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The  present  invention  relates  to  a  magnetic 
separator  for  filtrating  magnetizable  particles 
from  a  fluid,  in  which  they  are  suspended,  com- 
prising  a  separation  chamber with  a fluid inlet and 
a  fluid  outlet,  means  for  causing  said  fluid  to  flow 
through  said  separation  chamber  along  a  pre- 
determined  flow  path  from  said  fluid  inlet  to  said 
fluid  outlet,  a  pair  of  magnetic  devices  arranged 
with  opposed  mainly  parallel  pole  surfaces  on 
each  side  of  an  air  gap  adapted  to  receive  said 
separation  chamber  with  a  pair  of  opposed 
chamber  walls  in  magnetic  contact  with  a 
respective  one  of  said  pole  surfaces  for  generat- 
ing  inside  the  separation  chamber  a  magnetic 
field  with  a  direction  substantially  transverse  to  at 
least  a  portion  of  said  flow  path,  and  a  matrix  of  a 
soft  magnetic  material  arranged  in  said  separa- 
tion  chamber  to  substantially  fill  up  a  part  of  the 
interior  thereof  extending  between  said  pair  of 
opposed  chamber  walls,  said  matrix  comprising 
an  arrangement  of  strands  of  said  soft  magnetic 
material  extending  mainly  in  planes  substantially 
transverse  to  said  field  direction  thereby  creating 
local  magnetic  gradients  in  said  magnetic  field, 
chamber  inlet  and  outlet  compartments  being 
provided  at  opposite  ends  of  said  matrix-filled 
part  to  be  positioned  outside  said  gap  and  com- 
municating  with  said  matrix  as  well  as  said  fluid 
inlet  and  said  fluid  outlet,  respectively,  to  define  a 
main  flow  direction  for  said  fluid  through  said 
matrix. 

High-gradient  magnetic  separators  are 
generally  used  for  the  filtration  of  even  weakly 
magnetic  particles,  i.e.  particles  of  materials 
having  a  low  magnetic  susceptibility  from  a  fluid, 
in  which  they  are  suspended,  the  fluid  as  such 
presenting  a  still  lower  magnetic  background 
susceptibility.  Even  particles  of  very  small  size 
down  to  colloidal  or  sub-colloidal  size  may  be 
separated  in  this  way.  A  typical  large-scale  indus- 
trial  application  is  the  removal  of  contaminants 
from  a  slurry  of  kaolin  or  China  clay,  but  also  for 
water  purification  such  as  the  removal  of  ochre  or 
other  impurities  and  the  filtration  of  air  sus- 
pended  solid  particles  like  fly  ash  magnetic  sep- 
aration  may  be  used. 

The  selective  removal  of  particles  is  due  to  the 
generation  of  a  high  intensity  magnetic  field  in 
the  separation  chamber  and  the  presence  therein 
of  a  matrix  of  a  soft  magnetic  material  normally in 
the  form  of  steel  wool,  a  steel  wire  cloth  or  steel 
balls  which  are  magnetized  and  create  high  local 
magnetic  field  gradients,  whereby  the  particles  to 
be  extracted  are  trapped  by  the  matrix  material. 
After  a  certain  time  of  operation,  the  matrix  will 
become  saturated  and  has  to  be  cleaned,  usually 
by  water  rinsing. 

In  known  high-gradient  magnetic  separators, 
the  high  intensity  field  considered  necessary  for 
successful  operation  is  generated  by  electro- 
magnets  either  of  the  conventional  resistive  coil 
type,  or  by  means  of  superconducting  electro- 
magnetic  coils,  the  latter  of  which  types  seems  to 

have  gained  particular  interest  due  to  the  very 
high  power  consumption  of  ordinary  electro- 
magnetic  coils. 

However,  even  if  superconducting  electro- 
magnetic  coils  cause  a  very  substantial  reduction 
of  the  demands  on  electrical  power,  they  require  a 
cooling  system  to  bring  them  into  the  super- 
conducting  state,  whereby  the  construction  of 
such  separators  is  made  complicated  and  expen- 
sive  and  is  less  suitable  for  field  operation. 

In  addition,  the  generation  of  high  intensity 
magnetic  fields  by  means  of  electromagnetic  coils 
whether  of  the  conventional  resistive  type  or  of 
the  superconducting  type  will  normally  result  in 
limitations  with  respect  to  separator  design, 
which  counteract  optimization  of  the  filtration 
process. 

A  typical  known  example  of  a  high-gradient 
separator  is  the  Kolm-Marston  separator  dis- 
closed  in  US-A-3,627,678,  in  which  the  electro- 
magnetic  coil,  which  may  be  of  the  cryogenic  or 
superconducting  type,  is  arranged  in  a  recess  in  a 
heavy  iron  frame  providing  the  magnetic  return 
path.  A  slurry  or  fluid,  from  which  magnetizable 
particles  are  to  be  extracted,  is  made  to  flow 
through  the  separation  chamber  parallel  or  anti- 
parallel  to  the  direction  of  the  axial  magnetic  field 
from  the  coil.  Even  if  the  canister  containing  the 
matrix  of  soft  magnetic  material  extends  sub- 
stantially  throughout  the  magnetic  air  gap  vol- 
ume  limited  by  the  coil  and  the  adjoining  yoke 
parts  of  the  return  frame,  it  has  appeared  that 
particle  capture  is  essentially  limited  to  the  up- 
stream  side  of  the  individual  matrix  members.  As 
a  result,  matrix  saturation  will  occur  after  a 
limited  period  of  operation  and  frequent  cleaning 
of  the  matrix  will  be  necessary.  Since  cleaning 
requires  shutdown  of  the  magnetic  field,  a  com- 
plex  flow  control  system  is  used  in  the  Koim- 
Marston  separator  to  allow  the  flow  of  feed  slurry 
to  by-pass  the  separation  chamber  into  a  fluid 
return  circuit  in  the  cleaning  periods,  so  that 
cleaning  can  be  performed  without  removing  the 
canister  from  the  separation  chamber.  Since  the 
shutdown  periods  necessary  for  demagnetizing 
the  matrix  are  relatively  long  the  duty  cycle  of this 
prior  art  separator  is  rather  low. 

Some  of  these  operational  disadvantages  have 
been  remedied  in  a  separator  disclosed  in 
US-A-4,124,503  by  such  a  design  of  the  separa- 
tion  chamber  that  a  portion  of  the  flow  path  for 
the  feed  slurry  extends  transversely  to  the  direc- 
tion  of  the  magnetic  field.  The  separation 
chamber  has  the  form  of  a  cylinder  surrounded  by 
an  electromagnetic  coil  and  comprising  con- 
centrical  inner  and  outer  tubular  walls.  The  slurry 
enters  the  chamber  in  the  central  part  limited  by 
the  inner  tubular  wall  and  leaves  the  chamber  in 
the  peripheral  part  outside  the  outer  tubular 
walls,  whereas  the  matrix  material  is  confined  to 
the  space  between  the  inner  and  the  outer  walls  in 
which  the  slurry  flows  radially  outwards.  Thus,  in 
this  design  the  more  effective  utilization  of  the 
total  volume  of  matrix  material  has  been  achieved 
at  the  expense  of  a  decrease  in  efficiency  caused 



by  the  fact  that  a  substantial  part  of  the  mag- 
netized  gap  volume  is  not  occupied  by  matrix 
material  and  makes,  therefore,  no  contribution  to 
the  separation. 

Another  example  of  a  separator  design  involv- 
ing  a  flow  path  for  the  feed  slurry  directed  trans- 
versely  to  the  magnetic  field  direction  is  the 
separator  disclosed  in  US-A-3,819,515,  in 
which  two  electromagnetic  coils  are  arranged  at 
each  side  of  the  separation  chamber,  so  that  the 
axial  field  produced  by  each  coil  passes  through 
the  chamber  transversely  to  the  flow  direction. 
Thereby,  the  separation  chamber  may  be  com- 
pletely  occupied  by  matrix  material  and  contrary 
to  the  separator  disclosed  in  US-A-4,124,503, 
the  flow  path  may  be  linear  throughout  the 
chamber.  A  heavy  iron  frame  providing  the  mag- 
netic  return  path  is  formed  with  bores  for  slurry 
inlet  and  outlet  pipes,  as  well  as  a  pipe  system  for 
supplying  cleaning  water  to  the  separation 
chamber,  which  is  not  removed  during  matrix 
cleaning.  Owing  to  the  fact  that  the  flowpath  for 
the  cleaning  agent  is  shorter  than  the  flowpath  for 
the  separation  process,  the  duty  cycle  will  be 
more  favourable  than  that  of  the  abovementioned 
Kolm-Marston  separator. 

From  DE-A-2645096  a  still  further  example  of 
a  separator  using  electromagnets  is  known  in 
which  the  separation  characteristics,  i.e.  the  abili- 
ty  to  capture  magnetizable  particles  from  a  fluid 
has  been  enhanced  by  means  of  a  special  filter 
matrix  comprising  strands  extending  with  their 
axes  perpendicular to  the  magnetic  field  direction 
as  well  as  the  main  flow  direction. 

In  FR-A-2,475,935,  which  describes  a  method 
for  cleaning  the  filter  matrix  of  a  magnetic 
separator  without  removing  it  from  the  magnetic 
field  by  raising  the  temperature  of  the  matrix 
above  the  Curie  point,  it  has  been  suggested  to 
use  a  permanent  magnet for the  generation  of the 
magnetic  field  for  relatively  low  intensity  applica- 
tions  whereas  for  high-gradient  applications  re- 
quiring  a  high  intensity  field  like  those  mentioned 
in  the  foregoing  the  use  of  electromagnets  is 
prescribed. 

Also  in  JP-A-109265n8  it  has  been  sug- 
gested  to  use  permanent  magnets  in  a  low- 
intensity  separator  for  the  collection  of  easily 
magnetizable  magnetite  particles  from  a  fluid. 

For  high  gradient  low  intensity  separation  on  a 
laboratory  scale  a  small  size  magnetic  separator 
has  also  been  described  in  an  article  "A  Bench 
Top  Magnetic  Separator  for  Malarial  Parasite 
Concentration",  by  F.  Paul  et  al  in  IEEE,  Trans- 
actions  on  Magnetics,  VOL  MAG-17,  No. 6, 
November  1981,  pages  2822  to  2824  for  the 
extraction  of  red  blood  cells  infected  with  malarial 
parasites  from  whole  blood  and  involving  the 
generation  of  a  magnetic  field  in  a  small  size 
filtration  chamber  of  a  volume  of  2--5  CM3  by 
means  of  a  conventional  C-type  Alnico  magnet  of 
the  kind  used  in  magnetrons. 

The  permanent  magnet  in  this  separator  forms 
along  the  entire  magnetic  circuit  of  the  separator 
without  much  attention  having  been  paid  to  the 

rather  heavy  magnetic  losses  in  such  a  con- 
figuration. 

According  to  the  invention,  a  novel  concept  of  a 
high-gradient  magnetic  separator  is  provided, 
which  is  characterized  in  that  each  of  said  mag- 
netic  devices  comprises  as  its  magnetically  active 
member  at  least  one  member  of  a  permanent 
magnetic  material  having  a  substantially  linear 
demagnetisation  curve,  and  that  yoke  members 
are  provided  to  connect  said  magnetic  devices  in 
a  closed  magnetic  circuit,  said  magnetic  circuit 
and  said  air  gap  being  proportioned  as  a  whole  to 
generate  a  substantially  uniform  magnetic field 
with  an  intensity  by  which  the  individual  strands 
throughout  the  matrix  are  substantially  driven 
into  a  magnetic  saturated  state,  when  the  separa- 
tion  chamber  is  positioned  in  said  air  gap. 

