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DESALTING .QE~~ !!. FREEZING PROCESSES

SUMMARY AND CONCLUSIONS----

An experimental laboratory study has been made to determine

the extent of the ~"'emoval of sea salt by treezing processes 0

10 Ice i'orrred by freezing sea water under laboratory condi-
o .

tiona at different temperatures j from -5 to .,.35 CG contains trom twenty

to twenty-five percent or the total salts originally present in sea

wateru

20 When such ices are allowed to melt .!!!.~ at room tem­

pprature 9 marked stratification of waters occurs 0 The brines at the

bottom of the receptacles, representing twenty percent ot the total vol...

ume, contain sixty percent of the total salts for 'waters frozen at -rjJ Co

and eighty percent of the total salts when freezing occurred at -15 and

o-hS Co

30 When the brine is drained from the ice before melting

of the ioe occurs,7 the last portions or the water resulting from the

melting ice j representing thirty percent of the original volume' oi~

Sl;!S water, are potableo The total solids of this water are less than

that of many municipal water .supplies 0

).10 The yield of p'otable water may be increat1ed to fifty per­

cent by reprocessing the brackish water from the melting ioe ~ This

brackish water represents fifty percent of the original volmne of sea

water and contains approximately twenty percent of the total salts 0

50 The unfrozen brines occupy a volmne of twenty percent

and conta~n over eighty percent of the original total salts 0



DESALTING (IF SEA WATER BY FREEZING PROCESSES----------

INTRODUCTION

The procE:sses occurring during the freezing of sea ·~·latel"

differ from those of fresh watera Since the temperature of maximum

densit~· of pure water is 30980 Co, cooling pure water below this

. point results in a decrease in the density of the watera \'lhen sea

salts are added to fresh water, the temperatuj~ of maxnaum density

as well as the freezing poin'(j are lowered. For an increase of one

part per- thousand in ·the salinity, ·t,~e temperature of maxil!.!um density

: is lowered 0) 2150 c. while the rre'· ~ing point is decreased only

: o,~054° c~ Thus· fo'p a water 1-lith a chlcrinitj7 of 13:l67 %0 or

24~ 70 0 /00 salinit~r, (1), the freezing point and the temperature

of maximum density are ident,ical at -1,3320 Co For sea waters of

average salinities: the temperatures of maximum densities are below

the freezing pointfio As sea water freezes, fresh'water precipitates

as c~3stals of ice containing some occluded salts causing an increase

in the density of 1:,he liquid phase adjacent 'GO the ice 0 This denser

I solution tends 'GO ~;il1k and is replaced by wat,E~r of lesser density"

Brine remaining from sea water frozen in the laboratory collects main-

IjT on the bottom' of the vessel rathel' than in the center of the ice

cal<:e as in the freozing of fresh or slightly bracldsh watero The ice

formed from sea wa.ter has a rather porous nature due to the entrapment

of br-lne."

A search of the litera'Gure revealed that data on the distrl-

but,ion of salts in sea ice a.J;'c r.ather meager~ Malmgren (2) r3ported



Investigat.ions were undertaken in order to ob·ba.in quantita-

In ·the first series of e:xperiments described below, cylinders

For the socond serles of experiments, sea water l-TaS frozen

that. the sa,lt content of' ice produced under n~tural conditions depends

upon the'rate of freszingo The concentration of salts decreased with

increasing depth below the surface of the ice and also, the salinity

of the new ice increased as the air temperatures decreased~ Stein-

~ach <'3) recently reported results obtai:' .lJ·~ l by freezing solutiQns of

artificial sea water' containing only sodium chlorideo

EXPERIl1ENTAL

I

i

tive informa.tion on the distribution of salts in ice formed by the
!

freezing of' sea wate,r, to ascertain the salinity of the waters result-

~ng from the melting of suoh ice and to examine ·the nature of any

potable waters produced ..

