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©  Dispersing  and  grinding  apparatus. 

©  A  dispersing  and  grinding  apparatus  in  which  a 
material  to  be  treated  and  a  grinding  medium  are 
placed  in  a  grinding  vessel  and  the  mixture  of  the 
material  and  medium  is  provided  with  motion  there- 
by  the  material  is  ground  and  dispersed  into  solu- 
tion.  The  vessel  has  an  inlet  for  introducing  the 
material  at  one  end  and  an  outlet  for  discharging  the 
finished  processed  material  at  the  other  end.  The 
vessel  is  provided  with  a  cylindrical  rotor  rotatably 
therein  so  as  to  form  a  narrow  space  with  the  inner 
wall  of  the  vessel.  The  outer  circumference  of  the 

^   rotor  or  the  inner  wall  of  the  vessel  is  provided  with 

^   guide  members  to  control  the  flow  of  the  mixture. 
p^The  guide  members  include  forward  guide  surfaces 
tO  which  give  forward  movement  to  the  mixture  and 
^backward  guide  surfaces  which  give  backward 
{^movement.  By  means  of  these  guide  members,  the 
CO  flow  of  the  mixture  is  possible  similar  to  the  plug 
q   flow  state. 
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Dispersing  and  Grinding  Apparatus 

BACKGROUND  OF  THE  INVENTION 

n  j  Field  of  the  invention 

The  present  invention  relates  to  an  apparatus 
for  grinding  and  dispersing  of  a  material  which  is  to 
be  treated  by  utilization  of  a  grinding  medium. 

iZ)  BACKGROUND  INFORMATION 

Generally,  a  conventional  dispersing  and  grind- 
ing  apparatus  constitutes  of  rotating  agitator  discs 
or  stirring  rods  attached  to  a  driving  shaft  in  grind- 
ing  vessei.providing  a  motion  of  the  grinding  me- 
dium  and  the  material,  and  dispersing  the  material 
caused  by  difference  in  their  rate  of  flow. 

However,  the  above  mixture  consisting  of  the 
grinding  medium  and  the  material  flows  in  the  axial 
direction  from  the  supplying  inlet  to  the  discharging 
outlet  under  the  condition  of  high  velocity  gradient, 
and.  accordingly,  the  material  often  reaches  the 
outlet  side  before  sufficient  dispersion.  Further,  due 
to  the  grinding  medium  gathering  partially  or  un- 
equally  at  the  outlet  side,  uniform  dispersion  was 
often  not  attained. 

SUMMARY  OF  THE  INVENTION 

In  order  to  avoid  the  above  mentioned  phe- 
nomena  it  is  prefer  rable  to  permit  the  flowing 
mixture  at  a  rate  so  as  not  to  induce  generation  of 
high  velocity  gradient  in  the  axial  direction.  Name- 
ly,  permitting  the  flowing  mixture  in  such  a  manner 
that  their  flow  does  not  induce  generation  of  high 
velocity  gradient,  and  making  the  resulting  mixture 
flows  behave  like  a  plug  flow,  the  mixture  may  flow 
mainly  in  a  circumferential  direction.and  thereby, 
sufficient  motion  can  be  provided  to  the  grinding 
medium.  Further,  if  the  above  flow  is  induced  in  the 
narrow  space,  uniform  motion  is  provided  to  the 
grinding  medium  throughout  the  vessel,  and  ac- 
cordingly,  dispersing  efficiency  can  be  increased. 

It  is.  accordingly,  an  object  of  the  present  in- 
vention  to  provide  a  dispersing  and  grinding  ap- 
paratus  which  make  possible  the  flow  of  mixture 
consisting  of  the  material  and  grinding  medium  in  a 
circumferential  direction  predominantly  along  the 
inner  wall  of  the  vessel,  and  which  may  provide 
sufficient  motion  to  the  mixture. 