By  the  combination  of  these  measures,  the 
present  invention  opens  the  possibility  of  design- 
ing  a  large  scale  high-intensity  and  high-gradient 
separator  for  industrial  applications  operating 
without  external  electrical  power  supply.  As  a 
result  of  the  use  of  a  member  of  a  permanent 
magnetic  material  having  a  substantially  linear 
demagnetization  curve  a  high  field  intensity  can 
be  obtained  with  a  pair  of  permanent  magnetic 
devices  having  a  relatively  short  flux  path,  so that 
the  consumption  of  magnetic  material  will  be 
restricted  to  a  region  on  each  side  of  the  gap  in 
the  magnetic  circuit.  The  magnetic  circuit  may  be 
proportioned  as  a  whole  with  a  gap  of  relatively 
great  cross-sectional  dimensions  transverse  to 
the  field  direction  to  allow  arrangement  therein  of 
a  separation  chamber  of  a  great  volume  and 
filtration  capacity.  The  magnetic  circuit  may  be 
designed  with  due  consideration  to  the  magnetic 
losses  along  the  flux  path  to  obtain  a  desired 
strong  magnetic  background  field  throughout 
such  a  gap. 

As  further  elaborated  in  the  following  the  de- 
sign  and  proportioning  of  the  magnetic  circuit  as 
a  whole  to  generate  a  magnetic  field  in  the  air  gap 
of  an  intensity  high  enough  to  drive  the  individual 
matrix  strands  into  a  state  of  magnetic  saturation 
may  be  accomplished  in  different  ways. 

On  one  hand,  members  of  a  powerful  per- 
manent  magnetic  material  having  a  high  BxH 
energy  product  may  be  incorporated  in  a  rela- 
tively  simple  magnetic  circuit  configuration  solely 
by  interconnecting  soft  iron  yoke  members  with 
the  permanent  magnetic  members  arranged 
directly  adjacent  the  air  gap. 

On  the  other  hand,  optimization  of the  magnetic 
circuit  configuration  to  provide  a  low-reluctance 
magnetic  return  path  and  a  magnetically  matched 
coupling  to  the  air  gap,  possibly  including  a  field 
concentration  in  the  useful  part  thereof  occupied 
by  the  matrix  material  in  the  separation  chamber 
with  a  minimum  of  magnetic  leakage,  may  allow 
the  use  of  members  of  a  less  powerful  magnetic 
material  and/or  relatively  smaller  dimensions  of 
the  permanent  magnetic  members  to  reduce  the 
consumption  of  expensive  magnetic  material. 

The  design  of  a  separator  according  to  the 
invention  may  be  relatively  simple.  In  a  typical 



embodiment,  the  gap  between  a  pair  of  per- 
manent  magnetic  devices  arranged  with  opposed 
parallel  pole  surfaces  will  allow  arrangement  of  a 
separation  chamber  of  a  mainly  box-shaped  con- 
figuration  with  a  relatively  small  thickness  corre- 
sponding  to  the  width  of  the  air  gap. 

Such  a  separation  chamber  may  be  formed  as  a 
canister  arranged  to  be  removable  from  the  gap 
so  as  to  allow  cleaning  of  the  matrix  outside  the 
magnetic  field. 

According  to  a  particular  aspect  of  the  inven- 
tion,  a  magnetic  circuit  having  very  small  mag- 
netic  losses  may  be  obtained  in  that  each  of  said 
permanent  magnetic  devices  comprises  a  pole 
shoe  member  of  a  magnetic  soft  material  forming 
one  of  said  pole  surfaces,  a  first  permanent 
magnetic  member  arranged  in  magnetic.contact 
with  a  side  of  said  pole  shoe  member  opposite 
said  air  gap  and  parallel  to  said  pole  surface,  said 
member  having  a  direction  of  magnetization 
generally  normal  to  said  pole  surface,  and  second 
magnetic  members  extending  on  each  side  of 
said  pole  shoe  member  mainly  transverse  to  said 
pole  surface  and  having  a  direction  of  magnetiza- 
tion  substantially  perpendicular  to  that  of  said 
first  member,  the  surfaces  of  said  first  and  second 
magnets  facing  said  pole  shoe  member  having  all 
the  same  magnetic  polarity,  said  first  magnetic 
member  being  in  magnetic  contact  with  said 
second  magnetic  members  to  provide  a  leakage- 
free  enclosure  for  said  pole  shoe  member. 

In  a  preferred  embodiment  of  such  a  separator 
the  magnetic  losses  are  minimized  in  that  said 
pole  shoe  member  has  a  uniform  cross-sectional 
area  transverse  to  the  field  direction  therein,  and 
that  said  second  members  are  arranged  in  direct 
contact  with  the  side  faces  of  the  pole  shoe 
member. 

In  the  following,  the  invention  will  be  explained 
in  further  detail  with  reference  to  the  accompany- 
ing  schematical  drawings,  in  which: 

Fig.  1  is  a  perspective  view  of  a  basic  embodi- 
ment  of  a  high  gradient  magnetic  separator 
according  to  the  invention, 

Figs.  2  and  3  are  sectional  views  of the  embodi- 
ment  of  Fig.  1, 

Fig.  4  is  a  schematical  illustration  of  a  single 
matrix  strand  with  a  preferred  orientation  with 
respect  to  the  magnetic  field  and  fluid  flow  direc- 
tions, 

Fig.  5  is  a  schematically  cross-sectional  view 
illustrating  particle  capture  by  a  matrix  strand 
with  the  preferred  orientation  shown  in  Fig.  4, 

Fig.  6  is  a  sectional  view  corresponding  to  Fig.  3 
and  showing  a  modification  of  the  separation 
chamber, 

Figs.  7  and  8  are  sectional  view  of  an  embodi- 
ment  comprising  two  interconnected  separation 
chambers  formed  as  displaceable  canisters, 

Figs.  9  and  10  show  a  further  embodiment  of 
the  separator  with  a  modified  magnet  system, 

Fig.  11  shows  an  embodiment  where  two  sep- 
aration  chambers  arranged  in  parallel  with 
respect  to  fluid  flow  are  disposed  in  a  separator 
embodiment  having  a  magnet  system  with  two 

sets  of  series-arranged  pairs  of  magnet  field 
generators, 

Fig.  12  shows  a  still  further  modification  of  the 
magnet  system, 

Figs.  13  to  15  are  cross-sectional  view  of  a 
preferred  embodiment  of  the  magnet  system, 

Fig.  16  is  a  perspective  view  of  one  of  the  per- 
manent  magnetic  devices  in  the  embodiment  in 
Figs.  13  to  15, 

Fig.  17  is  a  perspective  view  of  a  modification  of 
the  permanent  magnetic  device  in  Fig.  14, 

Fig.  18  is  a  cross-sectional  view  of  a  part  of  a 
separator  comprising  a  permanent  magnetic  de- 
vice  as  shown  in  Fig.  16, 

Fig.  19  illustrates  the  magnetic  field  line  pattern 
in  a  magnetic  circuit  similar  to  the  modification  in 
Figs.  17  and  18, 

Fig.  20  is  a  graphic  representation  of  field  line 
concentration  and  magnetic  losses  in  varying 
modifications  of  the  magnetic  circuits  embodied 
in  Figs.  13  to  18, 

Fig.  21  is  a  schematic  process  diagram  for  a 
separator  according  to  the  invention,  and 

Figs.  22  and  23  are  graphic  representations  of 
experimental  results  obtained  with  a  test 
separator  according  to  the  invention. 

In  the  basic  embodiment  shown  in  Figs.  1  to  3, 
two  magnetic  field  generators  in  the  form  of 
permanent  magnetic  devices  1  and  2  are  arranged 
with  parallel  opposed  pole  surfaces  N and  S, 
respectively,  to  generate  a  magnetic  field  in  the 
gap  3  between  the  permanent  magnets  with  a 
field  direction  as  shown  by  the  arrow  4  in  Fig.  2. 

A  closed  magnetic  circuit  is  formed  around  the 
permanent  magnets  1  and  2  by  means  of  lateral 
yoke  members  5  and  6  engaging  the  surfaces  of 
the  permanent  magnets  1  and  2  opposite  the  gap 
3,  as  well  as  transverse  yoke  members  7  and  8 
engaging  respective  ends  of  each  of  the  yoke 
members  5  and  6. 

In  the  gap  3,  a  separation  chamber  9  is 
arranged.  In  accordance  with  the  shape  of  the  air 
gap,  the  separation  chamber  9  has  a  mainly  box- 
shaped  external  form  with  opposite  chamber 
walls  10  and  11  engaging  the  respective  pole  sur- 
face  of  each  of  the  permanent  magnets  1  and  2  on 
the  entire  surface  area  of  the  pole  surfaces. 

As  best  shown  in  Figs.  2  and  3,  the  part  of  the 
interior  volume  of  the  separation  chamber  9 
located  in  the  gap  3  is  filled  with  a  matrix  12 
comprising  an  arrangement  of  strands  12a  of  a 
material  creating  high  local  gradients  in  the  other- 
wise  substantially  uniform  magnetic  background 
field  generated  by  the  permanent  magnets  1  and 
2.  The  matrix  12  may  consist,  for  example,  of  a 
corrosion  resistant  steel  wool  with  a  packing 
density  of  5  to  40  per  cent  of  the  part  of  the 
interior  separation  chamber  volume  occupied  by 
the  matrix  12  depending  on  the  type  and  extent  of 
contamination  of  the  fluid  to  be  processed  by 
means  of  the  separator.  The  part  of  the  interior 
volume  of  the  separation  chamber  9  occupied  by 
the  matrix  has  an  extension  corresponding  sub- 
stantially  to  the  surface  area  of  the  pole  surfaces 
of  the  magnets  1  and  2. 



The  strands  12a  of  the  matrix  material  are 
mainly  disposed  in  planes  extending  substantially 
transverse  to  the  magnetic  field  direction  indi- 
cated  by  the  arrow  4  and,  as  explained  in  the 
following,  preferably  so  that  a  major  portion  of 
the  strands  have  an  orientation  as  shown  by  the 
arrow  12b  transverse  to  the  field  direction  as  well 
as  the  flow  direction  of  the  fluid  through  the 
matrix  12. 

Outside  the  volume  part  occupied  by  the  matrix 
12,  the  separation  chamber  9  has  inlet  and  outlet 
compartments  13  and  14  communicating  with  the 
matrix  12  as  well  as  an  inlet 15 and  an  outlet  16  for 
the  fluid  to  be  processed  by  the  separator.  The 
compartments  13  and  14  of  the  separation 
chamber  9  are  inwardly  limited  by  partitions  17 
and  18  engaging  the  matrix  12  and  extending 
transverse  to  the  opposite  chamber  walls  10  and 
11  engaging  the  permanent  magnets  1  and  2.  As 
shown,  the  partitions  17  and  18  may  be  formed  as 
grids  to  provide  a  distribution  of  the  fluid  over  the 
matrix  surface. 

Thereby,  a  fluid  supplied  to  the  inlet  15  will  be 
caused  to  flow  through  the  matrix  12  with  a  main 
flow  direction  as  shown  by  the  arrow  19  in  Figs.  2 
and  3,  which  is  substantially  normal  to  the  mag- 
netic  field  direction  shown  by  the  arrow  4. 

The  permanent  magnetic  devices  1  and  2  may 
each  consist  of  a  single  magnetic  member  made 
from  a  magnetic  material  having  a  substantially 
linear  demagnetization  curve  and  preferably  a 
high  BxH  energy  product.  Useful  magnetic 
materials  include  hard  ferrites  and  magnetic 
alloys  comprising  cobalt  and  at  least  one  rare 
earth  metal  such  as  samarium.  Magnetic 
materials  of  the  latter  kind  have  become  known  in 
recent  years  and  have  a  maximum  energy  pro- 
duct  up  to  20  MGOe  (0.16,106  J/m3).  Mounted  in  a 
simple  iron  frame  as  shown  in  Figs.  1  to  3  such 
magnets  can  economically  generate  a  back- 
ground  field  of  the  order  to  5  to  7  kG  (0.5-0.7 
Tesia)  without  the  use  of  field  line  concentrating 
pole  pieces. 

The  separation  in  the  chamber  9  is  caused  by 
the  magnetic  forces  acting  on  particles  sus- 
pended  in  the  fluid  flowing  through  the  matrix  in 
the  direction  shown  by  the  arrow  19  as  a  result  of 
the  high  local  field  gradients  produced  by  the 
matrix  strands,  whereby  even  relatively  weak 
magnetic  particles  will  be  attracted  to  the  matrix 
strands.  The  net  result  will  depend  on  the  inter- 
action  of  these  magnetic  forces  with  fluid  drag 
and  gravity  forces  acting  on  the  particles. 

