  in  the  audio  or  communication  fields  as  well  as  for 
other  various  devices. 

30  Also,  since  the  magnet  of  the  present  invention  may  be  prepared  using  a  rapid  quenching  method,  the 
magnet  can  be  used  as  magnetic  powders  for  a  bonded  magnet. 

Furthermore,  since  a  rapid  quenching  method  may  be  employed,  the  fibrous  magnet  of  the  present 
invention  is  readily  produced  in  commercial  quantities  at  low  cost. 

35  DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  magnet  of  the  present  invention  is  prepared  by  quench-solidifying  into  fibrous  form  a  molten  alloy 
of  a  rare  earth  metal-iron-boron  system  or  rare  earth  metal-iron-cobalt-boron  system  alloy  using  an  oil  as 
the  cooling  medium.  The  resulting  magnet  is  mainly  composed  of  a  Nd2Fei  +  B  type  phase  and  a  non- 

40  equilibrium  phase.  Also,  the  fibrous  magnet  of  the  present  invention  is  an  anisotropic  magnet  material  which 
exhibits  excellent  magnetic  characteristics,  e.g.,  an  intrinsic  coercive  force  in  the  lengthwise  direction  of  the 
fiber  axis  of  at  least  8  kOe  under  an  applied  magnetic  field  of  about  15  kOe  in  an  quench-solidified  state, 
and  which  exhibits  excellent  anisotropic  properties.  Particularly,  the  coercive  force  and  residual  magnetic 
flux  density  are  respectively  from  1.3  to  10  times,  preferably  1.5  to  5  times,  more  preferably  2.5  to  5  times, 

45  as  strong  in  the  lengthwise  direction  of  the  fiber  axis  as  compared  to  the  same  magnetic  characteristics  in 
the  direction  perpendicular  to  the  lengthwise  fiber  axis. 

The  alloy  composition  of  the  fibrous  anisotropic  permanent  magnet  of  the  present  invention  preferably 
is  an  alloy  system  forming  a  Nd2Fei  +  B  type  compound  as  the  main  phase  in  the  quench  solidification.  In 
particular,  an  alloy  composed  of  from  8  to  30  atom%  of  at  least  one  of  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  from 

50  2  to  28  atom%  of  B;  not  more  than  30  atom%  of  Co;  and  the  remainder  being  substantially  Fe  is  preferred. 
An  alloy  composed  of  from  8  to  20  atom%  of  at  least  one  of  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  from  4  to  15 
atom%  of  B;  not  more  than  30  atom%  of  Co;  and  the  remainder  being  substantially  Fe  is  particularly 
preferred.  Furthermore,  an  alloy  containing  Nd  in  an  amount  of  at  least  50  atom%  of  the  total  rare  earth 
metal  content  is  preferred.  Also,  it  is  preferred  that  the  ratio  of  Co/(Fe  +  Co)  is  less  than  0.2. 

55  Also,  the  alloy  composition  of  the  present  invention  may  further  contain  from  0.001  to  3  atom%  of  at 
least  one  of  Si,  Al,  Nb,  Zr,  Mo,  Hf,  P  and  C  as  an  additive. 

As  the  form  of  the  fiber  of  the  magnet  of  the  present  invention,  the  cross-section  thereof  may  be  an 
ellipse  or  a  circle,  but  a  cross-section  approximating  a  circle  is  preferred. 
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The  mean  diameter  of  the  fiber  of  the  present  invention  is  obtained  as  follows.  A  mean  value  of  the 
maximum  diameter  (long  axis)  and  the  minimum  diameter  (short  axis)  of  a  cross  section  of  the  fiber  is 
determined,  and  such  mean  values  are  determined  at  a  total  of  10  different  cross  sections  of  the  magnet. 
The  mean  value  of  the  10  cross  sections  is  employed  as  the  mean  diameter. 

5  In  order  to  obtain  anisotropic  magnetic  characteristics,  the  maximum  mean  diameter  of  the  fibers  is  not 
greater  than  1  mm,  and  in  particular,  in  order  to  obtain  magnetic  characteristics  of  excellent  high  coercive 
force,  the  maximum  diameter  is  preferably  not  greater  than  0.2  mm.  In  order  to  stably  prepare  the  fibrous 
magnet,  the  minimum  diameter  is  as  least  0.05  mm.  Also,  it  is  preferred  that  the  fibrous  magnet  of  the 
present  invention  has  the  length  of  from  10  to  10G  times,  preferably  300  to  3  x  105  times,  more  preferably 

io  103  to  105  times,  of  the  mean  diameter  thereof. 
For  obtaining  a  fibrous  anisotropic  magnet  of  the  present  invention,  a  rapid  quenching  method  of 

obtaining  fibrous  solidified  products  having  a  circular  or  elliptical  cross-section  may  be  employed,  but  it  is 
necessary  to  use  an  oil  as  the  cooling  medium  for  the  rapid  quenching  method  of  the  present  invention. 

