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©  Compartmented  gas  injection  device. 

©  Injection  of  gas  into  a  bed  of  solids  contained  in 
a  hopper  is  compartmentalized  to  allow  independent 
control  of  gas  to  be  vented  upward  and  gas  and 

W  solids  to  be  discharged. 
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COMPARTMENTED  GAS  INJECTION  DEVICE 

The  present  invention  relates  to  a  method  and 
apparatus  for  maintaining  a  uniform  mass  flow  rate 
of  particulate  solids  and  gas  mixture  discharged  to 
a  receiving  reactor.  In  particular,  this  invention  re- 
lates  to  pulverized  coal  discharged  to  a  gasifier  for 
the  manufacture  of  synthesis  gas. 

Conventional  coal  feed  systems  using  gravity 
flow  of  solids,  such  as  coal  feed  to  coal-fired  boil- 
ers,  can  tolerate  major  fluctuations  in  the  coal  mass 
flow  rate  and  suspension  density. 

Various  devices  have  been  built  for  discharging 
substances  which  tend  to  flow  easily  by  gravity, 
such  as  grain.  While  devices  such  as  those  dis- 
closed  in  U.S.  Patent  Specifications  Nos. 
3,289,396;  3,367,724;  4,529,336;  3,424,352;  and 
4,067,623  are  concerned  with  providing  "efficient 
discharge"  of  particulate  materials  from  bulk  stor- 
age  tanks  and  avoiding  bridging  and  incomplete 
discharging  from  such  tanks,  these  devices  do  not 
maintain  a  uniform  mass  flow  rate  of  particulate 
solids  and  gas  mixture  discharged  in  a  uniform 
manner  to  a  receiving  reactor  as  does  the  present 
invention. 

It  is  therefore  an  object  of  the  invention  to 
provide  a  method  and  apparatus  for  maintaining  a 
uniform  mass  flow-rate  which  overcome  the  above 
problem. 

The  invention  therefore  provides  a  method  for 
maintaining  a  uniform  mass  flow  rate  of  a  par- 
ticulate  solids  and  gas  mixture  discharged  from  a 
holding  vessel  apparatus  to  a  receiving  reactor, 
characterized  by  the  steps  of: 
introducing  said  mixture  into  a  first  containing 
means  having  converging  wails  forming  a  portion 
made  of  porous  material  having  at  least  one  port 
formed  at  the  apex  thereof  for  discharging  said 
mixture  therefrom; 
isolating  areas  outside  the  porous  material  portion 
of  said  first  containing  means  to  form  at  least  two 
substantially  closed  compartments; 
selectively  injecting  gaseous  fluid  under  pressure 
into  each  of  said  compartments;  and 
discharging  said  particulate  solids  from  said  first 
containing  means. 

The  invention  further  provides  an  apparatus  for 
maintaining  a  uniform  mass  flow  rate  of  particulate 
solids  and  gas  mixture  discharged  from  a  holding 
vessel  apparatus  to  a  receiving  reactor,  character- 
ized  by: 
means  for  introducing  said  mixture  into  a  first  con- 
taining  means  having  converging  walls  forming  a 
portion  made  of  porous  material  having  at  least  one 
port  formed  at  the  apex  thereof  for  discharging  said 
mixture  therefrom; 

means  for  isolating  areas  outside  the  porous  ma- 
terial  portion  of  said  first  containing  means  to  form 
at  least  a  substantially  closed  compartment; 
means  for  selectively  injecting  gaseous  fluid  under 

5  pressure  into  said  compartment;  and 
means  for  discharging  said  particulate  solids  from 
said  first  containing  means. 

The  invention  will  now  be  described  by  way  of 
example  in  more  detail  by  reference  to  the  accom- 

10  panying  drawings,  in  which: 
Fig.  1  illustrates  an  embodiment  of  the  in- 

vention; 
Fig.  2  is  a  cross-section  of  the  embodiment 

of  fig.  1  taken  along  the  line  ll-ll; 
15  Fig.  3  is  an  alternate  embodiment  of  the 

present  invention;  and 
Fig.  4  is  another  embodiment  of  the  present 

invention. 

20  Generation  of  synthesis  gas  occurs  by  partially 
combusting  carbonaceous  fuel,  such  as  coal,  at 
relatively  high  temperatures  in  the  range  of  800- 
2000  *  C  and-  at  a  pressure  range  of  from  about  1  - 
200  bar  in  the  presence  of  oxygen  or  oxygen- 

25  containing  gases  in  a  gasifier.  Steam,  carbon  mon- 
oxide,  carbon  dioxide  and  oxygen-containing  gases 
including  air,  oxygen-  enriched  air,  and  oxygen  are 
optionally  diluted  with  nitrogen  and/or  other  inert 
gases. 

