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1ines 70 59. pl oy| ng an" ‘intermedi ate heat exchange The
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- in the water a, volatile liquid refngerant im-
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from their mother Yquor, and .melting the
snpararrrl ice r-vslaL

It is an object of the mvcntmn to pro-
vide an improved method of desalinating
suline water. _

Tt §s suwotber object of the invention 16 piv-

vide improved apparatus adapted for use in-

\.\h & W .h lg"

Sea water ‘.l‘l.‘l'll_,' f..'."“[d!l‘S "lt:l“’l.f.'l 34 GG .

and 38,000 parts per miliion of dissolved sults
and 10 render it fit for drinking purposcs it is,
for czample, desalinated to a salt concen-
tration of less than 500 p.p.m., preferably
less than 200 p.p.n, for other putposes

‘however a higher salt concentration may be

acceptable.

Accordmg to one aspect of the mventxon,
there is provided apparatus for use in pro-
ducing fresh water from a slurry of ice crys-
tals in saline water, comprising two cham-
bers having a commeon wall, water drain means
for one of said chambers, means for passing
said slurry upwardly through said one cham-
ber for separation of the ice crystals, water
spray means being provided to spray the upper
surface of the sldrry and wash the ice crystals
in said one chamber, and means to cause

[Price §s. 0d. 25p)]

An emboediment of the invention in a de-
.2"']"""‘0“ r lant \ull now be dagoril \ed 'hw

way of example, with reference to the ACCOM~

-pdnym;r drawings, in which:—

Figurc 1 shows a flow diagram of the de-
sabiditon plani,” in-accordasice wiih the in-
vention,

» 72 shows a ::c‘..r 1.‘. 'ha-' view of
a freezer, 'f*ywr‘-uzsev .....

Figure 3 shows a sccnon on mc line I1I—
IXI of Figure 2;

Figure 2 shows a section on the line IV—
IV of Figure 2;

Figure § shows a prcspecuve view of parts
of the freezer/crystalliser;

Figure 6 shows a_sectional side view of a
separator/melter of the plant;

Figure 7 shows a section on the line VII—
VII of Figure 6;

Figurc 8 shows & section on the line VIII—

VIII of Figure 6;

Figure 9 shows a- sectional side view of a
butane condenser of the plant;

Figure 10 shows a section on the line X-—
X of Figure 9;

Figure 11 shows a section on the ling XI—
X1 of Figure 9;
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conmpar’t ment 240 directly below th I ngs 252 254, respectivel The 35

pam?, 5 - 4 elja'% 2 : W ._.31_._
(I bs/hr.) 26Qs T rhdvar b Ysecriodl] @Cﬁﬂthnﬁ)a@d(tlﬁgﬁbutangéz% Wiaf smafemant@éser feed: .
5.2 m|liBH=XI: cPalT!kurcr |9n s ar e providef smsncnﬂ(ﬁea‘idow@plvasiomtanc arPreduct is

qwl clevatigny gRrdnen m%‘s‘;%; qw'e;
i‘m VAL B .07 ARSRLD dsi, ant

{gﬂ? @ the ;g

&2 78 5 de

desal t e sh°wz
packings 92 :%éa@i st e

T espew VE \y.,}mgan Rxgﬁtbmpart ition remaknitlgSin the . Batem rk | rétRoved] OTt vi
epar at es_ fFggre X{ypé% I«Shwgsa 3@:21011 26 4the Hiok esvrcducte gh;er p@feectag:nésé al VImlfieﬁ2wat er to in

r
f reezer/ § la‘;?sl a S?UOIP I%C H Et I\?‘?l?ﬁvaérg]@ ?85112 e lCC ‘:t;_‘g,y% %l l I ser. 3 5 k?
milliogy xyi— V§%f ESSUT €5 0 cSlgaflGk /iliblo14 iRk Qo the lideC€r5i N 0w

i ce/ wat cr Sihéldésylinaioh p&flt iEﬁdaefzero‘r u(Gb Bafafohgs 1id6 64. ar e provi ded around the

hol es (‘i;salmzt; ‘&qtqr|to$gpducc2fre2h mtgtﬁyon The re;cct saline water from wguglggcet orestrain g{;
passage o e\ﬂéﬁ"e b '(E?E %3 out O Al ft:“r“ s"’?agié?dvﬁffésr T ry out of scr
45 1I'n 35 ti{' Jo7 xgltl d ﬁtsgiﬁf"iheﬁ'h ii o Eife ﬁémxchanger Eﬁeg‘aﬁﬁer ﬁErysgl)a]-l' Ser. 15 co;

