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(57)  A  measuring  device  1  determines  the  particle 
size  distribution  of  a  powder  sample  by  measur-  F i e "   1 
ing  the  spatial  intensity  distribution  of  a  laser   ̂ ' 
beam  scattered  and/or  diffracted  by  the  sample. 
The  measurement  is  first  applied  separately  to  . 
two  components  having  particle  size  distribu-   ̂ 2 
tions  Pi  and  P2  and  then  to  a  series  of  mixtures  1  p  p—  ̂ —  ,  — 
containing  known  proportions  of  the  compo-  ^"f"8   ^   Arithmetic   ̂ » nents.  A  first  arithmetic  means  (2)  establishes  1  |  p |   Means 
relations  between  the  mixing  proportion  and  a  j  2 
particular  particle  size  within  the  measured  size 
distribution.  These  relations  (R)  are  stored  in  a 
memory  (3).  When  the  particle  size  distribution  ¥  2nd  p  
P0  of  an  unknown  mixture  is  measured,  the  *~  ^ f ^ u c   *  _  
second  arithmetic  means  (4)  takes  the  particu-   ̂ yU^SEl? 
lar  particle  size  from  the  measured  distribution  i  
and  by  comparison  with  the  stored  relations  Mixing  Proportion 
derives  an  estimated  mixing  proportion. 
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FIELD  OF  THE  INVENTION 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  generally  to  a  sys- 
tem  for  estimating  a  mixing  proportion  of  two  kinds  of 
powdery  solids  (hereinafter  called  "powdery  con- 
tents"  or  "contents")  present  in  the  mixture  thereof. 
More  particularly,  the  present  invention  relates  to  a 
method  and  apparatus  for  estimating  a  mixing  propor- 
tion  of  two  kinds  of  powdery  contents  present  in  the 
mixture  so  as  to  ascertain  if  the  mixture  contains  con- 
tents  in  a  predetermined  proportion. 

By  referring  to  Figure  5,  the  background  will  be 
described: 

Figure  5  shows  an  undersize  distribution  (%)  in 
which  two  kinds  of  powdery  solids  (a)  and  (b)  having 
particle  size  distributions  of  large  difference.  The  size 
distributions  are  depicted  in  dotted  lines  distant  from 
each  other  with  a  flat  portion  (F)  on  the  relative  par- 
ticle  weight  curve  (c).  This  instance  is  advantageous 
in  that  the  flat  portion  (F)  can  be  used  to  estimate  a 
mixing  proportion  of  contents  from  a  relative  particle 
weight  (%)  corresponding  to  the  flat  portion  (F). 

Adisadvantage  is  that  this  method  cannot  be  ap- 
plied  to  a  case  where  the  two  different  contents  have 
particle  size  distributions  which  overlap  each  other  as 
shown  in  Figure  6.  At  present  there  is  no  effective 
method  available  to  estimate  a  mixing  proportion  in 
such  cases. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  is  directed  to  overcome  the 
difficulty  in  estimating  a  proportion  of  powdery  con- 
tents  whose  particle  size  distributions  overlap  each 
other,  and  is  to  provide  a  system  for  estimating  a  mix- 
ing  proportion  of  contents  in  the  mixture  thereof. 

According  to  the  present  invention,  the  method 
includes  the  steps  of  measuring  a  particle  size  distrib- 
ution  of  each  content,  calculating  particle  size  distrib- 
utions  of  a  plurality  of  mixtures  obtained  by  blending 
the  contents  in  various  proportions,  by  referring  to  the 
previously  measured  particle  size  distribution  of  each 
content,  determining  the  relations  between  a  partic- 
ular  particle  sizes  in  the  plurality  of  particle  size  dis- 
tributions  and  a  mixing  proportion,  measuring  a  par- 
ticle  size  distribution  of  a  mixture  blended  with  the 
contents,  finding  the  particular  particle  size  in  the 
previously  calculated  particle  size  distributions  of  the 
mixture,  and  estimating  an  actual  mixing  proportion  of 
the  contents  in  the  mixture  from  the  found  particle 
size  and  the  relations  previously  determined. 