As  the  rapid  quenching  method,  various  methods  such  as  the  method  disclosed,  e.g.,  in  JP-A-49- 
15  135820  can  be  used,  but  of  these  methods,  the  method  of  spinning  in  a  rotating  liquid  as  disclosed  in  JP-A- 

55-64948  is  preferred.  In  this  method,  a  cooling  liquid  is  placed  in  a  rotary  drum,  a  liquid  film  is  formed  on 
the  inside  wall  of  the  drum  by  means  of  a  centrifugal  force,  and  a  molten  metal  is  ejected  into  the  liquid  film 
to  quench  solidify  fibers  having  a  circular  or  elliptical  cross-section.  By  selecting  a  ejecting  pressure  of  from 
3  to  10  atoms,  a  liquid  phase  surface  speed  of  from  300  to  1,000  meters/min.,  an  incident  angle  of  the 

20  molten  alloy  into  the  liquid  film  phase  of  from  20  to  70  degrees,  and  a  nozzle  diameter  of  from  50  to  1  ,000 
linn,  and  by  using  an  oil  as  the  cooling  medium,  the  fibrous  anisotropic  magnet  of  the  present  invention  can 
be  obtained. 

Also,  the  fibrous  anisotropic  magnet  of  the  present  invention  can  be  obtained  using  rapid  quenching 
methods  which  provide  a  fibrous  quench-solidified  product  other  than  the  above  described  method  of 

25  spinning  in  a  rotating  liquid  of  JP-A-55-64948,  by  using  an  oil  as  the  cooling  medium. 
The  oil  for  use  in  the  present  invention  includes  mineral  oils,  fatty  acid  ester  series  oils,  and  various 

silicone  oils.  To  avoid  reaction  of  the  oil  with  the  large  rare  earth  element(s)  content  of  the  molten  metal, 
preferably  used  are  oils  having  low  reactivity,  which  do  not  have  the  surface  of  the  quench-solidified  fibers 
covered  by  a  thick  oxide  film,  such  as  mineral  system  quenching  oils  of  from  first  class  to  third  class  of  JIS 

30  Standard,  dimethyl  silicone  oil  and  methylphenyl  silicone  oil.  Also,  the  viscosity  of  the  oil  for  use  in  the 
present  invention,  measured,  for  example,  at  20°  using  a  capillary  viscometer  or  a  rotation  viscometer,  is 
from  1  to  1,000  c.p.,  preferably  1  to  500  c.p.,  more  preferably  1  to  100  c.p.  If  an  oil  having  a  viscosity  of 
higher  than  1,000  c.p.  is  used,  the  molten  metal  extruded  in  a  molten  state  strongly  collides  against  the 
surface  of  the  rotating  cooling  medium  not  to  stably  dive  into  the  cooling  medium,  whereby  sufficient 

35  quenching  effect  is  not  obtained  with  the  result  that  the  fibrous  anisotropic  magnet  of  the  present  invention 
is  not  produced. 

Also,  by  heat  treating  the  fibrous  anisotropic  quenched  magnet  of  the  present  invention,  the  maximum 
magnetic  energy  product  may  be  further  improved.  The  heat  treatment  is  preferably  carried  out  at  a 
temperature  of  from  300  to  800  °C  for  a  time  period  of  from  0.01  to  10  hours.  It  is  preferred  that  the  heat 

40  treating  is  carried  out  in  an  atmosphere  of  inert  gas  such  as  argon,  or  under  vacuum  or  reduced  pressure  of 
10-2  atm  or  less. 

The  present  invention  is  further  explained  in  detail  by  reference  to  the  following  non-limiting  examples. 

Example  1 
45 

Quench-solidified  fibers  of  an  alloy  composed  of  15  atom%  Nd,  75  atom%  Fe,  and  10  atom%  B  was 
prepared  by  the  method  of  spinning  in  a  rotating  liquid.  The  diameter  of  the  rotary  drum  used  was  500  mm, 
the  diameter  of  the  spinning  nozzles  (quartz)  was  125  urn,  the  cooling  medium  was  dimethyl  silicone  oil 
having  a  viscosity  of  10  c.p.,  made  by  Takemoto  Yushi  K.K.,  and  the  temperature  was  20  °C.  The 

50  production  conditions  were  as  follows.  The  ejecting  pressure  was  4.5  atms,  the  drum  was  rotated  at  300 
r.p.m.,  the  molten  metal  temperature  was  1,250°C,  and  the  incident  angle  was  60  degrees. 