6.6 mll Iﬁﬁkher ip;adsrt mnﬁ-&m%%c sepdihed 242 Ie&wee thth;a@CBk@ﬁhattOZO along a linequi d but ane
from sepmsgﬂsew piidecthe frosh WitES er ent, &g dead toythe ugge d9pdopsee 2hacuum 11t
freczer / cr LA g » i s Teier R T A e vely, L
the 1'0weSke crysthil S QoD WA ‘ilfeémm.’b& t ABReCHNHLNSE .m‘rr. egraewal: \Wcuum is o 1l
in the cortﬁgmmmnh%&nn butane, afqemce// (ancywtt!ahvhucxsf-mm tm: Bameskhangn22; 50 and ¥ 1i8

the hi ghe@ﬁ'ter g “‘islorcp‘ﬁ?lﬁfﬁeﬁtﬁczzbﬁ afie bps g rhanger 20 o
J.HU nh T? T XC (i3
separ.at OI’ m thiegi.gé? al fl’ié{p at ﬁ{lé éluél ?5’ és\Zxé 4by -gm
mlliops mE %»SsBzfu&&’chﬁQ:Vérﬁﬁz! passleazﬁms WEGEREE Bl Yutane chigleirt igon time . bay
i n freezer /R phbadibiceayrises akea &aidix mxtkhr @a gilueg hehq@a&khmq RBER wtthe deseal devicé f;‘;
244, minged, 2 g é‘bRP c‘cgﬁ‘ga“ t ‘a‘l“s“’ qé"@l" "C§QWj§$n“2‘sLl near in F
Ty Suspengsd. ¥ ul
vel oci. ty ﬁﬁﬁ ﬁ éﬁf%r 239 L"S—é s~ gﬁme s 1;;1 mtanish éxfmcl eaves the’ L
t ower 2386sors 32, 34f @At vﬁ«sﬁﬁ% ps 3 y>/ WaRRe fobed umat»ar cﬂ;&.‘gce -J ﬁu»pbm'sed over_ aw
‘Wash wat ethe sraiawi itg ;rzse 5 a@qndcwelﬂh &R \Mpl?h:c zit‘!ﬁel Ypapkimfer 2581 da2f62- by - 30 ;'-;lac‘i‘
rs 2 Lpum chy The er, ed frem
per f-or at e&/ gglgétc ‘Al of; kriown ’Féi S Y ?Sne thcg 191 EyEon § ae{g‘gé}?& Wl ‘éfccads Tn'om:l'20 the
1259, *261 Off, i€ Copaxgith: ofl p&ﬁ raz L6 wotet 6 . thdd &AL ¥ - satM8 Uaber fif@m the Tine 112
59 is spr ayasiped cﬁﬁmufbl)ﬂy alogy SPicdy wWeki e RbES xqoas»,@le;s aibxkgrzolikgfwttbehe 100 123,
Tenper at uingskg jogit A3 wiyre it tsomciyzwefreﬁ dine t vhich doaduinta gherfepnat/ eryeadliser Heat 35 two
Exchan er osove] g $Li et a Yy a Mwater feed flow
g e atk % pu ro ?B@ byx g %g()b fogzmg cg crys$q prop:
in: gﬂ@ ageabRay 4ae t31§ gis! Wi r/c liser 12°is p out: 34 bend.
' 40 the strainer 16 to. lines - {1_0 47 leadma 10 ous!y vound the plant in a closed cycle quuxd 105 disen
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the -heat exchanger 20 the sea water is cooled above that of the shury in the freezer/ Th
by, indirect heai exchange. with reject saline -ryalalhser 12 cnters the freeserferystalliser ality
) water from the separator/melter 14; in the 12 along a lme 96 and butane vapour leaves the i
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by heat cxchapge with product water from leading to ‘the compressor 32. From the com- 45 pipe
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-60 ‘crystals passes from theé:separator/melter 14 ~ the heat exchadger 22 and water from the heat 125 and m
. along a line 56 which -leads to -the: heat cxchanger 20;. -from the butane condenser 24 60 forated
. ~exchanger 22. From the heat exchanger 22 liquid butanc is recycled to the freezer/ smaif |
‘the water passes along a llnc 58 to the butane crystalliser 12, for further bmlmg in saline vided 3
condenser 24. water, along a: lme 76 which leads into the line along 1l
65 96, Butanc make-up enters the line 96 along 130 123;

’lhe water then passcs axong a line 59
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Pris¢s a container

which are provided four baglsd 106, 108,

ﬁ’agall

116; adjacent bays negted b E nds~ 1B the bafiles 134, cx
20 118, 119, 121 12&%@@%’&:”1 G8,0 TP 4@,ya£‘ﬁ,e‘hpggg
3 iNE POULige la n}on%']%EtEmdcd flow
> crystals in Agigd throtlh