I
10£ ice, forned by fl'sezing, seel water at different 'air temperatures,

:were cut into a numher of discs" Eaoh disc was allowed to melt and the

chlorosit,~- of the wnter obtained from each disc was detennined"

I

I
I

!at different air teuperatures and 'l:,he chlorosity of the 11.3.ter at

,various depths in the recflptacle t-ras detentlined after the ice had

melted in situ.--
The sea water in the third series was frozen at, different

air ·temperatures and the brine was drained from the ice II As the ice"

,slowly malted.. the lJater was collected in fractions and periodically

,analyzedo

The sea. 'Y1a-c,er used in the experiments \;as taken near the

entrance to Puget S()und and had a chlorir.d"c,y of 16 II 60 0/00 (salinity



9

3~1 ,00 0/00 ) 0 The ~Jato" was filtered through B. sintered glass filter

of F porosity before us:,ng,

The salt conte:- t of the water eJ'.prelssed as grai1lS of chloride

ion per liter at, 200 Co (c'11o:rosity) was determined by the ~1ohr mec:

thod using 0)01 and 001 N s"andard silver nitrate solutions &i.1d a few

drops of a sa'curatEld po Lassil'!'Ii chromate salut/ion as the indicator,)

10 Salt Distribution in the Ite- ---------- ~ --------
Malmgren!'s (2) observat.\.ons on the distribution of salts in

". sea ice 'hf!~:re made (In ice formad. uri'ler natural conditions 0 .As ·t,he ice

. forms in the sea, tjhe resulting den1er wa.ter sinks and is replaced by

i more wa'lier of the original densityc: When ice forms in 8. receptaole

of sea water in thE: laboratory, the rater in contact, 'with the ice be~

'. comes increasingly cOl1centrate.do As i.t is difficult to duplicate the

natural condit/ions J 'che distribution cf salts in the ice formed under

laborato~ conditi~ns was investigated by freezing cylinders of ice

at different air temperatures c

A paraffined cardboard tube, ~v5 cmQ in diameter by ~6cm~

high and sealed at the lower and vd.th a rubber stopper j was filled.

I with 1200 mlo of sea water and placed vert,~_ce.lly in 'che ireezer., The

. s:i.des of the tube ,~ere insulated with felt to promo'te freezing from

the top surf'acel. 1{hen f:reezillg :was completed, the 'Cube ,-ras removed

i from the freezer al~.d the bri1)e was drained off by removing the x'ubber

I stor'pero In all the experiments reported,9 there l,rss always a minute

quantity. of brine x'stained on the surfaoe of' the ice 0 This surface

! brine was removed and the ice was sliced iO'(,o clisc3 approximate],y 1 em",

thick without. permitting any melting of -jjhe ice,.' The chlorosi ty of the



~Jat,ex' from each disc was lJ.€ltermined after the ice melted.. The data

8.rE?- given in Table I and are plotted in Figure 1 for tubes frozen at.

four different air temperaturesc

There was a slight decrease in chloride concentration with

depth for the ice cores formed at _50 Cc The reverse condition was

:found to exist for the ice cores frozen at the other tempeTatureso

I The affect, of the brine retained on the surface of the ice is readily

.noticeable in the graphs of Figure 10

As a gene:ral s'~atement from the results of ·tibis series of

experiments, it maji- be said that twenty to twenty-five percent of the

: to'cal salts in the initial volume of water are occluded b~' the ice
I

under laboratory c(lnditionso

Should '~he ice be permitted to melt, the liquids first form-

ing should contain most of the salts occluded by the ice. This denser

solution would gra\·-itate to the brine in the lower portion. of the con-

tainer.. To determi.ne the strs'cification of' the waters resulting from

: °che melted ice, thEi follO"wing experiments were devised"