Another  object  of  the  present  invention  is  to 
provide  a  dispersing  and  grinding  apparatus  in 

which  a  narrow  disposal  space  is  formed  in  the 
vessel  through  which  the  mixture  consisting  of  a  *■ 
material  and  a  grinding  medium  may  flow  predomi- 
nantly  in  the  circumferential  direction.  * 

5  These  objects  are  attained  in  accordance  with 
the  present  invention  by  providing  a  dispersing  and 
grinding  apparatus  which  includes  a  grinding  ves- 
sel  having  an  inlet  to  the  supply  the  material  at  one 
end  thereof  and  an  outlet  to  discharge  the  dis- 

10  posed  material  at  the  other  end,  a  rotor  provided 
rotatably  in  the  vessel  with  narrow  space  between 
the  inner  wall  of  the  vessel  and  the  rotor,  and  a 
guide  member  provided  on  the  inner  wall  of  the 
vessel  or  on  the  outer  circumferential  surface  of  the 

15  rotor  so  as  to  control  the  flow  of  the  mixture  con- 
.  sisting  of  the  material  and  the  grinding  medium. 

Other  objects  and  features  of  the  present  in- 
vention  will  become  apparent  from  the  following 
description  in  reference  to  the  attached  drawings. 

20 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  cross  sectional  view  in  an  axial 
25  direction  of  one  embodiment  of  a  dispersing  and 

grinding  apparatus  of  this  invention; 
Fig.  2  is  a  side  view  showing  a  portion  of  the 

outer  circumferential  surface  of  a  rotor  of  the  dis- 
persing  and  grinding  apparatus  shown  in  Fig.  1  ; 

30  Fig.  3  is  an  explanatory  view  showing  opera- 
tion  of  a  guide  member  of  the  dispersing  and 
grinding  apparatus  of  this  invention; 

Fig.  4  is  a  diagrammatic  view  of  the  dispers- 
ing  and  grinding  apparatus  have  two  rotors;  and 

35  Fig.  5  is  a  cross  sectional  view  in  an  axial 
direction  of  another  embodiment  of  this  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
40  MENTS 

The  present  invention  may  be  applicable  also 
to  a  vertical  type  of  a  dispersing  and  grinding 
apparatus,  however,  in  the  drawing,  a  horizontal 

45  type  of  a  dispersing  and  grinding  apparatus  is 
shown.  A  grinding  vessel  1  has  an  inlet  2  to  supply 
material  at  one  end  thereof  and  has  an  outlet  3  to 
discharge  the  finished  ground  material  at  the  other 
end.  Towards  the  discharging  outlet  3,  a  proper 

so  grinding  medium  separation  unit  is  provided  to 
separate  a  grinding  medium  4  from  the  mixture.  In 
the  drawing,  a  screen  type  separator  5  is  used,  but 
a  gap  type  separator  may  also  be  utilized.  On  the 
outer  periphery  of  the  vessel  1.  a  jacket  6  is 
provided,  and  water  or  other  medium  for  tempera- 
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ture  control  poured  from  an  inlet  7  issues  through 
an  outlet  8.  The  jacket  may  be  provided  within  the 
vessel. 

A  rotor  10  is  placed  along  side  to  an  inner  wall 
9  of  the  vessel  1  defining  a  narrow  space  there- 
between.  The  rotor  10  is  attached  to  a  shift  11 
which  is  connected  with  proper  driving  means  (not 
illustrated)  and  rotates  with  rotation  of  the  shaft.  In 
this  invention,  the  rotor  is  designed  to  rotate  di- 
rectly  through  the  shaft  extending  to  the  outside  of 
the  vessel.  However,  it  is  possible  to  rotate  the 
rotor  indirectly  by  means  of  electromagnet  induc- 
tive  action  generated  by  a  rotating  magnetic  field 
provided  on  outer  circumference  of  the  vessel  or 
inner  circumference  of  the  rotor. 