As  illustrated  in  the  schematic  diagram  in  Fig.  4 
the  optimum  capture  characteristics  will  be 
attained  for  matrix  strands  oriented  in  the  direc- 
tion  shown  by  the  arrow  12b  transverse  to  the 
magnetic  field  direction  4  as  well  as  the  fluid  flow 
direction  19  since  with  this  orientation  the  strand 
12a  will  collect  more  particles  per  unit  of  length 
and  time,  than  a  strand  extending  wholly  or  in 
part  in  the  flow  direction.  For  this  reason,  a  major 
portion  of  the  matrix  strands  has  this  preferred 
orientation,  by  which  particles  in  the  fluid  flowing 
through  the  matrix  will  typically  be  attached  to 

diametrically  opposite  sides  on  the  strand  dis- 
posed  in  the  magnetic  field  direction,  such  as 
shown  in  Fig.  5. 

As  mentioned  in  the  foregoing  the  matrix 
material  should  preferably  be  resistant  to  corro- 
sional  effects  of  the  fluid  processed  by  the 
separator.  Various  types  of  stainless  steel  and 
nickel  have  appeared  to  be  useful  matrix 
materials.  Moreover,  experiments  have  shown 
that  optimum  capture  characteristics  are  obtained 
with  matrix  strands  of  a  diameter  in  a  range  of  3 
to  5  times  the  average  size  of  the  contaminant 
particles  to  be  collected. 

As  a  result  of  the  use  of  the  permanent  mag- 
netic  devices  1  and  2,  which  will  normally  be  of  a 
regular  brick-shaped  form,  a  gap  3  of  a  similar 
regular form  will  be  obtained  between  the  parallel 
opposed  pole  surfaces  N and  S  of  the  magnetic 
devices  allowing  the  use  of  a  separation  chamber 
9  of  a  regular  box-shaped  form,  the  interior  of 
which  may  be  nearly  completely  occupied  by  the 
matrix  material,  since  the  compartments  13  and 
14  communicating  with  the  fluid  inlet  and  outlet 
15  and  16,  respectively,  must  only  have  a  size 
sufficient to  secure  even  distribution  of  the  fluid  in 
the  longitudinal  direction  of  the  chamber,  i.e. 
transverse  to  the  magnetic  field  direction  as  well 
as  the  fluid  flow  direction  shown  by  the  arrows  4 
and  19  in  Fig.  2. 

Moreover,  no  special  measures  need  be  taken 
to  obtain  the  field  direction  resulting  in  the  most 
effective  utilization  of  the  trapping  properties  of 
the  individual  matrix  strands,  i.e.  transverse  to  the 
main  flow  direction  of  the  fluid,  since  this  field 
direction  will  naturally  present  itself  by  a  simple 
configuration  of  the  magnet  system  as  illustrated 
in  Figs.  1  to  3. 

As  a  result  of  these  advantages,  the  useful 
operation  period  of  a  separator  according  to  the 
invention  will  be  longer  than  for  known  high 
gradient  separators  of  the  electromagnetic  type 
for  the  same  matrix  volume.  The  ability  to  capture 
small-size  particle  fractions  of  contaminants  as 
well  as  more  weakly  magnetic  impurities  may  be 
further  enhanced  by  modifying  the  matrix  volume 
in  the  separation  chamber  as  shown  in  Fig.  6.  In 
this  modification,  the  matrix  20  is  confined  to  a 
wedge-shaped  space  21  in  the  separation 
chamber  22,  so  that  the  flow  cross-sectional  area 
for  the  fluid  passing  through  the  chamber  from  an 
inlet  23  to  an  outlet  24  will  increase  in  the  main 
flow  direction  shown  by  an  arrow  25.  By  the 
resulting  decrease  of  the  fluid  flow  velocity  in  the 
flow  direction  25,  weak  magnetic  particles,  which 
would  otherwise  show  a  tendency  to  pass 
through  the  separation  chamber  22  without  being 
captured  by  the  matrix  material,  will  be  more 
easily  trapped  at  the  downstream  end  of  the 
matrix  20  presenting  the  greatest  cross-sectional 
area  for  the  flow. 

During  operation,  the  matrix  in  the  separation 
chamber  will  become  gradually  saturated  with 
particles  from  the  fluid  processed  in  the 
separator.  In  the  same  manner  as  in  known  high- 
gradient  magnetic  separators,  the  separation 



chamber  may  then  be  regenerated  by  rinsing  the 
matrix  to  remove  the  captured  particles. 

In  the  separator  according  to  the  invention,  this 
regeneration  will  have  to  be  performed  outside 
the  magnetic  system  in  order  to  have  the  soft 
magnetic  matrix  material  demagnetized.  There- 
fore,  the  separation  chamber  is  preferable  formed 
as  a  canister  which  can  be  removed  from  the  gap 
between  the  permanent  magnets. 

Figs.  7  and  8  show  an  embodiment  in  which 
two  active  canisters  26  and  27  are  connected  with 
each  other  by  means  of  an  intermediate  sub- 
stantially  corresponding  canister  28  which  is  pas- 
sive  by  having  no  fluid  inlet  or  outlet.  The  inter- 
connected  canisters  26  and  27,  each  of  which  has 
a  fluid  inlet  26a,  27a  and  a  fluid  outlet  26b,  27b, 
are  arranged  for  reciprocal  displacement  between 
two  positions.  In  a  first  position  canister  26  is 
disposed  in  the  magnetic  gap  while  canister  27  is 
disposed  to  a  position  sufficiently  far  outside  the 
magnetic  field  to  secure  collapse  of  the 
magnetization  of  the  matrix  material  whereby  the 
matrix  in  this  canister  may  be  cleaned  as  de- 
scribed  in  the  following,  In  the  other  of  the  two 
positions  the  canister  27  is  disposed  in  the  mag- 
netic  gap,  whereas  the  canister  26  is  displaced 
outside  the  magnetic  field  to  be  cleaned. 

By  this  arrangement  a  very  favorable  duty  cycle 
can  be  obtained,  since  the  only  inoperative  time 
intervals  will  be  for  the  relatively  short  deviations 
of  the  displacement  of  the  canister  arrangement 
between  the  two  positions.  Outside  these  time 
intervals  either  one  or  the  other  of  the  canisters 
will  be  disposed  in  the  magnetic  gap  for  effective 
utilization  of  the  magnetic  field  for  filtration. 

The  intermediate  canister  28,  which  may  com- 
prise  matrix  strands  with  a  random  distribution, 
has  a  size  corresponding  to  the  magnetic  gap 
between  the  pole  surfaces  and  acts  as  a  dummy 
load  in  the  magnetic  so  as  to  allow  the  magnetic 
field  in  the  gap  to  remain  substantially  un- 
disturbed  during  displacement  of  the  canister 
arrangement,  i.e.  with  the  field  lines  extending 
perpendicular  to  the  pole  surfaces  whereby  the 
displacement  may  be  performed  by  the  applica- 
tion  of  a  moderate  external  force.  The  arrange- 
ment  of  canisters  26  and  27  interconnected  by  a 
dummy  load  canister  to  provide  magnetic  bal- 
ance  has  been  described  in  principle  in  an  article 
"A  Reciprocating  Canister  Superconducting  Mag- 
netic  Separator"  by  P.  W.  Riley  and  D.  Hocking  in 
IEEE  Transactions  on  Magnetics,  Vol.  MAG-17, 
No.  6 November  1981  pages  3299  to  3301. 

In  Figs.  9  and  10,  a  modification  of  the  magnet 
system  is  shown,  which  is  particularly  advan- 
tageous  from  an  economic  point  of  view  of 
generating  a  magnetic  field  of  moderate  to  high 
strength.  As  already  mentioned,  the  permanent 
magnetic  device  in  the  separator  according  to  the 
invention  may  comprise  powerful  magnetic 
members  consisting  of  a  magnetic  alloy  compris- 
ing  cobalt  and  a  rare  earth  metal,  such  as 
samarium.  These  magnetic  materials  are  rela- 
tively  expensive.  Therefore,  in  the  modified 
embodiment  in  Figs.  8  and  9,  the  magnetic  field  is 

generated  by  a  pair  of  opposed  permanent  mag- 
netic  devices  29  and  30,  each  of  which  comprises 
a  stacked  arrangement  of  a  first  magnetic 
member  32  facing  the  air  gap  31  and  being  made 
of  a  material  having  a  high  energy  product,  such 
as  the  above  mentioned  magnetic  alloy,  and  a 
second  magnetic  member  33  in  contact  with  the 
yoke  member  35  and  being  made  of  a  cheaper 
magnetic  material  having  a  lower  energy  product, 
such  as  hard  ferrites.  The  permanent  magnetic 
members  32  and  33  are  connected  in  the  mag- 
netic  circuit  through  an  intermediate  soft  iron 
coupling  member 34, and  preferably the  magnetic 
members  32  and  33  should  be  proportioned  in 
such  a  relationship  to  one  another  that  their 
cross-sectional  area  normal  to  the  internal  field 
direction  will  yield  substantially  the  same  mag- 
netic  flux  while  their  thicknesses  in  the  field 
direction  should  yield  substantially  the  same 
magnetomotive  force. 

By  this  modification,  the  amount  of  expensive 
magnetic  material  may  be  considerably  reduced 
for the  same  magnetic field  strength  in  the  gap  31. 
The  stacked  arrangement  may  comprise  more 
than  two  permanent  magnetic  members  with 
intermediate  soft  iron  coupling  members. 

It will  readily  appear that  one  dominant factor  in 
the  design  of  a  separator  according  to  the  inven- 
tion  will  be  the  gap  width  in  the  magnet  system, 
since  a  high  magnetic  field  strength  without  too 
great  magnetic  losses  can  only  be  obtained  with  a 
reasonably  small  gap  width.  Therefore,  an  in- 
creased  processing  capacity  of  a  separator 
according  to  the  invention  by  increasing  the 
matrix  volume  in  the  separation  chamber  should 
be  obtained  by  increasing  the  length  and  height 
dimensions  of  the  separation  chamber  or  canister 
while maintaining  the  width  or  thickness  thereof 
at  a  relatively  small  value  matching  a  relatively 
narrow  gap.  In  a  large  scale  separator  according 
to  the  invention  for  industrial  use,  this  may  lead  to 
great  overall  dimensions  of  the  separator  due  to 
the  demands  on  space  for  the  separation 
chamber  when  using  the  basic  embodiments 
shown  in  Figs.  1  to  10. 

A  more  economic  solution  with  an  increased 
processing  capacity  will  be  presented  by  modify- 
ing  the  separator  as  shown  in  Fig.  11.  In  this 
embodiment,  two  separation  chambers  36  and 
37,  each  of  the  same  general  design  as  shown  in 
Fig.  1,  are  arranged  in  parallel  with  respectto fluid 
flow  in  a  magnet  system,  in  which  two  pairs  of 
permanent  magnetic  devices  38,  39  and  40,  41, 
respectively,  are  arranged  in  series  to  define  two 
parallel  gaps  42  and  43,  respectively,  receiving 
each  of  the  separation  chambers  36  and  37.  The 
permanent  magnetic  devices  38  to  41  form  part  of 
a  magnetic  circuit  comprising  a  common  yoke 
with  external  lateral  yoke  members  44  and  45 
engaging  the  extreme  permanent  magnetic 
devices  38  and  41,  respectively,  and  transverse 
yoke  members  46  and  47  connecting  the  lateral 
members  44  and  45. 

As  shown  in  Fig.  11,  the  two  pairs  of  permanent 
magnets  38, 39,  and  40,41  may  be  separated  by  a 



central  yoke  branch  48.  However,  since  the  two 
pairs  of  permanent  magnets  are  arranged  in 
series  with  a  direction  of  magnetization  of  the 
magnets  and  directions  of  the  closed-loop  mag- 
netic  flux  paths,  as  shown  in  Fig.  11,  it will  appear 
that  the  central  yoke  branch  48  will  carry  no 
resulting  magnetic  flux,  since  the  flux  contribu- 
tions  from  each  of  the  two  closed-loop  circuits 
will  cancel  each  other.  Therefore,  the  central 
branch  48  may,  in  principle,  be  eliminated  or  at 
least  reduced  in  dimensions  so  as  to  serve  only  as 
a  support  for  the  inner  permanent  magnets  39 
and  40  in  each  of  the  two  pairs.  Thus,  in  total  the 
embodiment  of  Fig.  11  offers  a  considerable 
saving  of  iron  for  the  flux  return  frame.  The  series 
arrangement  may  be  extended  to  comprise  more 
than  two  separation  chambers. 