30  In  the  present  invention,  the  fuel  and  gas  mix- 
ture  is  discharged  from  a  feed  vessel  apparatus, 
advantageously  having  multiple  outlets,  each  outlet 
being  in  communication  with  at  least  one  burner 
associated  with  the  gasifier.  Typically,  a  gasifier  will 

35  have  burners  in  diametrically  opposing  positions. 
Generally,  the  burners  have  their  discharge  ends 
positioned  to  introduce  the  resulting  flame  and  the 
agent  of  combustion  into  the  gasifier. 

Of  particular  importance  in  the  manufacture  of 
40  synthesis  gas  is  the  uniform  manner  in  which  the 

particulate  fuel  is  introduced  to  the  burners  within 
the  coal  gasification  reactor,  hereinafter  referred  to 
as  a  gasifier.  Fluctuations  in  the  mass  flow  rate  of 
coal  being  supplied  to  the  burners  of  the  gasifier 

45  are  detrimental  to  gasifier's  performance.  For  ex- 
ample,  such  fluctuations  can  cause  inefficient  com- 
bustion  of  fuel  within  the  gasifier  and  damaging 
heat  fluxes  to  the  burner  face  which  could  result  in 
thermal  stresses  on  the  burner  face.  If  the  mass 

so  flow  rate  of  the  particulate  fuel  fluctuates,  zones  of 
underheating  are  generated  next  to  zones  of  over- 
heating  in  the  gasifier.  As  a  result,  in  the  zones  of 
underheating  the  fuel  is  not  completely  gasified 
and  in  zones  of  overheating  the  fuel  is  completely 
converted  into  less  valuable  products,  viz.  carbon 
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dioxide  and  water  vapor.  Additionally,  locally  high 
temperatures  in  the  gasifier  could  damage  the  re- 
fractory  lining  which  is  normally  arranged  at  the 
inner  surface  of  the  gasifier  wall. 

Since  the  residence  time  of  the  coal  within  the 
reaction  zone  of  the  reactor  is  approximately  400 
milliseconds  or  less,  the  coal  mass  flow  rate  should 
advantageously  be  constant  over  periods  of  this 
order  and  over  shorter  periods  to  maintain  constant 
local  conditions. 

Various  factors  substantially  affect  the  mass 
flow  rate  of  the  fuel  being  supplied  to  the  burners. 
In  particular,  the  discharging  of  the  particulate  fuel 
from  a  feed  vessel  apparatus  and  the  pneumatic 
transporting  by  conduit  of  the  fuel  from  the  vessel 
to  the  gasifier  affect  the  mass  flow  rate  of  fuel  to 
the  gasifier.  Specifically,  fuel  and  gas  mixtures 
having  densities  ranging  from  about  50-800  kg/m3 
transported  through  a  conduit  having  a  diameter 
less  than  150  mm  experience  significant  pressure 
drop  due  to  the  summation  of  various  contributions 
such  as  frictional  losses,  restrictions,  curvatures, 
etc.  within  the  conduit. 

The  present  invention  utilizes  a  vessel  having 
downwardly-  converging  walls  at  the  lower  end 
thereof  forming  a  portion  made  of  porous  material 
having  at  least  one  port  at  the  apex  for  aerating  the 
solids  within  the  vessel  so  as  to  maintain  a  uniform 
mass  flow  rate  of  the  solids  and  gas  mixture  dis- 
charged-  to  a  gasifier.  In  particular,  areas  located 
circumferentially  about  the  outside  of  the  porous 
material  portion  are  isolated'  to  form  closed  com- 
partments.  Gaseous  fluids  are  injected  into  each 
compartment  at  selected  pressure  and  rate  to 
maintain  a  uniform  mass  flow  rate  of  a  particulate 
solids  and  gas  mixture  discharged  to  the  receiving 
gasifier.  Furthermore,  the  interchangeabiiity  of  po- 
rous  material  portions  having  different  permeabilit- 
ies  provide  greater  flexibility  for  operating  the  pro- 
cess  under  varying  conditions,  such  as  different 
coal  types,  coal  moisture  content,  etc. 

