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Description 

This  invention  relates  to  a  still  or  distillation  ap- 
paratus  and  to  a  distillation  process. 

A  still  can  be  used  for  the  total  or  partial  sep- 
aration  of  two  or  more  components  in  a  liquid 
mixture  by  boiling  of  the  liquid,  condensation  of 
the  vapours  and  countercurrent  passage  of  the 
gaseous  and  liquid  streams  between  these  two 
operations.  Such  operations  in  a  variety  of  forms 
of  still  are  well  known  and  generally  rely  for  the 
substantial  or  partial  separation  of  the  compo- 
nents  on  intimate  countercurrent  contact  of  the 
vapour  and  liquid  streams  and  exchange  of  the 
components  across  the  vapour-liquid  interface  by 
gaseous  and  liquid  diffusion  processes. 

Conventional  stills  are  generally  constructed 
as  tall  stationary  columns.  These  may  contain  a 
packing  designed  to  promote  intimate  vapour-liq- 
uid  contact  between  vapour  ascending  the  col- 
umn  and  condensed  liquid  running  back  down  the 
column.  Alternatively  they  may  be  provided  with  a 
number  of  horizontal  trays  or  plates  provided  with 
so-called  bubble  caps  or  similar  arrangements 
designed  to  promote  good  vapour-liquid  contact 
between  liquid  on  the  tray  or  plate  and  vapour 
passing  up  the  column.  Particularly  if  the  compo- 
nents  to  be  separated  have  boiling  points  that  are 
close  to  one  another  a  very  tall  column  (some- 
times  in  excess  of  50  metres  high)  or  a  number  of 
smaller  columns  may  have  to  be  used.  This  can 
give  rise  to  problems  where  space  is  at  a  pre- 
mium  or  it  is  impracticable  to  use  a  very  tall  col- 
umn,  as  for  example  on  an  off-shore  oil  rig. 

The  use  of  centrifugal  force  in  thin  film  evap- 
orative  heat  exchangers  has  been  disclosed  in  a 
number  of  documents  in  the  prior  art,  including 
US-A-2  408  639,  US-A-3  092  180,  US-A-3  921 
709,  US-A-4  017  354.  US-A-4  153  500,  US-A-4 
167  454  and  US-A-4  199  398.  It  has  also  been 
proposed  to  use  centrifugal  force  in  vapour  rec- 
ompression  evaporators;  reference  may  be  had  in 
this  connection  to  US-A-2  734  023,  US-A-3  200 
051  and  US-A-3  725  209.  A  packed  rectification 
column  with  rotary  elements  is  described  in  SU- 
A-1  034  757.  Separation  of  isotopes  using  cen- 
trifugal  force  is  disclosed  in  GB-A-907  657.  A 
heat  exchanger  employing  centrifugal  force  is 
taught  by  US-A-2  721  730.  A  design  of  seal  for 
rotary  fluid  handling  devices  is  described  in  US-A- 
4  495  035. 

US-A-2  606  146  teaches  a  high  vacuum  multi- 
stage  distillation  method  and  apparatus  in  which 
liquid  to  be  distilled  is  fed  into  a  vertical  cylindrical 
casing  containing  a  rotor  which  can  be  rotated  at 
high  speed  within  a  series  of  stationary  frusto- 
conical  sections  arranged  along  the  axis  of  the 
casing.  Heat  is  supplied  to  the  stationar  frusto- 
conical  sections  by,  for  example,  electric  heating 
elements  so  as  to  cause  vaporization  from  the 
liquid,  while  cooling  medium  is  supplied  to  the 
hollow  rotor  whose  external  surface  provides  the 
corresponding  condensing  surfaces.  In  this  ar- 
rangement  external  heating  and  cooling  are  re- 
quired  for  each  separate  evaporation  and  sub- 

sequent  condensation  step.  In  additbn  a  relative- 
ly  tall  rotor  must  be  used  if  several  distillation 
stages  are  included.  Hence  the  apparatus  is  com- 
plex  and  relatively  bulky;  it  is  also  relatively  ineffi- 

5  cient  to  operate  since  the  energy  used  for  evap- 
oration  in  each  distillation  stage  is  discarded  in 
the  cooling  medium. 

DE-A-3  026  130  teaches  a  rotary  still  for 
evaporation  of  solutions  with  a  hollow  rotor  with 

10  concentric  double  walled  heating  elements 
through  which  steam  can  be  passed  and  radial 
apertures  at  the  top  and  bottom  alternately  in  the 
heating  elements  to  cause  liquid  fed  to  the  centre 
of  the  rotor  to  follow  a  labyrinthine  path  to  the 

15  periphery  of  the  rotor  in  the  form  of  a  thin  film 
under  the  action  of  centrifugal  force. 

It  has  been  proposed  to  effect  distillation  in  a 
still  comprising  a  rotor  containing  an  interfacial 
element  which  has  an  interfacial  area  of  more 

20  than  1500  m"\  is  permeable  to  the  fluids  and  has 
pores  which  present  a  tortuous  path  to  the  vapour 
and  liquid  phases.  This  rotor  is  rotated  at  high 
speed  so  as  to  subject  the  phases  to  an  accelera- 
tion  of  at  least  300  m  sec'2  as  the  flow  through 

25  the  element.  Such  a  still  is  described  in  US-A-4 
283  255.  However,  it  relies  for  its  operation  upon 
vapour-liquid  contact  and  exchange  occurring  by 
a  droplet-vapour  exchange  mechanism.  Moreover 
as  the  interfacial  element  has  a  large  number  of 

30  small  passages  therethrough  it  is  prone  to  block- 
age  if  the  liquid  to  be  distilled  contains  particulate 
matter  or  waxy  or  solid  components,  e.g.  crude 
oil. 

The  present  invention  accordingly  seeks  to 
35  provide  an  improved  form  of  still  of  compact  form 

which  is  less  prone  to  blockage  than  the  still  of 
the  afore-mentioned  U.S.  patent  and  has  high 
separation  efficiency. 

According  to  the  present  invention  there  is 
40  provided  a  still  for  effecting  separation  of  lighter 

and  heavier  components  of  a  liquid  mixture  con- 
taining  two  or  more  components  including  a 
lighter  component  and  a  heavier  component  by 
multi-stage  countercurrent  distillation,  said  still 

45  comprising  a  housing,  a  hollow  rotor  rotatably 
mounted  in  the  housing,  the  rotor  having  one  or 
more  outlets  for  liquid  at  the  periphery  thereof 
and  a  plurality  of  concentric  lamellar  bodies  of 
thermally  conductive  material  mounted  in  the  hol- 

50  low  interior  of  said  rotor  so  as  to  provide  a  laby- 
rinthine  path  within  the  rotor  for  liquid  moving 
radially  outwardly  under  centrifugal  force,  means 
for  rotating  the  rotor  about  its  axis,  vaporizing 
means  for  vaporizing  liquid  to  be  distilled,  liquid 

55  inlet  means  for  introducing  liquid  to  a  radially 
inner  part  of  the  hollow  interior  of  said  rotor,  va- 
pour  outlet  means  for  remowal  of  vapour  enriched 
in  lighter  component,  and  liquid  outlet  means  for 
remowal  of  liquid  enriched  in  heavier  component 

60  from  the  housing,  characterised  in  that  the  vapour 
outlet  means  is  or  are  arranged  to  communicate 
with  a  radially  inner  part  of  the  hollow  interior  of 
the  rotor  so  that  in  use  vapour  is  constrained  to 
move  radially  inwardly  and  liquid  to  move  radially 

65  outwardly  under  centrifugal  force  within  said  rotor 
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in  countercurrent  one  to  another  along  the  laby- 
rinthine  path  provided  within  the  rotor  by  the  con- 
centric  lamellar  bodies,  fractionation  taking  place 
in  a  plurality  of  stages  within  the  rotor  and  occur- 
ring  at  least  in  part  by  condensation  of  vapour  on  5 
the  radially  outer  surfaces  of  said  lamellar  bodies 
and  by  evaporation  from  liquid  on  the  radially 
inner  surfaces  of  said  lamellar  bodies,  the  heat  of 
condensation  resulting  from  said  condensation  of 
vapour  on  said  radially  outer  surfaces  being  con-  10 
ducted  through  said  lamellar  bodies  from  the 
radially  outer  surfaces  thereof  to  said  radially 
inner  surfaces  thereof  so  as  to  provide  heat  of 
evaporation  at  the  radially  inner  surfaces  thereof 
for  said  evaporation.  15 

Preferably  the  rotor  is  arranged  for  rotation 
about  a  substantially  vertical  axis.  Typically  the 
diameter  of  the  rotor  is  from  about  0.3  metres  to 
about  3  metres  and  the  ratio  of  the  axial  length  to 
the  diameter  of  the  rotor  is  from  about  2  :  1  to  20 
about  1  :  20. 