The  quench-solidified  fibers  thus  obtained  were  embedded  in  a  resin  and  the  cross-section  was 
observed  by  an  optical  microscope.  The  fibers  had  a  circular  cross-section  having  a  mean  diameter  of  120 
linn.  Also,  when  X  ray  diffraction  was  conducted  using  a  Cu-Ka  line,  it  was  confirmed  that  the  fibers  were 

55  Nd-Fe-B  system  quench-solidified  fibers  composed  mainly  of  a  Nd2Fei  +  B  phase. 
Furthermore,  quench-solidified  fibers  thus  obtained  were  cut  into  a  length  of  10  mm  each  and  then  20 

of  them  were  positioned  on  an  adhesive  tape  in  the  state  that  the  fiber  axes  thereof  were  parallel  each 
other.  The  magnetic  characteristics  thereof  in  the  direction  perpendicular  to  the  fiber  axis  and  in  the 

4 
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lengthwise  direction  of  the  fiber  axis  were  measured  by  means  of  vibrating  sample  magnetometer  (VSM) 
(Type  VSM-3S,  made  by  Toei  K.K.).  The  residual  magnetic  flux  density  (Br(kG),  the  intrinsic  coercive  force 
iHc  (kOe),  and  the  maximum  magnetic  energy  product  in  both  of  these  directions  were  measured,  the 
results  of  which  are  shown  in  Table  1  below.  The  applied  magnetic  field  used  in  making  these  measure- 

5  ments  was  15  kOe. 

Table  1 

Direction  iHc  (kOe)  Br  (kG)  (BH)  max 
(MGOe) 

Example  1  Perpendicular  to  fiber  axis  6.9  4.6  4.0 
Lengthwise  to  fiber  axis  10.8  7.1  9.6 

Comparative  Example  1  Perpendicular  to  fiber  axis  2.9  4.2  1.5 
Lengthwise  to  fiber  axis  3.1  4.5  1.7 

Comparative  Example  2  Perpendicular  to  the  lengthwise  direction  of  ribbon  9.5  5.2  6.2 
Lengthwise  to  ribbon  9.8  5.1  6.3 

20 

Comparative  Example  1 

Quench-solidified  fibers  of  an  alloy  composed  of  5  atom%  Nd,  75  atom%  Fe,  and  10  atom%  B  were 
prepared  by  the  same  method  of  spinning  in  a  rotating  liquid  as  in  Example  1  ,  except  that  water  of  4  °  C 
was  used  as  the  cooling  medium. 

The  quench-solidified  fibers  thus  prepared  were  embedded  in  a  resin  and  the  cross-section  thereof  was 
observed  by  an  optical  microscope.  The  fibers  had  a  circular  cross-section  having  a  mean  diameter  of  120 
linn.  Also,  when  the  fibers  were  analyzed  by  X-ray  diffraction  using  a  Cu-Ka  line,  it  was  confirmed  that  the 
fibers  were  Nd-Fe-B  system  quench-solidified  fibers  composed  of  an  oxide  Nd2  03  phasethickly  covering 
the  surface  of  the  fiber  and  a  Nd2Fei  +  B  phase  contained  in  the  inside  of  the  fiber. 

Furthermore,  the  magnetic  characteristics  of  the  fibers  thus  obtained  were  measured  by  the  same 
manner  as  in  Example  1  ,  and  the  results  obtained  are  shown  in  Table  1  above. 

Comparative  Example  2 

A  quench-solidified  ribbon  of  an  alloy  composed  of  15  atom%  Nd,  75  atom%  Fe,  and  10  atom%  B  was 
prepared  using  a  single  roll  quenching  apparatus.  The  copper  roll  diameter  used  was  20  cm  and  the 
diameter  of  the  spinning  nozzles  (quartz)  was  0.5  mm.  The  production  conditions  were  as  follows.  The 
ejecting  pressure  was  0.5  atm.,  the  roll  rotation  number  was  1,000  (roll  circumferential  speed  10.5 
meter/sec),  and  the  molten  metal  temperature  was  1  ,350  °  C. 

The  quench-solidified  ribbon  thus  obtained  was  embedded  in  a  resin,  and  the  cross-section  was 
observed  by  an  optical  microscope.  The  ribbon  had  a  section  having  a  mean  thickness  (of  10  sections)  of 
about  50  urn  and  a  width  of  from  1  to  2  mm.  Also,  when  the  ribbon  was  analyzed  by  an  X-ray  diffraction 
using  a  Cu-Ka  line,  it  was  confirmed  that  the  ribbon  was  a  Nd-Fe-B  system  quench-solidified  ribbon 
composed  of  a  Nd2FEi  +  B  phase  and  an  amorphous  phase. 