In  the  embodiment  shown  in  Fig.  11,  each  of  the 
air  gaps  42  and  43  may  have  the  same  dimen- 
sions  as  in  the  embodiment  in  Fig.  1  allowing  the 
arrangement  of  a  separation  chamber  of  the  same 
size  as  in  the  Fig.  1  embodiment,  whereby  the 
processing  capacity  will  be  doubled  at  the  ex- 
pense  of  a  moderate  increase  only  of  the  overall 
dimensions  of  the  separator. 

If  a  very  high  magnetic  field  strength  in  the  air 
gap  is  to  be  obtained,  a  still  further  improvement 
of  the  magnet  system  may  be  obtained  by  a 
modification  as  shown  in  Fig.  12,  in  which  parts  of 
the  separator  corresponding  to  those  shown  in 
Figs.  9  and  10  are  designated  by  the  same 
reference  numerals.  In  this  case,  however,  in  each 
of  the  permanent  magnetic  devices  29a  and  30a, 
which  may  have  the  same  overall  design  of  a 
stacked  arrangement  as  shown  in  Figs.  9  and  10, 
the  pole  surface  facing  the  gap  31  a is  constituted 
by  a  soft  iron  pole  shoe  member  49  formed  as  a 
truncated  pyramid  with  a  cross-sectional  area 
decreasing  in  the  direction  towards  the  gap  31  a to 
concentrate  the  magnetic  field  lines,  whereby  the 
field  strength  in  the  air  gap  will  increase. 

Figs.  13  to  18  show  modifications  of the  magnet 
configuration  in  a  separator  according  to  the 
invention  which  are  particularly  interesting  with 
respect  to  the  losses  in  the  magnetic  circuit. 

In  the  preferred  embodiments  in  Figs.  13  to  16, 
the  magnetic  circuit  surrounding  the  gap  50,  in 
which  the  separation  chamber  51  is  arranged  as 
shown  only  in  Fig.  13,  is  built  up  of  two  perma- 
nent  magnetic  devices  42  and  53,  the  construction 
of  which  is  illustrated  most  clearly  by  the  per- 
spective  view  in  Fig.  16. 

Each  of the  permanent  magnetic  devices  52  and 
53  incorporates  a  pole  shoe  member  54  of  a 
magnetic  soft  material.  In  the  embodiment 
shown,  the  pole  shoe  member  54  has  a  uniform 
cross-sectional  area  transverse  to  the  field  direc- 
tion  shown  by  an  arrow  55.  As  shown,  the  pole 
shoe  member  54  may  have  a  generally  box- 
shaped  form  with  one  surface  56  constituting  the 
pole  surface  facing  the  gap  50. 

A  first  permanent  magnetic  member  57  is 
arranged  in  contact  with  the  side  of  the  pole  shoe 
member  54  opposite  the  pole  surface  56  facing 
the  gap  50  and,  as  best  seen  in  Figs.  13  and  14,  the 

permanent  magnetic  member  57  is  magnetized  in 
the  direction  normal  to  the  pole  surface  56. 

On  each  of  the  sides  of  the  pole  shoe  member 
54  extending  transverse  to  the  pole  surface  56,  a 
second  magnetic  member  58,  59,  60,  and  61, 
respectively,  is  arranged  in  magnetic  contact  with 
the  first  magnetic  member  57  so  as  to  provide  a 
leakage-free  magnetic  enclosure  for  the  pole  shoe 
member  54  on  all  sides  thereof  except  the  pole 
surface  56.  As  best  seen  in  Fig.  14,  the  second 
magnetic  members  58  to  61  are  magnetized  in 
directions  perpendicular  to  the  direction  of 
magnetization  of  the  first  magnetic  member  57, 
so  that  the  surfaces  of  all  the  magnetic  members 
57  to  61  facing  the  pole  shoe  member  54  have  the 
same  magnetic  polarity. 

All  the  magnetic  members  57  to  61  may  have 
the  form  of  flat  brick-shaped  members  of  a  mag- 
netic  material  having  a  substantially  linear  de- 
magnetization  curve  such  as  ferrite,  which  is  a 
relatively  cheap  magnetic  material.  The  members 
57  to  61  may  all  have  the  same  thickness,  or  the 
thickness  of  the  member  57  which  could  be  con- 
sidered  as  the  main  magnet  may  exceed  that  of 
the  members  58  to  61  which  could  be  considered 
as  auxiliary  side  magnets. 

On  the  sides  of  the  magnetic  members  57  to  61 
facing  away  from  the  pole  shoe  member  54,  yoke 
members  are  arranged.  Thus,  in  addition  to  later- 
al  yoke  members  62  and  63  and  transverse  yoke 
members  64  and  65  corresponding  to  the  yoke 
members  in  the  embodiments  described  here- 
inbefore,  yoke  members  66  to  69  are  arranged,  as 
shown  in  Figs.  14  and  15,  on  opposite  sides of the 
separator  transverse  to  the  lateral  yoke  members 
62  and  63  as  well  as  the  transverse  yoke  members 
64  and  65.  Except  for  the  fact  that  the  yoke 
members  66,  67  and  68,  69  on  the  same  side  of 
the  separator  are  arranged  with  a  gap  corre- 
sponding  to  the  gap  50  between  the  pole  sur- 
faces,  all  yoke  members  are  arranged  in  magnetic 
contact  with  one  another  and  have  flat  surfaces 
engaging  the  magnetic  members  57  to  61  leaving 
cavities  between  all  side  edges  of  adjoining  mag- 
netic  members.  These  cavities  may  be  filled  with 
a  non-magnetic  material  not  shown  in  the 
drawing. 

Contrary  to  the  embodiments  described  in  the 
foregoing,  in  which  the  yoke  members  must  be 
arranged  in  some  distance  from  the  permanent 
magnet  members  in  order  to  reduce  the  magnetic 
losses,  the  modification  in  Figs.  13  to  16  opens  the 
possibility  of  arranging  all  yoke  members  62  to  69 
in  direct  contact  with  the  permanent  magnets  57 
to  61. 

Thereby  a  considerable  saving  of  space  and 
iron  for  the  yoke  members  is  obtained  which  is  of 
great  constructional  and  economic  advantage 
particularly  for  large  scale  industrial  separators 
having  a  separation  chamber  with  a  volume  of 
several  hundred  liters. 

The  surprising  effect  of  the  magnetic  con- 
figuration  shown  in  Figs.  13  to  16  is  that  the 
magnetic  losses  are  reduced  substantially  to  zero 
due  to  the  presence  of  the  auxiliary  side  magnets 



58  to  61,  meaning  that  substantially  all  field  lines 
in  the  magnet  circuit  will  be  concentrated  in  the 
gap  50. 

As  a  result  thereof,  a  high  intensity  magnetic 
field  can  be  built  up  in  the  gap  50  by  means  of 
relatively  cheap  permanent  magnets  of  ferrite.  It 
is  readily  obtainable  to  produce  a  magnetic  field 
strength  of  the  same  order  of  magnitude  as  with 
magnets  made  from  the  considerably  more  ex- 
pensive  permanent  magnetic  cobalt-rare  earth 
metal  alloys  described  in  the  foregoing. 

While  in  the  preferred  embodiment  in  Figs.  13 
to  16  the  pole  shoe  member  54  has  a  uniform 
cross-sectional  area,  and  the  auxiliary  side  mag- 
nets  58  to  61  are  arranged  in  direct  contact  with 
the  pole  shoe  member,  a  magnetic  configuration 
having  very  small  losses  could  also  be  realized  by 
using  a  field  concentrating  pole  shoe  member 
having  a  pole  surface,  the  area  of which  is  smaller 
than  the  area  of  the  opposite  surface  against 
which  the  main  magnet  is  arranged. 

As  shown  in  Figs.  17  and  18,  such  a  pole  shoe 
member  70  could  have  a  substantially  T-shaped 
cross-sectional  profile  with  a  leg  71  projecting 
from  a  base  plate  72.  The  free  end  of  the  leg  71 
forms  the  pole  surface  73,  and  the  main  magnet 
74  is  arranged  in  contact with  the  base  plate  72.  In 
this  case,  the  auxiliary  side  magnets  are  arranged 
on  all  side  faces  of  the  base  plate  72,  as  shown  at 
74,  76  and  77,  whereby  they  will  be  separated 
from  the  leg  71  forming  the  pole  surface  73.  Even 
if  the  losses  are  not  reduced  down  to  zero,  since 
some  field  lines  will  extend  outside  the  gap 
limited  by  the  pole  surface  73,  the  losses  will  be 
small  and  the  degree  of  field  line  concentration 
high. 

Also  in  the  embodiments  in  Figs.  17  and  18, 
yoke  members,  which  are  only  schematically 
shown  at  78  to  80,  should  be  arranged  on  all  sides 
of  the  permanent  magnets  74  to  77  facing  away 
from  the  pole  shoe  member  70.  The  directions  of 
magnetization  of the  permanent  magnets  74  to  77 
are  the  same  as  in  Figs.  13  to  16. 

Even  with  a  reduced  size  of  the  auxiliary  side 
magnets  and  a  somewhat  increased  open  space 
between  the  side  magnets  on  the  two  sides  of  the 
separation  chamber,  the  losses  will  be  small  and 
the  field  line  concentration  high. 

In  Fig.  19,  one  quadrant  of  a  two-dimensional 
magnetic  circuit  including  a  permanent  magnetic 
device  having  a  substantially  T-shaped  pole  shoe 
member  with  a  leg  71' and  a  base  plate  72' as  well 
as  a  main  magnet  74'  and  an  auxiliary  side 
magnet  75'  designed  and  arranged  in  the  same 
manner  as  shown  in  Figs.  17  and  18  is  shown.  The 
figure  illustrates  the  magnetic  field  line  pattern 
obtained  by  the  Finite  Element  Method  of  solving 
Laplace's  equation.  It  appears  clearly  from  the 
higher  field  line  density  in  the  gap  relative  to  the 
field  line  density  of  the  permanent  magnetic 
members  that  a  considerable  field  line  concentra- 
tion  in  the  gap  is  obtained.  The  portion  of the  field 
lines  which  does  not  reach  the  gap  will  represent 
the  magnetic  losses.  The  strength  of  the  main 
magnet  74'  as  determined  by  the  permanent 

magnetic  material  and  the  specific  operating 
point  in  the  BH  diagram  and  expressed  by  the 
emitted  field  line  density  is  higher  than  that  of  the 
side  magnets. 

Fig.  20  shows  the  effects  on  the  field  line  con- 
centration  and  the  magnetic  losses  when  varying 
the  relative  strength  of  the  side  magnets  75'.  The 
curves  97  and  98  show  the  magnetic  losses  in  per 
cent  and  the  degree  of  field  line  concentration, 
respectively,  as  a  function  of  the  side  magnet 
strength  BAux  relative  to  the  main  magnet 
strength  BMAIN.  The  curve  97  shows  that  the  side 
magnets  as  shown  at  75'  in  Fig.  18  are  not  to  be 
considered  "loss  compensators",  since  an  almost 
constant  fraction  of  approximately  65%  of  the 
emitted  field  lines  from  the  permanent  magnets 
74'  and  75'  reach  the  gap.  On  the  other  hand,  the 
side  magnets  75'  strongly  influence  the  field 
strengths  in  the  gap. 

This  has  been  verified  by  experimentally  de- 
signing  a  circuit  of  the  type  shown  in  Fig.  19  with 
a  permanent  magnet  operated  at  1.75  kG  (0.175 
Tesla).  The  design  value  of  the  gap  field  based  on 
Finite  Element  Analysis  would  amount  to  7  kG 
(0.7  Tesla),  whereas  a  gap  field  of  7.2  kG  was 
actually  measured. 

