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Description 

The  present  process  relates  in  general  to  the  bulk  separation  of  mixtures  by  selective  adsorption  of  at 
least  one  principal  constituant  thereof  using  crystalline  molecular  sieve  adsorbents.  More  particularly  the 

5  process  concerns  the  vapor  phase  drying  of  water-organic  azeotropes  or  near  azeotropes,  such  as  water- 
ethanol  mixtures,  by  size-selective  adsorption  of  the  water  constituent  on  an  appropriate  molecular  sieve 
using  a  fixed-bed  adsorption  system,  an  adorption-desorption  cycle  which  utilizes  the  water  heat  of 
adsorption  of  the  adsorption  stage  in  the  desorption  stage,  and  a  purge  desorption/regeneration  procedure 
in  which  the  purge  gas  is  partially  dehydrated  between  passes  through  the  adsorption  bed  by  intimate 

?0  contact  with  a  portion  of  the  purified  product. 
In  general,  drying  of  fluids,  either  gases  or  liquids,  by  the  selective  adsorption  of  the  water  is 

economically  feasible  only  when  the  concentration  of  water  in  the  fluid  is  small,  i.e.,  present  at  a  level  of  a 
few  parts  per  million  up  to  about  2.5  weight  percent.  When  larger  concentrations  of  water  must  be  removed 
from  a  normally  vapor-phase  mixture,  then  gas-liquid  adsorption  or  refrigeration  is  ordinarily  resorted  to. 

is  When  such  relatively  large  concentrations  of  water  are  to  be  removed  from  normally  liquid  mixtures, 
distillation  procedures  are  most  commonly  used.  This  is  not  because  selective  adsorption  is  incapable  of 
producing  a  sufficiently  water-free  product,  but  rather  is  due  to  the  fact  that  the  adsorbent's  capacity  for 
water  is  finite  and  only  a  fraction  of  the  mass  of  the  adsorbent.  It  is  necessary,  therefore,  in  order  to  avoid 
the  use  of  unduly  large  quantities  of  adsorbent,  to  use  a  smaller  and  reasonable  mass  of  adsorbent  and  to 

20  periodically  and  frequently  regenerate  it  by  desorption  of  at  least  some  of  its  water  loading  in  order  to 
suitably  treat  more  of  the  water-containing  feedstock.  The  greater  the  water  concentration  of  the  feedstock, 
of  course,  the  more  frequent  the  need  for  regeneration  of  a  given  mass  of  adsorbent.  Moreover,  to  provide 
for  a  more  or  less  continuous  output  of  dried  product,  multiple  adsorbent  beds  must  be  used,  so  that  when 
the  adsorbent  capacity  of  one  bed  is  exhausted,  a  fresh  bed  is  placed  on  stream  and  the  exhausted  bed 

25  regenerated. 
The  major  energy  requirement  for  such  an  adsorption  process  is  the  regeneration  step,  where  a 

regeneration  fluid  must  be  heated  to  provide  the  energy  for  the  endothermic  desorption  of  water,  the 
energy  required  to  raise  the  adsorbent  temperature,  the  energy  required  to  heat  the  carrier  fluid  in  the 
voids,  and  the  energy  required  to  heat  up  the  portion  of  the  vessel  in  contact  with  the  adsorbent.  Because 

30  regenerations  must  be  carried  out  more  frequently  for  high  water  concentrations,  the  inefficiencies  of 
energy  consumption  of  an  adsorptive  process  are  thus  more  pronounced  compared  to  alternative 
processes.  These  constraints  generally  limit  the  applicability  of  adsorptive  drying  process  to  small 
concentrations  of  water  or  to  unique  applications  where  alternatives  are  not  feasible  for  other  reasons. 

One  such  application  in  which  the  alternative  process  lack  clear  superiority  to  adsorptive  bulk  drying,  is 
35  azeotrope  liquid  drying.  In  treating  these  mixtures,  extractive  or  vacuum  distillation  techniques,  which  are 

far  more  complex  and  energy-intensive  than  simple  distillation,  are  required.  Nevertheless  such  alternative 
processes  are  still  generally  preferred  over  liquid-phase  adsorption  drying,  especially  when,  as  usually  is 
the  case,  a  continuous  type  of  process  operation  is  required.  More  particularly,  where  ordinary  economic 
considerations  limit  the  quantities  of  adsorbent  and  the  number  of  adsorbent  beds  which  can  be  employed, 

40  continuous  adsorption  processes  of  necessity  operate  using  relatively  short  adsorption  and  regeneration 
cycle  times.  Product  recovery  thus  becomes  critical  because  one  bed  void-space  volume  of  feedstock  must 
be  removed  from  each  bed  during  each  regeneration  stage.  Because  of  its  high  molar  density,  a  liquid  is 
extremely  difficult  to  move  about  in  the  adsorption  system  within  the  short  cycle  time  imposed. 

Although  most  of  the  difficulties  inherent  in  liquid-phase  bulk  drying  adsorption  processes  can  be 
45  avoided  by  operating  the  cycle  in  the  vapor  phase,  the  high  water  concentration  of  the  feedstock  leads  to 

another  phenomenon  which  until  recently  has  been  considered  so  adverse  to  the  stability  and  predictability 
of  adsorption  separation  processes  that  it  had  been  avoided  at  all  costs  by  those  skilled  in  the  art.  This 
phenomenon  is  commonly  referred  to  in  the  art  as  "crossover",  and  its  intentional  occurrence  in  a  process 
for  the  bulk  separation  of  water  from  organic  compounds  has  been  described  in  detail  in  U.S.P.  4,373,935, 

50  the  disclosure  of  which  is  incorporated  by  reference  herein. 
Crossover  concerns  the  relative  positions  in  an  adsorbent  bed  of  a  mass  transfer  front  and  a  heat  front. 

Hereinafter  in  the  specification  and  in  the  claims,  a  position  ahead  of  heat  front  or  a  mass  transfer  front 
means  a  position  between  the  front  and  the  egress  end  of  the  bed  with  respect  to  the  direction  of 
movement  of  the  fluid  stream  through  the  bed  which  generates  the  particular  front  involved.  Similarly  a 

55  position  behind  such  a  front  is  a  position  between  the  front  and  the  ingress  end  of  the  bed.  In  the  adsorptive 
drying  of  a  fluid  stream  as  in  the  present  invention,  the  heat  front  is  created  by  the  heat  of  adsorption  of 
water.  For  zeolite  adsorbents,  about  1  ,800  BTU's  are  liberated  for  every  pound  of  water  adsorbed.  The  heat 
is  generated  in  the  water  mass-transfer  front  which  is  the  interfacial  region  in  an  adsorption  column 
between  water-saturated  adsorbent  and  activated  (or  partially  activated)  adsorbent.  For  small  water 

60  concentrations  (<2.5  wt.%),  the  heat  generated  in  the  front  is  carried  out  and  ahead  of  the  front  by  the 
carrier  fluid  which  is  moving  at  a  much  higher  velocity  than  the  water  adsorption  front  in  the  bed.  This  may 
cause  the  product  fluid  to  be  slightly  warmer  than  the  feed  fluid  but  does  not  affect  the  adsorption 
dynamics  within  the  mass  transfer  front.  For  high  water  concentrations  (2.5  to  50  wt.%),  the  heat  front 
generated  can  coincide  with  the  mass  transfer  front  or  be  positioned  behind  the  mass  transfer  front.  In  such 