Furthermore,  10  such  quench-solidified  ribbon  cut  into  10  mm  in  length  were  arranged  together  and  the 
magnetic  characteristics  in  the  direction  perpendicular  to  the  lengthwise  direction  of  the  ribbon  and  in  the 
lengthwise  direction  of  the  ribbon  were  measured  by  vibrating  sample  magnetometer. 

The  residual  magnetic  flux  density  Br(kG)  and  the  coercive  force  iHc  (kOe)  in  these  directions  are 
shown  in  Table  1  above.  In  addition,  the  applied  magnetic  filed  used  for  the  measurement  was  20  kOe. 

From  the  results  shown  in  Table  1  above,  it  is  clearly  seen  that  the  quench-solidified  fibers  of  Example 
1  of  the  present  invention  prepared  by  the  method  of  spinning  in  a  rotating  liquid  using  an  oil  as  the  cooling 
medium  exhibit  remarkably  superior  magnetic  characteristics,  including  coercive  force  and  residual  mag- 
netic  flux  density,  as  compared  to  the  quench-solidified  fibers  of  Comparative  Example  1  prepared  using  by 
the  same  technique,  except  for  using  water  as  the  cooling  medium.  Furthermore,  in  Comparative  Example 
1,  the  magnetic  characteristics  (coercive  force  and  residual  magnetic  flux  density)  in  the  direction 
perpendicular  to  the  fiber  axis  are  almost  same  as  the  magnetic  characteristics  (coercive  force  and  residual 
magnetic  flux  density)  in  the  lengthwise  direction  of  the  fiber  axis,  such  that  the  fibers  of  Comparative 
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Example  1  are  int  anisotropic. 
Furthermore,  from  the  results  shown  in  Table  1  ,  it  is  clearly  seen  that  the  quenched  ribbon  Comparative 

Example  2  obtained  by  a  conventional  rapid  quenching  method  is  an  isotopric  magnetic  material  having 
almost  no  difference  between  the  magnetic  characteristics  (coercive  force,  residual  magnetic  flux  density, 

5  and  maximum  magnetic  energy  product)  in  one  direction  of  the  ribbon  and  those  in  other  direction  of  the 
ribbon.  Although  the  intrinsic  coercive  force  of  the  ribbon  is  a  high  value  of  almost  about  10  kOe  in  both  the 
lengthwise  direction  of  the  ribbon  and  the  direction  perpendicular  to  the  lengthwise  direction,  the  maximum 
magnetic  energy  product  is  less  than  that  of  Example  1  in  the  lengthwise  direction  of  the  fiber  axis. 

On  the  other  hand,  the  quench-solidified  fibers  in  Example  1  of  the  present  invention  provide  on 
io  anisotropic  magnetic  material  having  an  intrinsic  coercive  force  of  10  kOe,  a  sufficiently  large  residual 

magnetic  flux  density,  and  exhibit  excellent  performance  in  the  magnetic  characteristics  (coercive  force, 
residual  magnetic  flux  density,  and  maximum  magnetic  energy  product)  in  the  lengthwise  direction  of  the 
fiber  axis  as  compared  with  the  magnetic  characteristics  (coercive  force,  residual  magnetic  flux  density,  and 
maximum  magnet  energy  product)  in  the  direction  perpendicular  to  the  fiber  axis.  Therefore,  the  anisotropic 

is  magnet  material  of  Example  1  of  the  present  invention  exhibits  superior  magnetic  characteristics  (e.g.,  the 
maximum  magnet  energy  product)  as  compared  to  the  quenched  ribbons  of  Comparative  Example  2. 

Comparative  Example  3 

20  Quench-solidified  fibers  of  an  alloy  composed  of  15  atom%  Nd,  75  atom%  Fe,  and  10  atom%  B  were 
prepared  by  the  same  method  of  spinning  in  a  rotating  liquid  as  in  Example  1  using  nozzles  having  a 
diameter  of  45  urn.  The  mean  diameter  and  the  magnetic  characteristics  of  the  fibers  thus  obtained  were 
measured  as  in  Example  1.  The  mean  diameter  of  the  fibers  obtained  was  42  urn.  Also,  both  the  coercive 
force  thereof  in  the  direction  perpendicular  to  the  fiber  axis  and  the  coercive  force  in  the  lengthwise 

25  direction  of  the  fiber  axis  were  measured  to  be  less  than  3  kOe.  Since  the  molten  metal  extruded  in  a 
molten  state  does  not  stably  dive  into  the  silicone  oil  and  a  sufficient  quenching  effect  is  not  obtained,  the 
magnetic  characteristics  of  the  quench-solidified  fibers  are  very  inferior. 

