
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  5 3 0   5 5 6   A 1  

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  92113777.4 

@  Date  of  filing:  12.08.92 

int.  ci.5:  B01  F  5 / 2 4  

©  Priority:  12.08.91  US  744623 

@  Date  of  publication  of  application: 
10.03.93  Bulletin  93/10 

©  Designated  Contracting  States: 
BE  DE  ES  FR  GB  IT  NL 

©  Applicant:  PHILLIPS  PETROLEUM  COMPANY 
5th  and  Keeler 
Bartlesville  Oklahoma  74004(US) 

@  Inventor:  Lynn,  James  R. 
1500  Saddle  Lane 

Bartlesville,  OK  74006(US) 
Inventor:  Fons,  Gerrit 
420  Zuiddik 
Zaandam(NL) 

©  Representative:  Geissler,  Bernhard,  Dr.jur., 
Dipl.-Phys.  et  al 
Patent-  u.  Rechtsanwalte  Bardehle 
-Pagenberg-Dost-Altenburg 
-Frohwitter-Geissler  &  Partner  Postfach  86  06 
20  Galileiplatz  1 
W-8000  Munchen  80  (DE) 

©  Method  and  apparatus  for  blending  solids  or  the  like. 
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©  Particulate  materials  are  blended  in  a  vessel 
(10)  provided  with  a  single  vertically  extending  mix- 
ing  tube  (26)  therein.  The  vessel  comprises  a  down- 
wardly  converging  frustoconically-shaped  bottom 
wall  (16)  which  defines  the  lower  region  of  the  ves- 
sel.  The  mixing  tube  is  provided  with  one  or  more 
longitudinally  extending  divider  plate  (36)  which  di- 
vide  the  mixing  tube  into  a  plurality  of  longitudinally 
extending  compartments.  The  mixing  tube  is  pro- 
vided  with  a  plurality  of  openings  (44)  which  provide 
direct  fluid  flow  communication  with  the  interior  of 
the  vessel  and  the  longitudinally  extending  compart- 
ments.  The  lower  ends  of  the  mixing  tube  and  the 
compartments  therein  extend  through  the  bottom 
wall  of  the  vessel.  Methods  of  blending  solids  using 
the  described  apparatus  and  methods  of  construct- 
ing  the  described  apparatus  are  also  disclosed. 

FIG.  I 
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This  invention  relates  to  blending.  In  another 
aspect,  the  invention  relates  to  a  novel  apparatus 
and  method  for  blending  of  particulate  materials. 

It  is  often  necessary  to  blend  or  homogenize 
truck-size,  hopper  car-size,  or  larger  batches  or 
quantities  of  particulate  materials  or  solids  in  order 
to  produce  uniform  mixtures.  In  the  plastics  in- 
dustry,  for  example,  slight  variations  in  properties 
of  polymers  may  occur  in  different  production  runs. 
Blending  of  the  pellets  made  in  such  runs  is  impor- 
tant  to  insure  products  of  uniform  quality.  Efficient 
blending  of  particulate  materials  can  be  accom- 
plished  by  the  use  of  apparatus  which  comprises  a 
vessel  having  a  plurality  of  vertically  extending 
tubes  therein.  The  solids  to  be  blended  are  posi- 
tioned  within  the  vessel  surrounding  the  tubes.  The 
tubes  are  provided  with  openings  through  which 
the  particles  enter  the  tubes  to  flow  by  gravity 
downwardly  through  the  tubes  to  a  common  collec- 
tion  zone. 

While  a  blending  apparatus  of  the  general  type 
disclosed  above  has  been  found  to  be  quite  effec- 
tive,  it  has  been  found  to  be  desirable  to  obtain  an 
improved  apparatus  for  sampling  and  blending  of 
particulate  materials  or  solids  that  can  more  easily 
be  fabricated  in  the  field. 