65  cases  the  rate  at  which  heat  is  generated  by  the  adsorption  exotherm  is  greater  than  the  rate  that  it  is 
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carried  out  of  the  mass  transfer  front  by  the  carrier  fluid,  i.e.,  the  mass  transfer  front  "crosses  over"  the  heat 
front.  Thereafter,  adsorption  is  being  carried  out  at  a  higher  temperature  than  the  feed  temperature  and 
reduces  the  efficiency  of  the  adsorbent  for  water  removal  by  both  lowering  the  effective  water  equilibrium 
capacity  and  elongating  the  mass-transfer  front,  which  can  cause  early  breakthrough  of  water  into  the 

s  product.  For  these  cases  the  mass  transfer  front  is  unstable  and  its  behavior  is  highly  unpredictable  for 
design  p u r p o s e s . .   ,  . .   *  * The  simple  equation  set  forth  below  is  useful  in  determining  the  approximate  location  of  the  heat  front 
relative  to  the  location  of  the  mass  transfer  front  in  an  adsorption  bed: 

w  (Xi  -  Xo)  Cp(g) 
R  =  x 

(Yi  -  Yo)  Cp(s) 

where  R  is  the  "cross-over  ratio"  Xi  is  the  adsorbent  loading  in  equilibrium  with  the  feed  concentration  of 
15  adsorbate  behind  the  mass  transfer  front  in  terms  of  lbs  adsorbate  per  lbs  adsorbent;  Xo  is  the  adsorbent 

residual  loading  ahead  of  the  mass  transfer  front  which  is  the  result  of  a  previous  regeneration  step  in 
terms  of  lbs  adsorbent  per  Ib  adsorbate;  Yi  is  the  inlet  (feed)  adsorbate  concentration  in  terms  of  lbs 
adsorbate  per  Ib  of  carrier  fluid;  Yo  is  the  adsorbate  concentration  of  the  bed  effluent  in  equilibrium  with  Xo 
in  terms  of  lbs  adsorbate  per  Ib  carrier  fluid;  Cp(g)  is  the  heat  capacity  of  the  carrier  fluid  in  terms  of  BTU's 

20  per  Ib  of  fluid  per  degree  Fahrenheit;  and  Cp(s)  is  the  heat  capacity  of  the  adsorbent  bed  solids  in  terms  of 
BTU's  per  Ib  of  solids  per  degree  Fahrenheit. 

Thus  for  a  zeolite  adsorbent  system,  for  values  of  "R"  greater  than  5,  the  heat  front  is  far  ahead  of  the 
mass  transfer  front,  and  heat  will  normally  leave  the  adsorbent  bed  before  the  leading  edge  of  the  mass 
transfer  front  leaves  the  bed.  For  values  of  "R"  of  from  about  1  to  5,  the  heatfrong  is  located  predominantly 

25  within  the  mass  transfer  front  between  the  leading  edge  and  the  stoichiometric  point  of  the  first  mass 
transfer  front  created  in  the  bed,  and  for  values  of  0.5  to  1,  the  heat  front  is  located  predominantly  behind 
the  stoichiometric  point  of  the  first  mass  transfer  front.  The  initial  (starting)  bed  temperature  and  the  total 
pressure  of  the  system  also  have  a  slight  affect  upon  the  crossover  ratio  "R". 

Operating  an  adsorption  process  for  which  "R"  =  <5  results  in  a  reduction  of  dynamic  adsorption 
30  capacity  compared  with  the  capacity  predicted  from  isothermal  data.  Thus  the  heat  generated  both 

lengthens  the  mass  transfer  front  and  lowers  the  equilibrium  capacity  because  of  higher  local  operating 
temperature.  The  heat  generated  can  be  distributed  throughout  the  adsorbent  bed  as  a  broad  pulse  of  a 
narrow  spike.  The  maximum  temperature  experienced  is  a  function  of  "R",  the  adsorption  dynamics  and 
the  initial  adsorbent  conditions.  This  temperature  must  be  kept  below  some  maximum  level  because  of  the 

35  potential  destruction  of  the  adsorbent  or  chemical  reaction  of  the  fluid  at  these  extreme  temperatures. 
The  process  of  the  aforesaid  U.S.P.  4,373,935,  of  which  the  process  of  this  invention  is  an 

improvement,  comprises  drying  an  organic  feedstock  containing  at  least  2.5  weight  percent  water  by 
passing  it  through  a  fixed  bed  of  an  absorbent  having  pores  small  enough  to  substantially  exclude  the 
organic  constituent.  The  passage  of  the  feedstock  is  through  the  bed  and  the  residual  water  loading  on  the 

40  adsorbent  are  controlled  in  a  manner  that  the  heat  front  generated  coincides  with,  or  trails  behind,  the 
water  adsorption  mass  transfer  front.  Countercurrent  regeneration  of  the  bed  is  begun  prior  to 
breakthrough  of  either  the  heat  front  or  the  water  mass  transfer  front  in  order  to  utilize  the  heat  energy  still 
within  the  bed  in  the  desorption  of  water. 

Because  of  the  relatively  large  quantity  of  molecular  sieve  adsorbent  necessitated  by  the  relatively 
45  large  quantity  of  water  to  be  removed  from  the  feedstock,  which  is  preferably  an  azeotrope  or  near- 

azeotrope,  a  relatively  large  volume  of  purge  gas  must  be  passed  through  the  adsorbent  bed  during  the 
desorption/regeneration  step  following  the  adsorption-purification  step.  The  total  volume  of  purge  gas 
required  can  be  minimized  by  employing  a  closed-loop  regeneration  cycle.  In  such  a  cycle  the  non-sorbable 
purge  gas  is  passed  through  the  water-loaded  bed  in  a  direction  counter-current  to  the  direction  of  flow  in 

so  the  previous  adsorption  step.  The  initial  effluent  gas  stream  from  the  bed  contains  a  high  concentration  of 
water  vapor,  and  since  the  purge  gas  is  at  least  somewhat  above  ambient  temperature,  a  substantial 
portion  of  this  water  vapor  can  be  removed  by  cooling  the  effluent  stream  to  below  its  dew  point  in  a  knock- 
out  vessel  to  form  liquid  water  which  is  readily  removed  from  the  system.  The  remaining  gas  phase  is  then 
heated  and  again  passed  through  the  adsorbent  bed  being  regenerated  and  the  cycle  repeated  as  many 

55  times  as  r e q u i r e d . .  
The  closed-loop  type  of  regeneration  has  also  been  proposed  as  an  element  of  one  embodiment  of  the 

prior  known  process  of  U.S.P.  4,373,935.  Inherent  in  such  an  embodiment,  however,  is  a  limitation  on  the 
degree  of  dehydration,  i.e.,  purity  of  the  organic  product.  The  water  content  of  the  product  is  a  function  of 
the  temperature  and  pressure  of  the  adsorption-purification  step  and  of  the  residual  water  loading  on  the 

60  molecular  sieve  adsorbent  at  the  effluent  (with  respect  to  the  product  stream)  end  of  the  bed.  The  lowest 
water  concentration  to  which  the  starting  water-organic  mixture  can  be  dried  is  that  fugacity  which  is  in 
equilibrium  with  this  residual  water  loading.  The  residual  water  loading  is  in  turn  established  by  the  water 
saturation  temperature  of  the  knock-out  vessel  and  by  the  temperature  and  pressure  of  the  gas  phase  from 
the  knock-out  vessel  which  is  recycled  to  the  bed.  The  lowest  residual  water  loading  to  which  the  bed  can 

65  be  stripped  during  regeneration  is  that  loading  which  is  in  equilibrium  with  the  water  fugacity  of  the  gas 

60 

65 
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phase  from  the  knock-out  vessel.  Accordingly,  since  the  bed  is  regenerated  counter-current  to  adsorption  in 
order  to  prevent  breakthrough  of  the  heat  front  and  since  the  adsorption  outlet  temperature  and  pressure 
are  essentially  the  same  as  the  desorption  inlet  temperature  and  pressure  by  design,  the  mol  fraction  of 
water  vapor  in  the  product  organic  species  cannot  be  less  than  the  mol  fraction  of  water  vapor  in  the 

5  regeneration  purge  gas.  It  follows,  therefore,  that  the  temperature  to  which  the  regeneration  gas  can  be 
cooled  determines  the  lowest  water  concentration  that  can  be  achieved  in  the  product  at  a  given  system 
pressure. 

