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Description 

This  invention  relates  to  a  trickle  valve  for  pre- 
venting  the  ingress  of  fluidizing  gas  into  the  dipleg  of 
a  cyclone  for  gas  solids  separation. 

There  are  many  chemical  and  petroleum  proc- 
esses  in  which  solid  particles  of  fluidizable  size  are 
suspended  in  a  gas  during  reaction  conditions.  One 
example  of  such  processes  is  the  fluidized  catalytic 
cracking  of  petroleum.  In  this  process,  a  petroleum 
feedstock  is  contacted  with  a  solid  catalyst  at  temper- 
atures  in  the  range  of  about  480°C  to  about  800°C.  In 
the  past,  the  catalyst  particles  in  a  fluidized  catalytic 
cracking  process  were  maintained  in  a  reactor  in  a 
dense  fluidized  state  or  bed.  More  recently,  the  trend 
has  been  to  conduct  fluidized  catalytic  cracking  of 
petroleum  without  the  maintenance  of  a  dense  flui- 
dized  bed  of  catalyst  particles.  Instead,  the  solid  cat- 
alyst  is  suspended  as  a  dilute  phase  in  a  fluid  which 
is  passed  through  the  reactor  vessel  at  sufficiently 
high  velocities  so  that  the  reactants  pass  rapidly 
through  the  hydrocarbon  conversion  zone.  This  pro- 
cedure  reduces  the  residence  time  of  the  reactants  in 
the  hydrocarbon  conversion  zone  to  a  predetermined 
time  which  is  a  function  of  catalyst  activity,  tempera- 
ture,  nature  of  the  feed  and  the  like.  In  effect,  it  per- 
mits  use  of  higher  activity  catalyst  and  higher  temper- 
atures  than  previously  practical. 

In  all  of  these  processes,  fluid  reactors,  regener- 
ators  and  similar  vessels  must  be  provided  with 
means  for  separating  the  solid  particles  from  the  gas- 
eous  phase.  Typically,  this  is  accomplished  by  cy- 
clones  located  in  the  upper  part  of  the  vessel.  The  sol- 
ids  separate  from  the  gaseous  fluid  in  this  cyclone  are 
returned  to  the  fluid  solids  contacting  zone  by  the  cy- 
clone  dipleg. 

For  cyclones  to  operate  efficiently,  it  is  necessary 
to  prevent  the  ingress  of  fluidizing  gas  into  the  dipleg 
of  the  cyclone.  Trickle  valves  have  been  used  for  this 
purpose.  Basically,  these  consist  of  an  angularly  ori- 
ented  conduit  having  one  end  operably  connected  to 
the  dipleg  of  the  cyclone  and  a  hinged  flapper  or  clo- 
sure  plate  at  the  opposite  end  for  opening  and  closing 
the  conduit.  Examples  of  these  trickle  valves  can  be 
found  in  U.S.  Patent  2,838,062;  U.S.  Patent 
2,838,065;  U.S.  Patent  2,901,331;  U.S.  Patent 
3,698,874;  U.S.  Patent  4,246,231;  and  U.S.  Patent 
4,446,107. 

These  references  evidence  the  fact  that  satisfac- 
tory  operation  of  trickle  valves  has  always  been  a 
problem.  Recent  experience,  moreover,  has  shown 
that  achieving  satisfactory  performance  of  trickle 
valves  in  dilute  phase  fluid  solids  contacting  zones  is 
even  more  difficult.  Thus,  the  present  invention  ad- 
dresses  the  need  to  provide  an  improved  trickle  valve. 
Indeed,  the  present  invention  seeks  to  provide  an  im- 
proved  trickle  valve  suitable  especially  for  use  in  fluid 
solids  contacting  zones,  particularly  dilute  phase  fluid 

solids  contacting  zones. 
Lastly,  reference  is  made  to  U.S.  Patent 

26341  91  ,  which  overcomes  the  problem  of  sealing  cy- 
clone  diplegs  against  reverse  gas  flow  during  start-up 

5  of  a  fluidized  catalytic  cracking  unit,  by  providing  a 
temperature  releasable  connection,  e.g.  a  fusible  wire 
link  or  an  interengaging  bimetallic  thermostatic  ele- 
ment  and  two  pawls,  which  mounts  a  seal  plate  at  the 
lower  end  of  a  cyclone  dipleg  in  a  closed  position,  until 

10  the  seal  plate  is  released  into  an  open  position  when 
a  predetermined  temperature  is  reached. 

