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INTRODUCTION
"The Lord rained upon Sodom and Gomorrah, brimstone and fire

from the Lord out of heaven; and He overthrew those eities and all
the plain, and all the inhabitants of the cities and that which

grew upon the ground! :

In the region of Sodom and Gomorrah lies a most remarkable
salt lake, known among many other names by the Sea of Lot and the
» "

Pead Sea.

The Dead Sea forms part of a long fault trench known by the
name of "Ghor", the Arabic for hollow, which so far as the boundaries
of Paiestine are concerned, extends from the Gulf of Akaba in the
south to the Lake of Huleh in the north. The length of this trough
from the Gulf of Akaba to the source of the river Jordan is 416
kilometers, whilst its width varies from 8 to 26 kilometers.

It is one of tﬂe most striking phenomena on the globe, being the
deepest and lowest point on the earth's land surfece. The water
surface of the Dead Sea is exposed to considerable changes annually,
but the average level can be taken as 396 meters below the Medit-
erranian 3ea level, and its maximum/i:engO about 3%9€ meters.

It has a length of over 75 kilometers and an average breadth

of 14.5 kilometers, The surface of the water has an area of

around 360 square miles (93%2 square kilometers).

The Dead Sea represents a great reservoir of water without
outlet, and while it receives daily over 8,500,000 cubic meters

of water 75% of which come from the river Jordan, its only method

1. Genesis, XIX
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of discharge i& by the wvapors rising from its surfacedue to rapid
evaporation of the water under the action of the glowing oppres-
sive heat and the zlmost continual winds, blowing mostly from
the north and south, which disperse the vanors during the eight
totally rainless months of the year}

The chemical composition of the Dead Sea water, which
represents & brine almost saturated with salts in which the human
body is unsinkable, changes from the surface downwards with the
increase of specific gravity. The specific gravity reaches its
highest point in ﬁutumn2 which, according to Novomeysky3 is 1.1770
on the surface at 23 C.The lowest specific gravity on the surface

is repor'ted4

as 1.1475 at 20 C. The nauseous taste of the water
is due to MgBr2 and the Ca 012 present gives the brine its smooth
oily feeling.

The éhject of this treatise is to study the possibility
of extracting potassium chloride from the Dead Sea andto dewelop
the technique for the seperation of potassium chloride frogfthe
other salts present in the brine. Methods and techniques for
the determination of potassium in the brine will alsc be studied,

since it is essential to know the potassium content in the brine

and to dtermine the purity of the potassium chloride produced.

l. Estipate of evaporation is 13%.5 mm. per day, and reinfall
rarely éxceeds 12.7 cms. per year.

2.A sample collected early in October 1952 from the surface of

the Dead Sea, away from the mouth of the river, had a Sp. BX.
of 1.1940 at 20 C.

3. M.A.Novomeysky, " The Dead Sea: A Storehoise of Chemicals"
Trans. Inst. Chem. Eng.( 1936 )

4. B.Panteleymonoff," L'Exploitation des Baux de la Mer Morte'g
La Revue de Chemie Industrielle,ll8 (1934).
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Chepter I

a ) Extraction of Potassium Chloride:

Theoretical Discussion:- If we take the average
composition of the Dead Sea water at sp.gr. of l.itﬁé'at 23 C. asi

NaCL cececcoseseseeB2.4 gms./L.

ECL icsiseninisssslles gne./L.

MgClpeeeeesanes..142:4 gms./L. -

CaClyeeeernrienessa33.0 gus. /L.

MEBryesveseesnssces 3.9 gms./L.

CaSOgesvresvscasess 103 gms. /L.
and if we evaporate the brine gradually, then eventually we
shall reach & point (sp.gr. 1.20 - 1.22) of saturation with
respect to one of these salts. Examination of the solubilities
of these salts will reveal that NaCl will be the first salt to
reach saturation and hence will precipitate first. NaCl will
continue to crystallize as evaporation goes un until we reach
a8 sp.gr. of 1.29 where Carnallite ( KCl.MgClQ.SHQO ) starts to
seperate from the solution tog@ther with NaCl. The field of
crystallization of Carnallite is between sp.gr. 1.29 - 1,32
after which we come tothe stage where MgC12 starts to crystallize
instead of Carmallite.

Now if we plet a graphzfor the equilibrium existing in

saturated solutions of KCl and M3012 we can see clearly why
Carnallite and not KCl or Mg012 crystallized at sp.gr. 1l.29.