In  one  form  of  the  invention  the  lamellar 
bodies  comprise  concentric  frusto-conical  ele- 
ments  mounted  within  said  rotor.  Such  lamellar 
bodies  may  comprise  two  sets  of  concentric  frus-  25 
to-conical  elements  arranged  with  the  direction  of 
tapering  being  alternately  in  opposite  directions. 
Preferably  the  angle  between  the  axis  of  each 
frusto-conical  element  and  its  generator  is  sub- 
stantially  the  same.  Typically  this  angle  is  from  30 
about  15°  to  about  60°,  e.g.  about  45°.  In  one 
arrangement  one  set  of  plates  is  attached  to  the 
top  of  the  rotor  and  the  other  set  to  the  bottom  of 
the  rotor. 

Alternatively  the  lamellar  bodies  may  com-  35 
prise  concentric  perforated  elements  mounted 
within  said  rotor.  In  this  arrangement  the  perfor- 
ated  elements  may  extend  from  the  top  plate  to 
the  bottom  plate  of  the  rotor.  Preferably  said  per- 
forated  elements  are  formed  with  circumferential  40 
corrugations. 

The  invention  also  contemplates  use  of  lamel- 
lar  bodies  in  the  form  of  concentric  cylindrical  ele- 
ments  mounted  within  said  rotor.  Such  elements 
may  be  arranged  alternately  in  two  sets,  one  fixed  45 
to  the  top  of  the  rotor  and  the  other  set  being 
fixed  to  the  bottom  of  the  rotor. 

The  lamellar  bodies  are  made  of  thermally 
conductive  material,  typically  a  metal  or  alloy 
such  as  stainless  steel,  carbon  steel  or  copper.  50 
The  thickness  of  the  lamellar  bodies  should  be 
sufficient  to  provide  the  necessary  rigidity  under 
operating  conditions  but  thin  enough  to  permit 
high  thermal  flux  from  one  face  to  another. 
Preferably  the  lamellar  bodies  are  less  than  about  55 
1  mm  thick  if  made  of  stainless  steel,  less  than 
about  2  mm  thick  if  made  of  carbon  steel,  and 
less  than  about  5  mm  thick  if  made  of  copper. 

The  still  may  further  include  annular  boiler 
means  adjacent  the  radially  outermost  lamellar  60 
body,  annular  condenser  means  adjacent  the 
radially  innermost  lamellar  body,  means  for  sup- 
plying  heating  medium  to  the  boiler  means,  and 
means  for  supplying  coolant  to  said  condenser 
means.  65 

Desirably  labyrinthine  sealing  means  are  pro- 
vided  between  the  upper  and  tower  faces  of  the 
rotor  respectively  and  the  housing  to  prevent  sub- 
stantial  vapour  and/or  liquid  flow  around  the  rotor 
in  a  radial  direction. 

The  lamellar  bodies  are  preferably  arranged 
within  the  rotor  so  that  the  pressure  drop  from 
one  body  to  the  next  is  not  excessive.  Typically, 
for  a  still  operating  at  or  near  1  bar  the  pressure 
drop  from  one  body  to  the  next  lies  in  the  range  of 
from  about  1  0*3  bar  to  about  0.2  bar.  The  press- 
ure  drop  across  each  lamellar  body  may  be  the 
same  for  all  the  lamellar  bodies  or  may  vary  from 
one  lamellar  body  to  another. 

The  invention  further  provides  a  distillation 
process  for  separating  lighter  and  heavier  compo- 
nents  of  a  liquid  mixture  which  comprises: 

(a)  supplying  the  liquid  mixture  to  a  radially  inner 
part  of  the  interior  of  a  hollow  rotor  arranged 
for  rotation  about  its  axis  and  having  a  plurali- 
ty  of  concentric  lamellar  bodies  of  thermally 
conductive  material  mounted  in  the  hollow  in- 
terior  thereof  so  as  to  provide  a  labyrinthine 
path  within  said  rotor  for  liquid  moving  radially 
outwardly  with  respect  to  said  rotor; 

(b)  rotating  said  rotor  about  its  axis; 
(c)  allowing  liquid  to  move  radially  outwardly  with 

respect  to  said  rotor  along  said  labyrinthine 
path  and  to  undergo  evaporation  on  the  ra- 
dially  inner  surfaces  of  said  lamellar  bodies; 

(d)  allowing  vapour  enriched  in  lighter  component 
or  components  to  exit  the  interior  of  said  rotor; 

(e)  recovering  vapour  of  step  (d); 
(f)  allowing  liquid  enriched  in  heavier  component 

or  components  to  exit  said  rotor  at  the  peri- 
phery  thereof;  and  (g)  recovering  liquid  of  step 
(f); 

characterised  in  that  the  process  includes  the  fol- 
lowing  steps: 

(i)  providing  vapour  at  a  radially  outer  part  of  the 
hollow  interior  of  said  rotor; 

(ii)  allowing  vapour  to  move  radially  inwardly  with 
respect  to  said  rotor  along  said  labyrinthine 
path  and  to  condense  on  the  radially  outer 
surfaces  of  said  lamellar  bodies; 

(iii)  permitting  heat  of  condensation  resulting  from 
step  (ii)  to  be  conducted  through  said  lamellar 
bodies  from  the  radially  outer  surfaces  thereof 
to  provide  heat  of  evaporation  for  step  (c)  at 
the  corresponding  radially  inner  surfaces 
thereof;  and 

(iv)  allowing  vapour  enriched  in  lighter  component 
or  components  to  exit  the  interior  of  said  rotor 
from  a  radially  inner  part  thereof. 

The  still  of  the  present  invention  differs  substanti- 
ally  in  its  operation  from  conventional  distillation 
methods  in  that  the  exchange  of  components 
between  the  gaseous  and  liquid  countercurrent 
streams  does  not  substantially  occur  by  means  of 
intimate  contact  and  diffusion  but  by  the  conden- 
sation  of  components  from  the  vapour  stream  on 
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one  side  of  an  impermeable  thermally  conductive 
membrane  or  plate  and  the  evaporation  of  com- 
ponents  from  the  liquid  stream  on  the  other  side 
of  the  separating  membrane.  This  process  is  re- 
peated  in  several  countercurrent  stages  with  the 
evaporated  and  condensed  components  at  each 
stage  being  mixed  in  with  the  main  countercurrent 
vapour  and  liquid  streams.  Some  separation  of 
the  components  may  also  take  place  in  the  still  by 
the  conventional  diffusion  processes  in  the 
regions  where  intimate  countercurrent  contact  of 
the  vapour  and  liquid  streams  occurs,  but  this  is 
coincidental  and  of  relatively  minor  assistance  to 
the  operation  of  the  still  and  is  not  the  main  me- 
chanism  for  separating  the  components. 

The  separating  and  throughput  capacity  of  the 
still  depends  directly  on  the  heat  flux  across  the 
separating  membrane  or  plate  which  in  turn  is  a 
function  of  the  temperature  difference  between 
the  condensing  vapour  and  the  evaporating  liquid 
and  the  overall  heat  transfer  coefficient  from  the 
condensing  vapour  to  the  evaporating  liquid.  Suit- 
ably  high  heat  fluxes  are  obtained  by  rapidly  ro- 
tating  the  body  of  the  still  containing  the  plates 
thereby  generating  a  high  centrifugal  force  and  by 
constructing  the  separating  membrane  or  plate 
from  a  relatively  thin  sheet  of  a  highly  conductive 
material.  It  has  been  known  for  some  time  that 
very  high  overall  heat  transfer  coefficients,  well  in 
excess  of  1,  400,  000  k  cal/m2oc  can  be  obtained 
for  a  condensing  vapour  and  a  boiling  liquid 
under  the  effects  of  centrifugal  force  (see,  for 
example,  an  article  by  K.C.D.  Hickman  in  Indus- 
trial  and  Engineering  Chemistry  (1957),  4JL  at 
page  786). 

In  order  that  the  invention  may  be  clearly 
understood  and  readily  carried  into  effect  some 
preferred  embodiments  thereof  will  now  be  de- 
scribed,  by  way  of  example  only,  with  reference 
to  the  accompanying  diagrammatic  drawings, 
wherein: 

Figures  1  to  3  at  low  and  high  conden- 
sation  ratios  respectively; 

Figure  10  is  a  vertical  section  through  a  modified 
form  of  still; 

5  Figure  11  is  a  vertical  section  through  a  part  of  a 
third  embodiment  of  the  invention;  and 

Figure  12  is  a  perspective  view  to  an  enlarged 
scale  of  one  of  the  perforated  plates 
mounted  within  the  rotor  of  the  still  of 

10  Figure  11. 

Referring  first  to  Figures  1  to  3  of  the  drawings,  a 
first  form  of  still  constructed  according  to  the  in- 
vention  comprises  a  cylindrical  rotor  1,  whose 

15  axial  length  is  significantly  less  than  its  radius,  in 
which  is  mounted  a  series  of  concentric  truncated 
conical  membranes  or  plates  2,  3.  As  can  be 
seen  clearly  from  Figure  1,  there  are  two  sets  of 
plates  2,  3  which  taper  in  opposite  directions. 