In  this  case,  it  is  possible  to  generate  transfer 
magnetic  field  either  by  energizing  in  series  the 
electromagnetic  coils  which  are  disposed  around 
the  vessel.or  by  rotating  the  permanent  magnet 
which  is  positioned  inside  of  the  rotor  or  outside  of 
the  vessel  .whereas  the  other  permanent  magnet 
disposed  on  the  rotor  is  magnetically  connected  to 
the  rotating  magnet. 

On  the  circumferencial  surface  of  the  rotor  10, 
many  guide  members  12  are  formed  to  induce  the 
mixture  of  grinding  medium  and  material  toward 
the  axial  direction  in  accordance  with  rotation  of  the 
rotor.  Each  of  the  guide  members  12  has  a  pair  of 
parallelogrammatic  forward  guide  surfaces  13 
which  give  a  forward  movement  to  the  mixture 
toward  the  portion  of  the  discharge  outlet  3,  and  a 
pair  of  parallelogrammatic  backward  guide  surfaces 
14  which  give  a  backward  movement  to  the  mixture 
toward  the  portion  of  the  supply  inlet  2.  The  guide 
member  12  may  be  made  in  various  configurations. 
In  the  drawings  almost  cross-sectional  parallelog- 
rammatic  protrusions  or  preferably  nearly  cross- 
sectional  diamond  shaped  protrusions  are  formed 
by  threading  right-handed  screw  and  left-handed 
screw  to  overlap  one  another  on  the  outer  circum- 
ference  of  the  rotor.  By  such  forming,  the  forward 
guide  surfaces  13  and  backward  guide  surfaces  14 
are  formed  on  each  side  of  the  parallelogrammatic 
protrusion,  and  further  the  forward  guide  surfaces 
are  aligned  in  a  spiral  shape  and  the  backward 
guide  surfaces  are  aligned  in  an  opposite  spiral 
shape  to  the  forward  guide  surface  on  the  outer 
periphery  of  the  rotor.  The  forward  guide  surfaces 
13  and  backward  guide  surfaces  14  are  separately 
disposed  on  the  opposite  state  so  that  they  can 
induce  the  flow  of  the  grinding  medium  4  which 
gathers  around  the  discharge  outlet  or  the  supply 
inlet  after  abutting  and  contracting  on  each  of  the 
surfaces,  to  the  opposite  direction  by  movement  to 
the  opposite  surfaces. 

The  above  protrusions  are  formed  with  the 
vessel  wall  in  one  body  by  mechanical  processing. 
Also,  they  can  be  formed  by  an  investment  casting 

or  other  casting  process  in  one  body.  As  for  the 
configuration  of  the  protrusion,  a  cross  sectional 
oval  or  circle  and  other  preferable  shape  can  be 
utilized.  These  other  protrusions  may  also  be 

5  formed  on  the  inner  wall  of  the  vessel.  Further, 
concavities  may  be  used  in  place  of  the  protru- 
sions.  Thus,  by  disposing  properly  the  protrusions 
or  the  concavities  with  fine  pitches,  it  is  possible  to 
flow  the  mixture  of  the  material  and  grinding  me- 

re  dium  in  such  a  manner  that  the  high  velocity  gra- 
dient  in  the  axial  direction  does  not  occur,  just  like 
in  the  plug  flow. 

The  grinding  medium  4  such  as  glass,  ceramic, 
alumina,  zirconium,  steel  beads  and  others  se- 

rs  lected  in  accordance  with  the  nature  of  the  material 
to  be  treated  and  purposes  of  treatment,  etc  is 
introduced  into  the  supply  inlet  for  the  medium  of 
which  illustration  is  omitted,  and  is  set  almost 
equally  along  the  axial  direction  of  the  rotor  10. 