The  significance  of  this  fact  becomes  apparent  when  it  is  considered  that  the  most  commonly  available 
and  least  expensive  cooling  means  is  the  evaporation  of  water  at  ambient  air  conditions,  i.e.,  the  well- 

10  known  tower  water  cooling  system.  Such  systems  can  typically  only  assure  that  the  cooling  water 
produced  will  be  less  than  29.4°C  (85°F)  for  95  percent  or  more  of  the  total  hours  during  the  months  of  June 
through  September  in  the  temperate  zone  and  assuming  normal  climatic  conditions.  Used  in  an  adsorption 
system  as  the  only  means  of  cooling  the  water  knock-out  for  recycled  regeneration  purge  gas,  the  process 
can  barely  produce  198  proof  ethanol  when  the  system  pressure  is  1.357  bar  (5  psig),  but  can  do  so  more 

15  readily  at  higher  pressures.  A  199  proof  ethanol  product  requires  an  operating  pressure  of  at  least  2.735  bar 
(25  psig),  but  an  anhydrous  grade  commercial  ethanol  product  (containing  not  more  than  0.1  wt.%  water) 
cannot  be  made  in  a  tower  water-cooled  system  at  any  reasonable  operating  pressure.  Even  if  the  tower 
water  is  further  chilled  using  refrigeration  apparatus,  a  reasonable  lower  temperature  limit  is  about  4.4°C 
(40°F)  in  view  of  the  need  to  avoid  freezing  of  the  condensing  water.  At  4.4°C  (40°F),  anhydrous  grade 

20  ethanol  can  be  produced,  but  only  if  the  system  pressure  is  greater  than  3.424  bar  (35  psig).  Of  course  a 
chilled-water  system  is  much  more  costly  and  energy  consumptive  than  cooling  tower  systems. 

The  present  improved  process  can  be  described  as  follows: 
In  an  adsorption  separation  process  which  comprises. 
(a)  passing  in  the  vapor  phase  a  feedstock  comprising  at  least  2.5  weight  percent  water  in  admixture 

25  with  at  least  2.5  weight  percent  water  in  admixture  with  at  least  one  organic  molecular  species  into  a  fixed 
adsorption  bed  at  a  temperature  and  pressure  which  prevents  the  capillary  condensation  of  said  organic 
molecular  species,  said  fixed  adsorption  bed  containing  an  adsorbent  mass  consisting  essentially  of  a 
crystalline  zeolitic  molecular  sieve  adsorbent  having  pores  small  enough  to  substantially  exclude  the  said 
organic  molecular  species,  moving  the  water  adsorption  mass  transfer  front  and  the  coinciding  or  trailing 

30  heat  front  created  in  said  fixed  bed  along  said  bed  toward  the  effluent  end  thereof  to  a  predetermined  point 
short  of  breakthrough  of  either  of  said  front,  at  least  that  portion  of  said  molecular  sieve  adsorbent 
contacted  by  said  water  mass  transfer  front  containing  adsorbed  thereon,  prior  to  and  at  the  time  of  contact 
of  said  front,  at  least  about  2,  and  preferably  at  least  about  5,  weight  percent  water,  said  molecular  sieve 
adsorbent  having  a  capacity  for  the  adsorption  of  water  under  the  imposed  operating  conditions  greater 

35  than  the  water  loading  thereon  at  the  time  of  contact  by  the  water  mass-transfer  front; 
(b)  from  the  effluent  end  of  said  bed,  recovering  a  product  stream  containing  a  lower  concentration  of 

water  than  the  feedstock; 
(c)  terminating  the  flow  of  feedstock  into  said  bed  prior  to  breakthrough  of  either  of  the  heat  front  and 

the  water  mass  transfer  front,  and  prior  to  substantial  loss  of  the  heat  energy  from  the  bed,  commencing 
40  the  counter-current  passage  through  said  bed  of  an  essentialy  non-sorbable  purge  gas  at  a  temperature 

within  about  13.9°C  (25°F)  of  the  temperature  of,  and  substantially  at  the  same  pressure  as,  the  feedstock 
entering  the  bed  during  adsorption  step  (a),  said  temperature  and  pressure  being  sufficient  to  prevent 
capillary  condensation  of  the  said  organic  molecular  species  of  said  feedstock,  whereby  the  energy  of  said 
heat  front  is  utilized  in  desorbing  water  from  the  adsorbent  mass; 

45  (d)  continuing  the  counter-current  purging  of  said  bed  until  the  water  loading  on  said  adsorbate  is 
essentially  the  same  as  at  the  beginning  of  adsorption  step  (a);  and 

(e)  repeating  adsorption  step  (a),  and  carrying  out  the  counter-current  passage  of  non-sorbable  purge 
gas  through  the  bed  in  steps  in  steps  (c)  and  (d)  by  recycling  the  said  purge  gas  effluent  from  said  bed 
through  cooling  means  to  lower  its  temperature  below  the  water  dew  point  thereof  whereby  liquid  water  is 

so  formed,  the  improvement  which  comprises  intimately  contacting  the  effluent  purge  gas  phase  from  said 
cooling  means  with  a  liquid  phase  portion  of  the  product  recovered  in  step  (b)  to  further  reduce  the  water 
content  of  said  purge  gas,  separating  at  least  a  portion  of  the  said  water-enriched  liquid  phase  product  from 
the  purge  gas  and  passing  the  resulting  purge  gas  through  the  bed. 

The  applicant  has  now  discovered  that  the  limitations  on  organic  product  purity  in  processes  such  as 
55  hereinbefore  described  can  be  largely  avoided  by  the  improvement  whereby  the  water  content  of  recycled 

purge  regeneration  gas  is  further  dried  after  passage  through  a  water  knock-out  by  intimately  contacting 
same  with  a  portion  of  the  product  organic  material.  In  this  manner  the  recycled  regeneration  gas  is 
rendered  significantly  drier  by  loss  of  the  water  absorbed  by  the  product  organic  material.  The  drier 
regeneration  gas  in  turn  lowers  the  residual  water  loading  on  the  effluent  end  of  the  bed  during  adsorption 

eo  and  hence  results  in  the  production  of  a  much  drier  product. 
As  used  herein  the  terms  mass  transfer  front,  heat  front  and  breakthrough  are  all  intended  to  have  the 

meaning  conventional  in  the  adsorption-separation  art.  The  mass  transfer  front  is  the  fluid  concentration  or 
adsorbent  loading  profile  of  the  adsorbable  component  over  the  mass  transfer  zone.  The  adsorbate  loading 
through  the  transfer  zone  is  essentially  a  linear  function  of  the  fluid  phase  concentration  of  the  adsorbable 

65  component.  Similarly,  the  heat  front  is  the  temperature  profile  of  the  adsorbent  generated  by  the  heat  of 
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adsorption  of  the  adsorbable  component  —  in  the  present  case,  water.  Breakthrough  is  said  to  occur  when 
the  leading  edge  of  the  mass  transfer  front  or  the  heat  front  reaches  the  effluent  end  of  the  bed. 
Breakthrough  is,  however,  arbitrarily  defined,  and  can  be  taken  as  either  the  minimum  detectable 
concentration  or  temperature  increase  in  the  effluent  product  or  as  the  maximum  allowable  increase  in 

5  these  parameters.  In  the  present  process,  the  latter  criterion  is  applied. 
The  particular  species  of  crystalline  molecular  sieve  employed  is  not  a  narrowly  critical  factor.  In  all 

events,  however,  it  should  be  capable  of  adsorbing  more  than  2,  preferably  more  than  5  weight  percent 
water  under  the  process  conditions  of  temperature  and  pressure,  and  to  substantialy  exclude  from 
adsorption  essentially  all  of  the  other  constituents  of  the  feedstock  under  those  conditions.  Preferably  a 

