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ABSTRACT

The use of ion retardation as a separation
procedure for the récovery of potassium from salt bitterns
wes investigated. " The separation of potassium salts |
was not sufficlently great to be of practical use.: It
is unlikely that any variation of the procedure adopted

would give an economic recovéry of the potassium. -



1. INTRODUGTION.

It was suggested that potassium might be
recovered from bitterns by an ion retardation pfocedure ).

This process involves the use of a unique type
of ion exchange resin containing equivalent amounte of
both an anion and a cation excganger incorporated in each
resin bead, The adueous golution to be treated is
passed through the exchanger and both catlions and anlons
are adsorbed.. When the adsorbing capacity of the resin
s utilized as completely as poseible the iong are elutea
with water, Since the least strongly adsorbed ions are
recovered in the first fractions of the effluent, it 1ls
possible to obtain a separation of certain ions. In
practice a cycllc procedure involving the succeselve
additions of feed and water rinse is used.

A saemple 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.A4, This resin
was used in the following 1nvestigations which were carried.

out to determine the possibility of recovering potassium

from salt bitterns;

2.  MATERTAL EXAMINED.

A sample of salt bitterns was obtained from
Solar_salt Ltd., in January, 1957, A chemical analysls
of the sample, which was designated B.1l, gave the

following results,

Chemical Composition of Bittern B.1l

Constituents g/1.
Sodium, Ne 71.0
Potassium, K 10,25
Magnesium, Mg 36.5
Calcium, Ca nil
Chloride, C1 186, 2
Sulphate, 804 50.4
Carbonate, 03 0.5
Bromine, Br 1.76

Specific Gravity ot 29°¢ 1.248



3. ANCILLARY MATERIALS,

3.1 "Retardion' Resin

Approximately 3 ounces of Retardion 11A-8
experimental resin was received from'the Dow Chemical
Company, U.S.,A,  This resin was used in all of the tests,
3.2 Chemical Reagents .

The synthetic solutions used in the tests were
preparéd by dissolving "AnalaR' grade reagents in distilled
water. All éolutions contained both chloride and
sulphate'ions in a similar proportion to that of the
bittern sample, The compositlon of each synfhetic

solution was determined by analysis,

4. EXPERIMENTAL PROCEDURE,

4.1 Resin Column

The resin column was prebared by éuspending _
70 grams of moist Retardion 114-8 (50 to 100 mesh) resin
in distilled water in a glass column 1.55 centimetres 1in
diameter.’. The volume of the wet settled reein was 96.5
millilitres and the height of the resin-in the column was
2 centimetres. - The molsture content of a small sample
of the resin was determined and the weight of resin in-
the column was calculated to be equivalept to 44 grams of
dry-"as received! resin, - The total volume of water in
the column was found tolbe 36,5 millilitres. Two
burettes of 50 and 25ijillilitres capacity respecfively
were suspended above the column and were connected to two
Plcces of glass tubling which passed through the rubber
stopper at ths top of the column, This enabled the cyclic
introduction of water and feed solution without interruption
to the flow of liquid thfough the column, The flowrate
of 2 millilitres per minute was obtained by adjusting a
screw clamp attached to the outlet tube at the bottom of
the column.

4.2 Scparation Tests

The feed solution to be tested was added to the
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column from the 50 millilitre burette, while at the same
time water was displaced from the bottom of the column at
the desired flowrate. When the required volume of feed

had been added, the water rinse was run into the column

i
from the 250 millilitre burette.  All additions were
made so as to minimise mixing. Thé addition of water

was continued until the concentration of salts 1n the
effluent was sufficlently low.

The resin was allowed to reach equilibrium prior
 to cach test by repeating the sucéessive additions of feed
and water rinse for 4 or 5 cycles. Then the addition of
\feed and rinse was fepeated, and small samples of the
effluent were collected throughout 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 eqﬁilibrium when a material balance
could be obtained on the feed and effluent solutions.

The expérimental data were plotted graphically to\enable
the separations obtalned in each test to be observed easiiy.
Since the composition of the effluent was not determined
cohtinuously but in separate samples, 1t was necessary to
idealise the curves and to estimate the heights of some

of the peaks.