An  advantage  of  the  present  invention  is  that 
maintaining  a  uniform  mass  flow  rate  of  a  par- 
ticulate  solids  and  gas  mixture  to  a  gasifier  pre- 
vents  zones  of  underheating  and  overheating  within 
the  gasifier  from  occurring. 

A  further  advantage  of  the  present  invention  is 
protecting  the  refractory  lining  within  the  gasifier 
due  to  preventing  zones  of  underheating  and  over- 
heating. 

An  additional  advantage  of  the  present  inven- 
tion  is  more  efficient  utilization  of  fuel  in  the  pro- 
duction  of  synthesis  gas. 

Another  advantage  of  the  present  invention  is 
the  capability  to  maintain  high  suspension  den- 
sities,  e.g.  greater  than  200  kg/m3,  in  the  transport 
line  from  the  vessel  to  the  gasifier;  thereby,  reduc- 
ing  the  consumption  of  aeration  and  pneumatic 

transport  gas  and  avoiding  dilution  of  the  synthesis 
gas  produced  in  the  gasifier  which  would  make  the 
synthesis  gas  a  less  valuable  product. 

Although  the  invention  is  described  hereinafter 
5  primarily  with  reference  to  pulverized  coal,  the 

method  and  apparatus  according  to  the  invention 
are  also  suitable  for  reactive  solids  and  other  finely 
divided  solid  fuels  which  could  be  partially  com- 
busted,  such  as  lignite,  anthracite,  bituminous, 

10  brown  coal,  soot,  petroleum  coke,  and  the  like.  The 
size  of  solid  carbonaceous  fuel  is  such  that  90% 
by  weight  of  the  fuel  has  a  size  of  No.  6  mesh 
(A.S.T.M.).  Advantageously,  the  size  of  solid  car- 
bonaceous  fuel  is  such  that  90  percent  by  weight 

75  of  the  fuel  has  a  particle  size  smaller  than  100 
mesh  (A.S.T.M.). 

Additionally,  the  present  invention  can  be  used 
for  both  granular,  pulverized,  and  powdered  solids 
such  as  resins,  catalysts,  fly  ash,  and  electrostatic 

20  precipitator  fines. 
Having  thus  generally  described  the  apparatus 

and  method  of  the  present  invention,  as  well  as  its 
numerous  advantages  over  the  art,  the  following  is 
a  more  detailed  description  thereof,  given  in  accor- 

25  dance  with  specific  reference  to  the  drawings. 
However,  the  drawing  is  of  a  process  flow  type  in 
which  auxiliary  equipment,  such  as  pumps,  com- 
pressors,  cleaning  devices,  etc.  are  not  shown. 

Referring  to  Figs.  1  and  2,  an  apparatus  for 
30  maintaining  a  uniform  mass  flow  rate  of  a  par- 

ticulate  solids  and  gas  mixture  discharged  from  a 
holding  vessel  apparatus,  such  as  a  feed  hopper 
11  operated  at  elevated  pressures  of  1-200  bars, 
via  conduit  40  to  a  receiving  reactor,  such  as  a 

35  gasifier  9,  generally  includes  means  for  introducing 
the  mixture,  such  as  an  inlet  port  10,  into  first 
containing  means  8  having  converging  wails  12 
having  an  included  angle  of  less  than  about  150 
degrees,  advantageously  less  than  about  90  de- 

40  grees,  and  converging  toward  at  least  one  port  17 
formed  at  the  apex  thereof  for  discharging  the 
mixture  therefrom.  The  walls  12  form  a  portion  of 
porous  material  which  may  be  metallic  or  non- 
metalic,  such  as  sintered  stainless  steel,  woven 

45  stainless  steel,  or  sintered  ceramic,  depending 
upon  the  operating  conditions  and  type  of  coal 
used  in  the  process.  The  porous  material  has  a 
selected  permeability  and  a  maximum  pore  size  of 
less  than  about  7  mm.  The  porous  material  facili- 

50  tates  the  uniform  distribution  of  gaseous  fluid  in- 
jected  from  pressurized  sources  20,  21  into  first 
containing  means  8  and  prevents  bridging  of  the 
particulate  solids  discharged  from  the  first  contain- 
ing  means  via  the  discharge  port  17. 

55  The  pore  size  of  the  porous  material  of  the 
walls  12  is  based  on,  among  other  factors,  the  type 
of  coal  used.  To  allow  greater  operating  flexibility 
to  use  various  types  of  coal  requiring  differing  pore 
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sizes,  the  porous  material  portion  of  the  first  con- 
taining  means  8.  is  advantageously  interchangeable 
with  another  containing  means  having  a  different 
permeability  than  the  first  containing  means  8. 

