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ABSTRAGCGT

Impdrted potasslum salts are obtained from méterials
which require only simple andAcheap methods of treatment.
Because of the complex nature of salt bitterns, more costly
méthods of extraction are required. It ;s unlikely that any
6f~the methods of treatment which were 1nVeét1gated would pro-
duce potassium salts at surficiently low costs to compete with
overseas prices. By solar evaporation of the bittern a ‘
potassium—enriched salt was bbtained, from which a saleable
product could probably be produced. »Th;s method of recover-
ing the potassium might be economic if a sultable marketlwere
found for large quantities of magnesium salts, There does
not appear to be a ready markeﬁ for magnesium salts at the

present time.
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- 1. INTRODUCTION.

Most of the worid's supply of potash 1s obtained from-
deposits of potassium salts (1, 2, 3), ‘However, increasing
smounts of potash are being obtained from natural brines and
in some cases from alunite and silicate materials, kelp,
cement and flue dusts etc, (2, 4). As the market price for
potash salts 1s relatively low, only sources which require
simple methods of treatment can be used economically.‘ Alunite
and siiicatc materials, kelp, etc. are economlc sources only
in o few instances (2), Potash 18 recoﬁered from fhe natural
brines of several lakes in the U.8.A. and from the Dead Sea
(5, 6; 7).v In cach case the brines are almost completély
free from either magnesium or sulphate and the potassium bear—‘
ing salté obtained on evaporation are suiltable for the produc-—
tion of high grade potassium sqlts.‘

Recovery from seca water 1s more diffichlt owing to the
presence of.magnesium and s@lphate in condent:ations greater
than that of the potassium, More costly methods of recovery
are required becauss of the nature of the salts producéd on
gvapordtlon, Only one method of recovering potassium from
sea woter was noted in the literature (8; 9).,  This was &
patented process but there was no indicaticn of its use 1n_any
large scale production of potassium salts.

Australin's potash requirements are all 1mpbrted at
present, No economic deposits of potassium salts have been
found in South Australia anq ohémical analyses cf brines frcm
natural 1akes shcw that most of them ccentain magnesium and’
eulphate'and'the ccneentraticn c¢f potassium 1s veryilow. " Sea
water 1s therefore the mosf prdmising source ¢f pctash salts in
South Australis.

Large qﬁantities cf salt bitterns, which are produced
in the reccvery of sodium chloride frcm sea water by sclar \

evaporaticn, are normally discarded as a waste prcduct, The
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potassium concentration of the bittern is gbout 15 times thaf
cf sea water and approximately one half of the total salts have
been remcved during the evaporaticn as sodium chloride. Salt
bitterns are-available in South Australlia and shpuld‘be prefer—
red to sea Water as a source of potassium,

Samples cf bittern obtained from 8olar Salt Ltd., Port
Augusta were used in these 1nvesf1gations; The methods of
recovery and chemlicals which cbuld be used were restricted by
economic ccnsideraticne and oniy four methods, namely, icn

- exchange, sclvent extracticn; direct precipitaticn and evapcr-
ation WereAattempted.  Several prccedures were used in the
evaporation tests to prodﬁCe pctassium~enriched precducts.

‘The reccvery of fertilizer grade poﬂassium frem thesé products
was 1nvestigated 2lso,

Magneslum salts and bromldes are ccnecentrated in the
bittern with the potassium, No attempt was made tc reccver
the magnesium a8 there dces not appear tc be a ready market for
the sale of magnesium salts. Preliminary tests on the

reccvery of bromine have been carried out and the results are

reported 1n the appendix,

2. MATERIAL EXAMINED.

2.1 Sea Water

Threc samples of sea water were cbtained for chemical
analysis, Sample S.W.1 was taken at the Grange beach and »
Samples 83.,W.2 and S.W.j were cbtained from Solar Salt Limited,
near Pcrt Augusta. . Bample S.W.2 which was ccllected at the
Nc, 1 pump was slightly lower 1n-sa1t ccntent'than the average
becauge of the influence.of the tide at the time of sampling.
Sample S;W.3 was taken at the No, 2 pump, 2 miles South cf the
No, 1 pump, Little evaporatlicn takes place between the pumps
and the sampleslare usually equivalent, The chemical

analyses of the samples are gi#en below :~
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Chemical Anélyées of Sea Water

Sample . S W.1 L oS.W.2 8.W.3
Specific Gravity 1,027 1,033 1.047
Temperature, ©C, 29 0 - 30
pH : - 8.1 8.1 8.3
Chemical Composition g/1. g/1. g/1.
Na 11.48 14,2 15.5

K 0.43 0.54 0;75
Mg _ 1,40 1.71 2.4
Cl . _ 20, 38 25.5 29.3
804 3¢15 35 2.1
C03 0.07 0.1 0.1

~ Br . 0.07 0.09 0.13

Total | | 37.52 47.16 54:12

2.2 Salt Bitterns

Bittern, B.l, which was faken from the No.2 crystal-
lizer of Bolar Salt Ltd, on 29th January, 1957, was used in
most of the tests.

Some of the sodium chloride waw removed, from bittern
.B,l-by evaporating 17.25 1. to 1é.52 l.l The salt which
crystallized Was removed by filtration and the filtrate was
designated B, 2. This liquor was used in the ilon exchange
tests, Chemical analyses of the bitterns, B;l and B,2, were

as follows :-—

Chemical Composition of Bitterns

Sample B.1 B.2

Specific Gravity 1,248 | 1.268
Temperature, °C, . 29 - 27
pH ‘ 7.0 6.7
Chemical Composition g/l., - g/1.
Na - : 71.0 56.8
K , 10,25 13.6
Mg : 36,5 49.6
Ca A nil nil
C1 . , 186, 2 : 186.4
S04 50.4 68.8
CO3 - 0.5 0.6

Br - 1.76 - . 2.42
Total - . 346,6 ' 375.2

N

st P S sowtnirt)



- C—nOwN-«F**"I"“‘D’“” =N I A L - .
) | 4.

3. ANCILLARY MATERIALS.

3.1 Synthetic Solutions

Synthetic solutions were prepared by dissolving
"Analar“ or "G;P.“,grade Magnesium Ghibfide hexahydrate,
potassium chloride, potassium sulphatej SOdium_chloride and
sodidm»suiphate'1n_disti11ed water.  The amounts of the
various'salts, whiéh were.required to giﬁe the correct pro—
portions of cations and anions, were calculated Trom chemical
anglyses of the potassium~cnriched products obtained by )
evaporation of bitterns.

3.2 Organic Solvents

Most of the orgahic solvents were of "C.P." grade,
The xyiene was obtalned by distilling commefcial kylenezand
collecting the fraction havihg 2 boiling point of 138 to
14406., Lighting kerosene was dried over anhydrous sodium ‘
sulphate before use,

3.% Dipicrylamine -

"B.D.H." grade dipicrylamine was used in solvent
extraction and direct p'recip:l.tation testé. Tﬂe re’agent was
impure ‘and approximately five percent did not form d soluble
calcium salt.

3.4 Calcium Oxide

The calcium oxide used in the precipltations was
prepared by heating "analar'" grade calcium carbonate in a

muffle furnace at 950 C.

4, RLCO ERY OF POTASSIUM BY ION EXCHANGE.

| Several references to ion exchange recovery of mag-—
nesium from sca waterlwere noted (10, 11). If the magnesium
‘could be removed frbm the bitpern.in this way, the recovery of
potassium would be simplified, Sﬁlt bittern was passed
through a bed of catlion exchange resin to saturation. The
potassium loading was greater than was ahticibatéd4aﬁd ﬁ;é;
‘nesium ions occupied only one half of the resin sites, - If

- GROEN FEAPSEN-TT A L -
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was thought that’on elution, where less concentrated solutions

were involved, the magnesium would be more.strongly held and a

| fractionation of the magnesium and potassium would be obtained.
The loaded column was eluﬁed with a solution of sodium.chloride
to obtain elution date for magnesium and potassium,

4.1 Eﬁperimental Procedure and Results

4.1.1 - absorption :

Zeocarb 225 reein was converted to the sodium form with

5 five percent solution of sodium chloride and 100 ml, of wet
settled resin were transferred to a 11/16" I.D, glass column,
After the resin bed had been washed with water, bittern B,2
was passed through the column at a flow rate of two ml, per
minute, Samples were collected every half column volume and
were analyéed for esodium, potassium and magnesium. The
oémotlc effedt of the strong sclutlion on the resin beads caused’
thé resin bed to decrease by approximately seven percent cf 1ts
original volumé. | The resin loadings for potassium and
magnesium were calculated frum the effluent analysbs. The
sodilum loading was obtained oy difference, assuming a totall
rcsin capacity of 4,5 m.eq. per gram of dry sodium form resin.

Effluent analyses and resin loadings are reperted in Tsble 1.

TABLE 1,
. RECOVERY OF POTASSIUM BY ION EXCHANGE

Absorption Test — 100 ml, W.S. Resin

__ Constituent | - Na K | Mg
Head Liquor, &/l1. 64.0 13.6 . 49.6
g.2q./1. ' 2,78 0.34 4,14
Efflugnt Samples - : g/1, 'g/l. g/1.
Displacement Volume 12,2 nil 2.0
0.5 Golumn Volumcs 57, 1.46 24.8
1.0 59 7.12 42.8
1.5 " " 56, 4 : 12.g6 48,6
2.0 " i | 54. 13,88 49.6
3.0 " i 53.6 14,04 50.0
Resin Loading . - 0. 1.48
SRR el /e. (B) 1T7(0) 072 55

(ag m, 84, /2. dry sodium form resin
(b apprOximate only - cbtailned by difference.
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4,1.2 - Eluticn @

The loaded resin bed ffom the abscrption test was
loosened Dy Eack washing ané’theh given a forward wash %o
remove the bittern. . This procedure was adopted after ons
column had‘been cracked by the swelling c¢f the resin beads
during forWérd woshing of the resini The column was eluted.
with five percent sodium chlcride solution at a flow-rate of
two ml, per minute and eluate samples were taken every healf
column voiume. - Sodium, magnesium and potassium'were deter-
mined in all samples. |

The magnGSium and potassium resin locadings were not
accurate because the column had not been gompletely eluted,

Eluatc anaglyses and column lcadings are shown in Table 2.

TABLE 2,
RECOVERY OF POTASSIUM BY TON EXCHANGE.

Bluticn Test,

Constituent Na K Mg

Eluent, g/1l. : 19.4 nil ‘nil
Eluate Samples . o g/1. g/1. g/1.
Displacement Veclume 10,2 2,22 5.90
0.5 Column Volumes 9.9 1.94 3.29
1.0 i " 11,0 2.19 3,84
1.5 n ' 11.2 2. 22 3.72
2.0 n L 12,0 © 2.22 3.%4
2.5 ; " 13,0 2.23 2.83
3.0 . 17. 2.09 2,20
4. O ! . 1 . 15. ) 1. 56 1. 51
5.0 " u 17.1 0.70 0.92
Approximate Resin Loading, , :

‘ Se ( - 1,05 ‘ 1.63
m.eq./g. (&) - 0.5 2. 61

(a) m.eq. per g. dry Na form resin.

4;2» Discussion

Although some upgrading cf the potassium occurred bn
absorption, only cne tenth of the resin sites were occupied by
pctagsium and about cne half with magnesium, Both the
magnesium and the pctassium had broken thrcugh in one half a

coluwmn volume and had saturated the resin in two cclumn Vclumes.
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The concentration of potassium 1n the effluent rose above: the
head value qftsr twe culumn volumes. 1ngicat1ng that some of
the absorbed potassium ‘wag beilng displacea frcem the resin, .The
cuneentraticns c¢f the cations cn the resin were similar to
| thcse 1n the bittern; hence, neither potasselum nor magnesium
was separated,
| The magnesium and pctassium were eluted tcgether and

no froactionaticn cccurred, Mere than five cclumn volumes of
eluent were required tc elute the_coiumn; hence the ccnecen~
trqfion of the potassium in tﬁe eluate was much lower than

that cf the sriginal sclution; The magnesium and potassium
loadings calculated frsm the eluticn data were 1n reascnable
agreement with the results cbtained frcm ths absorption test,
The higher values Were due tc inefficient washing of the resin
before elutitn as shown by the ccncentraticn sf salts in the -
displacement vclume, Further investigaticns were nct carrled
cut because 1t wns apparent that treatment by conventicnal icn
exchange metheds would result 1n-a very inefficient recovery of
the potassium, Also, 1t weuld be difficult tc use this
treatmeqt-on a plant scale wilthout prelimisary diluticon of the
bittérn.

5. RECOVERY OF POTASSIUM BY SOLVENT EXTRACTION.

| | Nc reference cculd be found tc the recovery cof potassium
by a sclvent extracticn process. The solubilities of the
alkall chlcrides and sulphates in organioc soivents decrease in
the order Li, Na, K (12) and the sclubilitics of metal icne
increase with icnle. charge (13). Therefore, sodium and
probably maznesium wsuld bs,eitracted preferentially frcm a
salt bittern_° Anlindirect recovery of the pctassium might

be chtained in this}way; hows&er, the ccst ¢f removing large
amcunts cf scdium and mégnesium WCﬁld prchably exceed the
value c¢f the reccvered potasSium. A direct extraction of the

pctassium might be obtalned if a sultable orzanic complexing

Lo R TuDeTeNsTel 4 L -
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agent were diésolved in the sclvent. The investigations were
bchfined to the latter method of reccvery. |

The crganic complexing agents repcrted as being speqifid
for pctasslum were of twc distinct t&pes (14). The first type
ccnsisted of arcmatic amines ahd phencis which were madé
rcactive by the presenoe ¢f che c¢r erL nltrc groups. Included
in this group were picric acid, ¢— and p- niterhenuls, 2.4 dini~
trophencl and Glpicrylanine, The second type were arcmatioc
'cbmpohhds-ccntainingVSulphbnic neid groups. 6 Chlere 5 nitro-
| tciuene 3 sulphchic acid is a member of this group. Many
cther ccmpounds of these types are knoWn (15) hut mcet of them
were unsultable becauée cf solubility characteristics_or their
"exo£1c"'nafure; Several of the remaining ccmpcunds were not
aveilable frcm_the chenilcal supbiiersi Foup reagents, namely,
dipicrylamine, o— and p— nitrcphencls and 2.4 diniﬁrophenol
were examined, Dipicrylamine, which was the mcst specific
reagent for potassium and which produced the strcnzest ccmplex
(14), wns used in the extracticn tests,
5.1 Experiméntal Prccedure and Results

5.1 1l ~ Sclubllity Tecets :

Dipicnxlamine
The scluhbility cf dipicrylaming 1n water was found to

be less than 0.1 g. per litre and both the hydregen and potassi-
um forms are practicailyfinecluble‘in the ccmmcn organic
sclvents which aré immigeible with water, namely, kercsene,

‘ xylene, benzene, carven tetrachloride, n, hexane apd Sec. catyl
alcchel, Of the other sclvents which were investigated,

cnly ethyl'acetate, Pyridine and nitrchenzene dissolved the

- reagent to any extent., = Pyridine 1is completély misclhle with
~water, while nitrchenzene forms a comﬁlek with the dipicryl-
amine (16), thyl acetate 1s not a sultable solvent hecause

1t also is soluble in water (86 ., pér litre). |

P. Nitrophencl
The s8¢ lu“ility charocteristics are simllar to these uf

. dipiérylamine. It 1s practically insoluble in the common
- CEQENeB I D.ENTI 4L - |
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solvente immiscible with water and 1s scluble in ethyl acetate
and nitrcbenzene. The sclubility of this reagent in water is
16 g, per litre. |

O Nitrophenol
The hyO ogen form is scluble in kercsene, benzene,

xylene anld carbcn tetrachloride tut the potassium form is in-
scluble 1n these solvents. The rea tent 1s sli~htly scluble

in Wa.teI'. .

2,4 Dinitrophenol '
his reagent I8 scluble in water tc the extent of 0,21,

perilitre. The hydrogen form is scluble in kerosene, benzene,
teluene,'xylene and triehloro ethylenc. The potassium form is
not scluble to any extent in these solvents;
'Q_l 2 - Extractiﬂn Tests : .

Althceugh nce suitable rcagent was found, 1t was decided
toe examine the general principles of the extraetien prccedure,
’A scluticon cf dlpicrylamine_ln ethyl acetate wae uged in these
tests, Difficulty was experienced 1n'cbta1n1ng reliable
extraction data because of the mutual sclubilities of ethyl
acetate and water; hcwever, some . useful 1hfqrmation was
ohtalned, |

4 negliglible extracticn was obtained unlese the aquecus
sclutlon was kept at pH 7 or higher by the addition of alkalil,
The aheunt cf alkalitrequired waeg approximately equivalent to
the amcunt of reagent bresent. TheAconVersion cf the hydrogen
form reagent t¢ the scdium cor celcium form before the extrac—
tion stage was.preferred to the additicn of alkall durling the
extracticn, In this case calcium hydroxlde, the cheapest of
the reagents available,-cogld be ueed, The crganic phase
ccntalning the extracted potassium was reconverted tc the
hydrozen fcrm with sulphuric dcid; - Mcre than the thecoretical
amcunt c¢f acld was required tc convert all of the petassium
complex, Only 10 to 15 percent of the pctassium was extracted.

Most ¢of the crganic reagent was present in the aqueous soluticn

e T -
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~after the extractlicn as soluble sodium and magnesium salts,

It weuld Be necaessary to incorporate a reccvery step hecause
cnly a very small loss of such a costly reagent cculd be
tolerated. B | _— ‘
5.2 Discussion.

No crganic complexing agents with sultable sclubllity
chargoferisticé wéfe found, More complex organlc reazents
might have}grgater sclubilities in the commcn sclvente but the
‘reagent costs would be excessive, | Agsuming a>redovery of 80
~tc 90 percent of the potéssium, the ¢ost of lime and sulphuric
acid would amount to nearly cne half ¢f the éalue cf the'
recovered potassium, Sclvent and reagent iosees which are
ncrmally mejcr qpnsideratione in solvent extraction pfocedures
wéuld increase the ccet of chemlcals considerably, It 18

‘unlikely that any sclvent extracticn procedure would be eccnomic,

6. RECOVERY OF POTASSIUM BY DIRECT PRECIPITATION.

A patented prcceés for the recovery cf potassium from
sea water by precipitaticn with dipilcerylamine has been reporfed
in the literature (8, 9).  4n abetract of the patent is given
below -

"Potassium—-free sea water (24 cu.,m, prepared by the
process described belcew) is treated with 100 k... Ca(OH)o
and 1,08 tons dipicrylamine (1), added with azitaticn and
filtered tc obtain the calecium salt ¢f (1),. This is
added tc 240 cu.m, of sea water. The poctassium salt (2)
¢t (1) 1s precipitated and separated by filtraticn
(2) 1s deccmposed by adding 950 1. 14% HNO3 and (1) 18
reccovered by filtraticn and the filtrate is ccncentrated
to yield 200 k,g. KNC3,  The filtrate frem (2) is
acicified with 750 1.798% HoS04 tc pH 3.5 to recover (1)
by filtering." ’ ' A

 Several modificaticns would be required tc adapt this
prccess tc the recovery of pctassium frem Mtterns, . The
~calcium salt of the reagent coculd nct be prepared in potassium
free bittern because the lime would react with the sulphate
present in the bittern and an excesslve consumpticn of lime
weuld result, ‘The high cost of nitric acid.would preclude

1ts use in recovering the pctassium from the precipltate.

~ Ol T DoBeNalaeToss L~
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Precipitaticn tests were carried cut using water fqr the
preparation cf the calcium salt and sulphuric acld to recover

the pctassiun,

- 6.1 Experimental Procedure and Results

. The required amount of freshly calcined lime was slaked
with water and a welghed amount of dipicrylamine was added to
the solutlion with stirring, The soluticn was filtered and the
residue washed with water, The combined filtrate and quhihﬂ
were aOdbd tc the hittern and the scluticn was stirreg for at
least a half an hcur tc allow compléte formaticn of the
- pctassium salt, The precipltate was,filtered and washed with
a smail amount of water, The washings ﬁeré added to the
filtrate in tests i & 2 but were kept for chemical anglysis in
test 3. The amcunts of potassium precipltated were calcu-
lated from the flltrate analyses, The precipitdte was
treated with 1C percent sulphurlc acld tc recover the pctassium
‘as the sulphdte.A In tests i and 3 a second treatment was
carried cut with nitric acid. Hesults of the precipitaticn.
teste are shown in Table 3 and the analyses c¢f sulphate,

nitrate and wash scluticns from test 3 are given in Table 4,

TABLE 3,

RECOVERY OF PCTASSIUM BY DIRECT
PRECIPITATICN,

. Tests using dipicrylamine.

Test No, o 2. 3
- Reagents ' -
Dipicrylamine, 8 22,3 22.3 46,6
Lime, ' 1.5 1.5 3.1
Vﬂlumeaftur111Uatiﬂn, ml. 450 200 300
Bittern '
~“Vciume, ., 200 200 400
Potassium, . 1.93 1.93 4.0
Hatic of rbawent F l1,02: 1 1,62 ¢ 1 1.03 ¢+ 1
K preoipltated, %(a) 69 66 66
Recovery from Precipitate () | ;( >'
X, . 2. (0) o 1,25 O C.79 2,08
Na, g. : : Ci49 . c.e C.23
IVL:S’ g" ’ B ¢ do ' C.l ' Oolc
Ca, 2. T .. n.,d. . n.d. 0.82
n,d., = nct determined (b) lcw results dus to incom-
(a) obtained from filtrate analyses. plete recovery,

(¢) Total cf nitric and sulphuric acid reccveries,’
~  ChemNuaPeRpipeNsPar=y 1, -



- C OﬁN“ -I D““ N“T”I 5L -

o » ?2.

RECCVERY (F PCTASSIUM BY DIRECT PRECIPITATICN.

Chemical Compcsition of Scluticns from Test 3.

Constituent " Solution
Wash Sulphaté Nitrate
K, . g2 C.C6 - 042 1.66
N,  g. : 0.72 .14 C. 09
Mg, g C.36 C.10 nil
Ca, &. C.i4 .15 C.67

6,2 Discussion

dpproximately twe thirds of the potassium was precipi—
tated by the dipicfylamise in all three tests; . The
ccnstituents in the wash liquer were present in preoporticns
slmnllar to these of'the bitﬁern, showing that washinz remcved
the entrained liquor without selecfivelyrremoving'thé scdiqm
and magnesium salts, Difficulty was. experienced in'convsrt—
ing the precipituté with sulphuric acid. . Slightiy mcre than
one half of the potassium was recovered in the ccmbined
sulphuric and nitric acid scluticns. Considerahle amcunts
of sodiun, magneslum and calcium were reccvered with the
potassium and reported in the final liquor, Because of the
low recovery of potassium and the high reagent and filtration
cogts thls methcd ¢f reccevering the pctassium would not be

econcmic,

7. RECCVERY CF PCTASSIUM BY EVAPURATICN,

Several'references tc the recovery of potassium by
evqporaticn of brines which were practically free fr m either
‘magnesium cor sulphate, were noted (5, 6 7). In such cases
the number cf double salts which cculd be fermed on evapcration -
wgs'limited and a hizh grade potassium salt cculd be obtalned
el ther directly by evaporstion or by treatment of the carnallite
which crystallized frcm the brine, . Sclar evaporaticn was
used in each case; hence, evaporaticn cosfs were low ani an

eccnomlic recovery was pcssihle.
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When bitterns contein ccnsiderable quantities of toth
magneslum and suiphate, d large number of double saltse 1l
possible (1, 6, 17) and the reccvery is more aAfficult,  Two
mefhcds of treatinz the bittern were investizated, namely,
eVapofation of the bittern tc prolduce a potasslium—enrliched
product which could be given further fréatment tc upgrade the
- potassium and evapcration of the bittern after remcval of thé
sulphate by precipitation with-lime. Included in the first
methcsd were several evaporations-which were carried out at
near tolling peoint. |

| The producticn ¢f o high grade potassium salt frcm the
enriched prcduct was 1nvést1gated also, The enriched
products were extracted at both rcom and elevated temperatures -
with #arying amounts ¢f water tc dlssclve scdlium and magnesium
salts. = Mixed sodium and potassium chlorides were cbtailned by
'evaporation of a solution c¢f the enriched prgduct after the
remcval of mdgnesium and sulphate by precipitation with lime.

