
5                                   1,202,421             5 countercurrent
flow with water from the spray  partment 242 by a line 268 which leads via
the 194; this causes the butane vapour to con-  pump 39 to the compartment
240. dense and it passes together with the water    The debutaniser 28
(Figure 1) comprises a through the bubble cap tray 204 and the  tower 272
containing a spray device 274, a 5  packing 206; the baffle 214 directs
liquid  packing 275 of Pall rings and an air distributor  70 away from  the
upper end of the tube 210.  276 which is supplied by a fan 278. In the
Butane vapour entering the inlet 226 is con-  operation of the plant water
from  the line                     tacted with water from the spray device
196  60  is sprayed by the spray device 274 and  in a corresponding manner
The liquid butane  is stripped of butane on the packing 275  10  and water
form two layers in the compartment  by a countercurrent stream  of air from
the  75  192 on both sides of the partition 202 and  air distributor 276.
The air containing the  liquid butane leaves the tower 188  by outlets
stripped butane enters the atmosphere via  228, 230 which both lead to the
line 76.  a chimney 280.        Saline water leaves the tower  188 by the
line    In modified forms of the plant one or more 15  70 and water from
the spray device 196 leaves  of the following modifications are made: -  80
the tower 188  by the  line 59.    The baffles     (a) Each heat exchanger
20. 22 is replaced 216, 218, 220, 222 act to provide seals around  by a
double direct contact heat exchanger em- the outlets 228, 230, and the
lines 70, 59.          ploying   an  intermediate  heat  exchange The
debutaniser 26 (Figures 13-16) com-  medium.                 20  prises a
tower 236. which is divided into    (b) A sieve bend classifier of the kind
re-  85 upper central and lower compartments 238,  ferred to in U.K. Patent
specification No. 240, 242, by liquid seal devices 244, 246.  791,520
(Stamicarbon) is inserted in the line Adjacent liquid spray devices 248,
250 are  50 following the freezer/crystallizer 12. In provided in the upper
compartment 238 and  this  case crystals below  a certain size are
25  adjacent packings 252, 254 of Pall rings are  returned to. the
freezer/crystalliser 12 to form  90                     also provided
directly below the spray devices  new centres for crystal growth or to be
des-                     248 250,  respectively; the spray device 248
troyed with consequent abstraction of their                     and the
packing 252 are separated from the  latent heat of fusion from the incoming
saline 



spray device 250 and the packing 254 by a  water,  30  vertical partition
256 which extends across    (c) The sea water feed is de-aerated.  the
whole width of  the tower 236. Adjacent    Typical operating conditions for
the plant in  packings 258,  260 of Pall rings are also pro-  a temperature
climate are as follows:-                     vided in the central
compartment 240 directly below the packings 252, 254, respectively. The 35
partition 256 also separates the packings 258,           Mass Flows
(lbs/hr.) 260. Similarly, adjacent packings   262, 264   Sea water feed:
5.2 million. of Pall rings are provided in the lower com-    Product
desalinated water: 2.1 million.  100 partment 242 directly below  the
packings    Recycle product water for washing ice crys- 258, 260,
respectively. Again the partition       tals: 2 .3 million. 40  256
separates the packings 262, 264. Holes    Recycle reject saline water to
freezer/ 265 are provided in the partition 256 to equa-   crystalliser: 3.5
million.     lise the gas pressures on either side thereof.    Ice in
ice/watcr slurry out of freezer/ 105 Baffles 266 are provided around the
holes        crystalliser: 2.2 million.                     265 to restrain
passage of water therethrough.    Saline water in ice/water slurry out of
45 In   the operation of the plant the three com-     freezer/crysta11iser:
6.6 million.  partments 238, 240; 242 are subjected to        Liquid butane
from  separater/melter to  different degrees of vacuum  by the vacuum
freezer/crystalliser: 1.9 million.      110  pumps 35, 37, 39 respectively,
the lowest    Liquid butane from  butane condenser to  degree of vacuum is
in the compartment 238       freezer/crystalliser: 0.3 million.  50  and
the highest in the compartment 242.    Gaseous butane into
separator/melter: 2.2  Saline water from the line 70 is sprayed by
million.  the spray device 248 and passess successively    Retention time
in freezer/crystalliser:  7  115  through the packing 252, the  seal device
244,  minutes.  the packing 258, the seal device 246 and the    Linear
velocity in freezer/crystalliser: 5  55  packing 262; the water leaves the
tower 236       feet/second.  by the line 72; water is re-distributed over
Wash water  leaving separator/melter with  the packings 258, 262 by
perforated plates       reject  brine: 5%  of product water.    120
259, 261 of the seal devices 244, 246, res- pectively. Water from the line
59 is sprayed   60  by the spray device 250, passes through the
Temperature ([err] F)   tower 236 in a corresponding manner and  Heat
Exchanger 20   leaves the  tower 236  by  the  line  60.    Sea water feed
in: 50   Butane leaves the compartments 238, 240        Sea water out: 34 