Furthermore,  introduction  of  the  gaseous  fluid 
into  the  pores  of  the  porous  material  of  walls  12 
imparts  a  pressure  restriction  to  the  gaseous  fluid 
thus  ensuring  an  even  flow  distribution  of  the  fluid 
throughout  the  walls  12  of  the  first  containing 
means  8.  Similarly,  the  porous  material  serves  to 
control  the  bulk  density  of  the  mixture  within  the 
first  containing  means  8  and  the  discharge  rate  of 
the  mixture  leaving  the  hopper  11  via  port  17. 

A  jacket  13  positioned  at  the  lower  end  of  the 
first  containing  means  is  mounted  to  form  a  sub- 
stantially  enclosed  space  between  the  walls  12  of 
the  first  containing  means  8  and  the  jacket  13.  The 
jacket  13  has  at  least  one  outlet  port  15  at  the 
lower  end  thereof  which  is  in  axial  alignment  with 
the  discharge  port  17  of  the  first  containing  means 
8  for  discharging  particles  therefrom. 

Means  for  isolating  areas,  advantageously  first 
and  second  areas  18,  19,  respectively,  located 
outside  and  circumferentiaily  about  substantially 
adjacent  portions  of  the  porous  material  of  walls  12, 
such  as  a  partition  22  within  the  substantially  en- 
closed  space  between  the  jacket  13  and  the  porous 
material  of  walls  12,  forms  at  least  two  substantially 
enclosed  compartments.  The  jacket  13  includes 
means  for  selectively  injecting  gaseous  fluid  under 
pressure  into  first  and  second  areas  18,  19,  respec- 
tively,  such  as  inlet  ports  23A,  23B,  and  24A,  24B, 
respectively,  from  pressurized  fluid  sources  20,  21 
respectively.  Although  sources  20,  21  are  shown  as 
separate  sources,  it  is  recognized  by  those  skilled 
in  the  art  that  gaseous  fluid  may  be  supplied  from 
the  same  source. 

The  compartments  formed  within  the  substan- 
tially  enclosed  space  between  the  walls  12  and  the 
jacket  13  permit  gaseous  fluids,  possibly  having 
different  densities,  such  as  nitrogen  or  other  inert 
gas  and  synthesis  gas  which  is  mainly  carbon 
monoxide,  hydrogen,  and  water,  to  be  selectively 
injected  into  the  compartments.  The  gas  injected 
from  source  20  into  the  first  area  1  8  may  be  more, 
equal,  or  less  dense  than  the  gas  injected  from 
source  21  into  second  area  19.  Advantageously, 
the  gas  injected  into  area  18  would  be  inert  and  the 
gas  injected  into  area  19  would  be  synthesis  gas. 
The  gas  injected  into  area  18  would  flow  upwards 
and  could  be  vented  to  control  the  pressure  in  the 
feed  hopper  11  whereas  the  gas  injected  into  the 
area  19  flows  advantageously  downward  and  is 
transported  to  the  gasifier  9. 

The  flow  rate  and  direction  of  the  gaseous 
fluid,  for  example  nitrogen  and  synthesis  gas,  in- 
jected  under  pressure  into  the  first  and  second 
areas  18,  19,  respectively,  are  controlled  at  a  rate 

sufficient  to  aerate  the  particulate  solids  in  proxim- 
ity  to  the  portion  of  porous  material  of  walls  12  but 
at  a  rate  below  that  which  would  fluidize  the  par- 
ticulate  solids  located  above  the  porous  material, 

5  such  as  by  using  25A,  25B,  26A,  and  26B,  respec- 
tively. 

It  is  undesirable  to  inject  the  gases  at  a  rate 
sufficient  to  fluidize  the  particles  above  the  porous 
material,  as  is  typically  done  in  conventional  sys- 

10  terns,  because  it  results  in  more  inert  gas  diluting 
the  synthesis  gas  produced  in  the  gasifier  9  and 
thus  yielding  a  less  valuable  product.  Also,  it  in- 
creases  fluctuations  of  the  mass  flow  rate  of  solids 
discharged  from  the  coal  feed  hopper  1  1  . 