In  accordance  with  the  present  invention,  an 
improved  blender  apparatus  of  the  general  type 
described  above  is  provided.  A  preferred  embodi- 
ment  of  the  blender  apparatus  of  the  present  inven- 
tion  employs  a  blender  vessel  having  an  outer 
storage  chamber  and  a  single  inner  mixing  tube 
wherein  the  inner  mixing  tube  comprises  a  tube 
extending  generally  parallel  to  the  vertical  axis  of 
the  vessel  and  wherein  the  tube  is  divided  into  a 
plurality  of  separate  compartments  by  an  inner 
divider  means  and  wherein  the  tube  is  provided 
with  a  plurality  of  openings  so  that  each  compart- 
ment  is  in  direct  fluid  flow  communication  with  the 
outer  storage  chamber  by  way  of  at  least  one  of 
the  openings. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  improved  blender  apparatus  for  blending  par- 
ticulate  materials  or  solids. 

It  is  another  object  of  the  invention  to  provide 
an  improved  method  of  blending  particulate  materi- 
als  or  solids. 

It  is  another  object  of  the  invention  to  provide 
an  improved  blender  apparatus  that  can  be  easily 
and  economically  fabricated  in  the  field. 

It  is  yet  another  object  of  the  present  invention 
to  provide  an  improved  blender  apparatus  that  has 
no  need  for  internal  supports  in  order  to  prevent 
structural  failure. 

It  is  a  further  object  of  the  present  invention  to 
provide  an  improved  blender  apparatus  that  can  be 
easily  cleaned  and  inspected  for  obstruction. 

It  is  still  another  object  of  the  present  invention 
to  provide  an  improved  method  and  apparatus  for 
blending  particulate  materials  or  solids  which  meth- 
od  and  apparatus  are  reliable  and  economical  in 

5  operation. 
Other  aspects,  advantages,  and  objects  of  the 

present  invention  will  become  readily  apparent  to 
those  skilled  in  the  art  upon  further  study  of  the 
instant  specification,  claims  and  drawings  in  which: 

io  Figure  1  is  a  side  elevation  view  of  one  embodi- 
ment  of  the  present  invention  with  portions 
thereof  broken  away  to  illustrate  the  lower  por- 
tion  of  the  blender  in  vertical  cross-section; 
Figure  2  is  a  horizontal  cross-section  view  taken 

75  along  line  2-2  of  Figure  1; 
Figure  3  is  an  enlarged  horizontal  cross-section 
view  taken  along  line  3-3  of  Figure  1  ; 
Figure  4  is  an  enlarged  horizontal  cross-section 
view  taken  along  line  4-4  of  Figure  1  . 

20  Figure  5  is  an  enlarged  partial  horizontal  cross- 
section  view  illustrating  one  of  the  four  baffles  of 
Figure  4. 
Figure  6  is  an  enlarged  horizontal  cross-section 
view  taken  along  line  6-6  of  Figure  1  . 

25  Figure  7  is  an  enlarged  side  elevation  view  of 
the  lower  portion  of  the  embodiment  of  Figure  1 
with  the  front  half  of  the  vessel  removed  in  order 
to  clearly  illustrate  the  baffle  arrangement. 

Referring  now  to  the  drawings,  and  to  Figures 
30  1  and  2  in  particular,  there  is  illustrated  therein  an 

upright,  generally  cylindrical  vessel  10  comprising 
a  generally  cylindrical  side-wall  12,  a  top  closure 
14,  and  a  downwardly  converging,  generally 
frustoconically  shaped  bottom  wall  or  closure  16. 

35  The  length  to  diameter  ratio  of  the  cylindrical  ves- 
sel  10  is  generally  in  the  range  from  about  1.5:1  to 
about  3.5:1.  The  top  closure  14  is  provided  with  a 
solids  inlet  or  filling  port  18  and  a  vent  20.  The  top 
closure  14  is  provided  with  a  first  opening  22,  and 

40  the  bottom  wall  or  closure  16  is  provided  with  a 
second  opening  24.  A  single  mixing  tube  26  having 
a  first  end  28  and  a  second  end  30  is  positioned 
with  the  first  end  28  above  the  top  closure  14  and 
the  mixing  tube  26  passing  through  the  first  open- 

45  ing  22  which  opening  22  is  suitably  sealingly  en- 
gaged  with  the  outer  surface  of  the  mixing  tube  26. 
The  mixing  tube  26  extends  downwardly  through 
the  vessel  10  and  through  the  second  opening  24 
in  the  bottom  wall  16,  which  opening  24  is  suitably 

50  sealingly  engaged  with  the  outer  surface  of  the 
mixing  tube  26.  The  second  end  30  of  the  mixing 
tube  26  is  positioned  beneath  the  bottom  wall  or 
closure  16  of  the  vessel  10. 