by the lines 88, 90 which lead to the pumps    Reject  saline water in: 26
125                  65  35, 37, respectively: butane leaves the com-
Reject saline water out: 43         6
1,202,421                                            6         7       Heat
Exchanger 22                               Attention  is  drawn   to our
co-pending        Sea water feed in: 50                      British
Patent  Applications Nos. 2350/67  60        Sea water out: 38
Serial No. 1202422 and 2351/67 Serial No.        Product water in: 32
1202423  which  claim  the  apparatus and  5  Product water out: 43
method  for condensing refrigerant vapour and            5
the apparatus and method for producing ice      Freezer/crystalliser 12
crystals, respectively, as described herein.  65        Feed in (including
saline water recycle): 31        Slurry out (and in container 105): 26
Liquid butane in: 35                          WHAT WE CLAIM  IS:-
10 10    Butane vapour out: 24                         1. Apparatus for use
in producing fresh                                                    water
from a slurry of ice crystals in saline      Separator/melter 14
water, comprising two  chambers having a        Slurry in: 26
common wall, water drain means for one of  70        Slurry from chamber
142 to chamber 144:  said chambers, means for passing said slurry
15          32                                       upwardly through said
one chamber for separ- 15    Product water out: 32
ation of the ice crystals, water spray  means        Reject saline water
out: 26                being provided to spray the upper surface
Butane vapour  in: [err]                        of the surry and wash ice
crystals in  said  75        Butane liquid out: 35                      one
chamber, and means to cause the separ-                 20        Butane
vapour out: 35                      ated ice crystals to be transferred
over the                                                    common wall and
into the other chamber 20  Butane Condenser 24                           to
be melted 



Product water in: 43                         2. Apparatus as claimed in
claim  1, where-  80        Product water out: 54                       in
means are provided    for melting the ice crys-           25        Saline
water in: 43                        tals in the said other chamber by
contact with        Saline water out: 54                       refrigerant
vapour. 25    Butane vapour in: 55                          3. Apparatus as
claimed in claim  1 or 2,        Butane liquid out: 55
wherein the said one chamber surrounds the  85
said other chamber.                                        30     Vacuum
Debutaniser 26                           4. Apparatus so claimed in claim
3, where-        Operating temperature: 54                  in the said
one  chamber is an outer annular      Air Stripper Debutaniser 28
chamber and the said other chamber is an 30    Operating temperature: 54
inner annular chamber co-axial therewith,  90
plough means rotatable above and co-axial              35      Salt
Concentratious (parts per million)       with the said one chamber are
provided to        Sea water feed: 35,000                     cause
separated ice crystal to be tansferred        Product desalinated water:
100             over the common  wall, into the said other
chamber and onto a grid which supports the  95     Pressures (lbs per
square inch absolute)    ice  crystals but allows downward passage of 35
Freezer/crystalliser: 12.6                   water melted from the ice
crystals, refrigerant        Separator/melter: 15.9
vapour and condensed. retrigerant .        Butane condenser: 23.8
5. Apparatus. as claimed in claim 4, where-        Vacuum debutaniser:
3.74; 1.11; and 0.33  in means are provided for causing the refriger- 100
Air stripper debutaniser: atmospheric       ant vapour to enter the
apparatus at an en-
closed space above the annular chambers and 40  Ice crystals
to leave by a central outlet duct communi-        Effective diameter.  0.5
m.m  (Carman-  cating with    the space below the grid in  the
Kozeny)                                  second chamber.
105        Thickness: 1/5th diameter                     6. Apparatus as
claimed in claim  4 or 5,        Percentage solids in freezer/crystalliser:
wherein a sump is provided in said other 45       25%
chamber and is arranged to receive the con-                        Butane
densed refrigerant and the water, which col-       n-Butane with a boiling
range extending   lect in two separate layers, and means are  110     over
not more than 1.8 F and with not more  provided for drawing off separately
the con-     than  1%  impurities having a Henry's Law   densed refrigerant
and the water. 50  constant greater than that of n-Butane.          7.
Apparatus as claimed in claim 4, wherein       Concentration  in  saline
water entering  the rotatable plough means comprises a plur- 



