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In the operation of the plant water from
to equalise the gas pres-
sures an either

side thereof.

spray device 194,
tower 1.88 the water fromthe spray devi ce
conpartnents. 70 ‘

in the

196

are subjected to. di-f-f-er
RN RO

Baffl.es 266 are
the line 68 is provided around the holes 265 to restrain
passage of water therethrough.

ratlon of t he

¢r from 238

the partition 256
the line 58 if sprayed by the spray device
196 and saline water from
sprayed by the
In the ope-
pl ant the

b ee

240, 242

eVI ce 1 4. Butane vapour front

this causesmfeinaatbet ane vapour to

g(?ues of ref A=

cond

respect -
es the
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%

by
t.u
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ense

210.
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. fresh water - comprises the

i ne 26%oxdee oih Hestnpaten iscant nercasing v@Bion, thefg

3 t"”’%’;%ﬁ”é'aééi*‘%@fﬁ‘é?%ﬁ"‘m?y Filer Apert

@ﬁorﬂiﬁ;ﬂﬁﬁ& d,lifexent degrees of vacuum.

_' el 5da ter {old Infth
nation. One prewously proposed pro-
f desalmatmg saline water 10 p,mduce
steps of
freezing ice crystals.out of the saline water,
by boﬂmg in the water a volatile lignid re-
fngerant immiscible with water, separating
the 1oe grystaIs from their mother liquor.
and melfing the separated ice -crystals; we
mean thls process when hereinafter we refer

s to a process of the kind xefe;rgd t0.

30

It is an ob,;ect of the invention to dprowdg ;

an 1mproved apparatus -and method of re-
moving small quantities of refngerant from
water. .

.-Sea water usually contains betwegn 32,000
and 38,000 parts ‘per million of dissolved

- salts. and to tender it fit for drinking pur-

'35

poses it is, for example, desalinated to a

salt concentration of less than 500 p.pm., -
: preferably less than 200 p.p.m., for other
' purposes however 2 h1gher ‘salt co,ncpntra._

th[l may be acqeptable

" saline” water ang fresh water formed in a

process -of the kmd ‘referred to, compnsmg
ll’m'e Ss. 0d]

Corrpénolnnﬁmﬂwaﬁth szmbe

>COX 1o ope aspect of the myentlon,'
40 therg is prov1ded apparatus for pse im re-
moving small quantities of refrigerant from-

lowys m%

gt ol

grees oﬁg : “the I|ne 84 enl Qover
cogpart fent: _ g‘gﬁy I'nlets
224, *R26~0f SSH and the 10
t he par gt 0 e in conpart ient 242.
Sal i ne . §§ r%éﬁ%T fromthe line
70 IS speaygt ﬂ%’ wher e spray
device 248, _.succmdtelsﬂaeyiﬁcauon Publighe 76 ¥

W wat er ;; 1 t he ‘packi ng

spypy lslddex\&hm&ptaﬁ:as—mm{m 3q;amc| ng 258, ”.

thifpugh t higRapkiindskBBuandntney yoedi St i - LS

t hg t ower- 80 buted by the bubbl e caa-t.-ﬁ5 !ﬁg«

.72; water: |s re dlstrlbutedJQMBLEﬂES&Eﬁﬁ“@b[ﬁli de a1l : 3o

the t he packings 258 262 by erforated nparnents_lgo, 192, no
gas passes up- 259, prayements e 9r rglatin e@ ﬁ&?‘“@gﬂ re- war dl y
throughth ra 20 o an ec fromthe
line 20 c o %aorf r}PMrr%) eBme}P coﬁ/t?méf hagi?gh %ﬂgg%?gﬁ&&e hy t he
spray devi cﬁ Epgland, dol li@ebyacpﬂwe masaﬁmaup,mb\arateuiaeulﬁwdamd VagW 0 passes
t hrough thewtmlarfOQQBCh wearaardhart Patent up PIpY: ngﬂxgﬁrgntdtggrﬁg cont act ed
iin  pondi %Ygﬁ’ﬁk ?geﬁ‘ﬁg gg%% ,ga um _ln. i o8 . W with
vater fromekha s VBV 80 o bWaN GoMARD Wie ARAHED of the saline SPIERYS0194;

Shtwmrlbu‘ies 88, 90

gﬁps 35, 37,
Ut ane

Uhcoording babhe &i:ébtdfrthﬁ:ﬁls 55i qui d
the $Erecend of the
|nIet 226

dditionally the water may be contacted 60

w1th a stream of air.