20  When  the  rotor  10  rotates,  the  mixture  of  grinding 
medium  4  and  material  is  directed  toward  the  dis- 
charge  outlet  3  by  striking  on  the  forward  guide 
surfaces  13  of  the  guide  members  12,  and  next 
returns  toward  the  supply  inlet  2  by  striking  on  the 

25  backward  guide  surfaces  14.  The  mixture  consist- 
ing  of  grinding  medium  4  and  material  striking  on 
the  backward  guide  surfaces  14  is  again  directed 
toward  the  outlet  3  by  striking  the  forward  guide 
surfaces  13.  As  a  result,  the  material  including 

30  grinding  medium  4  is  agitated  and  circulated  in  the 
various  directions  almost  within  the  same  limits  in 
the  axial  direction  of  the  rotor  10,  and  is  maintained 
almost  in  a  uniform  state,  and  the  flow  thereof  is 
similar  to  a  the  flowing  state  in  the  plug  flow. 

35  Therefore,  the  material  entered  from  the  inlet  2  into 
the  vessel  1  with  a  proper  forward  pressure  by 
means  of  a  pump  (not  illustrated)  is  applied  uni- 
form  shearing  force  by  guide  members  and  me- 
dium  when  it  is  moving  along  the  circumference  of 

40  the  rotor  10,  and,  accordingly,  it  is  dispersed  effi- 
ciently  and  discharged  from  the  outlet  3. 

It  has  been  confirmed  that  the  mixture  flows  in 
a  flowing  state  of  the  plug  flow  which  has  been 
proven  by  experiments  in  that  the  height  of  the 

45  above  guide  member  12  is  about  4  mm,  the  space 
between  the  inner  wall  of  the  vessel  and  the  rotor 
is  about  4  mm  which  corresponds  to  the  size  about 
more  than  4  pieces  of  medium,  were  conducted. 

In  the  above  embodiments,  the  rotor  is  de- 
50  signed  in  a  cylindrical  configuration.  The  configura- 

tion  of  the  rotor  is  not  limited  to  the  above.  Other 
configurations  may  be  utilized.  Further,  as  shown  in 
Fig.  4,  the  plural  number  of  rotors  may  be  dis- 
posed  parallel  to  each  other  within  the  vessel.  In 

55  case  plural  rotors  are  provided,  the  vessel  wall  of 
the  grinding  vessel  encircles  the  rotors  10,  10  so 
as  to  form  the  continuous  grinding  space  around 
the  rotors  (see  Fig.  4). 

3 
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Fig.  5  is  the  other  embodiment  of  the  present 
invention  in  which  a  jacket  is  provided  within  a 
rotor,  in  the  drawing,  a  supply  conduit  17  used  to 
maintain  temperature  control  with  liquid  such  as 
cooling  water  etc  is  passed  through  a  shaft  16  of  a 
rotor  15-  The  ends  of  the  supply  conduit  17  are 
connected  with  a  passage  18  provided  along  the 
cylindrical  wall  of  the  rotor  15  and  the  passage  18 
is  also  connected  with  an  overflow  vent  19  pro- 
vided  on  the  outer  circumference  of  the  supply 
conduit  17.  By  this  constitution,  liquid  such  as 
cooling  water  etc  enters  the  passage  18  through 
the  supply  conduit  17  wherein  heat  exchange  op- 
eration  is  performed  through  the  cylindrical  wall, 
and  is  discharged  through  the  overflow  vent  19. 
The  surfaces  of  both  ends  of  the  rotor  15  are 
preferably  designed  with  conical  surfaces  20  so  as 
to  guide  the  mixture  consisting  of  the  material  and 
grinding  medium  to  the  treatment  space. 

In  accordance  with  the  dispensing  and  grinding 
apparatus  of  the  invention,  the  mixture  of  the  grind- 
ing  medium  and  the  material  is  flowed  just  as  in 
tae  flowing  state  of  the  plug  flow  in  the  narrow 
space  provided  between  the  inner  wall  of  the  ves- 
sel  and  the  rotor  by  means  of  the  rotation  of  the 
rotor.and  during  such  flowing  sufficient  shearing 
force  is  applied  to  the  material  by  the  grinding 
medium.  As  the  result  the  mixture  performs  uni- 
form  dispersement  through  the  entire  area  of  the 
vessel  and  particle  size  distribution  of  the  finished 
ground  material  becomes  uniform. 