20  Rotor  1  is  mounted  in  housing  4  and  can  be 
rotated  at  high  speed  (e.g.  about  300  to  about 
5000  rpm)  about  its  axis  by  means  of  motor  5. 
Plates  2  are  secured  to  the  upper  wall  6  of  rotor 
1,  whilst  plates  3  are  similarly  secured  to  the 

25  bottom  wall  7  of  rotor  1  .  A  series  of  orifices  8  are 
formed  in  the  outer  wall  9  of  rotor  1  for  the 
ingress  of  vapour  and  egress  of  liquid.  Vapour  is 
fed  to  housing  4  from  a  reboiler  (not  shown  in 
Figure  1)  by  way  of  vapour  inlet  10,  whilst  liquid 

30  can  be  removed  from  housing  4  for  return  to  the 
reboiler  by  means  of  liquid  outlet  1  1  .  Vapour  and 
liquid  pass  radially  in  countercurrent,  in  operation 
of  the  still,  through  rotor  1,  the  liquid  moving  out- 
wardly  whilst  the  vapour  moves  radially  inwardly. 

35  Typically  the  liquid  and  vapour  are  subjected  to 
an  acceleration  of  at  least  300  m  sec'2  by  rotation 
of  rotor  1.  The  plates  2,  3  define  a  labyrinthine 
path  for  vapour  as  it  passes  radially  towards  the 
axis  of  rotor  1,  as  well  as  for  liquid  as  this  moves 

40  radially  outwardly  under  the  centrifugal  force 
caused  by  rotation  of  rotor  1.  Vapour  escapes 
from  the  interior  of  rotor  1  by  way  of  orifices  12 
and  vapour  outlet  line  13  and  is  passed  to  a  con- 
denser  (not  shown).  A  liquid  reflux  stream  is  re- 

45  turned  from  the  condenser  by  way  of  liquid  inlet 
line  14  and  orifice  12. 

Shaft  15  is  provided  with  seal  members  16 
and  17  which  co-operate  with  corresponding 
members  on  the  housing  4.  Labyrinthine  seals 

50  18,  19  are  also  provided  between  the  rotor  1  and 
the  housing  4  so  as  to  constrain  at  least  a  major 
part  of  the  vapour  to  flow  through  rotor  1,  rather 
than  around  it. 

In  Figure  2  there  is  shown  part  of  the  rotor  1  , 55  on  an  enlarged  scale.  As  illustrated,  plate  N  is  the 
radially  innermost  of  the  plates  2  that  are  shown 
and  the  axis  lies  to  the  right  of  and  outside  Figure 
2.  In  operation,  vapour  travelling  radially  inwardly 
of  the  rotor  1  comes  into  contact  with  the  cooler 

60  plate  N  and  some  of  it  is  condensed  to  form  liq- 
uid.  This  liquid  passes,  under  the  action  of  cen- 
trifugal  force,  along  the  face  of  the  plate  N  until  it 
is  flung  from  the  radially  outer  lip  of  the  plate  and 
impinges  on  plate  M. 

65  The  latent  heat  released  by  the  condensation 

Figure  1  is  a  vertical  section  through  part  of  a 
still  constructed  according  to  the  inven- 
tion; 

Figure  2  is  a  vertical  section  on  an  enlarged 
scale  through  part  of  the  rotor  of  the 
still  of  Figure  1  ; 

Figure  3  is  a  flowsheet  of  the  still  of  Figures  1 
and  2  operating  under  total  reflux; 

Figure  4  is  a  flowsheet  of  a  still  according  to  the 
invention  operating  continuously  to 
separate  a  mixed  feed  into  two  pro- 
ducts,  one  rich  in  more  volatile  compo- 
nents  and  the  other  rich  in  less  volatile 
components; 

Figure  5  is  a  flowsheet  of  a  conventional  still 
under  continuous  operating  conditions; 

Figure  6  is  a  further  vertical  section  through  part 
of  the  rotor  of  the  still  of  Figures  1  to  3; 

Figure  7  is  a  diagram  of  operation  of  the  still  of 
Figures  1  to  3,  giving  a  graphical  plate- 
by-plate  analysis  ; 

Figures  8  and  9  illustrate  operation  of  the  still  of 
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of  the  liquid  b  is  conducted  through  the  plate  N 
and  evaporates  some  of  the  cooler  liquid  e  flow- 
ing  on  the  other  side  of  the  plate  N. 

The  net  effect  of  the  subsequent  condensa- 
tions  and  evaporations  on  each  plate  is  that  the  5 
vapour  d  passing  the  lip  of  plate  N  is  richer  in  its 
more  volatile  components  than  the  vapour  a  pas- 
sing  the  lip  of  plate  M.  Also  the  liquid  g  leaving 
the  lip  of  plate  M  is  leaner  in  its  more  volatile 
components  than  the  liquid  e  leaving  the  lip  of  10 
plate  N.  The  overall  and  cumulative  effect 
throughout  the  still  of  these  changes  is  that  more 
or  less  partial  rectification  of  the  mixture  occurs, 
the  concentration  of  volatile  components  in  the 
radially  inner  part  of  the  rotor  1  of  the  still  being  15 
substantially  greater  than  those  at  the  periphery 
thereof. 

Figure  3  illustrates  operation  of  the  still  of 
Figures  1  and  2  under  total  reflux.  Liquid  passes 
from  housing  4  in  line  1  1  to  boiler  20  and  is  re-  20 
turned  to  housing  4  by  way  of  line  10.  Vapour 
exiting  housing  4  in  line  13  passes  to  condenser 
21,  whence  condensed  vapour  is  recycled  in  line 
14. 

One  possible  scheme  for  the  continuous  oper-  25 
ation  of  the  still  to  effect  a  substantial  separation 
of  a  mixture  of  two  substances  with  differing  vola- 
tilities  is  illustrated  in  Figure  4.  In  this  particular 
scheme  two  rotors  101,  102,  each  similar  in  con- 
struction  to  the  rotor  1  of  the  still  of  Figures  1  and  30 
2,  containing  a  number  of  concentric  conical 
plates  1  03,  1  04  and  mounted  on  the  same  shaft 
105  attached  to  a  motor  150,  are  operated  in 
series  in  terms  of  the  countercurrent  vapour  and 
liquid  flows.  In  their  effect  the  two  rotors  1  01  ,  1  02  35 
act  as  the  upper  and  lower  sections  of  a  conven- 
tional  distillation  column  as  illustrated  in  Figure  5. 
Each  rotor  101,  102  is  mounted  for  rotation  with- 
in,  and  is  sealed  within,  a  respective  compart- 
ment  106,  107  of  the  housing  108,  the  two  com-  40 
partments  106,  107  being  separated  one  from  an- 
other  by  member  109.  A  liquid  feed  mixture, 
which  consists  of  a  mixture  of  components  X  and 
Y,  is  supplied  in  line  1  10  to  the  centre  of  the  lower 
rotor  1  02,  to  which  is  also  fed  liquid  flowing  out  45 
from  the  periphery  of  rotor  1  01  in  line  111.  From 
the  centre  of  rotor  102  the  liquid  passes  from 
concentric  plate  to  plate  out  to  the  periphery  of 
rotor  102  and  then  to  the  reboiler  112  by  way  of 
orifices  151  and  line  113.  Part  of  the  liquid  stream  50 
fed  to  the  reboiler  112  is  vaporised  and  returned 
to  the  periphery  of  the  lower  rotor  102  of  the  still 
by  way  of  line  114.  This  vapour  passes  through 
orifices  151  in  the  periphery  of  rotor  102  and  then 
over  the  two  sets  of  plates  103,  104  towards  the  55 
centre  of  rotor  102.  Vapour  exits  rotor  102 
through  orifices  152  and  then  flows  via  apertures 
153  in  member  109  into  the  housing  106  of  upper 
rotor  101.  It  enters  the  hollow  interior  of  upper 
rotor  101  through  peripheral  orifices  154  and  60 
passes  over  plates  1  03,  1  04  from  the  periphery  to 
the  centre  of  rotor  101.  Vapour  exits  upper  rotor 
101  by  way  of  orifices  155.  Labyrinthine  seals 
156,  157  are  provided  to  ensure  that  leakage  of 
vapour  around  rotors  1  01  ,  and  1  02  is  minimised  65 

and  that  the  desired  vapour  flow  pattern  can  be 
achieved.  Heavier  product  rich  in  component  Y  is 
recovered  in  line  115.  On  leaving  the  centre  of 
rotor  101  by  way  of  line  116  the  vapour  is  con- 
densed  to  liquid  in  condenser  117;  part  of  the 
condensate  is  returned  to  the  centre  of  rotor  101 
in  line  118  and  part  leaves  the  still  in  line  119  as 
the  lighter  product  rich  in  component  X. 