Convemently a desalination plant com-
prises apparatys in -accordance with the in-
vention,

The invention also provides, in anothe:.
of its aspects, fresh water when produced
by a method as set out in the last preccdmg

paragraph but two.
" "An embodiment of - the. mventmn in a3

desalination - plant will now be described,
by way of example, w1th reference to the
accompanying drawings, in ‘which:— .
F;gqre 1 shows a ow dlagram ‘of the
desahnatlon plant, in accord-
- ance with the invention,
Figure 2 shows a sectional plan view of
a freezer/ crystalhser of the
plant;
Figure 3 shows a section on the ];me HI
' 1I of Figure 2;
Figure 4 shows a section pn the Tine IV-
IV of Flgure 2;
_ Figure 3 shows a perspective view of
: : ts of the fmezer/crystalhser,
Figure 6 shows a-sectional side view of

" a sgparatqr/ meltet of the plant;-
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30 contacted with water fromthe spray device a tower 272 containing a
spray device 274, 95 196 in a corresponding manner. The liquid a
packing 275 of Pall rings and -

| ayers in the tributor 7276 which is supplied by a fan 278. conpart nent
192 on both sides of the parti-  In the operatlon of the plant maigﬁ from
tion 202 and |iquid butane | eaves the tower “the line 60 is sprayed by the
spray device 35 188 by outlets 228 2&ﬁ7mh|ch both Iead to 274 andzls
stripped e 6~ A

the tower i ng=1@Eé37kayova a(bedﬁﬂﬁeﬁﬁldﬂme‘ml suyaalmmfsam IWater 1&&8 dinréehﬁll ine. 70 -

and wat er from t he @n t he, air dpmtalhasntléraloagia lm _
devi ce 196 | edv@%e § ’k)}h"th’@elﬁz‘%ﬁ g‘g:’l%jf
enters the ft -Figure 5%110 8& P of 2 Ldoled :

chi mey 280. 40 prowmiansemﬂasabbmadlanmemﬂnbkephmtomlterzla&xe meltednthereehfled
forms of the g l‘ﬁgﬁwgralm@n on gtk lippie I3 by editect G 9 thh butane . vapour. . -
more of the f oy Eiha i of e . passes iy Eéﬁ?‘%ﬁﬂ&l gur es
13-16) comyp e: - XIXIDéti Figifie & t ower 56 Which 1 ehmxalanger('ia) Ea
heat exchangerFig@012 mwssa isegtion ofup@ém; @%rﬁrplalthtah@t Ie;ohmxe mateent s 23

placed by a d bIe e heat epassesglong gliner3Bto e butags, pop- seal
devi ces 244, Hg lqiﬁhows ] se‘ﬂ;%mfe Sl‘é‘va. %%'tﬁh%aﬂ@saﬂon%&‘hne 5510

= a1 o Ja¥a na.

Adj acent |itsjui d spr qgandew ces 248, 250 althe deblxanige 26ewhetensmall quaptitizyi8ded in ”"“

t he upper COWWW&% %ll'@'?/e Obelﬁﬂmé‘?da %}I 41$S@1FedolPu g fend
and adj acent
speci fication ig'f‘aladé.i{@6 ﬂ}i (.,g Qoantit f,(520

(St am car bdh) - Higurd Mss!rowvseoh lsmxd;m@nlﬂmelmso buwmectcnialdmg mctfhé atbeire\mmdml $pr ay

devi ces 248, of; Figure zer/cr esiogg a line 550, :

respecti vel ym% a Ve E@W" lrcertzil n

si ze are waide b ak ttﬂfs ﬂ{gemé;egaﬂat er @parh nﬁltHi'aM is' taken ! il t he

freezer/cr %Dwdflﬂsecaﬂa}ertba boﬂmgmlw@nQS@edmd 56 hbﬁ%‘é? fﬁ_ 254 by - a \)‘»@rt i -
Sl

f orm new cen?’r 'ier’(ﬁj"méf@f 'gl?d I?tl:lsreh
extends acr 0gépatal SHp&rafor / ine whol e
wi dth of t hew&a@wer 236 Adj acent t he| r hdatcbﬂehdsheatte heit ekﬂmn@nzﬁ Sﬂimat he

i nconing  3Q. The pl s°52°6@°¢6€F paafer fga Eai’l afong Rat er .
provi ded in fﬁ%‘éﬁ g{m@:}’ eat de,],’:fc 3%" e s
de- aerated. tact refrig@atioh ywiue boiling mtanackl Bitine2 fhe sepaxat&ynblteal

oper ating cosapatatooimeltérofs talnenggﬂ etntseparates @Dledr@h con'ﬂh@ by fi¢at |emha1%56 al so

s S R S S e N fis Yo,

260. Simlar Ic Pstalst t the separated ice crys- the heat exchanger 20 and. the water

packi ngs 262,ta1s264f of Pal rings are pro the Zzlahslkelpt separate invi ded in
t he | ower # ate en-"»¢>15242 Is vater.  pel ow
the pack| nég %’é"%?;% m ::hlig 1gs