The  interior  of  the  mixing  tube  26  is  provided 
55  with  a  longitudinally  extending  divider  means  for 

dividing  the  mixing  tube  into  a  plurality  of  longitudi- 
nally  extending  compartments.  Preferably,  the  di- 
vider  means  divides  the  mixing  tube  into  from 

2 



3 EP  0  530  556  A1 4 

about  4  to  about  36  longitudinally  extending  com- 
partments.  More  preferably,  the  divider  means  di- 
vides  the  mixing  tube  into  from  about  10  to  about 
30  longitudinally  extending  compartments.  The 
mixing  tube  26  is  provided  with  a  plurality  of  open- 
ings  so  as  to  provide  direct  fluid  flow  communica- 
tion  between  the  annular  space  between  the  inte- 
rior  of  the  vessel  10  and  the  exterior  of  the  mixing 
tube  26  and  the  plurality  of  longitudinally  extending 
compartments  of  the  mixing  tube  26.  The  ratio  of 
the  diameter  of  the  cylindrical  vessel  10  to  the 
diameter  of  the  mixing  tube  26  is  generally  in  the 
range  of  from  about  5:1  to  about  15:1. 

A  preferred  embodiment  of  the  mixing  tube  26 
is  illustrated  in  Figure  3.  In  the  preferred  embodi- 
ment,  the  mixing  tube  26  comprises  an  outer  tube 
32  and  an  inner  tube  34.  The  inner  tube  34  is 
concentrically  positioned  within  the  outer  tube  32  to 
thereby  form  an  annular  space  therebetween.  A 
plurality  of  longitudinally  extending  divider  plates 
36  are  positioned  within  the  annular  space  between 
the  inner  tube  34  and  the  outer  tube  32.  Each 
divider  plate  36  has  a  first  edge  38  that  is  posi- 
tioned  in  direct  contact  with  the  outer  wall  of  the 
inner  tube  34,  and  a  second  edge  40  that  is  posi- 
tioned  in  direct  contact  with  the  inner  wall  of  the 
outer  tube  32.  Each  divider  plate  36  extends  at 
least  substantially  the  full  length  of  the  inner  tube 
34,  thereby  dividing  the  annular  space  between  the 
inner  tube  34  and  the  outer  tube  32  into  a  plurality, 
preferably  from  about  4  to  about  36,  of  longitudi- 
nally  extending  compartments  42.  Preferably,  the 
longitudinally  extending  compartments  42  each 
have  approximately  the  same  cross-sectional  area. 

The  outer  tube  32  of  the  mixing  tube  26  is 
provided  with  a  plurality  of  openings  44.  The  open- 
ings  44  are  positioned  at  varying  elevations  on  the 
mixing  tube  26  between  the  top  closure  14  and  the 
bottom  wall  or  closure  16  of  the  vessel  10.  The 
openings  44  are  positioned  around  the  circum- 
ference  of  the  mixing  tube  26  so  that  each  longitu- 
dinally  extending  compartment  42  is  in  direct  fluid 
flow  communication  with  the  annular  space  be- 
tween  the  interior  of  the  vessel  10  and  the  exterior 
of  the  outer  tube  32  by  means  of  at  least  one 
opening  44.  The  openings  44  can  be  of  any  suit- 
able  size  and  shape  that  will  allow  the  free  flow  of 
particulate  materials  or  solids  from  the  interior  of 
the  vessel  10  into  the  longitudinally  extending  com- 
partments  42.  Preferably,  the  openings  44  have  a 
sufficiently  narrow  dimension  in  the  horizontal  di- 
rection  that  each  opening  44  provides  direct  fluid 
flow  communication  from  the  interior  of  the  vessel 
10  to  only  one  of  the  longitudinally  extending  com- 
partments  42.  Preferably,  the  openings  44  are  elon- 
gated  so  as  to  have  a  greater  length  in  the  vertical 
direction  than  the  length  in  the  horizontal  direction 
so  as  to  allow  a  maximum  flow  rate  from  the 

interior  of  the  vessel  10  to  the  longitudinally  ex- 
tending  compartments  42  without  allowing  flow 
from  the  interior  of  the  vessel  10  to  more  than  one 
longitudinally  extending  compartment  42  through 