vacuum  debutaniser:  100 p.p.m.         ality of  plough  members
supported from  a  115       Concentration in product water  entering
frame rotatable about a vertical axis, said          vacuum  debutaniser:
200 p.p.m.          frame also supporting the water spray means 55
Concentration in each water stream leaving  which  comprises a plurality of
water spray          vacuum  debutaniser: 2 p.p.m.            tubes,
elements of the frame being used to       Concentration in product water
stream leav-  conduct the water to the spray tubes.       120         ing
air stripper debutaniser: 0.2 p.p.m.    8. Apparatus as claimed in any
preceding            6                                       1,202,421
6          Heat Exchanger 22                          Attention is  drawn
to our co-pending           Sea water feed in: 50                  British
Patent  Applications Nos. 2350/67  60           Sea water out: 38
Serial No. 1202422 and 2351/67 Serial No.           Product water in: 32
1202423  which  claim  the  apparatus and     5    Product water out: 43
method for condensing refrigerant vapour and
the apparatus and method for producing ice         Freezer/crystalliser 12
crystals, respectively, as described herein.  65 Feed in (including saline
water recycle): 31           Slurry out (and in container 105): 26
Liquid butane in: 35                     WHAT WE CLAIM  IS:-     10
Butane vapour out: 24                     1. Apparatus for use in producing
fresh                                                  water from a slurry
of ice crystals in saline         Separator/melter 14
water, comprising two chambers having a           Slurry in: 26
common wall, water drain means for one of  70           Slurry from chamber
142 to chamber 144:  said chambers, means for passing said slurry
32                                   upwardly through said one chamber for
separ-     15   Product  water out: 32                  ation of the ice
crystals,  water spray  means           Reject saline water out: 26
being provided to spray the upper surface           Butane vapour in: 37
of the slurry and wash ice crystals in said  75 



Butane liquid out: 35                  one chamber, and means to cause the
separ-           Butanc vapour out: 35                  ated ice crystals
to be transferred over the
common wall and into the other chamber     20  Butane Condenser 24
to be melted.           Product water in: 43                     2.
Apparatus as claimed in claim 1, where-  80           Product water out: 54
in means are provided for melting the ice crys-           Saline water in:
43                    tals in the said other chamber by contact with
Saline water out: 54                  refrigerant vapour.     25    Butane
vapour in: 55                     3. Apparatus as claimed in claim 1 or 2,
Butane liquid out: 55                  wherein the said one chamber
surrounds the  85                                                  said
other chamber.         Vacuum Debutaniser 26                      4.
Apparatus so claimed in claim 3, where-           Operating temperature: 54
in the said one chamber is an outer annular         Air Stripper
Debutaniser 28              chamber  and the said other chamber is an
30    Operating temperature:  54             inner annular chamber co-axial
therewith, 90                                                  plough means
rotatable above and co-axial         Salt Concentratious (parts per
million)     with the said one chamber are provided to           Sea water
feed: 35,000                cause separated ice crystal to be transferred
Product desalinated water: 100         over the common wall, into the said
other                                                  chamber and onto a
grid which supports the  95         Pressures (lbs per square inch
absolute)    ice  crystals but allows downward passage of     35
Freezer/crystalliser: 12.6                 water melted from the ice
crystals, refrigerant           Separator/melter: 15.9
vapour and condensed refrigerant.           Butane condenser: 23.8
5. Apparatus as claimed in claim 4, where-           Vacuum debutaniser:
3.74; 1.11; and 0.33  in means are provided for causing the refriger- 100
Air stripper debutaniser: atmospheric     ant vapour to enter the apparatus
at an en-                                                  closed space
above the annular chambers and     40  Ice crystals
to leave by a central outlet duct communi-           Effective diameter.
0.5  m.m. (Carman-   cating with the  space below the  grid in the
Kozeny)                              second chamber.
105           Thickness: 1/5th diameter                6. Apparatus as
claimed in claim 4 or 5,           Percentage solids in
freezer/crystalliser:  wherein a sump is provided in said other     45
25%                                  chamber and is arranged to receive the
con-                          Butane                  densed refrigerant
and the water, which col-           n-Butane with a boiling range extending
lect in two separate layers, and means are 110 