m | a!eﬁht cs D6 2R) atfegeavo& &ﬁnpali@bﬁfs es o e agd oduct. -

wat er f or v\agtessn ‘32c ¥, end/wacuum pumps 35 ‘37, dissolved butane from the saline water; in
the strainer 16, the heat exchangers 20, the debutaniser 26 the “saline ‘water from'
45 22 the compressors 32, 34, and the pumps the heat exchanger 20 is kept separaté from 110
35, 37, 39 are all of known type per se. = the water from the heat exchanger 22. The
In the operation of the plant raw. séa saline water is rejected from the plant along
water is pumped continuously along a. line a line 72 which leads from the debutaniser
36 to the intake unit 18 where it is coarsely 26, Some saline ‘water from the line 66 is
50 screened to remove. large solid objects e.g, recycled along a line 74 to the line 48 which 115
sea weed and fish. The sea water is pumped leads into the f:reezer/crystalhser 12. ..
from the unit 18, along a line 38 which Butane for the freezing of ice crystals in
leads, via the strainer 16, to lines 40, 42 the freezer/crystalliser 12 is pumped con-. "
leading to the heat exchangers 20, 22 re- tihuously-rouiid the plant in a closed cycle. .
3y spectlvely, in the heat exchanger 20 the sea - Liquid butane at a temperature not less than 120
" water is cooled by indirect heat exchange 5°F. above that of the slurry in the fréezer/
with reject salme water from the separator/ crystalliser 12 enters the freezer/crystalliser
melter 14; in the heat exchanger 22 the.sea 12 along a line 96 and butane vapour leaves »
water.is cooled by heat exchange with prod- the freezer/crystalliser 12 along a line 1%8 :
60 uct water from the separator/melter 14. The leading to the compressor 32.. From '

" cooled sea water leaves heat exchangers 20, compressor 32 butane vapour passes anng
22 by lines 44, 46, respectlvely which both a line 80 to the separator/melter 14 where
lead mto a line 48 leading into the freezer/ it is cooled and partially condensed by
crystalhser 12. In the freezer/crystalliser 12 direct contact with the ice crystals, whlch .

65 ice crystals are formed and a shurry of ice are melted. Liquid butane condensed in the 130
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I ngs 262, 264. Holes 265 are provided in
6

Pnr‘\Jlrl e re
35, 000
wat er
talliser
absokgite):
. 12“R +Ee2-er ey 5tar+Sef 6—6—rt+Httrotr .
15. 9 seps atd:ﬁnﬁlurd4hm¢eamesebmm/crsse af edcbU-beed 168121 end Bgroumef fesndenser
23 8 talliser 14 ﬂprmetbe 6/ whigh Jepdscip - P1P° ‘Elqnf jop fhe -inner si @‘&ﬁﬁﬁsebut ani ser

4 the freezer (gmrb ; pﬁé?yia of th two

; ves . ! A te te clear of the
1. 11 5 8% whi r % lferdbﬁl lss SJropelldr 1124 The pipes 126 are submerged 7

and 0. 3 7151eaves mmpmss u$4aalens At gn demaration N?ql};ﬁﬁg ﬂ’mﬁd r

Sehu o S ) SR RO S

' con-
freeze é%g ater tggh & butane 1n]e bE Dy a- plurality of
Ef f eQbi b Ewatet) HomTH) hehtCa. rraltbwnc‘bﬁleisl 13@ and nehifaldst 182 Hach 75
reezerchmggtsmalfﬂoms@p ‘bugne conﬁ(gee r? pipe 126 is perforated with a urahty ‘of 80
zer/|

butane is recycled. to the evenly s oles, 127
h} Y ¢ which Pfﬁ%ﬂm% 1@' amet er
AT vvavf p

12, for. further boi ong the
?&@ tﬁﬁ'ﬁﬁ@ erw%l'et ¢0/d E4Mdng Orfte |1de112n
f r eeagrine r9§sls Irﬁﬁké-up enters DMCWP%@@W 80

eclinec96 banidrike b&sls 318-198 25%
20 Te nml;qnatadme§6 extend across th

quu:ed The debutaniser not perforated
85 cross the be{aﬁs
n ane.w a bokrli ng
67) 9 NButanc v§

erent degrees of bays 108-112 a
ed by the pum 118, 119 at 127

range 335 Beur Wads@yl frone i NThe freezer/crystalhseE(IZ comprises aover not nore

t han 2b. & ﬂanis]eF zamlbng/l linles (§8it 902rmlech pl@ehty (Raffles 134 which are 85 34 -

t han 10’193‘ .,thetv[a mgs%%zt me each ﬁﬁeﬁlg légh %aﬂé&loéf

ivel: :
lwl;Zh q:lansal | ne water

tals: 2.3 mllion.
1,180, 739
to freezer/crys- ~Sea water-feed

i on. Product desal i nat ed
slurry out of freezer/crys- &

* Pressures (|l bs per square inch
| LEsOyIeg er sl urry out of Fr eezerﬁcrystal liser
-+ Separator/ mel ter

cal i nn
~J AT T LILA Y2
er

3.5
in icel
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Gt

ANt
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j-e er

al li mll

100. I c wat er
1 2.2 m'II|on

5 Sallne water in

froozorl oo
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strlpper

an
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25

indake umt 18 (F@neclercbmﬂtsesonanm mspaml abpe thwbaserwalérlzbrl ng 90

a travelhng band screen 100 which is
washed by water recirculated from the line
38 vie a pump 102. Solid material screened
by the screen 100 is re]ected down a chute
- 104.