According  to  the  invention  there  is  provided  a 
trickle  valve  for  preventing  the  ingress  of  fluidizing 
gas  into  the  dipleg  of  a  cyclone  for  gas  solids  separa- 

15  tion,  comprising: 
a  curved  tubular  body  having  a  first,  upper,  end 

connected  to  the  lower  end  of  the  dipleg  and  a  sec- 
ond,  lower,  end; 

a  valve  seat  located  at  the  second  end  of  the 
20  body;  and 

a  flapper  plate  which  is  mounted  in  a  closed 
position  with  the  plate  engaging  the  valve  seat  and 
which  can  be  moved  into  an  open  position  in  which  it 
is  disengaged  from  the  valve  seat, 

25  CHARACTERISED  IN  THAT  (i)  the  flapper 
plate  is  permanently  mounted  at  its  top  by  pivot 
means  so  that  differential  pressure  causes  the  flap- 
per  plate  selectively  to  open  to  release  solids  from  the 
curved  tubular  body  and  to  close  to  prevent  ingress 

30  of  the  fluidizing  gas  into  the  dipleg  and  (ii)  the  radius 
of  curvature  of  the  tubular  body  portion  is  in  the  range 
of  from  about  1  1/2  times  to  2  1/2  times  the  diameter 
of  the  tubular  body  portion. 

In  one  embodiment  of  the  present  invention,  the 
35  valve  seat  is  oriented  at  an  angle  of  from  about  3°  to 

about  5°  from  the  vertical. 
In  another  embodiment,  the  flapper  valve  has  a 

refractory  coating  on  both  of  its  faces. 
Additional  features  and  advantages  of  the  trickle 

40  valve  of  the  invention  will  become  apparent  upon 
reading  of  the  detailed  description  of  the  invention 
(given  by  way  of  example)  in  light  of  the  accompany- 
ing  drawings,  in  which  :- 

Figure  1  is  a  vertical  section  of  a  vessel  having  a 
45  cyclone  positioned  within  the  vessel  to  which  a  trickle 

valve  of  the  invention  is  attached. 
Figure  2  is  a  detailed  side  elevation  of  a  preferred 

form  for  the  trickle  valve. 
Figure  3  is  a  detailed  front  elevation  of  the  trickle 

so  valve. 
For  convenience,  the  description  which  follows 

relates  to  a  reactor  containing  a  single  cyclone  having 
the  trickle  valve  to  be  described  attached  to  the  dipleg 
of  the  cyclone.  However,  it  will  be  readily  appreciated 

55  that  fluid  solids  contacting  apparatus  like  fluid  cata- 
lytic  cracking  reactor  units,  contain  a  plurality  of  cy- 
clones  located  within  the  vessel  and  the  present  in- 
vention  is  particularly  suitable  for  use  in  those  units. 

2 
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Referring  initially  to  Figure  1,  a  fluid  solids  con- 
tacting  vessel  10  includes  a  shell  12  which  is  provided 
with  an  inlet  16  for  introducing  entrained  solids,  such 
as  catalyst  suspended  in  a  fluidizing  gas,  into  the  bot-  5 
torn  of  the  vessel  10.  Aconduit  14  is  also  provided  for 
introducing  a  fluid  reactant  into  the  bottom  of  vessel 
1  0.  Additional  inlets  as  may  be  necessary  can  be  pro- 
vided.  In  the  embodiment  shown  in  Figure  1  ,  a  distrib- 
utor  plate  17  is  horizontally  disposed  in  the  vessel  10  10 
above  the  inlet  conduits  14  and  16  for  uniformly  dis- 
tributing  the  reactants  in  the  vessel.  The  distributor 
plate  1  7,  however,  is  totally  optional.  It  may  be  left  out 
or  other  known  distributing  devices  may  be  employed. 
Also  shown  in  Figure  1  is  a  conduit  1  5  for  removal  of  15 
solids  from  the  vessel. 