?5  Additionally,  the  flow  rates  of  the  gaseous  fluid 
from  sources  20,  21  should  not  exceed  the  terminal 
falling  velocity  of  the  solids  contained  within  the 
feed  hopper  1  1  .  Terminal  falling  velocity  is  defined 
as  the  velocity  at  which  the  drag  forces  on  a  solid 

20  particle  due  to  the  flow  of  gases  upward  equals  the 
downward  force  on  the  particle  due  to  gravity.  If  the 
flow  rates  of  the  gases  exceed  the  terminal  falling 
velocity,  then  the  solids  will  be  discharged  via  the 
vent  50  rather  than  the  discharge  port  17.  1 

25  Furthermore,  the  slip  velocity,  i.e.  the  velocity 
of  the  gas  from  sources  20,  21  relative  to  the  coal, 
should  advantageously  be  controlled  at  a  rate 
which  is  below  a  minimum  fluidization  velocity  of 
the  particulate  solids  in  feed  hopper  11  above  the 

30  porous  portion,  such  as  by  using  rotometers  30A, 
30B,  31  A,  and  31  B,  respectively.  Gaseous  fluids 
from  sources  20,  21  are  injected  at  a  selected  rate 
which  is  at  least  substantially  equal  to  the  slip 
velocity  of  the  gaseous  fluids  but  below  the  mini- 

35  mum  fluidization  velocity  of  the  particulate  solids  in 
the  hopper  11  above  the  porous  portion,  say  at 
least  2  mm/s  for  a  hopper  having  a  diameter  of 
about  1  meter. 

Advantageously,  the  flow  rates  of  these  gases 
40  from  sources  20  and  21  are  independently  control- 

lable  which  permits  the  separate  control  of  the 
amount  of  gas  flowing  upward  and  the  amount  of 
gas  flowing  downward  relative  to  the  flow  of  the 
coal. 

45  For  example,  for  a  uniform  mass  flow  rate  of 
particulate  solids  and  gas  mixture  of  2000  kg/hr 
having  a  suspension  density  of  450  kg/m3  dis- 
charged  from  the  feed  hopper  1  1  ,  the  rate  of  inject- 
ing  nitrogen  in  the  first  area  would  be  approxi- 

50  mately  100  kg/hr.  Should  this  rate  be  exceeded 
then  the  suspension  density  would  be  less  than 
450  kg/m3  and  the  synthesis  gas  produced  in  the 
gasifier  9  would  be  diluted  by  the  nitrogen  from 
source  20.  Additionally,  should  this  rate  be  some- 

55  what  less  than  the  selected  rate  then  the  suspen- 
sion  density  would  be  substantially  higher  than  450 
kg/m3.  Depending  on  the  material  and  operating 
conditions,  this  situation  could  lead  to  less  than 

4 
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stable  flow. 
Furthermore,  the  gaseous  fluid  may  be  injected 

in  various  directions  and  elevations  to  control  the 
pressure  and  velocity  profile  which  exit  at  the  dis- 
charge  port  17.  Depending  on  the  physical  prop- 
erties  of  the  particles  being  transported,  it  may  be 
necessary  to  have  more  than  two  compartments  or 

@@>  to  inject  gas  above  the  compartmented  region. 
This  selective  injection  provides  for  separate 

control  of  the  mixture  density  within  the  feed  hop- 
per  11  and  the  discharge  density  of  the  mixture 
leaving  the  hopper  11  via  outlet  port  15.  As  a 
result,  the  discharge  port  15  of  the  hopper  11  is 
much  smaller  than  conventional  technologies  for 
suspension  densities  of  200-500  kg/m3. 

The  diameter  of  the  discharge  port  17  in  the 
present  invention  is  about  4  mm  to  at  least  sub- 
stantially  about  150  mm  for  a  solids  and  gas  mix- 
ture  having  a  suspension  density  of  about  200-500 
kg/m3.  This  diameter  is  larger  than  the  maximum 
bridging  diameter  of  the  aerated  particulate  solids 
to  prevent  bridging  of  the  solids  as  they  exit  the 
discharge  port  17.  Conventional  coal  feed  systems 
using  gravity  flow  of  solids  assisted  by  aeration  to 
break  up  bridging  typically  have  a  suspension  den- 
sity  of  less  than  200  kg/m3  at  the  discharge  outlet 
of  the  feed  hopper  11  and  a  corresponding  feed 
vessel  apparatus  discharge  port  diameter  of  greater 
than  150  mm.  Diameters  greater  than  150  mm  for  a 
given  mass  flow  rate  used  in  the  present  invention 
are  not  desirable  because  either  the  velocity  or 
suspension  density  would  fall  below  the  desired 
limits  thus  resulting  in  fluctuations  of  the  mass.  flow 
rate  of  the  coal  and  gas  mixture  to  the  gasifier  9. 