5  any  one  opening  44. 
In  a  preferred  embodiment  of  the  invention,  for 

every  opening  44  positioned  at  a  particular  eleva- 
tion  there  exists  a  second  opening  44  at  approxi- 
mately  the  same  elevation  positioned  at  the  op- 

io  posite  side  of  the  outer  tube  32  as  illustrated  in 
Figure  3.  The  purpose  of  the  second  opening  44  is 
to  eliminate  the  pressure  buildup  against  the  outer 
tube  32  that  is  created  by  the  flow  of  material 
toward  the  first  opening  44.  It  is  not  necessary  for 

is  each  opening  44  to  have  a  diametrically  opposed 
second  opening  44  at  approximately  the  same  ele- 
vation;  however,  by  positioning  a  plurality  of  dia- 
metrically  opposed  openings  44  at  various  eleva- 
tions  along  the  outer  tube  32,  the  external  pressure 

20  upon  the  outer  tube  32  created  by  the  flow  of 
material  will  be  balanced,  thereby  eliminating  the 
need  for  external  tube  supports  that  may  obstruct 
the  flow  of  material  inside  the  vessel  10. 

At  least  one  bottom  opening  45  in  the  outer 
25  tube  32  is  positioned  in  contact  with  the  edge  or 

line  of  intersection  along  which  the  mixing  tube  26 
contacts  or  intersects  the  inner  surface  of  the  bot- 
tom  wall  or  closure  16  of  the  vessel  10.  Preferably, 
a  plurality  of  bottom  openings  45  in  the  outer  tube 

30  32  are  positioned  in  evenly  circumferentially  space 
relation  around  the  outer  tube  32  in  contact  with 
the  edge  or  line  of  intersection  along  which  the 
mixing  tube  26  contacts  or  intersects  the  inner 
surface  of  the  bottom  wall  or  closure  16  of  the 

35  vessel  10.  In  the  preferred  embodiment  illustrated 
in  Figure  6,  four  bottom  openings  45  are  positioned 
in  evenly  circumferentially  space  relation  around 
the  outer  tube  32  in  contact  with  the  edge  or  line  of 
intersection  along  which  the  mixing  tube  26  con- 

40  tacts  or  intersects  the  inner  surface  of  the  bottom 
wall  or  closure  16  of  the  vessel  10. 

At  least  one  baffle  46  is  positioned  in  contact 
with  the  bottom  wall  or  closure  16  of  the  vessel  10 
so  as  to  direct  particulate  materials  or  solids  toward 

45  the  bottom  openings  45  that  exist  in  contact  with 
the  edge  or  line  of  intersection  that  exists  between 
the  mixing  tube  26  and  the  inner  surface  of  the 
bottom  wall  or  closure  16  of  the  vessel  10. 

The  Figures  4  and  7  illustrate  a  vessel  10 
50  which  is  provided  with  four  separate  baffles  46  in 

contact  with  the  bottom  wall  or  closure  16  of  the 
vessel  10.  The  baffles  46  are  equally  circumferen- 
tially  spaced  around  the  mixing  tube  26  so  as  to 
direct  flow  of  particulate  materials  or  solids  to  four 

55  equally  spaced  locations  along  the  edge  or  line  of 
intersection  along  which  the  mixing  tube  26  inter- 
sects  the  inner  surface  of  the  bottom  wall  or  clo- 
sure  16  of  the  vessel  10. 

3 
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As  shown  in  Figures  5  and  7,  each  baffle  46 
comprises  a  first  side  48  and  a  second  side  50. 
The  first  side  48  and  the  second  side  50  have  a 
common  first  edge  52  so  that  the  first  side  48  and 
second  50  form  an  acute  angle.  The  first  edge  52 
has  a  first  end  54  in  contact  with  the  outer  tube  32 
and  a  second  end  56  in  contact  with  the  bottom 
wall  or  closure  16  of  the  vessel  10.  The  first  side 
48  of  the  baffle  46  has  a  second  edge  58  which 
extends  from  the  second  end  56  of  the  first  edge 
52  along  the  bottom  wall  or  closure  16  of  the 
vessel  10  to  a  point  at  the  junction  of  the  bottom 
wall  or  closure  16  and  the  outer  tube  32.  The  first 
side  48  of  the  baffle  46  has  a  third  edge  60  that 
extends  from  the  first  end  54  of  the  first  edge  52 
along  the  outer  tube  32  to  the  point  at  which  the 
second  edge  58  intersects  the  junction  of  the  outer 
tube  32  and  the  bottom  wall  or  closure  16  of  the 
vessel  10. 