A  gas  outlet  18  is  provided  at  the  top  of  the  vessel 
10.  As  can  be  seen,  the  gas  outlet  18  is  operably  con- 
nected  to  a  cyclone  19  which  has  a  gas  solids  inlet  21 
and  a  dipleg  20.  Entrained  solids  that  enter  through  20 
the  inlet  21  are  returned  to  the  vessel  via  dipleg  20 
and  gaseous  product  is  removed  from  the  vessel  via 
conduit  18.  As  can  be  seen,  the  trickle  valve  24  is  lo- 
cated  at  the  lower  extremity  of  dipleg  20. 

Referring  now  to  Figures  2  and  3,  trickle  valve  24  25 
includes  a  tubular  body  member  25,  in  the  form  of  a 
curved  elbow  having  a  first  or  top  end  26  for  operably 
connecting  the  valve  24  to  the  dipleg  20  of  the  cy- 
clone.  The  body  portion  25  of  the  trickle  valve  24  can 
be  attached  to  dipleg  20,  for  example,  by  means  of  30 
welding.  Body  member  25  also  has  a  second  or  bot- 
tom  end  27.  The  face  29  of  the  opening  at  end  27  of 
the  valve  defines  a  valve  seat. 

Importantly,  the  tubular  body  portion  25  of  valve 
24  has  a  predetermined  radius  of  curvature  sufficient  35 
to  increase,  under  conditions  of  use,  the  stability  of 
the  dipleg  solids  level  over  that  of  trickle  valves  hav- 
ing  a  straight  run  tubular  body  portion.  Indeed,  the  ra- 
dius  of  curvature  of  the  tubular  body  portion  25  pre- 
ferably  is  in  the  range  of  from  about  1  1/2  times  to  40 
about  2  1/2  times  the  diameter  of  the  tubular  body 
portion  25. 

In  a  preferred  embodiment  of  the  present  inven- 
tion  the  valve  seat,  or  face  29,  is  oriented  at  an  angle, 
a,  with  respect  to  the  vertical,  whereby  the  bottom  of  45 
the  valve  seat  extends  outwardly  farther  than  the  top 
of  the  valve  seat.  This  is  shown  in  Figure  2.  Prefer- 
ably,  the  valve  seat  is  oriented  at  an  angle  of  from 
about  3°  to  about  5°  from  the  vertical. 

Preferably,  the  length  of  the  tubular  body  portion  50 
25  is  selected  so  that  valve  seat  29  is  spaced,  as 
shown  in  Figure  2,  at  a  horizontal  distance,  L,  from  the 
top  of  the  curved  body  portion,  which  distance  is  in 
the  range  of  from  about  1/4  to  about  3/8  of  the  diam- 
eter  of  the  tubular  body.  55 

The  trickle  valve  24  includes  a  flapper  plate  28 
which  is  pivotably  mounted  so  as  to  engage  the  valve 
seat  29  at  the  lower  end  27  of  the  body  25.  As  shown, 
a  pair  of  "O"  shaped  hinges  30  which  depend  from  a 

T-shaped  bracket  31  are  used  to  pivotably  mount  the 
flapper  plate  28  so  it  is  positioned  to  engage  the  valve 
seat  29  when  the  valve  is  closed.  As  can  be  seen,  the 
T-shaped  support  bracket  31  has  a  pair  of  openings 
32  that  are  larger  in  diameter  than  the  diameter  of  the 
rod  used  to  make  the  "O"  shaped  rings  30.  Flapper 
plate  28  has  a  corresponding  pair  of  openings  33 
which  have  a  diameter  greater  than  the  diameter  of 
the  rod  used  to  make  the  "O"  rings  30.  The  "O"  rings 
30  are  inserted  through  the  openings  in  the  T-shaped 
support  bracket  31  and  through  the  openings  33  of 
the  flapper  plate  28. 

The  T-shaped  support  bracket  31  is  shown  as  be- 
ing  mounted  at  the  weld  line  of  the  dipleg  28  and  the 
upper  portion  26  of  conduit  25.  Location  of  the  T- 
shaped  support  bracket,  however,  is  not  critical. 