10  zeolitic  molecular  sieve  is  employed.  As  will  be  readily  understood  by  those  skilled  in  the  art,  the  significant 
adsorption  of  such  materials  other  than  water  can  be  disruptive  of  the  process  by,  for  example,  the  creation 
of  secondary  mass  transfer  and  heat  fronts  or  by  partially  decomposing  on  the  zeolite  and  diminishing  its 
adsorptive  capacity  through  coke  formation.  Thus  a  zeolite  having  an  effective  pore  diameter  of  about  3 
Angstroms,  such  as  the  potasium  cation  form  of  the  type  A  zeolite,  is  suitable  for  ail  feedstocks  within  the 

«  present  process,  but  where  the  organic  constituent  is  a  relatively  large  molecule,  such  as  benzene,  any  of 
the  so-called  small  pore  zeolites  such  as  the  various  cationic  forms  of  zeolite  A,  zeolite  F,  zeolite  D,  zeolite 
W,  zeolite  alpha,  zeolite  phi,  mordenite,  erionite,  clinoptilolite  and  chabazite  can  be  suitably  employed.  A 
comprehensive  listing  of  both  synthetic  and  naturally  occurring  zeolites  is  set  forth  in  "Zeolite  Molecular 
Sieves",  by  D.  W.  Breck,  John  Wiley  &  Sons,  New  York,  NY  (1974).  A  zeolite  species  of  universal 

20  applicability  in  treating  the  feedstocks  of  the  present  process  is  the  potassium-exchanged  form  of  zeolite  A 
in  which  the  pores  are  about  3  Angstroms  in  diameter.  The  type  A  zeolite  structure,  moreover,  has  a  very 
large  capacity  for  the  adsorption  of  water.  For  most  feedstocks,  including  those  in  which  the  organic 
constituent  is  ethanol  or  a  higher  alcohol,  small  pore  mordenite,  particularly  the  mineral  form,  such  as  is 
commercially  available  under  the  Union  Carbide  Corporation  designation  AW—  300,  is  also  highly  effective 

25  and  is  a  preferred  adsorbent. 
The  feedstocks  suitably  treated  are  any  mixtures  of  water  with  one  or  more  organic  compounds  which 

contain  at  least  2.5  weight  percent  water.  Preferred  feedstocks  are  those  which  cannot  be  dried  by 
conventional  distillation  techniques,  i.e.,  are  either  aqueous  azeotropes  or  can  form  azeotropic  mixtures  by 
appropriate  changes  in  the  relative  proportions  of  their  constituents.  Such  mixtures  include  those  wherein 

30  the  organic  constituent  is  one  or  a  mixture  of  two  or  more  of  ethanol,  isopropanol,  sec-butanol,  tert- 
butanol,  alkyl  alcohol,  benzene,  tetrahydrofuran,  dioxane,  toluene,  diethyl  ether,  di-iso-propyl  ether, 
ethylene  chloride,  n-propyl  formate,  methyl  acetate,  ethyl  acetate,  methyl  propionate,  ethyl-iso-butyrate,  n- 
propyl  nitrate,  methyl  ethyl  ketone,  formic  acid,  methyl  formate  and  pyridine.  Particularly  preferred 
feedstocks  are  mixtures  of  one  or  more  primary  alcohols  having  from  2  to  5  carbon  atoms  inclusive  with 

35  water  in  which  the  water  content  is  from  2.5  to  about  20  weight  percent.  Above  about  20  weight  percent 
water  the  adsorption-desorption  cycle  times  become  undesirably  short  and  heat  rise  peaks  in  the  bed  are 
also  higher  than  preferred.  An  especially  preferred  feedstock  is  an  ethanol-water  mixture  containing  from 
about  3.5  to  11.9  volume-%  (4.4  to  14.3  weight-%)  water. 

The  temperature  and  pressure  conditions  for  the  adsorption  step  must  be  selected  to  maintain  the 
40  feedstock  in  the  vapor  phrase  and  prevent  capillary  condensation  of  the  organic  constituent  in  the 

adsorbent.  It  is  preferred  that  the  feedstock  temperature  be  within  the  range  of  about  93.3°C  (200°F)  to 
232.2°C  (450°F)  and  at  appropriate  corresponding  pressure  within  the  range  of  about  1.013  bar  (absolute) 
up  to  about  7.9  bar.  At  higher  pressures  it  is  possible  for  the  density  of  the  feedstock  to  be  sufficiently  high 
to  force  the  heat  front  ahead  of  the  water  mass-transfer  front.  During  the  counter-current  purge-desorption 

45  step  the  temperature  of  the  non-sorbable  purge  gas  entering  the  bed  can  be  from  about  93.3°C  (200°F)  to 
246.2°C  (475°F),  and  is  preferably  within  13.9°C  (25°F)  of  the  temperature  of  the  feedstock  stream  during 
adsorption.  The  adsorption-desorption  cycle  is  preferably  isobaric  or  nearly  isobaric. 

The  purge  gas  utilized  in  the  desorption/regeneration  stages  of  the  process  can  be  any  vapor  phase 
compound  which  is  not  harmful  to  the  zeolite  adsorbent,  does  not  appreciably  react  with  the  feedstock 

so  constituents  under  the  imposed  conditions  and  which  is  not  appreciably  adsorbed  by  the  zeolite.  The  non- 
adsorbability  of  the  purge  gas  can  be  due  either  to  molecular  size  exclusion  or  to  a  weak  adsorptive 
attraction  between  it  and  zeolite.  Thus  purified  product  from  a  previous  adsorption  step  can  be  used  or,  and 
preferably,  a  normally  gaseous  extraneous  medium  such  as  nitrogen,  hydrogen,  helium,  carbon  dioxide  or 
methane. 

55  In  carrying  out  the  purge-desorption  steps  it  is  important  that  at  least  that  portion  of  the  regenerated 
bed  which  is  contacted  with  the  water  mass  transfer  front  during  the  subsequent  adsorption  step,  contains 
at  least  about  2,  and  preferably  at  least  about  5  weight  percent  water.  Accordingly,  it  is  not  essential  that  the 
entire  bed  have  a  level  loading  of  water  and  in  fact  as  a  practical  matter  it  will  not.  Since  the  water  loading 
on  the  egress  end  of  the  bed  during  adsorption  determines  the  concentration  of  water  in  the  product,  it  can 

60  be  advantageous  to  carry  out  the  counter-current  purge-desorption  in  such  a  manner  as  to  minimize  the 
water  loading  beyond  the  point  along  the  bed  length  reached  by  the  water  mass  transfer  front,  while 
assuring  that  the  adsorbent  actually  passed  over  by  that  mass  transfer  front  contains  the  requisite  amount 
of  water  loading  to  prevent  unduly  high  thermal  peaks. 

In  the  drawings: 
65  Fig.  1  is  a  schematic  flow  diagram  of  one  embodiment  of  the  present  invention. 
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Fig.  2  is  a  plot  showing  liquid/vapor  equilibrium  data  for  the  system  ethanol/water/nitrogen  at  29.4CC 
(85°F)  and  35°C  (95°F)  and  a  pressure  of  3.424  bar  (35  psig). 

The  process  is  illustrated  by  the  following  specific  embodiment  described  with  reference  to  Fig.  1  of  the 
drawings. 