The  continuous  operation  of  rotors  101,  102 
of  the  still  in  this  manner  is  anabgous  to  the  oper- 
ation  of  sections  151,  152  respectively  of  a  con- 
ventional  vertical  bubble  cap  or  sieve  tray  or 
packed  column  as  illustrated  in  Figure  5  in  which 
anabgous  flow  streams  and  components  are  la- 
belled  with  the  same  reference  numerals  as  are 
used  in  Figure  4  to  facilitate  comparison. 

For  ease  of  presentation  the  reboiler  and  con- 
denser  in  Figure  4  are  shown  as  separate  units. 
However,  these  can  if  preferred  be  included  in 
very  compact  manner  within  the  rotors  of  the  still 
as  illustrated  in  Figure  10.  The  centrifugal  force 
which  effects  the  high  heat  transfer  coefficients 
on  the  plates  103,  104  also  gives  high  heat  trans- 
fer  coefficients  and  high  capacities  for  the  boiler 
and  condenser  units  of  the  still. 

In  order  to  more  fully  explain  the  operation  of 
the  still  of  Figures  1  to  3  and  its  fractionating  or 
separating  capacity  and  the  design  factors  which 
must  be  optimised  for  any  particular  application, 
an  analysis  of  the  operation  of  the  still  defining 
the  degree  of  fractbnation  obtained  at  each  plate 
and  overall  for  the  whole  still  is  now  given: 

Figure  6  is  a  simplified  cross-section  of  part  of 
one  form  of  still  constructed  according  to  the  in- 
vention.  This  shows  part  of  the  (n-1)th,  the  nth 
and  the  (n+1  )th  plates,  counting  outwardly  from 
the  axis  of  the  rotor,  i.e.  plates  Pn-i,  Pn  and  Pn+1 
which  are  mounted  between  the  top  plate  t  and 
the  bottom  plate  b  of  the  rotor.  As  drawn,  the  axis 
of  the  rotor  is  to  the  right  of,  and  outside  of,  Fig- 
ure  6.  The  simplifying  assumptions  that  are 
usually  made  in  distillation  calculations  are  now 
used,  i.e.  equal  molal  latent  heats,  constant  molal 
liquid  overflow  and  constant  molal  vapour  flow. 
The  folbwing  nomenclature  is  used  in  Figures  6 
to  9: 

S  >  feed  rate  mols/hr 
T  -  distillate  mols/hr 
W  «  bottoms  mols/hr 
V  -  mols/hr  vapour  passing  each  plate 
O  -  mols/hr  liquid  passing  each  plate 
R  -  reflux  ratb  ■  O/T 
v  -  mols/hr  vapour  evaporated  on  each  plate 
o  *  mols/hr  liquid  condensed  on  each  plate 
x  «  mol  fraction  of  key  component  in  liquid 
y  -  mol  fraction  of  key  component  in  vapour 
y*  -  composition  of  vapour  in  equilibrium  with 

liquid  of  composition  x 
x*  »  compositbn  of  liquid  in  equilibrium  with 

vapour  of  compositbn  y 
y'  -  compositbn  of  vapour  composed  of  v 

mols  of  composition  y*  and  V  mols  of 
compositbn  y. 
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Then  taking  a  heat  balance  across  the  metal  of 
each  plate  gives: 

o « v  

Taking  a  mass  balance  on  the  vapour  V  and 
liquid  O  passing  each  plate  Pn-i,  Pn,  Pn+1  in  a 
similar  way  to  that  for  a  conventional  column, 
gives  the  sbpe  of  the  operating  line  as  O/V.  The 
operating  line  is  that  line  on  which  the  values  for 
the  vapour  composition  xn  and  liquid  composition 
yn  of  each  plate  lie.  The  vapour  liquid  equilibrium 
diagram  and  the  still  operating  line  have  been 
plotted  in  Figure  7,  being  the  line  passing  through 
points  H,  F  and  B  and  that  passing  through  points 
K,  A  and  G  respectively. 

In  order  to  simplify  the  analysis  it  is  assumed 
that  the  fraction  of  the  vapour  condensed  on  each 
plate  is  constant  throughout  the  still,  i.e.  v/V  ■  a 
constant,  i.e.  r. 

In  Figure  7  the  point  A  represents  the  vapour 
and  liquid  compositions  passing  plate  n.  Since 
the  vapour  evaporating  from  plate  n  is  in  equili- 
brium  with  the  liquid  from  which  it  evaporates, 
point  B  gives  the  composition  of  this  vapour  yn*, 
i.e.,  B  has  the  co-ordinates  Xn,  Y*n. 

When  the  vapours  V  and  v  mix  to  form  V  +  v 
mols  then  a  mass  balance  gives 

(V  +  v)y'n  -  vyn*  +  Vyn 

So  by  moving  from  A  to  C  to  D  to  F  to  G  we  have 
moved  one  plate  up  the  operating  line. 

If  two  lines  are  drawn  in  the  diagram,  i.e.  lines 
1  and  2  in  Figure  7  such  that  for  line  1  a/b  *  v/V 

5  and  for  line  2  c/d  «  v/V,  then  the  determination  of 
points  C  and  D  in  the  previous  procedure  is 
greatly  simplified.  A  whole  series  of  plates  can  by 
this  means  be  stepped  off  graphically  with  almost 
as  much  ease  as  the  use  of  a  McCabe-Thiele 

10  diagram  for  a  conventional  still.  This  procedure  is 
illustrated  in  Figures  8  and  9. 

Figure  8  illustrates  the  operation  of  this  type 
of  still  with  a  low  value  for  the  ratio  v/V,  i.e.  a 
relatively  low  partial  condensation  and  evapora- 

15  tion  on  each  plate  Pi,  P2,  P3,  P4  and  P5.  In  this 

a  v  c  v 
Figure  —  ■=  —  and  also  —  *  — 

b  V  d  V 
20 

Figure  9  illustrates  operation  with  a  high  value  for 
the  ratio  v/V,  i.e.  a  relatively  high  partial  conden- 
sation  and  evaporation  on  each  plate  P-i,  P2  and 
Pa. 

25  a  v  c  v 
Again  —  »  —  and  —  ■  —  . 

b  V  d  V 

Examination  of  Figures  8  and  9  shows  that  a  high 
30  value  of  v/V  means  a  very  high-plate  efficiency 

with  a  relatively  small  number  of  plates  required 
for  a  particular  separation.  However,  the  size  of 
each  plate  will  be  relatively  large.  For  any  particu- 
lar  case  an  optimum  value  for  v/V  must  exist. 

35  In  Figure  7,  if  the  temperature  at  point  H  in  the 
diagram  is  T(xn*,  Yn)  and  the  temperature  at  point 
B  is  T(xn,  Yn*),  then  the  temperature  difference 
across  plate  Pn  is  T(xn*.  yn)  -  T(xn,  yn*).  This 
temperature  difference  is  the  driving  force  caus- 

40  ing  the  condensation  and  evaporation  on  either 
side  of  each  plate;  with  most  systems  this  tem- 
perature  difference  will  be  only  a  few  °C  if  the 
pressure  in  the  vapour  phase  is  relatively  con- 
stant  throughout  the  still. 

45  The  surface  areas  required  for  each  plate 
and,  therefore,  the  total  volume  of  the  still  will 
depend  on  the  heat  transfer  coefficient  obtained, 
the  temperature  difference  and  the  ratio  v/V.  A 
high  heat  transfer  coefficient  is  imperative  if  a 

50  small  volume  still  with  a  high  production  capacity 
is  to  be  obtained. 

The  temperature  difference  across  each  plate 
Pn  and  hence  the  heat  flux  and  rectification  ca- 
pacity  of  the  plate  can  be  increased  by  restricting 

55  the  size  of  the  opening  between  each  plate, 
thereby  increasing  the  pressure  drop  in  the  va- 
pour  from  plate  to  plate. 

Many  variations  in  the  construction  of  the 
plates  and  the  still  are  possible,  the  preferred  de- 

60  sign  depending  on  the  actual  application,  but  all 
of  them  essentially  or  mainly  depend  for  their 
operation  on  the  novel  principle  of  countercurrent 
stepwise  condensation  and  evaporation  of  va- 
pours  and  liquids  under  the  effect  of  centrifugal 

65  force  causing  relatively  high  heat  transfer  coeffi- 

or 

V'n -y*n  + -Yn. 
V+V  V+V 

So  point  C  in  Figure  7  has  the  co-ordinates 

Xn,  y'n,  if  AC  «  v  «  r. 

CB  V 

As  the  vapour  passes  from  plate  Pn  to  plate  Pn-i, 
v  mols  of  the  vapour  condense  leaving  V  mols. 
The  liquid  condensing  from  this  vapour  is  in  equi- 
librium  with  the  remaining  vapour.  Taking  a  mass 
balance  gives: 

(V  +  v)y'n«vyn*  +  Vyn 

or 

-•Yn*  + y v  •yn- 
V+v  V+v 

Point  D  in  Figure  7  thus  has  the  co-ordinates 

xV-T  Yn-1  if  DF  -  v  -  r. 