€ andopswasiers of dheciians geat laters

ath for water

the

106 from. the line 48 and follows 'R
peéntine path through the bays 105, 108,81}.-?,
112, in the direction indicated by the arrows

~ Lapirroe e 1 y M
The freezerfarystaliser 12 alse comprises

a weir plate 120 and some ice/water slurry
leaves the bay 112 over the weir plate 120
and -passes wia a heod 122 into the line 50;
the remainder of the shirry from the bay
112 is re-cycled to the bay 106 wia the bend
123. The heezer/orystslliner 12 comprisss

“two propellers 124 arranged to induce the

flow in the direction of the arrows; each
propeiier 124 is located in one of the U-
bends 118, 119. The weir plate 120 acts to
discatrain- butane - bubbles from the slurry

which is to pass over it

The freezer/crystalliser. 12 comprises a plur-
ality of herizontal pipes 126 arranged for
the injection of liquid butane for contacting
with saline water in the container 105; the
pipes 326 are supporied i ilic bays 106~
112 and in the U-bends 118—123; there is a
group of four pipe portions on either side of
each bay 106-—112; there is also a group
of four pipe portions on either side of cach
U-bend 118—121 and a group of four pipe
portions on the inncr side’of the U-bend 123;
m each of the two bends 118, 119 the pipe
portions terminate clear of the propeller 124.
The pipes 126 are submerged in the opera-
tion of the plant and are spaced above a base
wall 128 of the freczer/crystalliser 12. The
pipes 126 are connected to the butane inlet

_ line 96 by a plurality of downcomers 130

and manifolds 132. Each pipe 126 is per-
forated with a plurality of evenly spaced
small holes 127 (Figure 5) which are pro-
vided aiong the pipes 126 where they exiend
along the bays 106—112 and the bends 118—
123; the pipes 126 are not perforated where

T‘Il?gxﬁake :imit 18 (Fig(;.ure 1) comprises a

trave v is_w

K 'Yy Qkier i!}if'zcﬁiig&'tfé%%ﬁf'ﬂlﬁ?é‘ﬁﬁfé

wat er ,; Conpr psip1go3, VEatid b

common wal |, scveart 6p0 dy adisstedralans af duteclig. of the

%042 to chamberThs facezergrgstallis artiBiege el
5.

for seh water

o TR

. Sea water out: 38

119 at 127.

i C"?i?ﬁffi%:éﬁ?%?ff4ﬁéﬁ‘§hﬁ'§}%
1 (1

re

“in the opMfdfidn ViEhElphhivhnd §5: spaced
above the base wall 128.1

Each group of four pipe '38.83-12 altzgsis for use
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134 torminatily clel}eof SWH FrypeRfrdi2as hgs ce

the contaiBbItiafn €Inl kHgUI dThybutzng Butlet line 78 leads ourwardiy

from an upwardly cxtendig‘@porticn 138 u:l:];;]g
e, weir plate T2
fe e 441

of the portion 138.

of ice crystals in saline water flowing through
the bays 106—112 is kept coatinucusly cir-
culating around the baffles 134 in turbulent

ously injected through the holes 127 fer flow
up past the baffles 134. The circulation takes
place around the baffles 134 {Figure 4) as fol-
lows: up along the spuce between s baffle
134 and the adjacent surface 136 and dovm
along the other side of the baffle 134 and
again intc the-space berween the baflic 134
and the surface 136 for flow up therealong;
this is indicated by arrows in Figure 4,

During circulaiion the ice crystals are uni~

formly distributed in the slurry. Some brine
from ‘the line 48 is passed to sprays 139 ar-

ranged to keep roof supports 137 of the freeze/

crystalliser ‘12 frec of ice.

The separstor/mclter. 14 (Figures 8, 7, und
8) comprises a circular tank 140 in which
are provided concentric outer and inner adja-
cent annuldf chambers 142, 144 respectively,
both chambers 142, 144 are open at the top.

In the operation of the plant ice crystals are.
washed and’ ‘'separated from saline water inm
the chamber 142; and in the chamber 144
ice crystals from the chamber 142 are melted
by contact with butane vapour, some of which
is condensed. i

The chamber 142 is lined with a plastics
liner 146 of, for example, polypropylene or
polyvinyl chloride. A plurality of perforated
drain grids' 148 arc provided in the liner
146 and are in communication with annular
drainage boxes 150 which are connected by
pipes 153 10 the outlet line 66. The scparator/
meler 14 also comprises an assembly 152
which is mounted for rotation about the axis
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Product water in: 43

2. Apparatus as clainmed in

claim 1, where- 80 Product water out: 54 I n
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devic x{fé the packm 200 by a vertical
pRFEEg vBiEh Sl &S5 the whole

&1 v of B! 8adries g ol pravided in
Eg éﬁﬁh’qo@%ﬁ Z ré@zec'vi.; CtTth;J:r-

umm 2082 ulso suo:ammmdy

.xbb.c tray ARt sepavate portions.