5 
Example  1 

With  reference  to  the  adsorption  system  shown  in  Fig.  1,  the  adsorption  beds  18  and  28  are  each 
packed  with  2985  kg  (6580  pounds)  of  3.17  mm  (5");  pellets  of  Type  3A  zeolite,  which  under  the  process 
conditions  utilized  herein,  are  capable  of  dehydrating  (1860  kg/hour)  (4100  pounds/hour)  of  190  proof 

10  ethanol  (7.58  weight  percent  water)  feedstock  to  an  anhydrous  grade  (<1000  ppm  water,  weight  basis) 
ethanol.  Feedstock  190  proof  ethanol  is  fed  into  the  system  at  the  rate  of  45  kg  moles  per  hour  (99.4  pound 
moles  per  hour)  through  line  10  and  heater  12  where  the  temperature  is  raised  to  148.9CC  (300°F),  and 
thereafter  through  line  14,  valve  16  and  thence  into  bed  18.  As  a  result  of  the  most  recent  purge 
regeneration,  the  adsorbent  in  bed  18  contains  a  residual  water  loading  of  11.5  weight  percent.  The 

is  pressure  throughout  the  system  is  approximately  3.77  bar  (40  psia).  In  bed  18  the  water  of  the  feedstock  is 
adsorbed  and  forms  a  mass  transfer  front  which  moves  upward  therethrough.  The  water  loading  behind 
the  mass  transfer  front  is  about  17  weight  percent,  and  as  a  consequence  a  significant  heat  rise  of 
approximately  100°F  occurs  resulting  in  the  formation  of  a  heat  front  which  slightly  trails  the  water  mass 
transfer  front.  The  adsorption  step  in  bed  18  is  continued  for  about  15  minutes  during  which  period  an 

20  anhydrous  grade  ethanol  product  37.3  Kg  mols/hr  (82.2  pound  mols/hr)  ethanol  and  0.09  Kg  mol/hr  (0.21 
pound  mol/hr  water)  is  obtained  as  the  bed  effluent.  The  ethanol  product  passes  through  line  20,  valve  22, 
line  24,  line  26,  and  water  cooler  15  wherein  it  is  condensed  to  the  liquid  phase  at  a  temperature  of  35°C 
(95°F).  The  major  proportion  (60%)  of  the  liquid  ethanol  product  is  removed  from  the  system  through  line 
19,  and  the  remaining  proportion  14.9  Kg  moles/hr  (32.0  pound  mols/hr)  ethanol  and  0.36  Kg  mol/hr  (0.08 

25  pound  mol/hr)  water  is  diverted  through  line  17  and  utilized  in  drying  the  purge  regeneration  gas  stream  as 
described  hereinafter.  At  the  end  of  the  15-minute  adsorption  step,  during  which  period  neither  the  water 
mass  transfer  front  nor  the  heat  front  have  broken  through  the  bed  18,  the  feedstock  is  diverted  to  bed  28 
through  line  14  and  valve  30.  Bed  18  is  thereupon  regenerated  in  the  same  manner  as  bed  28  was  during 
the  previous  15-minute  period.  At  the  beginning  of  the  regeneration  step  with  respect  to  bed  28,  the  bed 

30  was  in  the  same  condition  as  bed  18  is  at  this  point.  The  regeneration  is  accomplished  using  nitrogen  as  a 
purge  gas  introduced  into  the  system  through  line  32.  Line  32  also  serves  as  the  means  to  introduce  make- 
up  purge  gas  into  the  operating  system  as  required.  The  purge  gas  is  forced  at  a  rate  of  298  Kg  mols/hr  (658 
pound  mols/hr),  and  at  a  pressure  of  40  psia  by  blower  34  through  heat  exchanger  46,  line  36,  heater  38 
where  its  temperature  is  raised  to  148.9°C  (300°F),  line  40,  valve  42  into  bed  28  in  a  flow  direction  counter- 

35  current  to  the  direction  of  flow  of  the  feedstock  stream  thereinto.  The  initial  action  of  the  nitrogen  purge  gas 
stream  is  to  flush  the  void  space  of  the  bed  and  thereafter  to  partially  desorb  the  water  from  the  zeolite 
adsorbent.  Purge  gas  and  desorbed  water  leave  the  bed  28  through  valve  43,  line  44,  line  45,  heat 
exchanger  46,  line  47  and  are  passed  through  cooler  48  wherein  the  temperature  is  lowered  to  35°C  (95°F) 
and  then  passed  through  line  49  to  knock-out  pot  50  wherein  11.6  pound  mols/hr  ethanol  and  8.07  pound 

40  mols/hr  water  are  condensed  and  recovered  through  line  53  as  a  recycle  feed  in  combination  with  the 
effluent  from  absorber  52,  infra.  This  recycle  feed  comprises  14.9  kg  mols/hr  (32.9  pound  mols/hr)  ethanol 
and  7.74  kg  mols/hr  (17.07  pound  mols/hr)  water.  The  effluent  gas  phase  from  knock-out  pot  50  comprises 
298  kg  mols/hr  (658  pound  mols/hr)  nitrogen,  12.1  kg  mols/hr  (26.6  pound  mols/hr)  ethanol  and  4.83  kg 
mols/hr  (10.66  pound  mols/hr)  water  and  is  passed  through  line  51  to  the  bottom  of  absorber  52.  The 

45  preferred  type  of  absorber,  and  the  one  employed  herein,  is  a  trayed  column,  but  other  equipment  such  as 
spray  columns,  wetted  wall  columns,  thin-film  contractors  and  packed  towers  are  satisfactory  for  specific 
applications.  The  40  percent  portion  of  dried  ethanol  product  which  was  diverted  through  line  17  is  at  a 
temperature  of  about  35CC  (95°F)  and  is  passed  to  the  top  of  absorber  52.  The  flow  rate  of  the  liquid  ethanol 
downward  through  the  absorber  is  1.25  times  the  minimum  amount  required  to  dry  the  purge  gas  passing 

50  upward  through  the  absorber  in  contact  with  the  dry  ethanol  to  the  desired  level.  The  spent  liquid  leaves 
the  column  bottom  enriched  in  water.  The  trayed  absorber  column,  52,  was  designed  using  the  vapor/liquid 
equilibrium  data  of  Fig.  2  of  the  drawings.  The  vapor  and  liquid  leaving  each  theoretical  tray  are  taken  to  be 
in  equilibrium.  The  absorber  is  assumed  to  be  isothermal.  The  liquid  ethanol  flow  rate  is  1.25  times  the 
minimum  required  to  accomplish  the  separation.  The  column,  then,  requires  6  and  a  partial  theoretical 

55  stages.  The  tower  would  have  a  0.91  m  (3-foot)  ID  with  38.1  cm  (15-inch)  minimum  tray  spacing.  The 
resulting  tray-by-tray  compositions  are  set  forth  in  Table  1  below. 

60 

65 
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L(X  0.4536  Kg  Mol/Hr)  XH2O  G(X  0.4536  Kg  Mol/Hr) YH2O YEtOH TRAY* 