The  second  side  50  of  the  baffle  46  has  a 
second  edge  62  which  extends  from  the  second 
end  56  of  the  first  edge  52  along  the  bottom  wall  or 
closure  16  of  the  vessel  10  to  a  point  at  the 
junction  of  the  bottom  wall  or  closure  16  and  the 
outer  tube  32.  The  second  side  50  of  the  baffle  46 
has  a  third  edge  64  that  extends  from  the  first  end 
54  of  the  first  edge  52  along  the  outer  tube  32  to 
the  point  at  which  the  second  edge  62  intersects 
the  junction  of  the  outer  tube  32  and  the  bottom 
wall  of  closure  16  of  the  vessel  10. 

As  illustrated  in  Figure  1,  the  vessel  10  can  be 
filled  with  particulate  materials  or  solids  to  be 
blended  by  means  of  a  conduit  70  which  commu- 
nicates  with  the  solids  inlet  18.  A  conduit  72,  hav- 
ing  control  means  such  as  a  rotary  star  valve  74 
interposed  therein,  is  connected  to  the  second  end 
30  of  the  mixing  tube  26  to  withdraw  blended 
particulate  materials  or  solids.  Conduit  72  is  con- 
nected  to  a  withdrawal  conduit  76  in  which  a  valve 
78  is  interposed.  In  some  operations  it  may  be 
desirable  to  recycle  blended  particulate  materials 
or  solids  from  the  conduit  72  back  to  the  upper 
region  of  the  vessel  10.  This  can  be  accomplished 
by  means  of  a  conduit  80,  having  a  valve  82 
interposed  therein,  which  extends  from  conduit  72 
to  the  solids  inlet  18.  A  conduit  84,  having  a  valve 
86  interposed  therein,  extends  from  a  source  of 
pneumatic  pressure,  not  shown,  to  the  inlet  of 
conduit  80.  The  blended  particulate  materials  or 
solids  can  thus  be  elevated  and  reintroduced  into 
the  vessel  10  via  conduit  80  by  means  of  pressur- 
ized  air  from  the  source  of  pneumatic  pressure. 
The  vent  20  permits  the  transport  air  entering  the 
conduit  80  to  be  exhausted  from  the  vessel  10. 

In  a  first  method  of  operation  in  accordance 
with  this  invention,  the  rotation  of  valve  74  is  stop- 
ped  to  block  flow  through  the  valve  74  and  the 
vessel  10  is  filled  with  particulate  materials  or 

solids  to  be  blended  via  the  conduit  70.  The  valve 
74  is  then  rotated  to  allow  flow  therethrough  and 
the  valve  78  is  opened  to  permit  the  particulate 
materials  or  solids  to  drain  by  gravity  from  the 

5  vessel  10  through  the  mixing  tube  26  to  the  with- 
drawal  conduit  76.  Valve  86  is  closed  at  this  time 
so  that  no  particulate  materials  or  solids  are  re- 
cycled.  In  another  method  of  operation  of  this  in- 
vention,  the  vessel  10  can  be  operated  in  the  same 

io  manner  except  that  blending  is  accomplished  con- 
tinuously  with  particulate  materials  or  solids  to  be 
blended  being  introduced  through  the  solids  inlet 
18  and  withdrawn  through  the  conduit  72  at  the 
same  time.  In  still  another  method  of  operation,  a 

is  part  or  all  of  the  blended  particulate  materials  or 
solids  can  be  recycled  through  conduit  80  back  to 
the  solids  inlet  18  for  further  blending. 

It  is  presently  preferred  to  assemble  the  vessel 
10  illustrated  in  Figure  1  in  the  following  manner. 