Comparative  Example  4 
30 

Quench-solidified  fibers  of  an  alloy  composed  of  15  atom%  Nd,  75  atom%  Fe,  and  10  atom%  B  were 
prepared  by  the  same  method  of  spinning  in  a  rotating  liquid  as  in  Example  1  using  nozzles  having  a 
diameter  of  1  ,100  urn. 

The  mean  diameter  of  the  fibers  thus  obtained  was  1,200  urn.  Even  when  a  silicone  oil  was  used  as  the 
35  cooling  medium,  a  surface  oxidation  was  formed  on  the  fibers.  The  magnetic  characteristics  of  the  fibers 

were  measured  as  in  Example  1  .  The  coercive  force  in  the  direction  perpendicular  to  the  fiber  axis  and  the 
coercive  force  in  the  lengthwise  direction  of  the  fiber  axis  were  about  5  kOe,  and  the  fibrous  magnet 
material  did  not  exhibit  anisotropy  the  magnetic  characteristics. 

The  magnet  materials  of  Comparative  Examples  3  and  4  are  outside  the  scope  of  the  present  invention 
40  with  respect  to  mean  fiber  diameter.  The  magnetic  characteristics  of  the  fibrous  magnet  materials  produced 

by  a  rapid  quenching  method  using  an  oil  as  the  cooling  medium  in  these  comparative  examples  are 
inferior  to  the  fibrous  magnet  obtained  in  Example  1  of  the  present  invention. 

Example  2  to  9 
45 

Quench-solidified  fibers  of  the  alloys  having  the  composition  shown  in  Table  2  below  were  prepared  by 
the  same  manner  as  in  Example  1.  Also,  the  mean  diameter,  coercive  force,  and  residual  magnetic  flux 
density  of  the  fibers  thus  prepared  were  measured  in  the  same  manner  as  in  Example  1,  the  results  of 
which  are  shown  in  Table  2  below. 

50 

55 
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Table  2 

Alloy  Composition  Mean  Diameter  Direction  iHc  (kOe)  Br  (kG) 

Ex.2  Ndi  +  Fe7iCo8B7  122  Perpendicular  6.3  4.5 
Lengthwise  9.8  7.0 

Ex.3  Ndi  +  FeG5Coi5BG  122  Perpendicular  6.3  4.5 
Lengthwise  10.5  7.0 

Ex.4  NdnTb+Fe77B8  121  Perpendicular  7.5  4.3 
Lengthwise  1  1  .7  6.5 

Ex.5  NdnDy+FezzBs  120  Perpendicular  7.4  4.2 
Lengthwise  1  1  .6  6.4 

Ex.6  NdnPr+Fe77B8  121  Perpendicular  7.2  4.4 
Lengthwise  1  1  .3  6.8 

Ex.7  NdnHo+Fe77B8  120  Perpendicular  7.2  4.1 
Lengthwise  1  1  .2  6.4 

Ex.8  NdnCe+Fe77B8  121  Perpendicular  6.3  4.4 
Lengthwise  9.8  6.7 

Ex.9  NdnLa+Fe77B8  122  Perpendicular  5.8  4.3 
Lengthwise  9.0  6.8 

From  the  results  shown  in  Table  2  above,  it  is  clearly  seen  that  the  fibrous  magnet  materials  of 
Examples  2  to  9  to  the  present  invention  show  excellent  magnetic  characteristics,  i.e.,  intrinsic  coercive 
force  of  at  least  8  kOe  even  under  an  applied  magnetic  filed  of  15  kOe,  and  are  anisotropic  magnetic 
materials  each  having  particularly  excellent  magnetic  characteristics  (coercive  force  and  residual  magnetic 

30  flux  density)  in  the  lengthwise  direction  of  the  fiber  axis  as  compared  with  the  magnetic  characteristics 
(coercive  force  and  residual  magnetic  flux  density)  in  the  direction  perpendicular  to  the  fiber  axis. 

Comparative  Example  5 

35  Quench-solidified  fibers  of  an  ally  composed  of  15  atom%  Nd,  75  atom%  Fe,  and  10  atom%  B  were 
prepared  by  the  same  method  of  spinning  in  a  rotating  liquid  as  in  Example  1  using  a  dimethyl  silicone  oil 
having  a  viscosity  of  1,200  c.p.  as  the  cooling  medium. 

Then,  the  quench-solidified  fiber  obtained  was  embedded  in  a  resin  and  cross-sections  thereof  were 
observed  by  an  optical  microscope.  The  results  showed  that  the  product  contained  fibers  having  a  elliptical 

40  cross-section  having  a  mean  diameter  of  125  urn.  As  the  result  of  measuring  the  magnetic  characteristics  in 
the  same  manner  as  in  Example  1,  it  was  confirmed  that  both  the  coercive  force  in  the  direction 
perpendicular  to  the  fiber  axis  and  in  the  lengthwise  direction  of  the  fiber  axis  were  almost  2  kOe,  and  that 
the  products  were  fibrous  magnet  materials  having  inferior  magnetic  characteristics  and  exhibiting  no 
anisotropy. 