30 - The - freezer/crystalhser 12 (Figures 2-5)

: .l .35

40

Y e

.45

comprises a container 105 for sea water in
which are provided -four bays 106, 108,
110, 112 ‘which are separatéed by a stra1ght

.wall 114 and the limbs of a U-shaped wall

116; adjacent bays are -connected by
bends 118, 119,7121, 123; the bays 106-112
provide a'long extended flow path for water

flowing through the container 105. In the
‘operation_of the plant sea water enters the

bay 106 from the line 48 and follows a

sepentine path through the bays 106, 108, .

110, 112, in the direction indicated by the
arrows in Figure 2. =

The freezer/crystalliser 12 also comprises
a weir plate 120 and some ice/water slurry
leaves the bay 112 over the weir plate 120

. and passes via-a hood 122 into the line 50;

50

the remainder of the slurry from the bay
112 is recycled to the bay 106 via the bend
123. The freezer/crystalliser 12 comprises

" two propellers 124 arranged to-induce the

.55

"~ 60

65

flow in the direction of the arrows; each
propeller 124 is located in one of the- U-
bends 118; 119. The weir plate 120 acts to
dasentram butatie bubbles” from the slurry

_whmh is' to pass over it.

The freezer/crystalliser 12 comprises a
plurality of horizontal pipes 126 arranged
for the injection of liquid butane for con-
tacting
105; the pipes 126 are supported in the 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

with saline watér in the container

Each group of four pipe portions 126
located between one of the baffles-134 and
an inner peripheral surface 136 of the ap-
propriate bay 106-112 or U-bend 118-123,
the group of pipe portions being closely
spaced to the baffle 134 and the surface

136; the lateral spacing between ‘each pair

of adjacent baffles 134 is approximately the
same as that between each surface 136 and
the adjacent ‘baffle 134 (Figure -4). There
are discontinuities in the baffles 134, ex-

tending past the inlet line 48, and in the.
bends 118, 119 the baffles 134 termma’ang-

_clear of the propellers 124,

The butane outlet line 78 leads outwardly
from an upwardly extending portion 138 of
the freezer/crystalliser. 12; the weir plate

95

100

105

120 is directly below where the lme 78 leads :

out of the portion 138. -

In the operation of the plant ‘a sharry of

ice crystals in saline water flowing' through
the bays 106-112 is kept contingously cir-
culating around the baffles 134 in’ turbulent
flow by the action of liquid butane continu-
ously - injected through the holes 127 for
flow up past the baffles 134. The circyla-
tion takes place around the baffles 134 (Fig-
ure 4) as follows: up along the space
tween a baffle 134 and the adjacent surface
136 and down along the other side of the
baffle 134 and again into the space between
the baffle 134 and the surface 136 for flow
up therealong: this is indicated. by arrows
in Figure 4. During crrcmlauon the ‘ice ‘crys-
tals are uniformly distributed in the slurry.

Some brine from the line. 48 is. passed to

sprays 139 arranged to keep 1o “supports
137 of the freezer/crystalliser 12 free of ice:

’é‘hg) separator /melter 14 ‘(Figures 6, 7
an

which are . prov1ded concentnc outer and

110

115

be- .

120

125

comprises a. circular ‘tank 140 in .

130



vacuum debut ani ser 100 p.p. m
Concentration in product water enteri ng
50

Ooncent ration in each water stream | eavi ng 30 Product water

Heat Exchanger 22
Sea water feed in

38 in
: 32 vacuum debut ani ser : 2 p.p.m 95 Pr oduct ypat er
out , . 43 Concentrats on i*n product water stream feav-
ing air strippgr debut ani ser Fr eezer/ acmmsal liser 12 :
: 0.2 p. p. m == a-ed al—tiehi—ae e s - = -
IS: - 35 r ecydimey adJaeent annular chambers 142 1@1 passes !;0 the lm@ 16 rlmwiachﬂw use

in renoving srraIfPSPi‘MPlY’ both. .chambers, 142( éﬁ'da‘ien f&ﬂu!h&l

9m of the chamber 144, 5
g% 152 comprises a vertical ‘Zyv'.
xs mountcd for refation in n

nCoflihd plag

guantities of reﬂP P%gﬁuohrdgqnes@dtq& dpﬁ[agr shaft 172

. 26 Chpéﬁv&ﬁ&dﬂﬂseﬂardtﬂﬂﬁﬁ? )

. 35 reflerth%dhamber é‘thami sbambm athmehﬂftH&z/;S, ven byault macumur
out _ . 144, jice crystal stfro_ . %‘ ﬁo@? u g 74. . |
which, in operat*;ﬁp 'f,vmrgﬁ“ a%% .atus, 1 1Q d intoSE S |

water is subj emt elthd qhambcralézlﬁmiim duﬂmamasugs

2bO178 %5 fZ’i‘;‘:

pulr to the rmg pipe. 178 and 73 :
dhe. plggg? s 1568t£ i

26 . p;lf“?ﬂ/ q‘ﬁf y e equpqgrfp the

chamber 142 to pQWmﬁa ¢ T, 'p‘?'e : he spray
rated . drain gnds 148 :w n the : 4h -ap

chanber 144 liner 146 and are ingJ mmumcanon “wir tﬂ]ﬁﬁﬁaﬁdﬁiﬁmw anpgib& ml 490 i Ch

separ ates 45 Fllﬁcmimd boxes 150 wlnch are con-

saline water fr %oé’gq

path of the frej}% Yok or 5%32%% Nted £

i nt er - conmuni catttoﬁrabwﬂtltb ﬁzmsqﬁethet tahlo 140hendrom-

Bl o

sl En \teria

18be 154 has a pl;om inino\xﬁ adisrerf 8¢ he -
inclined - pipgy 184 extend | oy
172 to the plpe;s 176 and