As  permanent  magnets,  three  pieces  having 
dimensions  of  70  x  70  x  10  mm3  made 
from  polymer  bonded  samarium  cobalt  material 
were  used  in  each  half  of  the  circuit,  whereas  the 
dimensions  of  the  gap  with  respect  to  length, 
width  and  depth  were  6  mms,  20  mms  and  70 
mms,  respectively. 

At  first  glance,  it  may  seen  surprising  that  the 
gap  flux  density,  i.e.  induction,  obtained  is  signifi- 
cantly  larger  than  the  short-circuit  induction,  i.e. 
the  remanence  of  the  permanent  magnetic 
material  which  was  5.5  kG  (0.55  Tesla).  This  is  due 
to  the  fact  that  induction  is  a  density  quantity.  The 
total  number  of  gap  field  lines,  the  gap  flux, 
would,  of  course,  not  exceed  the  flux  emitted  by 
the  permanent  magnets. 

It  is  observed  from  the  above  analysis  that  the 
magnetic  losses  are  constituted  by  the  flux  being 
mainly  parallel  to  the  gap  flux,  but  located  in  the 
space  between  the  pole  shoe  member  70'  and  the 
side  magnet  75'. 

If  the  side  branches  of  the  base  plate  72'  of  the 
pole  shoe  member  70'  are  reduced,  then  the 
magnetic  losses  will  decrease.  If  the  T-shape 
illustrated  in  Fig.  19  is  modified  into  an  I-shape,  as 
shown  in  Figs.  13  to  16,  with  side  magnets 
mounted  adjacent to  the  central  leg  71'  of the  pole 
shoe  member  70',  then  almost the  entire  resulting 
magnetic  circuit  will  be  lossless. 

Fig.  21  shows  a  schematic  process  diagram 
illustrating  the  operation  of  a  magnetic  separator 
according  to  the  invention  provided  with  a  series 
arrangement  of  three  canisters  26',  27'  and  28'  as 
shown  in  Figs.  7  and  8,  the  latter  of  which 
functions  as  a  dummy  load  for  the  magnetic  field 
during  linear  displacement  of  the  canister 
arrangement. 

A  supply  78  of  a  fluid  to  be  processed  in  the 
separator  such  as  a  slurry  of  kaolin  or  China  clay 



from  which  contaminants  should  be  removed  is 
connected  through  valves  79  and  80,  the  fluid 
inlets  26a'  and  27a'  of  the  active  canisters  26'  and 
27'  respectively.  A  supply  81  of  clean  water  at 
moderate  or  low  pressure  is  connected  to  the 
fluid  inlets  26a'  and  27a'  through  valves  82  and  83 
respectively.  A  supply  84  of  water  at  high 
pressure  is  connected  to  the  fluid  inlets  26a'  and 
27a'  through  valves  85  and  86,  respectively. 

A  receiving  vessel  87  for  filtered  slurry  which 
has  been  processed  in  the  separator  is  connected 
to  the  fluid  outlets  26b'  and  27b'  of  the  active 
canisters  26'  and  27'  through  valves  88  and  89, 
respectively,  and  finally  a  water  waste  recipient 
90  is  connected  to  the  fluid  outlets  26b'  and  27b' 
through  valves  91  and  92,  respectively. 

In  order  to  allow  linear  reciprocating  displace- 
ment  of  the  canister  arrangement  between  the 
position  shown  in  the  figure  and  a  position  in 
which  the  canister  27'  is  disposed  in  the  magnetic 
gap,  whereas  the  canister  26'  is  displaced  to  a 
cleaning  position  outside  the  influence  of  the 
magnetic  field  flexible  hoses  93  to  96  are 
incorporated  in  the  supply  and  discharge  lines 
leading  to  and  from  the  canister  inlets  26a'  and 
27a'  and  the  canister  outlets  26b'  and  27b, 
respectively. 

The  operation  may  comprise  the  following 
stages  for  each  of  the  active  canisters  26'  and  27'. 

1.  With  the  canister  26'  disposed  in  the  mag- 
netic  gap  valves  79  and  88  are  opened  for  the 
supply  of feed  slurry  to  the  fluid  inlet  26a'  and  the 
discharge  of  filtered  slurry  to  the  vessel  87, 
respectively. 

2.  After  saturation  of  the  soft  magnetic  matrix  in 
the  canister  26'  as  a  result  of  the  capture  of 
magnetizable  particles  from  the  slurry  passing 
through  the  matrix  the  valve  79  is  closed. 

3.  While  retaining  the  canister  26'  in  the  mag- 
netic  gap  the  valve  82  is  opened  to  allow  flow  of 
water  through  the  matrix,  whereby  useful  par- 
ticles  which  have  been  trapped  mechanically  by 
the  matrix  material  can  be  regained  while  the 
matrix  is  still  in  a  magnetized  state,  and  can  be 
discharged  to  the  vessel  87. 

4.  After  closure  of  the  valves  82  and  88  the 
canister  arrangement  is  displaced  linearly  to  the 
left  in  the  figure  to  a  position  in  which  the  canister 
27'  which  during  the  filtration  process  in  the 
canister  26'  has  been  cleaned  for  magnetizable 
particles  collected  by  the  matrix  material  during  a 
preceding  operational  cycle,  is  disposed  in  the 
magnetic  gap,  whereas  the  canister  26'  assumes 
a  position  sufficiently  far  outside  the  magnetic 
field  to  secure  effective  collapse  of the  magnetiza- 
tion  of  the  matrix. 

5.  Valves  85  and  91  are  now  opened  to  supply 
water  at  high  pressure  to  the  canister  26a'  to 
clean  the  matrix  therein  and  discharge  the  waste 
water  to  the  recipient  90.  Simultaneously  valves 
80  and  89  are  opened  to  supply  feed  slurry  to  the 
canister  27'  and  discharge  filtered  slurry  to  the 
vessel  87  whereby  a  new  cycle  of  operation  is 
initiated  involving  filtration  in  the  canister  27'  and 
cleaning  of  the  matrix  in  the  canister  26'.  Figs.  22 

and  23  show  graphic  representations  of  experi- 
mental  filtration  results  obtained  with  a  prelimi- 
nary  test  embodiment  of  the  separator  according 
to  the  invention. 

An  experimental  equipment  was  used  corre- 
sponding  in  principle  to  the  embodiment  shown 
in  Figs.  1  to  3. 

In  the  experimental  equipment  the  separation 
chamber  or  canister  consisted  of  a  nylon  block 
having  width  and  height  dimensions  of  80  and 
120  mms  and  a  thickness  of  10  mms.  In  this  block 
the  filtration  volume  was  formed  by  a  vertical 
centrally  located  cylindrical  bore  with  a  diameter 
of  50  mms  closed  by  upper  and  lower  cover  plates 
of  non-magnetic  stainless  steel  mounted  with  O- 
rings  to  seal  the  canister,  said  bore  being  con- 
nected  with  inlet  and  outlet  tubes  for  a  test  fluid. 

In  this  bore  a  filtering  matrix  was  arranged  con- 
sisting  of  magnetic  stainless  steel  wire-cloth, 
mesh  25  with  a  wire  diameter  of  0.4  mm  formed 
into  matrix  elements  shaped  as  circular  discs 
having  a  diameter  of  4.8  mms  which  were  stacked 
inside  the  canister  bore.  The  matrix  contained  15 
such  discs  representing  a  maximum  matrix  pack- 
ing  density  of  approximately  40%  by  volume.  In 
operation,  the  canister  was  positioned  vertically 
between  the  pole  surfaces  of  a  permanent  mag- 
net  circuit  having  a  gap  of  15  mms.  The  per- 
manent  magnets  on  each  side  of  this  gap  com- 
prised  two  series  arranged  elements  consisting  of 
polymer-bonded  SmCo  supplied  by  Magnetic 
Polymers,  Ltd.,  England,  and  having  an  energy 
product  of  7.5  kGOe  (60  Jlm3),  a  remanence  of  5.5 
kG  (0.55  Tesla)  and  a  coercitivity  of  5  kOe  (4·103 
Av/cm).  The  magnetic  circuits  operated  at  a  B/H 
ratio  of  3.0  resulting  in  a  gap  induction  of  3.5  kG 
(0.35  Tesla). 

As  a  test  fluid,  a  slurry  of  1  g  of  solid  Mn02  in  1 
liter  of  tap  water  was  supplied  to  the  separator. 
This  oxide  is  paramagnetic  with  a  susceptibility  of 
2280  x  10-6  cgs  units  and  is  commonly  used 
as  a  test  fluid  in  fundamental  studies  of  high 
gradient  magnetic  separation.  The  particle  size 
distribution  was  centered  around  31  microns  with 
95%  by  weight  smaller  than  53  microns  and  5% 
by  weight  smaller  than  9.4  microns. 

The  filtering  rate  was  66.7  ml  per  min  corre- 
sponding  to  a  retention  time  in  the  matrix  of  17 
sec. 

Samples  of  the  filtered  slurry  discharged  from 
the  canister  outlet  were  collected  on  high-density 
membrane  filters.  The  filtration  efficiency  η  of  the 
magnetic  filter  was  determined  by  the  input  and 
output  concentrations  C,  and  Co,  respectively, 
according  to  the  equation: 

wherein  the  output  quantity  Co  was  found  from 
the  weight  gain  of  the  dried  collecting  filters. 

Fig.  22  shows  the  efficiency  η  as  a  function  of 
the  total  amount  of  solid  Mn02  fed  to  the 
separator. 

If  a  slurry  with  constant  concentration  is  fed  to 
the  separator,  the  figure  would  indicate  the  effi- 



ciency  as  a  function  of  time,  thus  representing  a 
"load  line"  forthe  equipment.  The  curve  shown  in 
Fig.  22  can  be  divided  into  three  regions,  viz. 

a  first  high-efficiency  region  A  showing  a  high 
degree  of  trapping  of  particles  by  in  essence 
uncovered  matrix  strands, 

a  second  transition  region  B  showing  an  expo- 
nentially  decreasing  efficiency  due  to  reduced 
availability  of trapping  sites  on  the  matrix  strands, 
and 

a  third  saturation  region  C  characterized  by 
mechanical  retention  of  particles  on  matrix 
strands  already  covered  by  paramagnetic  par- 
ticles. 

High  gradient  magnetic  separators  are 
normally  operated  in  the  high-efficiency  mode 
and  commencing  saturation,  i.e.  the  start  of  the 
transition  region  of the  curve  in  Fig.  22  is taken  as 
the  point,  at  which  the  matrix  should  be  removed 
or  replaced  and  cleaned. 

The  results  obtained  in  the  high-efficiency 
region  A  is  illustrated  in  further  detail  in  Fig.  23 
and  match  fully  with  corresponding  results 
obtained  with  electromagnetic  devices. 

However,  the  start  of  the  transition  region  B 
seems  to  occur  at  a  loading  higher  than  expect- 
able.  According  to  an  established  rule  of  thumb 
relating  to  separators  of  the  Kolm-Marston  type 
with  a  flow  of  fluid  parallel  or  anti-parallel  to  the 
magnetic field,  commencing  saturation  should  be 
assumed  to  start  at  a  load  of  5%  of  the  matrix 
weight.  In  the  present  situation  with  a  matrix 
weight  of  44  g,  that  would  correspond  to  2.2  g  of 
MnO2  fed  to  the  separator.  However,  as  shown  in 
Fig.  22,  the  exponentially  decreasing  transition 
region  B  does  not  start  until  3  g  of  Mn02  has  been 
fed  to  the  separator. 

Thus,  the  experimental  filtration  explained  in 
the  foregoing  demonstrates  clearly  that  useful 
magnetic  filtration  with  results  even  better  than 
obtainable  with  conventional  prior  art  elec- 
tromagnetic  separators  can  be  obtained  with  a 
magnetic  separator  according  to  the  present  in- 
vention. 