45  In  comparative  Example  5,  the  viscosity  of  the  cooling  medium  was  high,  such  that  the  molten  metal 
extruded  in  the  molten  state  did  not  stably  dive  into  the  medium  moving  at  high  speed.  A  sufficient  cooling 
effect  was  not  obtained  to  thereby  deteriorate  the  magnetic  characteristics  of  the  quench-solidified  fibers. 

While  the  invention  has  been  described  in  detail  and  with  reference  to  specific  examples  thereof,  it  will 
be  apparent  to  one  skilled  in  the  art  that  various  changes  and  modifications  can  be  made  therein. 

50 
Claims 

1.  A  fibrous  anisotropic  permanent  magnet  comprising  fibers  composed  of  an  alloy  comprising  at  least 
one  of  a  rare  earth  element  selected  from  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  Fe  or  Fe  and  Co;  and  B,  said 

55  fibers  having  a  mean  diameter  of  from  50  to  1  ,000  urn  and  exhibiting  magnetic  anisotropy. 

2.  A  process  for  preparing  the  fibrous  anisotropic  permanent  magnet  as  claimed  in  claim  1,  comprising 
extruding  a  molten  alloy  comprising  at  least  one  rare  earth  metal  selected  from  Nd,  Pr,  Dy,  Ho,  Tb,  La, 
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and  Ce;  Fe  or  Fe  and  Co;  and  B  into  an  oil  having  a  viscosity  of  from  1-1000  mPa«s  (1  to  1,000  c.p.)  to 
quench-solidify  the  molten  alloy  into  a  fibrous  form. 

3.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  1  ,  wherein  said  alloy  is  in  a  quench-solidified  state. 
5 

4.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  3,  said  magnet  exhibiting  an  intrinsic  coercive  force 
of  at  least  636  kA/m  (8(kOe)  in  the  lengthwise  direction  of  the  fiber  axis  under  an  applied  magnetic  field 
of  about  1194  kA/m  (15  kOe). 

io  5.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  1  ,  wherein  said  fibers  contain  an  alloy  composed  of 
from  8  to  30  atom%  of  at  least  one  of  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  from  12  to  90  atom%  of  Fe;  from 
2  to  28  atom%  of  B;  and  not  more  than  30  atom%  of  Co. 

6.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  1  ,  wherein  said  fibers  contain  an  alloy  composed  of 
is  from  8  to  20  atom%  of  at  least  one  of  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  from  35  to  88  atom%  of  Fe;  from 

4  to  15  atom%  of  B;  and  not  more  than  30  atom%  of  Co. 

7.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  5,  wherein  said  fibers  contain  an  alloy  containing 
Nd  in  an  amount  of  at  least  50  atom%  of  the  total  rare  earth  element  content. 

20 
8.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  1,  wherein  said  fibers  contain  an  alloy  further 

comprising  from  0.001  to  3  atom%  of  at  least  one  of  Si,  Al,  Nb,  Zr,  Mo,  Hf,  P  and  C. 

9.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  1  ,  wherein  said  fibers  have  a  mean  diameter  of 
25  from  50  to  200  urn. 

10.  A  process  as  in  claim  2,  further  comprising  heat  treatment  of  fibrous  anisotropic  quenched  magnet  at  a 
temperature  of  from  300  to  800  °C  for  a  time  period  of  from  0.01  to  10  hours. 

30  11.  A  fibrous  anisotropic  permanent  magnet  containing  fibers  having  a  mean  diameter  of  from  50  to  1,000 
linn  and  exhibiting  magnetic  anisotropy,  obtainable  by  extruding  a  molten  alloy  comprising  at  least  one 
rare  earth  element  selected  from  Nd,  Pr,  Dy,  Ho,  Tb,  La,  and  Ce;  Fe  or  Fe  and  Co;  and  B  into  an  oil  to 
quench-solidify  the  molten  alloy  into  a  fibrous  form. 

35  12.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  11,  said  magnet  exhibiting  an  intrinsic  coercive 
force  in  the  lengthwise  direction  of  the  fiber  axis  of  at  least  636  kA/m  (8  kOe)  under  an  applied 
magnetic  field  of  about  1194  kA/m  (15  kOe). 

13.  A  fibrous  anisotropic  permanent  magnet  as  in  claim  11,  wherein  a  Nd2Fei  +  B  type  compound  is  formed 
40  as  the  main  phase  constituting  the  fibers  in  the  quench-solidified  state. 