-4-



TABLE I

CHWRIDE CONCENTRATION AT VARIOUS mPTHS IN ICE
FORMED AT DIFFERENT TEMPERATURES

II _5° Co _]$0 C'O ..250 Co -350 Co
I

Distance Distance Distance Distanoe
~ Below Below Below Below

Surface 01 Surface 01 Surface C1 Surface 01
em 2L! em ~ om 2L! em ~

1~2 4067 0 ..3 15018 00 9 12096 00$ 18025
3~l, 4093 104 5033 2. 1J7 3c36 1;t8 3050
4~5 5026 300 2052 403 3,,73 301 5003
6~o ,,29 405 3053 6~O 3071 404 5026
7~5 ho91 600 4057 70 6 3086 507 5006
8~9 u.91 705 5000 )04 hv14 700 5023

loL3 4080 9,,0 5038 1102 11. u6 803 5032
11~6 4087 10,,5 5033 1208 uu55 906 '050
13!oO 41'78 1201 5075 1402 4056 1009 5051
14:03 .4,·89 1).,6 5072 1508 h.47 1202 5081
15: 7 4.. 59 J.502 6007 1704 4054 "1305 5095

1

0
171°1 5031 16.,7 6p85 1900 51009 1409 6037
18;05 h~47 J.8.2 6070 2006 5065 16.2 6047
1908 4002 1907 7.28 22~2 6013 1706 6056
2l!ol 4~27 2101 7003 2309 6.,J.6 1809 60B1
22~o 4 ~12 2206 '7.62 2505 . 6~77 20112 7008
23)08 41'11 2h,1 7v94 2702 7..38 2105 7026
25iol 1.11112 2.506 8049 2900 9000 2209 7072
2qo5 31180 27111 9000 3007 10053 2402 8022
28;00 4;>04 28.6 9u20 3206 120$3 2506 8~78

2~05 3~91 3001 9003 3405 16(109 26g9 80 99
3qoB 4068 ]165 10;tS6 3604 2,5,,00 2803 9056

:n.o 11050 3804 h8 Q 6L 2907 10029
:HI,S 13064 3101 11020
3509 17097 . 32115 13036

~ J7~2 19064 3309 15097
3503 19079
3607 26068

."

380" 33028
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II~ ~ Dis"tribut:'.on in Wate~ After~ Ma1ted

The recep';:;acles used for freezing the sea vIater were glass

cylinders 20 cmo in diameter, 60 em. high and had a capacity of over

18 literso

After samples of 15 liters each weN frozen, the cylindei"S

were removed from the freezer and the ice \>18S allOttJ'ed to melt wittout

draining off the remaining brine. When the mr31ting was completec j
I •

isamples "rare pipett(3d at approximately 6 ern. intervals beginninr,at

the surface of the lIJster. At about 10 em, from the bottom of the

cylinder, samples W(3ra taken at 3 em. intervals ..

I As convec'~ion currents would tend t) occur during .t;18 l'k:lt-

:ing .and freezing pX')cesses, and particulaI'ly if melting was too rapid,
1

,the above experiments were first condUcted at -1,0 04 under different

condi.tions whereby 'the rate of freezing and/or melting was altered by

the use of insulatiun materi.al around the cylinders. Oth!3r than a

! slight decrease in ··)hloride concentration in -the surface layer of' the

1rlater fVi' the slower melting under insulated conditions, no noticeable

difference was found between insulated and uninsulated conditions t>

The l'~su1ts were generally reproducible to within five to ten. percent 0

In Table II ara data, graphically presented in Figure 2,

showing the desalinification produced by free~ing samples to tempera­

tures of -5, -15, a:n.d -u5° CO' followed by melting of the ice at room

tempex·a·t,ura II In th3se experiments the con'liainars were llS1l insulated

. to insure slow free~ing and meltingo The:te was marked desalting of the

:wate.r in the upper portions of the cylinders in all cases 0 The brine

remaining at _50 C. had a conoentration considerably less than the brines



TABLE II

CHLORIDE CONCENTRATIO~i OF SAMFLES TAKEN AT
VARIOUS DEPTHS IN Cl~mDERS Ali'TBR MELTING OF ICE

Au" Tempe of
0 'J;;O 0

~ Ftefrigera'cor ....5 CQ ....... Co ..,16 Co
I

I
Total '~Jater

Above
Samplirig Point De'oth 01 Depth 01 Depth 01

litdra c:.n If.m/l em gm/l em ~-- --
O'JU l:Jl Ou90 1.,3 O~44 1 0 1 0 0 52

!
I

20 0 6 3 2 1·:.32 6.>5 1~31 6.,2 1 0 09
!