&h ‘with an annular box lag§7
whlcthlE&ﬁlEd td thelIpibe© 184 and with

: 35 fdﬂl\ hogte emasrwbm t whichy the; yétwater lmfsg ke
out R e 15 o
2. Appar at us as & ﬁﬂeig{ iﬁe 64 via the

wherein the contlaipmhne 70} rmstm eyl up -

Ezd&lmsl nhapms 1819. 176 178 Alter-
] ?r SEﬁm

43 5%& fa}ﬂz 31:? yfatgo grﬂl. % 1 ¥

© 54 : 8l tb hé e mmgﬁ h Q’éms in
43 sepﬁsr the “slo ghnarmn dsé reeﬁtinqmtyertexfhimw pmzmhmﬁ hd mﬁmﬂ\@érer out

. 54 thrm%glacﬂrﬁé mister theygpmber Hi( ‘I I of fheeghambep 942 But ane va our

| n STy opto the Tk i Tt o bt E.W'iﬁ' hd Eaik gffmﬁl ?nﬁﬁ% f

Butane liquid o c1tytp ood the'hed; BiPThe spray tubes
respective water 54; ‘most of the wagh water leaves the

g pls the
pressqre at the dxamgge boxgs 150. ¥at:h

conpartnent, tjeshember %g" Stal*t‘len é!{ﬁumpeﬂ’u efongpiation vary fhe _
g _ 148 which 100 -
b e ol PRy TA B VD B i 10

54 means .alal wivd mgsh\?.
chamber 144 and- the ice crystals from thp
chamber 142 are dumped onto the grid 158.

49 Butane vapour from the inlet 80 enters an

upge frusto,cpmcal portion 160 of the tank
140 in faminar flow and ' coniacts the ice
crystals on the grid ‘158..A plate 159 ex-

- tepds across the chamber ‘144 below : the
5 grid 158 ‘and fopr. downcomer pipss 161
- extend downwa;dly erefrom.
Water melted from the iog crystaly and
gaé?,nwd ytane pass downwardly throngh
ihe Bipes 161, ‘collect 1n two layers below
the plate 9 and are girawn pff frem'the
sepatate ayﬂs 10.pass into. the hnes 56, 96
’Fegmtc
he separator/melte.r 14 campnses an
~ axial pipe 162 whi gh leads to the butane
55 yapour outlet line 82; four pipes 164 lead
"" from the chamber 144 below the grid 158
- ipto. the pipe 162; uncondensed -butane
vapour passes from the separ: or/melter 14
tq the line 82 via the pipes 164, 162. The
separator/melter 14 -also comprises an an-
nular weir box 166 in the chamber 144 from
which a pipe 168 leads to the liguid: butane
Qutlet line 96 so that liquid butane: cojlect-
: ing in the chamber: 144 passes to the line
. 65 96. Water collecting in the chamber 144
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40

3'5 Elﬂenﬂﬁwpsb% avgdtdr Niging Siralk

vige 194 and the packing 198

" the bubble tray 204; the tube 210 comprises’

Ehrpugh the ice bed.

- ‘The butane gondenser 24 (Figures 9-12)
comprises a tower 188 which is divided inte
upper and lower compartments 199, 192, 105
respectively, by a hubble gap fray 204. Ad-
jacent liquid spray- devices 194, 196 are pro-
vided in the upper compartment 190; and
adjagent packings 198, 200 of Berl Saddles
are also_provided directly bglow the spray
devicgs 194, 196, respeetively; the spray de-
#re sgparated-
fr@m thse spray device 196 and the packing

by a vertical- partition 202 which ex-
tesnds agross the whole width of the tower 145
Adjacent packings 206, 207 of Berl
Saddles are also provided in the lower com.
partment 192 -directly ‘below the packings
198,200, -respectively. ' The -partition 202
alsp - substantlally separates the packings
206, 207 and substantially.divides the bubble
tray 204 into separate portions. A vertical
tube 210 extends axially of the tower 188
from below the ‘packings 206,207 to-above

110

120

a conical Jower outlet 212 and has a roof- 125
shaped “haffle 214 directly above its upper
end. Bafﬂes 216, 218, 220, 222 are also pro-’
vided in-the eompartment 192 generally be-

low the ‘tube 210, 130
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—whetetrmeach conpar tTremnt
a bed of packings and the saline and fresh 65 Salt Concentrati

 Ef f &8 ghrough dhepaskis

N

H

a seal against vapour. Alr
Apparatus as clainmed in claim 2,
S provi

Stripper

Debut ani ser 28

Operating tenperature

ded with

3.