As  shown  in  Figure  2,  the  flapper  valve  28  is  pro- 
vided  with  a  refractory  coating  34  on  both  faces  of  the 
flapper  plate  28.  It  is  particularly  preferred  that  the  re- 
fractory  coating  be  an  erosion  resistant  refractory 
such  as  phosphoric  acid  bonded  alumina  refractories. 
An  example  of  such  a  refractory  is  a  90%  alumina  re- 
fractory  sold  by  Resco  Industries,  Norristown,  Penn- 
sylvania  under  the  trade  name  Resco-AA-22.  The  re- 
fractory  material  preferably  is  hand  poured  onto  the 
faces  of  flapper  28.  The  coating  technique,  of  course, 
is  not  critical  and  any  conventional  refractory  casting 
techniques  may  be  employed. 

In  practice,  it  is  particularly  preferred  to  anchor 
the  refractory  to  the  surface  of  the  flapper  valve  28 
by  refractory  anchors  welded  to  the  flapper  valve.  In 
Figure  3,  the  anchor  takes  the  form  of  a  hexagonal 
steel  grating  shown  schematically  by  the  grid  pattern 
36. 

As  shown  in  Figure  3,  the  width  of  flapper  28  is 
slightly  larger  than  the  diameter  of  the  conduit  25  so 
that  lateral  movement  of  the  flapper  28  does  not  re- 
sult  in  opening  of  the  valve. 

A  particular  advantage  of  the  double  refractory 
lined  flapper  28  of  the  trickle  valve  24  is  that  it  is  sig- 
nificantly  heavier  than  conventional  bare  metal  flap- 
pers  and,  as  a  consequence,  provides  a  more  stable 
dipleg  solids  level.  The  double  refractory  lined  flapper 
28  has  other  advantages.  For  example,  the  refractory 
on  the  flapper  minimizes  erosion  of  the  flapper  itself 
and  provides  a  better  sealing  surface  over  a  longer 
period  of  time.  The  refractory  on  both  sides  of  the 
flapper  28  also  minimizes  thermal  distortion  of  the 
flapper  plate  28.  Because  the  double  refractory  flap- 
per  is  symmetrical,  it  simplifies  the  shimming  and  bal- 
ancing  of  the  flapper  during  installation  and  it  also  can 
be  reversed  at  a  future  turnaround  if  erosion  is  signif- 
icant. 

Claims 

1  .  A  trickle  valve  for  preventing  the  ingress  of  f  luid- 

3 
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izing  gas  into  the  dipleg  of  a  cyclone  forgas  solids 
separation,  comprising: 

a  curved  tubular  body  (25)  having  a  first, 
upper,  end  (26)  connected  tothe  lower  end  of  the 
dipleg  (20)  and  a  second,  lower,  end  (27); 

a  valve  seat  (29)  located  at  t  he  second  end 
(27)  of  the  body  (25);  and 

a  flapper  plate  (28)  which  is  mounted  in  a 
closed  position  with  the  plate  (28)  engaging  the 
valve  seat  (29)  and  which  can  be  moved  into  an 
open  position  in  which  it  is  disengaged  from  the 
valve  seat, 

CHARACTERISED  IN  THAT  (i)  the  flapper 
plate  (28)  is  permanently  mounted  at  its  top  by 
pivot  means  (30,  31,  32,  33)  so  that  differential 
pressure  causes  the  flapper  plate  selectively  to 
open  to  release  solids  from  the  curved  tubular 
body  (20)  and  to  close  to  prevent  ingress  of  the 
fluidizing  gas  into  the  dipleg  (20)  and  (ii)  the  ra- 
dius  of  curvature  of  the  tubular  body  (25)  is  in  the 
range  of  from  about  1  1/2  times  to  about  2  1/2 
times  the  diameter  of  the  tubular  body. 

2.  A  valve  as  claimed  in  claim  1  ,  wherein  the  valve 
seat  (29)  is  inclined  at  an  angle  of  from  about  3° 
to  about  5°  with  respect  to  the  vertical. 

3.  Avalve  as  claimed  in  any  preceding  claim,  where- 
in  the  valve  seat  (29)  is  at  a  horizontal  distance 
from  the  first  end  (26)  of  from  about  1/4  to  about 
3/8  the  diameter  of  the  tubular  body  (25). 

4.  Avalve  as  claimed  in  any  preceding  claim,  includ- 
ing  a  refractory  coating  (34)  on  the  faces  of  the 
flapper  plate  (28),  one  of  which  engages  the 
valve  seat  (29)  when  the  valve  (24)  is  in  the 
closed  position. 