4.•q 12~5 3~53 12(;07 3~25 12 \)5 2 0 78
I

6.,0 la~7 6~O, 19·~O J...~50 18 0 1 41>92
I

8.. 0 24·)9 10,;,65 25.;,3 7<:21 2l~.o9 7~"(7

10.-,0 31.13 22~13 31~7 11~84 310 3 110 43
I

I
12,,0 37 ~6 37 <002 38,,1 25,,92 37 <16 23076

I

!

13.)~ 40.;,9 39,;93 41.;4 46\J06 4009 40(187
!

141>0 44~2 40,,18 44¥7 67.~25 44.,2 69(022
I

15'°1 4B!>1 40y22 49(,0 13u96 48;)1 85(;42

I
.~ i

.J
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III" Removal of ~~~ Melting Ic~

Although the first experiments indicated that. the ice had a

high salt content, the first water from the slowly melting ice after

removal of the brine would contain a very high percentage of the

opcluded salts and b:ri.ne 0 The first ice to melt would be that immed­

iately adjacent to t:1e interstitial salts and -orine retained in the iceo ,

The resulting liquid, gravitating through the ice, would have a high

~alinity- II The remaining ice would then have only exceedingly E!i1&ll

~ractions of the ori.ginal salts 0 Water formed by the later melting of

Jhe residual ice would be fresh watero To ascertain the extent of the

lfemoval of salts from the ioe and the quantities of tresh water formed,

the follorling experiments were conductedo The sea water was frozen to
I .
I

the desired temperature and the residual brine was drained from the
I
ieell The ice was then allowed to melt with the water being removed
I

~ it formed 0

I The apparatus consisted ot a special container of Lucite and
I

kTechnicon fraction collector or the photoelectric drop counting typeo

jI'he container was constructed b~ cementing a conical Lucit\,; bottom to
, .

:a Luaite' pipe 12115 cma in diameter and 50 cmo high" A short section
i

lof 6 mIno diameter L1:.cite tubing was cemented in a hole of similar size

rin the center of thE; conical bottoma Draina~e of the container was
I

Ithrough a stopcock f;sstened 'bo the Lucite tubing by rubber tubing" A

!Lucite scl'ften of 6 D1l11o mesh was attached to three Lucite rods and could
i

!be removed from the. containero The screen and container are shown in

Figure 30

The conta:i:Jler, filled with five litors of sea water, was



FIGURE 3. Container and Screen Used in the Continuous Removal
of Water from Melting Ice.
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placed in t.he freezer. A gLass -cubs.J 50 cm~ lon.g and sealed at~ one

end, loJ&S set in plaoe in t.he coritainer. This ::.llbG lat.er prov:.ded

ai1 air inlet to. facilitate the drainage of b1'il1.e and water from the

melt.ing ice 0 TJJhen 'therrfoal equillbriu.ill had been attained, the con··

.lGf.inel" was ramo·lred from the f.reezer and placE:d on tile Technicon

frac tion collector" The sealed end of ~tjhe long glass -(.ube was broksn

of£: and the fraction collector was turrlsd on. After 'attach.ing a glass

d.elive !J1" tube J the stopcock was used to regul&'(je the flow of brine

from the container\> idhen the br:tne had dl')ained, the s'~opcock was

fully opened. The volume of br'ine or water collec'tlz~d in each test

tube (about 20 ml,~' vIas COl1JfJ:t'olled by ad;justi.ng the fraction eollector"

The screen supporting the ic\~· ~ras raisedsui'f'icientJ.y so that none

of '(jhe ice would be suspended in the 'ITt~ter resulting fJ:'Olil its malting ..