. ber clow inig vertlcal tube extends axially of the
chanber and 163 u%o @utﬁ Eﬁp |n'\§ @ffg Ctﬁ Dkr 188 from below the packings X’O‘ 207

: densed ref r kigaERRtor ARttet 1o GRllRE 52 Wkieh

d 16 Qbove the nunole'tBbltA&RethWtﬁbb Ao boi | | ng
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144>
* The assembly 152 comprises a vertical shaft
172 which-is mounted for rotatios i the tank
140 in the operation of the plant the shaft
172 is driven by an electric motor and gear-
box unit 174. Four horizontal pipes 176
extend radially from the shaft 172 and lead
55 into a ring pipe 178. The spray tubes 154
are secured to the ring pipe 178 and the plough
-arms 156 are also secured to the ring pipe 178
below the level of the spray tubes 164;
_the spray tubes 154 are in communication w1th
60 the ring pipc 178 and each tube 154 has a
H . " plough arm 156 adjacent thercto. Four .in-
i clined pipes 184 extend from the shaft 172
to the pipes 176 and are in communication
- .with an annular. box 186 which i5 secured to-
4 “ . 65 the pipes 184 and with which the wash water
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spraved by theispray wv-rﬂ 104, in the tower
188 “the water from. the spray device 196 is
keépi separate from- the water from the spray
device 194. Butané vapour from the linc 84
enters the lower compartment 192 by inlets
224, 226 on opposite sides of the partition 202
respecnvely ‘The butane vapour entering by
the inlet 224 passes downwardly through the
packinig 206 where it" is contacted in co-
current flow ‘with water; from' the spray 194,
which has passed through the packings 198
and been -redisiributed by the bubble cap
tray 204 which acts to provide a liquid seal
between the .compartments 190, 192; no gas

passes upwardly through the tray 204. Some
‘butane_condenses from ‘the vapour and the

remaining vapour passcs up the tube 210 and
into the packmg 198 wherc it is contacted in
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vacuum debutaniser: 100 p.p.m ality of plough nenbers
supported from a 115 Concentration in product wat er entering
frame rotatabkeghout g vertical "axrs, . sal s i N ae B U e DU E aitF 8 e fsraim

200 p.p. m . frame al so "supporting the vvat er spray nmeans 55
Concentration in each water streamleaving ~which conprises a plurality of
wat er spray vacuum debutaniser: 2 p.p.m t ubes,

el enent s -of the frame being used to Concentration in product water

st ream | egv- conduct the water to thqzﬁol{z@y t ubes. 120 & ng

AT Sty
countercurrent ﬁow w1th swater i'rom the spray partment 242:by a line 268 wlnch 1dad26i2thd 21

Pipasr ecedi ng
wa t_ : Haed; doxchaesgehe bidfdne vapour te con-

ae , pump 39 to the comp@tiopn240on i s dr awn
et 00Ur | co- peniensq:] nd it passes togetlgéavx )@ee attiaad | de Gmser 28 (Figure 1) comprxscs Brl tish
s 184,010H1 i IF tower ann 5 Mvme

cxtenﬁ’at?&nt Apg) lg Fﬁ% 1cc.s qmd pac erg 27< \‘\%g '1? uIO:. 0

SI‘W eriali Z é&n& ﬁpgﬁldcﬁ& e rdur! 210l0. 276 which is supp OB FanV\B7BEIn the: 32
p:’:n 12@2423 whi (Hutane bapbun entehimg tha pikar2as uscoandOPerahurtSof the Brigpt| reter Viinethe dinge: 43

met hod; f or cdmfén@ih
: Tayirhd@5appar afguse AGHETE

instrgy ystals,
TEss

ttf sprayedF by the spray device 274 and
15 stripped of butane on the packin
SR LPE t,al thsgs 12

ter éT"P éélﬁtgﬁﬁ\e%%%ﬁm a countercurr
e fhgnehe sal i ne

r eSlPECbhlb‘éﬁa Hdes as tdaRalioD a2 her eam distribbrof-@pal

ter recycl diguid Btanc leaves the tow8i 138dy ogUats (& ed r‘bu@mteetprﬂeﬂle kO phe@GVlﬂ
3;1 %Egaqw d: bu%/an%%‘,nﬂ(} hich both lead to theb}{tne 6. ( i @)S