54

Egs (parts6

Eej ect saline

talliser:

per mllion) wat ers containing refrigerant are supplied to 1

1,180, 739 6 Recycl e

watey to freezer/crys- Sea watB0:7¥%ed 35, 000

3.5;.?;". H ";d P ng;; Uuuum(gles%l nat ed vvat er : 100
Ieef wallethe panangnszf e tfwaé% cihg gpartiuion l'ion.

Pr ess é@ﬂ(iﬁ F’dggm (e Y RERC R SR ther ﬁ%@zﬁgﬁ i ce/ wat er
SHAT T 19 Z(ﬁﬁéé: "1%5 hé {ssage of water therethilcﬁglﬁ In theQope-~

fr eeg gy gssmakvhtes&bm the &prayi delvmmauon of -tSeirmt ghedhreprsompaptmients . 70

15.9 19 dsilke fhe oFgtersf ra?ti‘e?‘}%éﬁg %5 petefhifp.

337%%::&&% D loddgp r{fﬁég

1. 180 3. paﬁﬂtmemﬂlrespiﬁ

-and (Ow@gmur gntering S
and ( iy i Q?% sﬂ%u%%gaa feht
. [wel water,
- freez cmésk 11981 which Hasepasse&s

g 198 ang

T e

S u"-‘s 190, 192; no gas passes up-

WAsh waidy thregl gty mr Butank t
fre@® éP#de S ‘H!l Imeé’é “f and
Tem p’ g ya : ube : 210 mto
St pd : :: ] 1s contacted . in
85 SOt ’-; m&ﬁﬂl atﬂi‘ fl'om the
r an%g SPOAY. the ‘butane vapour:to
_ and it ;passes together ‘with -water

sthropgh the bubble-.cap- tray -204 and the
_packing 206; the :baffle 214 directs liquid
caway from the upper end :of -the tube:210.
{Butane vapour . entering -the -inlet 226 :s
"30:contacted with water from :the spray. -device
196 An .a .corresponding manner.  The liquid
butane and .water : form -two :layers .in the
compartment 192 on both sides of the parti-
tion 202 and-liguid:-butane léaves the tower
35188 by outlets 228, 230 - which 'both lead to
:the - line 76. -Saline water :leaves the tower
;188 by the line:70 and :water:from the spray
device 196 leaves. the tower188 by. the :line
:59. ‘The baffles 216, 218, 220, 222 act to
#0 provide seals around the outlets 228, 230,
. ;and :the lines 70, :59.
~The debutaniser 26 -(Figures:13-16) com-
pnses a tower 236 which is divided into
apper, ceniral and lower compartments 238,
'-45 240 242, by liquid. seal devices 244, 246.
-Adjacent liquid- spray devices 248, 250. are
-provided in ‘the upper compartment 238
.and adjacent packings 252, 254 .of Pall
rings (Registered Trade Mark) are.also :pro-
vided -direcily below the spray.devices 248,
250, respectively; the spray:device 248: and
:the packmg 252 are separated-from:the spray
- .dévice 250.:and ithe: packing' 254 by a verti-
- .cal partition ‘256 whichextends: across : the
. 85-whole width:.of . the tower :236. .Adjacent
~packings 258, 260 of ‘Pall rings -are:.also
~provided -in the:.central compartment 240
-directly -below :the  packings 252, 254, re-
:spectively. The partition 256 also.separates
sthe. packings '258," 260. Slmxlarly, adjacent
packings 262, 264 of -Pall .rings .are :pro-
vidéd in the lower compartment 242 directly
‘below - the - packings 258, 260, _respectively.
Again the. partition 256 separates the pack-
(65 :ings 262, 264. Holes 265 are provided -in
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ponding mann Raves. the tower 236
by the line 60. ButanervaBonr ey W\ﬂth a boiling

compartment 238, 240 by the lines: 88 90
which lead to the pumps 35, 37, respect-
ively; butane leaves the compartment 242
by a line 268 which leads via the pump 39
to the compartment 240.

The debutaniser 28 (Figure 1) comprises
a tower 272 containing a :spray device. 274,

a packing 275 of Pall rings and an air. dis-
tnbutor 276 which is supplied by a fan 278.
In the operat1on of the plant water, from
the line 60 is- sprayed by the spray device

274 and is stripped of butane on the. pack-_

ing 275 by 2 countercurrent stream -of air
from :the- air distributor 276. The air con-
taining the stnpped butane enters -the at-
mosphere via a chimney 280.

In modified forms of the plant one or
more of the following modlﬁcatlons .are
made:—

(a) Each-heat .;exc_hanger, 20, 22 .is .re-
placed by a double direct contact héat ex-
changer employing an intermediate heat-ex-
change medium.

(b) A sieve bend classifier of the.: kmd
referred to in UK. patent. speclﬁcatlen No.
791,520 (Stamicarbon) is-inserted: in-the line

50 following the freezer/crystalhser 12. In:

this case crystals below -a .certain .size .are
returned -to the freezer/crystalhser a2 1o
form mew cenires for crystal . growth: or: to
be destroyed with consequent -abstraction of

their.latent heat of fusion from the i mcommg.

saline water.
(c)- The sea water feed is' de-aerated.
Typical operating conditions for the plant
in a temperate climate.are as follows —_

Mass Flows ( lbs/hr )
Sea water feed - : :5.2-million.
Product desalmated -water : 2.1 nnll;on

Recycle product water for washing ice crys-
tals 12,3 million.