FEED  .  32.98  0.00255  —  —  — 

1  32.92  0.04530  697.94  0.05470  0.00255 

2  32.80  0.08460  697.88  0.05260  0.00457 

3  32.60  0.12377  697.76  0.05060  0.00664 

4  32.31  0.16622  697.56  0.04852  0.00822 

5  31.79  0.21663  697.27  0.04619  0.01013 

6  30.79  0.28365  696.75  0.04330  0.01232 

7**  30.30  0.29970  695.75  0.03930  0.01497 

FEED  —  —  695.26  0.03828  0.01557 

10 

15 

20 
*  Numbering  from  top 
**  A  partial  equilibrium  stage 

When,  as  is  the  present  case,  the  feedstock  to  the  process  is  the  product  of  a  separation  process  such 
as  distillation  where  major  water  removal  is  accomplished  to  achieve  near  azeotropic  composition,  the 
liquids  from  the  knock-out  vessel  50  and  the  absorber  52  can  be  combined  and  recycled  to  the  appropriate 
point  for  water  rejection.  (For  example,  in  a  fermentation  plant  the  combined  stream  can  be  pumped  to  the 
"beer"  well  or  introduced  as  liquid  onto  the  "beer"  still  tray  which  most  nearly  approximates  the  water 
concentration.  For  other  applications,  the  knock-out  pot  liquid,  or  the  overflow  of  liquid  from  the  absorber 
bottom  tray,  whichever  is  richer  in  water,  may  be  the  means  of  rejecting  water  from  the  system.  The  stream 
which  is  leaner  in  water  is  recycled  to  adsorber  18  for  further  water  removal.)  The  dried  regeneration  gas 
flowing  from  the  top  of  absorber  52  comprises  298  kg  mols/hr  (658  pound  mols/hr)  nitrogen,  17.3  kg  mols/ 
hr  (38.2  pound  mols/hr)  ethanol  and  0.79  kg  mols/hr  (1.74  pound  mols/hr)  water  and  is  passed  through  line 
54  to  blower  34,  thus  completing  the  cycle.  (The  blower  can  be  used  at  any  point  in  the  closed-loop  recycle. 
However,  the  preferred  placement  is  as  shown,  so  that  the  heat  of  compression  can  reduce  the  amount  of 
heat  added  to  achieve  the  adsorber  28  influent  temperature.)  Because  the  purge  gas  is  much  drier  (about 
one  order  of  magnitude)  as  a  result  of  the  treatment  in  absorber  52  than  would  be  the  case  if  it  were  treated 
in  knock-out  50,  it  produces  a  substantially  lower  residual  water  loading  on  the  molecular  sieve  when  the 
gas  regenerates  adsorber  28. 

In  addition  to  the  improvement  in  drying  capability,  the  present  process  provides  another  significant 
advantage  over  prior  known  processes.  It  is  to  be  noted  that  after  the  regeneration  step  is  complete  in 
adsorber  28,  there  remains  isolated  in  the  head  space,  inter-particle  voids  and  macropore  voids  of  the  bed  a 
considerable  amount  of  nitrogen.  For  beds  of  the  size  employed  in  the  foregoing  example,  this  amount  of 
nitrogen  would  be  conservatively,  about  2.8  m3  (100  cu  ft).  Since  one  bed  is  regenerated  every  15  minutes, 
at  least  1  1  .3  m3  (400  cu  ft/hr)  of  nitrogen  would  be  lost  if  it  were  merely  flushed  from  the  bed  during  the  next 
adsorption-separation  stroke.  If,  moreover,  this  nitrogen  stream  is  vented  to  the  atmosphere,  it  could  create 
an  air  pollution  problem  because  of  its  ethanol  content.  There  is  also  the  disadvantage  of  losing  the 
valuable  ethanol. 

A  similar  situation  exists  after  the  completion  of  the  adsorption  step  in  bed  18,  only  in  this  instance  the 
bed  void  space  is  filled  with  feedstock  which  is  rich  in  ethanol  and  is  readily  condensable.  When  this  bed- 
volume  of  ethanol  reaches  cooler  48  during  the  regeneration  of  the  bed,  it  is  almost  totally  condensed  and 
removed  in  knock-out  pot  50.  Because  the  bed  regeneration  is  carried  out  in  a  "closed  loop"  mode,  this 
condensation  of  a  large  volume  of  vapor  will  cause  a  rapid  decrease  in  pressure.  In  a  conventional  process, 
this  decrease  would  be  compensated  for  by  the  introduction  of  make-up  nitrogen  through  line  32. 

In  the  present  process,  however,  the  non-condensible  purge  gas  which  is  forced  from  the  adsorption 
bed  in  admixture  with  product  ethanol  during  the  adsorption  stroke  can  readily  be  diverted  from  the 
product  ethanol  stream  along  with  that  portion  of  product  ethanol  which  is  used  to  dry  the  regeneration 
gas  stream  in  absorber  52  and  be  recycled  along  with  the  bulk  of  the  regeneration  gas  as  hereinabove 
described.  This  avoids  the  undue  waste  of  purge  nitrogen,  product  alcohol  and  the  attendant  air  pollution 
problem  of  prior  known  processes  with  only  minimal  addition  of  process  equipment  such  as  pressure 
valves,  purge  tanks  and  the  like. 

The  ethanol-water  mixture  which  is  in  the  bed  void  space  behind  the  water  mass  transfer  zone  at  the 
end  of  an  adsorption  step,  can  also  be  recovered.  At  the  beginning  of  the  countercurrent  regeneration  step, 
for  example  in  bed  28,  the  first  portion  of  nitrogen  entering  the  bed  through  valve  42  serves  to  purge  the 
ethanol  and  water  out  through  valve  30  and  line  14,  and  can  then  be  directed  through  valve  16  along  with 
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feedstock  entering  the  system  through  line  10.  After  the  bulk  of  the  ethanol-water  mixture  has  been  forced 
from  bed  28,  the  effluent  nitrogen  purge  steam  is  then  directed  through  valve  43  and  the  recycle  purge 
begun  as  described  hereinabove. 

s  Claims 

1.  An  adsorption  separation  process  which  comprises: 
(a)  passing  in  the  vapor  phase  a  feedstock  comprising  at  least  2.5  weight  percent  water  in  admixture 

with  at  least  one  organic  molecular  species  into  a  fixed  adsorption  bed  at  a  temperature  and  pressure 
10  which  prevents  the  capillary  condensation  of  said  organic  molecular  species,  said  fixed  adsorption  bed 

containing  an  adsorbent  mass  consisting  essentially  of  a  crystalline  zeolitic  molecular  sieve  adsorbent 
having  pores  small  enough  to  substantialy  exclude  the  said  organic  molecular  species,  moving  the  water 
adsorption  mass  transfer  front  and  the  coinciding  or  trailing  heat  front  created  in  said  fixed  bed  along  said 
bed  toward  the  effluent  end  thereof  to  a  predetermined  point  short  of  breakthrough  of  either  of  said  fronts, 

?5  at  least  that  portion  of  said  molecular  sieve  adsorbent  contacted  by  said  water  mass  transfer  front 
containing  adsorbed  thereon,  prior  to  and  at  the  time  of  contact  of  said  front  at  least  about  2,  and  preferably 
at  least  about  5,  weight  percent  water,  said  molecular  sieve  adsorbent  having  a  capacity  for  the  adsorption 
of  water  under  the  imposed  operating  conditions  greater  than  the  water  loading  thereon  at  the  time  of 
contact  by  the  water  mass-transfer  front; 

20  (b)  from  the  effluent  end  of  said  bed,  recovering  a  product  stream  containing  a  lower  concentration  of 
water  than  the  feedstock; 

(c)  terminating  the  flow  of  feedstock  into  said  bed  prior  to  breakthrough  of  either  of  the  heat  front  and 
the  water  mass  transfer  front,  and  prior  to  substantial  loss  of  the  heat  energy  from  the  bed,  commencing 
the  counter-current  passage  through  said  bed  of  an  essentially  non-sorbable  purge  gas  at  a  temperature 

25  within  about  13.9°C  (25°F)  of  the  temperature  of  and  substantially  at  the  same  pressure  as  the  feedstock 
entering  the  bed  during  adsorption  step  (a),  said  temperature  and  pressure  being  sufficient  to  prevent 
capillary  condensation  of  the  said  organic  molecular  species  of  said  feedstock,  whereby  the  energy  of  said 
heat  front  is  utilized  in  desorbing  water  from  the  adsorbent  mass; 

(d)  continuing  the  counter-current  purging  of  said  bed  until  the  water  loading  on  said  adsorbate  is 
30  essentially  the  same  as  at  the  beginning  of  adsorption  step  (a);  and 

(e)  repeating  adsorption  step  (a),  and  carrying  out  the  counter-current  passage  of  non-sorbable  purge 
gas  through  the  bed  in  steps  in  steps  (c)  and  (d)  by  recycling  the  said  purge  gas  effluent  from  said  bed 
through  cooling  means  to  lower  its  temperature  below  the  water  dew  point  thereof  whereby  liquid  water  is 
formed,  characterized  in  that  the  effluent  purge  gas  phase  from  said  cooling  means  with  a  liquid  phase 

35  portion  of  the  product  recovered  in  step  (b)  to  further  reduce  the  water  content  of  said  purge  gas,  that  at 
least  a  portion  of  the  said  water-enriched  liquid  phase  product  is  separated  from  the  purge  gas  and  passing 
the  resulting  purge  gas  through  the  bed. 