According  to  another  aspect  of  the  present  inven- 
tion,  the  particle  size  distribution  measuring  appara- 
tus  includes  a  first  means  for  measuring  a  particle 
size  distribution  of  each  content,  a  first  arithmetic 
means  for  storing  the  measured  particle  size  distrib- 

ution  of  each  content,  calculating  particle  size  distrib- 
utions  of  a  plurality  of  mixtures  obtained  by  blending 
the  contents  in  various  proportions,  and  determining 
the  relations  between  a  particular  particle  sizes  in  the 

5  plurality  of  particle  size  distributions  and  a  mixing  pro- 
portion,  a  storage  for  storing  the  relations  between  a 
particular  particle  sizes  in  the  plurality  of  particle  size 
distributions  and  a  mixing  proportion;  and  a  second 
arithmetic  means  for  storing  a  particle  size  distribu- 

te  tion  of  a  mixture  blended  with  the  contents  which  is 
measured  by  the  first  measuring  means,  and  deter- 
mining  a  mixing  proportion  of  the  mixture  on  the  basis 
of  the  particular  particle  sizes  and  the  relations  stored 
in  the  storage. 

15 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

This  invention  may  be  better  understood  and  its 
numerous  objects  and  advantages  will  become  appa- 

20  rent  to  those  skilled  in  the  art  by  reference  to  the  ac- 
companying  drawings  as  follows: 

Figure  1  is  a  diagrammatic  view  exemplifying  the 
basic  principle  of  the  present  invention; 
Figure  2  is  a  diagrammatic  view  showing  an  ex- 

25  ample  of  the  apparatus  according  to  the  present 
invention; 
Figure  3  is  a  graph  showing  a  difference  in  the 
particle  size  distributions  of  samples  (A)  and  (B) 
between  before  blending  and  after  blending; 

30  Figure  4  is  a  graph  showing  the  relations  be- 
tween  mixing  proportions  obtained  from  the  par- 
ticle  size  distributions  of  samples  (A)  and  (B)  and 
the  median  diameters  thereof; 
Figure  5  is  a  graph  showing  an  example  of  par- 

35  tide  size  distribution  after  the  powdery  contents 
having  no  overlapping  distributions  are  blended; 
and 
Figure  6  is  a  graph  showing  an  example  of  par- 
ticle  size  distribution  after  the  powders  having 

40  overlapping  distributions  are  blended. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

45  Referring  to  Figure  1,  the  exemplary  measuring 
device  1  includes  a  first  arithmetic  means  2,  a  storage 
3,  and  a  second  arithmetic  means  4.  The  measuring 
device  1  measures  a  particle  size  distribution  of  each 
content.  The  measured  values  and  P2  are  input  to 

so  the  first  arithmetic  means  2.  Several  mixtures  are 
made  by  blending  the  samples  in  various  proportions, 
and  the  particle  size  distributions  of  these  mixtures 
are  calculated.  The  first  arithmetic  means  2  determi- 
nes  relations  a  particular  particle  size  in  the  calculat- 

55  ed  particle  size  distributions  and  a  mixing  proportion. 
The  storage  3  stores  the  relations  determined  in  this 
way.  The  measuring  device  1  measures  a  particle 
size  distribution  of  each  mixture  containing  contents 
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in  an  unknown  proportion.  The  measured  values  P0 
are  input  to  the  second  arithmetic  means  4  which 
seeks  the  particular  particle  size  in  the  measured  val- 
ues  P0  and  calculates  a  mixing  proportion  of  the  mix- 
ture  by  reference  to  the  relations  stored  in  the  storage 
3. 

Referring  to  Figure  2,  the  measuring  device  1  is 
based  on  the  diffraction/scattering  theory.  Powdery 
contents  in  homogeneous  dispersion  in  a  medium  are 
caused  toflowthrough  a  flow  cell  11  inadirection  per- 
pendicular  to  the  paper.  The  powdery  solids  in  the 
flow  cell  11  are  irradiated  with  laser  light  in  parallel 
generated  by  a  laser  12,  and  are  forced  to  have  a  pre- 
determined  cross-sectional  area  through  a  beam 
forming  system  13. 