90

;.95

-100

105

-110

115

=120

125

130

lce in

20



Sea water feed in > 50 over not nore than 1.8[err]F and

with not nore Sea wat er out . 34 than 1%

impuriti€s having a Henry' s Law REJ ECL_saf T e—water—+ ~28 SR
constant greater than that of n-Butane. 25 Reject saline water out S

43 Concentration in saline water entering 90 _
vacuum debut ani ser 100 p.p.m Heat' Exchanger 22 \(o
Concentration in (product wat er enterl ng Sem7vmter feed in ' L&

50 vac :
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.2 p.p.m Feed | flecgdrfreystatliserg 6%ainillive. wat er  Separator/melter \WHAT VE CLAS.M
|S:- 35. recycle) L1qu1 butane from sparator/gg_lter to Butane cgnde ar atus for 2g}§e in

renovi ng smal | 100 quf I oall cﬁngesn)gg%a% um “debutaniser qyanaﬂ,l es

of refrigerant fnom frékdrpeysiv@is@r: 0.3 millich 26nd 033 75
and fresh water in Gespuoowss iofo teheratiai/melter : 22i i dtnlppﬂrahlaltanmer : atmospheric.:
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. 24 a pl ur alpjphis,0 corrpa FEvEnt S aCfe ve meter ; 0.5 mm. (Carman-

whi ch, in operat |15)er:ﬁr tvblem@pmafr&hmsc;ystahﬁer @5 Koz‘Eﬁgpal‘ ator/nmelter 14 = 8o
wat er i s subjected: @etéﬁeﬁméuum and ;- 1{5th diameter

26 for prow ev@t“m E’é‘?ﬁ“ Z&g %Wéﬁ“ ?ﬁe solidg, ﬂrWz‘FF%‘ﬁfae'ﬁ%'inber .
142 to Pe. ‘conpart nents,” each com chanber

144 20 Ten@@atures (°F) - partnent havi ngBuampart i tion- Whl ch separ at ess

45 Product water oJfea Exchanger 20- : 35 fieB m;’?%anl ?‘P’-’ﬁ‘élg
water fromthe 110 Sea ee? sal i ne vvat e§4 out than- 1% ties havmg b

of the fresh wat er Rejett ﬁh cOWster in But ane -¥APoUr coistant greater than that of?n?Butane
i nt er - conmuni cat 2prReject Rlineewaiacmut t o t he #%- Cengentmation | ipuj sdlingy twater entermg 90

35 fri ot mXARRM o7 emoved Trom the i " il autt biiling
out ' a water feed invVe Wat ers; 5P vacuum debutaniser 200 p.p.m.
2. Apparatus as | cI @parmdttex putcl aim 1 115 38 But almeoeﬁimmdemsach Adter streamzleavms 95
uct.water, : m,
wherein the cont & Iﬁggugtswﬁ rtd’a\{ver di vi dEd %%olnmceE anon m u t tervﬁgfaénrplg \A
43 I nto upper, central and | ower corrpar Stripper o Bt
54 ' and hdeegerfeoseidlieall2 partition which row des Sal | ne 0 pPim.1 N
43 separ f@@;@ ¢lydingspline fwates vvat er fl o atu us I§:re water al(%ult00
e 1n ing sm
54 o throUglloRRG cqupay LaRagp but all O%n'u i [@m water
vapogr In 105y O9 . onmmg catl Weghhwﬂt&s e Qhe kind
refrigerant - Liquid butane in : 35 referred to, compnsmg a container having
Butane vapour out 1 24 a_plurality of compartments in each of
40 : _ which, in operation of the apparatus, the 105
Separator{melter 14 water is subjected to a vacuum and means
Slurry in : 26 - for providing different degrees of vacuum
Slurry from chamber 142 to in each of the compartments, each com-
chamber 144 : 32 partment baving.-a partition which separates
45 Product water out 1 32 the flow path of the saline water from the 110
Reject saline water out : 26 flow path of the fresh water but allows
Butane vapour in 37 inter-communication with respect to the re-
Butane liquid out ' : 3 frigerant vapour removed from the respect-
. Butane vapour out : 35 - ive waters. - - "
50 - : 2. Apparatus as clalmed in claim 1 115
Butane Condenser 24 wherein the container is a tower divided
Product water in : . 43 into upper, central and lower compartments
Product water out : 54 and has a vertical partition which provides
. Saline water in ' : 43 separate saline and fresh water flow paths
- 55 ‘Saline water out’ : 54 through the _compartments but allows inter- 120
Butane vapour in 55 communication with respect to the refngerant
Butane liguid out - ot 55 * vapour removed from the respective waters
: : : in each compartment, the dividing walls be-
' Vacuum Debutaniser 26 : - tween the compartments including sealing
%0 Operating temperature - 54 means allowing water to pass but acting as 125
: a seal against vapour.
Air Stripper Debutaniser 28 3. Apparatus. as claimed in claim 2,
Operating temperature : : 54 . wherein each compartment is provided with

a bed of packings and the saline and fresh
.)5 .S'alt Concentrations ( parts per million) waters containing refrigerant are supplied to 130
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Iowest degree of vacuum occurring in the actvamgpmadetatagieaal agai N9 puapour .