Additionally,  the  smaller  discharge  diameter  of 
the  present  invention  in  conjunction  with  the  com- 
partmented  injection  of  gaseous  fluids  acts  like  a 
fluidic  valve  to  control  the  particulate  discharge  rate 
and  thereby  eliminates  the  need  for  troublesome 
valves  in  transport  hardware  between  the  discharge 
of  the  hopper  1  1  and  the  gasifier  9. 

Furthermore,  the  present  invention  may  be  pro- 
vided  with  means  for  venting  gas  from  the  upper 
end  of  the  hopper  11,  say  via  port  50,  for  the 
purpose  of  maintaining  an  upward  flow  of  gas 
through  the  solids  in  the  feed  hopper  1  1  of  approxi- 
mately  2mm/sec  and  thereby  eliminate  local  bridg- 
ing  of  the  solids  and  provide  smoother  flow  to  the 
discharge  port  1  7. 

Alternatively,  the  present  invention  may  incor- 
porate  first  containing  means  8A  and  8B  located 
inside  the  feed  hopper  1  1  rather  than  at  the  lower 
end  of  the  hopper  1  1  as  shown  in  Figures  3  and  4, 
respectively.  An  advantage  to  the  embodiment 
shown  in  Figure  3  is  that  the  transport  line  40  from 
the  feed  hopper  11  to  the  gasifier  9  would  be 
shorter  since  the  burners  of  the  gasifier  are  located 
at  an  elevation  above  the  gas  injection  device  19, 

for  example  of  about  50  meter.  A  shorter  transport 
line  40  provides  more  uniform  flow  of  the  coal  to 
the  burners  of  the  gasifier  9. 

Another  advantage  of  the  alternate  embodi- 
5  ments  shown  in  Figs.  3  and  4,  for  the  multiple 

outlet  feed  hopper  11,  is  that  the  geometry  of  the 
hopper  1  1  is  substantially  simplified  as  a  result  of 
the  first  containing  means  8A  and  8B  being  located 
inside  the  hopper  11. 

w  It  would  be  recognized  by  one  skilled  in  the  art 
that  references  made  with  respect  to  the  direction 
of  flow  of  the  gases  and  coal  particles  within  the 
first  containing  means  8  of  the  embodiment  de- 
scribed  in  Fig.  1  would  be  reversed  when  referring 

15  to  the  first  containing  means  8A  shown  in  Fig.  3 
since  the  first  containing  means  8A  is  inverted  with 
respect  to  the  first  containing  means  8  shown  in 
Fig.  1. 

The  foregoing  description  of  the  invention  is 
20  merely  intended  to  be  explanatory  thereof,  and 

various  changes  in  the  details  of  the  described 
method  and  apparatus  may  be  within  the  scope  of 
the  appended  claims  without  departing  from  the 
spirit  of  the  invention. 

25 

Claims 

1.  A  method  for  maintaining  a  uniform  mass 
30  flow  rate  of  a  particulate  solids  and  gas  mixture 

discharged  from  a  holding  vessel  apparatus  to  a 
receiving  reactor,  characterized  by  the  steps  of: 
introducing  said  mixture  into  a  first  containing 
means  having  converging  walls  forming  a  portion 

35  made  of  porous  material  having  at  least  one  port 
formed  at  the  apex  thereof  for  discharging  said 
mixture  therefrom; 
isolating  areas  outside  the  porous  material  portion 
of  said  first  containing  means  to  form  at  least  two 

40  substantially  closed  compartments; 
selectively  injecting  gaseous  fluid  under  pressure 
into  each  of  said  compartments;  and 
discharging  said  particulate  solids  from  said  first 
containing  means. 

45  2.  The  method  as  claimed  in  claim  1  character- 
ized  in  that  said  isolating  includes  the  steps  of: 
isolating  a  first  area  located  circumferentially  about 
a  portion  of  the  porous  material;  and 
isolating  a  second  area  located  circumferentially 

so  about  a  substantially  adjacent  portion  of  said  po- 
rous  material  and  below  said  first  area. 