The reccvery cf the potassiunm WCuld not be economic

unless sclar energ& were used to evapcrate the bitterns,
Because the weather was unfavcurable, evaporaticn tests could
nct he made put~§f~doors. . chever, comparative evapcratlicn
rates were obtained by evapcrating samples ¢f sea water and
bittern under cunditicne approximating to those of sclar
evaporaticn. |

7.1 Experimental Prccedure
Eyaperaticn ¢f Ligucrs

The evaporaticns were carried cut by fwd.different
procedures, The fifst method invclved the uée of o "radiﬁtor“
te simu;ate sclar evapcraticn and in the second method the
scluticn was heated by a gos floame and the evaporaticn teck
‘bPlace at 1CC tc;llGOC.. | '

i;;;l ~ Evaporation using a "Radiatorﬁ f
' \ The hittern was placed in a porcelain evapcrating digh
over which was suspended all,DCC watt, radiator. The N

- o ST L -
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radiater element wﬁs képt'at o dlstance of 6 to' 8 inches ahave
the surface of the 1iquid and ﬁhe evaperaticn rate was ccn%
"~ trolled Dby var&ing the applied voltage with a "variac® trans-
fcormar, The .soluticn was anitated ccntinucusly with a
1ab§ratory stirrer, When the required amount of water had
heen eVaporated, the radlatcr was swltched off and the sclutlon
was allcwed to etand overnight. The product which hac
crystallized was filtereld and washed sparingly wlth water to
remcve entrained liquor, The precduct after drying at ICBCC
"was welghed and the vclume and specific gravity cf the filtrate
liquér were determined. The filtrate llqucr wae returned tc
-the,pofcelain dish and the procedufe wag repeated several times
tc @zive a series c¢f preducts,
'zilég ~ Evaporation at EleVatedATemﬁeraturee :

A sample <f the liqucer contained in a glass beaker was
agitate& centinucusly durlng the evaporatien, The soluticn
was heated ts bcilingitemperature with a gas burner and
_evapcfated untlil the required amcunt of water had heen remcved,
The hot scluticn was filtered through a preheated nlchner
funnel %c reccver the "first" product. Afhe filtrate was-
allowed to cool slowly tc'room'ﬁemperaturé-anﬂ the "seocnaf
prcduct which crystallized cut was recc%ered ty filteriﬁg.

- Neither of the prcducts were woshed but were suoked as ary os
poseible cn the filter funhél.
7.2 Hesults
l&g_l ~ Reccvery of Pbtassium~Enriched Prcducts @
7.2.1.1 ¢ Direct Evapcraticn cf the Bittern -

4 seven litre sample of bittérn, B.1l was evaporated by
the procédufe in 7.1.1. The evapcraticn was carried cut in
féur stages; Ahence; four products were reoccvered, The first
twe products consisted molnly of sodium chloride and thé cther
twe were ccmplex salts ccntailning most of the petassium,
Bamples of the products and llqucrs were analysed and.the
. results are given in Tables 5 & 6, Tc slmplify comparison

- GL&N"“’F"“I“D‘“ NTIAL -
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with the other tests, the results were recalculated assuming
that 1C 1, cf bittern}had heen evapoerated, A chemical
analysis of a sample cf "salt" from Sclar Balt Ltd, is included.
Frcom the analyeis it wae_calcuiafed that approximétely 14C 1,

of sea water S.W.3 would be required to produce 1C 1, of hittern
B,1 and that about 4,000 g, cf Scdlum Chleride wculd be

-reccvered durlng the evaporation,

T4ABLE B,
DIREGT EVAPCRATICN CF THE BITTERN '

First & Second Stages.

Sample  Bittern,B.1 Bittern, B,2 Bittern, B,3

Volume, 1, 1C g 5;123
S.G. 1;248 1.26 1,30
T°§5r§aac 29 28
pH € . 6.7 » -
.Chemical . Linuor Tctal Liquor Tctal Fecq Liquor Tctal Rec
Ccmpo— 2/l We 3. g/l. W4 g. erjgj g/l. W, g. ery c)
sition _%
Na - 7L.0  71C  56.8 412 6C.7 32.5 167 24,5
K 1C.3 1G3 13.6 99 105 5 19.C 97 1C4.C
Mg 36.5 365 49,6 360 lu .4 68.5 351 1cC0,8
Ca nil nil nil nil 1 nil nil nil
cl 186.2 1B62 186.4 1,353 7 6 197.C 1,Cc9 55.6
scy 50 4 504 68,8 499 1€2.9 9c C 46 95 ¢
Cu3 ¢.5 5 U, 6 4,2 103.8
Br 1,76 176 2,42 17.6 6T, 3. 5 17 9 lb5 3
TOTAL 346.6 3,466 375.2 2,723 79.6 AlO 5 2103 61.3
Sample "Sclar Salt Product 1. o Prqduét 2.
Welght, 3. arpIox. 3,8';0(‘5) - 817 ' 628
Chemical | - | Reao
Bomoo—  Wt. Tctal . ¢ Total Feogy— Tctal 1)
Siticn P YR R Sle) W A e eryle)
Na 37.8 1,437 36.4 297 43.8 35,5 222 32 9
K C.,004 ©,15 0,05 0.4 .4 C.1
Mg - 0.09 3.4 - 0,14 1.1 0.3 1,4 8.8 2.5
Ca - 0.66 " .3 nil nil nil nil  nil nil
C1 58.5 2,223 59.9 489 26.9 Bh.4 348 19.2
SCy .27 1C,3 0.4 3.3 C.7 4.9 31 6.3
CC’-3 0. U4 1.5 - -

Br? - 0,015 G, 57 ¢.02 0.2 1.2 0?03 0.2 1?2
TOTAL ~ 96.7éh) 3,678  97.1 793 23.2 97.3 611 17.8

~(a) also HpO—~  2,40% & HpO*+ 0©,66%
ﬁb' Calculated '
c 7 of total weight c¢f the ccnstituent which
‘ wa.s rpcovbred.
B N1 A L -
| S o ‘
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TABLE 6.
DIRECT EVAPORATION OF BITTERN.

Third and Fourth Stages

Sample Bittern, B.4 Bittern, B.5
Volume, 1. 3,106 - 2.051
5. G 1,309 1.342
Temperature °C. 29 | o 23

Chemical Liquor Total Recovefy Liguor Total RecoYesy
Composition g/l. . Wt. g. SR/ WEL g a

N 11.5 5,7 5. 2.8 - 5.6 0.8

Ka 15.2 ZG.Z 49.8 1.3 2.7 2.9

Mg 90.0 280 80.3 112.5 231 66.3

Ga nll nil nil nil nil nil
2 753 < 41,6 . 299.5 614 32-0

304 197 1 40.6 329.0 80 16.5

Bo 5.3 165  97.0 .35 15.1  88.8
TOTAL  427.8 1,329 38,7  462.4 948 27.6

Sample - Product 3, ' Product 4.
Weight, g. . 851 418

Chemical Weight  Total Recove y Weight Total Reco exy
Composition. % We, g . % Y 3 % Wt. .g. Y )

Ne, 14.7 125 18.4 6.5 27.2 2.0
K 5.5 6.8 5o,o 10.3 43.1 46,0
Mg 8.0 8.1  19.6 9.5 39.7 11,4
Ca ' nil nil nil nil nil nil
1 28.7 244 13,4 27,0 113 6.2
384 - 30.3 258 53.1 27.1 113 23.3
B>  0.08 0,7 4ol 0.19 0.8 4.7

TOTAL 87.3 743 el.7 80.6 = 337 9.8

(a) % of total weight of the constituent which
was recovered,

7.2.1,2 ¢ Evaporation at Elevated Temperatures - '

The evaporation rate décreased in the finql'stages of the
tests deseribed in 7.2.1.1; hence, it might not be practicable .
to use solar évaporation toArecovér the potassium~enriched
product, Therefore, the cbmposition was determined of the
potassiumaenriched product which would be obtained'by the
evaporation, at elevated temperatures, of the bittern remaining

after the separation of the sodium chloride—rich products 1& 2.
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‘ Two eynthefic solutions each containing salts equivalent
to 500 ml, of bittern B,3, were prepared bécause the whole of
that bittern had besen uged in the previous tests, The solutions
were evaporated at 100 té'llooG by the procedure descf;bed in
7.1:20

are reported in Tables 7 & 8.

Chemical analyses of the products and final filtrates

TABLE 7.
EVAPORATION AT ELEVATED TEMPERATURES,

500 ml. B,3 evaporated to approx, 320 ml,

“First" Product

Sample "Second" Proa  Final Fill-
e duct. trate (b).
Chemical Composiﬁmn Welght Recoyery Wbight Reco Weight Reco .
‘ 8. Ya? g. ery7Y) 2. ery%:“)
Ne. 10.6° 66 3,62 22 1.85 12
X o4 70 0.11 1. 2.61 29
Mg 5.7 17 1.20 5 26,7 78
Total Halides 19.2 20 6. 7 72.7 73
S04 26,2 58 5,05 11 13.7 31
TOTAL 66.1 . 7.1 - 118 -
(a) % of the constituent in the original
bittern B, 3
(b)) opprox. 275 ml.
| TABLE 8.
EVAPORSTION AT ELEVATED TEMPERATURES.
500 ml., B,3 evaporated to approx, 170 ml,
‘Sgmple "First" Product "Second" Product Final Filtrat
Chemical’ Woight Reco Wcight Recovery Weight Ruco
Composition Yafy - % (a 2. Yasy
Na. 15,2 o1 0.34 2 0.16 1
K 7.68 5 1.13 13 0.05 1
Mg 14,9 - 44 8,15 24 11.1 32
Total Hdlldes 42,8 43 25.02 25 31.0 32
80, 43,0 95 0.3 1 2,01 4
"TOTAL 123.6 - 35,1 - 44.3 -
{a) % of ccnstituent in the original bittern B. 3
(b) approx, 90 ml, _
7.2:1.3 ¢ Evaporation with smmonium Chloride —~

It was reported that a product suitable for the éubse~
quent recovery of potassium could be obtalned frcm salt bitterns
- cloENEFTaD-E-N-TI-4 L -
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by a cyclic treatment with ammonium chloride at elevated
temperatures (16, 19). The following test was carried out
using the suggested methﬁd tc determine the compcosition of the
éalts produced,

Five grams of ammonium chloride were added tc 500 g.
(approx. 400 ml.) of bittern B.l and the sclution was
evaparated by th@brOCedufe described in 7.1.2 until the bolling
peint cf the sclution had increased to 12500. The "first!
product was treated with'appfoximately l}O‘ml. of water at
rcem temperature and the undissolved salt wag filtered. The
chemical compusitions of prcducts and filtrates arec shown in

Tables 9 & 10.

TABLE 9.

EVAPORATION WITH AMMONIUM CHLORIDE.,
: 500 g. B,1 evapcrated tc approx. 150 ml,

(a)

- ¢ 53N£F&§w®“E”NmT“I L -

)

% of constituent in thv bittern..

Samgle "First" Prcduct "Seccnd" Product Final Filtratéb>
Chemical Weight RCCVY §y Welght RecoYesy' Weight IbcoY yy
Gomposition 2. a 2. % \a a
Na 27.6 97 0.45 1.5 0,48 1.5
K 2. 95 13 0,86 o1 0.21 5
Mg 7.12 40 2415 15 5.52 21
NH,| 0,61 Al 0.81 54 0,08 5
cl 52.5 0 7.48 10 - 15.3 20
S0, 15.0 9 0,22 1 1% 10
r 0. 24 33 0,10 14 0,36 53
TOTAL 109 . ' ~. 12.0 ~ 23.8 -
(ag % of constituent in the.bittern
(b) approx. 120 ml,
TABLE 10.
EVAPORATION WITH AMMONIUM CHLORIDE. .
"Eirstﬂ‘Product extracted with 130 ml, water,
Sample "Third" Product "Seccnd" Filtrate
* Chemical Compositicn ngght RG?OY ry Weight Regochy '
. : S .
Na 21.3 75 6.3 22
K .77 1. 2.18 54
Mg 0.90 6 6,22 .42
NE 0.19 13 0.48 25
Cl 33.3 44 19,2 26
80,4 3,65 1 14,3 71
Br 0.03 4 0.21 29
TCTAL 60,0 - 46,8 -
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7.2.2 — Recovery of Pctassium from Enriched Products :

Potassium—enriched-products prepared in the evapcration
tests coentained nore than 90 percent of the pctassium but were
not cf a sufficlently high grade tc be saleablu. The fcllcow-
ing investigoaticns were carried out te determine the péssibility
of remcving some ¢f the unwanted constltuents,

7.2.2.1 : Treatment with Water at Room Temperature -

4 "combined" product was prepared by mixing, in the
cerrect propcrtions,-products 3 ‘and 4 which had been reccvered
in the direct evapcraticn tests, Samples éf "eombined"
product (126,9 g.) were agitated with varying amcunts of water
at rocm temperature tc dissclve scdium and magnesium salts.
after several hcurs the undissolved material was flltered
withcut washing, Ghem;cdl~ana;yses cf the undissclved

prcducts are shown in Table 1l.

THBLE 11.

RECOVERY OF PUTaSSIUM FROM ENRICHED
PRCDUCTS, '
Treatment with Water at Rckm Tgnperature.

Sample Digsdd A B c
am _
=AER2S Prdu, ' _
Velume : ' ' ' o
watop, ml. - 100 ~ 150 200
Ch a  Weight Wei ht npqo y Weight ?oco ery Weight Recovery
SRS, Tt VA pTER T Sy e ety
Na 15,2 11,2 76 4.6 30 c.2 1
TMg 10.6 5.4} 49 1.8 i7 - G.h 4
otal : o \
Halidesg 35.8 16.6 . 52 . T3 20 0.3 1
804 - 37.1  27.4 74 12,7 34 - 2.3 © 6
TOTAL 117.§b) 6906 . - 31.0 hand 3.9 -

(ag % of the ccnstituent in the "combined" product.
(b) 126. 9 z. "combined" preduct. :

Te2.2.2 ¢ Treatment with Water at Elevated Températures -

_ Synthetic sclutions each approximatlng the gémpcsition
- which wculd be cbtained by dissolving 317 g, of "ccombined®
prcducts 3 & 4 in water were used in these teste., The scluticns

were evaporated at about LO0CC uslng the precedure described in

e e ey
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T.1l.2.. The compesiticns of the prcducts and final filtrates
are reperted in Tables 12 & 13,

T‘)BL—J 12

AECOVERY COF PUTASSIUM FROM ENRICHED PRCDUCTS.
Treatment with Watgr at Elevated Temperaturcs -
(apprcx., 100°C Volume of liqucr 18C ml.

- Sample WFirst! Product "SBecond" Product Final Filtratdd)
Chemical Woight Rbcoyegy Upifht RucLY Sy Weicht necoY §y .
Compesgiticn 3e 8.
Na 34.6 91 1,28 3 1.93 5
K 16,2 75 2,13 10 3,32 15
- Mgz ) 16,0 62 C. 29 1 10,1 37
Total . ) ; :
Halides ) 53.2 6C 4.62 5 Sl 32.
S0, 67.C 94 Uu14 C,2 5.2 6
TOTAL 2c8 - 8.5 - 52 -

() % of ccnstituent orizinally present
(b) Volume = 12C ml,

TaBLE 13,

RECCVERY CF POTaASSIUM FRCM ENRICHED PRCDUGTS. '
Treatment with Water at Elevated Temperatures
(approx. 100°C),  Volume of liquor 270 ml.

Sample "First" Prcduct "Seccnd" Prcduct Final Filtrat(b)
Chemical Weirht Weipght Re Welght hbcr
Gomngiggon ib. nech Sy ¢ g, v co uyy © 2. Y Sy
Na 27.6 75 .35 9 5. 94 16
K 5.32 26 3.75 39 7.68 35
Mg 12.5 46 C.56 2 13.9 52
Totl Helides 20,7 - 32 13,9 16 46,1 52
SC, 76,6 0/ C.9C 1 14.3 15
TCTAL 151 - 27.5 - 87.9 -

(a) % of ccnetituent originally present
(b) Volume = 210 ml,

Treatment with Lime ~

Te2.2.3 ¢ ‘

A synthetlc eoiuticn, which ccntalned salts equivalent
to those present in the "combined" product, was prepared from
laboratery reagents, The scluticn wos treated with a lime
slﬁrry containing 6C g, of freshly preparcd calcium oxide.

The weirht of lime wae 1.1 times the aquivalenﬁ cf the sulphate
in scluticn, The precipitate.which formed was filtered and

washed with water. The ccmpcsiticn of the precipitate, which
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was cbtained by differences frcm the chemical anpalysis cof the

ccmbined filtrate and washingse, 1s shown in Table 14.

TABLE 14,

RECOVERY CF PCOTASSIUM FRCM ENRICHED PRCDUCTS.

Treatment wlth lime -~ preclpitaticn,

Synthetic

Sample Sypunes Filtrate Precipitate ()
Volume, ml, 1456 170C -
Chemical Com— Welizht Weipzht Recovefy Welzht

pceltion 8. 3. ; (a 2.
No 36,2 38'6 93 2.6
K 2c. 6 18,7 91 1.9
M 26.0 .03 SH 26,0

Ca. nil 6.63 - 26.C (c)
Tctal Hallides 5. 5 75.6 09 9.7
S04 . 90.6 4eH1 5 06,1
TOTAL 259 139 - 163

% of constituent in synthetic scluticn
by difference
calculated,

(a)

(b

(c
‘ Une litre of the filtrate was evapcrated to 30 ml,
The salts which orystallized were filtersd without washing.
The compositicn of the product was determined by difforénce
frcm the chemical analysis cf the filtrate.

The results are

reported in Table 15.

TABLE 15.

RECUVERY (F PUTASSIUM FRUM ENRICHED FRCDUCTS.
Treatment with Lime ~ Evapcretion of Filtrate.

- Sample Final Liquor Final Prcduct
‘Chemical Compcsiticn Weipght Weilzht RecoYeSy
— 4 2. 8. # \a

Na 1.29 16.46 93
Mg trace C,02 1C0
Ca 2.14 1;56 45
Total Halides 6. 30 37, Sg
504 C.03 2,62 . 9
TCTAL 11.5 7C. 4
(a) % of ccnatitusnt present in 1 1, cf
filtrate.
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7.2.3 - Evaporation of Bittern After Removal of Sulphate

A lime slurry'oontaining'59 z., of freshly prepared
quicklime was added to 2 1. of bittern Bil. The solution was
agltated for several houré and allowed to stand overnight.
The precipltate was filtered and washed with water and the fil-
trate and'waéhings were combined td give a volume of 2,520 ml,
This- solution was evaporated with a "radiator" using the
,probedurehdescribed in 7.1.1. Sampies of th@ producté and
liquors were analysed and the results were recalculated, for
ease of comparison, assuming'thﬁt 10 1. of B,1 had been used,
The resulﬁs of the precipitation and evaporation tests are shown

in Tables 16, 17, =and 16.

TABLE 16,
PRECIPITATION OF SULPHATE FROM BITTERN B.1 WITH LIME.
Tide = 50,
Sample BitternB.l Treated Blttern B.1lA Precipitate
Volume, 1, 10 _. 12.6 -
Chemical Liquor Total Li uor Total RGCOVLSy We, 2. by
Composition g/1. W& g. 1. W, g. % difference,
Na. 71,0 710 55.0 693 98 17
X 10,3 103 g,0 101 96 - 1.5
Mg 36.5 365 19.0 239 .66 126
Ca S nil  nil 1.7 21 - 190
Cl 186.2 1862  146.0 1840 99 22
80, 50.4 504 Ao 6 50 12 446
003 0.5 5 0.1 1.3 26 3.7
1.76 17.6 1.5 16.9 107 nil
- TOTAL 346.6 3,466 235.9 2,972 086 - 806,2

(a) /£ of constituent in B.1.

Bireevromaia it ol
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TABLE 17,

23,

EVAPORATION AFTER REMOVAL'OF’SULPHATE o

SAMPLE

Volume, 1.
.S.G.

| _ Temperature,®C.

Firset and Second Salts,

Bittern B.1B

6.887
1.223
T a

Liquor Total RecoYasy

Bittern B,1C

3, 841
1.252
21

(a)

/

Qs

ey St
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Chemical Liquor Total RecoY §y
Composition g/1. Wt g. g/1. Wk g. a
Na 62.3 429 60.4 27.5 105 14.8
K 15.1 104 101 26.5 102° 99
Mg 34.0 234 64.1 59.5 229 62.7
Ca 1.7  11.7 - 1.5 5. ~
c1 206.0 1,419. 76.2 238,0 9lé 49.1
804 3.6 24.8 4.9 2.5 9. 1.9
GO3 0.3 2.1 42 0.5 1,9 38.0
0.7 18.6 106 4.5 17.3 98.3
TOTAL 325.7 2,243 64,7 = 360.5 1,385 40.0
SAMPLE . Product B.1B Product B.1C
Weight, g. 704 843
Chemical Wei;ht Total Reco efy . Weight Total Recovesy
Composgition % Wh g. % W, g. % (a
 Na 35.6 251 35,3 37.6 317 . 44.6
K 0.02 0.14 0.14 0.08 0.67 0.65
Mg 0,06 0,42 0.12 0.17 1.43 0.39
ca 1,76 12. - - 0,64 5.4 -
c1 56,2 39 21.2 58.5 A93 26.5
804, 3.86 27.2 5e4 1.49 12:6 2.5
663 . nil- nil nil - 0.01 0,08 1.6
, 0,06 0.42 2.4 0.07 0.59 3.4
TOT AL 97.6 687 19. 98,6 831 . 24.0

% of constituent present in B.T.
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TABLE 18,

24

EVAPORATION AFTER REMOVAL OF SULPHATE.

SAMPLE

Third and Fourth Salts..

Bittern B.1D

Bittern B, 1lE

Volume, 1. 1.992 1.355-
8. G. 1. 253 1.341
Temperature,°C. 22 - 20
Chemical Liquor Total RecoY Sy Liquor Total RecoY §y
Composition g/1. W, g. . a g/1. e g. a
Na 8.0 15. 2,2 1.60 = 2.2 0.3
K A90 95 19 190% O. 65 0.9 009
Mg 89.5 178 45, 119.5 162 44 4
Ca 3.0 6.0 - i.2 1.6 -
Ci 2383.5 565 30.3 345.0 . 46g 25.1
SO[ 1.%5 305 007 0'55 O~ O.2
- 00 0.65 1, g4.0 1.2 1,6 .32.0
Br 7.95 15. 9.8 10.0 13.6 77.3
TOTAL 404.5 806 23,2 479.7 650 16,8
SAMELE "Product B.1lD Product B,1lE
Weight, g. 740 193
Chemical Welght Total Recovery  Weight Total Recoy Y
Composition %, WL og. % \& 7 Wt g. a
Na 13.2  97.7 13,8 5.7 1.6
K 1()._"I 7700 75.1 9.1 1g 6 : 17.2
Mg 5.6 4l.4 11.3 9.5 5.0
Ca 0;54 2.5 . - 0.07 O 14
Cl 45.8 339 1g,2 44,5 85, 9 4.6
80, 0,83 - 6,5 1.3 0.24 0. 0.1
003 0,0Q 0.3 6.0 0.07 C. 14 2,8
Br 0,20 2.1 11.9 0,52 1.00 5.7
TOTAL 6.5 567 16,4 69.7 135 3.9‘~

~d
.