Although  reference  has  been  made  in  the  fore- 
going  only  to  the  processing  of  slurries,  such  as 
the  removal  of  contaminants  from  a  slurry  of 
kaolin  or  china  clay,  it  should  be  emphasized  that 
separators  according  to  the  invention  would  use- 
ful  for the  filtration  of  magnetizable  particles  from 
other  kinds  of fluids  including  gaseous  fluids. 

1.  A  magnetic  separator  for  filtrating  magnetiz- 
able  particles  from  a  fluid,  in  which  they  are 
suspended,  comprising  a  separation  chamber  (9, 
22, 26,  36,  37,  51)  with  a  fluid  inlet  (15)  and  a  fluid 
outlet  (16),  means  for  causing  said  fluid  to  flow 
through  said  separation  chamber  (9,  22,  26,  36, 
37, 51 )  along  a  predetermined  flow  path  from  said 
fluid  inlet  (15)  to  said  fluid  outlet  (16),  a  pair  of 
magnetic  devices  arranged  with  opposed  mainly 
parallel  pole  surfaces  (N,  S)  (5-8;  34, 35;  44-48, 
62-69)  on  each  side  of  an  air  gap  (3, 31, 42, 43, 

50)  adapted  to  receive  said  separation  chamber 
(9,  22,  26,  36,  37,  51)  with  a  pair  of  opposed 
chamber walls  (10, 11)  in  magnetic  contact  with  a 
respective  one  of  said  pole  surfaces  (N,  S)  for 
generating  inside  the  separation  chamber  a  mag- 
netic  field  with  a  field  direction  (4,  55)  sub- 
stantially  transverse  to  at  least  a  portion  of  said 
flow  path,  and  a  matrix  (12,  20)  of  a  soft  magnetic 
material  arranged  in  said  separation  chamber  (9, 
22,  26,  36,  37,  51)  to  substantially  fill  up  a  part  of 
the  interior  thereof  extending  between  said  pair 
of  opposed  chamber  walls  (10,  11)  said  matrix 
comprising  an  arrangement  of  strands  of  said  soft 
magnetic  material  extending  mainly  in  planes 
substantially  transverse  to  said  field  direction 
thereby  creating  local  magnetic  gradients  in  said 
magnetic  field,  chamber  inlet  and  outlet  compart- 
ments  (13,14)  being  provided  at  opposite  ends  of 
said  matrix-filled  part  to  be  positioned  outside 
said  gap  and  communicating  with  said  matrix  as 
well  as  said  fluid  inlet  (15)  and  said  fluid  outlet 
(16),  respectively,  to  define  a  main  flow  direction 
(19)  for  said  fluid  through  said  matrix  (12,  20), 
characterized  in  that  each  of  said  magnetic 
devices  comprises  as  its  magnetically  active 
member  at  least  one  member  of  a  permanent 
magnetic  material  having  a  substantially  linear 
demagnetization  curve,  and  that  yoke  members 
are  provided  to  connect  said  magnetic  devices  in 
a  closed  magnetic  circuit,  said  magnetic  circuit 
and  said  air  gap  being  proportioned  as  a  whole  to 
generate  a  substantially  uniform  magnetic  field 
with  an  intensity  by  which  the  individual  strands 
throughout  the  matrix  are  substantially  driven 
into  a  magnetic  saturated  state,  when  the  separa- 
tion  chamber  is  positioned  in  said  air  gap. 

2.  A  magnetic  separator  as  claimed  in  Claim  1, 
characterized  in  that  the  cross-sectional  area  of 
the  separation  chamber  (22)  transverse  to  said 
main  flow  direction  increases  in  the  main  flow 
direction. 

3.  A  magnetic  separator  as  claimed  in  Claim  1 
or  2,  characterized  in  that  the  separation  chamber 
is  formed  as  a  generally  box-shaped  canister  (26, 
27)  which  is  arranged  to  be  removable  from  said 
gap  in  a  direction  perpendicular  to  the  field 
direction  by  a  linear  displacement  and  is  coupled 
at  at  least  one  of  two  opposite  side  faces  normal 
to  the  direction  of  displacement  to  a  further  sub- 
stantially  corresponding  canister  (28)  containing  a 
matrix  of  soft  magnetic  material  acting  as  a 
dummy  load  for  the  magnetic  gap  during 
displacement. 

4.  A  magnetic  separator  as  claimed  in  Claim  3, 
characterized  in  that three  series-connected  canis- 
ters  (26-28)  are  arranged  for  linear  displacement 
between  first  and  second  positions,  in  which 
either  of  the  extreme  canisters  is  disposed  in  said 
gap,  whereas  the  other  extreme  canister  is  dis- 
placed  to  a  position  outside  the  gap  for  cleaning 
of  said  matrix. 

5.  A  magnetic  separator  as  claimed  in  any  of  the 
preceding  claims,  characterized  in  that  each  of 
said  permanent  magnetic  devices  (29,  20)  com- 
prises  a  stacked  magnetic  series  arrangement  of 



at  least  two  members  (32,  33)  of  permanent 
magnetic  materials  each  having  a  substantially 
linear  demagnetization  curve,  said  materials 
having  different  energy  products  and  inter- 
mediate  coupling  members  (34)  of  a  soft  mag- 
netic  material,  said  members  being  stacked  in  an 
order  of  succession  corresponding  to  increasing 
energy  products  in  the  direction  towards  said 
pole  surfaces  (N,  S). 

6.  A  magnetic  separator  as  claimed  in  claim  5, 
characterized  in  that  said  permanent  magnetic 
members  (32,  33,  32a,  33a)  are  proportioned  with 
cross-sectional  areas  normal  to  their  internal  field 
direction  yielding  substantially  the  same  mag- 
netic  flux  and  with  thicknesses  yielding  sub- 
stantially  the  same  magnetomotive  forces. 

7.  A  magnetic  separator  as  claimed  in  any  of the 
preceding  claims,  characterized  in  that  the  pole 
surface  (N,  S)  of  each  of  said  permanent  magnetic 
devices  is  formed  by  a  pole  shoe  (49)  of  a 
magnetic  soft  material  having  a  decreasing  cross- 
sectional  area  in  the  direction  towards  the  air  gap. 

8.  A  magnetic  separator  as  claimed  in  any  of the 
preceding  claims,  characterized  in  that  each  of 
said  permanent  magnetic  devices  (1,  2;  24,  30; 
38-41)  comprises  at  least  one  member  consist- 
ing  of  a  permanent  magnetic  alloy  comprising 
cobalt  and  at  least  one  rare  earth  metal. 

9.  A  magnetic  separator  as  claimed  in  claim  8, 
characterized  in  that  said  rare  earth  metal  is 
samarium. 

10.  A  magnetic  separator  as  claimed  in  any  of 
the  preceding  claims,  characterized  in  that  at  least 
two  pairs  of  permanent  magnetic  devices  (38,  39; 
40, 41 )  are  arranged  in  series  to  define  at  least  two 
parallel  air  gaps  (42,  43)  to  receive  respective  one 
of  a  corresponding  number  of  separation  cham- 
bers  (36,  37)  with  substantially  parallel  main  flow 
directions  for  said  fluid. 

11.  A  magnetic  separator  as  claimed  in  claim 
10,  characterized  in  that  all  permanent  magnetic 
devices  (38-41)  in  said  series  arrangement  are 
magnetically  connected  through  a  common  yoke 
(44, 48). 

12.  A  magnetic  separator  as  claimed  in  any  of 
claims  1-4,  characterized  in  that  each  of  said 
permanent  magnetic  devices  (52,  53)  comprises  a 
pole  shoe  member  (54,  70)  of  a  magnetic  soft 
material  forming  one  of  said  pole  surfaces  (56, 
73),  a  first  permanent  magnetic  member  (57,  74) 
arranged  in  magnetic  contact  with  a  side  of  said 
pole  shoe  member  (54,  70)  opposite  said  gap  (50) 
and  parallel  to  said  pole  surface  (56,  73),  said 
member  having  a  direction  of  magnetization 
generally  normal  to  said  pole  surface  (56, 73),  and 
second  magnetic  members  (58-61;  75-77)  ex- 
tending  on  each  side  of  said  pole  shoe  member 
(54, 70)  mainly  transverse  to  said  pole  surface  (56, 
73)  and  having  a  direction  of  magnetization  sub- 
stantially  perpendicular  to  that  of  said  first 
member  (57,  74),  the  surfaces  of  said  first  and 
second  members  facing  said  pole  shoe  member 
(54,  70)  having  all  the  same  magnetic  polarity, 
said  first  magnetic  member  (57,  74)  being  in 
magnetic  contact  with  said  second  magnetic 

members  (58-61;  75-77)  to  provide  a  leakage- 
free  enclosure  for  said  pole  shoe  member  (54, 70). 

13.  A  magnetic  separator  as  claimed  in  claim 
12,  characterized  in  that  said  pole  shoe  member 
(70)  has  a  substantially  T-shaped  cross-sectional 
profile  with  a  leg  (71)  projecting  from  a  base  plate 
(72)  and  with  the  free  end  of  said  leg  (71)  forming 
said  pole  surface  (73)  and  said  first  magnetic 
member  (74)  arranged  in  magnetic  contact  with 
the  opposite  end  of  said  profile  against  said  base 
plate  (72),  said  second  magnetic  members 
(75-77)  being  arranged  parallel  to  said  leg  (71)  at 
either  side  of  said  base  plate  (72). 

14.  A  magnetic  separator  as  claimed  in  claim 
13,  characterized  in  that  each  of  said  second 
magnetic  members  (75-77)  extends  beyond  said 
base  plate  (72)  in  the  direction  towards  the  gap. 

15.  A  magnetic  separator  as  claimed  in  claim 
14,  characterized  in  that  each  of  said  second 
members  (75-77)  has  a  length  corresponding  to 
that  of  said  leg  (71). 

16.  A  magnetic  separator  as  claimed  in  claim 
12,  characterized  in  that  said  pole  shoe  member 
(54)  has  a  uniform  cross-sectional  area  transverse 
to  the  field  direction  (55)  therein,  and  that  said 
second  members  (58-61)  are  arranged  in  direct 
contact  with  the  side  faces  of  the  pole  shoe 
member  (54).. 

17.  A  magnetic  separator  as  claimed  in  any  of 
claims  12  to  16,  characterized  in  that  said  first  and 
second  permanent  magnetic  members  (57-61: 
74-77)  are  made  of  ferrite. 

1.  Magnetabscheider  zum  Filtrieren 
magnetisierbarer  Teilchen  von  einer  Flüssigkeit, 
in  welcher  sie  suspendiert  sind,  bei  welchem  eine 
Trennkammer  (9,  22,  26,  36,  37,  51)  mit  einem 
Flüssigkeitseinlauf  (15)  und  einem  Flüssigkeits- 
ablauf  (16)  und  Mittel  zum  Aufbringen  einer  Strö- 
mung  der  Flüssigkeit  durch  die  Trennkammer  (9, 
22,  36,  37,  51)  entlang  eines  vorausbestimmten 
Strömungsweges  vom  Flüssigkeitseinlauf  (15) 
zum  Flüssigkeitsablauf  (16)  vorgesehensma;  
wobei  ein  Paar  Magnetvorrichtungen  mit  einan- 
der  gegenüberliegenden,  hauptsächlich  parallen 
Polflächen  (N,  S)  (5-8;  34, 35;  44-48,  62-69)  an 
jeder  Seite  eines  Luftspaltes  (3,  31,  42,  43,  50) 
angeordnet  sind,  welcher  Luftspalt  zur  Aufnahme 
der  Trennkammer  (9,  22,  26,  36, 37,  51)  mit  einem 
Paar  einander  gegenüberliegender  Kammer- 
wände  (10,  11)  in  magnetischem  Kontakt  mit 
jeweils  einer  der  genannten  Polflächen  (N,  S)  ein- 
gerichtet  ist,  zwecks  Erzeugung  im  Inneren  der 
Trennkammer  eines  Magnetfeldes  mit  einer  im 
Verhältnis  zum  zumindest  einen  Teil  des 
Strömungsweges  hauptsächlich  querverlaufen- 
den  Feldrichtung  (4,  55),  und  eine  in  der  Trenn- 
kammer  (9,  22,  26,  36,  37,  51)  derart  angebrachte, 
aus  weichem  magnetischem  Material  bestehende 
Matrix  (12,  20),  dass  sie  einen  sich  zwischen  dem 
Paar  gegenüberliegender  Kammerwände  (10,  11) 
erstreckenden  Teil  des  Kammerinneren  im 
wesentlichen  ausfüllt,  wobei  die  Matrix  eine  sich 