A  condenser  lens  14  is  disposed  on  the  opposite 
side  to  the  laser  12  with  the  flow  cell  11  being  inter- 
posed  therebetween  and  a  ring  detector  15  is  dis- 
posed  on  the  focal  surface  of  the  condenser  lens  14. 
An  image  of  the  powdery  contents  is  formed  on  a  light 
receptive  surfaces  of  the  ring  detector  15  by  diffrac- 
tion  or  diffraction  and  scattering. 

The  ring  detector  1  5  includes  a  plurality  of  photo- 
sensors  each  having  ring-shaped  light  receptive  sur- 
faces  on  a  substrate,  the  photo-sensors  being  ar- 
ranged  concentric  with  the  optical  axis  of  the  laser 
light.  A  spatial  intensity  distribution  is  obtained  from 
the  varying  outputs  of  the  photo-sensors.  The  outputs 
of  the  photosensors  are  amplified  by  respective  am- 
plifiers  16,  and  are  digitized  by  an  A/D  converter  for 
storing  in  a  computer  19. 

Another  photo-sensor  20  is  provided  adjacent  to 
the  flow  cell  11  so  as  to  measure  light  scattering  side- 
ways  at  relatively  large  angles  from  the  powders 
therein.  The  output  of  the  photo-sensor  20  is  also  am- 
plified  by  the  amplifier  16,  and  digitized  by  the  A/D 
converter  18  through  a  multiplexor  17.  Finally  the 
computer  19  stores  the  digitized  data  in  its  storage. 

The  computer  19  obtains  data  on  a  spatial  inten- 
sity  distribution  of  laser  light  with  which  the  contents 
are  irradiated,  the  laser  light  being  subjected  to  dif- 
fraction  and  scattering  due  to  the  presence  of  powd- 
ery  solids.  The  computer  19  includes  a  first  program 
whereby  the  data  obtained  are  converted  into  a  par- 
ticle  size  distribution  of  the  powders  by  a  known  ar- 
ithmetic  method  on  the  basis  of  the  Fraunhofer's  dif- 
fraction  theory  or  the  Mie  light  scattering  theory. 

In  addition  to  the  first  program,  the  computer  19 
contains  a  second  program  whereby  a  mixing  propor- 
tion  is  arithmetically  estimated: 

The  second  program  contains  (1)  a  preparatory 
routine  which  determines  relations  between  a  propor- 
tion  of  contents  in  a  mixture  and  a  particular  reference 
such  as  a  median  diameter,  and  (2)  an  estimation  rou- 
tine  which  calculates  a  mixing  proportion  in  a  mixture. 
An  operator  selects  one  after  another. 

In  operation,  the  operator  prepares  two  kinds  of 
powdery  solids  to  be  blended,  hereinafter  referred  to 

as  "sample  (A)"  and  "sample  (B)",  and  selects  the  pre- 
paratory  routine  in  which  samples  (A)  and  (B)  are  sep- 
arately  introduced  into  the  flow  cell  11  so  as  to  meas- 
ure  the  particle  size  distribution  independently.  The 

5  computer  1  9  stores  each  data  in  the  storage. 
Then  the  computer  19  calculates  a  particle  size 

distribution  of  a  mixture  of  sample  (A)  and  (B)  on  the 
basis  of  the  stored  data  on  the  particle  size  distribu- 
tions  of  the  samples.  When  the  particle  size  distribu- 

te  tion  of  each  sample  is  generally  known  in  the  art,  it  is 
easy  to  calculate  a  particle  size  distribution  of  the  mix- 
ture  by  weighted  addition,  that  is,  by  totalling  the  par- 
ticle  size  distributions  of  the  samples  with  the  addition 
of  a  weight  in  terms  of  the  proportion  of  each  sample 

15  in  the  mixture.  As  is  evident  from  Figure  3,  when  sam- 
ples  (A)  and  (B)  are  blended  in  the  proportion  of  1  to 
1,  which  means  that  the  proportion  of  sample  (A)  is 
50%.  Hereinafter,  this  percentage  will  be  referred  to 
as  "mixing  proportion".  In  Figure  3,  the  particle  size 