Ghlorosi t,y of 'bhe water in everJ,T ten:i:,h test. tUbe ua,3 deter­

mined" The total volume of l:i.quid coD.ectad up ·(jo ee.oh chloride

deter.l'l1ina'c,ion was cibtainad b~y' swnrnation 0.1' the indivj.dv.e.l measured

volu:mGS of \lIster in each '~est t.ube" The t·'ate. are tabulated ii? Table

III and shOT-In graphice.lly in Figure h,

l'he water from the later portions of the melting ice had a

very' low chloride con'cent and c~orrt.ained less t.han the U~ Sol Public

Healt,h Service maxih:!.un 01' 250 ppm, chloride 20r potable watero The

chlor:Lde cnn.centrations in g:cams pel" Iitax' 7' ns obtained from graphs

of t,he data in rrab~.e III by m.eans of a planilil0ter, for ~·:.f"fer2;nt

fraotional volumes of wa'(jer from the ra.elt,ing i.ce and the residual

br-lnea.re given in Tttble IV \I These llasu1t.s :'.>epresel1t the COni~el1tra­

t.:Lo1'J,s tha:c, \:ioald eJ:is t if, tho 1·rate.rs of' t,he f:r·ac:~t.ions indicat::.:d were



TABLE In

VOLUMES AND CHIDRIDE CONCENTRATIONS OF BRINES AND
WATERS OBTAINED BY MELTING AND ELUTING OF SEA WATER

SUBJECTED TO I~ZING AT DIFFERENT TEMPERATURES

0 _1,0 C. _2,0 c. _u,o C.-, C.

Volume Volune Volume Volume
Elutep 01 ElutEld 01 Eluted 01 Eluted Cl

mI· ea m1 ~ m1 ~ ml gm/l

21 ..a 79.h9 18~6 120.4 19.0 1h3 .. L. 21.6 166.. 0
108.p 79.38 95.8 118.8 91.. 2 13h.h 97.0 10707
218.·7 78.66 197.6 99.70 19h.h 79.14 20000 7602h
437.:3 660hB 392.1 79.,0 378.6 61oh4 h2'.1 57.09
66h.) ~6.h8 596.L 51.01 563.4 )J2. T~ 63009 45.77
889.;8 ,1.86 79lr.9 35.52 763 .. 0 120~1 821.8 31090

1115 28.Lo 997.9 26.70 955.1 2'3.86 994.2 25029
1230 250211 1233 18·1~1 1151 18,,44 1222 1704t
j527 21#16 11.138 1)-1..46 13.49 13.51 1422 1300f
1729 lUoOl 1609 12.03 1547 10.51 1629 10.79
1926 10.49 1818 8091 .1749 8.. 52 1650 9013
2131 1.,4 20h6 h.16 19,2 8.09 2066 6013
2334 5,,73 2280 2.75 21,6 .5.21 2275 4.98
'2522 u.. 08 2516 1.72 21162 3.36 2h87 208L
2734 3',,37 2776 1.19 2650 20116 2710 1.97
2927 2.29 307L 0.74 2857 1061 . 2921 1065
3143 1.. 73 326h o.UJ 3066 0~87 3133 0.. 81
3345 I 1.0, 3h96 0.28 3286 0 0)J8 3352 . 0.57
3550 : 0.58 3708 0.17 3493 0.37 3592 0.18
3756 i 0026 3938 0.08 3695 n.lR 3828 0.11
39581 0.16 L186 0.02 3890 ()o J() 4051.1 O..OL
h157 I 0,,07 lthh7 0.01 hOBS n.oh 4277 0.02
L377 0003 . 0633 0.01 4278 0.. 02 4497 0.006
4585 1 0001 h833 0,,002 h470 0.01 4716 OoOO~

h199: 0,,003 h930 0.002 4661 0.01 h932 OoOoh
h8h9 0002

!!