DE  V 

Therefore,  drawing  FG  parallel  to  the  x  axis  gives 
point  C  on  the  operating  line  with  co-ordinates 

Xn-1,  Yn-1. 
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cients  and  heat  fluxes.  Some  possible  but  not 
limiting  illustrations  in  simplified  terms  of  various 
forms  of  still  are  illustrated  in  Figures  10  and  in 
Figures  11  and  12. 

Figure  10  illustrates  a  still  with  a  rotor  201  5 
mounted  on  a  shaft  202  which  is  rotatable  by  a 
motor  (not  shown).  Rotor  201  consists  of  top  and 
bottom  plates  203,  204  respectively  on  which  are 
mounted  a  series  of  concentric  frusto-conical 
plates  205,  206;  this  assembly  is  surrounded  by  a  10 
peripheral  plate  207.  The  annular  space  208  be- 
tween  the  outermost  plate  209  of  the  set  of  plates 
205  is  used  as  a  boiler,  heating  being  effected  by 
supplying  steam  via  passage  210  through  shaft 
202  and  radially  extending  pipe  211.  Condensate  15 
water  is  recovered  by  way  of  radial  pipe  212  and 
passage  213  in  shaft  202.  Steam  is  fed  to  pas- 
sage  210  via  steam  inlet  214  and  steam  box  215 
which  is  provided  with  appropriate  seals  against 
shaft  202  to  minimise  leakage  of  steam.  Conden-  20 
sate  water  is  recovered  from  passage  213  in  con- 
densate  collection  box  216,  which  is  also  appro- 
priately  sealed  against  shaft  202,  and  exits  the 
still  in  line  217.  The  annular  space  218  immedi- 
ately  surrounding  shaft  202  within  innermost  plate  25 
21  9  of  the  set  of  plates  205  forms  a  condenser. 
Cooling  water  from  line  220  passes  to  condenser 
218  by  way  of  an  appropriately  sealed  chamber 
221  and  passage  222  in  shaft  202  and  is  re- 
covered  by  way  of  passage  223,  sealed  chamber  30 
224  and  outlet  line  225. 

Reference  numeral  226  indicates  a  labyrin- 
thine  seal  between  rotor  201  and  its  housing  227. 
Further  seals  228  and  229  are  provided  between 
shaft  202  and  housing  227.  35 

Liquid  feed  mixture  is  supplied  by  way  of  line 
230  and  orifice  231  to  the  interior  of  rotor  201  , 
whilst  light  volatile  vapour  product  is  recovered  by 
way  of  line  232.  Liquid  can  exit  the  rotor  201  via 
peripheral  orifices  233  and  accumulated  heavy,  40 
less  volatile  liquid  product  is  recovered  in  line 
234. 

In  the  still  of  Figures  11  and  12  the  rotor  301 
(only  part  of  which  is  visible  in  Figure  1  1  )  consists 
of  top  and  bottom  plates  302,  303  and  peripheral  45 
plate  304  in  which  are  mounted  a  plurality  of  cor- 
rugated  perforated  plates  305.  This  assembly  is 
mounted  on  shaft  306  for  rotation  by  a  motor  (not 
shown).  Liquid  reflux  material  enters  the  still  from 
a  condenser  (not  shown)  by  way  of  inlet  307,  inlet  50 
box  308,  which  is  appropriately  sealed  against 
shaft  306  to  minimise  leakage,  and  passage  309 
in  shaft  306. 

Vapour  from  a  boiler  (not  shown)  enters  the 
still  via  vapour  inlet  310.  Liquid  collecting  in  the  55 
housing  31  1  of  the  still  is  returned  to  the  boiler  via 
line  312.  A  labyrinthine  seal  313  causes  at  least 
the  majority  of  the  vapour  to  pass  radially  inward- 
ly  into  rotor  301  by  way  of  perforations  314  in  the 
peripheral  plate  304.  Vapour  flows  radially  in-  60 
wardly  towards  the  shaft  306,  passing  through 
perforations  315  (typically  from  about  5  mm  to 
about  30  mm  in  diameter)  in  the  plates  305.  Liq- 
uid  is  caused  to  flow  radially  outwardly  under  the 
influence  of  centrifugal  forces  and  passes  through  65 

perforations  315  in  the  plates  305  to  exit  the  rotor 
301  via  orifices  314.  Vapour  is  collected  at  an 
inner  part  of  the  rotor  by  way  of  pipe  317  and 
exits  the  still  via  line  318  to  the  condenser  (not 
shown).  Reference  numerals  319  and  320  indi- 
cate  shaft  seals. 

Some  of  the  advantages  inter  alia  of  the  still 
of  the  invention  compared  with  conventional  sta- 
tionary  vertical  packed  or  plate  column  stills  or 
other  rotating  packed  or  plate  stills  operating 
under  different  principles  of  countercurrent  va- 
pour  liquid  contacting  are  listed  below,  but  not 
limited  to  those  advantages. 

1  )  Very  much  more  compact  lower  weight  units 
can  be  designed  and  employed  for  a  specific 
duty  than  other  systems. 

2)  Very  short  contact  times  within  the  still  facilita- 
te  the  distillation  and  separation  of  heat  sensi- 
tive  materials  with  minimum  thermal  degrada- 
tion. 

3)  The  internal  design  of  the  still  permits  rapid 
shut  down  and  cleaning  or  maintenance,  and 
very  rapid  start  up  and  shut  down  to  facilitate 
varying  production  demands. 

4)  The  plate  design  of  the  still  permits  efficient 
operation  under  a  wide  range  of  vapour  and 
liquid  throughputs  and  reflux  ratios  unlike 
packed  columns  or  stills  relying  on  intimate 
vapour  liquid  contact  and  diffusion  processes 
for  rectification  which  are  very  dependent  for 
efficient  operatbn  on  sufficient  liquid  flow 
rates  to  fully  wet  the  packing  and  on  liquid 
redistribution  systems  to  maintain  this  wetting 
uniformly  throughout  the  packing. 

5)  The  internal  design  of  the  still  and  the  effect  of 
the  centrifugal  force  permit  it  to  operate  for 
relatively  long  periods  of  time  with  liquid  feeds 
containing  fine  paniculate  or  waxy  solids,  or 
with  viscous  liquids,  without  cbgging  or 
binding  to  a  significant  degree. 

6)  The  still  can  operate  normally,  even  when 
mounted  in  a  moving  or  oscillating  environ- 
ment  e.g.  on  shipboard. 

Claims 

1.  A  still  for  effecting  separation  of  lighter  and 
heavier  components  of  a  liquid  mixture  containing 
two  or  more  components  including  a  lighter  com- 
ponent  and  a  heavier  component  by  multi-stage 
countercurrent  distillation,  said  still  comprising  a 
housing,  a  hollow  rotor  rotatably  mounted  in  the 
housing,  the  rotor  having  one  or  more  outlets  for 
liquid  at  the  periphery  thereof,  and  a  plurality  of 
concentric  lamellar  bodies  of  thermally  conductive 
material  mounted  in  the  hollow  interior  of  said 
rotor  so  as  to  provide  a  labyrinthine  path  within 
the  rotor  for  liquid  moving  radially  outwardly 
under  centrifugal  force,  means  for  rotating  the 
rotor  about  its  axis,  vaporising  means  for  vapori- 
sing  liquid  to  be  distilled,  liquid  inlet  means  for 
introducing  liquid  to  a  radially  inner  part  of  the 
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holbw  interior  of  said  rotor,  vapour  outlet  means 
for  remowal  of  vapour  enriched  in  lighter  compo- 
nent,  and  liquid  outlet  means  for  remowal  of  liquid 
enriched  in  heavier  component  from  the  housing 
characterised  in  that  the  vapour  outlet  means  (13;  5 
116;  232;  318)  is  or  are  arranged  to  communicate 
with  a  radially  inner  part  of  the  hollow  interior  of 
the  rotor  (1;  101,  102;  201;  301)  so  that  in  use 
vapour  is  constrained  to  move  radially  inwardly 
and  liquid  to  move  radially  outwardly  under  centri-  10 
fugal  force  within  said  rotor  in  countercurrent  one 
to  another  along  the  labyrinthine  path  provided 
within  the  rotor  by  the  concentric  lamellar  bodies 
(2,  3;  103,  104;  205,  206;  305),  fractionation 
taking  place  in  a  plurality  of  stages  within  the  15 
rotor  and  occurring  at  least  in  part  by  condensa- 
tion  of  vapour  on  the  radially  outer  surfaces  of 
said  lamellar  bodies  and  by  evaporation  from 
liquid  on  the  radially  inner  surfaces  of  said  lamel- 
lar  bodies,  the  heat  of  condensation  resulting  20 
from  said  condensation  of  vapour  on  said  radially 
outer  surfaces  being  conducted  through  said  la- 
mellar  bodies  from  the  radially  outer  surfaces 
thereof  to  said  radially  inner  surfaces  thereof  so 
as  to  provide  heat  of  evaporation  at  the  radially  25 
inner  surfaces  thereof  for  said  evaporation. 