[+ 2.4 ~ "Solar" Evaporation i

% of constituent present in B,1,

Comparative évaporation rﬁtes were obtalined forAsea

water S.W.1 and Bittern,B.l,'by evaporating lAl.‘eamples of

. each with a "radiator" as described in 7,1.1.

In these

tests the'solutions were not aglitated and the voltage applied

to the'radiatpr_was;adjusted to give a surface temperature of

- 30°¢,

temperature increased to 40°C.
sample was oalculaﬁed from the gspecific gravity and the chemlcal

~ O CEiar
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Ag the volume of the solutions was reduced the surface

The amounf‘of water 1n'each
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analyels, ‘The welght of water lost during'ﬁhe evaporation
was obtained by weighing the dishes at régular intervals. The
bittern was evaporated in two stages. At the end of the
first stage the solution'waé filtered to remove the impure
sodium chloride (equivalent to products 1 & 2 in the direct
evaporation of sea water), A small portion of the liquor was
‘held in thescrystailized salte and was lost. Corrections were
made to the welghts obtalned in the second stage of the
evaporation to allow for this loss, The results are ghown
 graphically in Figures 1, 2 and 3. |

When the solution from the second stage of the evapor-
ation was allowed to stand for several days at ahb;ent
temperature an increase 1in weight due to the absorption of
atmospheric moisture was found. The final liquor, ofter the
completion of the evaporation tests was allowed to stand for
geveral days and the increase in weight was determined at
regular intervals, The resulte are shown in Figure 4.

. 7.3 Discusesion

{.3.1 — Recovery of Potassium—cnriched Products :

7.3.1.1 : Direct Evaporation of the Bittern -

The. bittern received from Sblar Salt Ltd. contaihed
about 30 percent of the sodlium chloride originally’present in
the sea water. A further twenty percent of the sodium
chloride wds recovered in products 1 & 2 which contained 36
percent of sodigm, mainly as the chlcride,

More than 90 percent cf the potassium reported in
products 3 & 4.' Although some eﬁrichment<was cbtained.
the "combiﬁed“ producte ccntalned only 7 percent cf potassium.
Thu final bittern B.5 contained mainly ma nesium chloride with,
small amounts of the other salts. Nearly 90 percent of the
‘brecmine remained in this liguer,

Te3.1.2 ¢ Evaporaticn at Elevated Temperatures —

The products reccvered in these tests were of similar

compesition to. those cbtained by evapcraticn c¢f the bittern at

Yorowr s, T § ’
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lcwer temperatures. Both treatments resulted in the removql
of scme ¢f the magnesium as chloride. For ccmparable
recoveries of potassium the products were cof no better grade

than those produced in the previoue‘testsa

7+3.1.3 ¢ Evapcraticn with Ammcnium Chloride -

Three quarters cof the potassium repsrted in the "first!
product tcgether with nearly all of the -scdium and abcut one
half ¢f the magnesium. The “seoand" product'Would be
recycled to supply one half of the dmmcnium éhloride needed
- for the néxt evaporation, without ihtfoducing large amounfs
cf elther scdium or}magnesium. | The final flltrate oLntaining
mainly magnesium chlcride would bu discarded. Treatmnent of
‘the Ifirat? prcduct with water removed mcst of the sodium salts
but cnly cne half of the potaésium,was reccvered in the
filtrate. - This methed of recovery had nc advqntages aver
direct evaporation of the bittern and would be mofe costlf.
{:3.2 — Reccvery of Potassiuﬁ frem Enriched Prcducts @

Te3e2s1 Treotmont with Water. ﬂt Room Temperature -

It was evident that this method cf reccvery could net
be'used to produce a h;gh grade potassium snlt, Under con-
ditions which gave a reds:nable fecovefy of the potassium,
larm arounts of scdlum and magnesium salts were present.

7,3.2.2 ¢ Treatment with Water at Elevated Temperatures -

The produéts were very similar to those obtained in the
room tempsrature tests. Neither wculd be saleable without
further treatment. |

7¢3.2.3 ¢ Treatment with Lime ~

'The addition of 1.1 times the thecretical amount cf
lime required to ccmbine with thé sulphaté reéulted in the
precip;taticn of 99 percent cf the magnesium.énd 95 percent of
the sulphate. The preclpltate was difficult to filter and
retained abcut 10 pércent of the cther constituents, including
pctasslunm, ‘ Tbe prcduct thainéd by evaporaticn of the '
filtrate wos a mixture cf scdium and pctassium.chlorides'

~ 0 CINSROTATREMET-T A L -

Wmmmmmm,,u



—w O O=N-F"T"DE ﬁ“
LS

el

'

contaminated with gypsum, .Approximately 80 percent_of the
poctasslum reported in this salt. The potassium chloride.

- micht be separated by d‘flotation treatment similar to that
used at Lake Bonneéille, U:B.as (4, 7). it this plant
potassium chloride 1s separated by flotdtion frcm a mixture of
scdium and pctassium chlorides which'are prcduced by soclar
evapcration of a natural brine. Micrcsccpic examinaticn of
the selt cbtailned in this test showed thét the crystals were
intergrown and cculd nct bs liberated to any extent by crushiné.
This may have béen due to the use of artificial meaﬁé te

evapcrate the scluticn.

[+ 3.3 — Evapcration of the Bittcrn after the Remcval cf
Sulphate

Nearly 90 percent o¢f the sulphate and cne thifd of the
magnesium were precipitated by thé lime, = Because of difficulty
in filtering and washling, 2 tc 3 pgrcent ¢f the cther salte '
'rumaincd in thb precipitate.

Three quartere cf the scdium chlcride in the bittern
crystallized cut in prccducts B;lB and B,10C. Calecium sulphate
was the major contaminant of these products.

The pctassium~enriched prcducts B,1E and 3,1D contained
‘less sulphate than the cerresponding precducts cbtained by
dirqct eVaporaﬁicn butlthé ratic cf potassium tc scdium and
- maznesium was almest unaltered. ‘Approx1Mate1y 90 percent cf
the potdssium reported in these prcducts,

1;214 ~ "Solar! Evaporéticn :.

7.3.4.1 ¢ Evopcration of Sea Water —

Under the‘conditicns of the experiment 70 hours were
~required tc evapcrate the sea water to the bittern stapge, The
averdge evaporeticn rate was therefore 13.5 g, water per hodr.

7.3.4@2 ¢ Lvapcration of Bittern -~

The evapcraticn was retardéd by the fermatisn of salt
crusts cn the surface cf the hittern, The end of the first

s8tasje was reached 1n 57 hcurs, giving an evapcraticn rate of
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7.8 = 3. water per hour. - s the.concenffation cf 8alte 1nf
craascd in the supernatant liquor, the evapcraticn rate féll
considerably and cnly 13 2, of water were lost in 70 houre in
the final stapges ¢f the evaporaticn, The evapcrated bittern
gelned in wéight when the.drtificial heatinz wons dieccntinued'
due to abscrpticn of atmospheric moisture, - The evaporaticn
wae ccntinued until the amount of}water left had been reduced
tc 192 4, The resultinz Plttern was pllowed to stand at rcom
temperatufe for several days tc determine the amcunt of water .
which would be absorbed.  4n increase of 36 . was found '
during the first 50 hcurs hut 1ittle change cecurred in the
next 30 hours, | This wcul@ e the ﬁractical 1imit of evapcf~
aticn under fhése ccndlticons, although, in the summér menths
when the evaporation'would ncérmally take place a lcwer 1imit
might be reached,  The concentration of potassium in the
liquer at this stoge was 3.5 fo per litre corresponding to
ohout 8 percent of the tctal potaésium.

The amcunt ¢f water in the bittern was reduced to the‘
limit of 2206 g. in 40 hcurelgiving an averagze evapcraticn rate
of 5.7 ¢, water per hcur, The total time required to
evapcrate the htittern was; therefore, 97 hours. This was nct
exceseively longer than ths fime required tc evaporate the sca
water, when 1t 13 ccnsidered that, in practice, the volumelcf
gea water 1s about 14 times'that of the bittern produced from
it. Under naturcl ccnditicns of intermittent evaporaticn,
more time would be required to evapcrate both the sea water and
the bittern. It is prchable that the increase would be
greater for the bittern, bedause higher_temperatures aré.
required te ive efficlent evapcraticn, Soclar evapcraticon
cculd be used to reccver the.potassiumeenriphed praduct hute
lower reccoveries of the potassium would be cbtained.' Sbme
difficulties might be experlenceé in separating-the snlts freom
the supernatant liquor but this milzht he évercome by a sultable
design cf evapcerating pend. -
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§.  CONCLUSIONS.

Althcugh seVeral prceedures gave promlsing reehlté it
is unlikely that potessium sdlts could be prcduced by any of
the methods 1nveetigated‘at a sufficiently léw cost to compete
with cverseas prices,

The uée cf ccnvgntignal.ion exchange procedures wos not
practicable becnuse of the inefficient separation cf the
pctassium and the Aifficulty of adapting the probedure té large - -
scale producticn, |

No suitable orﬂanic reagents were found feor the sclvent.
extraction'procecure, Further investigations were nct carried
out because the cost of chemicals would moke the recovery '
uneccnomic even if a sultable reagent were fcund,

Only cne half of the potassium was recovered in the
dilrect precipitatlon tests with diplerylamine, Difficulty was
experienced in reoo#ering the potassiuh from the precipitate
with sulphuric acld and the final sclution was'contaminated
with consiOeraole emcunte of sodium, magnesium an@ caleium
-galts, The hizh cests cf rea rente and filtration would make
the reccvery uncconomic.

EVaporaticn cf the bittern gave the hest reccvery of
the putassium. The tWC evaporaticns which were made at near
bedlling temperatﬁres wculd be toce costly and the products _
prodﬁoed were cf nc higher grade than thcse c¢btained at lower
" temperatures. NohéAof the potaséium~enriched products were
of sufficlently high grade tc be sdleable without further
utreatment.q~ Little 1mprbvement was foﬁnd when the products
were treatéd with water at either room cr elevated temperatures.
‘Both the magnesium and sulphate were anlmest completely
precipltated from a sclution of the potassium~enriched pfoducte
by the additicn of lime. Evaporation of the remalning solu-
ticﬁ}yielded o mixture of sodilumend pctassium chlerides with
‘some gypsum. The pdtassiumkchloridé might be separated frem
the mixture by flotaticn, - The alternative treatment in which

—
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tﬁe sulphate ﬁas remeved from the‘bittefn before evaporation,
gﬁve a low grade pctassium~enriched prcduct; This product
was similar te that produced by direct evapcration of the
bittern except that it ccntalned 1ittle sulphate, The first
procedﬁre, therefcre,'is preferred although 1t invclves the
resclution of the whcle of the potdssluﬁ—enriched products, -

If sclar evapcration were used to evapcrate the bittern
75 tc 80 percent of the potassium would be reccvered in the
mixed sodium and pofassium chlorides. It 1is uniikeiy thﬁt
such a prccess would he econcmical even 1f the crdde snlt
produced in the initial stages of the avapdration could be
marketed unless the magnesium salts could be scld alsc,

Preliminary tests showed that bromine cculd be reccvered
.from the bitternaAby displaoement‘with chlorine. Althougzh
similar méthcds of recocvery are in use in cther countrices the
co8t of chlorine gas is much higher in Australia.  The
eccnomlc recovery of brcmine would depend malnly ¢n tworfackrs;
the availapility and coét of large quantities of chlerine and

the extent ¢t the local market for brcmine.
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APPENDTIIX

RECOVERY OF BROMINE FROM BITTERNS.

1, - RECOVERY 3Y ICN EXCHANGE.

An icn exchangze preocedure for recovering lodine from
sea water has been patented (20), This invclved :-

(1) the adecrption of lodice by the resin until equil-
ibrium was reached,. .

(2) the liberation of lodine, which was then molecularly
adsorbed 1n sltu, by passing ferric chlcrice
soluticn thrcugh’the resin.

(3) a repetiticn cf steps (1) & (2) until the resin was
saturated (abcut 50 cycles).

(4) the elution of the 1odine with alkaline sulphite
sclution,

The meth 4 cannct be readily adawteﬂ to the recuvery'
of bromine because atronfcr uXidiZinb azents than ferric
chleride are required to release bromine, Chlorine was fcund
tc be the mcet suitable of the commcn reazents capable of
ox1dizing bromides.

1.1 Experimental Procedure and Resulte

Bittern 3,1 'containinﬂ 1,67 2. bremine per litre, was
passed thrcugh 50 ml, wet settled chlcrine fkrm anion exchange
. regin.at 2 ml, per minute. The effluent was spcot tested for
© bromine after 2 and 3 column vclumes had ﬁasséd thrcugh'thé
»regin. A bulk sample_of the first 10 cclumn volumes of .

effluent and samples cof the eleventh and twelfth cclumn vclumes

were analyse2 for bromine, The results are shown in Table 19.

TasLE 13,

.RECOVERY OF DRCMINZ 5Y TON EXCHANGE,
Ahsorption TesT.

Effluent Samples ‘ 3remine, /1.
2 column volumes  nct defécted
" " trace
First 10 " " 1.42
' 11 " e 1.76
12 L} i 1.74
Raein loading A | C.1 m.eq./2.
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The loaded column, aftér a water wash, was treated with
lohlorine water. = The sclution ccntained twice the theorefieal
amount ¢f chlcrine necessary tc oxidize all of the brcmine to
the elemgntal form. The top 1.5 1nch¢s of resih Wefe
vleached by the chlcrine,. Subsequent ﬁashing with 2 cclumn
volumes of water rémoved less than 1 milligram cf “romine,
Bittern was then paseed through the treated cclumn and the
resin lqading wag calculated frcm the ccncentraticn cf Eromine
in the bulk effluent sample,

Calculated resin lcading = 0,03 m,eq./g.

1.2 Discussibn

| Due to the presence .of large quantities <f chlcride
16ns in sclution, bromine loadings of the order of only O.1
m.éq. pér gram were ohtalned for the bittern. Bfeakthmugh
cocurred after 2 column veclumes of bitterﬁ had passéd throuzh
the resin, The final effluent samples ccntainéd a greater
concentraticon of bromine than the head sclution indicating
that some of the bromine which had been lcaded ontc the resin
was being displaced, - The elemental bromine produced hy the
treatment with chlorine appeared to be adsorbed in situ
because very little bromine was re@oved cn washing and a
second absorption tést.gave a similar resin loadinz. - No
further tests were.carried cut since fhis method. appeared to
have nc‘aGVantages cver the ccnventional prccedure of dlsplac—

ing the hromine with chlorine.

2, _RECUVERY ©Y DISPLACEMENT WITH CHLORINE.

Two bromlne extraction processes are commenly used in
the reccvery of bromine'froh\sea water and bitterns (21).
Both prceesses invclve the rgmdval of the bromine from the
liquors by displacement with chlorine (22). In the first
process, the bromine vapcur displaced with the chlcrine 1is
absorbed in scdium carbenate solutlon, | When‘fhe c@rbcnate

- 8clution con absorb nc mere bremine a measured excess of

- e
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sulphuric acid is added and the bromins is steam distilled
frcm the scluticn and collected in ccndeneers. | In the eeccnd-
‘process the hromine vapcur 1e reacteéd with sulphur dioxide gas
prodncing n mixture of hydrobromic and sulphuric scide whi ch
are’absorbed in water.. The bromlne is reccvered from this
srlution by cisplacement with chlerine and steam ﬂistlllation.
Only a few tests were carried out as the prccessaes are both
well kncwn. The recoveries of brcmine chtailned by treatment
cf sce water and'bitterns 3.1 and 3,5 were compared. The
first stage of the reccvery only was investigated bhecause this
'wns ccmmen %o both processes and the subsequent treatment '
would nct be signifiocantly affected by . using differing starting
scluticns, The bromine was abscrbed in sodium - carbenate
scluticn since this cculd be carried out meost ecsily in the
labcratory,

2.1 Experimentnl Procedure and Results

'In practice the bromine containing 1liquid, after-the
sddlticn of the acld and chlorine, flows dewn a baffled "dSlowing
out tower", A current of air passes up tne tower carrying
with 1t the displaced bromine. The preparstion of a tcwer
suitable for use with small amounte of liquor wae nct warranted.
Comparative figures were obtained by hblowing alr through the
solutione via & sintered glass diffuser,

| A measured velume of the bromins containing liquor (6CC
ml, ot sca water and 100 ml. of hitterns) was adjusted to pH
3,5 with sulphuric acid and transferred tc the reaction
vessel, | Chlorine equivalent tc approximately 110 percent of
the thecretical amcunt. necessary tc displace the‘bromine was
~added and alr was paesed through the apparatus for 4 hours,
In most casces the reacticn vessel was a measuring cylinder
sealed with a rubber stopper throufh which paesed two cieces cf
3lass tublng, Alr entered thrcuch cne zlass tube which was
ccnnected to the diffuser and the bromine vspcur'was carried

out. throuizh the cther into a series of butblers containing

5 percent sodium carbonate soluticn,
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.The chlorine was added 1n an aqueous solution. The
oonoentration of the eolution was adjusted to give approximately
proportional dilutions of the varioue liquors Sromine

recoveries are reported 1n Table 20.

TATLE 20,
S8AMPLE . Sea Water Dittern 3,1  D3ittern 3,5
Dromine Content g/l, 0,065 1,76 7.35
Chlorine Addition (a) 1.1 - - L.15 1.3
Sromine Recovery; % - 84 87 84
Acid addition, g./g.dr. 1;86 0.44 0.4

() times theoretical requirements,

2.2 Discussion

A conslderable reduction 1n the amount of sulphuric
acid required to bring the pH value to 3,5 was found for the
more condentrated solgtione (z}) Sromine recoverles of
approximately 85 percent were obtalned for all three samples.
No further work was carried out-aé the process'has been fully

developed in other parts of the world,
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ABSTRACOCT
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The distribution‘of potassium between Dowex 50
resin and agueous soiutions containing salits of potassium
and either sodlium or magnesium was determined.
Equilibrium curﬁes, which were drawn from the deta,
showed that potassium could possibly be sepﬁrated-from
either sodium or magnesium by an lon exchange procecdure
analagous to fractional distillation. | Therpérating
conditions necesesary for the separationé.were determined
graphically from the equilibrium curves and the results
indicated that'thé separation of potassium fircm bitterneA
would be feasible. Investigation of thé méchanice of
reéin transfer and consideration of cost factors wculd
be hecessary to enable the possibility of cconomlc

recovery ofuthe‘potassium from bitterns toc be determined,



1. TINTRODUCTION.

Previcus investligations of the lon exchange

(1)

recovery of potassium from bitterns, Mcyle 1957 ,‘showed
that potassium wag adsorbed by a cation exchange resin
more strongly than scdium and magnesium, Cenventicnal
fixed bed lon exchange procedures Qould‘nat be applied
easlly to the reccvery c¢f the potassium because of the
high concentraticn of saltsnin the blttern and the
relatively low cconcentraticn c¢f the pctassium,

Tt was thought that the potassium might be
separated from the other caticns by an i-n exchange |
prcecedure anelagcus to fracticnﬁl distillaticn, This
procedure weuld invelve the use ¢f a continucus counter-
Current licn exchange cclumn with reflux cf bcth the
potassium in aquecus sclution and waste cations adscrbed
on recyecled resin. A diagram cf the propcsed-scheme,
showing the main exchange cclumn and the twe ancillary
ccuntérourrent exchangers necessary to cbtaln coentinucus
reflux of product and waste streams, 18 given in Filg. 1.

The investigaticn was confined te the exchange
‘of icns in the main cclumn, - The operatlng ccnditions
nécessary for the separaticn of potassium from sodlum
and from magnesium were determined graphically from
pctassium equilibrium curves, Since the behavicur of
all threc caticns cculd nct be predicted, the ccnditicng
'required for the separaticn of pétassium frcm bitterns
| were estimated frem the values obtained for the simpler

separaticns, -
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2. _MATERTAL EXAMINED.
Salt Bittern

A sample of ealt bittern, B,1; was cbtained from
Solar Salt Ltd.; in January, 1957. This sample Wﬁs net
used in the actual tests but the chemical analysisg cf the
sclution was used in detérmining the composition of

"synthetic scluticns and in calculating results.

CHEMICAL ANALYSIS ~ Bittern B,1

Censtituent : g2/1. f.eq/1. (a)
Sodium, Na 71.0 3.09
Potassium, ~ K 10.25i 0. 262
Magnesiun, Mg 36,5 3,00
Calcium, Ca nil nil
Carbonate, o3 - 0.5 0.008
Total hnlides, as Ol 187.0 - B.27
Sulphate, 804 50.4 1,05
Specific Gravity at 29°C z 1,248
pH _ " 6.95
(a) = grom equivalents per 11tre..

3. ANCILLARY MATERIALS,

3.1 Dcwex 50 Resin

The sample of this resin contained few brcken
-beads and was uniformly sized as shown by the fcllowing

wet screen analysls (-

WET SCREEN ANALYSIS - Dowex 50 Resin

Mesh - | Weight, %  Oum. Welght, %
. + 10 0 o
- 10+ 18 - 6,0 6.0
- 18+ 25 - T75.4 81.4
- 25 * 30 - 15,4 96.8
~ 30+ 60 3.1 99.9
—- 60 + 100 0.1 100.0
. : 100.0 T

Effcctive size = 0,02 inches " diameter.
Unifcrmity Cocfficignt & apprcx. 1. 3



3.

The — 18, + 25 mesh fracﬁiqn was used in ali
the equilibrium tests, The tctal capacity cf this |
fracticn, defermined by the method of Kunin'and Myers (2);
wae 5,16 milliequivalents per éram of dry hydrogen form
resin; Both sodium and potassium forms of the resin
were used in the tests, + These were prepared by séaking
screened reein in scdium or potassium chlcride sclutlicns,
The COhverted resin was washed with water until the
washings were chlcride free; then eair dried and sfored
in Zlass bottles, The amcunts cf variazus caticns
_ adeorhed §n the resln were ébtained by eluting a welghed
sample of the resin with nitric acid and analysing the

eluate,

3.2 Choemical Reagents -

TannlaR" grade reagents were used in preparing
the scluticns fer the équilibrium tests. Impurity
limits quoted cn the labels were genefally accepted but
where limlte were nct glven, chémical analyses were
cbtained, In.ail cases impurlifties were present in
sufficlently small amcunts tc be neglected in the calcu—

laticns,

4. - EXPRRIMENTAL PROCEDURE,

Since the caticns exchange between resin and
aquecus scluticns on an équivalent baéie, the aqueous
crneentraticn expressed 1n gram equlvalents of total
cafions.per litre should be relatively ccnatant in ali
gtages of thé propesed separation écheme.

.8 saturated scluticn of potassium salts in
which chloride and sulphate icns were 1n similar preopertion
to that of the c¢riginal bittern cocntained approximately
2.1 grah equivalents potassium per litre. Hzncé the
maximum product and feed ccncentratirns cculd net
excesd 2.1 ram equivalents totai Qaticns per litre,

The’equillbrium tests were carrlied cut at room
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temperature (approx..EEOC) and at total caticn concentrations
cf 1.2 and 2.1 gram equivalents of total caticns per litre.