)Iant one or more

watel Jeaves the tower 188 by the lmc n m i ed or
datioButé@ne | VapBur70 watezzf rom the spray device 196 leaves of oarfm jtf(’: s 448 Brade P OggiCi NG
dravfiy ggh . .-the tower 188 by the line 52. The hafles (2} Each hc“t cxchangaB R@r22fis epsadsl urry
o1 icet cr yst Al6, 2% Zg@|223~|@t to prowde sealgarpundat @f:} ﬁquip é;{rccg_qpntact heat exchanger em-
:d gt er, corrpr ploying ‘an lﬁe{fﬂefiv“’ rheats gxchange

';ﬁy“!ﬁ?w 3 gﬁ?ﬁ améf

32, resondPon ! Wa| 0, A sieve bend class@lrlvu'f e £ihd pe- C Ranber

?l:fffhz toi chanbemp&%nrral sd (Um xsemsnmnsiefrecr upanssUKg PsignitOspedifigstioy No.

y : 240, 242, by liquid “seal devices 244 ’%’él”@“ﬁ’ﬂén G}H} er for
djac ‘ s

i dac spra, 0 owmg l.\. freezer .

re aligpar- ;- m;wqu d:ﬂﬁmgt p Wﬁ%nﬁ@ 23 this case crystais below é:t‘*lf B{ in gtzc I ce
es 1% y%Q alis, 25""&1&&1@ PlcRidgs 23B,283% of Pall rings are Reh@el & dk fa@eMeheilisQUb to £m 0
9% 2eing provi detbotpevepr a;ecdytm'tgupp:eapresunﬁcacenew centrfis for crtl gnotvapoUe den: - 37
i 4 ct Jiesfy: FICE h comscqucnt absiraction of their
""";&. the Sl urr ya Qt%x{ pa %?g Eﬁbaret '%gtef Olil:lﬁth? aLtent heat -of fusion from the incoming saline
> \z'.me o5 spray device 250 and the packing 254 by a water, -
laciihgs - %, 30 vertical partition 256 which extends across  (¢) The sea warer feed is de-aerated. 95
ided 1n .. the whole width of the tower 236. J\d,ac‘.m Typical operating conditions for the plant in
- below ! packings 258, 250 of Tall rings are also pru- a temperature clirsate are as follows: —
he par ¢ vided in the central compartment 240 directly
ivides 100 _below the packings 252, Z54, respectively. The -
divides 100 35 - partition 256 also scparates the packings 258, . Mass Flows (Ibs/hr.)
yortions. 260. Similarly, adjacent packings. 262, 264 Sea water feed: 5.2 million.
01 15.'; of Pall rings are provided in the lower com-  Product desalinated water: 2.1 miliion. 108
06: %.10 partment 242 directly below the packings Recycle product water for washing ice crys-
i 4 05 | 258, 260, respectively. Again the partition tals: 2.3 million.
and has 103 © 45 556 ceparates the packings 262, 264. Holes =~ Recycle reject saline water to freezer/
ove 1S : 265 are provided in the partition 256 10 equa- crystalliser: 3.5 million. _
222 are ; lise the gas pressurcs on either side thercof. Ice in iicefwater slurry out of freczer/ 105
“ gener- Baffles 266 arc provided around the holes crystalliser: 2.2 million.

. ..,0' i . 265 to restrain passage of water therethrough. Saline ‘water in ice/water slurry out of
S Lram fo 44 - Tn the oneration of the piant the three com- freezer/erystaiiiser: 6.6 milfion,
7 device nartments 238, 240, 242 are subjected to Liquid -butane from separator/melter 1o
¢ 68 1s different de egrees of vacuum by the .vacuum freezerferystalliser: 1.9 million, 110 .
& lower - pumps 35, 37, 39 rcspccnvely, the lowest  Liquid butane from butane condenser to
- 196 58 5 degree 6f vacuum is in“the compartment 238 freezer/crystalliser: 0.3 million.
e sprgz 15 50 and the highest in the compartment 242.  Gaseous'butane into separator/melter: 2.2
_hn'el Saline water from the line 70 is sprayed by million. :
'y inlets the spray device 248 and passess successively  Retention time in freezer/crystalliser: 7 115
uon 2%2 - through the packing 252, the seal device 244, minutes.
ing hy 20 the packing 258, the seal device 246 and the Linear velocity in freezer/crystalhser 5
wgh the 1 55 packing 262; the water leaves the tower 236 - feet/second.
I ‘97?{ - by the line *72; water is re-distributed over  Woash water . leaving separator/melter with
-y 1198, the packings 258 262 by perforated plates reject brine: 5% of product water. 120
5 259, 261 of the seal devices 244, 246, res- : :

3 capi 125 * pectively. Water from the line 59 is sprayed
- Scal . dé 60 by the spray device 250, passes through the Temperature (° F)
) ng gas - tower 236 in- a corresponding mannmer and Heat Exchanger 20
- ,0’3;‘1" leaves the tower 236 by the line 60. Sca water feed in: SO
710 atn; Butane leaves the compartments 238, 240 Sea water out: 34