2.  A  still  according  to  claim  1  ,  characterised  in 
that  the  ratio  of  the  axial  length  to  the  diameter  of 
said  rotor  (1  )  is  from  about  2  :  1  to  about  1  :  20.  30 

3.  A  still  according  to  claim  1  or  claim  2,  charac- 
terised  in  that  said  lamellar  bodies  comprise  con- 
centric  frusto-conical  elements  (2,  3;  103,  104; 
205,  206)  mounted  within  said  rotor.  35 

4.  A  still  according  to  claim  3,  characterised  in 
that  said  lamellar  bodies  comprise  two  sets  of 
concentric  frusto-conical  elements  (2,  3;  103, 
104;  205,  206)  arranged  with  the  direction  of  ta-  40 
pering  being  alternately  in  opposite  direction. 

5.  A  stiil  according  to  claim  3  or  claim  4,  charac- 
terised  in  that  the  angle  between  the  axis  of  each 
frusto-conical  element  (2,  3;  103,  104;  205,  206)  45 
and  its  generator  is  substantially  the  same  as  the 
corresponding  angle  for  each  other  frusto-conical 
element. 

6.  A  still  according  to  claim  5,  characterised  in  50 
that  the  angle  between  the  axis  of  each  frusto- 
conical  element  and  its  generator  is  from  about 
15°  to  about  60°. 

7.  A  still  according  to  claim  1  or  claim  2,  charac-  55 
tensed  in  that  said  lamellar  bodies  comprise  con- 
centric  perforated  elements  (305)  mounted  within 
said  rotor. 

8.  A  still  according  to  claim  7,  characterised  in  60 
that  said  perforated  elements  are  formed  with  cir- 
cumferential  corrugations. 

9.  A  still  according  to  claim  1  or  claim  2,  charac- 
terised  in  that  said  lamellar  bodies  comprise  con-  65 

centric  cylindrical  elements  mounted  within  said 
rotor. 

1  0.  A  still  according  to  claim  9,  characterised  in 
that  said  cylindrical  elements  are  arranged  alter- 
nately  in  two  sets,  the  elements  of  one  set  being 
fixed  to  the  top  of  the  rotor  and  those  of  the  other 
set  being  fixed  to  the  bottom  of  the  rotor. 

1  1.  A  still  according  to  any  one  of  claims  1  to  10, 
characterised  in  that  said  vaporizing  means  com- 
prises  an  annular  boiler  (208)  adjacent  the  radial- 
ly  outermost  lamellar  body  (209),  and  that  an 
annular  condenser  means  (218)  is  provided  adja- 
cent  the  radially  innermost  lamellar  body. 

12.  A  still  according  to  any  one  of  claims  1  to  11, 
characterised  in  that  labyrinthine  sealing  means 
(18,  19;  156,  157;  226;  313)  are  provided 
between  the  upper  and  lower  faces  of  the  rotor 
respectively  and  the  housing  to  prevent  substanti- 
al  vapour  and/or  liquid  fbw  around  the  rotor  in  a 
radial  direction. 

13.  A  multi-stage  countercurrent  distillation 
process  for  separating  lighter  and  heavier  compo- 
nents  of  a  liquid  mixture  which  comprises: 

(a)  supplying  the  liquid  mixture  to  a  radially  inner 
part  of  the  interior  of  a  hollow  rotor  arranged 
for  rotation  about  its  axis  and  having  a  plurali- 
ty  of  concentric  lamellar  bodies  of  thermally 
conductive  material  mounted  in  the  hollow  in- 
terior  thereof  so  as  to  provide  a  labyrinthine 
path  within  said  rotor  for  liquid  moving  radially 
outwardly  with  respect  to  said  rotor; 

(b)  rotating  said  rotor  about  its  axis; 
(c)  allowing  liquid  to  move  radially  outwardly  with 

respect  to  said  rotor  along  said  labyrinthine 
path  and  to  undergo  evaporation  on  the  ra- 
dially  inner  surfaces  of  said  lamellar  bodies; 

(d)  allowing  vapour  enriched  in  lighter  component 
or  components  to  exit  the  interior  of  said  rotor; 

(e)  recovering  vapour  of  step  (d); 
(f)  allowing  liquid  enriched  in  heavier  component 

or  components  to  exit  said  rotor  at  the  peri- 
phery  thereof;  and  (g)  recovering  liquid  of  step 
(f);  characterised  in  that  the  process  includes 
the  following  steps: 

(i)  providing  vapour  at  a  radially  outer  part  of  the 
hollow  interior  of  said  rotor; 

(ii)  albwing  vapour  to  move  radially  inwardly  with 
respect  to  said  rotor  along  said  labyrinthine 
path  and  to  condense  on  the  radially  outer 
surfaces  of  said  lamellar  bodies; 

(iii)  permitting  heat  of  condensation  resulting  from 
step  (ii)  to  be  conducted  through  said  lamellar 
bodies  from  the  radially  outer  surfaces  thereof 
to  provide  heat  of  evaporation  for  step  (c)  at 
the  corresponding  radially  inner  surfaces 
thereof;  and 

(iv)  allowing  vapour  enriched  in  lighter  component 
or  components  to  exit  the  interior  of  said  rotor 
from  a  radially  inner  part  thereof. 
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Patentanspruche 4.  Destillationsvorrichtung  nach  Anspruch  3, 
dadurch  gekennzeichnet,  da  IB  die  lamellenformi- 
gen  Korper  zwei  Gruppen  von  konzentrischen, 
kegelstumpfformigen  Elementen  (2,  3;  103,  104; 
205,  206)  umfassen,  deren  Abschragung  ab- 
wechselnd  in  entgegengesetzte  Richtung  geht. 
5.  Destillationsvorrichtung  nach  Anspruch  3  oder 
4,  dadurch  gekennzeichnet,  daB  der  Winkel  zwi- 
schen  der  Achse  jedes  kegelstumpfformigen  Ele- 
ments  (2,  3;  103,  104;  205,  206)  und  seiner  Er- 
zeugenden  im  wessntlichen  der  gleiche  ist  wie 
der  entsprechende  Winkel  fur  jedes  andere  ke- 
gelstumpfformige  Element. 

6.  Destillationsvorrichtung  nach  Anspruch  5, 
dadurch  gekennzeichnet,  daB  der  Winkel  zwi- 
schen  der  Achse  jedes  kegelstumpfformigen  Ele- 
mentes  und  seiner  Erzeugenden  etwa  15  bis 
etwa  60°  betragt. 

7.  Destillationsvorrichtung  nach  Anspruch  1  oder 
2,  dadurch  gekennzeichnet,  daB  die  lamellenfor- 
migen  Korper  konzentrische  gelochte  Elemente 
(305)  umfassen,  die  innerhalb  des  Rotors  ange- 
bracht  sind. 

8.  Destillationsvorrichtung  nach  Anspruch  7, 
dadurch  gekennzeichnet,  daB  die  gelochten  Ele- 
mente  umlaufende  Rippen  aufweisen. 

9.  Destillationsvorrichtung  nach  Anspruch  1  oder 
2,  dadurch  gekennzeichnet,  daB  die  lamellenfor- 
migen  Korper  konzentrische,  zylindrische  Ele- 
mente  umfassen,  die  innerhalb  des  Rotors  ange- 
bracht  sind. 

10.  Destillationsvorrichtung  nach  Anspruch  9, 
dadurch  gekennzeichnet,  daB  die  zylindrischen 
Elemente  abwechselnd  in  zwei  Gruppen  ange- 
ordnet  sind,  wobei  die  Elemente  der  einen 
Gruppe  am  oberen  Ende  des  Rotors  und  diejeni- 
gen  des  anderen  Gruppe  am  Boden  des  Rotors 
befestigt  sind. 

11.  Destillationsvorrichtung  nach  einem  der  An- 
spruche  1  bis  10,  dadurch  gekennzeichnet,  daB 
der  Verdampfer  einen  ringformigen  Boiler  (208) 
umfaBt,  der  an  den  auBersten  lamellenformigen 
Korper  (209)  angrenzt,  und  daB  ein  ringformiger 
Kondensator  (218)  vorgesehen  ist,  angrenzend 
an  den  innersten  lamellenformigen  Korper. 

12.  Destillattonsvorrichtung  nach  einem  der  An- 
spruche  1  bis  1  1  ,  dadurch  gekennzeichnet,  daB 
labyrinthformige  Dichtungen  (18.  19;  156,  157; 
226;  313)  zwischen  den  Ober-  und  Unterseiten 
des  Rotors  und  dem  Mantel  vorgesehen  sind,  urn 
im  wesentlichen  einen  Dampf-  und/oder  FliJssig- 
keitsfluB  urn  den  Rotor  in  radialer  Richtung  zu 
vermeiden. 