20  Initially,  the  mixing  tube  26,  as  shown  in  Figure  3, 
is  formed.  The  outer  tube  32,  inner  tube  34  and 
divider  plates  36  are  each  formed  separately  by 
any  suitable  means,  such  as  extrusion.  The  first 
end  38  of  each  divider  plate  36  is  fixedly  secured 

25  to  the  outer  surface  of  the  inner  tube  34  by  any 
suitable  means,  such  as  welding,  in  order  to  form 
an  inner  baffle  means.  Welding  is  defined  for  the 
purposes  of  this  application  to  mean  the  localized 
coalescencing  of  metal  wherein  coalescencing  is 

30  produced  by  heating  to  suitable  temperatures,  with 
or  without  the  application  of  pressure,  and  with  or 
without  the  use  of  filler  metal.  Alternatively,  the 
inner  tube  34  and  the  divider  plates  36  can  be 
formed  as  one  single  member  by  any  suitable 

35  means,  such  as  extrusion.  The  inner  baffle  means 
formed  by  the  combination  of  the  inner  tube  34 
and  the  divider  plates  36  is  suspended  over  the 
outer  tube  32  in  axial  alignment  with  the  outer  tube 
32.  At  least  one  of  the  inner  baffle  means  and  the 

40  outer  tube  32  is  moved  in  a  direction  toward  the 
other.  Preferably,  the  inner  baffle  means  is  lowered 
into  the  outer  tube  32  so  that  the  inner  surface  of 
the  outer  tube  32  is  sealingly  engaged  with  the 
second  end  40  of  each  divider  plate  36.  A  plurality 

45  of  openings  44  are  cut  into  the  outer  tube  32  by 
any  suitable  means  at  varying  elevations  on  the 
outer  tube  32  positioned  around  the  circumference 
of  the  outer  tube  32  so  that  each  longitudinally 
extending  compartment  42  that  exists  between  the 

50  inner  baffle  means  and  the  outer  tube  32  is  in 
direct  fluid  flow  communication  with  the  exterior  of 
the  outer  tube  32  by  means  of  at  least  one  opening 
44. 

The  mixing  tube  26  is  then  axially  aligned  with 
55  the  vessel  10.  The  first  end  28  of  the  mixing  tube 

26  is  then  inserted  through  the  second  opening  24 
in  the  bottom  wall  16  of  the  vessel  10,  then  passed 
upwardly  through  the  entire  length  of  the  vessel  10. 

4 
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The  outer  surface  of  the  mixing  tube  26  is  fixedly 
secured  to  the  inner  surface  of  the  bottom  wall  16 
of  the  vessel  10  by  any  suitable  means,  such  as 
welding. 

The  baffles  46  are  then  fixedly  secured  be- 
tween  the  mixing  tube  26  and  the  bottom  wall  16  of 
the  vessel  10.  The  second  edge  58  of  the  first  side 
48  and  the  second  edge  62  of  the  second  side  50 
of  each  baffle  46  are  secured  to  the  bottom  wall  16 
of  the  vessel  10  by  any  suitable  means,  such  as 
welding.  The  third  edge  60  of  the  first  side  48  and 
the  third  edge  64  of  the  second  side  50  of  the 
baffles  46  are  secured  to  the  outer  surface  of  the 
mixing  tube  26  by  any  suitable  means,  such  as 
welding.  After  the  mixing  tube  26  is  fixedly  secured 
to  the  bottom  wall  16  of  the  vessel  10  and  the 
baffles  46  are  fixedly  secured  between  the  mixing 
tube  26  and  the  bottom  wall  16  of  the  vessel  10, 
the  top  closure  14  is  fixedly  secured  to  the  side 
wall  12  of  the  vessel  10  with  the  mixing  tube  26 
passing  through  the  first  opening  22  in  the  top 
closure  14  so  that  the  mixing  tube  26  is  sealingly 
engaged  with  the  top  closure  14,  and  assembly  of 
the  blending  apparatus  is  complete. 