Patentanspruche 

1.  Faserformiger,  anisotroper  Permanentmagnet,  umfassend  Fasern,  zusammengesetzt  aus  einer  Legie- 
45  rung,  umfassend  wenigstens  ein  seltenes  Erdelement,  ausgewahlt  aus  Nd,  Pr,  Dy,  Ho,  Tb,  La  und  Ce; 

Fe  oder  Fe  und  Co;  und  B,  wobei  die  Fasern  einen  mittleren  Durchmesser  von  50  bis  1000  urn  haben 
und  magnetische  Anisotropie  zeigen. 

2.  Verfahren  zur  Herstellung  des  faserformigen  anisotropen  Permanentmagneten  gemass  Anspruch  1, 
50  umfassend  das  Extrudieren  einer  geschmolzenen  Legierung,  umfassend  wenigstens  ein  seltenes 

Erdmetall,  ausgewahlt  aus  Nd,  Pr,  Dy,  Ho,  Tb,  La  und  Ce;  Fe  oder  Fe  und  Co;  und  B,  in  ein  Ol  mit 
einer  Viskositat  von  1  bis  1000  mPa«s  (1  bis  1000  cp)  unter  Abschreckverfestigung  der  geschmolzenen 
Legierung  zu  einer  Faserform. 

55  3.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  1,  bei  dem  die  Legierung  in  abschreck- 
verfestigtem  Zustand  ist. 
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4.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  3,  bei  dem  der  Magnet  eine  innere 
Koerzitivkraft  von  wenigstens  636  kA/m  (8  kOe)  in  Langsrichtung  der  Faserachse  unter  einem  einwir- 
kenden  magnetischen  Feld  von  etwa  1194  kA/m  (15  kOe)  aufweist. 

5  5.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  1,  bei  dem  die  Fasern  eine  Legierung 
enthalten,  die  zusammengesetzt  ist  aus  8  bis  30  Atom-%  wenigstens  eines  Elements  von  Nd,  Pr,  Dy, 
Ho,  Tb,  La  und  Ce;  12  bis  90  Atom-%  Fe;  2  bis  28  Atom-%  B  und  nicht  mehr  als  30  Atom-%  Co. 

6.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  1,  bei  dem  die  Fasern  eine  Legierung 
io  enthalten,  die  zusammengesetzt  ist  aus  8  bis  20  Atom-%  wenigstens  eines  Elements  von  Nd,  Pr,  Dy, 

Ho,  Tb,  La  und  Ce;  35  bis  88  Atom-%  Fe;  4  bis  15  Atom-%  B;  und  nicht  mehr  als  30  Atom-%  Co. 

7.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  5,  bei  dem  die  Fasern  eine  Legierung 
enthalten,  enthaltend  Nd  in  einer  Menge  von  wenigstens  50  Atom-%  des  gesamten  Gehalts  an  seltenen 

is  Erdelementen. 

8.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  1,  bei  dem  die  Fasern  eine  Legierung 
enthalten,  die  weiterhin  0,001  bis  3  Atom-%  wenigstens  eines  Elements  von  Si,  Al,  Nb,  Zr,  Mo,  Hf,  P 
und  C,  umfasst. 

20 
9.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  1,  bei  dem  die  Fasern  einen  mittleren 

Durchmesser  von  5  bis  200  urn  haben. 

10.  Verfahren  gemass  Anspruch  2,  weiterhin  umfassend  die  Warmebehandlung  des  faserformigen  anisotro- 
25  pen,  abgeschreckten  Magneten  bei  einer  Temperatur  von  300  bis  800  °C  fur  einen  Zeitraum  von  0,01 

bis  10  Stunden. 

11.  Faserformiger  anisotroper  Permanentmagnet,  enthaltend  Fasern  mit  einem  mittleren  Durchmesser  von 
50  bis  1000  urn,  der  magnetische  Anisotropie  aufweist,  erhaltlich  durch  Extrudieren  einer  geschmolze- 

30  nen  Legierung,  umfassend  wenigstens  ein  seltenes  Erdelement,  ausgewahlt  aus  Nd,  Pr,  Dy,  Ho,  Tb,  La 
und  Ce;  Fe  oder  Fe  und  Co;  und  B,  in  ein  Ol  unter  Abschreckverfestigung  der  geschmolzenen 
Legierung  zu  einer  Faserform. 

12.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  11,  wobei  der  Magnet  eine  innere 
35  Koerzitivkraft  in  Langsrichtung  der  Faserachse  von  wenigstens  636  kA/m  (8  kOe)  unter  einem  einwir- 

kenden  Magnetfeld  von  etwa  1194  kA/m  (15  kOe)  entwickelt. 