4,1 Agqueous Scluticns

- With the excepticn of a few pre;iminary tests .
all sblutiuns c<ntained both chloride and sulphato irnsﬁ
in the precporticn found in the orizinal bittern, namely,

5 zram equivalents of chleoride for every gram equivalent
cf sulphnte. 500 M1, cof aqueocus sclutlcn were used in’
each test,

The preliminary test sclutions, which ccntalned
1,2 Uram equivalents tctal catlicns per litre were prepared
by Cissolving weighed amounts ¢f "AnalaR" zrade reazents
in water, The caticn concentraticn of the scluticns was
" .checked by chemical analysis in most instances, The
equilibrium concéntratione were cbtalned by ocrrecting
for the caticns adscrbed cn the resin oand for the catlons
introduced W1th the resin.

The aquevus eolutions for each series of
’equilibrium tests were prepared by mixing varicus amounts
of twec stock éoluticns, eei. for the scdium—pctassium
separaticn at 2.1 gram equlvalents tcﬁal caticrns per litre,
the stock socluticns ccntained 2,1 ram equivalents of
scdium and potassium respectively per litre. ’fhe ccn—
.oentration of the caticns in the mixed scluticne was
chtained by calculati(n from the chemical analysels . cf the
stcek scluticns.: Equilibrium liqucr concentraticns
were obtained by ccrrecting these ccncentraticns for the
cations intrccduced with the resin and for the catlons _
adscrbed cn the reein after equilibration with the liquer.
4.2 Resin .

Approximately seven Zrams cf alr dried resin
- were added tc each of the preparud scluticnes and allcocwed
to equilibrate with occasiunal stirrin; fcr several days.
The molsture ccntent ¢f the resin used 1n each serles cf

tests was ohtalned hy erin, a welshed sample for 16 hours



at 105%C. The weizht cf reein used for each test was
expressed as grams cf dry'hydrcgen form resin by correcting
~the alr dry ﬁéight for the molsture centent and for the
amounts cf the varicus caticns adsorhed-cn the resin,

After equilibraticn, the sclutlicns were filtered
. on a'sma11>buchner funnel and the resin sucked as dry
as pogsible to remcve.sufplus liquor, The resln was
“transferred tc a half inch zlass-cclumn and eluted with cne
litre of 4 per cent nitric acid (V/v) at a flowrate of
approximately cne ml., per minute. Two aliqucts, each
of 200 ml,, were remcved frcm the duate for determinaticn
cf chlcride and sulphate. The remaining 600 rils of
cluate was evaporated to dfynese end then made to 200 ml."
with dlstilled water.. - Pctassium, scdium and/cr
magnesium were determined in this soclution. Beth the
anion andé caticn loadings were calculated as'milli—

equivalents per gram of dry hydrogen form resin.

5. INTERPRETATICN CF DATa.

5.1 Neutral Salt Adsorpticn

‘When a caticn exchange resin 1s»immersed in a
sclution ¢f a salt scne anicmadiffﬁse into the resin beads,
If 1%t 1s assumed fhat the cuter surface‘cf the beads is
azamipermeable membrane, the effect nsy he explained by
the Dunnan Memhrane Thecry (2,3>4). - Accordin: to this
thecry, at equilibrium the activities of the diffusible
~8alts cn both sides of the membrone must he equal and
electrical neutrality of both scluticns must he maintained,
Sinée the resin matrix, R7, 1s a non diffusihle anicn,
there 1s-a diffusicn of anlcns 1ntc.the resin heads.

| In the simplest case, when scdium form resin
1s 1mmersed in a very dilute sodlum chloride éolution, the

following equations apply.

e ® I = lreat o 2—} 5
: T LR L
[Nal*i = ipllj ~and LNagf_g = ?'012"_; » +§:R'j_ .

- o g ]
where gNal';} and Lcll“j = concentrations in the outsid
T _ : golution- .
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{Nag’tz and [Glg’i] - = concentrations ineide the resin
: ) beads

&FJ & concentration of exchange sites in
the resin,

Comining the equations

2

E’lf} - l.f.”» 2%.5 -

For strong cation exchangers the value of ﬁ?j

2 - .} .
v e ] o [Rl

'is relatively high, The concentration of chloride ions, .
and therefore the concentration of neutral salts, in the
fésin béads is 1ess‘fhan that of the outside sqlution.

In the above case the amount of sodium‘in the
resin beads in excess of the exchange capacity, could he
obtained from the chloride content of the fesin. When
more than one cation is involved the amounts of each which
are held as neutrdl solts are not casily Getermined,

For the purpose of evaludting the process, only
the total cation loading was important hecause noth the
.exohange and neutral salt cations would he carried»by the
resin in the exchange columns, The extent of the
neutral ealt,adsorption was shown in the preliminary tests.
aAlthough aniQn loadings were determined for most of the
equilibrium tests only the total cation loadlng was used
in plotting the equilirium curves.

5.2 Egp;librium Curves

To determine the operatihg conditions of the
exchange column 1t was necessary ﬁo araw accurate
equilihrium curves, The concentrations of the cations
in both the aqueous and resin phases were plotted as
equlvalent fractlons to enable comparison of exchange date
for both dlvalent ﬁnd monovalent lone and tc eliminate
difficulties due to varintions in the tctal cation loadings.

| The drawlng of a smooth curve through the polnts
was difficult cwing tc varlations in the data.due-to
experimental errcrs, - attempts were made tc obtaln a

linear plot of the data so that errcrs might he averaged
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by drawing a straight line of best]fit'thrgugh the points.
according to Wdlton(5> almost all data on‘ibn
exchange distrib utitns fit the follewing equatiocn rf

Rothmund and Kornfeld,

x /cB
4

e\

where A+ and BY are the twc ions

L A o B* ~ +
) il & b g & equiva%ent fracticns of 4~ &
n _ R B* in the reein '
' E+ ' + *
Gg : & Cq - B o;ncyntrations of 47 & B in.
: . solution '
k & p o= empirioal parameters

The plot of log ( ‘) agalnst log / CA \ is aistraight
J

‘ ine.
=l \ %/

This type cf plot was tried fcr each series cf
tésts with the excepticn that the equivalent fractionsg of
the cations in the aquecus phdse were plotted instead of
ccneentrations

l.e, | log.( X%T' was pletted against log _E%:‘)
——F +
\ | X2

In all cases the logarithmic plot was linear and
a straight line of hest £it was drawn thicugh the pcinte,
The eqdllibrium'curvee were drawn frcm the equationé of
the etraight lines by calculating the equivalent fracticns
cf potassium in the resin correspcnding to varicus ligqucr
cenecentraticons., '

For exchqngye hetwsen a muncvalunt caticn A and

a divalent catlon B

(at) B ' - : g
log (kﬁ;) wae alsc pletted against lcg (Xg } |
* ' T
VR | - xB

This plct was also linear and gave equilihrium

curves identical with thoee obtained from the previcus plct,



5.3 Grephlical Interpretation of'Results}‘

Two varlations of the-proposéd scheme were
considered.' In the first i1t was assumed that no resin -
'was‘introduced with the feed solution and in thé sécond _
that resin equivalent to the potqssium in the feed was
added with the feed golution, Only the first method
was investigated because of thé disad#antages of the

sccond varlation, namely,

(a) the transfer of resin would be made more
difficult by having to recycle a constant
fraction with the feed solution.

(b) extra acid, equivalent to the potassium recqvéred

in the product, would be required.

- The operating conditions 6f the column were
obtained graphicelly from the equilibrium curves by a
method similar to thﬁt used by McCabe‘and Thiele for
analagous frdctional distillation separaticns (6'7’8'9’103.
The graphigal determinaticng were limited tc separaticne
In which the aquecus and resin concentraticns could be
each represented by a single.variable;’e;g; the
separation‘of'pﬁtassium frcm elther éodium or magnesilum
and the separaticn cf pctassium frem sodium and

-mognesium at a constant scdium to magnesium ratic,

5.3.1 ~ Equaticns c¢f the Operating Lines :
Two cperating lines were used in conjunction
with the equilibrium curves t¢ determine the cperating
éonditicns. In cdlculating the equaticns cf these

lines the following'aesumpticns were made -

(a)  the amount of resin in the main cclumn was

just equivaleht-tc the potassium,

(b) the flcwrate ¢f the resin was ccnstant.



.
(¢) one gram equivalent of product was cbtoined in
unit time.

(@) the product and waste reflux ratics were related

80 that no extra acld was needed.

- The proposed scheme is shown in Figure 2,

where

F = feed in gram equivalents of total caticns
| | per uhit time.,

W = waste v " " "M gaticns
pér unit time,

P = 1(one)  ‘ product in gram equivalents of

total cations per unit time,
V & gram equivalents cof total caticns carried
by the resin in unit tine.
C - gram equivaleﬁts of Total caticns carried

by the aquecus solution in the

enfiching section in unit time.,

U = gram equivalents of total caticns carried
by the aquecus scluticn in the
8tripping secticn in unit time.

R = reflux ratio of the enriching secticn,

| x_';- equivalent fracticn of potassium in the

aqueous sclution,

-y & equivalent fracticn of pctassium in the resln,

a = n gl " " N feed,
b & : f ot i o T Waste;

né&m refer to. the theoretical gtage numbers for
the enriching and stripping secticns

respectively,

Considering the Enriching Section of the Main Cclumn

Agsume the cclumn is in continuous cperaticn

th

'and.consider the n staze and the section below 1t,
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i

A materigl balance in unit time gives
Vn""i = On '+‘1
A potassium balance gives |
Vn#y * Yn+#1 ¥ On * Xp + o
. On X c
OT ¥n+1 T Wyt 0t Ve
Since the exchanges take place bylequlvalents, O and V
are constant for this section and O = R since 1 gram
equivalent of product is obtained in unit time,
R h c
Se Yney = Y - X+ oy
but V=0+1 = R+ 1

P y = — . X +‘ et ., (6]
i Y S i, . (a)

This 1s the equation of the operating line for

the enriching sectlon. -

Considering the Stripping Section of the main column.
| Consider-the mth stage and the section above 1%,
A materlal balance in unit time gives
Oy = Vm + W
A potassium balance‘gives- ‘
'Gm}‘] . X+ ] © Ve ym ¥+ W'b |

0 and V are constant in all stages of this section
S O e Xpgey = Voo oyp + Wb

but 0 =0+ F and 0O = R

s, O ® K+ P
| o (R P) v Xpeq = v ym A4 Wb
+

or Vo - &

A B w
. - . -~ e, b
<« Ym = T i1 o+ R+ 1 ()

This is the equation of the operanting line for
the stripping section.
Both equations give the relationship between

the concentrations of potassium in the aqueous and resin
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phuses with the reflux ratio of the enrichlng section és

the only other variable, The édudtions represant

gtraight iinee wifh~slopes of R/R+i and %}? respectively,
5e3s2 - Determination of the Operating Conditions : |

Theoretlcal Stages

The number of theoretical stages required at a
given reflux ratio was found by tracing down the
equilibrium curve from the point (c,c.) on the X = yAline,
alternate horizontal and vertical lines between the
equilibrium curve and the operating linesaé gshown in
Fig. 3. Each horizontal line was equivalent to one
thebretical étage. The stoge which corresponded most
closely to the interscction of the operating lines was the
feed stage, Bince stgps were.drawn from the product end
of the equilibrium curve .the ngmber-of theoretical stages
. in the enriching section, i.¢. above the .feed stage on

the graph, was alwdys'a whole number,

Minimum Number of Thecretical Stages

The minimum of theoretlical étages are requlred
when the reflux of both the enriching and stripping sections
equal 100 pef.éent. Under these conditlons, R, the
reflux ratic of the enriching scction beccmes infinitely
large and the equations of both operating lines reduce to
X =Y. The new operating lines are coincident with the
X = y 1ine. - The minimum number cf stages was fcund by
drawing the horizontal and vertical steps between the
equillibrium curve and the x=y line. |

Minimum Reflux

The minimum reflux for any given separaticn can
be used only when the cclumn contains an infinite number
cf theorétlcal'etageé.. Graphlcally this occurs when
the operating 11nes<1ntersect'anthe_equilibrium curve
and 2an infinite number cf stages can be drawn in the
pinches which cccur c¢cn each side of the 1nteréection pcint,

(Figure 4). The equaticn for the lccus of. the inter-
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scGticn of the operating lines can be derived frem

equations (a) and (b). The equaticne may be written
R | 1
Torg s g A == T
® e s o009 0 e (a)
R+F Xy o W
Yney ¥ OFE s

- _ ceerieeneea. (c)

Since‘etages n + {1 and n of the enriching secticn correspond
to stages m and m + { respectively of the stripp1n§ section.
Multiplying by R + { and subtracting (c) frem (a) =
F.Xn = Wb '*" [¢]
But the overall pctassium balagnce of the main cclumn is
F.a £ VWb 4+ ¢

e "Xn &’ g

~ The locus.df the:intersection cf the cperating lines 1is p
X = a, a stralght line parallel to the y axise at a distance
“equal to thé equlvalent ffaction of potassium in the feed,
The minimum reflux was cbtained from the‘intersecticn cf
the line x = a and the equilibrium curve,
5e3.3 = Pfcduot,'whste and Feed Compcsiticns :

For the purpcse ¢f cbtaining numerical vaiues
for the number cf thecretical stages, etc., 1t was
necesgsary tg assume a prcduct grade and an ﬁverall pctassiuﬁ
"rec¢very.‘_ |

It was assumed that 90 per cent. of the pctassium
was reccvered in the prcduct,; and the potéeeium would
ccmprise 96 per cent. by weight of>the caticns in the
prcduct.

Prcduct Compositicn

Agsuming the ratic of sodium tc magneegium in
the product to be similar tc that of the original blttern,
the equivalent fracticns cf the three caticns necessary

to #ive the required prcduct grade would be as folleows -

Potassium, K = 0.909.
Sodium, Na = 0,046
Magnesium, Mz & 0,045
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The- equivalent fracticn of potassium in the
product, ¢, was assuméd to be equal to 0,91,

Feed Composition

The composition cf the feed scluticn cbtained by
diluting the bitterns te a tctal catlcn ccnecentratian of

2.1 gram equivalents per litre would be

g2/1, 2,eq/l. - Eq. Fraction
Sodium, Ne 23.5 - 1.02 : 0. 49
Pctassium, X 3,39 - 0,087 0,041
'Magnesium,  l2.l 0. 99 0.47

The equivalenf fracticn of pctassium -in the feeqd,
a, therefore equals 0,041,

Asguming a 90 per- cent. reccvery of the

potassium,‘l%% X 0.91 gram equivalents c¢f potassium will
enter the column in unit time, The feed flowrate, F,
= 290 0,91 R

790 * 0.041

w 24,4 gram equivalents cf total caticns per unit time,

The operating conditions for all separations were determined
by assuming that the CGncentratidn of pctassium 1in the'feed
was equal to that cf the bittern, namely, 0,041 equivalent
fracticn pctqssigm. For exampie, in the geparation of
potassium from scdium, 1% was assumed that all of the
-magnesium had been replaced by an equivalent amcunt cf

- scdium,

Waste Compcsiticn
| The number of gram equivalents of tctal cnticns

leaving the cclunn in the waste, W, equals F - 1.

n

i.es W 23.4 gram equivalents ¢f tctal caticns

per unit time,
Bince thie scluticn centalns 10 per cent. of the
potassium added in the feed; the ccneentration’c -f the

pctassium in:thc waste liquor, b, equals

DACSINEE S S VI P A

sy : i e ‘.l.~:x‘<:‘
) l.-.\~ (SRR et il fies

%8#fv Q. 004 (3) eQuivalent fracticn potassium, . -
(ST L SF ehmeaade sl Bho Pand
6. RLSULTS B N “

6.1 'Prbliminqry I“Vbstifqtibn8'3 i

- -, .-'(4‘
oA LA P

"“;w Proliminlry quilibrium tests Shcwud the ethnt
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the affinities of the various cations for the resin.

cations equivalent tc the total anicn loadings.

tests were carriced cut at a total cati
were obtained by subtracting from the

of the neutral salt adsorpticn. and

1.2

—— 5 U 4005 . _ _ . R 3T 8 1 ¥ g
TRST 9. FRACTION GoEn. /L e &5, PER G, DAY HYDROGEX PCRYRIZLT Z]. ﬁ-pceHoww.
- - ~ - J o o Totald Total  Ixchznge . PR
ha K 8 Cl 504 €1 304 snions Cations Cations Ka K at
D,1 0,503 0,497 - 1,20 - 0.27 - 0.27 5.34 5.07 2,383 0.612 -
0.2 0.503 0.497 - - 1.20 - 0.5t 0,51 5.48 4,97 0.396 0,604 -
Uom Oomom Oo\._.h\um - ;_QOO QONO Ucww Q-a.ﬂ ch.o : Wo.—w A.o@d Uo..mew Oomam -
3.3 - - 1,000 1,20 - | 0,26 - 0,26 5,42 5.16 - - 1,000
o D& - - 1.000 - 1.20 - 0,36 0,36 5.42 5.06 - - 1.000
”m‘ﬂrm - - 1,000 1,00 0,20 | 0.24 0,20 0,44 5452 5,08 - - 1,000
© D8 - 0.499 0.501 1,20 - | 0,26 - 02,26  5.49 5.23 - 0,534 0,466
- .10 - 0,500 0,500 1,20 - 0,28, - 0.28 5,55 5,27 L 0.524 0,476
= : . - . e , 7 _ g
° D.9. - 0.498 0.502 - 1,20 - 0.37  0.37 5,48 7o 11 - 0,602 0,398
o D11 - 0.497 ©.503 - 1,20 - 0,32 0.32 5.48 5,16 - 0.593 0.407
m 5.7 0,338 0,330 0,332 1.00 0,20 | 0.16 0.19 0,35 C 5.45 5.10 9,233 0,405 0,362
a 212 0,505 - 0,495 1,00 0,20 | 2.21 0,11 0,32 54 5,12 0,408 - 0.592
—
=
@
[0
S



6.2 Beparation of Potassium from Sodium

This separation was investigated at twé_conc%n—
tration levels, namely, 1.2 and 2.1 gram equivalenﬁe of
total cations per litre,  Sodium form resin was usediin‘
both. series of téefé dnd the results are shown in Tables
2 and73. The experimental data were plotted.and
empirical formulae determined for each series, The

formulae obtained were

+ + % 0. 966

K- K
XR . o Xy .
= 1,54 { — 1} at 1.2 g.eq. /1.
at ' Na* ‘ a./
)%’ n = -. Xs ©
| \ 0.948
ng | XKf \\ 9%
. Xg .
and X§é+ h 1-46 | §a+/1 at 2.1 8-eqf/1v

Calculated values for the equivalent fraction of potassium
in the resin.for each aqueous concentration were obtained
from the formulae and are shown in the tables together

~ With the differences between the calculated and expefimental
vglues. The equilibrium curves drawn from.the raespective
formulaé are shown in Figure 5, The graphically
determined operating conditions necessary for the
separation'of potassium from sodium are shown in Tables

4 and 5. In each case the feed solution.ﬁas assumed tb
have a composition similar to that of the original. bittern

but with the magnesium réplaced by an equivalent amount

of sodium,.
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TASLE 2,

SapaRATION O POTASITULL RO 301U,

Total Cutions = 1.2 z.eq./1. Cl = 1,00 g.eq./1. 804 = 0,20 g.eq./1.
AQUB0T &  —— R % 8§ I 3
gubrey £G,  FRICTION o @R DER G, DRY HYDRCGEH POXA RIBIH - EQ.  FRACTION
1 0,005  9.995 0,22 0.11 0433 5,61 5,28 2,007 0.993 1,996 - 9.903
2 5,043 2.957 0.22  0.12 0.34 5,50 5,16 0.031  0.969 0.969 o
3 0.084 0.916 0,22 0.1 5.33 5.43 5,10 3.963 0,937 04939 - 0,002
4 0.154 0,846 0.22  0.10 0.32 5,41 5,09 2,118 2,982 9,889 - 0,007
19 0.253  0.747 n.d. D.G. n.d, 5,27 tods 2.184  0.816 c.014 + 0,002
5 2.303  0.697 0.24  0.087 0,32 5, 74 5.42 0,245  D.751 0,775 - 0.0242
13 0.303 0.697 n.G, n.d rn.d, 5630 Ned. 0.225 9,775 3779 0
6 0,404  0.596. 0.22 0,092 0.31 5459 5,28 2,313 0,687 2. 691 - 0.004
7 0,503  0.497 9,20 0.1 0.31 5,56 5,25 5.403 0,597 Y, 603 - 2,006
17 0.553 0,447 n,d. = n.d, a,d. 5,15 1,4, 0.437  0.563 9,556 + 0,007
8 2,603 0,357 0.23 0.1 9,34 5,46 5,12 0.4%54  0.516 3.506 £ 2,910
9 0.703  0.297 0.24 0.1 9.35 5,44 5,09 9.590 9.410 3. 401 £ 1,009
16 D.752 0,248 n.¢. n.d, n.d, 5.39 ned, 2.,566  9.33¢ ), 345 - 2.01
10 0,352 0,148 0,22 0.1 0.33 56955 5,22 2.766 9,234 0.220 + 1,014°
15 0.852 0,143 n.d. n.d. n.d. 5,42 nads 7.780  0.220 0,22 - 0.001
11 2.919  0.081 9.22 2.1 0.33 5,48 5,15 2.872 9,128 2,128 0
12 0,960 3,040 0,22 0,12 0.34 5e52 5.13 7.933 0,057 2,067 0
14 0.330 92,020 n.de n.¢, Teile 5.73 3eCa D,367  1.033 0,935 - 2,002
13 1.000 - 9.23 2.12 D433 5.41 5.03 1.000 -~ -- --
AVGa. 0,22 .11 Je33 Ge47 5419 q, . 0e DLIACH  + 0,009

n.de = not determined
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- oaBnE 3. - o
SAPARATION Qf:@" FOTASSI UL PROIT 30DI U,
Total Cations = 2,1 zZ.eq./1l. Cl = 1,75 z.eq./1. . 804 = 0,35 z.eql./1.
A3UBOU S I - — R85 5 I X
TE5T LQ FRACTION 4, EG, PER G. DRY LYDROGEN Fi ¢ RESIH | ———— 33, FRACTION
20 0;900 0.100 0.42 0,22 '0.64- 560 4.96 ' 2,346 0,154 2.1€9 - 2,011
21 0,801  0.199 0,42 0.18  0.60 5, 54 4,94 0.715 0,285 0.281  + 0,004
22 0.702 0,298 J.43 0,287 2,712 5o 64 5,03 0.605 9,395 0,394 + 0,001
23 0,553 0,447 | 0.45 0.16 0,61 5,61 5.00 0.449 0,551 h.545  + 0,006
24 . 0,454 0,546 0,43 0,13 0.61 A5.71 5.10 0.366 0.634 7,635 - 0,001
25 23,307 0.693 0444 0,15 0.59 5.73 5.14 0,243 0,757 7,760 - 0,003
26 0.210  0.790 | 0.44  2.17 0.61 5.64 5.03 5,163 .937 0.8237. . 0
27 0.113 0.887 0,44 0,15 0.59 5,63 5.04 2,037 2.913 9.912 + 9,001
AVGE, 0.44 0,17 9,61 5.64 5.03 - R3S, DIFFZIGITCE  # 9,005

PRt
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BED H2ETON € PoTKEETﬁMA%RoM SODIUM, OPERATIKG

CONDITIONB

1.2 g.eq. Total Caticne per litre .