13.  Mehrstufiges  Gegenstrom-Destillationsver- 
fahren  zur  Trennung  von  ieichteren  und  schwere- 
ren  Komponenten  eines  Flussigkeitsgemisches, 
umfassend: 

1.  Destillationsvorrichtung  zur  Durchfuhrung  der 
Trennung  von  Ieichteren  und  schwereren  Kom- 
ponenten  eines  Flussigkeitsgemisches,  enthal- 
tend  zwei  oder  mehrere  Komponenten  einsch- 
lieBlich  einer  Ieichteren  Komponente  und  einer 
schwereren  Komponente,  durch  mehrstufige 
Gegenstromdestillation,  wobei  die  Destilla- 
tionsvorrichtung  umfaBt:  einen  Mantel,  einen 
hohlen  Rotor,  der  drehbar  in  dem  Mantel  befestigt 
ist,  wobei  der  Rotor  am  Umfang  einen  oder 
mehrere  Auslasse  fur  Flussigkeit  aufweist,  und 
eine  Vielzahl  von  konzentrischen,  lamellenfor- 
migen  Korpern  aus  einem  thermisch  leitfahigen 
Material,  die  in  dem  hohlen  Innenraum  des  Ro- 
tors  so  befestigt  sind,  daB  sie  innerhalb  des  Ro- 
tors  einen  labyrinthformigen  Weg  fur  die  unter  der 
Zentrifugalkraft  radial  nach  auBen  stromende 
Flussigkeit  darstellen;  Mittel  zur  Drehung  des  Ro- 
tors  urn  seine  Achse;  einen  Verdampfer  zur  Ver- 
dampfung  derzu  destillierenden  Flussigkeit;  Flus- 
sigkeitseinlasse  in  einen  radialen  inneren  Teil  des 
hohlen  Innenraums  des  Rotors;  Dampf- 
austrittsoffnungen  zur  Errtfernung  von  an  der 
Ieichteren  Komponente  angereichertem  Dampf 
und  FlussigkeitsauslaBoffnungen  zur  Entfernung 
von  an  der  schwereren  Komponente  angereicher- 
ter  Flussigkeit  aus  dem  Mantel,  dadurch  gekenn- 
zeichnet,  daB  die  DampfauslaBoffnung(en)  (13; 
116;  232;  318)  so  angeordnet  ist  oder  sind,  daB 
sie  m'rt  dem  radialen  Innenteil  des  hohlfdrmigen 
Inneren  des  Rotors  (1;  101,  102;  201;  301)  kom- 
munizieren,  so  daB  unter  der  Zentrifugalkraft  im 
Inneren  des  Rotors  der  Dampf  sich  radial  nach 
innen  und  die  Flussigkeit  sich  radial  nach  auBen 
im  Gegenstrom  zueinander  bewegen  miissen, 
entlang  des  labyrinthformigen  Weges,  der  inner- 
halb  des  Rotors  durch  die  konzentrischen,  lamel- 
lenformigen  Korper  (2,  3;  103,  104;  205,  206; 
305)  gebildet  wird,  wobei  die  Fraktionierung  in 
einer  Vielzahl  von  Stufen  innerhalb  des  Rotors 
und  zumindest  teitweise  durch  Kondensation  von 
Dampf  auf  den  radialen  AuBenflachen  der  lamel- 
lenformigen  Korper  und  durch  Verdampfen  von 
Flussigkeit  auf  den  radialen  Innenflachen  der  la- 
mellenformigen  Korper  stattfindet,  wobei  die  bei 
der  Kondensation  von  Dampf  auf  den  radialen 
AuBenflachen  freiwerdende  Kondensations- 
warme  durch  die  lamellenformigen  Korper  von 
der  radialen  AuBenflache  zu  der  radialen  Innen- 
flache  geleitet  wird,  urn  Verdampfungswarme  an 
der  radialen  Innenflache  fur  die  Verdampfung  zu 
liefern. 

2.  Destillationsvorrichtung  nach  Anspruch  1 
dadurch  gekennzeichnet,  daB  das  Verhattnis  der 
axialen  Lange  zum  Durchmesser  des  Rotors  (1) 
etwa  2  :  1  bis  etwa  1  :  20  betragt. 

3.  Destillationsvorrichtung  nach  Anspruch  1  oder 
1,  dadurch  gekennzeichnet,  daB  die  lamellenfor- 
migen  Korper  konzentrische,  kegelstumpffdrmige 
Elemente  (2,  3;  103,  104;  205,  206)  umfassen, 
die  innerhalb  des  Rotors  angebracht  sind. 
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(a)  Zufuhr  des  FlOssigkeitsgemisches  in  einen  ra- 
dialen  innersn  Teil  des  Inneren  eines  hohlen 
Rotors,  der  so  angeordnet  ist,  daB  er  sich  urn 
seine  Achse  dreht  und,  eine  Vielzahl  von 
konzentrischen,  lamellenfo'rmigen  Kfirpern 
aus  einem  thermisch  leitfahigen  Material  auf- 
weist,  die  im  hohlen  Inneren  befestigt  sind, 
um  fur  die  Flussigkeit  einen  labyrinthformigen 
Weg  innerhalb  des  Rotors  zu  bilden,  wobei 
sich  die  Flussigkeit  radial  nach  auBen  in  Be- 
ziehung  auf  den  Rotor  bewegt; 

(b)  Drehen  des  Rotors  um  seine  Achse; 
(c)  Ermfiglichen,  daS  sich  die  Flussigkeit  im 

Rotor  radial  nach  auBen  entlang  dem  laby- 
rinthformigen  Weg  bewegt  und  auf  den  ra- 
dialen  Innenflachen  der  lamellenformigen 
Korper  verdampft; 

(d)  Ermoglichen,  daB  an  der  (den)  leichteren 
Komponente(n)  angereicherter  Dampf  aus 
dem  Inneren  des  Rotors  austritt; 

(e)  Gewinnung  des  Dampfes  der  Stufe  (d); 
(f)  Ermoglichen,  da8  an  der  (den)  schwereren 

Komponente(n)  angereicherte  Flussigkeit  an 
der  Peripherie  des  Rotors  austritt  und 

(g)  Gewinnen  der  Flussigkeit  der  Stufe  (f); 
dadurch  gekennzeichnet,  da  (3  das  Verfahren 
die  folgenden  Stufen  umfaSt: 

(i)  Bildung  von  Dampf  an  einem  radial  auBeren 
Teil  des  hohlen  Inneren  des  Rotors; 

(ii)  Ermoglichen,  daft  der  Dampf  radial  nach 
innen  in  Beziehung  auf  den  Rotor  entlang 
dem  labyrinthformigen  Weg  strdmt  und  an 
den  radialen  AuBenseiten  der  lamellenformi- 
gen  Korper  kondensiert; 

(iii)  Ermoglichen,  daB  Kondensationswarme  aus 
Stufe  (ii)  von  der  radialen  AuBenseite  durch 
die  lamellenformigen  Korper  geleitet  wird,  um 
Verdampfungswarme  fur  Stufe  (c)  an  den  ent- 
sprechenden  radialen  Innenflachen  davon  zu 
liefern; 

(iv)  Ermoglichen,  daB  der  mit  leichterer/n  Kompo- 
nente(n)  angereicherte  Dampf  aus  dem 
Inneren  des  Rotors  von  einem  radial  inneren 
Teil  austritt. 

tourner  le  rotor  autour  de  son  axe,  des  moyens 
de  vaporisation  destines  a  vaporiser  du  liquide  a 
distiller,  des  moyens  d'entree  du  liquide  destines 
a  introduire  du  liquide  dans  une  partie  radia- 

5  lement  interieure  de  la  cavite  interieure  de  ce 
rotor,  des  moyens  de  sortie  de  vapeurs  destines 
a  evacuer  de  la  vapeur  enrichie  en  constrtuant 
plus  leger  et  des  moyens  de  sortie  de  liquide  de- 
stines  a  evacuer  du  liquide  enrtchi  en  constiiuant 

10  plus  lourd,  est  caracterise  en  ce  que  les  moyens 
de  sortie  de  vapeur  (13;  118;  232;  318)  sont 
agences  pour  communiquer  avec  une  partie  ra- 
dialement  interieure  de  la  cavite  interieure  du 
rotor  (1;  101,  102;  201;  301)  de  maniere  qu'en 

15  utilisation  de  la  vapeur  sort  contrainte  de 
s'ecouler  radialement  vers  I'interieur  et  du  liquide 
a  s'ecouler  radialement  vers  I'exterieur  sous 
I'effet  de  la  force  centrifuge  a  I'interieur  de  ce 
rotor  a  contre-courant  I'un  par  rapport  a  I'autre  le 

20  long  du  trajet  labyrinthique  forme  a  I'interieur  du 
rotor  par  les  elements  lamellaires  concentriques 
(2,  3;  103,  104;  205,  206;  305),  le  fractionnement 
se  produisant  dans  plusieurs  stages  I'interieur  du 
rotor  et  se  produisant  au  moins  en  partie  par  con- 

25  densation  de  la  vapeur  sur  les  surfaces  radiale- 
ment  exterieures  de  ces  elements  lamellaires  et 
par  evaporation  du  liquide  sur  les  surfaces  radia- 
lement  interieures  de  ces  elements  lamellaires,  la 
chaleur  de  condensation  qui  resutte  de  cette  con- 

30  densation  de  la  vapeur  sur  ces  surfaces  radiale- 
ment  exterieures  etant  transmise  a  travers  les 
elements  lamellaires,  des  surfaces  radialement 
exterieures  de  ces  elements  aux  surfaces  radiale- 
ment  interieures  de  ces  elements  de  maniere  a 

35  degager  la  chaleur  d'evaporation  sur  les  surfaces 
radialement  interieures  de  ces  elements  pour 
assurer  cette  evaporation. 