13.  Faserformiger  anisotroper  Permanentmagnet  gemass  Anspruch  11,  bei  dem  eine  Nd2Fei4B-artige 
Verbindung  als  Hauptphase,  welche  die  Fasern  in  abschreckverdichtetem  Zustand  darstellt,  gebildet  ist. 

40 
Revendicatlons 

1.  Aimant  permanent  anisotrope  fibreux  comprenant  des  fibres  constitutes  par  un  alliage  comprenant  au 
moins  un  element  des  terres  rares  choisi  parmi  Nd,  Pr,  Dy,  Ho,  Tb,  La  et  Ce;  Fe  ou  Fe  et  Co;  et  B, 

45  lesdites  fibres  ayant  un  diametre  moyen  de  50  a  1000  urn  et  presentant  une  anisotropie  magnetique. 

2.  Procede  de  preparation  de  I'aimant  permanent  anisotrope  fibreux  selon  la  revendication  1  ,  comprenant 
I'extrusion  d'un  alliage  fondu  comprenant  au  moins  un  metal  des  terres  rares  choisi  parmi  Nd,  Pr,  Dy, 
Ho,  Tb,  La  et  Ce;  Fe  ou  Fe  et  Co;  et  B  dans  une  huile  ayant  une  viscosite  de  1  a  1000  mPa.s  (1  a 

50  1000  cP)  pour  solidifier  par  trempe  I'alliage  fondu  en  une  forme  fibreuse. 

3.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  1  ,  dans  lequel  ledit  alliage  est  dans  un  etat 
solidifie  par  trempe. 

55  4.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  3,  ledit  aimant  presentant  une  force 
coercitive  intrinseque  d'au  moins  636  kA/m  (8  kOe)  dans  la  direction  longitudinale  de  I'axe  des  fibres 
sous  un  champ  magnetique  applique  d'environ  1194  kA/m  (15  kOe). 
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.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  1,  dans  lequel  lesdites  fibres  contiennent 
un  alliage  constitue  par  8  a  30  %  atomiques  d'au  moins  un  element  parmi  Nd,  Pr,  Dy,  Ho,  Tb,  La  et  Ce 
;  12  a  90  %  atomiques  de  Fe  ;  2  a  28  %  atomiques  de  B  et  pas  plus  de  30  %  atomiques  de  Co. 

.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  1,  dans  lequel  lesdites  fibres  contiennent 
un  alliage  constitue  par  8  a  20  %  atomiques  d'au  moins  un  element  parmi  Nd,  Pr,  Dy,  Ho,  Tb,  La  et  Ce 
;  35  a  88  %  atomiques  de  Fe  ;  4  a  15  %  atomiques  de  B  et  pas  plus  de  30  %  atomiques  de  Co. 

.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  5,  dans  lequel  lesdites  fibres  contiennent 
un  alliage  contenant  Nd  en  une  quantite  d'au  moins  50  %  atomiques  de  la  teneur  totale  en  elements 
des  terres  rares. 

.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  1,  dans  lequel  lesdites  fibres  contiennent 
un  alliage  comprenant  en  outre  de  0,001  a  3  %  atomiques  d'au  moins  un  element  parmi  Si,  Al,  Nb,  Zr, 
Mo,  Hf,  P  et  C. 

.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  1,  dans  lequel  lesdites  fibres  ont  un 
diametre  moyen  de  50  a  200  urn. 

0.  Procede  selon  la  revendication  2,  comprenant  en  outre  le  traitement  thermique  de  I'aimant  trempe 
anisotrope  fibreux  a  une  temperature  de  300  a  800  °C  pendant  une  duree  de  0,01  a  10  h. 

1.  Aimant  permanent  anisotrope  fibreux  contenant  des  fibres  ayant  un  diametre  moyen  de  50  a  1000  urn 
et  presentant  une  anisotropie  magnetique,  qui  peut  etre  obtenu  par  extrusion  d'un  alliage  fondu 
comprenant  au  moins  un  element  des  terres  rares  choisi  parmi  Nd,  Pr,  Dy,  Ho,  Tb,  La  et  Ce;  Fe  ou  Fe 
et  Co  ;  et  B  dans  une  huile  pour  solidifier  par  trempe  I'alliage  fondu  en  une  forme  fibreuse. 

2.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  11,  ledit  aimant  presentant  une  force 
coercitive  intrinseque  dans  la  direction  longitudinale  de  I'axe  des  fibres  d'au  moins  636  kA/m  (8  kOe) 
sous  un  champ  magnetique  applique  d'environ  1194  kA/m  (15  kOe). 

3.  Aimant  permanent  anisotrope  fibreux  selon  la  revendication  11,  dans  lequel  un  compose  de  type 
Nd2Fei  +  B  est  forme  en  tant  que  phase  principale  constituant  les  fibres  a  I'etat  solidifie  par  trempe. 
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