-.I
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TABLE IV
I

: CHLORIDE CONCENTRA~rION OF FRACTIONAL VOLUMES OF WATER FROM
~MELTED. ICE AND RESIDUAL BRINE BY PLANIMETER IETERMlNATION

AND FROM DATA ILLUSTRATED IN FIGUP.E ~

.,
I

Temperature
_5° Co

. (1
_250

COl
0pf Freezing -1, Co -1.6 Co

~ractional
I Volume 01 Cl Cl ClI

liters ~ ~ ~ 2L!.
o t,o 100 .s5~06 650uo 57065 590 7h

I

I

608.5 6nLu 60971,,0 to 305 lO~70

1·,0 to 500 7,,14 ho05 hooo U020
!

it'S to 500 hooo 1099 2038 2042

2~O to 5fJO 2>37 01l8h 1031 1032
! .

3·,0 to 500 o~Ltl 01117 0021 0023

.. 5 to $00 O~13 0007 0007 0006



homogel1eOUSe From an examination of these data t,he following concJ.1Jn~

sians may be dravln~ (1) eighJGY. per:~ent ofl the total salts originally

present in the fi-ve liters a:'.'e confined to 'a volume of one liter,

(2) fifty percent ol the water was partia.lly desalted and. contained

only twenty percent of the salts originally present in the sea water,

and (3) thirtiY perct:lnt of the sea wa.ter, or 1.5 litEtrs, has been suf-

ficient1y desa1inif:led to yield a potable water containing from '70 to

130 ppm~ chloride.

I The yield of potable 1-1ater could be increased considerably

~y reprocessing the partially desalted water. To simUlate this
I

partially desalted ~uater, sea water was diluted·to a chlorosity of
I

3,32 grams per liter. This dilu'fjed sea water was frozen at -150 Cl>'

the resulting ice W,3.S melt-ed ,and analyzed in the same manner as above 0

rhe data obtained are given in Table V and are graphically presented

in FigtL.""e 5I



TABLE V

QHIDRIDE CONCENTRA~(,IGNS AND VOLUMES OF BRINE
AND WATER OIlTAINED HI" MELTING AND ELUTING OF
PARTIALLY .DE:SALTEJ \vATER REFROZEN AT ....150 c,

Voiume
Eluted 01

ml· ~......_.._-
JJ).} lJ 10003
16~h uh~52

179.. 1 27Q08
36802 12,,22
57i.b6 8061
788,,8 7oh9
998~L h~S3

1207 3,,5J.
1427 2,,60
1638 2~27

1851 2,,33
2062 1039
2272 )....23
2481 1003
2638 OQ 9!,
2098 O~59
31J.4 O.. it2
3328 0,,23
35h1 OolL
37 :-J1) 0,,08! .?'-

3963 OooL
.1~17b 0 .. 02
u]83 0001
4591 O~o08

h797 o.. oo~

~"

~

=17"'°
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L1SCUSSION

Although ':,he salts concentrate in the brine at the bottom

of the vessel when Hea water is frozen in 'the laboratory, twenty to
I

twenty-five percent of the salts a.re retained in the ice either as
I

Ibrine or deposited salts:l The concentration of salts in the ice in-
i

creases slightly \,d':,h depth below the surfaoe when 'the ice itJ .tormed
f

$t air temperatures belot'1 -So Cu The expected increase in salt con-
i
wnt for the porous ice in contact with the bottom brine is found for
I

I
a.ll ·temperatures 0 :rn addition, a. small amount of brine appears on
I
the surface of the :Lce a"G loweT temperatU:"'8s:I
I
i

I When the :Loe melts in contaot with the brine, the resulting

water shows decided stratif'i'Ja:hion: Although the bulk of the' salts

kre in the bri.~e at the bottom, the upper waters contain a sizeable
I
I

hmount of the total salts due to conveo'jjion cUl"rents and mi.xing during
;
I.
melting of the ice 0 The surface water is re1€ltively fresh since it is

kormed from the las'~ of the salt free ioe.
I

! If the brine is removed from the ice betore it melts, the

~irst water drained from the melting ioe possesses a b:i.gh salinity
t

due to the natural ltlashing Qut of occluded salts and brine a The con-

'centration of salta in the outf'lowing water constantly diminishes
I

~til the last thirt,y percent of the wa'CtsI' is potable a The yield of

freSh water can be increased to at least 50 percent by re-freezing the

ipartially desalted water.