It  should  be  noted  that  a  significant  feature  of 
the  apparatus  of  the  present  invention  is  that  all 
particulate  material  flows  through  a  single  mixing 
tube  26.  With  only  a  single  mixing  tube  26  to  be 
positioned  within  the  vessel  10,  the  apparatus  is 
more  easily  fabricated  in  the  field.  Additionally, 
each  longitudinally  extending  compartment  42  of 
the  mixing  tube  26  is  essentially  straight.  Thus,  the 
particulate  materials  are  neither  subjected  to  an- 
gular  flow  within  the  longitudinally  extending  com- 
partments  42  nor  potential  material  retention  at 
angular  welds,  which  provides  greater  assurance  of 
equal  flow  from  each  longitudinally  extending  com- 
partment  42.  Additionally,  this  provides  for  a  simpli- 
fied  wash  system  of  the  apparatus  by  providing  for 
more  complete  cleaning  of  the  longitudinally  ex- 
tending  compartments  42  and  affording  an  im- 
proved  inspection  potential  of  the  longitudinally  ex- 
tending  compartments  42.  Furthermore,  the  elimi- 
nation  of  the  need  for  internal  supports  to  hold  the 
mixing  tube  26  in  position  will  diminish  the  obstruc- 
tion  of  flow  patterns  and  possible  retention  of  par- 
ticulate  material  within  the  vessel  10. 

From  the  foregoing  detailed  description,  it  will 
be  seen  that  the  apparatus  and  method  of  its  use 
described  and  illustrated  herein  imminently  achieve 
the  objects  of  the  present  invention.  Changes  may 
be  made  in  the  combination  and  arrangement  of 
parts  or  elements  as  heretofore  set  forth  in  the 
specification  and  shown  in  the  drawings  without 
departing  from  the  spirit  and  scope  of  the  invention 
as  defined  in  and  limited  only  by  the  following 
claims. 

Claims 

1.  A  blending  apparatus  comprising: 
a  vessel  having  an  upper  region,  a  solids 

5  inlet  in  said  upper  region  thereof,  a  lower  re- 
gion  being  defined  by  a  downwardly  converg- 
ing  generally  frustoconically-shaped  bottom 
wall; 

a  single  mixing  tube  having  a  first  end  and 
io  a  second  end  positioned  within  said  vessel  so 

as  to  extend  in  a  generally  vertical  direction 
downwardly  from  said  upper  region  through 
said  lower  region  and  through  said  bottom  wall 
along  a  line  of  intersection  therebetween  so 

is  that  said  second  end  of  said  mixing  tube  is 
positioned  below  said  bottom  wall,  wherein 
said  mixing  tube  contains  at  least  one  longitu- 
dinally  extending  divider  means  for  dividing 
said  mixing  tube  into  a  plurality  of  longitudi- 

20  nally  extending  compartments,  at  least  a  por- 
tion  of  said  compartments  having  at  least  one 
first  opening  therein  to  permit  solids  in  said 
vessel  to  enter  the  mixing  tube  and  flow  by 
gravity  downwardly  through  said  compartments 

25  and  each  of  said  compartments  extending 
downwardly  from  said  upper  region  through 
said  lower  region  and  through  and  below  said 
bottom  wall. 

30  2.  Blending  apparatus  in  accordance  with  claim  1  , 
wherein  said  divider  means  comprises  an  inner 
tube  having  substantially  the  same  axis  of 
symmetry  as  said  mixing  tube  so  as  to  define 
an  annular  space  between  said  inner  tube  and 

35  said  mixing  tube,  and  a  plurality  of  divider 
plates  extending  radially  outward  from  said  in- 
ner  tube  to  said  mixing  tube. 

3.  Blending  apparatus  in  accordance  with  claim  1  , 
40  wherein  said  longitudinally  extending  divider 

means  divides  said  mixing  tube  into  from 
about  4  to  about  36  longitudinally  extending 
compartments. 

45  4.  Blending  apparatus  in  accordance  with  claim  1  , 
wherein  at  least  one  of  said  first  openings 
comprises  at  least  one  bottom  opening  which 
is  in  contact  with  a  point  on  said  mixing  tube  at 
which  said  said  mixing  tube  contacts  said  bot- 

50  torn  wall  of  said  vessel. 

5.  Blending  apparatus  in  accordance  with  claim  4 
characterized  further  to  include  at  least  one 
baffle  means  disposed  within  said  vessel  in 

55  contact  with  said  bottom  wall  so  as  to  direct 
the  flow  of  particles  toward  a  corresponding  at 
least  one  bottom  opening. 