2.  Process  according  to  claim  1  wherein  the  feedstock  is  a  mixture  of  water  and  an  organic  molecular 
species  which  can  form  an  azotrope. 

40  3.  Process  according  to  claim  1  wherein  the  feedstock  is  an  azeotrope. 
4.  Process  according  to  claim  1  wherein  the  organic  molecular  species  is  a  primary  alcohol  containing 

from  2  to  5  carbon  atoms  inclusive. 
5.  Process  according  to  claim  2  or  3  wherein  the  organic  molecular  species  is  a  member  selected  from 

the  group  consisting  of  ethanol  and  isopropanol. 
45  6.  Process  according  to  claim  4  wherein  the  temperature  of  the  feedstock  entering  the  adsorption  bed  is 

within  the  range  of  93.3°C  (200°F)  to  204.4°C  (450°F)  and  the  pressure  is  within  the  range  of  about  1  to  about 
6.89  bar  (6.8  atmospheres). 

7.  Process  according  to  claim  6  wherein  the  zeolitic  molecular  sieve  adsorbent  is  a  zeolite  having  the 
mordenite  crystal  structure. 

so  8.  Process  according  to  claim  6  wherein  the  zeolite  molecular  sieve  adsorbent  is  a  Type  A  zeolite  having 
pore  diameters  of  about  3  Angstroms. 

9.  Process  according  to  one  of  the  foregoing  claims  wherein  the  feedstock  is  a  mixture  consisting 
essentially  of  water  and  ethanol  wherein  the  water  content  is  from  5  to  12  volume  percent  of  the  overall 
mixture. 

55 
Patentanspriiche 

1.  Adsorptions-TrennprozelS  umfassend: 
(a)  das  Einleiten  eines  Beschickungsstroms  in  der  Dampfphase  enthaltend  wenigstens  2,5-Gew.% 

60  Wasser  im  Gemisch  mit  wenigstens  einer  organischen  molekularen  Spezies  in  ein  Adsorptionsfestbett  bet 
einer  Temperatur  und  einem  Druck,  bei  denen  die  kapillare  Kondensation  dieser  organischen  molekularen 
Spezies  verhindert  wird,  wobei  dieses  Adsorptionsfestbett  eine  Adsorbensmasse  enthalt,  die  im 
wesentlichen  aus  einem  kristallinen  zeolithischen  Molekularsieb-Adsorbens  besteht,  das  Poren  hat,  die 
klein  genug  sind,  um  die  organischen  molekularen  Spezies  zuriickzuhalten,  Bewegen  der  Wasser- 

65  adsorptions-Massentransfer-Front  und  der  gleichlaufenden  oder  nachlaufenden  Warmefront,  die  in  diesem 

8 
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Festbett  erzeugt  wird,  entlang  dieses  Betts  in  Richtung  auf  das  Ausstromende  bis  zu  einem  vorbestimmten 
Punkt  kurz  vor  dem  Durchbruch  einer  dieser  beiden  Fronten,  wobei  wenigstens  an  demjenigen  Anteil  des 
Molekularsieb-Adsorbens,  der  mit  dieser  Wasser-Massen-transfer-Front  in  Kontakt  tritt,  vor  dem  oder 
wahrend  des  Inkontaktbringens  mit  dieser  Front  wenigstens  etwa  2  und  vorzugsweise  wenigstens  etwa  5% 

5  Wasser  absorbiert  sind,  wobei  das  Molekularsieb-Adsorbens  eine  Wasseradsorptionskapazitat  unter  den 
angewandten  Verfahrensbedingungen  hat,  die  grofSer  ist  als  dessen  Wasseraufnahme  zum  Zeitpunkt  des 
Kontakts  mit  der  Wasser-  Massentransfer-Front; 

(b)  Ruckgewinnen  eines  Produktstroms  am  Austromende  dieses  Betts  enthaltend  eine  geringere 
Konzentration  an  Wasser  als  der  Ausgangsstrom; 

10  (c)  Abbrechen  des  Stroms  des  Beschickungsmaterials  in  das  Bett  vor  dem  Durchbruch  entweder  der 
Warmefront  oder  der  Wasser-Massentransferfront  und  vor  einem  wesentlichen  Verlust  von  Warmeenergie 
aus  dem  Bett,  Beginnen  des  Hindurchleitens  eines  im  wesentlichen  nicht  sorbierbaren  Reinigungsgases 
durch  dieses  Bett  im  Gegenstrom  bei  einer  Temperatur  innerhalb  eines  Bereichs  von  13,9°C  (25°F)  um  die 
Temperatur  des  Beschickungsmaterials  und  im  wesentlichen  mit  dem  gleichen  Druck  wie  dieses 

15  Beschickungsmaterial,  das  in  dem  Adsorptionsschritt  (a)  in  das  Bett  eintritt,  wobei  Temperatur  und  Druck 
ausreichend  sind,  um  die  kapillare  Kondensation  der  organischen  molekularen  Spezies  des  Beschickungs- 
materials  zu  verhindern  und  wobei  die  Energie  der  Warmefront  verwendet  wird,  um  Wasser  von  der 
Adsorbensmasse  zu  desorbieren; 

(d)  Fortfuhren  der  Reinigung  dieses  Betts  im  Gegenstrom  bis  die  Wasserbeladung  auf  diesem 
20  Adsorbens  im  wesentlichen  derjenigen  zu  Beginn  des  Adsorptionsschritts  (a)  entspricht  und 

(e)  Wiederholen  des  Adsorptionsschritts  (a)  und  Durchfiihren  des  Hindurchleitens  des  nicht 
sorbierbaren  Reinigungsgases  im  Gegenstrom  durch  das  Bett  in  den  Schritten  (c)  und  (d)  durch  Riickfuhren 
dieses  ausstromenden  Reinigungsgases  aus  dem  Bett  iiber  Kuhlmfttel  zur  Absenkung  seiner  Temperatur 
unter  den  Wassertaupunkt,  wobei  fliissiges  Wasser  gebildet  wird, 

25  dadurch  gekennzeichnet,  dalS  die  aus  dieser  Kiihlvorrichtung  ausstromende  Reinigungsgasphase  mit 
einem  Anteil  einer  fliissigen  Phase  des  Produkts,  das  in  Schritt  (b)  riickgewonnen  wurde  in  Kontakt 
gebracht  wird,  um  den  Wassergehalt  des  Reinigungsgases  weiter  zu  reduzieren,  daG  wenigstens  ein  Teil 
dieses  wasserangereicherten  Produkts  in  der  Fliissigphase  von  dem  Reinigungsgas  abgetrennt  wird  und 
das  erhaltene  Reinigungsgas  durch  das  Bett  geleitet  wird. 

30  2.  Verfahren  nach  Anspruch  1,  bei  dem  das  Beschickungsmaterial  ein  Gemisch  von  Wasser  und  einer 
organischen  molekularen  Spezies  ist,  die  ein  Azeotrop  bilden  kann. 

3.  Verfahren  nach  Anspruch  1,  bei  dem  das  Beschickungsmaterial  ein  Azeotrop  ist. 
4.  Verfahren  nach  Anspruch  1,  bei  dem  die  organische  molekulare  Spezies  ein  primarer  Alkohol  ist,  der 

von  2  bis  einschieBlich  5  Kohlenstoffatome  enthalt. 
35  5.  Verfahren  nach  Anspruch  2  oder  3,  bei  dem  die  organische  molekulare  Spezies  eine  solche 

ausgewahlt  aus  der  Gruppe  bestehend  aus  Ethanol  und  Isopropanol  ist. 
6.  Verfahren  nach  Anspruch  4,  bei  dem  die  Temperatur  des  in  das  Adsorptionsbett  eintretenden 

Beschickungsmaterials  innerhalb  des  Bereichs  von  93,3°C  (200cF)  bis  204,4°C  (450°F)  liegt  und  der  Druck 
innerhalb  eines  Bereichs  von  etwa  1  bis  etwa  6,89  bar  (6,8  Atmospharen)  liegt. 