5. RESULTS.

5.1 Separation of Potassium 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 %o that of salt bitterns with all
of the magnesium'replaced by an equivélgnt amount of sodium.
' Both solutione contained éhloride and sulphate 1ons.1n.a
slmilar proportion to that of the bittern. Effluent
samples of 15 millilitres volume were taken throughout both
tests, These were analysed for sodium, potassium,

‘chloride and sulphate and a material bdlance on feed and
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efflucnt samples showed that.the resin behaviour was in
equilibrium for both tests. The separations obtainéd in
the first 200 millilitres of effluent are shown graphioally
in Figures 1 and 2, The water rinse was'continued ;nd in
both instances the chlofide concentration}had decreas%d to
0.06 grams’ per litre when the total effluent volume was

400 millilitres, |

" 5.2 Separation of Potassium from Magnesium

The composition of the feed solution wes similar
to that of salt bitterns but with all of the sodium replaced
by an equivalent amount of mdgnesium. .The operating
conditiong were similar td those of the previous tests with
the exception that the effluent samplecs were 20 millllitres
in volume, The secparations obfained arc shown graphically
in Figure 3, The elutlon with water was continued beyond
the stage shown in the graphs and the chloride concentration
decreased to 0.6 grams per litre when the total effluent
voiume was 500 miliilitres;

5.3 BSsparation of Potassium from Bitterns

The feed solution fof this test was a sample of

bittern, B.1, which had béen diluted slightly tb prevent

thé crystallizing of salts in the resin column, The
- operating condltions were similar to those of the previous
: testq.’ Effluent samples 20 millilitres in volume, were
collected and analysed for sodium, potassium, magnesium,
chloride and sulphate. The results are shown graphically
in Figure 4. Further clution with water gave an effluent
containing 0.6 grams chloride per litre when the total
volume of effluent was equal to SOO.millilitres.

»6. DISCUSSION.

. In all four tests there was a reasonable separ-
ation of the sulphéte and chlorlde lons as shown by the
spacing of the effluent peaks. This introduced a
complication in that two separate pgaks, oné in the

chloride-rich and one in the sulphate-rich portions of the
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i
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effluent, were obtaihed Tor each of the catlons.

Magnesium was the most difficult_cafion to %1ute
from the resin with water. Only about one half of fhe
magnesium lons were removed by 200 millilitres of water in
the separation of botassium from bitterns (Fig, 4). !
There was a slight separation of potassium from both sodium
and magnesium as shown by the slight differences 1in t?e
positions of the effluent peaks.‘ The eeparations~w6uld
not be of practical use because it would be possible to
obtaln only a slightly enriched solution containing a
relatively small proportion of therriginal potassium,

Since the potassium conceﬁtration of the bittern
was relatively low 1t would be necéssary to continué the
washing until the effluent contained Vefy 11ttle salts in
order that the potassium enrichéd Tfraction of the next
cycle would not be excessively contaminated. For the
separatipn of potassium from sodium a volume of 200
-millilitres rinse water would be sufficient but in the
other two separations where magnesium was present a mﬁch
largér volume would be required. . S8ince only 10 millilitres
feed solution were used, the major part of each cycle would
conslgt of the elutioﬁ with water,

It 1s probable that the separations could be
improved by heating the solutions and by reducing the
Tflow rate. Neither of these posaibilities should be
consgldered from a practical point of view because of the
costé involved in heating large volumes of solution and the
inefficient use of fhe resin at low flqw rates.

| Precipitation of the sulphate with calcium

chloride prior to lon exchange would climinaete the diffi-
culties duec to double elution peaks which were obtained for
- ¢ach of the cations, The separations obtained in the
chloride rich fractions of the eluate were not very great,
and the costs lnvolved would be excessive, Large volumes
of rinse water would still be required to ensure complete

removal of the magnesium.



7. _CONCLUSION.
| The 1nvestigationé have shown that efflﬁent
fractions slightly cnriched in potassium can}be obtalned
by passing feed solutlons containing potassium, sodiuﬁ
and /or magnesium through Retardion 11A-8 ion exchange resin
and rinsing with water,  The separations were not
sufficiently great to be of practical use in the recovery
of potaseium from salt bitterns. It is uhlikely~that

any variation of the procedure would result in the economic

reccovery of potassium salts.

8. LITERATURE REFERENCE.

(1) "Ton Retardation" .. Dow Chemical Co.,
: ' April, 1957.
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