130 . by the lines 88, 90 which lead to the pumps Reject, saline water in: 26 125

soted in 65 35, 37, respectively: butanc leaves the com-  Reject saline water out: 43
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Butane liquid out: 35~ one chanber, and neans to cause the

separ.- But anc vapour out: 35 - - . | ated ice crystals
to ke transferred over the .
conmmon Wang into the other chanmher 29242y Rt ane Condenser 24 6

to be nelted. mear Exchanger ¥ OdUCt Water in: 43pp e i dizwn © our c endin
Appar at us as cl Sanmetriféad Gl:afon 1, wher e- S(Brmsl: Patent A‘Jér@@tm;tma'f'ﬁ t 60 24
in nmeans are prefei s °F15r33malt| ng the ice (Sr: -1\0 1202422 and BalAGViGSLWﬁtW I n:

i _
s T ) VBl B e sai o ot hdRASHamih hine gt cepraps o
Ky glf tué’%@ 1251 tane

Sal i né wat er out: refrigg Hbthod for ucin
vapour i n: 55 Freezer/crystalliser 12 3. Appar ai;uﬂs,&é‘sp&‘u&lyl;mdddsﬁn Hdrm)%- Org
But ane | i quid d imfipcluding saline water recycle): 3herein the sai d one chanber
ds t he rry out (and in container 105): 26 sai d

surrounds xlémd butane jn: 35 WHAT WE CLAIM IS:— 4
ot her chanbgr. Butane vapouV%GtUUZI\ Debut ani ser 26y, Apparaws for use in roducing “fresh
Appar atus so c] ai rred | n claim3, where- water from Oflefynbf Ry chy@@Rdh ke e: 54
in the said onsé §6 14 an outer annul amater, Ccmpﬂsnm rtWS Cba'ﬁsgrfhra\"ﬂ" ? "0
Debut ani ser 28 alurry from chamber ﬁE%ﬁPﬁBabcraﬂg t @%fm%g ors, mE c' passin sax§ s LII"I?Y
30 Oper ati ng_Benperature: up-,vdl(ﬂpgfro@mgﬂtﬂ Qﬂi‘pﬁﬁ' g axi al
therewith, ¥0 Froduct water out: 32 ~ ation of the ice crystals, warer sp@youqﬁe nmeans
oraLabl e aboucl UM % oIt et soumnipin perponri
m | lion) Wi ﬁhax’lehﬁluﬁabtd C_),@e chamber -are %’maqs to_cause th ?ar— f2r
feed: 35,000  Butanc vapour out: 3vause separ at eq‘iua G& sgygsqt bd Gral@erded AR&T @E T ed
Pr oduct desz%l i]pat ed, water:; 100 overodihm ea@h1iod xml h;: otk ochtcher sai d

th utane Condenser 24 . 1o bc meied, d onto a
ot her Product water in: é; AE atu ﬁ LLII where- 80
grid which suppeidge ¢ i}ef 54 Pr eSSUfuﬁﬁL kﬁs&. LT D8 orys-
absol ut e) | c%uma:wgcst 1at %3 but al | ows downesid ti&asaisa;ger EHamber bﬁ&mcc with
Freezer/cryst al ﬁ1'§[~‘lé}‘ﬁ;‘;1‘r2-‘!:l6 55 rqﬁmem ntm\weq f rc(l)m tlhe |1ce 2

& . ara agxn < "n'n\. in clamm or

crystals, r&fri g,‘é;iné, E"'dfout Separ at or/ r’q—ﬂ th» g‘;’{), ?T. bamber supzounds e 85
vapour and condensed refri gerant. : sdid l,ﬁ,.apg, Qdeﬁ

5. Apparat us &cuwlaPereduisen 26l ai m 4, where- 4. Apparatus so\éae—hadnhdaiauk adtie®er
3.74; 1.11; and”{}*%'sg $opp ""*%ﬂare provi dedt fxermeqafsmg Ctrhig 2p el galar 100

Air strippep dehUEAHE Lé,séi?a.---. spher i ¢ ARV LS TR oLl Ty uuém’é"e&us

at an en- plough means rotatable ab6vcOREY

above the annﬁP}aﬂ‘c‘han'E?elﬁsf"ﬁndM millih) | cewih yist alids one chamber are rmwdcd to
cause scparated ic

to |eave by a Cﬁ@au es;@jﬁu amuc1 ?commn : Ir EI‘”F;‘E(E’& Ry ngt!hlﬁr

0.5 mm {(Carma spacénﬁaé %@?m‘é‘ g e ts the 95

Kozeny) l’r°s=ures (lbs per snu'u'e mch absolutsp €CONE- Bt ‘allows uownwmd p;asaab of