3.  The  method  as  claimed  in  claims  1  or  2 
characterized  in  that  said  selectively  injecting  gas- 
eous  fluid  includes  providing  gaseous  fluids  having 

55  different  densities. 
4.  The  method  as  claimed  in  claim  3  character- 

ized  in  that  said  injecting  said  gaseous  fluids  in- 
cludes  the  steps  of: 

5 
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injecting  a  first  gaseous  fluid  having  a  selected 
density  into  said  first  area;  and 
injecting  a  second  gaseous  fluid  having  a  density 
greater  than  said  first  gaseous  fluid  into  said  sec- 
ond  area. 

5.  The  method  as  claimed  in  claim  3  character- 
ized  in  that  said  injecting  gaseous  fluids  includes 
the  steps  of: 
injecting  a  first  gaseous  fluid  having  a  selected 
density  into  said  first  area;  and 
injecting  a  second  gaseous  fluid  having  a  density 
less  than  said  first  gaseous  fluid  into  said  second 
area. 

6.  The  method  as  claimed  in  claims  4  or  5 
characterized  by  injecting  said  first  gaseous  fluid  at 
a  selected  rate  not  to  exceed  the  terminal  falling 
velocity  of  the  solids  within  said  holding  vessel 
apparatus. 

7.  The  method  as  claimed  in  claims  4  or  5 
characterized  by  injecting  said  second  gaseous 
fluid  at  a  selected  rate  not  to  exceed  the  terminal 
falling  velocity  of  the  solids  within  said  holding 
vessel  apparatus. 

8.  The  method  as  claimed  in  claims  4  or  5 
characterized  by  controlling  the  slip  velocity  of  said 
gaseous  fluid  under  pressure  at  a  rate  below  a 
minimum  fluidization  velocity  of  said  particulate 
solids  within  said  holding  vessel  apparatus  above 
the  porous  portion  thereof. 

9.  The  method  as  claimed  in  claim  8  character- 
ized  in  that  said  controlling  includes  maintaining  a 
velocity  of  at  least  about  2  mm/s  within  said  hold- 
ing  vessel  apparatus  having  a  diameter  of  about  1 
meter. 

10.  The  method  as  claimed  in  any  one  of 
claims  1-9  including  venting  gas  from  said  holding 
vessel  apparatus. 

11.  An  apparatus  for  maintaining  a  uniform 
mass  flow  rate  of  particulate  solids  and  gas  mixture 
discharged  from  a  holding  vessel  apparatus  to  a 
receiving  reactor,  characterized  by: 
means  for  introducing  said  mixture  into  a  first  con- 
taining  means  having  converging  walls  forming  a 
portion  made  of  porous  material  having  at  least  one 
port  formed  at  the  apex  thereof  for  discharging  said 
mixture  therefrom; 
means  for  isolating  areas  outside  the  porous  ma- 
terial  portion  of  said  first  containing  means  to  form 
at  least  a  substantially  closed  compartment; 
means  for  selectively  injecting  gaseous  fluid  under 
pressure  into  said  compartment;  and 
means  for  discharging  said  particulate  solids  from 
said  first  containing  means. 

12.  The  apparatus  as  claimed  in  claim  11  char- 
acterized  in  that  said  means  for  isolating  includes: 
means  for  isolating  a  first  area  located  circumferen- 
tially  about  a  portion  of  the  porous  material;  and 

means  for  isolating  a  second  area  located  circum- 
ferentially  about  a  substantially  adjacent  portion  of 
said  porous  material  and  below  said  first  area. 

13.  The  apparatus  as  claimed  in  claim  11  or  12 
5  characterized  in  that  said  gaseous  fluid  includes 

more  than  one  component,  said  components  being 
of  different  densities. 

14.  The  apparatus  as  claimed  in  claim  13  char- 
acterized  in  that  said  means  for  injecting  said  gas- 

10  eous  fluids  includes: 
means  for  injecting  a  first  gaseous  fluid  having  a 
selected  density  into  said  first  area;  and 
means  for  injecting  a  second  gaseous  fluid  having 
a  density  greater  than  said  first  gaseous  fluid  into 

rs  said  second  area. 
15.  The  apparatus  as  claimed  in  claim  13  char- 

acterized  in  that  said  means  for  injecting  gaseous 
fluids  includes: 
means  for  injecting  a  first  gaseous  fluid  having  a 

20  selected  density  into  said  first  area;  and 
means  for  injecting  a  second  gaseous  fluid  having 
a  density  less  than  said  first  gaseous  fluid  into  said 
second  area. 