5.  Avalve  as  claimed  in  claim  3,  wherein  the  refrac- 
tory  coating  (34)  is  anchored  to  the  flapper  plate 
(28)  by  means  of  a  hexagonal  steel  grating  (36) 
that  is  welded  to  the  flapper  plate  (28). 

6.  Afluid  solids  contacting  apparatus  having  one  (or 
more)  cyclone  (19)  in  the  apparatus  for  gas-sol- 
ids  separation  and  including  a  trickle  valve  (24) 
according  to  any  preceding  claim,  operatively 
connected  to  the  dipleg  (20)  of  the  cyclone  (19) 
for  stabilizing  the  level  of  solids  therein. 

Patentanspruche 

1  .  Rieselventil  zum  Verhindern  des  Eindringens  von 
Verwirbelungsgas  in  das  Fallrohr  eines  Zyklons 
zur  Gas/Feststoff-Trennung,  das 

einen  gekrummten  Rohrkorper  (25)  mit  ei- 
nem  ersten  oberen  Ende  (26),  das  mit  dem  unte- 

ren  Ende  des  Fallrohrs  (20)  verbunden  ist,  und  ei- 
nem  zweiten  unteren  Ende  (27); 

einen  Ventilsitz  (29),  der  an  dem  zweiten 
5  Ende  (27)  des  Korpers  (25)  angeordnet  ist;  und 

eine  Ventilplatte  (28)  umfalit,  die  in  einer 
geschlossenen  Stellung  montiert  ist,  in  welcher 
die  Platte  (28)  an  dem  Ventilsitz  (29)  anliegt,  und 
die  in  eine  geoffnete  Stellung  bewegt  werden 

10  kann,  in  welcher  sie  von  dem  Ventilsitz  gelost  ist, 
dadurch  gekennzeichnet,  dali  (i)  die  Ven- 

tilplatte  (28)  dauerhaft  mit  Schwenkeinrichtun- 
gen  (30,  31,  32,  33)  an  ihrer  Spitze  montiert  ist, 
so  dali  eine  Druckdifferenz  veranlalit,  dali  die 

15  Ventilplatte  selektiv  geoffnet  wird,  urn  Feststoffe 
aus  dem  gekrummten  Rohrkorper  (25)  freizuset- 
zen,  und  sich  dann  schlielit,  urn  das  Eindringen 
des  Verwirbelungsgases  in  das  Fallrohr  (20)  zu 
verhindern,  und  (ii)  der  Krummungsradius  des 

20  Rohrkorpers  (25)  im  Bereich  von  dem  etwa  11/2- 
bis  dem  etwa  21/2-fachen  des  Durchmessers  des 
Rohrkorpers  liegt. 

2.  Ventil  nach  Anspruch  1,  bei  dem  der  Ventilsitz 
25  (29)  in  Bezug  zu  der  Vertikalen  in  einem  Winkel 

von  etwa  3°  bis  etwa  5°  geneigt  ist. 

3.  Ventil  nach  einem  der  vorhergehenden  Anspru- 
che,  bei  dem  der  Ventilsitz  (29)  sich  in  einem  ho- 

30  rizontalen  Abstand  zu  dem  ersten  Ende  (26)  von 
etwa  1/4  bis  3/8  des  Durchmessers  des  Rohrkor- 
pers  (25)  befindet. 

4.  Ventil  nach  einem  der  vorhergehenden  Anspru- 
35  che,  das  eine  feuerfeste  Beschichtung  (34)  auf 

den  Oberflachen  der  Ventilplatte  (28)  einschlielit, 
von  denen  eine  an  dem  Ventilsitz  (29)  anliegt, 
wenn  sich  das  Ventil  (24)  in  der  geschlossenen 
Stellung  befindet. 

40 
5.  Ventil  nach  Anspruch  3,  bei  dem  die  feuerfeste 

Beschichtung  (34)  durch  ein  sechseckiges  Stahl- 
gitter  (36),  das  an  die  Ventilplatte  (28)  geschweilit 
ist,  an  der  Ventilplatte  (28)  verankert  ist. 