40  7.  Verfahren  nach  Anspruch  6,  bei  dem  das  zeolithische  Molekularsieb-Adsorbens  ein  Zeolith  mit  der 
Mordenit-Kristallstruktur  ist. 

8.  Verfahren  nach  Anspruch  6,  bei  dem  das  zeolithische  Molekularsieb-Adsorbens  ein  Zeolith  von  Typ 
A  ist  mit  Porendurchmessern  von  ungefahr  3  Angstrom. 

9.  Verfahren  nach  einem  der  vorhergehenden  Anspriiche,  bei  dem  das  Beschickungsmaterial  ein 
45  Gemisch  ist,  das  im  wesentlichen  aus  Wasser  und  Ethanol  besteht,  wobei  der  Wassergehalt  von  5  bis  12 

Volumenprozent  des  Gesamtgemischs  betragt. 

Revendications 

so  1-  Procede  de  separation  par  adsorption,  qui  consiste: 
(a)  a  faire  passer  en  phase  vapeur  une  charge  d'alimentation  comprenant  au  moins  2,5%  en  poids 

d'eau  en  melange  avec  au  moins  un  compose  moleculaire  organique  dans  un  lit  d'adsorption  fixe  a  une 
temperature  et  sous  une  pression  empechant  ia  condensation  capillaire  dudit  compose  moleculaire 
organique,  ledit  lit  d'adsorption  fixe  contenant  une  masse  d'adsorbant  consistant  essentiellement  en  un 

55  tamis  moleculaire  zeolitique  cristallin  ayant  des  pores  suffisamment  petits  pour  exclure  en  grande  partie 
ledit  compose  moleculaire  organique,  a  deplacer  le  front  de  transfert  de  masse  par  adsorption  d'eau  et  le 
front  thermique  comcidant  ou  tratnant  engendre  dans  ledit  lit  fixe  le  long  dudit  lit  vers  son  extfemite  de 
sortie  a  un  point  predetermine  au-dessous  de  la  percee  de  I'un  ou  I'autre  desdits  fronts,  au  moins  la  partie 
dudit  tamis  moleculaire  servant  d'adsorbant,  mise  en  contact  avec  ledit  front  de  transfert  de  massse  d'eau, 

eo  contenant,  adsorbes  sur  celui-ci  avant  et  au  moment  du  contact  avec  ledit  front,  au  moins  environ  2  et,  de 
preference,  au  moins  environ  5%  en  poids  d'eau,  ledit  tamis  moleculaire  servant  d'adsorbant  ayant  une 
capacite  d'adsorption  d'eau,  dans  les  conditions  operatoires  imposees,  superieure  a  la  charge  d'eau  qu'il 
porte  au  moment  de  la  mise  en  contact  avec  le  front  de  transfert  de  masse  d'eau; 

(b)  a  partir  de  I'extremite  de  sortie  dudit  lit,  a  recueillir  un  courant  de  produit  presentant  une 
65  concentration  en  eau  inferieure  a  celle  de  la  charge  d'alimentation; 
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(c)  a  interrompre  I'ecoulement  de  la  charge  d'alimentation  dans  ledit  lit  avant  la  percee  de  l'un  ou 
I'autre  du  front  thermique  et  du  front  de  transfert  de  masse  d'eau,  et  avant  une  perte  notable  de  I'energie 
thermique  du  lit,  a  commencer  le  passage  a  contre-courant  a  travers  ledit  lit  d'un  gaz  d'epuration 
pratiquement  non  sorbable  a  une  temperature  inferieure  d'environ  13,9°C  (25°F)  a  la  temperature  de,  et 

5  pratiquement  a  la  meme  pression  que,  la  charge  d'alimentation  penetrant  dans  le  lit  au  cours  de  I'etape 
d'adsorption  (a),  ladite  temperature  et  ladite  pression  etant  suffisantes  pour  empecher  la  condensation 
capillaire  dudit  compose  moleculaire  organique  de  ladite  charge  d'alimentation,  I'energie  dudit  front 
thermique  etant  ainsi  utilisee  dans  la  desorption  de  I'eau  de  la  masse  d'adsorbant; 

(d)  a  poursuivre  la  purge  a  contre-courant  dudit  lit  jusqu'a  ce  que  la  charge  d'eau  sur  ledit  adsorbat  soit 
10  pratiquement  identique  a  celle  existant  au  commencement  de  I'etape  d'adsorption  (a);  et 

(e)  a  repeter  I'etape  d'adsorption  (a)  et  a  effectuer  le  passage  a  contre-courant  de  gaz  d'epuration  non 
sorbable  a  travers  le  lit  dans  les  etapes  (c)  et  (d)  par  recyclage  dudit  effluent  gazeux  d'epuration  dudit  lit  a 
travers  un  systeme  de  refroidissement  pour  abaisser  sa  temperature  en  dessous  de  son  point  de  rosee  de 
I'eau,  de  I'eau  a  I'etat  liquide  etant  ainsi  formee, 

is  caracterise  en  ce  que  ia  phase  de  gaz  d'epuration  sortant  dudit  systeme  de  refroidissement  est  mise  en 
contact  avec  une  portion  en  phase  liquide  du  produit  recueilli  dans  I'etape  (b)  pour  diminuer  davantage  la 
teneur  en  eau  dudit  gaz  d'epuration,  au  moins  une  partie  dudit  produit  de  la  phase  liquide  enriche  en  eau 
est  separee  du  gaz  d'epuration  et  le  gaz  d'epuration  resultant  est  passe  a  travers  le  lit. 

2.  Procede  suivant  la  revendication  1,  dans  lequel  la  charge  d'alimentation  est  un  melange  d'eau  et 
20  d'un  compose  moleculaire  organique  qui  peut  former  un  azeotrope. 

3.  Procede  suivant  la  revendication  1,  dans  lequel  la  charge  d'alimentation  est  un  azeotrope. 
4.  Procede  suivant  la  revendication  1,  dans  lequel  le  compose  moleculaire  organique  est  un  alcool 

primaire  contenant  2  a  5,  inclus,  atomes  de  carbone. 
5.  Procede  suivant  la  revendication  2  ou  3,  dans  lequel  le  compose  moleculaire  organique  est  un 

25  membre  choisi  dans  le  groupe  comprenant  I'ethanol  et  I'isopropanol. 
6.  Procede  suivant  la  revendication  4,  dans  lequel  la  temperature  de  la  charge  d'alimentation  penetrant 

dans  le  lit  d'adsorption  est  comprise  dans  I'intervalle  de  93,3°C  (200°F)  a  204,4°C  (450°F)  et  la  pression  est 
comprise  dans  I'intervalle  d'environ  1  a  environ  6,89  bars  (6,8  atmospheres). 

7.  Procede  suivant  la  revendication  6,  dans  lequel  le  tamis  moleculaire  zeolitique  servant  d'adsorbant 
30  est  une  zeolite  presentant  ia  structure  cristalline  de  la  mordenite. 

8.  Procede  suivant  la  revendication  6,  dans  lequel  le  tamis  moleculaire  zeolitique  servant  d'adsorbant 
est  une  zeolite  de  type  A  ayant  des  diametres  des  pores  d'environ  3  angstroms. 

9.  Procede  suivant  Tune  des  revendications  precedentes,  dans  lequel  la  charge  d'alimentation  est  un 
melange  comprenant  essentiellement  de  I'eau  et  de  I'ethanol  dans  lequel  la  teneur  en  eau  represente  5  a 

35  12%  en  volume  du  melange  total. 
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