5 
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6.  Blending  apparatus  in  accordance  with  claim  4 
characterized  further  to  include  four  of  said 
bottom  openings  each  in  contact  with  the  line 
of  intersection  between  said  mixing  tube  and 
said  bottom  wall  of  said  vessel. 

11.  A  method  of  blending  solids  in  accordance 
with  claim  8  wherein  a  portion  of  the  solids 
withdrawn  from  said  second  end  of  said  mixing 
tube  are  returned  to  an  upper  portion  of  said 

5  upper  region. 

7.  Blending  apparatus  in  accordance  with  claim  6 
characterized  further  to  include  four  equally 
spaced  baffle  means  disposed  within  said  ves- 
sel  in  contact  with  said  bottom  wall  for  direct- 
ing  the  flow  of  particles  toward  each  of  the  four 
bottom  openings. 

8.  A  method  of  blending  solids  in  solids  blending 
apparatus  comprising  a  vessel  having  an  upper 
region,  a  solids  inlet  in  said  upper  region 
thereof,  a  lower  region  being  defined  by  a 
downwardly  converging  generally 
frustoconically-shaped  bottom  wall,  a  single 
mixing  tube  having  a  first  end  and  a  second 
end  positioned  within  said  vessel  so  as  to 
extend  in  a  generally  vertical  direction  down- 
wardly  from  said  upper  region  through  said 
lower  region  and  through  said  bottom  wall  so 
that  said  second  end  of  said  mixing  tube  is 
positioned  below  said  bottom  wall,  wherein 
said  mixing  tube  contains  at  least  one  longitu- 
dinally  extending  divider  means  for  dividing 
said  mixing  tube  into  a  plurality  of  longitudi- 
nally  extending  compartments,  at  least  a  por- 
tion  of  said  compartments  having  at  least  one 
first  opening  therein  to  permit  solids  within  said 
vessel  to  enter  the  mixing  tube  and  flow  by 
gravity  downwardly  through  said  compartments 
and  each  of  said  compartments  extending 
downwardly  from  said  upper  region  through 
said  lower  region  and  through  and  below  said 
bottom  wall,  which  comprises: 

introducing  solids  to  be  blended  into  said 
vessel  through  said  solids  inlet,  allowing  said 
solids  to  flow  by  means  of  gravity  through  said 
compartments  via  said  at  least  one  first  open- 
ing  from  said  vessel  to  provide  blended  solids 
at  the  second  end  of  said  mixing  tube,  and 
withdrawing  said  thus  produced  blended  solids 
through  said  second  end  of  said  mixing  tube. 

9.  A  method  of  blending  solids  in  accordance 
with  claim  8  wherein  solids  are  not  withdrawn 
from  said  second  end  of  said  mixing  tube  until 
all  of  the  solids  to  be  blended  at  a  given  time 
are  disposed  in  said  vessel. 

10.  A  method  of  blending  solids  in  accordance 
with  claim  8  wherein  solids  are  withdrawn  from 
said  second  end  of  said  mixing  tube  during  the 
time  that  solids  are  introduced  through  said 
solids  inlet. 

12.  A  method  of  assembly  of  a  blending  apparatus 
comprising  the  steps  of: 

positioning  a  single  mixing  tube  having  a 
io  first  end  and  a  second  end  and  containing  at 

least  one  longitudinally  extending  divider 
means  for  dividing  said  mixing  tube  into  a 
plurality  of  longitudinally  extending  compart- 
ments,  at  least  a  portion  of  said  compartments 

is  having  at  least  one  first  opening  therein,  in 
axial  alignment  with  a  vessel  having  an  upper 
region,  a  solids  inlet  in  said  upper  region 
thereof,  a  lower  region  being  defined  by  a 
downwardly  converging  generally 

20  frustoconically-shaped  bottom  wall; 
moving  at  least  one  of  the  mixing  tube  and 

the  vessel  in  a  direction  toward  the  other  until 
the  first  end  of  said  mixing  tube  passes 
through  the  bottom  wall  of  said  vessel  and 

25  through  and  beyond  the  upper  region  of  said 
vessel;  and 

fixedly  securing  the  outer  surface  of  said 
mixing  tube  to  the  inner  surface  of  the  bottom 
wall  of  said  vessel. 

30 
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