Enriching BSection

Stripping Section

Theo— Theo— Toval No,
~ .retical retical Theoretical
Reflux, R Steges Reflux, Btages - Gtages-
% below o above
. Feed Feed
N ’ Stage Btag e
96méd' 30,5 infinite 57.3  infinite infinite
97.5 39 16 63,1 10.4 27. 4
98,0 49 14 68,1 8.0 23,0
99.0 99 13 81,0 4.6 18,6
100,0  infinite 12 100.0 3.1 16.1%
(a) = minimum reflux (b) = minimum no., theo~

reticol stazes,

M FROM SODIUM,OPERATING

' TABLE g.
LPARATION OF POTAS!

CONDITIONS

2.1 #.8q. Total Cations per litre

Bnriching Section

Strippin: Section

_ Theo~ Theo— fotal No.
, retical retical Theoretical
Reflux, R Stazes Ref;ux, Stages Stazes
% below % above
Feed Feed -
Stase Stage
@) :
96.8 30.3 . infinite 57.1 infinite infinite
97.5 39 17 63.1 9.7 27.7
98.0 49 16 68,1 6.8 23.8
9900 99 14 8100 407 1907
100.0 infinite . 13 100,0 3.3 17,§b)
(a) = minimum reflux (b) = minimum no, theo-

retical stazes, |
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6.3 Separgiion of Potassium from Magnesium

These tests were carried out at concentrationg
of 1,2 and 2,1 gram equivalents of total cations per
iitre. Both types of lozarlthalc pldt were used to

obtaln the following empirical'equations —

xk? o R
Rg” ® 1,18 —-%—:—
Xg". . »X3L~-A

~and . \

XK+ 2 ‘(XK*KE 0,853

R e aas (AT )
ngff ) -\,ngff/ at 1.2 g.eq. /1.
XK.’. . K+ \ Oo 894
R g

—— & 1.49 ++i
2 : xle
R g

and

Xg 2 R /" K*Y 0,843
) Y B | G
. = 1,62 &_E_;_.

[t ; n*f/ at 2.1 z.eq. /1.
X2 - .xgb' ; “

The results cf the tests and the caiculated_
values for the equivalent fracﬁions of pctassium for esach
- aqueous concentrdtion are shown in Tables 6 and 7. The
ccrresponding éqnillbrium curves are given in Figure 6.
The operating conditicns heoessary tc separate pctassium
from'magnesium at a totai cation ooncentration of 2.1 gram
equivalentes per litre are recorded in Téble,8. These
values were obtained by assumlng that a1l of the scdium
in the bittern had beén reploced by an equivalent amount
cfAmagnesium.A . The cperating conditions cculd nct be
détermined for the tests at 1.2 gram equivalents per litre
because the equilibrium curve crossed the x = y line at
‘0.757, Hence, 1t would hct be possib1e>to obtain-the
required prcduct grade Cofresponding to ahpctéssium

equivalent fracticn of 0.91.
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TABLE 6,

{

Nt T o Y e T S T T~ & R b
Ul asolUtE RO 28 GrLudTUiul,

= 0,20 g.éq./l,

U2 0U 3 R 3
TiuiT Be FRaCIICH Ko Ble FPOR G, ORY HYOROGHE FORE R3ISIY . e A5 PRUCTICE
- e - Tetal Totadl Eiechaonge - - Caleculsted G om
£ I 304 nions _Cations  Cations - g MRS pirference

1 9.961° 0,039 0.23  0.11 0.34 5455 5.21 0,948 0,052 2,948 0
-2 2.922 2,078 0.23 0,12 - 0,35 553 5,18 2.359 2,101 7.507 - 2,003

2 0.354 9,146 0.22 0,11 - 0,33 5,35 5,02 .33 92,16 9,342 - 0,008 -
i 0,749 0,251 Neds ~nede Ned, 5.91 Nel. 0.756 0,244 N,750 + 0,006

4 2.705 0,295 .22 9,11 2.33 5.51 5e18 3.710 0,290 0.713 - 2,003

5 2.606 0,394 0.23 0,11 3,24 5452 5419 h.826  9.374 9,630 -~ 0,004

6 0,506 0,49 0,23  02.11 0,34 3.57 5.23 0.549 3,451 N, 546 + 0,003

7 0,405 0,565 .21 2,11 0,32 Se44. 312 0.4563 0,937 0.459 + 0,004
19 0,298 0,702 .0, N,U, n.d. 538 n.d, 9,372 . 0,623 Yo 361 + 0,011

3 ).304 2,596 0,22 0,12 2,34 5. 50 5,16 0,373  9.627 7. 358 + 0,005
14 0.248 0.252 n.d, n,d. n.de 5¢49 N3, 0,213 0,697 94313 )

9 2,151 0.049 - 2.21 .12 0.2 Fe52 5.19 2,217 02,733 1212 + 0,005
12 0,231 2,919 0.21 .12 2,33 5650 5617 2,125 2,795 74129 + 0,004
1" 0,040  92.950 .21 J.12 2433 5,46 5.13 3,066 2,934 0,072 - 0,906
13 7,020 9,980 fed,  N.d. Ned, 5,57 Nels 7.032  0.988 N, 040 - 9,008
12 ~- 1,000 J.20 0.13 2.33 5,48 515 -- 1.000 1.020 -—-

AVGE, D622 2.12 3433 5e b4 517 R iena JEFICH, b 0.006
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Ox_ C7 PCT.WSSLINT #'ROL. BLy

Cl = 1.75 z.eq./1.

R E 3 I

504 = 2435 z.eq./1.

T%aT 25, FRACTIOHW M, B3, PIR G, ORY HYDR0GLIT FORI ®sI1w - et B0 0 TRAGTION | e
BN T e té Brehanse . : wtad
T :L—g o1 _)04 10-!.'.}1 TS ?L}a 1 432 .C{llnt{e Yy ?kr:z Calculsted DiT fe“encc
- snionsg Cztions C=tions > )8 : =

0.21
0,20
0415

9.19

9,62

0,62

0.61

2,61
0.60

5.76
5.65
5,66

5o 60
5.59

LS 2 T W |
. .
N
~ O

1
L

A%
O

.21

.03
.08

o \n

7

4.98
4.93
4498
5.06
4.99

7,932
9,374
2.829
2.761

J0.534

0.456 -

0.226

0,170

2,068
9.126
0.171
0,239
0.416
0,544
0,704
2,830

00953

Q.874'

0.935
7,758
0.59

0,298

7.170

0.021?
0
0,006
6,003
0,011
0,001
0.002
o

0.138

>
)
CN

(O8]

5,03

e oo
g iilg g

DLIRCE,

1+

7,008




_ - - TABLE 8. ,
SEPALF-TION OF :0TASSIUM FROM MAJSNESIUM,OPERATING
' _ CONDLTIONG

2,1 g.eq. Total Cationa per litre.

Enriching Scction Stripping Section »
’ Theo— Theo— Total No,
retical . retical Theoretical
Reflux, R - Btages  Reflux, Stages Btages
% ‘below % above
Feed Feed
_Stage Btage
95,§a)' 20.2  infinite 47.5 infinite infinite
96 24 18 51.6 7.9 26.9
9 32, 3 16 - 8.7 4.7 2l.7
99 99 .14 81.0 2.6 1g.§b)
100 infinite 13 100,0 2.4 16,4
(a) minimum reflux (p) minimum no. theoretical
- stages.

6.4 Separation of Potassium from Sodium and Magnesium

Since the behaviour of all three catione could not
be determined graphicaily, it was necessary to keep the
ratio of sodium to magnesium constant. The first tests
were carried out at 1.2 gram equlvalents of total cations
per litre, using resin which was partly in the sodlum form,
The ratio of sodium to magneslum iﬁ the aqueous solutions
was approximately 1.1 to 1, but at high potasslum concen~
- trations the sodium introduced with the resin increased the
ratio. The following empirical formula.for the exchange
was obtained from the logarithmlc plot of the data -

N

PRI

Rl

A x (M . ugTH
L 8 ‘
Potassium form resin was used in the»tesfs at
2.1 gram equivalents per litre and the sodium to mognesium
retio was held constant at 1:1. The empirical formula

found for this e¢xchange was :—

XI.{*-" . . XK+ ) 0. 912
R & 1,45 5 i
x(Na¥ + Mg*f)

x(Na* + ug**)
R . S
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The resvlts of both éeries of tests.are shown
in Tables $§ and 10 respectively, Figure 7 shows %the
two equilibrium curves and Figure 8 is a plot of the
sodium and magnesium concentfations in the resin and
aqueous phasécs,

The opérating conditiohs‘necessary for the
- separation of potassium, assuming constant .sodium to
magnesium ratios in the aqueous phase of the exchange -

columns are given in Tables 11 and 12.
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Ly '] b .
SEPARATICH OF PCTAUSILE & tC: SOSITHE AND L0TESIUN,
Cations = 1.7 s.eq./1, Agueous Ta to #g ratio 1.1 ¢ 1 (vprox,) Cl = 1.0 z.cco/2, 3024 = 0.20 g.cq./1.
A gu30oTs — — % B s I ¥
CEg.  ERLCTICH i, . PER G. DY HYSROGUE NOW RESIN S 35, TUGTION  ew——
- 1 A - Total Total Exchange e - Sies Calculated ... -
A K g v Y Anions. Cations Ca thi“; e K e lK L Differerce
1 0.519 0,021 0,460 0.20 0.09 0,26 5e49 £,20 2,430 02,031 0.532 0,041 = 9,010
2 0.505 0,046 0,449 0.2 0.11 0,32 5.58 - 4,26 - 9,414 0,977 0,509 0,080 - 0,003
3 0,483 0.092 0,425 2.21 0,10 9,31 5.45 5.17 2,376 0,146 3.478 0,145 + 0,001
4 0,458 0.139 0.403 0,22 0,11 0.33 5.50 5.17 0,242 0,207 0,451 2,205 + 0,002
5 2,410 0,233 0.357 0,22 0,10 0,32 5.33 5.01° . 2.276 0,325 9,399 0.313 + 0,012
6 0.360 0.329 0,311 0.21 0.10 0,31 5.45 Zel4 3,248 3,411 0,341 5,411 0
7 0.312 0.424 9,264 2,21 0.09 0.30 5,37 5,07 0,203 9,505 0,292 0.502 + 0.903
8  0.262 0.522 0.216 2,22 9,11 2.33 5,47 5014 0,172 2.578 0.250  9.589 - 0,011
9 - 0,209 0.621 0,170 0.21. 0.10 9,31 5e44 5.13 0.133 0.665 92,127 5,673 - 0,008
10 0.160 0,718 -0.122 | 2,21 0.11 0,32 5.40 5,08 2,106 0,742 0,152 Yo 75 - 1,012
11 2.106 03.31% 0,075 0.21 0.11  0.32 541 5.09 2,076 2.233 9,991 1,837 - 0,004
e 2,082 0.2¢69 0,049 .21 0.11 0,32 5.56 5.24 7,054 0,381 7,065 2,279 + 0,002
13 0.055 0.219 0,026 |} 3.21 0.1 0.32 H.54 - 5.22 D.033 25,929 2,233 3,921 + 1,008
14 0.040 0,350 - 0,010 0.20 2,11 0.3 5,41 5.10 2,022 0,948 0,024 2,949 - 2,001
SAUCED 0.21 0.11 0,31 546 5e14 Rif, 5 DIFCT, = + 0,007
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tions

= 2,1 Z.00./1

o~
£

TABLE 10,
S22 TICH OF POTASSI Uk TAQH

Fachahatrin Yol

SCOIUE 5D s

LTI T TS
a Gkl Ul °

(@]
—
L]

Acueous I to iy

1 ° 7_5 e 8C .//l.

Tie

Lotal Ce g ratio =1 : 1 GG = 0.35 _:f*.'.eqo/l.
AQGUZOU S | R & 8 I ¥
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0,43 0,16 2.59 5.75 5.16 0,111 0,757
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TABLE 11, :
SEP4+ATION OF POTAFS 10M FROM SODIUM AND MAGVTQIUM
OPERATING CONDITIONS."

1,2 g.eq. total Cations per litre.
Na to Mg Ratio 1,1 : 1 (approx,)

ENRICHING SECTION - STRIPPING SECTION

TOTAL No,
Theoretical Theoretical Theoretical
Reflux, R Stagesbelow Reflux, SBtages dove Stages
7 : - feed stage. - % feed stage.
96.3 26,2 infinite . 53.7 infinite infinite
97 32.3 28 58.7 8.2 . 37.2
98 49 a5 68.1 5.1 31,1
99 99 23 81.0. 3.8 27.8 )
» ' ®
100 infini te ze - 100.0 2.3 25, 3
(a) Minimum reflux. " (b) Minimum no, theoretical
' stages,
TABLE 12,

PARATION OF POTASSIUM FROM SODIUM 4ND MAGNESIUM
- OPLERATING CONDITIONS,

2.1 g;eq.‘Total'Cations per 11tre.
Na to My ratio 11,

ENRICHING SECTION STRIPPING SECTION TOTAL No
' Theoretical Theoretlcal Theoretical
Reflux, R Stages belar - Reflux,. Stages above SBtages
. feed stage. ﬁ feed stage,.
95.éh> 23.7 infinite 51,3 infinite infinite
97 32,3 16 58.7 . 6.7 1 2.7
98 49.0. 16 ' £6.1 4.6 21.6
99 95 . 15 _ 81,0 - 3.2 19.2
100 irfinite 14 ' 100.0 2.5 17.éb)
(a) Minimum reflux. (p) Minimum no, thecretical
stages.

6,5 Separation of Sodium from Magnesium
| .

The tests were carried out at a total caticn

concentration of 1,2 gram equivalents per litre, © Both

I
!
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‘ngdrlth:3c~ﬁ1ﬂ%~ T Lng made and the following Two bmpirical
sapntion,, were devaed from the stralght lines of best fit -

Na* | xNa+ |
R a 0.692 S
e’ | xie”

and

a0 g [

The equivalent fracticns of scdium in the resin

CQ

corresponding tc each aqueous concentration were calculated
from the fermulae and are shown with the experimental.

results in Table 13.

- TABLE 13,
SEPARATION O ODIUM FROM MaGNESIUM.

Total Cations = 1,2 g.eq./l. 0l = 10 g.eq. /1.
804 @ 0.20 g.eq./1.

AQUEOUS - . RESTI N‘.

TEST EQ. FRAGTION | G, g%& #° ___ EQ. FRACTION —
' FORM RESIN - e
Na Mg | 0P, Na Mg TR ‘Bif*ve‘

1 o.é23 0.777 | 5:45 0.166 0,834 0,166 0
D.12 0.505‘ 0. 495 5.44 0,403 0.592  0.414 - 0.006
2 0,611 0.389| 5.48  0.522 0.476 0,521 & 0,001
3 0,707 0.293| 5.51 0,630 0,370  0.625 + 0,00%
4 0,502 0,056 5. 40 0.363 0,137  0.764 - 0,001

L. DISGUSSION.

7.1 Pruliminary Investiy sations

The resin loadings shown in Table 1 indicate that
the affinities of the three caticns fcr the resln dacic:ac
in the order potassium, magnesium and scdium, It should
be possible, therefcre, to separaﬁe potassium ffcm.bcth

sodlum and magnesium in a single exchange unit.
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Y

For potass;um~§sod1um solutions the equivalént
fraction of potassium oh the resin dld nct dépend cn ?he
nafure of the anicn present, i,e, chloride cr sulphaté,
but in potassium- magnesium solutiohs the‘pctdsslum resin
lcadlings were higher in sulphate than in chlcride
sclutions, Since the ccmpositlocn of the biltterns 1f fixed
‘and bcoth chloride and sulphate are presént it is not |
pdssiblé to take advantage ¢f the lncreased édsorption cf
the potassium in sulphate scluticn,

The fctal anion loadings were higher than were
expeéted and varied frcm O.EG,tc-O.51 milliéquivalents
per‘gram of dry hydfogen fCrﬁ resin, Both the sulphate‘
and chlofide-—suiphate goluticns gave highef anion 1oadingé
than those obtained from solutisﬁs cchtaining chlcride

C’nly-

7.2 Separdtion of Pptaésium from Sodium

The empirical equaticns represent;ng the
equilibrium curves at both concentraticns were very
.similar.but.the separatioh of the potassium was slihtly
better at the lower concentration, This 1is in azree-—
ment with theoretical ccnsideraticns because it can be
shéwﬁ that mcno-moncvalent exchanzes are basically
uhaffedted'by’concentration chahges (Appendix). . Hcwever,
some alteraticn of the distributicn was toc be expéctad
because of the changes in the activities of the icns and
'the increased adscrpticn cf neutral salts at the.higher
concentration, ‘W1ﬁh-a reflux cf 98 per éent, ~f the
preduct abcut‘24 theéretical stageé weuld be required to
separate the potaseium, at both concentraticn 16#318. 

7.3 Separaticn of Petassium from Magneslium

The equilibrium curve representing fhe exchange
qt a coneentration of 1.2 gram equiValents‘tctal caticns
per litre crcased the x = y line at C,.757 equ1Va1ent-.
fracticn of pcfassium. ~Hence, 1t would not be possible
tc cbtain a prodﬁcf containing more than this concentration

¢f potassium,
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When the total caticn éonoentraticn was inc#eased

tc 2.1 gram equivalents per litre the separation was é
improved ocnelderably ﬁnd the equilibrium. curve inter%
sected to x = ¥y line ot 0.978 equivalent fracticn of |
potassium, Theoretical considerations (Appendix)
indicate that such an increase in the adsorption of the
potaésium was tc be éxpected as mono~divalent exchangé%
are ccncentration dependent. At the hlgher conecen—
tréticn, and with a reflux of 96 per cent., of the
product about 20 theoretical stoges would be requlred fo
separate the pctassium, 'This 18 o smaller number of
stdges than were required for the corrésponding separdtion
from sodium,

7.4 Beparaticn cf Potassium from Sodium and Mamnesium

N The results of the tests carried out at 1,2 gram
equivalents of total caticns per litre were slightly in
'error~becau§e the sodium to magnesium ratic was nct constant.
Although the errcrs were greater than GXpérimentql errcrs,
the reeuite were sufficlently accurate fcr comparison:with
the pther tests, The equilibrium ourves intersedﬁed the
X = ¥y line at 0.939 and 0,965 equi#&lenf fracticns cff
potassium respectively. The increased séparaticn cf the
potdssium.waa due tc the décreased adscrpticon of the
mognesium as shown in Figure 8, - At 2,1 gram equivalents
of total caticns per litre and a reflux cf 98 per cenﬁ; of
the product abcout 22 thecretical stages would be required
to separate the pctasslium, aeeuming_a constant ratic of
sodium -to mdgnesium in the aquecus phase.

7.5 Separaticn cf Pctassium from Bitterns

The behaviour of all three caflons in the céiumn
could not be determined gfaphically frem equilibrium curves,
The cperating conditicné Cetermined for the separatiaﬂ of
poctassium from scdium and from magnesium,:assumed Tead
soluticns similar 1nroompcéition tc that of the bittern Edf*\.\

with the magnesium or scdium replaced by an équivalenﬁ
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_amount of the. other cation, These operating conditibns
were cguivalent to the méximum énd minimum reqﬁirementé
for the separation of potassium from bitterns, At a
cénceﬁtration of E.i gram equivalentslof total oations%
'per litre, the conditione necessary to recover 90 per cent.
of the potassium in a product contdinipg 0.91 equivalent
fraction of potassium would lie between the following
"limits, _ _
Minimum Reflux (Enrichiﬁg Section)  95.3 — 96, 8% |

" " (Stripping Section) '47.5A~ 57.1%
Minimum no. theoretical stages. 16.4-~ 1?.3

No. of stages at 98% reflux
(Enriching Section) ~ 19,2 - 23,8

These condltions are.very gsimilar to‘those
obtained for the separation of potassium from sodium and
magnesium whefe the sodium to magnesium ratio in solution
was kept constant. |

7.6 Beparation of Sodium from Msgnesium

Magneslum was adsorbed more strongly‘than godium
in these tests which were carried out at 1,2 gram |
equivalents of total cations per litre, No simple
. relationship could be .found between the' empirical
equatidns representing this exchangé and those obtained
at a simildr aqueous cohcentration fof the potassium~ sodium
and potassium-magnesiumvtests. No tests were made at
higher aqueous concentrations but the magnesium would be
almost certainly adsorbed 1ess‘strohgly. This is
‘indicatéd also by the graphs shown in Figﬁre 8.

;7.7 Neutral Salt Adscorption

The anion loadings found at each ccncentrntion
level were not significantly altered by changes in the
combinaticne of fhe caticns in solution. Increased
loadings were obtalned in the more ccncentrated scluticns.
The following results were obtained by averaging fhe
lcadings for ail the tests carried<but at each of the two

aqueous ccncentraticns, = Extreme values are included.

[y



Agueous Toncentration :
£s€de /1, 1,2 . 2.1

fiesin ioandings m. eq..
per dry H' form resin

Chloride, 01 0.21(0.20 to 0,24) 0.43(0,40 t0:0.45)
Sulphate, 804 0.11(0,08 to 0,13)  0.17(0,15 to 0.22
Total Anions 0.33(0.29 to 0,35 0.60(0,55 to 0,64
Total Cations. . 5.49(5.3%3 to 5,91)% 5,67(5.54 to 5.80,
Exchange Cations 5.17(5,01 to 5,42 5.07(4.93 to 5,21)

# next highest value 5.74

It is probable that not all of fhe supernatant
liquor was femoved from the resin beads by filtration, hence
the total anién and catlion loadlngs were almost certainly
high, The relative concentration of the sulphate in the

- resin was gfeater at both‘aquebue concentrations than that:

of the original solutlon,

7.8 Equilibrium Curves

| 'The equilibrium curves drawn from the empirical
equations represenfed the experimental data very closely.