In  these  embodiments  the  apparatus  of  the 
invention  is  applied  to  the  dispensing  and  grinding 
apparatus,  but  it  is  also  applicable  to  the  wet-type 
grinders,  mixtures  and  other  mixing  and  dispensing 
apparatus. 

Claims 

1.  A  dispersing  and  grinding  apparatus  com- 
prising  of  a  rotor  provided  rotatably  in  a  grinding 
vessel  having  a  narrow  space  between  the  inner 
wail  of  the  grinding  vessel  so  that  the  material  to 
be  treated  together  with  the  grinding  material  may 
be  circulated  therethrough.and  guide  members 
formed  on  the  inner  wall  or  the  rotor  to  control  the 
flow  of  both  the  material  and  medium  so  that  the 
flow  becomes  similar  to  the  plug  flow  state  when 
the  rotor  rotates. 

2.  A  dispersing  and  grinding  apparatus  accord- 
ing  to  claim  1,  wherein  said  vessel  has  a  supply 
inlet  for  the  material  at  one  end  and  a  discharge 
outlet  at  the  other  end;  said  rotor  is  in  cylindrical 
configuration;  said  guide  members  are  formed  on 
the  circumference  surface  of  the  rotor  to  permit  the 
flow  of  the  material  in  axial  direction  of  the  rotor  in 
accordance  with  rotation  of  the  rotor;  said  guide 

members  include  forward  guide  surfaces  which 
give  forward  movement  to  the  material  toward  the 
discharging  outlet  direction  and  backward  guide 
surface  which  give  backward  movement  toward  the 

5  supply  inlet  direction,  and  said  forward  and  back- 
ward  guide  surfaces  are  separately  disposed  in  the 
opposite  state  to  permit  the  flow  of  material  either 
backward  or  forward  direction  toward  the  guide 
surfaces. 

70  3.  A  dispersing  and  grinding  apparatus  accord- 
ing  to  claim  2,  wherein  said  forward  guide  surfaces 
are  disposed  on  circumferential  surface  of  the  rotor 
in  a  spiral  shape,  and  said  backward  guide  sur- 
faces  are  disposed  in  an  opposite  spiral  shape  to 

75  the  forward  guide  surfaces. 
4.  A  dispersing  and  grinding  apparatus  accord- 

ing  to  claim  2  wherein  said  guide  members  are 
cross  sectional  parallelogrammatic  protrusions, 
each  side  surface  of  which  defines  the  forward  or 

20  backward  guide  surface  respectively. 
5.  A  dispersing  and  grinding  apparatus  accord- 

ing  to  claim  4,  wherein  said  guide  members  are 
cross  diamond  shaped  protrusions. 

6.  A  dispersing  and  grinding  apparatus  accord- 
25  ing  to  claim  2  wherein  said  rotor  has  a  passage  in 

which  temperature  control  liquid  flows  along  the 
wall  of  the  rotor. 

7.  A  dispersing  and  grinding  apparatus  accord- 
ing  to  claim  1,  wherein  many  rotors  of  plural  num- 

30  bers  are  disposed  parallel  to  each  other  in  the 
vessel  and  the  wall  of  the  vessel  encircles  the 
rotors  so  as  to  form  the  continuous  grinding  space 
around  the  rotors. 

8.  A  dispersing  and  grinding  apparatus  accord- 
35  ing  to  claim  2,  wherein  the  rotor  is  a  cylindrical 

configuration,  and  both  end  surfaces  of  the  rotor 
are  conical  shape  so  as  to  guide  the  material  and 
medium  toward  the  grinding  space. 

40 
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