105 35 Fqﬂzﬁ@ggﬂnee_[; 218 di anet er mter ‘meited from thGice fppas, atftigerans

. . : my .tt.l' }o Cl G re-uu,eram
claimed in claigf AL?& Do 238 Per cent ¥ 8¢ epdenpyq. reirig

s as l?ur od i im 4. wher
freezer/ cryst alVica@! dsbuMhQrCY M2 AUERL 653 DI E00e bib: R ARE - s 3 109
25% Air stripper debutaniser: atmospﬁenc hanbet: vagsg: e exﬂé’*rtaﬂgﬁﬁri.ﬁ (5] he

con- Yce But ane closlcd space above e pwmbie r@in*‘wgenchnt
and t he V\atégr c"ﬁ@i{ Qllelel. \15 1.4, (\Quus.u-t aﬁecwetqg{ ‘hcwfﬂ Elﬁt Fl&ﬁglé'nlgkﬂf;endl ng
| ect in two SepaK&Seﬁ!y) ayers, and " freans ar €sedohl) chariber. 105
Thickness: 1/5th diameuer 6. Apparaws as claimed in claim 4 or 5,
Percentage solids in freezer/arystalliser:  wherein 'a sump is provided in said other
45  25% - chamber and is arranged to reccive the con-
Butane . densed refrigerant aad the water, which col-

n-Butane with a boiling range extending lect in two separate layers, and roneans are 110
over not more than 1.8° T and with not more provided for drawing off separately the con-
than 1% impurities having a Henry's Law deosed refrigerant and the water.

50 constant greater than that of n-Butane. 7. Appar'itus as claimed in claim 4, wherein
Concentration in saline  water entering the rotatabh. 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 strcam leaving  which ‘comprises a pluauty of water spray
: vacuum debutaniser: 2 p.p.m. tubes, clements of the frame being used to
: Concentration in product water stream leav- conduct the water to the spray tubes. 120

ing air stripper deburaniser; 0.2 p.p.m. 8. Apparatus as claimed in any preceding
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over not nore

separately the con-
densed refri gerant—and thewater-

n- But ane.
Concentrati on

conpri ses a plur-

than 1.8[err]

in saline water

F and wwth not nore provided for draw ng off
than 1% inpurities having a Henry's Law
50" "constant greater thanthat—of
7. Apparatus as clained in claim4, wherein
entering the rot at abl e pl ough means
vacuum debut aniser: 100 p.p. m aIrt\é of

1,202,421

Concent rati O[L in_product

pl ough menb®rs suooorted_from a 115

T of at abl e about a ver#cné}r1 axi s, .54 ‘o
f r ame gl 30 pskHe P AoblicRhnd
S&ORAR& Ndut:aBs on in each wat eSerkat mamobm\mmg%lyrm ShiaCBBPr i ses

vacdziZt3e b@tﬂhn@%@r thep a

t Omethod for -cond

wat er

means 55

a plurality of Rater v r%yé .
t ubes,\ gl emBnt s PBAuE facet 9nd3 pei ng used

product wat er . gt AN st AR -12 conduct the vva

enteri nigcat
vacuum debut ani §‘e{r‘mﬁ d fu:Psgm

ing air .strippeFeeded(iichring edline ©atd riyqhe) NB1

precedrng
7 claim

whi.ch they are eac
Separator/melter 14
cl ai m 8, - wher e- Shury n1525A

is of polypr opyﬁ%@'é (o] CHH’I"S?‘(/
chiori thebduct water out: 32

of f.

wat er 5

Slurry out (and inzontainer 105): 26

g ing 3500 chamber is
itk e i O

tics liner.