i. The fresh water obtained by the melting of ice tormed by

freezir.g sea water :in the laboratory will not be entirely- free of



o

I
I

I
I

sal'(,s as "Would be tl~9 ca.se if the water had been procured by di~tilla-

J.l y~' if '. 1 ~ '1 ]]. d Il; O~l) ~J.01.;eVeI', 1 a companson ~s mac e Ol. \i le ('.a .cu_.a'c,e energ:;l ra....
;
I

quireman.i~!? for gett.ing equal quantities of fr.'esh 'Ha-tjt~r by di,s'~illa,tion
I

and bjr f'rc,.zin,g frcm 'bhe name amounts of se~_ watel' 0::' similar s~lini-

i

ties j it trl:i.ll be fClli"1d :Cb...at E. ver:J- considerable enelY~Y difference
1
I

8:h"iats') 'itJhile no c.ata are t:~\-'ailable for the heat of vaporizaJGion or
I

the specific heat cf sea we:(,er .nt higher temperaturas, it may be
assumed that these are about the same as for pU:i:'e toJ'a:Gex'o 'rl'.!llS} I

I

accm:'cli.ng to calcula:'Giol1s J e.ppx'OJdrilately six times as much el1e~ is

raqu:Lz"ed for distilling sea ~fat8:r as is needed 'ljO freeze itH This

d:LfferencE) in the required energy "WiD. vary slightly depemling tlpon
• I

the original tempeI'a:liure of' the sea 'vn\ter be:1l1g processed and 'Ghe
I

amount of fresh Hater to be recovered from a l~ilien quantity of sea wa'(jer ..

The use cf. sea ice as a source of fresh water has beeh knOlrn
I

'GO inhabitnn'c.s of the A:rct:1,c z'egions since prehistoric times 0 Vessels

plyIng Arctic waters in the SU11UH':.:'lJ:' months ha:ve often .watered sh;ip from

ponds formed on ice flOGS bJ ' the meIting ice 0 i

An annotG.ted biblicgre.phy (h) on producing fresh watJ from
I

saline ":;rater has bEen compiledo Methods for 'the precipitation of the
I

di,ssolved salts in sea l-Jater were developed during ~<Jorld War II in

ordel" to secure small quant,it:i.es of pota.ble w~rl:,er dm1.ng emergencies

(5, 6) 0 'I'he use of solar er.:ergy as a mSclns of producing fresh wat'ar

. has been investigat<3d l"ecently (7). A hist,orical sumn1a~J of' the de-

velcpmen't of dis'jjillatiol1, the usual method for the recovery of fr:3sh

"later frOl"ii sea water,.hes 'been published by Ha~pel (8)~ Howe (9)

has presented a suz-vey of' severG'.l methods £01" refining sea water, in-



i'

clud.i.ng compression dist,illa"i.iion, mul'ci.ple ...effset distillation,

solar distillation; the electrolytic process:. ion exchange~ freez-
I

ing$ and the the~,l-di.ff'erencepOlier plant" Cost data, fuel re-

quirements and o'fjher factors for the various methods c;-' sea wat~x

reclar.tation except by freezing has been given by Aultlllfl11 (10). IThe
,

cost. estimates pUblished bydiffarent writers vary depending upon the
I

fuel costs and illlit. ef'f~iciencies quoted" Thel cost of obtaining: fra~h
I'

l'l1ater by freezing sea 'tvater has been estima'fjed ';:'0 compere favorc$.bl:f

wi th compression distillation which has the best, economy of any!,

scheme for distillation~ Vaxiotw technical problems exist in cQn-
,

nection wIth freezing including separation of salta :trorn the ice,?
1

i

design of' b..eat ·Crar.ster uni'cs for app]ica"c,ion during the melting of

'Ghe ice 3 and desigl:. of 'c,he counterpart of t.he multiple~effect stillo
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