in  zur  Feldrichtung  hauptsächlich  querverlaufen- 
den  Ebenen  erstreckende  Anordnung  von  Fasern 
aus  erwähntem  weichem  magnatischem  Werk- 
stoff  umfasst  und  dadurch  in  dem  Magnetfeld 
örtlich  magnetische  Gradienten  erzeugt,  wobei  an 
einander  gegenüberliegenden  Enden  des  matrix- 
gefüllten  Teils  und  ausserhalb  des  erwähnten 
Spalts  Kammereinlauf-  und  Kammerablauf-Abtei- 
le  (13,  14)  vorgesehen  sind,  die  sowohl  mit  der 
Matrix  als  auch  mit  dem  Flüssigkeitseinlauf  (15) 
bzw.  dem  Flüssigkeitsablauf  (16)  in  Verbindung 
stehen  zur  Bestimmung  einer  Hauptströmungs- 
richtung  für  die  Flüssigkeit  durch  die  Matrix  (12, 
20),  dadurch  gekennzeichnet,  dass  die  Magnet- 
vorrichtungen  jeweils  als  ihren  magnetisch  akti- 
ven  Teil  zumindest  ein  Element  aus  dauer- 
magnetischem  Werkstoff  mit  einer  hauptsächlich 
rechtlinigen  Entmagnetisierungskurve  um fassen, 
und  dass  Jochelemente  zur  Verbindung  der 
Magnetvorrichtungen  in  einen  geschlossenen 
Magnetkreis  vorgesehen  sind,  wobei  der  Magnet- 
kreis  und  der  Luftspalt  als  Ganzes  zur  Erzeugung 
eines  hauptsächlich  gleichmässigen  Magnet- 
feldes  mit  einer  Stärke  proportioniert  sind,  bei 
welcher  die  einzelnen  Fasern  über  die  gesamte 
Matrix  im  wesentlichen  in  einen  gesättigten  Zu- 
stand  gebracht  werden,  wenn  die  Trennkammer 
in  dem  Luftspalt  placiert  ist. 

2.  Magnetabscheider  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dass  das  Querschnittsareal  der 
Trennkammer  (22)  quer  zur  Hauptströmungs- 
richtung  in  der  Hauptströmungsrichtung  zu- 
nimmt. 

3.  Magnetabscheider  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  dass  die  Trennkammer 
als  ein  im  allgemeinen  kassenförmiger  Behälter 
(26,  27)  ausgeformt  ist,  der  im  Verhältnis  zum 
Spalt  in  einer  zur  Feldrichtung  rechtwinkeligen 
Richtung  durch  eine  rechtlinige  Bewegung 
herausnehmbar  und  zumindest  an  der  einen  der 
beiden  einander  gegenüberliegenden  zur 
Bewegungsrichtung  senkrechten  Seitenflächen 
mit  einem  zusätzlichen,  im  wesentlichen  ent- 
sprechenden  Behälter  (28)  verbunden  ist,  welcher 
eine  als  Scheinlast  für  den  magnetischen  Spalt 
während  der  Verschiebung  wirkende  Matrix  aus 
magnetischem  weichem  Werkstoff  enthält. 

4.  Magnetabscheider  nach  Anspruch  3,  dadurch 
gekennzeichnet,  dass  drei  hintereinandergestellte 
Behälter  für  rechtlinige  Verschiebung  zwischen 
einer  ersten  und  einer  zweiten  Stellung  ange- 
bracht  sind,  in  welcher  sich  einer  der  Aussen- 
behälter  in  dem  Spalt  befindet,  während  der 
zweite  Aussenbehälter  in  eine  Stellung  ausser- 
halb  des  Spaltes  zum  Reinigen  der  Matrix  ver- 
schoben  ist. 

5.  Magnetabscheider  nach  einem  der  vorher- 
gehenden  Ansprüche  dadurch  gekennzeichnet, 
dass  die  dauermagnetischen  Vorrichtungen  (29, 
30)  jeweils  eine  gestapelte  magnetische  Reihen- 
schaltung  von  mindestens  zwei  Elementen  (32, 
33)  aus  dauermagnetischen  Werkstoffen  mit  je- 
weils  einer  hauptsächlich  rechtlinigen  Ent- 
magnetisierungskurve  und  mit  verschiedenen 
Energieprodukten  sowie  dazwischenliegende 

Schaltungselemente  (34)  aus  weichem  magne- 
tischem  Werkstoff  aufweisen,  welche  Elemente  in 
Reihenfolge  gestapelt  sind  entsprechend 
zunehmenden  Energieprodukten  in  Richtung  zu 
den  Polflächen  (N,  S). 

6.  Magnetabscheider  nach  Anspruch  5,  dadurch 
gekennzeichnet,  dass  die  dauermagnetischen  Ele- 
mente  (32,  33, 32a,  33a)  derart  dimensioniert  sind, 
dass  ihre  zu  ihrer  inneren  Feldrichtung  senkrechte 
Querschnittsflächen  jeweils  im  wesentlichen  den- 
selben  Magnetfluss  erzeugen,  und  dass  sie  Dik- 
ken  aufweisen,  die  im  wesentlichen  dieselben 
magnetomotorischen  Kräfte  hervorbringen. 

7.  Magnetabscheider  nach  einem  der  vorher- 
gehenden  Ansprüche,  dadurch  gekennzeichnet, 
dass  die  Polfläche  (N,  S)  einer  jeden  der  dauer- 
magnetischen  Vorrichtungen  von  einem  Pol- 
schuh  (49)  aus  magnetischem  weichem  Werkstoff 
mit  in  Richtung  zum  Luftspalt  abnehmbarer  Quer- 
schnittsfläche  gebildet  wird. 

8.  Magnetabscheider  nach  einem  der  vorher- 
gehenden  Ansprüche  dadurch  gekennzeichnet, 
dass  jede  dauermagnatische  Vorrichtung  (1,  2; 
24,  30;  38-41)  zumindest  ein  Element  umfasst, 
bestehend  aus  einer  dauermagnetischen  Legie- 
rung  enthaltend  Kobalt  und  mindestens  ein  selte- 
nes  Erdmetall. 

9.  Magnetabscheider  nach  Anspruch  8,  dadurch 
gekennzeichnet,  dass  das  seltene  Erdmetall  Sa- 
marium  ist. 

10.  Magnetabscheider  nach  einem  der  vorher- 
gehenden  Ansprüche,  dadurch  gekennzeichnet, 
dass  mindestens  zwei  Paare  der  dauer- 
magnetischen  Vorrichtungen  (38,  39;  40,  41)  in 
Reihe  angeordnet  sind  zwecks  Abgrenzung  von 
zumindest  zwei  parallelen  Luftspalten  (42, 43)  zur 
Aufnahme  jeweils  einer  aus  einer  ent- 
sprechenden  Anzahl  von  Trennkammern  (36,  37) 
mit  im  wesentlichen  parallelen  Hauptströmungs- 
richtungen  für  die  Flüssigkeit. 

11.  Magnetabscheider  nach  Anspruch  10,  da- 
durch  gekennzeichnet,  dass  alle  dauer- 
magnetischen  Vorrichtungen  (38-41)  in  der 
Reihenschaltung  durch  ein  gemeinsames  Joch 
(44,  48)  magnetisch  verbunden  sind. 

12.  Magnetabscheider  nach  einem  der  Ansprü- 
che  1-4,  dadurch  gekennzeichnet,  dass  jede 
dauermagnetische  Vorrichtung  (52,  53)  zur  Bil- 
dung  einer  der  genannten  Polflächen  (56,  73)  ein 
Polschuhelement  (54,  70)  aus  einem  magne- 
tischen  weichen  Werkstoff  umfasst,  wobei  ein 
erstes  dauermagnetisches  Element  (57,  74)  vor- 
gesehen  ist,  das  in  magnetischem  Kontakt  mit 
einer  im  Verhältnis  zum  Spalt  (50)  gegenüber- 
liegenden  und  parallel  zu  erwähnter  Polfläche  (56, 
73)  verlaufenden  Seite  des  Polschuhelementes 
(54,  70)  angeordnet  ist,  welches  Element  eine  zu 
erwähnter  Polfläche  (56,  73)  hauptsächlich  senk- 
rechte  Magnetisierungsrichtung  aufweist,  und  se- 
kundäre  magnetische  Elemente  (58-61;  75-77), 
die  sich  auf  jeder  Seite  des  erwähnten  Polschuhe- 
lementes  (54,  70)  hauptsächlich  quer  zu  erwähn- 
ter  Polfläche  (56,  73)  erstrecken  und  mit  einer  zu 
der  Magnetisierungsrichtung  des  ersten  Elemen- 
tes  (57,  74)  rechtwinkeligen  Magnetisierungs- 



richtung,  wobei  die  dem  Polschuhelement  (54, 70) 
zugekehrten  Oberflächen  des  ersten  Elementes 
und  der  sekundären  Elemente  jeweils  dieselbe 
magnetische  Polarität  aufweisen,  und  das  erste 
magnetische  Element  (57, 74)  mit  den  sekundären 
magnetischen  Elementen  (58-61;  75-77)  zur 
Herstellung  einer  leckagefreien  Einkapselung  des 
Polschuhelementes  (54,  70)  in  magnetischem 
Kontakt  steht. 

13.  Magnetabscheider  nach  Anspruch  12,  da- 
durch  gekennzeichnet,  dass  das  Polschuhelement 
(70)  ein  hauptsächlich  T-förmiges  Querschnitts- 
profil  mit  einem  aus  einer  Bodenplatte  (72)  her- 
ausragenden  Schenkel  (71)  aufweist,  dessen 
freies  Ende  die  erwähnte  Polfläche  (73)  bildet,  und 
dass  das  erste  magnetische  Element  (74)  in  mag- 
netischem  Kontakt  mit  dem  entgegengesetzten 
Ende  des  Profils  gegen  die  Bodenplatte  (72)  ange- 
ordnet  ist,  während  die  sekundären  magne- 
tischen  Elemente  (75-77)  parallel  zu  dem 
erwähnten  Schenkel  (71)  auf  jeder  Seite  der 
Bodenplatte  (72)  angeordnet  sind. 

14.  Magnetabscheider  nach  Anspruch  13,  da- 
durch  gekennzeichnet,  dass  sich  jedes  der  sekun- 
dären  magnetischen  Elemente  (75-77)  ausser- 
halb  der  Bodenplatte  (72)  in  Richtung  zu  der 
Spalte  erstreckt. 

15.  Magnetabscheider  nach  Anspruch  14,  da- 
durch  gekennzeichnet,  dass  jedes  der  sekundären 
Elemente  (75-77)  eine  dem  erwähnten  Schenkel 
(71)  entsprechende  Länge  aufweist. 

16.  Magnetabscheider  nach  Anspruch  12,  da- 
durch  gekennzeichnet,  dass  das  Polschuhelement 
(54)  eine  gleichgrosse  Querschnittsfläche  quer  zu 
dessen  Feldrichtung  (55)  aufweist,  und  dass  die 
sekundären  Elemente  (58-61)  in  direktem  Kon- 
takt  mit  den  Seitenflächen  des  Polschuh- 
elementes  (54)  angeordnet  sind. 

17.  Magnetabscheider  nach  einem  der  Ansprü- 
che  12-16,  dadurch  gekennzeichnet,  dass  das 
erste  und  die  sekundären  dauermagnetischen 
Elemente  (57-61;  74-77)  aus  Ferrit  bestehen. 