The greatest deviation between the experi@ental resin
loadings and the loadings calculated from the empirical
equatione was 0,024 equlvalent fraction of potaséium. " The
Root Mean Square deviations for each serics were less than

+ 0.0lO equivalent fract;on. _Any variations of the experi-
ﬁental data from the empiricgl eqﬁations‘were considered

to be due to experimental errors,

8. CONCLUSIONS.

The investigntions showed that potassium should
‘be recoverable from salt bitterns by a single continuous
counter—current ion exchange system with reflux of both the
-aqueous broduct and waste cations adsorbed on rebycled
‘résin. ,

Equilibrium tests at 1.2 and 2,1 gram equivalents
of total cations per litre showed that a better separaticn
of the potassium would be obtained at the latter ccncen-
traticn, Higher ccnecentratlions were not practicable
because of the possibility of potassium salts crystallizing

in the exchange columns from the product'refluk scluticns.
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The bitterns would have to be diluted with water'fo abcut
one trird of the\origlnal concentration before sntering
the -exchange cclumn, |

The operating conditlons necessary to reccver
90 per cent., of the potaesidm in a product ccntaining
‘ 0.91 equivalent fraction of potassium were estimated from

the conditicne necessary fcr the separaticns of potassium

from sodium and from magnesium, The -estimated conditions
were - |
Minimum Reflux of Enriching Section 96 — 97%
Minimum Nc., Thecretical stages 17-18

No. of stages at 98% Enriching A :
Secticn reflux 20—~ 24

Bince the aquecus product wculd be nearly
saturdted'with respect to-potassium, a mixture of potassium'
chlcride and sulphate crystals could be reccvered by
evaporaticn,

Further investigaticns weuld be required before
ﬁhe process cculd be evaluated. This wculd involve the
opgratibn of a small contiﬁuous countercurrent exchange
column in crder t- determine the actual heights of the |
thecretical stages, tc lnvestigate the mechanlice of reein
trénsfer and tc determine the 1ife of the resin under the
operating odnditicns. In view’cf the low market price
cf pctassium salts and the high reflux required it ig
ccneldered likely that such a prbcess would nct be eccnomic.
However, a similar process mlght be used fof the separation

and reccvery of moere valuable cations frem scluticn,
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APPENDIX

THE EFFECT OF_CONCENTRATION ON RESIN SELECTIVITY.
The exchange cf icné between reein and dqueogd
’soiutian may be expressed-by an equatipn gsimilar to thé
ndrmal mass action equation, . SinceAthe cpemists' |
réquilibrium ccnstant is not stfictly‘applioable tc resin
systems 1t 1is duétomary tc substitute a selectivity
éQefficient. Feor o resin containing icn Bf‘plaoed in a

sclution of ion AT the gelectivity coefficlent (Kc)g+ is

de:fin'ed as it {A;J . {B’g
(Kc_)B+ ® o

6

This expression 1gnores‘qctivity-ccefficients cf

the lons in the two phases and cannot be used cther than
in extremely dilute solutions, The activity cf the
iQné in scluticn nay be corrected for in 8lightly more
ccnecentrated sclutions but the activities of the icns in
the resin phase cannct be'accurutely determined,’ Fcr
lcns of different valency the equation becc@es more
cémﬁlex e.g. for the exchange of icn BF with H*"theb
‘equaticn becomeé | | . [ 1.2 .

AL,
43
(KC )B+ =

' - The effect of ccneentraticn can be best scen by
cbserving the change in the form of the selectivity
coefficlent in such exchanges, ‘

Msno=Mcnovalent Exchanges

For the reacticn
NaCl  + RSO3 ¥== KC1 4 RSO3la
in very dilute sclutions

Nat {?ag} {%g]

('Kc)K*"' ‘; ’[K;J E\Ta-gj’A (a}




By subsmituting -ae values

. I :“i’ . . y . . '
X%“, ™ Equlvalent fracticn Na® in the resin

P . ) . v vr"‘ » Y 3
& dguivalect fracticn K iu the resin

T : e
) i . Ay is Nz, s
Ka . = DSBquivelent frection Fa' in solution =B 9

e R
= Bouivalent fraction %7 in solution &i. 3

in which

Ci = totzl uormality of the exchange sitcs in the
resin,

C = total noruzlity of the solution,

Squation (a) tecomes

sl

LR ’ ( Na * xs
o o “0) 4. ——
1- :\J‘ o 1= ;ifsc*'

: Trie tera:s O and CR sre not present in the final
gquantion hcace the selectivity coefficient is incdcpendent
of tinc solution strensti.

=] Gi

Fer the reaction

o w0 o [e] fg]?

E‘*gg*] ["“E 2 | 0053000000 @0000 (b)

By substituting the velues for the ecuivalent iractions of

Hg%® snd ¥¥ 4s in the previous ex:mple, equation (b) becomes
.t
L, E"’T
Aj_'_ e b oR .‘,,'T++
& "‘L Y &
r = (I(C )*_‘. : . FEy ,O

- ¢
¢ (1_5@ ) 2 :

"'The cuparent selectivity coelfficient is tncreloro
L)
(i ) Gt
C)K-l- ° -6" d

Since CR is Il“Cv for Lny resin, the spparent selectiviity

coefficient is inve: l proportional to the solution con-
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ABSTRACT

The use of 1dn-reﬁardation as a separation
procedure for the recovery of potassium from salt bitterns
wasg investigated. The separation of pofasaium salts
was not sufficlently great to be of practical-usé, It
{8 unlikely that any variation of the procedure édopted

would glve an economlc recovery of the potassium,



1, INTRODUCTION.

It was suggested that potassiun might be
recovered from bitterns by an ion retardation procedure ).

This process involves the use of a unique type
of ion exchange resin containing equivalent amounte of
both an anion and a cation exchanger incorporated in each
resin_bead. The aqueous solutlion to be treated 1s
passed through the exchanger.and both cetions and anions
are adsorbed,. When the adsorbing capacity of the resin
1g utilized as completely as possible the long are eluted
with water, Since the least strongly adsorbed ions are
recovered'in.the first fractiones of the effluenﬁ,-it is
possibie toiobtain a separation of certain lons.: In
praotioe a cyclic procedure involving thelsuccessive
additions of feed and water rinse is used.

s sample of Retardion 11A-8 resin, which is made
by polymerizing acrylic acid inside Dowex 1 resin, was
obtained from the Dow Chemical Co., U‘S.A; This resin
was used in the following investigations which were carried
out to determine the possibility of recovering potassium

Trom salt bitterns.

2. MATERIAL EXAMINED,

A sample of salt bitterne was obtained from
‘Bolar Salt Ltd., in January, 1957, A chemlcal analysis
of the sample, which was designated B.1l, gave the

following results,

Chemical Composition of Bittern B.1

Constituents . g/1.
Sodium, Na 71.0
Potassium, K 10 eb -
Magnesium, Mg 36,5
Calcium, . Ca nil
Chloride, Cl1 186, 2
Sulphate, + 504 . 50 4
Garbonate GO3 0.5
Bromine, - : 1.76

Specific Gravity at 29°C 1. 248



3. ANCILLARY MATERIALS.

3.1 "Retardion" Resin

Approximateiy 3 ouhces of Retardion 11A-8
experimental resin‘Was recelved from the Dow Chemical
Company, U.S.A, This resin was used in all of the tests.
3 2 Ch@mical Rudgents

The synthetic solutions used in the tests were
prepared by dlssolving "AnalaR" grade reagents in distilled
water, All soiutions contalned both chléride and
sdlphate ions in a similar proportion to thgt of" the
bittern sample. The composition of each synthgtic

" golution was determined by analysis,

4. EXPERIMENTAL PROCEDURE,

4 1 Resin Column

The resin column was prepared by suspending
70 grams of moist Retardion 114-8 (50 to 100 mesh) resin
in distilled water in a glass column 1.55 centimetres in
diameter. The volume of the wet settled resin was 96,5
millilitres and the height of the resin in the column was
Hh& centimetres. The molsture content of a small sample
of the resin was determined and the weight of reéin in
the column was calculated to be equivalent to 44 grams of
dry "as received" resin. _The total volume of water in
the column was found to be 36,5 millilitres. Two
Burettes of 50 and 250 millilitres capacity-respectively
were suspended abbve the column and were conpected to two
pieces of glass tubing which passed through the rubber
Stopper at the top of the column, This enabled the cyclic
.introduction of water and feed solﬁtion wifhout 1nterruption'
to the flow of liquid through the column, The flowrate
of 2 millilitrés per minute was obtained~by adjusting a
screw clamp attached to the outlet tube at the bottom of

thc column

4,2 Scparation Testa

The feed solution to be tested was added to the
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column from the 50 milli}itre bﬁrette,while at the séﬁe
time water was displaced from the bottom of the column at
the deeired flowrate, When the required volumg of feed
had been added, the watef rinse was run into the column
from thé 250 millilitre burette. All additiﬁné were
made s0 as to minimise mixing. The addition of water
was continued until the cohcentration of salts in the
‘effluéntlwas sufficiently low.

' The resin was ellowed to reach equilibrium prior
to cach test by repeating the successive additions of feed
and water rinée for 4 or 5 cycles. Then the addition of
feed and rinsec was repeated, and small samples of the |
¢ffluent were collected throughoﬁt the cycle. -The
fractions were analysed to determine the efficiency of the
separation and to obtain a material balance. The resin
was assumed to be in equilibrium when a.material balance
could be obtained on the feed and effluent 901uﬁions.

The experimental'data were plotted graphically to enable
the separations obtained in each test fo be observed .caslly.
Since the composition of the effluent was not determined
continuously but in separate samples, 1t wﬁs necegsary to
tdealise the curves and to cstimate the heights of some

of the peaks.

5. RESULTS.

5.1 Seﬁaration of Potasgsium from Sodium .

Two tests were carried out. 'In,the‘first test
the concentration of both sodium and potassium in the feed
solution was 1.0 normal and in the second the composition
of the feed approximated to that of salt bitterms with all
of the magnesium replaéed by an equivalent amount of sodium.
Both solutions contained chloride and sulbhate ions'in a
similar proportion to that of the bittern, - Effluent
samples of 15 millilitres volume were taken throughout both
’teéts. These were analysed for sodium, potassium,

chloride and sulphate and a material balance on feed and
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effluent samples showed that the resin behaviour was in
equilibrium for both teste.  The separations obtained in
the first 200 millilitres of effluent are shown graphioally
in Figurés 1 and 2, The Water rinse was continued and in
both instances the chloride concentration had decreased to
0.06 grams per litre when the total effluent volﬁme was

A00 millilltres.

5.2 Separation of Potassium from Magnesium

The composition of the feed solution was similar
to that of salt bitterns but with all of the sodium replaced
by an equivalent amount of magneslum, The operating
conditions were_similar to thosc of the previoué tests with
the exception that the effluent sampleés were onmilliiitres
~in volume.' The separations obtained are shown graphically
in Figure.j. The elution wlth water wae continued beyﬁnd
the stage shown 1in the-gfaphs and the chloride concentration
decreased to 0.6 grams per litre when the total sffluent
volume was 500 millilitres. |

5.3 Scparation of Potassium from Bitterns

The feed solution for this test was aésample of
bittern, B.l,‘ﬁhich_had been diluted slightly to prevent
thé crystallizing of salts in tﬁe resin column.? The
operating conditions were similar to those of the previous
tests. Effluent samples 20 millilitres in voiume,-were
'cbllected and analysed for sodium, potassium, magnesium,
c¢hloride and sﬁlphate. The results are‘shownjgraphically
in Pigure 4. Further elution with watér'gave an efflusnt
Ibohtaining 0.6 grams chloride per litre when thé total
volume of effluent was equal to 500 millilitres.

6. DISCUSSION.

‘ In all four tests thers was a reasonable gepar-
ation of the sulphate and chloride ions as shown by the
fspacing of the effluent beaks. This 1ntroducéd a
“complication inh that two separate peaks, one 1n‘the

chloride-rich and one in the sulphate-rich portions of the



effluent, were obtained for sach of the cations.

Mggnesium was the most difficult cafion to élute
from the resin wi%h Water,b Only about one hal? of fhe
magnesium lone wefe removed by 200 millilitres of water in
theleeparation of potassium from bitterns (Fig. 4).

There was a slight separation of potassium from both éodium
and magnesium as shown by the slight'differences‘in the
positions of the effluent peaks. 'The eebarations would
not be of practical use because it would be possible to
obtaln only a slightly enriched solution containing a
relafiveiy small proportion of the original potassium.

Since fhe potassium cdncentration of thelbittern
was relatively low 1t would be ﬁecéssary to continue the
washing untilAthe effluent contalned very 1little salts 1ﬁ
order that the potassium enriched fraction of the next
cycle would not be excessively contaminated. For the
separation of potassium from sodium a volume of éOO
mi11ilitres rinee water would be sufficient but in the
other two séparations where maghesium wasg present a much
larger volume would be required. Since only 10 millilitres
feed solution were used, the major part of each cycle would
consist of the elution with watecr.

It is probable that the separations could be
improved by heating the solutlons and by reducing the
flow rate, Neither of these possibilities should be
considered from‘a'practical point of view because of the
costs involved in heating large volumes of sol@tion and the
inefficient use of the resin at low flow rates;

Precipitation of the sulphate with calcium
chloride prior to lon exchange would eliminate the diffi-
culties due to double elution peaks which were obtained for
gach of the cations. The separations obtained in the
chloride rich fractions‘of‘the eluate were not very great,
and the costs involved would be excessive, | Large volumes
of rinse water would still be reduired to ensﬁre complete

removal of the magnesium.



7. CONCLUSION.

‘The investigations have shoﬁn that effluent
fractions slightly cnriched in potassium can be obtaiped
by passing feéd solutlions éontaining potassium, sodiuh
and /or magneéium through Retardion 11A-8 1on'exchangeireein
and rinsing with Wafer.' The‘separations weré not |
gsufficicntly great to be of practicai use 1n the' recovery
of potassium from salt bitterns, It is unlikely that
any variaﬁion of the procedure would result iIn the economic

reccovery of potassium salts.
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"ABSTRALOCT

The recovery of a saleablé potassium prddqct from
potassium enriched'salts obtained by evaporation of salt_
bitterns was investigated. Four methods of treatment,
namely, flotation, leachlng, ionlexchange and hydrolysié of
the magﬁésium salts were attempted. It 1s most unlikely
that any of tThese methods could be used to produce potassium

salts at a price to\oompete With that of imported mateﬂial.

A review of the results obtained during the sgalt

investigations indicates that further work is not warranted

at present,



1. INTRODUCTION.

The follouing methods of reoovering potassiuh saits
from salt bitterns have been 1nvestigatcd and reported in parts
ohe, two and three of this report 1
a) : Direct precipitation of the potassium with dipicrylamine

b) Solvent extraction of the potassium

Q

) Normal ion exchange -

)‘ Ion retardation

fol

.

(
(
(
(
(e) Continuous ion exchange
(f) Evaporation
Only (&) and (f) showed promise, Although dirsct recovsry of
high grade potassium saits by continuoué lon exchange Ereatment
'of salt bitterns was shown to be possible 1t iS unliksly to be:
cconomic beocauge of the high reflux necessitatsd by the
,rclatlvely low concentration of the potassium in the bitterne.
Salts_énrichad in potassium werc producsd by both the direct
evaporation of the bitterns and evaporation after the removal
of the:sulphate lons by pracipitation, Expzrimental work
carricd out at Price by Ocsan Salt 1imited has shown that the
specific gravity of bitterns cen be increased to 1.355 by eolaex
svaporation. Since all of th" potasalum salts have "
| oryetallizcd befors "this 8p= .clfic gravity is ruaoh :d evaporations
could bo carried out using solar cnergy. Howsver, tho )
potass}um—enriohgd salts producsd in this way cdhtain[too hignl
a proportion of uudeeirable salts to bec markstable without
further.treatment. '

This recport 1s conczrnad with mcthods of troating
thz cnrich:d salts to’recovcr a salsable product, Eour
methods, namely, flotution; continuous lon cxchangs, lcaching,
and hyaP01ysis of the magnoeium galts were investigats d A :
fifth ﬁethod namoiy, ol otroljsis of aqusous or molt n gsalt
solutions of the enrioh :d sclts was considered but tho power

ooat was tnought to be prohibitivo

i

2. LFLDTATION.

Thass investigations con be divided into two scctions;
the preparation of suiltabls quantities of th: potassium anrichéd



salts and the actual flotation tests;. The preparatioh of
the salts is described below and the flotation tests‘ﬁhich
wers carricd out in the Metellurgical Section of this Branch
are reported in Appendix 1. | ‘
| The procedures used in ths preparation of tha éalts’
and the results obtained are reported fully for cbmpqrieon with
the smaller scale tests which have bean reported praviously
(Moyle, 1957). Direct comparison 1s not possiblz eince in
th@ owrlior work the crystallized selt was scparatsz d from th:
gupernatent liquor by filtration whercas in these inVLstiga~
tions'the salté'were allowed to drain in order to simulate
condifions in salt fields. The salts wera not wa.shsd.
Samplzs of sgalt wére prapoarsd by each of three
methods, namzly, | | |
(a) Dirsct evaporation of the bitterns

(b) Evoporation of ths bitterns cftsr the removal of
sulphots ions by precipitation with calcium chloride

(c) Evaporation of ths bitterns aftsr the removal of
~sulphate ions by procipitation with limo,

2.1. Material Examinzd

< Bittorns B.6 and B.9 wer:s obtain:d from Solar Salt
Limit=d, Port Patterson in A4~gnllon drume and B,14 was a
-synth tic bittern pre par*d by adding nppropriatv amountse of
_sodiqm and potassium salts to a mogncsium chloride brine,
The bitterns B.6 and B,9 both contain-d smaoller quanpities oé
totai‘salts than bittern B.,1 which was obtaiﬁed*previously :
from‘the‘samo,souroe. - Ths chemlcol compositionslof ths

bitterns including B.1 are ehown in Tabla 1.

‘ TiaBLE 1,
- CHEMI CsL COMPOSITION OF BITTERNS |

3

o Somple - B.1 B.6 B.9 B.14

ol

§ Contznts, g/l.

P Na ~ 71.0 91.5 87.4 88.0

3 K 10.25 ' - 5.75 g-3 6.55

- Mg 36.5 20, 7 1.6 22,6

o Ca, , nil nil 1.1 nil

1 186.2 185,0 182.5 172.5

8 S04 , 50, 46 28.35 30, 2 33.55

s Br 1.7 1.10 1.10 .1‘55
1,228 n.d.

4 8ps cific erviuy 1.248 1,222

i




2.2 Experimsntal Proccdure

2.2.1 : Precipitotion - |
Th calculatad amount of pruoipitwting ogs nt wae
slurrlcd with water and add: 4 glowly to the agitnt d bittarn,
The pulp was stirrsd for an hour after addition of thé -reagant,
then ailowed to stand overnight and the clear eupernatent
liquor'siphoned off.
2.2.2 % Evdporﬁtion -

é Ths cvapor&tlons were made 1in two stages.  The
first- stage was carricd out in a stool tank 3 faat by:2 foat
6 1nches and 10 inchcs deczp. Solar =vaporetion conditions
wars éimulatcd by suspending four 1,000 watt radioators over
tho taﬁk to supply the neéessary.heat. An 313§tric§fan‘

was uszd to producc & draught. Surfoce rippl:s were

genoratsd with th: aid of scveral laboratory stirrsrs, Thz

heaters werc switched on daily'from 9 a.m. to 5 p.m, énd the
bltterns ware ellowsd to cool overnight.  Ths liquid wa.s
kopt at a tempcrature not cxcceding 3500 by controllihg with 2
"Variac" transformsr tho voltage appli=d to two of the
rodlotors, Evaporation wne continuad until ﬁhe liqﬁor was
Just saturatsd with respect to potassium snlts, Thé eub#r~
natent liquor was siphonsd off and the crystnllizad salts
wers drained for ssveral hours to rcmovs surplus brinﬁ. The
8alts wers dried under th: heatzrs for scveral days b%fore
being collected, weighcd and samplad,
| Thc sccond stags of zvaporation wae darriedvout in

a smallér'steel‘tray, 2 f22t 6 inchas by 3 feat by 5 inchos
deep. When 1t was considsred that all of ths potaeéium
salts had cryétallizod ths liquoir was siphcna2d of f as;befére
and the dried salt wae colloctsd and walghed, = f

The weights of th- salts and th: velum=zs of:the
11quors were recorded and uszd together with chemical annlysns
of thu products in calcula ating matsrial balancss,
2.3 Results |

2¢3.1 ¢ Dirsct Evaporation of Bitt*rns -
4 sampla of bittsrn B.6 (160 litrcs) was avaporatsd

A
4
i

4



- for 99 hours hoqting time in ths lﬁrg r gtsel tank,

Thz chen vical analyscs of the products and a mat°r1a1
balance are shown in Table 2,
T‘XBLL d, . |

DIRECT EVAPOR“TION OF, BTTTuRN B, 6
First ctage

Heating Time 99 hours, Total Evaporqtion Time ~l336 hours

1

. ) Bittern Fecd Product liquor Product.salt
Sampls § "7 'g 6 B.7 O "B.7 Salt
Specific a
Gravity - Ll.222 1,288 -
Volums, 1. 160 43,0 -
Waight, kg. - - ~ 40.82
Gontenﬁs g/1 TOtaé.Wt; 8/1 TOtaé.Wt" % :TOtaé_gf'
Na 91.5 14,640 38,05 1,636  31.9 13,020
X 5.75 920 18.0 774 0.47 192
Mg - 20.65 3,304 63,0 - 2,709 1.43  584:
cl 182.0 29,600 192.0 8,256 52.4 21,390
50, 28, 35 536 88.0 3,784 2,25 91
1.10 176 3.10 133 0.11

Thz rosults of tihic sccond stags svaporation ars

prascntad in Table 3.

TioaBLE 3,
DIRECT ZV.PORATION OF BITTEZRNS.
Sacond Stage

Heating Time - 52 hours. Total Evaporation Tim:s — 240 hours

- Feed. Product Liquor ‘Product S 1£
Sample 3 | B.7 8.6 1 B.8 Solt -
Spceiil aan o o .
gravit; 1,288 1.343 “ -
Volume, 1. 43 ' T 7.41 . .
Wsight, kg, - A - 20.87
Contorts /1 Totaé‘Wt. a/1 Totaé'Wt. % Tptaé.wpt
Na 38,05 1,636 3.55 26 7.38 1 540
X 18,0 774 1.80 13 3.44 "718
Mg 63,0 2,709 115.0 852 3.56 1 786
o1l 192.0 8 256 309.55 2,293 2Z;76 5,793
804 88.0 3,784 35;40 "5 16,10 3 36
3.10 '133 .50 63 0.32
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kilograms of caicium chlorids:

L2 8

5y

Zvaporation of Bittcerns after the Ramoval of
Sulphat: with Cnlcium Chloride -

. 7.9 (120 1itres) was.treated with 4.4

(2quivalant to 96 per coht; of

th: suiphate pras2nt in the bittorn) dissclved in 11 1litras

of wator, The pracipitats was allow:d to saettle ovirnight
‘bofors the supernatent liquor (B.10) was d:zcanted. The
chemical,wnalysxs of the liquors and tha: pracipitate ars shown
in Tabls 4.
T‘XBLJ.J
PRZCIPITATION WITH OALCIUM CHLORIDE.
Sample (Bittern¥Feed Pricipltant ProductlLiquor Ppt.
: B.9 Calls B,10
Specific T .
Gravity 1.228 - _1.207 |
Volumsz, 1. 120 11 12z, 2 L -
Weight, kg. - - = 6.77
‘ Total Total Total ‘ Total
Centents g/1 - Wt,, . W, , g/1 Wt., % Wty
‘ & g . _ g.
Na. 82 .4 10, 490 - 84.6 10,340 9.76 . 660
K ' 756 - 6.0 733 0,36 24
Mg 2l. 6 2,592 - 19.65 2,401 1.64 111
Ca 1.1 132 1,243 1.90 232 18.72 1,266
al 182.5 21, 9oo 2,610 193.2 23,600 17.48 1,183
S04 30.2 3,624 -~ 4,05 49g 46.32 3,134
Br 1.1 132 - 0.80 0,16 i

The bittern B,10 from the precipitatipn was ussd 1n51

the first stags of the cvaporation. The results ars givan

in Table 5.

A TaBLE
ZVAPORATION OF BITTZRN 4AFTZR ;*MOVAL QOF SULPHATV WITq CALCIUM
CHLORIDE
First Stage
Heating Time ~ 89 hcurs. Total Lvaporation Time -.384 hours:
Sample Feed Product Liquor Product Salt-
amp § B,10 B,11 B.11 Salt

Spgcifio -

Gravity 1.207 1. 261 =
Volume, 1. 122, 2 28.1 ~
Weight, kg, ~ - 31.30

Contents g/1 Totai"Wt. g/1 Totaé Wg, % Totaé Wtfﬁ

Na 84.6 10,340 16,15 454 31.86 ~ 9,972 ¢
K - 6.0 733 1.00 530 0.38 - 7’150 .
Mg 19.65 2,401 9.50 1, 92% 1.64 513
& 19%'20 23 &6 '4E° ° 034 353
. e 0 24745 , 952 54 34 17,010 °
50, .05 * 49 2. %5 2 ‘ "388
0. 80 9 5752 108 nil nil -
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The JNn B,11 was transferred to the second pond

J(.UJ

and thce evapo:;%?m” was continued for a further 37 houre.