20  distribution  of  the  mixture  is  indicated  by  the  full  line. 
Then  the  computer  19  determines  median  diameters 
(x)  from  the  particle  size  distribution  of  the  mixture, 
and  also  determines  relations  between  the  median 
diameters  (x)  and  the  mixing  proportions  (y).  The  re- 

25  lations  are  depicted  in  graph  in  Figure  4,  and  the  com- 
puter  1  9  stores  this  relations  in  terms  of  the  following 
equation: 

y  =  ax3  +  bx2  +  cx  +  d  (1) 
In  this  way  the  preparatory  routine  is  finished. 

30  Then  the  estimation  routine  is  selected.  Samples 
(A)  and  (B)  are  blended,  and  the  mixture  is  introduced 
into  the  flow  cell  11.  At  this  stage  the  proportion  of 
samples  (A)  and  (B)  in  the  mixture  is  unknown.  The 
estimation  routine  measures  a  spatial  intensity  dis- 

35  tribution  of  laser  light  with  which  the  contents  in  the 
flow  cell  11  are  irradiated.  The  laser  light  is  subjected 
to  d  iffraction/scattering  due  to  the  presence  of  the 
powdery  solids,  and  after  the  measured  spatial  inten- 
sity  distribution  is  converted  into  a  particle  size  dis- 

40  tribution,  a  median  diameter  (x)  of  the  particle  size 
distribution  is  taken  and  put  in  the  equation  (1)  stored 
in  the  computer  19.  Thus  the  proportion  (y)  of  sam- 
ples  (A)  and  (B)  is  obtained. 

The  estimated  proportion  (y)  of  samples  (A)  and 
45  (B)  exhibits  a  reliable  figure  as  long  as  the  measure- 

ment  of  the  size  distribution  of  the  mixture  are  correct, 
and  the  mixing  proportion  can  be  estimated  whether 
the  size  distributions  of  samples  (A)  and  (B)  may 
overlap  or  not. 

so  The  present  invention  is  not  limited  to  the  exem- 
plary  embodiment  but  for  example  the  median  diam- 
eter  used  in  each  routine  may  be  replaced  by  an  aver- 
age  diameter  or  by  a  particular  particle  diameter.  Pre- 
ferably,  the  median  diameter  or  the  average  diameter 

55  is  used  as  a  parameter,  because  these  are  free  from 
an  error  in  measuring  the  size  distribution. 

In  storing  the  relations  between  the  particle  di- 
ameters  (x)  (preferably,  a  median  diameter  or  an  aver- 
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age  diameter)  and  the  mixing  proportions  (y),  it  is  not 
always  necessary  to  use  the  equation  (1)  but  it  can  be 
stored  as  a  table  to  which  a  suitable  value  such  as  me- 
dian  diameter  in  the  size  distribution  of  a  mixture  is 
applied. 

The  apparatus  according  to  the  present  invention 
does  not  necessarily  require  that  it  incorporates  a 
computer.  Instead,  manual  input  is  possible  by  use  of 
a  key  board  through  which  the  size  distribution  data 
are  input  to  a  separate  computer,  and  the  same  arith- 
metic  operation  is  performed  as  in  the  example  de- 
scribed  above,  so  as  to  obtain  data  on  the  relations 
between  the  mixing  proportions  and  the  median  di- 
ameters.  It  is  also  possible  to  calculate  a  median  di- 
ameter  on  paper  by  reference  to  the  size  distribution 
of  the  mixture  previously  measured,  and  to  estimate 
a  mixing  proportion  on  the  basis  of  these  data  includ- 
ing  the  relations  obtained  by  arithmetic  operation. 