2.  Appareil  de  distillation  salon  la  revendication 
40  1  ,  caractirisS  en  ce  que  le  rapport  de  la  longueur 

axiale  au  diametre  de  ce  rotor  (1)  et  d'environ  2  : 
1  a  environ  1  :  20. 

3.  Appareil  de  distillation  selon  la  revendication  1 
45  ou  2,  caract6ris6  en  ce  que  ces  elements  lamel- 

laires  sont  conditues  par  des  elements  tronconi- 
ques  (2,  3;  103,  104;  205,  206)  montee  dans  ce 
rotor. 

50  4.  Appareil  de  distillation  selon  la  revendication 
3,  caract6ris6  en  ce  que  ces  elements  lamellaires 
comprennent  deux  jeux  d'elements  tronconiques 
concentriques  (2,  3;  103,  104;  205,  206)  disposes 
de  maniere  que  le  sens  de  la  diminution  de 

55  section  soit  alternativement  dans  un  sens  et  dans 
I'autre. 

5.  Appareil  de  distillation  selon  la  revendication  3 
ou  4,  caract6ris4  en  ce  que  Tangle  entre  I'axe  de 

60  chaque  element  tronconique  (2,  3;  1  03,  1  04;  205, 
206)  et  fa  generatrtee  de  cet  element  est  prati- 
quement  le  meme  que  I'angle  correspondant  pour 
chacun  des  autres  elements  tronconiques. 

65  6.  Appareil  de  distillation  selon  la  revendication 

Revendlcations 

1.  Appareil  de  distillation  destine  a  effectuer  la 
separation  de  constKuants  plus  legers  et  plus 
iourds  d'un  melange  liquide  contenant  deux  ou 
plus  de  deux  eonstrtuants  qui  comprennent  un 
constrtuant  plus  leger  et  un  constrtuant  plus  burd, 
par  une  distillation  a  contre-courant  a  stages  mul- 
tiples,  ou  cet  appareil  de  distillation  comprenant 
une  enveloppe,  un  rotor  creux  monte  rotatif  dans 
I'enveloppe  et  presentant  une  ou  plusieurs  sort  es 
de  liquide  a  sa  peripherie  et  une  multitude  d'ele- 
ments  lamellaires  concentriques  qui  sont  farts 
d'un  materiau  conducteur  de  la  chaleur  et  qui 
sont  montes  dans  la  cavite  interieure  de  ce  rotor 
de  maniere  a  former  un  trajet  labyrinthique  a  I'in- 
terieur  du  rotor  que  doit  suivre  du  liquide  qui  se 
deplace  radialement  vers  I'exterieur  sous  I'effet 
de  la  force  centrifuge,  des  moyens  servant  a  faire 
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5,  caract6ris6  en  ce  que  Tangle  entre  I'axe  de 
chaque  element  tronconique  et  sa  generatrice  est 
d'environ  15°  a  environ  60°. 

7.  Appareil  de  distillation  selon  la  revendication  1  5 
ou  2,  caracte'rise'  en  ce  que  ces  organes  lamel- 
laires  sont  constitues  par  des  elements  perforee 
conoentriques  (305)  montes  dans  ce  rotor, 

8.  Appareil  de  distillation  selon  la  revendication  10 
7,  caracte'rise'  en  ce  que  ces  elements  perfores 
sont  munie  d'ondulations  circonferentielles. 

9.  Appareil  de  distillation  selon  la  revendication  1 
ou  2,  caract6ris6  en  ce  que  ces  organes  lamel-  15 
laires  sont  constitues  par  des  elements  cylindri- 
ques  concentriques  montee  dans  ce  rotor. 

1  0.  Appareil  de  distillation  selon  la  revendication 
9,  caracte'rise'  en  ce  que  ces  elements  cylindri-  20 
ques  sont  disposes  en  atternance  en  deux  jeux, 
les  elements  d'un  jeu  etant  fixes  a  la  partie  supe- 
rieure  du  rotor  et  ceux  de  I'autre  jeu  etant  fixee  la 
base  du  rotor. 

25 
11.  Appareil  de  distillation  selon  Tune  quelcon- 
que  des  revendications  1  a  10,  caractirisi  ence 
que  ces  moyens  de  vaporisation  sont  constitute 
par  un  bouilleur  annuiaire  (208)  voisin  de  I'organe 
lamellaire  radialement  le  plus  exterieur  (209),  et  30 
en  ce  que  des  moyens  condenseurs  annulaires 
(218)  sont  prevus  voisins  a  I'organe  lamellaire  ra- 
dialement  le  plus  interieur. 

12.  Appareil  de  distillation  selon  I'une  quelcon-  35 
que  des  revendications  1  a  1  1  ,  caracterisS  en  ce 
que  des  moyens  d'etancheite  a  labyrinthe  (18, 
19;  156.  157;  226,  313)  sont  disposes  entre  les 
faces  superieure  et  inferieure  du  rotor,  respecti- 
vement,  et  I'enveloppe,  pour  interdire  pratique-  40 
menl  tout  ecoulement  en  direction  radiale  de 
vapeur  et/ou  de  liquide  sur  le  pourtour  du  rotor. 

13.  Precede  de  distillation  destine  a  separer  des 
elements  legers  et  lourds  d'un  melange  liquide,  45 
qui  consiste  a: 

(a)  acheminer  le  melange  liquide  a  une  partie  ra- 
dialement  interieure  du  volume  interieur  d'un 
rotor  creux  agence  pour  tourner  autour  de  son  50 
axe  et  possedant  une  multitude  d'elements  la- 
mellaires  concentriques  qui  sont  faits  d'un 
materiau  conducteur  de  la  chaleur  et  qui  sont 
montes  dans  la  cavite  interieure  du  rotor  de 
maniere  a  former  un  trajet  labyrinthique  a  Tin-  55 
terieur  de  celui-ci,  pour  le  liquide  qui  se 
deplace  radialement  vers  I'exterieur  par 
rapport  a  ce  rotor; 

(b)  faire  tourner  ce  rotor  autour  de  son  axe; 
(c)  permettre  au  liquide  de  se  deplacer  radiale-  60 

ment  vers  I'exterieur  par  rapport  a  ce  rotor  le 
long  de  ce  trajet  labyrinthique,  et  subir  une 
evaporation  sur  les  surfaces  radialement  inte- 
rieures  de  ces  elements  lamellaires 

(d)  laisser  la  vapeur  enrichie  en  constituant  ou  65 

constituants  leger(s)  sortir  de  I'interieur  de  ce 
rotor 

(e)  recuperer  la  vapeur  de  la  phase  (d); 
(f)  laisser  le  liquide  enrichi  en  constituant  ou  con- 

stituants  lourds  sortir  de  ce  rotor  a  la  periphe- 
rie  de  ce  dernier;  et 

(g)  recuperer  le  liquide  de  la  phase  (f):  caracteri- 
se  en  ce  qu'il  comprend  les  phases  suivantes 
qui  consistent  a: 

(i)  acheminer  de  la  vapeur  a  une  partie  radiale- 
ment  exterieure  de  la  cavite  interieure  de  ce 
rotor: 

(ii)  laisser  de  la  vapeur  se  deplacer  radialement 
vers  I'interieur  par  rapport  a  ce  rotor  le  long  de 
ce  trajet  labyrinthique  et  se  condenser  sur  les 
surfaces  radialement  exterieures  de  ces  ele- 
ments  lamellaires  (iii)  permettre  a  de  la 
chaleur  de  condensation  qui  results  de  la 
phase  (ii)  de  se  transmettre  travers  ces  ele- 
ments  lamellaires  partir  des  surfaces  radiale- 
ment  exterieures  de  ces  elements  pourfournir 
la  chaleur  d'evaporation  pour  la  phase  (c)  qui 
se  prod  u  it  sur  les  surfaces  correspondantes 
radialement  interieures  de  elements;  et 

(iv)  laisser  la  vapeur  enrichie  en  constituant  leger 
ou  en  constituants  legers  sortir  de  I'interieur 
du  rotor  par  une  partie  radialement  inferieure 
de  ce  dernier. 
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