{ihs

Results arc shwows in Tabls 6,

A furthsr quantity of liquor was drainzd from the

salts ovsr a period of gaveral wesks, The salt which

- premainsd wos designated B, 124, The chomical anwlysis of a

gamplc of this salt 1s given in Table 7.

TABLE 6,
uVAPORATION OF BITTERNS 4FTon RoMOVAL OF SULPH;TE WITH CALCIUM
CHLORIDE.
Second Stagu

Hﬁating Tims - 37 hours.

Total Evaporation Time — 216 hours;

) Feed Product Liquor Product Salt::
~ Bample B,11 B.12 7B.12 Salt
Spa
Bt vee 1334 -
_Volums",.l.' 28.1 9.7 -
Weight, kg. - - 9.07
Contents g /1 Totaé.Wt. g /1 Totaé.Wt. % ?Ctaé.th
Na - 16.15 454 1.60 16 570 51 7‘ﬁ
K 21,00 590 0.75 Z 8.31 C 482 %
Mg - 69.50 1, 923 114.0 1,10 .00 726
Ca 2.30 4,10 40 0,53 48 .
cl 247.5 6, 922 339. 3,291 37.31 . 3,364 .
S04 2.25 0.80 8 0,56 51
Br 3.55 1oo 6.65 65  0.35

3e

~

Ce

"Limil" which containcd fraz

calciun,

: _ TABLE 7.
CHEMICaL chPU@IT%ON -~ Salt B,12:3

Contents

Na
K

%

C)o~4§qmomn
WU~ = O~
HON o~ 0O

with Limes
The procipltating agsent
¢ lime

“leil" equivalent to

with 10 litres of water and added

1itros).

The procipitate which

«3 1 EVnporation of Bittcrns aftvr Rﬂmoval of Sulphat‘

uscd in this sxperimasnt was
squivalcnt to 46.2 por cant,
ths sulphate was slurried J
to thc bittern B.14 (120

formed was bulky and
; o
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difficgity was 2xnericnced in s3parating a clecar liquor, ihe

results arc picitiad in Tablc 8.
TaBLE 8, -
PXHCIPITATTfN“WTTd "LIMIL"
o Bittorn Faed Prbcibitant Ppt, . Productlﬂqucr
Sémplﬁ - B, 14 ’ '"Limil" . ' . B, 15
Spceific ' y
Gravity n.d. - - : '1.182
Volums , 1. . le0 - - ' 85
Wpignt,kg. - 3,500 62.4 -
' Total Total Tctal
Contents g/l Wt., Total Wt,, % Wt,, g/l W&,
, g, g, g. _ 8. 5
No.© = 88.0 10,560 - 5.68 3,544 83,6 7,106
K 6.55 786 - - 0.44 274 6.4  S4L4
Mg 22,60 2,712 - - 3,06 1,909 12,7 1,080
Ca nil  nil 1,782 (a) 2.82 1,772 2.5 21
Cl1 172.5 20,700 - 11.86 7,400 165,014,030
S04 . 33 55 4,026 -~ 6.66 4,156 4.5 352
Br' 1.55 186 — 0.10 62 1.5 12f

n.d. = not det:rmined
(a) = Total calcium

The 1iquor (B.15) was evaporatsd for a total heating tims of
85 hours when the spccific gravity inercased tb 1.265; The

compositicns df.liquore and salts arc givan in Tabls 9,

¢

TABLE ‘
“VAPORATIOV OF BITTZIRN AFTER R:MOV;L SULPHATE WITH LIME
First Stags

Hecating Tims - 85 hcurs. Total Evaporaticn Timu - 360 h“urs.

. Feed Prcduct Liquor Product Salt
Sample B.15 . ucB,16quo A 301%0331%
Specific Gravty . 1,182 _ 1.265 -
Volume, 1. . 85 .8.5, ' . -
Weight, kg. - - 22,7 _
Oonﬁents g/l Totaé.Wt. g/1 Totaé.Wt. g 'Totaé.W?g
Na 83.6 7,106 18, 2 155 29.3° 6,650
K . 6.4 544 25.1 213 . 1,29 293"
Mg 1.7 1,080 69.5 591 2.15 488
Ca. 2.5 el1e 4.3 37 o.gl 161 '
c1 165.0 14, 030‘ 251.0 2,134 51.81 11,760
50, 4.5 382 1.5 ' 3-' . L5 350
1.5 127 7.6 65 0.2 59

Ths bittern from the first stage was zvaporatad for
‘a total heating time of 48 hours whan the specific gravity

increcased %o a valuc of 1,324, - The results ara shoWn:xxTabléﬂO.
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~ T.BLE 10,
1“VAPO‘%A'I’ION OF BITTERN 4FTCR ﬁgMOVhL OF SULPHJT“ WITH LIM?
Sacond Stags

Heating Tims -~ 48 hcurs, Tctal Evaporation T1m= - 216 hcurs

‘ FPeed Product Li Product Salt:
Sample ; o B,16 . rOlu% 17quor B. 1%?8&1% ‘
Spocific Gravity 1. 265 1,324 -
Volums, 1. - 8.5 3.8 -
Weight, kg, - , - - 2,18
Sntonte o /1 Totaé.W%. e/ Totaé.W%. P Totaé?ng
- Na 18.2 155 2.6 10 6. 44 '-1Ao:“
K 25,1 213 1.5 6 9.20 201}
Mg 69.5 591 .106.3 404° 7.72 168 -
Ca 4.3 37 6.9 26 0.38 . 8
Cc1 251.0 2,134 ,293.3 1,114 38,9 848
S04 1.2 13 0. 2 0.58
Br 7. 65 13,7 52 .0.58 13

‘2.4 Discussion

Seds 1 : Preparation of unrichvd Salte -
2.4.1.1 - Przcipltation :

The sulphat: concentraticn of bittzm B.9 was
elightly graater thah that of bittern B.6 althcugh both
ware ricelved at the same tims, In cmnsequenéé the
‘ealcium chloride added was squivalsnt to only 96 per cent,

1)(

- of ths sulphate, iAbout 86 psr cant. of the sulphﬁtm “f
was romovad in the prscipitate, " Since the prﬁcipitate
was nct washed, 4 to 6 psr cent, of the original salts
were lost.  The procipltate settled ropidly and ritainsd
only 7 psr cent. of the liquid volume even thmugh the
supcrnatont liquer was romoved by decantation. .

The theoretical amount of lime was added to ths
geeond pracipitation and 92 par denp. of ths: suiphate wié
removad, Owing to‘the gelatinous nature‘of the magnﬂslum
hydfoxide which precipitated'with the gypsum, ong third w
of ths total soluble salts wers retainc=d in the'prscipiﬁ '
tate, By Washing_the precipltate a further quantity ég
salts should be racoverable but this would be difficultfi
bzcause of the slimy natursz of ths prseipltats, Althoubh
lims is cheapsr than cnlcium chlorids the graater hold up
of ligucr in the precipitate ond th fact that the gypsum»

v.‘
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would not be éaleable b:cause of the presénca'of magnesia;
would discourage its us: as & precipltant. |

‘A Owing to ths low overall racovery of the
pdfassium, the cost of ¢ither precipltating agent por
unit of recoverzd potassium salts would bo high .In
fact, 1t 1s unlikely that sithor precipitant could be
uscd economically even 1f all 6f the ﬁotassium salts coulq
bz rocovered as a saluale product from the liquor |

remaining after the removal of thu sulphate.

2.4.1.2 ~ Evaporaticn :

The bitterns used 1& thesa expsriments had o
lowsr salt concentration thanﬁh bittern B.i, used previ-
ously, hence longer svaporation tim:s wers requiredztﬁ
‘reacin ths dssired spacific gravit&.

| Th: salts wsre not wash:d as in th:s csarlicr
work b;éause it was oxpscted that the flotation tosts
would be carrizd out using ths final bittern as tn*
aquuous mz=dium, When dus allowanCu is mads forlthis
differance the rssults are in genaral agrsamsnt with those
of'the pravious small:ar scals investigations.< The cfu@g;

Sk

| sodium chlorids produczd by ths first stags of | T
evaporation coculd bz rzdissolved in frash sza watér pricr }
to th:2 ncrmal sclar nvaporation for th: recov:ry of {
common salt. This would reduc2 the loss of pctassium
and would increas2 th: ncrmal yi:ld of solar salt.

Attampts wer: mﬁdv by cfficere of th:
Mincralogical Section tc detsrmins the naturv cf #he
individual salfs prasant in ths products, Ths iaok of
publishzd data and th: complex n@ture of the salts have
8o far prevented any dofinite identification of the saltsd,

- 2,4.2 : Flotation - | ’ | |

Thz raesults of th: flotatiﬂn invastigations ar:

rﬂportﬁd IullJ in the app:andix, Difficulty was experienced

in tschniqus and the raesults wers not promising.‘ The work

was also hampored by th: lack of 1nformat1wn rﬂgqrding ths

naturs of th: salts prasent in products, - It saams unliksly

that 2 flotation procsss ceould be us:d on such a complox maten al,
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3. _CONTINUOUS ION_EXCHANGE.

Pravicus investigatlons (Moylo,‘1958) hava' shown

that in thecory, potassium oah be rcecoversd from salt bi@terns
in.a confinuous lon exchange colunn, However, high roflux
ratics would be rcquirod beccausc of the rolativnly low concen- .
traticn of potassium in the bitterns, It was suggestad that
by'using‘thc snrichzd salts obtaincd by'evaporatioh*of the
bittcrn, a higher grade feed soluticn would be used and. mere
favourable opereting ccnditions would rosult.

| :  Two typcs of enriched salt were producsd in the
.exporimonts described in Sceticn 2. The compositicn of thosg
was as follows - . | i

Inrichcd Splts

Sample ‘ B,8 B,124 -

Chemical Composition : % - %
Na . 5. 70
K A 3.44 - 6.08:
Mg .56 8,1 g
Ca . nil : 0. 2 _
c1 27.76 37
504 16,10 , 0.56
Br | 0.32 0.31

H:once two different typse of feed solution could b uezd, nams 1&
ons contoining both chloride and sulphats anions and one ccn—f?
taining 'o88:ntlally only chlorido anions.’ The fellowing
cxXperiments were ooncerned with the separatioh of potdssium
from solutions containing cnly chloride anions., | Eqdilibrium :
_curvcs‘havo bean obtainnd and operating conditions calculat a-
for th: scparaticn of potassium frcm sodium and frem magn:sium

| 4 major difficulty with the prediction of ths
oporating conditions 1n the mwin axchanger for any combinaticn
of cations is that tho grophioal method cannot be uscd whan
more than twc catichs are invclved, The opcrating Cfnditicns
could be obtain a by calculation if the equilibrium resin
loadings could be predicted frem the aqucous cvncentrations.

An attompt has boon made to give a methed for dotormining rosin
loadings whon threc caticns arc invelved. The rosults arc

given in JAppsndlix 2,
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3.1 Experim:ntal Procedure

,1.1 : Fsed Conceentraticn -

In tho absence of sulphaté anlons the maximum
allcwable ccneentration of totel cations was highcr'than;for
mixcd chloride sulphate sciuticns. A ccnecentraticn cf 3.5

gram.equivalenﬁs of tctal cetionsg per 1ltre was used,
}L;;; : Equilibrium Experiments - }

Two scries of experiments were carried out; the
first in Which only sodium and potassium were present and the
sccénd:in:which cnly magnesium and potassium were present.
The experimsntal procedure was identical with that of prcvious
equilibrium cxperiments (Moyls, 1958).

Potassium form Dowsx 50 resin was used in all
experiments, |

.1.3% : Product F*;d and Waste Concentrations {

Pruduct ancbntration

Tnv product ccnecentration was sct at 0,90 equivalent
fracticn potassium as in previcus experiments,

Fced Cencentreticn

For Salt B.12A the focd composition would bs as
follows :-— | | ‘
' Na =« 0,228 Uquivalxnt fraction '
K = 0.143 o
Mg = 0.629 L n

(calcium calculated as magnesium)

4 feoed flowrate of 6,99 gram esquivalants per unit timn
would bu raquired for a recovery of 90 per cent, of thu ‘
potassium and production c¢f ones gram equivalent of product .
psr unit time.

Waste Concentration

Agsuming a 90 per cent, raccvery of the potassium,
the Wastgoconcentr&tlcn would be 0,017 equivalsnt fraction
of potassium and the waste flowrate would equal 5,99 gram
equivalents of total caticns per unit time. |

}lzﬁzlf’ Separaticn of Potassium from Sodium —
Soluticns containing-}.S gram equivalents of sodium

and potassium chloridcs were used in ths experiments. The



results which are shown in Teble 11 gave o straight line
logarithmic plot which corresponded to}th@ following
reiétionship - | : "

0: 940

K+ . K+
XR 'XS
* = 1,40
X Na* 403 X Na+
R s

whére R and S refer to resin and solution phases
respectivclj and XK4 and xNa* represent equivalsnf fractiong~
of K+ and Na*.

The- above equaticn was used to calculate the
concentration of potassium in ths resin corrcsponding to edgp
of the aquecus ccncentraticns, Ths calculated values 3
tecgether with the diffarences between célculated and

. determinecd ccncentraticns are shown in Table 11.‘
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The ope “a“ﬁug sonditicons neceseary‘to give tha
required‘scparaﬁicg oy potassium from sodium wers: 6bta1ned
graphically firom ©he eQuilibrium curva (Figure 1) which was
deﬁcrmined}by the abbve cquation, The rcsults afe prase nted
in Tablec 12. |

TABLT 12,

OPZRATTNG CONDITIONS o
SEPARaTION TION OF POTASSIUN FROM SODIUM.

3.5 g~equiv. total Cations/litre.
ENRICHING SZCTION STRIPPING SEZCTION

. A Total No,

Rbf%ux,‘ Theorctical Rf1ux Theoretical Thsorstical

/ * R Stages below g/ Stagse above Stagss ¢

Pzed Stage Fced Btags

91.7(a) 11,05 infinite 61.2  infinite infinite’
95 19 15 77.0 7.5 23.5
97 32,33 14 84.8 4.8 - 19.8
100 (b} anfinite 12 100 3.8 16,8

(a; minimum reflux
(b) minimum no, of stages.

[

.¢ Sﬂpqrdtion of Potassium from Magnssium -

The scluticns of potassium and magncsium chloridcs
used in these exporiments csntaingd 3‘5 gram oqulvalents of
total caticns per litre, The strailght line through the
pqints cf the lcgarithmic plct 18 reproscnted by the féllowing

b

gquation -

N . 0.890
- K K -
Xy X g
= 1,64
Mg +4 X Mg 44
R B

Th:z sXperimcntal ressults tegethor with the potassium résin
loadings calculatcd frem the above cquation ar:s shown in:

Tablc 13,
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Tb; ovsrating oconditic ng fer the rbquirud svparati ‘n

of potassiun From mognasiuwn wore deteormined graphically from

the cquilibrium cuive i?igura 2) and ars shcwn in Table 14,

o . TaBLE 14,
SZPARATION OF DOTASSIUM FROM MAGNE SILUM

Total Caticns 3,5 g-bquiv/l

: oN‘ZPP:NG SECTION | o
A 4 i e e e Tetal N-,
R:flux, t‘hicrotical . ~£1ux, Iproretical Thuorctical
”° ‘ R Stngs balow % ' Stages above Stages
o . cd Stages . 4. .. Faed Stage
86.0  6.14 infinits 54,4  infinits . infinite
9.0. 9 12 62,5 5.1 18.1
94.0 15,67 - 10 73.6 3.4 14,4
97.0. 32.33 9 84.8 2.5 - 1a.5

100.0 1infinite -8 - 100,0. 2.4 1.4

(e) minimum reflux
() minimum nc. of theorstical stagcde

3.3 Discussicn

3.3.1 ¢ Scparaticn of Peotossiun frcm Scdium -
The vquilibrium curve wag very similar tc all previols
curves obtaincd for this scparation, It 1s apparvnt thﬂt1hc
ccncentration .of total catlicns has 1ittle effccet on thp shapé
of the curve and that slmllor rosults arec obtained for becth
chlofide and sulphafe'soluticns. . The smaller minimgm‘reflgﬁ
cf 92 per cent, was duc te the 1nqreased,¢cncentratioﬁ bf :
pctassiuh in the feced liqucr, | .
3,3,2 ¢ Separaticn of Potassium from Magnesium -
an even greatsr improvemsnt was found for thié
scparation, A minimum reflux of only 86 per cent.;was
- Bufficient, This was due in part to the increassd scpar-
aticn at the higher ccncentraticn cf 3,5 gram equivaients cf
tbtalvcaticns per 1itre and in part t: the greater rplativo
ceneentration cf potaesium in the foed soluticn,
3.3.3 : Scparaticn cf Potaesium from Enriched Salts —
it is not posslble tc predict the operating
cendlticns nacessary to separate petassium from o sclution cf
enriched salts obtainzd by the‘evaporation>cf bittarﬁs afteri

the romeval of sulphats. Howevar it is cortain that lese
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scverec ccnditions would be r\quir :d than wsre found neccsegary
fcr the r\covury cf potassium dirbctly frcm bittsrns. It
should be ncted alse that the salt B,124 could be washed tc
remeve entrained liqucr bef@re-entering the 1on exchangg
prccess; This would remcve mainly megnesium chloride and
would increase the concentration of potassium in the feed
scluticn, Hence better soparations would be obtained:than
ars appareﬁt frca the results glven cbove,

; No investigotione were carried out on tﬁe seﬁaraticn
of potassium frcm enriched salts prcduced by the dircet |
eyapcrapion cf the bitterns. Lower fced concentrations thon
were uséd in the abeve investigaticne weuld have tc be g
cmployed becausgs cof the‘presonce'cf sulphate in the enriched
salts, | an imprevement cn previous operating conditiéns
shculd rcsult since the potassium concentraticn in the{feed
would s8%1ll be higher. - It wos censidered that the |

etcrminaticn of ocquillibrium curves for thie separation were

net warrantcd at this stoge.

4., LmsC HING,

» Thsz invbstigatixns were confinad tc salt B, 12» which
centained essentially only ohlorido anions, Three typus of
leachihg were investigated, nomcly, water 1eaéh1ng at 'rocn
temporaturs, water leaching at elovat:d temperaturss dnd
magnesium chlcride léaching at elevated tumpuratur

4.1 Expcrimantal Prccedurs and Rosults

4.1.1 ¢ Rcem Tﬁmperaturm Watzr Leaching - L
a waighud sampl: of the salt was stirred with o
measursd volume of water until the pulp had reached
3quilibriun, The undissclved salt Waé filtered W1tﬁout
washing and sucked as dry as possible on a Buchner fuhnel;
Both the salt and the final liquor werc analysed tc give the
distribution cf the various conetitucnts, Ths rcauits ars

presented in Tables 15 and 16,
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TsBLE 15,
ROOM TEMPERATURE WaTER LEACEING.

160 g, B.12+ with 110 ml. FgO

Undiseclvsd Salt

Sample Liguor
Wt., 2. 26 (wst) -
Volumc, ml. - 192
Contants Wt., g. % of Total We, , g.
Na 4,89 54 4. 25

. K 4. 20 43 5.52
Mg 0,28 2 12.70 .
Ca 0.10 21 0,38 |
C1 11.8. . 20 ’48.g |
S04 0, 2t o8 0.64
Br 0.0 6 0. 46

A -

TABLE 16, |
ROOM_TEMPIR.TURE WATER LEZ4CHING.

149 g. B.,123 with 55 ml. HpO

Sampls

 Undiseclvad Salt Liqucr
Wt., g&. 57 (wst) -
Velumsz, ml, - : 114
Centants Wt,, g, . % of Total Wt., &,
. Na {29 86 1.1
i .8 75 2.2
Mg 2.8 23 9. 46
Ca - 0.23 59 0,16
ot 25.3 45 31.0
S04 0.59 7 0.25
Br 0.10 o2 0.36"

4.1.2 ¢+ Elzvated Temporaturs Wator Laaching -

A weighsd sampls of B,1l2A was stirrad with a
measursd volum: of watsr at 95°C untll no mors salt dissolvadﬁ
Thz solution was filteread rapidly through o prsh2at:d Buchnsr
funnecl andithe salt sucked dry. Ths undissolvad solt wés
designatad "First Salt", The filtrate wos allowsd to cdol
overnight and the salt which crystallized was filltered and
sucked dry. This was designatzd "Sscond Salth, Thz twe
salts and the_final filtrate wers asséyad to dotermine the
distribution of the varioué components, Tha r&sults ars

presented in Tables 17 and 18.
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- TaBLE 17.
ELEVAT?D EMPERATURE WATER LEACHING

150 8. B,12i With 80 ml, Hs0

Sample l' "First Salt" "6 rcond Salt". Filﬁratc

Wt., g, (Wet) 12 14 -~
Volume, ml, - - N.D.
Contents Wte, 8 B Wt., g8 % Wt., & &

Na, 434 B4 1.68 21 2.07 25
K 0.29 3 5.05 58 3.41 39
Ca 0,11 24 0.0A 9 0.30 b7

Total halidcs 8,08 14 7.92 1% 40,06 2
80 0.26 29 0, 07 0.57 63

N.D. = not detcrminzd

B TsBLE 18, )
BELEVATZED TEMPLRATURS WATER LZACHING

150 g. B.12h with 65 ml. HoO

Sample IFipst. Saltt Second Salth : Fiitrate

W, g, (Wot) 20 37 =
Volume, ml, : - - 112

Centents W, g & Wto, 8 2 W, g 2

Na - 5.7 69 1.4 17 1.10 14

K o.5g 7 5.9 69 2.08 24

1g 0.6 5 2,68 22 9205 73

- 0.15 A2 0.10 0,11 30

Total nalld 8 10,95 20 15,05 2g . 29.6 53

S04 0.34 /42 0.23 28 0.2/ 30

4.1.3 ¢ Zlevatsd Tamporaturs Magnosium Chloride Leaéhing -~
Tho»experimental proceddre was similar tc that usad
in 4,1.2 with the exception that 4 20 per cent., w/v scluticn of
moagnaesium chloridé wis used instead of watsr, The receults

ar:s given in Tuble 19.