45 
6.  Fluid/Feststoff-Kontaktiergerat,  das  einen  (oder 

mehrere)  Zyklon(e)  (19)  zur  Gas/Feststoff-Tren- 
nung  in  dem  Gerat  aufweist  und  ein  Rieselventil 
(24)  gemali  einem  der  vorherigen  Anspruche  ein- 

50  schlielit,  das  mit  dem  Fallrohr  (20)  des  Zyklons 
(19)  in  Wirkbeziehung  verbunden  ist,  urn  dessen 
Feststoffgehalt  zu  stabilisieren. 

55  Revendications 

1.  Clapet  de  ruissellement  pour  empecher  I'entree 
d'un  gaz  de  fluid  isation  dans  le  bras  inferieur  d'un 
cyclone  pour  la  separation  de  solides  et  de  gaz, 

4 
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comprenant: 
un  corps  tubulaire  incurve  (25)  compor- 

tant  une  premiere  extremite  superieure  (26)  reliee 
I'extremite.  inferieure  du  bras  inferieur  (20)  et  une  5 
seconde  extremite  inferieure  (27); 

un  siege  de  clapet  (29)  situe  a  la  seconde 
extremite  (27)  du  corps  (25);  et 

une  plaque  obturatrice  (28)  qui  est  assem- 
ble  en  une  position  de  fermeture  dans  laquelle  10 
la  plaque  (28)  est  appliquee  contre  le  siege  de 
clapet  (29)  et  qui  peut  etre  deplacee  en  une  po- 
sition  d'ouverture  dans  laquelle  elle  est  separee 
du  siege  de  clapet, 

caracterise  en  ce  que  (i)  la  plaque  obtura-  15 
trice  (28)  est  assemblee  de  facon  permanente  a 
son  sommet  par  des  moyens  de  pivotement  (30, 
31  ,  32,  33)  de  telle  sorte  que  la  pression  differen- 
tielle  amene  la  plaque  obturatrice,  de  maniere  se- 
lective,  a  s'ouvrir  pour  laisser  echapper  des  soli-  20 
des  du  corps  tubulaire  incurve  (25),  et  a  se  fermer 
pour  empecher  I'entree  du  gaz  de  fluidisation 
dans  le  bras  inferieur  (20)  et  en  ce  que  (ii)  le  rayon 
de  courbure  du  corps  tubulaire  (25)  est  situe  dans 
I'intervalle  allant  d'environ  1  1/2  fois  a  environ  2  25 
1/2  fois  le  diametre  du  corps  tubulaire. 

2.  Clapet  tel  que  revendique  dans  la  revendication 
1,  dans  lequel  le  siege  de  clapet  (29)  est  incline 
d'un  angle  allant  d'environ  3°  a  environ  5°  par  rap-  30 
port  a  la  verticale. 

3.  Clapet  tel  que  revendique  dans  I'une  quelconque 
des  revendications  precedentes,  dans  lequel  le 
siege  de  clapet  (29)  est  situe  a  une  distance  ho-  35 
rizontale  de  la  premiere  extremite  (26)  d'environ 
1/4  a  3/8  du  diametre  du  corps  tubulaire  (25). 

4.  Clapet  tel  que  revendique  dans  I'une  quelconque 
des  revendications  precedentes,  comportant  un  40 
revetement  refractaire  (34)  sur  les  faces  de  la  pla- 
que  obturatrice  (28),  dont  I'une  s'applique  contre 
le  siege  de  clapet  (29)  lorsque  le  clapet  (24)  est 
en  position  de  fermeture. 

45 
5.  Clapet  tel  que  revendique  dans  la  revendication 

3,  dans  lequel  le  revetement  refractaire  (34)  est 
ancre  a  la  plaque  obturatrice  (28)  au  moyen  d'une 
grille  d'acier  hexagonale  (36)  qui  est  soudee  a  la 
plaque  obturatrice  (28).  50 

6.  Appareil  pour  la  mise  en  contact  de  solides  flui- 
dises  possedant  un  (ou  plusieurs)  cyclones  (19) 
dans  I'appareil  pour  la  separation  gaz-solides  et 
comportant  un  clapet  de  ruissellement  (24)  55 
conforme  a  I'une  quelconque  des  revendications 
precedentes,  reliefonctionnellementau  bras  infe- 
rieur  (20)  du  cyclone  (19)  pour  stabiliser  le  niveau 
des  solides  qui  y  sont  contenus. 

5 
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