bed in the 10. Ap;pmrsattnusnaa:s ogthadéned in

control'l ed by arﬁEtﬁé@t '?f" erer n neans aré" H@d{r‘rg;gr‘::ccgmﬁi?@et‘igﬁg Bhe
the pressure at 'Qou s in accor daﬁﬁﬁ ice ~taL° to be traasferred over thﬂam)unt
of spray water drawn roug e ice wthcihgmSakl A&ONQENGE akHep Rbdfbed he
wat er |.ayer20 Butane Condenser 24 crystal bedte bcnmtnhe sai d one chanber by ad-
I n t he Chanber PmdUCt wa:‘il;'lgllt‘;)%o J USt nent OJ? t éar V?lj for 1y ucﬂ l LIICC (o T 80
drai n e eRtBE Yl Produci ng f rest HgtRY i& raceergf@ B Corid At e
sal t concentrat lsaaeesfacert:rtorfu a slurry of IG&rt@Et}(‘SEﬁJﬂ& In salihne water the
Wat er layer28n tBhen%;tmtperf i5he sai d ot her vheppmtug peclimed oy Jamal or
separated from B8t Whsser > whercin the If‘“d one chympher F“W?B’tdﬁé
% araber.
liquor and theyggpanaiefishcs crys- 11. A ne ft%f uaoroqrtthreur;ﬂcztrnemnw er
f rom t aI s ar e\:rmahiﬁtgduaperaaparsat us as cl aiidred shif @fYhamber i an outer annular
_ Alr Siripper Drebutaniser 28 chamber and the said other chamber is an
30 Operating temperature: 54 inner annular chamber co-axial therewith, 60
plough means rotdtable above and co—ax1a1
' Sale Sonceptrations (parts per mtlhon\ 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 ond which supports the 95
Pressures {Ibs per square inch abscluts) e crystais but allows downward passage of
35 Freezer fcrystalliser: 12.6 water melted from the ice crystals, refrigerant
Separator/melter: 15.9 vapour and condensed refrigerant,
Butane condenser: 23.8 3. Apparatus as ciaimed in ciaim 4, where- -
i Vacuum debutaniser: 3.74; 1 11 and (.33  in means ate provided for causing the refriger- 100
Air - stripper debutaniser: atmosphenc ant vapour to enter the apparatus at an en- -
: closed space above the annuler chambers and
i 40 Tce crystals 10 leave by a central outet duct communi-
i Fifective dimmeter: 6.5 nuin., (Carman-  cating with the space belew the grid in the
Kozeny) -second 'chaniber. 105
; Thickness: 1/5th dlameter 6. Apparatus as_claimed in datm 4 or 5,
Percentage solids in freezer/arystalliser:  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 fect in two separate layers, and means are 110
i 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.
i 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: 106 p.pm. " ality of plough members supported from a 115
: Concentration in product water entering framc rotatable about a vertical axis, said
S vacuum debutaniser: 200 p.p.m. frame also supporting the water spray means
. 55 Concentration in each water strcam leaving which comprises a plurality of water spray
: vacuum debutaniser: 2 p.p.m. tubes, clements 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.
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15 a slurry of ice crystals in saline water, com of claims 1 to 10.
pr| sing the stens of causing a bed of the 17. A desalination plant

; El-Rg-appara—-stufry {0 NDVE Upwards rn a 11rst chanpber tus Tor
produm ngi fresh water from a slurry 55 past a water drain, spraying the
upper surface of ice crystals in saline water as clainmed in of the bed
wth’ vvater to separate the ice any of claims 1 to 10. 20 crystals from

the saline water, causing the 18. A nethod of desalination including a
separagediice crystal s to pass over a wal2024method of producing fresh 7
vva'tET""f"rom a0 a4 Second chanber naving sard wall sluryy of e
mn al s | n saldlaie, wigeainethe said eneashamber isgliped  separate layers from which, tbe cvﬁ&h he

@t @hapber B Lo A0, el TS ot AT R s claldRa i1 By CErYEHEAY. S I N
ds aCc0 nd Cha”‘iggcfxe hne:tx{s roif ;cnz)al;lpr ax§ I}’lnsu\/atl@rto maﬁ;cxﬁiﬁ;‘a@ﬁﬁﬂ lfhy gaﬁ'ﬁ'ﬁ drod
5and "12¢ A5 nedosiad -as cl ai med | n cl a| m 111rawna§1r0@£1althree¢~=|w5@1 d%zmrnm I@

‘chambex(yis ent of
gltgggeeljli:qnnt hfe | Cﬁwﬁﬁnggég :rsé ITO\ECy for conuoﬁ.ng tfd nt?h. qure at, t‘}eﬂp ﬁ»ﬁ\a tt cjgard..rce 45
g:Tres f spray water drawn throug}% the i 1 H chieneriit: heV\Mt: layer
refrigerant vapQial bed Fi0fhe saidsi\mm)hb& byl &8 er wstidkderi N sal i ne wat er, 65
13. A nethodo Asment of chapm®aie ai nhecivaérnirain1? 165 /b dnethad jof | irgducipg; freshy wp

i-bed! wit hinr C e s f 2
defersly i bed! thgIl @Fr& a?(eﬁglhév*?gw% FauBELE e L) (ﬁl i 3%?@% a?ﬁ&‘%
q

Fjsgé'ﬂer es 6, 7 an their mother h - and @l sBfafhicdURRBisL €
S&‘e Jf kg d! ‘and t hay Uﬁﬂaéth@&ﬁ producing hcs%atcﬁ&bﬂiodals at. qu!teﬁdm @ppﬂgtuﬁ neddimenaib eny ant
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