1.  Séparateur  magnétique  pour  la  filtration  de 
particules  magnétisables  d'un  liquide  dans  lequel 
elles  sont  suspendues,  comprenant  une  chambre 
de  séparation  (9,  22,  26,  36,  37,  51)  avec  une 
entrée  de  liquide  (15)  et  une  sortie  de  liquide  (16), 
des  moyens  pour  faire  couler  ledit  liquide  à 
travers  ladite  chambre  de  séparation  (9, 22, 26, 36, 
37,  51)  le  long  d'un  chemin  d'écoulement  pré- 
déterminé  de  ladite  entrée  de  liquide  (15)  à  ladite 
sortie  de  liquide  (16),  une  paire  de  dispositifs 
magnétiques  arrangés  avec  des  surfaces  polaires 
opposées  (N,  S)  essentiellement  parallèles  (5-8; 
34,  35;  44-48,  62-69)  de  part  et  d'autre  d'un 
entrefer  (3,  31,  42,  43,  50)  agencé  pour  recevoir 
ladite  chambre  de  séparation  (9,  22, 26, 36, 37,  51 ) 
avec  une  paire  de  parois  de  chambre  opposées 
(10,  11)  en  contact  magnétique  avec  une  surface 
respective  desdites  surfaces  polaires  (N,  S)  pour 
produire,  à  l'intérieur  de  la  chambre  de  sépara- 
tion,  un  champ  magnétique  avec  une  direction  de 

champ  (4,  55)  essentiellement  en  travers  d'au 
moins  une  partie  dudit  chemin  d'écoulement,  et 
une  matrice  (12,  20)  d'un  matériau  magnétique 
doux  disposée  dans  ladite  chambre  de  séparation 
(9,  22,  26,  36, 37, 51)  pour  essentiellement  remplir 
une  partie  de  l'intérieur  de  cette  chambre  et 
s'étendant  entre  ladite  paire  de  parois  de  cham- 
bre  opposées  (10,  11),  cette  matrice  comprenant 
un  arrangement  de  brins  dudit  matériau  magnéti- 
que  doux  s'étendant  principalement  dans  des 
plans  qui  sont  essentiellement  en  travers  de  ladite 
direction  de  champs,  produisant  ainsi  des  gra- 
dients  magnétiques  locaux  dans  ledit  champ  ma- 
gnétique,  des  compartiments  (13,  14)  d'entrée  et 
de  sortie  de  chambre  étant  prévus  à  des  extré- 
mités  opposées  de  ladite  partie  remplie  de  ma- 
trice  pour  être  placés  à  l'extérieur  dudit  entrefer  et 
communiquant  avec  ladite  matrice  et  respective- 
ment  avec  ladite  entrée  de  liquide  (15)  et  ladite 
sortie  de  liquide  (16),  pour  définir  une  direction 
principale  d'écoulement  (19)  pour  ledit  liquide  à 
travers  ladite  matrice  (12,  20),  caractérisé  en  ce 
que  chacun  desdits  dispositifs  magnétiques  com- 
prend,  comme  pièce  magnétiquement  active,  au 
moins  une  pièce  d'un  matériau  d'aimantation 
permanente  ayant  une  courbe  de  démagnétisa- 
tion  essentiellement  linéaire,  et  en  ce  que  des 
noyaux  sont  prévus  pour  relier  lesdits  dispositifs 
magnétiques  dans  un  circuit  magnétique  fermé, 
ledit  circuit  magnétique  et  ledit  entrefer  étant, 
dans  leur  ensemble,  proportionnés  pour  produire 
un  champ  magnétique  essentiellement  uniforme 
d'une  intensité  pour  laquelle  les  brins  individuels 
dans  toute  la  matrice  sont  essentiellement 
amenés  dans  un  état  de  saturation  magnétique, 
quand  la  chambre  de  séparation  est  placée  dans 
ledit  entrefer. 

2.  Séparateur  magnétique  selon  la  revendica- 
tion  1,  caractérisé  en  ce  que  la  section  de  la 
chambre  de  separation  (22)  transversalement  à 
ladite  direction  principale  d'écoulement  aug- 
mente  dans  la  direction  principale  d'écoulement. 

3.  Séparateur  magnétique  selon  la  revendica- 
tion  1  ou  2,,caractérisé  en  ce  que  la  chambre  de 
séparation  est  constitué  par  un  récipient  (26,  27), 
ayant  essentiellement  la  forme  d'une  boîte, 
agencé  pour  être  déplaçable  dudit  entrefer  dans 
une  direction  perpendiculaire  à  la  direction  de 
champ  par  un  déplacement  linéaire,  et  relié,  par 
au  moins  une  des  deux  surfaces  latérales  oppo- 
sées  perpendiculaires  à  la  direction  de  déplace- 
ment,  à  un  récipient  supplémentaire  (28), 
essentiellement  correspondant,  contenant  une 
matrice  en  matériau  magnétique  doux  faisant 
fonction  de  charge  factice  pour  l'entrefer  pendant 
le  déplacement. 

4.  Séparateur  magnétique  selon  la  revendica- 
tion  3,  caractérisé  en  ce  que  trois  récipients 
(26-28),  montés  en  série,  sont  agencés  pour 
déplacement  linéaire  entre  des  positions  primaire 
et  secondaire  dans  lesquelles  un  des  récipients 
extrêmes  se  trouve  dans  ledit entrefer,  tandis  que 
l'autre  récipient  extrême  est  décalé  en  position  à 
l'extérieur  de  l'entrefer  pour  le  nettoyage  de  ladite 
matrice. 



5.  Séparateur  magnétique  selon  une  quelcon- 
que  des  revendications  précédentes,  caractérisé 
en  ce  que  chacun  desdits  dispositifs  (29,  20) 
d'aimantation  permanente  comprend  un  disposi- 
tif  magnétique  en  série  et  en  superposition  d'au 
moins  deux  pièces  (32, 33)  en  matériaux  d'aiman- 
tation  permanente,  ayant  chacune  une  courbe  de 
démagnétisation  essentiellement  linéaire,  lesdits 
matériaux  ayant  des  énergies  magnétiques  diffé- 
rentes  et  des  pièces  d'accouplement  intermé- 
diaires  (34)  en  un  matériau  magnétique  doux,  les- 
dites  pièces  étant  empilées  dans  un  ordre  de 
succession  qui  correspond  à  des  énergies  magné- 
tiques  croissantes  en  direction  desdites  surfaces 
polaires  (N,  S). 

6.  Séparateur  magnétique  selon  la  revendica- 
tion  5,  caractérisé  en  ce  que  lesdites  pièces  d'ai- 
mantation  permanente  (32,  33,  32a,  33a)  sont 
dimensionnées  avec  une  section  perpendiculaire 
à  leur  direction  de  champ  interne  produisant 
ensentiellement  le  même  flux  magnétique  et  avec 
des  épaisseurs  produisant  essentiellement  les 
mêmes  forces  magnétomotrices. 

7.  Séparateur  magnétique  selon  une  quelcon- 
que  des  revendications  précédentes,  caractérisé 
en  ce  que  la  surface  polaire  (N,  S)  de  chacun 
desdits  dispositifs  d'aimantation  permanente  est 

constituée  par  une  pièce  polaire  (49)  en  un  maté- 
riau  magnétique  doux  ayant  une  section  diminu- 
ant en  direction  de  l'entrefer. 

8.  Séparateur  magnétique  selon  une  quelcon- 
que  des  revendications  précédentes,  caractérisé 
en  ce  que  chacun  desdits  dispositifs  d'aimanta- 
tion  permanente  (1,  2;  24, 30;  38-41)  comprend 
au  moins  une  pièce  consistant  en  un  alliage  d'ai- 
mantation  permanente  comprenant  du  cobalt  et 
au  moins  un  métal  de  terres  rares. 

9.  Séparateur  magnétique  selon  la  revendica- 
tion  8,  caractérisé  en  ce  que  le  métal  de  terres 
rares  est  du  samarium. 

10.  Séparateur  magnétique  selon  une  quelcon- 
que  des  revendications  précédentes,  caractérisé 
en  ce  qu'au  moins  deux  paires  de  dispositifs  d'ai- 
mantation  permanente  (38, 39;  40,41)  sont  arran- 
gées  en  série  pour  définir  au  moins  deux  entre- 
fers  parallèles  (42, 43)  pour  recevoir  chacun  l'une 
d'un  nombre  correspondant  de  chambres  de 
séparation  (36,  37)  ayant  des  directions  princi- 
pales  d'écoulement  dudit  liquide  essentiellement 
parallèles. 

11.  Séparateur  magnétique  selon  la  revendica- 
tion  10,  caractérisé  en  ce  que  tous  les  dispositifs 
d'aimantation  permanente  (38-41)  dans  ledit 
arrangement  en  série  sont  magnétiquement  re- 
liés  par  un  noyau  commun  (44,  48). 

12.  Séparateur  magnétique  selon  une  quel- 
conque  des  revendications  1  à  4,  caractérisé  en  ce 

que  chacun  desdits  dispositifs  (52,  53)  d'aimanta- 
tion  permanente  comprend  une  pièce  polaire  (54, 
70)  en  un  matériau  magnétique  doux  constituant 
une  desdites  surfaces  polaires  (56,  73),  une  pièce 
primaire  d'aimantation  permanente  (57,  74)  dis- 
posée  en  contact  magnétique  avec  un  côté  de 
ladite  pièce  polaire  (54,  70)  sur  le  côté  opposé  de 
l'entrefer  (50)  et  parallèle  à  ladite  surface  polaire 
(56,  73),  cette  pièce  ayant  une  direction 
d'aimantation  principalement  perpendiculaire  à 
ladite  surface  (56,  73),  et  des  pièces  magnétiques 
secondaires  (58-61;  75-77)  s'étendant  de  part 
et  d'autre  de  ladite  pièce  polaire  (54,  70) 
principalement  transversalement  à  ladite  surface 
polaire  (56,  73)  et  ayant  une  direction  de  magné- 
tisation  essentiellement  perpendiculaire  à  celle  de 
ladite  pièce  primaire  (57,74),  les  surfaces  desdites 
pièces  secondaires  en  face  de  ladite  pièce  polaire 
(54,  70)  ayant  toutes  la  même  polarité  magné- 
tique,  ladite  pièce  magnétique  primaire  (57,  74) 
étant  en  contact  magnétique  avec  lesdites  pièces 
magnétiques  secondaires  (58-61;  75-77)  pour 
assurer  une  clôture  sans  fuite  de  ladite  pièce 
polaire  (54,  70). 

13.  Séparateur  magnétique  selon  la  revendica- 
tion  12,  caractérisé  en  ce  que  ladite  pièce  polaire 
(70)  a  une  section  essentiellement  en  forme  de 
"T",  dont  un  bras  (71)  fait  saillie  d'une  embase 
(72),  l'extrémité  libre  dudit  bras  (71)  constituant 
ladite  surface  polaire  (73),  et  en  ce  que  ladite 
pièce  magnétique  primaire  (74)  est  disposée,  du 
côté  opposé  audit  bras,  en  contact  magnétique 
avec  ladite  embase  (72),  lesdites  pièces  magné- 
tiques  secondaires  (75-77)  étant  disposées 
parallélement  audit  bras  (71)  de  part  et  d'autre  de 
ladite  embase  (72). 

14.  Séparateur  magnétique  selon  la  revendica- 
tion  13,  caractérisé  en  ce  que  chacune  desdites 
pièces  magnétiques  secondaires  (75-77)  s'étend 
au-delà  de  ladite  embase  (72)  en  direction  de 
l'entrefer. 

15.  Séparateur  magnétique  selon  la  revendica- 
tion  14,  caractérisé  en  ce  que  chacune  desdites 
pièces  secondaires  (75-77)  a  une  longueur  qui 
correspond  à  celle  dudit  bras  (71). 

16.  Séparateur  magnétique  selon  la  revendica- 
tion  12,  caractérisé  en  ce  que  ladite  pièce  polaire 
(54)  a  une  surface  de  section  uniforme  transver- 
salement  à  la  direction  du  champ  (55)  dans  cette 
pièce,  et  en  ce  que  lesdites  pièces  secondaires 
(58-61)  sont  disposées  en  contact  direct  avec  les 
surfaces  latérales  de  la  pièce  polaire  (54). 

17.  Séparateur  magnétique  selon  une  quelcon- 
que  des  revendications  12  à  16,  caractérisé  en  ce 
que  lesdites  pièces  primaire  et  secondaire 
d'aimantation  permanente  (57-61;  74-77)  sont 
en  ferrite. 
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