Claims 

1.  A  method  for  estimating  a  mixing  proportion  of 
two  kinds  of  powdery  contents  blended  in  a  mix- 
ture,  the  method  comprising  the  steps  of: 

measuring  a  particle  size  distribution  of 
each  content; 

calculating  particle  size  distributions  of  a 
plurality  of  mixtures  obtained  by  blending  the 
contents  in  various  proportions,  by  referring  to 
the  previously  measured  particle  size  distribution 
of  each  content; 

determining  the  relations  between  a  par- 
ticular  particle  sizes  in  the  plurality  of  particle 
size  distributions  and  a  mixing  proportion; 

measuring  a  particle  size  distribution  of  a 
mixture  blended  with  the  contents; 

finding  the  particular  particle  size  in  the 
previously  calculated  particle  size  distributions  of 
the  mixture;  and 

estimating  an  actual  mixing  proportion  of 
the  contents  in  the  mixture  from  the  found  partic- 
le  size  and  the  relations  previously  determined. 

2.  The  method  according  to  claim  1,  wherein  the 
particular  particle  size  is  a  median  diameter. 

3.  The  method  according  to  claim  1,  wherein  the 
particular  particle  size  is  an  average  diameter. 

4.  The  method  according  to  claim  1  ,  wherein  the  re- 
lations  between  a  particular  particle  sizes  in  the 
plurality  of  particle  size  distributions  and  a  mixing 
proportion  is  expressed  by: 

y  =  ax3  +  bx2  +  cx  +  d 
where  y  is  an  estimated  mixing  proportion  and  x 
is  the  particular  particle  size. 

5.  An  apparatus  for  estimating  a  mixing  proportion 
of  two  kinds  of  powdery  contents  blended  in  a 
mixture,  the  apparatus  comprising: 

a  first  means  for  measuring  a  particle  size 
5  distribution  of  each  content; 

a  first  arithmetic  means  for  storing  the 
measured  particle  size  distribution  of  each  con- 
tent,  calculating  particle  size  distributions  of  a 
plurality  of  mixtures  obtained  by  blending  the 

10  contents  in  various  proportions,  and  determining 
the  relations  between  a  particular  particle  sizes 
in  the  plurality  of  particle  size  distributions  and  a 
mixing  proportion; 

a  storage  for  storing  the  relations  between 
15  a  particular  particle  sizes  in  the  plurality  of  par- 

ticle  size  distributions  and  a  mixing  proportion; 
and 

a  second  arithmetic  means  for  storing  a 
particle  size  distribution  of  a  mixture  blended  with 

20  the  contents  which  is  measured  by  the  first  meas- 
uring  means,  and  determining  a  mixing  propor- 
tion  of  the  mixture  on  the  basis  of  the  particular 
particle  sizes  and  the  relations  stored  in  the  stor- 
age. 

25 
6.  The  apparatus  according  to  claim  5,  wherein  the 

first  means  comprises  an  optical  system  for  irra- 
diating  the  contents  afloat  in  dispersion  with  laser 
light,  and  measuring  a  spatial  intensity  distribu- 

30  tions  of  the  laser  light  which  diffracts  and  scatters 
owing  to  the  powdery  contents,  and  an  arithmetic 
means  for  converting  the  spatial  intensity  distrib- 
ution  into  a  particle  size  distribution  of  the  con- 
tents. 

35 
7.  An  apparatus  for  estimating  the  proportions  of 

the  two  components  in  a  mixture  of  powders  com- 
prising  a  measuring  device  for  determining  the 
particle  size  distribution  of  a  powder  sample,  a 

40  first  arithmetic  means  for  determining  relations 
between  the  mixing  proportion  and  a  selected 
particle  size  characteristic  of  the  size  distribution, 
the  first  arithmetic  means  being  connected  to  re- 
ceive  from  the  measuring  device  in  succession 

45  the  particle  size  distributions  for  each  component 
and  for  a  series  of  known  mixtures  of  the  compo- 
nents,  a  memory  for  storing  the  relations  deter- 
mined  by  the  first  arithmetic  means,  and  second 
arithmetic  means  connected  to  receive  from  the 

so  measuring  means  the  particle  size  distribution  of 
an  unknown  sample  and  by  comparison  of  the  se- 
lected  particle  size  of  the  unknown  sample  with 
the  stored  relations  to  estimate  the  mixing  pro- 
portion  of  the  sample. 

55 
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