16.  The  apparatus  as  claimed  in  claims  14  or 
25  1  5  characterized  by  means  for  injecting  said  first 

gaseous  fluid  at  a  selected  rate  not  to  exceed  the 
terminal  falling  velocity  of  the  solids  within  said 
holding  vessel  apparatus. 

17.  The  method  as  claimed  in  claims  14  or  15 
30  characterized  by  means  for  injecting  said  second 

gaseous  fluid  at  a  selected  rate  not  to  exceed  the 
terminal  falling  velocity  of  the  solids  within  said 
holding  vessel  apparatus. 

18.  The  apparatus  as  claimed  in  claims  17  or 
35  18  characterized  by  means  for  controlling  the  slip 

velocity  of  said  gaseous  fluid  under  pressure  at  a 
rate  below  a  minimum  fluidization  velocity  of  said 
particulate  solids  within  said  holding  vessel  appara- 
tus  above  the  porous  portion  thereof. 

40  19.  The  apparatus  as  claimed  in  any  one  of 
claims  11-18  characterized  by  means  for  maintain- 
ing  a  volume  of  solids  and  gas  mixture  within  said 
holding  vessel  apparatus  of  at  least  about  50  per- 
cent  by  volume  of  said  holding  vessel  apparatus. 

45  20.  The  apparatus  as  claimed  in  claim  1  8  char- 
acterized  in  that  said  means  for  controlling  includes 
means  for  maintaining  a  velocity  of  at  least  about  2 
mm/s  within  said  holding  vessel  apparatus  having  a 
diameter  of  about  1  meter. 

so  21.  The  apparatus  as  claimed  in  any  one  of 
claims  11-20  characterized  by  means  for  venting 
gas  from  said  holding  vessel  apparatus. 

22.  The  apparatus  as  claimed  in  any  one  of 
claims  11-21  characterized  by 

55  a  jacket  positioned  at  the  lower  end  of  said  first 
containing  means  and  mounted  to  form  a  substan- 
tially  enclosed  space  between  said  first  containing 
means  and  said  jacket,  said  jacket  having  at  least 

6 
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one  outlet  port  at  the  lower  end  thereof  in  axial 
alignment  with  the  discharge  port  of  said  first  con- 
taining  means;  and 
means  for  independently  controlling  the  flow  rate 
and  direction  of  said  gaseous  fluid  under  pressure  5 
at  a  rate  sufficient  to  fluidize  the  particulate  solids 
in  proximity  to  said  portion  of  porous  material  but 
at  a  rate  below  that  which  would  fluidize  the  par- 
ticulate  solids  located  above  said  porous  material. 

23.  The  apparatus  as  claimed  in  claim  22  char-  ro 
acterized  in  that  said  substantially  enclosed  space 
is  divided  into  at  least  substantially  enclosed  two 
compartments. 

24.  The  apparatus  as  claimed  in  claim  23  char- 
acterized  in  that  said  jacket  includes  means  for  75 
injecting  said  gaseous  fluid  into  each  of  said  com- 
partments. 

25.  The  apparatus  as  claimed  in  any  one  of 
claims  22-24  characterized  in  that  said  gaseous 
fluid  includes  more  than  one  component,  said  com-  20 
ponents  being  of  different  densities. 

26.  The  apparatus  as  claimed  in  any  one  of 
claims  22-25  characterized  in  that  the  maximum 
pore  size  of  said  porous  material  is  less  than  about 
7  mm.  25 

27.  The  apparatus  as  claimed  in  any  one  of 
claims  1  2-26  characterized  in  that  the  diameter  of  a 
portion  above  a  region  where  gas  is  injected  into 
said  first  containing  means  is  at  least  substantially 
equal  to  the  maximum  bridging  diameter  of  said  30 
particulate  solids. 

28.  The  apparatus  as  claimed  in  any  one  of 
claims  12-27  characterized  in  that  the  diameter  of 
said  discharge  port  is  about  4  mm  to  at  least  about 
150  mm  for  a  solids  and  gas  mixture  having  a  35 
suspension  density  of  about  50-800  kg/m3. 

29.  The  apparatus  as  claimed  in  any  one  of 
claims  12-28  characterized  in  that  the  included 
angle  of  said  converging  walls  is  less  than  about 
150  degrees.  40 

30.  The  apparatus  as  claimed  in  any  one  of 
claims  1  2-29  characterized  in  that  at  least  the  po- 
rous  material  portion  of  said  first  containing  means 
is  interchangeable  with  a  second  containing  means 
having  a  different  permeability  from  said  first  con-  45 
taining  means. 

50 
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