over not more than 1.8[err] F and with not more  provided for drawing off
separately the con-         than 1%  impurities having a Henry's Law
densed refrigerant and the water.     50  constant greater than that of
n-Butane.        7. Apparatus as claimed in claim 4, wherein
Concentration  in  saline  water entering  the rotatable plough means
comprises a plur-             vacuum  debutaniser: 100 p.p.m       ality of
plough members supported from  a 115           Concentration in product
water  entering  frame rotatable about a vertical axis, said
vacuum debutaniser: 200 p.p.m.       frame also supporting the water spray
means     55    Concentration in each water stream leaving  which comprises
a plurality of water spray             vacuum debutaniser: 2 p.p.m.
tubes, elements of the frame being used to           Concentration in
product water stream leav-  conduct the water to the spray tubes.     120
ing air stripper debutaniser. 0.2 p.p.m.  8. Apparatus as claimed in any
preceding                 7                                   1,202,421
7  claim, wherein the said one chamber is lined  separate layers from
which they are each with a plastics liner.                          drawn
off.                                     40 9. Apparatus as claimed in
claim 8, where-     15. A method as claimed in any of claims in the liner
is of polypropylene or polyvinyl  11 to 14, wherein the amount of spray
water 5  chloride.                            drawn through the ice crystal
bed in the 10. Apparatus as claimed  in  claim  6,  first chamber is
controlled by adjustment of wherein means are provided for controlling the
the pressure at the water drain in accordance  45                    amount
of spray water drawn through the ice  with the salt concentration of the
water layer                    crystal bed  in the said one chamber by ad-
in the chamber.             10  justment. of the pressure at the water
drain      16. A  method of producing fresh water in accordance with the
salt concentration of  from  a slurry of ice crystals in saline water, the
water layer in the sump of the said other  wherein the ice crystals are
separated from   50 chamber.                             their mother
liquor and the separated ice crys- 11. A method of producing fresh water
from   tals are melted in apparatus as claimed in any 



15  a slurry of  ice crystals in saline water, com-  of claims 1 to 10.
prising the stens of causing a bed of the         17. A desalination plant
comprising appara- slurry to move upwards in a first chamber  tus for
producing fresh water from  a slurry  55 past a water drain, spraying the
upper surface  of ice  crystals in saline water as claimed in of the bed
with water to  separate the ice  any of claims 1 to 10. 20  crystals from
the saline water, causing the      18. A method of desalination including a
separated ice crystals to pass over a wall  method  of producing fresh
water from  a into  a second  chamber having  said  wall  slurry of ice
crystals in saline  water as claimed  60                    common with the
first chamber, and melting  in any of claims 11 to 16.  the ice crystals in
the second chamber.           19 . Fresh water when produced by a method
25     12. A  method as claimed in claim  11,  as claimed in claim  18.
wherein the ice crystals in the second chamber    20. Apparatus for
producing fresh water                    are melted by contact with
refrigerant vapour.  from  a slurry of ice crystals in saline water,  65
13. A  method  as     claimed  in claim   12  substantially  as herein
described  with reference wherein the ice crystals in the second cham-  to
Figures 6, 7 and 8 of the drawings.                 30  ber are supported
on a grid and the refriger-    21. A  method  of producing fresh water ant
vapour is caused to flow from an enclosed  from  a slurry of ice crystals
in saline water, space above the chamber, over the crystals  substantially
as herein described with reference  70   and through the grid to an outlet
duct.        to Figures 6, 7 and 8 of the drawings; 14. A   method as
claimed in Claim  12  or 35  13 wherein  the water from the melted crystals
and the refrigerant condensed during the melt-             MARKS & CLERK,
ing of the ice crystals pass to a sump in the            Chartered Patent
Agents,. second chamber in which they collect in two             Agents for
the Applicant(s). Printed for Her  Majesty's Stationery Office by the
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