al roduct ;1 watery e;
5|5 iad in o %@a A fe 4PEFPAr t ment a;]dggtahe hicgpEaEatigR oine gro : 1‘2 ﬁoh‘é‘f‘%d ?s
claimed in clai r out of - }ACUUMCRh&hirdtioR tn bddh WG sRUET Ickvanppar
wher ei n each 3oPgaict Mk S provided 3@ th vacuum debutanfy@nt. : 2 p.pam. 95 ‘
a bed of packi nBodushavateh@usal i ne arkd 43r esh Concentration irgprodugt WWHF lpgv-as
claimed in claipm,2 and matpr are sprayed ont 88 28 Sfrirpen; drkutans i
inclaim3, 4 Ofee d"gﬁfuainﬁ's wagal | Ng neans whiaT WECELADM iIs:-the U&F?er »
conmpartment. 35 - @éycle) are 1i3ui d seal.s Apparefus fn wshin smayinggmdll ¢4 d
13. A nmethod asSt |°HbéPnF1 rin cqopfaiger 11 quantities; of feffigerapts rg@Et’?lﬂg Viitrer
£l f wh ‘tfé—g lll&%freshwggex:m jﬂ
owing froma ¢ bu@arnejng erein VacUldfirked dlﬁigmég. fainer having
. Butane vapour out a plurality of compartments in each of
which, in operation of the apparatus, the ‘105
Separator/melter 14 water is subjected to a vacuum and means
Slurry in : 26 for providing different degrees of vacuum
Slurry from chamber 142 to in each of the compartments, each com-
chamber 144 : 32 partment having-a partition which separates
45 Product water out : 32 the flow path of the saline water from the 110
Reject saline water out : 26 flow path of the fresh water but allows
Butane vapour in : 37 " inter-communication with respect to the re-
Butane liquid out : 35 frigerant vapour removed from the respect-
Butane vapour out : : 35 - ive waters. o
50 _ - 2. Apparatus as claimed in claim 1 115
Butane Condenser 24 ' wherein the container is a tower divided
Product water in : 43 into upper, central and lower compartments
Product water out : 54 and has a vertical partition which provides
Saline water in : 43 separate saline and fresh water flow paths ®
55 Saline water out : 54 through the compartments but allows inter- 120
- Butane vapour in - 1 55 communication with respect to the refrigerant
Butane liquid out : 55 vapour removed from the respective waters
_ in each compartment, the dividing walls be- ©
Vacuum Debutaniser 26 tween the compartments including seahng
60 Operating temperature : 54 means allowmg water to pass but acting as 125
. : a seal against vapour.
Air Stripper Debutaniser 28 3. Apparatus as claimed in claim 2,
Operating temperature 1 54 wherein each compartment is provided with
. a bed of packings and the saline and fresh
65 Salt Concentrations (parts per million) waters containing refrigerant are supplied to 130
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conpart nent, 20 ing neans including redistributing neans the
Howest—degree of —vacuumroccurring in for redistributingthe
wat er over the pack- the uppernost conpartnment and the highest 65
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as -claimed 1 ng |r@d1.<m1bu d Ba@l ﬁe%ﬁ@ﬁo @hﬁ}if tlagd est 65
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MARKS & CLERK, 8. Apparatus as clafmad iny diam of o PRES oS ‘§4‘ G agy plelais g Bd ¢ o,

wh the additional ch
Char t;r ed Pgj QQ o G i ﬁﬁngo:awaie?nslpf:ycggﬁ:r;% Elﬁésrbf ge%{ oﬁ'r[)lﬁ oveé stbd tﬁﬁ; ed to

t he dgiapd shd aﬁralrtdiuh bApRPltd WHiEH Sir as herein describddr with ederémoé tdig- 75
Maj esty' s St alsl %W::E)faffﬂ%e The Twe%dd 1@?% qrtRigurespe pygd 4% to 1§| on -
Tueeds 1970 s of ;%1 EPalelt KTAARE of 2ancoR AL

Bui | df ngs, 49 pid’nﬂi@ neolﬂhﬁsof ¥Efdigerant from water substantially

be obt ai ned. degrees of vacuum as herein described with reference to Fig- 80

10. A method as claimed in claim 9 ures 13 to 16 or Figures 1 and 13 to 16 of
wherein the water is further contacted with the accompanying drawings.
- a stream of air. : 18. Fresh water when produced by a
40 11. A method as claimed in claim 9 or method as claimed in any of claims 9 to 13
10 for removing small quantities of refrige- or 17.

rant from saline water and fresh water MARKS & CLERK,
formed in a process of the kind referred to, Chartered Patent Agents,
wherein the waters are subjected to the Agents for the Applicants.
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