- TABLE 19,
ELEVATED TEMPLRATURET MaGNZSIUM CELORIDE LEACHING
150 g. B.124 with 100 ml. 20% MgClo sclution
"Bompls "Firet Salt"  "Soccond Salt! Filtrats
Wt., g. (Wet) 18 55 , =
Volums, ml. - - 122
Centents Wwt., g. - % Wt., g, % W, g, %
ga 5.45 71 1.41 %9 , o.g7 10
‘ - 0.37 4 - 7 09 . 0,89 11
Mg (a) 0.65 4 . 4,86 ag 11,64 68
0o (a) 0.10 20 . 0,16 32 0.24 A8
Tctal Halides '@ 10.56 15 . 22,48 33 .35,65 B2
20, - 0.27 30 0.35 39 . 0,28 '3

() includlno magnegium and chlerida frem
origlnﬂl goluticn



19,

4.2 Discussicn

d4.2,1 ¢ Rocm Tsmperaturs Lsaching ~
| Under faveurabls ccnditions tha-magnesiumicould bz
remcved, but only at ihe éXpense of over 50 par cenﬁ..ofitha
potaésium.A This 10é8 of pctassgium is probably sufficiant
te eliminate this methed of trcatmont for magnssium remeval
pricr te pctaesium—godium S@paration
e 2.2 t Elevate a Tbmp’ratur Laaciing -

IThU pruchdurﬂ cmpleysd was similar in principl t~
that ussd in the r:covary cof pota381um chlcoride frem mixturss
cﬁntaining sodium éhloride and carnallite, Th: magn:z2s8ium
contsnt of salt B.léA was highcr than that of ths usual
mixtures for which th: procaess was designad. Hsneo twK
experimsnts wars carrlﬁd cut using watar 1nstoad cf moagna eium
chlcride soluticn,

| Most of thc magnasium was r:cover:sd in the filtrate.
The procsdure was~not sc successful in.separating ths scodium
and cvon uhdor the mere favcourable cconditicns the product
| centalned o ccorisiderable preporticn of sodium chlcrids. Only
onc half of the potasgsium wouldAbo reeovaercd in a magnesium
frse product. Most of  the recmalning petaesium was pr:sant
in the filtrate. Fﬁrthcr amcunts ¢f pctassium cculd b§
raccvered byAGVaporating the filtrate ond cembining ths salt
which orystallizcd with the facd for the nsxt leach.

. In vicw of ﬁhc przsancz cf ths sodium salts in ths
prcduot-and ths nasd for s-varal traatments tc réccver a marjor
preoperticn of the potassiuh, 1t is unlikely that any sucéeseful
processe could be bassd on this type of 1eachihg.

5.  HYDROLYSIS OF MuGNESIUM CELORIDE.

Th2> hydrclysis of magnosium chloride with steaﬁ o
y1old hydrochloric acid and magnesia has bsen.kﬁown for many
ycars and patents hav: bson taksn ouf fcr procossés utilizing
thie reactinn(l). The fcllowing cxperimsnts ware carrizd cut
t¢ determins whother the mognesium salts cculd be ramevad by

this mione from the mixed snlts,



5.1 ZIZxpsrimental Procodurs

Samples of salt were hydrolyscd in o 30 inch silica
tube inside a horizcntal c¢lectrically heatsd tubs furnace.

On§ end.of the silica tub: was_puok@d with poroolain‘beéds te
prcheat the stcoam. Suitable gas tight connescticns we?e.
nadce te allcow the continucus passags of staam over the |
sample and the collecticn in watcr of the hydrcgenfchloride
produced. Th~ amount cf acid produced wa.s determingd;by
titration>of the ﬁatcr sclution with sfandafd gsodium hydroxide
solutién; Tho temperdtufs of tha furnace was measur@d with
o chromel—ﬂlumﬁl'thermoccuplc whicih was insertzd be tw’“n thv
furnacc 1ining and the silica ruaction tubu.
5.2 Rcsults

Qngl ¢ Effect of Temporaturs —

Samplag ¢f B,124 and magnasium chloride hzxahydrate
waere heated ssparatcly in the furnacs with an cxcesg of steam.
The températurc of the furnace was increascd in steps cf
SOOG allowing fixed bcriods ¢f time at each tempergture;

Th> quantities of hydrochloric acld cvolved at 2ach tempera-

ture pecr gram cf origlinal sdlt arc shown in Table 20,

TABL._J 0.
EVOLUTION OF HYDROGEN CHLORIDF
Samples B,12: B.124{2) Mgols. 6Ho0
Tims at cach Tempsrature, mins. 60 30 30

Hydrcgen Chloride mg/g. of Salt
: Tompsraturs, “C.

200 ' . 12.8

4.0 : 8.0
250 . 30.% 8.4 48.9
300 ‘ 3 2&.4 A1, 102.9
350 28.1 25.4 19.3
<00 19.3 .2 21.5
450 93,1 51,1 65.0
500 _ 5.1 55.5 - 45.3
550 _ nil 2.2 0.7
Tctal Hydrcogcen Chloride -
: ng/g. Salt 216,1  208.0 311.6

(a) drizd at 120°C for sevsral héurs.
.2, 2 ¢ Product Compositicn —
Samplce of Salts B,124 and.B.8 (16 g. and 10 g.
respactively) ware hydrclysed at 50000 with an excsss of stoam
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until the evolution of hydrochloric acid was negligible,  The
cooled residues were extracted with water and filtered to
remove the insoluble magnesium hydroxide precipltate. TThe ‘

clear solutions were analysed_tc give the results shown in

Table 2l.
T4BLE 21,
Sample B,126  B.8
Weight, g. 16 10
Water Extract, g/l.

. Na - 1.70 1,07

X 1.60 0.56

Mg 0,02 0.18

Ca 0.04 n.q,

Total halides 3,96 1,05
Sulphate 0,13 2.34

n,d, = not determined

5.3 Discussion

5_1_; : Effect of Temperature -
| No appreciable difference was found in the hydrolyeis

of the magnesium chloride in Sglt B,124 and in the hexahydrate.
The hydrochloric acid was evolved in two stages from‘bothiealts.
Approximately one half of the acid was collzeted belcw 40600
and the remainder between 400 and about 500°C.

5.,3.2 ¢ Product Composition - |

- approxinmately 99 psr cent. of the magnesium chloride

in Salt B.12A was hydrolysed and only a trace of magnesium
remeined in the water extract, Only 86 per cent, of the
magnesium was remcved from Salt B,8, indicating that at least
lA per cent. of ths magnesiun wasg presont as sulphat
4Although the major portion of thc magnesium was hydrolysed
that remalning was equal to. one third of the weight of thy
pctassium, . In both experiments all of the godium was
roGOVcred with the potassiun, Thp magnesium in Salt B.124
could be almost completely remcved by hydrolysis as a prgliminary
step in the reccvery of a salecable potassium salt, . The
gconomics of such & proccss afe doubtful and would depend cn
sultable markets for dilute hydrochIOric acld and magnesium

oxide and on a suitable and cheup'method of recovering the
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potassium Treom the sodium-potaseium chloride water extract,

6. CONCLUSIONS.

It is ﬁnlikély that any of tha methods which havs
becn investigated could be economically applicd to the
s»pmrhtion and rucovury of potassiun Tfrom bitterns.

Previcus inve stigstions (Moylu, 1957, 1958) “have
shown that eveporatich of the bitterns was the only,means of
scparating the potassion which showed promisc but only an
enriched salt was precduced, Further treatment wculd be
necessary to obtain a satisfactcry preduct. It 1s unlikely
that any of the methods of trecating the enriched salt which
have bcen considered in this report weuld be economically
feasible, |

The oompl X nature of salt bitterns introduccs many
difficultiecs and methods which have been successfully appli=d
to lese complex starting matérials arc not suitabla. Sincd
nost ¢f the,imported potaselum salts ars produced frem deposits
of carnallite and éylvite by simple and cheap proccessecs any
competihg process based on bitterns must alsc be cheap.
Although several of the mutnods invecetigated were OQPablb of
producing potassium salts it is unlikely thqt any of them
oould producu the required product &t a suffici”ntly low {

markct price tc compete with the imported matcfials It is
" ccnslidered that further invcstipati n of this project is not

warranted at present, ’ *
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_ 1956,
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APPENDIX 1 .. FLOTATION OF POTASSIUM SALTS

Fletation investigations wers carrizd ouﬁ in ﬁhe
Metallurgical Sacticn, in an andeavour tc concentrate the
pctassium frem enriched salte piroduced by the treatm:ntﬁcf
salt bltterns,

1.1 Meterinl EXamihed»

The twe samples labelled B.8 and B.12 sach ccntained

a mixture of salts. Chemical analyses'of the salts and their
cerresponding mother liquors ars shown in Table 22. Sample

B.12 was clmost sulphate frcs and hence should contain fewer

complex salte thoan B.8 and bes mors amenable to flotation .

ccneentraticn, Fcor this rcescn B,12 only was used in thase
invecgtigaticne.
- TaBLE 22, .
CHEMIGAL»ANALYSZS OF SuMPLZIS B.8 'ang B. 12
Sample B.8 ' B,12
e Salt Liqucr 8alt Liquor
Contents % /1. % g /1,
Ne. 7. 38 3.35 5.70 1.60
K . 2 né 1.30 6.08 0.75
Me 8.56 115.0 817 114.07
Ca - - 0.2 4,10
c1 7.76 309.6 30.1 339 3
80, 16,10 35.4 0.56 :
Br 0,32 .50 0.31 6 65

1.2 Eguipnment
.. 50 gramn Fagergren flotation cell was uszd for all
experiments;

1,3 Expvrln*nt 21l Procczdure

The riquirsd amcunt cf ths snriched salts wae mix=d

with mcther ligucr in the flectation cell.. The flotationi

reagents, dlssclved in water, were added and th: pulp was ‘
thoroughly agitated, Alr was then blown inte the cell and
the froth was removed continuously, untll no mors concentrats
ceculd ba roceverad. |

1.4 Results
Two prs 11ninary cxperimants were carri=d aut usina a

cationic typs collactor (armac E.T.D.) and = frether (Dow 250).

A
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Ths first wos carrizd out on the materiel as rsc2ivsd but in
the second ths salts weré grcund with‘a pestls and mortor in
centact with ths mothsr liquer bafors flotation. The
results arc shown in Table 23, '

TuBLE 23,
"PRELIMINARY FLOTATION INVESTIGATIONS

Test Fracticn Weight, % Potassium, % Distributiocn

1  Conc, 29 12,1 27.6.
Tall 71 8.1 62, 4

‘ Fsad 100 9.3 100.0

e Cene., 58 10.7 - 62.0
Tail 42 9.1 38.0
Feed 100 10,0

100.0

Differsnces betweon the amounts of salt pldced in
the cell at the beginning of ths experiment and ths sumf
weight of the fractions r@covared wsre notsq. A1l
calculaticns were made on the weight of fractiones recovarad.

Threc t2sts wers carried out tc detsrmins the
effectivenesé of certain reagenfs which havs ba:an successfully
uscd with othsr mixturcs of soluble salts(2>._ The candltione
under which the éxpcrimeﬁts were carrisd out ars shown in
Tablc 24.

CONDITIonNS OF FLOTATION

T=st Reagents amounts of Raagonts

'3 Anlonic collcctor

(8odium Lauryl Sulphate) 1 1b/ton
Lzad nitrate ) 1 1b/ton
Pin: oil a8 raquir:zd

To float NaCl

4 Caticnic Collcoctor

(4rmac 16 D) | 0.8 1b/ten
~Fusl cil 1.5 1b/ten
Pins oil ' ' . as roquirsd -

To flcat KC1 and Chrnallits

5 .thionlc Collector

(irmac 16 D) 0.8 1b/t“n
Lead nitratc - 1. O 1b/tcn
Pine o0il- ds r‘ouir d

To float NaCl
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The rrsults appoar in Toble 25,

T4BLE 25,
PLOTSTLON HESULTS

Tast Ne, Fracticn Weight, %, Potnssium, % Distributicn, %

3 Cone. 11,3 11,6 14,6
- Tail 88.7 8.6 85,/

Foo 1000 8.9 100, 0

4 Gene. - 10.7 10.3 12.0
Teil 89,3 9.0 88.0

Faod 100 9,2 100,0

5 Conc, 36,0 11.5 50.5

Tail 64.0 6.3 49.5

Faoo 100,0 8.2 100.0

The results cbtalncd in oxparimant 5 wers unexpactsd
and this test was rapeatsd under the same ccnditions and alsc -
aft:r 1ight grinding cf th: food with o pestle and mortar

_priér to flotation, Ths results are givan in Table 26;
In the latt:z:r tast a much'improved froth and o lafgo incrcass
in ths amcunt of salte flcoating wers found, This was
rcpeatad to ses if accidental contamination during grinding
had altored ths flotation charactioristics. Howsver, the'
seme cffoct was noted in the ropeat oxperiment,
' TABLE 26.

FLOTUTION RTSULTS

Test No, Frecticn Wolght, @ Potossium, % Distribution, %

6 Gene. 17.8 10. 4 17.6
mogmatng {082 160 1064
7 Cone, 80.8 10.7 82_6‘
light grinding gail 1358:(2) 18:2 17.4

100.0 .

1.5 Discuscicn:

Flotaticn did nct producs any uappraciable conesn—~

tration of the pctassiun.

dnicnlc and cationic reagcnts(E)

similar to thes2 whiéh hav:a béen.used 2lsewhers tec float beth

potassium and sodium salts worce triod,

4 slight increasc. in

pctassium grads was fcund in th: concentrates frem all

expariments includling these sxpeetad te float the sodium -

salts.  ‘Slight grinding rcsultcd in the preduction cf a




voiuminous froth which carriod a .largs prbportfcn ¢f the
material into the cencentroats, This indicat:sd th: nocessity
of'siziﬂg the feed. Howaver, sizing by ccnventicnal means
would possibly result in contaminaﬁion frem screcens cte,
Hydraulic sizing woeuld be morc satisfactory but the smdll
amcunt of mother llquor aveilable mede this methed 1mpfactic—
able, The calculafed'feéd grade in all experiments was
higher than that rcported for ths criginal salt. This was
prebably dus to the difficultics of welghing ths hygroscepic
salts accurately and the refsolution of some cf the maghesium

salts during flotation, \

1.6 C(Ccnclusions

Wo appreoiable concentraticn»of the potéesium salte
wﬁs cbtained in any of the experimenté. Sincs the.rﬁégents
tricd were similar tc thosé which haﬁe'been used succassfully
clsewhcre to float both potassiunm anq sodium salts it wéuld
appear that the Salt B.l2A ié-not amcnabls tc concentraticn

by flotaticn,
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APPENDIX 2 .. CONTINUOQOUS ION EXCHANGE

Potassium rasin ioadingé were presented in part twe
of thls rcport for scluticns containing scdium potassiu@ and
magnesium ions for‘the particular case in which the maghesium
to sodium ratic in the sclution was kept at unity. A8 was
sxpected the loadings lay between fhose found for solutions
containing poﬁassium and scdlum and potassium and magnesium
regpectively. It was notsd that in all instancés theiloadr
ings were almosf sxoctly half way botwsen the two valucs.

It is suggested that for cther magncsium to sodium,ratids the
potagsium loading wouid alsc 1lic betwesn the two valuesgnd
weuld be linecarly dependent:en the rétio ¢f the scdium tb
magngcsium provided that ths total catlon concentraticn was
kept constant, This assumos that the sodium and magneéium
dc not interact but ccmpete for the resin sites in properticn
to their ccncontraticons,

The féllowing investigétions werc undsrtaken to show
whother the above assumpticn was valid. Resin 1cadingé
calculated frem equilibrium curves obtaincd for sclutions
containing scdium and potaseium, magncsium and potassium, and
sodlum and magncsium iocns wore cemparcd wiﬁh oxperimcntally
determined values, 5180 equilidbrium aquecus ccncentrati cne
were calculatéd frcnm resin lcadings and compared with
cxporimental valucs, A
2.1 Materials

2,1.1 ¢ Resin -

Dowsx 50 resin screcncd tc -18, +25 mesh was‘usad in

all of the ocxperiments. ‘ |
2.1.2.: aqueous Scluticns -

Synthetic steck scluticns were preparcd from
"inalar" gradec salts and thoee wers mixsd in measured quantities
to cbtaln the desircd liquer compositions.

-~

2.2 EZxpsrimcntal Procadure

The procedurs used was similar to that of all
pravious WQrka(Moyle, 1957, 1958).



2.3.1 : Scdium-Magn:ssium Separation -

The cquilibrium curvec for the separation of sodium
and magnssium at a ccncentration of 2.1 gramlequivalents of
total‘catibns per litre had not bem included in previous work,
In order té celculate results 1t was necessary therefpre te
obtain this curve, . The results are given in Table 27 and
the equilibrium curve is shown in Figure 3,  The equilibrium
curve:at l,2 gron equivdlents of total caticns per 11fre is
included for ccmpariscn, The 1ogdr1thmic plot correspconded
to the followlng ecquation : '

| 1.067
R S
——— = ], 064 |
Na™ Na¥t
XIK XS

where R and S represent resin and scluticn phages and XxNa#

ond XM2™* ripresent equivalent fracticns of Nat and Mg++,

" TABLE 2
SEPARATION OF S W AND MsGNESIUM .

Totnl Caticns = 2.1 g-equiv, psr litre -
, Cl tc S04 ratio = 5

A ? T i
TEST AQUEOUS _ 3 ESIN.
: Na Mg Na Mg

2 0.115 0.885 0.108 0.892

' 0.214 0,786 0.192 0.808

g 0.312 0.688 0.281 0.719.
. 0.459 0.541 0.438 0,562
-9 0.557 ~0.443 -0.259 0, A4l .
10 o.go5 0. 295 0.693  0.307
11 0.803 0,197 0. 806 O.lgﬂi
12 0.901 0.099 0.914 0.086:

‘203,2 ¢ Calculation cf Resin Loadings from nquuous
. Concentraticns -

Thé'experiments wers carricd’out at both 1.2 ‘and

2.1 gram .squivalents of total cationg. per litre. . _ALIVthree
caticns were present.in varyine. amounts, - The resin lcadines

)
were calculated from the prévicusly determined equilibrium
A CU.I‘VCS, as I"llCWB :_ ” e ;
: aqu\ous vqpilibrium ckncuntratinnA':bfwimém;}am equivalents

total cations per litrs,

K - O l2l>vquivql nt frectifn e
;(\.::Ip: - » . . R . - .
“Na = 3 u ] Mo : w,-
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- From the pctassium maqﬁesium’curve ths pctaésium
resin loading for an aguecus co ncentrwtirn cf O, 121 univalvnt
frection potagsium = 0,178 \

From the potassium sodium curve ths potassium resin
loading for an aqueous concentration ¢f 0,121 eduivaient -
fraction potassium = 0,184

Differcnce = 0,006

magnesiun (aqucous) 96

I Ratio magh z8ilum+ sodium (aqueous) = B79 = 0,109

0.184 = 0,109 x 0. 006
0,184 - 0, 0006
0.183

Thercfore calculated loading 1s

t o -

The magnesium  and sodium velucs were calculated from th\
readings obtained from the appropriate equilibrium curves,
The experimentally determined and calculated values for the

resin loadings are shown in Tables 28 & 29.
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sl L0010 60

) Tetsl Cotions & 1,2 z-sguiv, oer litre,
T 5T oGk , RS TERECY R IN TOR551ITH ' TCT I LO.DITE
dguivalent fraction wcvivalent fraction acuivelent fxactlon aguiwvelent Izaction
B _ Jiffce s Uiffcec - . ] Jiffce ' ‘
Gole,  etu. ” ’ C:le., octd, i ? S-le, Detd, ) ’ Cle,

0,583 9 0,128 0.13
L.

35 0,703 * 3 9,12 * 1 0,137 -2
3¢ 0.420 0,430 + 1 0.354 0.331 + 7 2,138 0,133 + 3 1,032
4 0,305 0,342 * 7 .47 0.451 + 4 0.204 3,207 -1 1,035
37 2.071 0,073 -3 0,764 0,743 + 2 2,155 0,179 + 3 1,020
33 0,485 0.,47% + 2 0,125 2,122 v 2 0,413 0,403 + 3 1,023
4 Cou27) o.248 e g 0,350 9.341  + 3 0.414 0.421 1 1,035
39 0.14%4 3,141 + 2 3,497 0,492 + 1 D.391  0.357 v 7 1,032
40 0,071 9,369 + 3 Coudh 2,562 + L 9.334 0,33 - ¢ 4 1,019
£ 0.190 0,200 -5 7.053 2,053 0 0GB 0.7r1 w4 1,011
42 D145 92,1060 -9 0.117 2,120 -2 3750 D.720 + 35 1,718
10 0,115 - 0,106 + 3 d.442 2,152 -7 0.762 3,742 + 3 1,019
43 0,025 0,032 - 9 2,257 0.2%5 -7 0.723 0.5633 + 4 1,909
44 2.057 2.055 - 1 9,028 2,028 9) 0,921 2,500 + 2 1,006
13 2.040 2,038 * 35 3,036 04033 + 9 0,930 0.92% + 1 1.005
4Y 0,028 2,034 - 14 2,074 0.377 - 4 3.90; 2.33%2 + 2 1,026
40 9,014 9,018 - 22 3,053 2.032 -6 .05 9,023 * 2 1,003
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©.3.% : Calculation of Aqueous Concentraticns from
‘ Regin Loadinzs -~ '

The measurcd resin loadinge for each experiment
wers uséd to calculate the aqueous equilibrium concentraticns
by & similar nethod, The calculated results for both 1.2
and 2.1 gram cquivalents of total cations per litre gd#e
similar agreement to the results shown in Tables 28 & 29 in
all respects, | ' A

2. .LA: Colculation of Theqretical Stagss ~ :

As a further test of the assumption the equiiibrium
ccncentrations of sodium: potasgsium and magnesium 1in the main
exchang?r wefqlcalculatéd for the separation of peotassium frem
bittern B,1, The following assumptions were made :-

(a)' 90 per cent, of tﬁe pctagsium wasbrecovered in‘
‘ the product ; |
(b) .the product ccntalned 0,91 equivalent fraction -
| potassium
(c) j”Ghe roflux in the enriching sceticn equalled

V

98 pér cent,

Several fatios of sodium tc magnesium in theE
product were tried until the calculated composition of‘the
aqueous solution in the feed stage equalled that of bittern
‘ B.l. The composition of the wagte sclution was calculated
frecm o material balance, and this value was ﬁéed in oaiculat-
ing the stage compcsitions of the stripping ssction, = Ths
results ar:s praescnted in Table 30, In each stage the
calculated valucs were adjusted to 2ive a tetal GQuivaient

fraction of unity.
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2.4 Discussirn

'Eﬁﬂﬁi : Sodlum Magnesium S:iparaticn — |
Cat 2.1 grem “quivalunts of tctal cmtiuns p\f litru
the sodiun and mogneslum lcns hod- similar affinitizs fer. th*
'r3sin, wThe gquilibrium curve which desviatad only slightly
frcm o st“eiﬂht iins crcessd the x=y lins at 0;285 equiyalent
fracticn of ncgnosium

‘2.u.¢ : Calculaticn of Rssin Lﬁudinﬂs from Aquacus
f Concentrations -

At'both concentration lovsls the calculatzd resin
load;ngs‘wére in rcascnable egrcemcent with thc detérminad
valucs.~l The relatively high deviations at the lower
concentrations of the varicus ions were due in scme meagure
to analytical difficultisd.A

2.4.3 + Caloulation cf aquecus Concentrations ffom
_ ‘ - Resin Loadings - ‘

The results obtainbd wers very similar to thOBu
cbtained for the previous calculaticns of resin 1oqd1n?s.
iAn average difference of approximatély 5 per ccnt, was found
fer mosf‘expefiments.A

2, 4.4 ¢+ Calculaticn of Stagcs — ‘

Th: rosults showed that the mothed of oalowlatizn
was nctbstriqtly accurat: eince ths calculated-aqueouéffeed
sﬁage coneentrations for stripbihg.and enriching scctiéns did
net agres, = The error was of the order of 104p5r cenf.

The calculaticns indicated that abcut 23 to 25 stages wculd
be requirsd for the desired scpsraticn which was in fair
acrecment with the previoﬁs gstimats of 20-§24 (R. D, 69 part
two). | |

2.5 C neclusicns

It 1is apparcnt thnt the assumptions Hﬂdu w3 ru not
strict}y cerrect., '

However, the methed could prcbably be ﬁsed to zive
an aQﬁroximate ldea of the ccnditicns cexisting in the.maiﬁ

exchangs cclumn in the prescnce of threec caticns,
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