The graph clearly shows that solutions with low KC1 content

L. Analysis reported by the Laboratories: of Palestine Potash Ttd.

2. Values taken from "The Solubilities of Inorganic Compounds"by
A. Seidell - pages T64-5.
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end high MgCl, content would tend to form Carnallite at
saturation, and that this condition is essential for the forma-
tion of Carnallite. It is evident, therefore, that solutions
containing equal anounts of KCl and Mg012 will not yield
Carnallite at saturation, but would give crystals of KCl until
the amount of KCl in the solution becomes low enougn to allow
precipitation of Carnalite, and that when Carnallite is dissolved
in a small amount of water will leave KCl to crystallize if evapora-
tion is started to get a saturated solution. That means that
Carn=llite can be decomposed with a calculated amount of water
to yield KCl crystals and a solution containing mostly MgClz.

Since NaCl is more soluble than KCl at lower temperatures,
then any NaCl thet crystallizes with Carnallite would dissolve
on decomposing Carnallite with cold water. In practice more
than one washing is essential to bring the purity of KCl up to
99°70 .

b) Methods for Determination of Potassium in Dead Sea Water:

Theoretical Discussion:- From the various methods of

determination of Potassium, I have selected four methods, esch
dealing with the problem from a different angle . 1In the
following paragraphs I shall discuss briefly the principle
involved in each method, together with the data used in that

method of quantitative analysis:
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i) Precipitation of Potassium as Potassium Bitartarate

from an aqueous Solution of Methyl Alcohol 1
In this method sodium hydrogen tartarate is added to

the potassium salt solution, and then methyl alchohol is added
to form a 50% solution. The precipitate of KH tartarate is left
for one hour at 12° C, then it is filtered, washed with methyl
alchohol, and then the precipitate is dissolved in 1N NaOH
solution, the excess NaQOH is then back titrated with en agid;
and from the amount of base used up we calculate the weight of

potassium salt.

+ - ;

KHC4H406 + NaOH KNaC4H406 * HEO

A modificatiopof this method has also been used. In
this modification, the ppt. of KHC4H406 was washed and dried ,
then it was weighed as such, and from the weight the emount of
potassium was calculated.

This method (both modifications) can be worked out in
half a day. As many as four samples can be handled simultaneously

without using much more time than that used for one sample.

1. Orgenic Analytical Reagents, Vol. 2, Page 178.



-6 -
ii) Precipitation of Potassium as the Perchlorate from

a solution of equal parts of n-Butyl alcohol and Ethyl acetate.l'

In this well known method for the determination of
potassium, ions other than the alkali metals are removed. Here

Mg is removed as the MgNH4PO4; the phosphate is then removed as
Barium phosphate and the excess Barium removed by means of ammonium
earbonate, and lastly the ammonium ions are changed to ammonium

chloride and volatillized by ignition. Perchloric acid is then
added to the sclution of the mixed alkali chlorides, the water

removed by evaporation and the mixture of solvents « n-Butyl alcohol
and  Ethyl acetate - is then added. TFiltration takes place in an
ignited and previously weighed Gouch crucible and the potassium
perchlorate is then dried and weighed as such.

This method - though accurate - is long and tedious,
the part of.removing the other ions before adding the Hclo4 is

specially tiresome and definitely takes more than half the time
for the whole determination.

The removal of Mg and Ca salts seems unnecessary due to
the relatively great solubility of their perchlorates in the mixed

solvents:
Solubilitygbf the perchlorates of Ca,Mg,K,NA & NH3
in gms/100 ml. at 25°C.
Water n-Butyl Ale. Ethyl Acetate

N‘aClO4 113.880 1.4950 8.425

K‘.ClO4 2.0394 0.0036 0.0013
NH40104 21.910 0.0137 0.0286
Mg(C10, ), 73.453 44.6380 54.173
Ca(0104)2 112,340 68.4190 57.377

1. Methods of Anelysis of the A.0.A.C. Page 643,

2. Teble taken from H.,H.Willard & G.F.Smith, J.Am.Chem.Soec.
45, 293 (1923); found also in Hillebrand & Lundel, "Applied
Inorganic Analysis".
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It is quite evident from the above table that, not only
is the removal of the calcium and magnesium perchlorates useless,
but that by removing them we introduce eventually NH4+ which may
greatly interfere with the result if NH401 is not carefully and
completely removed.
The two procedures shall be followed experimentally,
and as we shall see later, eagh method has its cons and pros.
iii) A Micro Method for Determination of Potassium as the

Iodoplatinate.l'

This method depends upon the formation of KgPt016

then converting it to K PtI, by the addition of KI. Because of the

deep wine colour of the KthIG‘in solution, amounts as small as

0.1 mg. of potassium can be estimated in this form by colorimetric

comparison with known amounts of K,PtCl, also treated in this way.
K2Pt016 + 6KI = KthIG + BEC1

The colour varies in proportion to the amount of K2Pt016 presenf

when KI is added to solutions of this salt. This proportion is

maintained from 0.2 mg#% to 10 mg.%. The colour so formed is

stable for 24 hours or longer. The only interfering substances are

iron, which forms a coloured iodide, copper which precipitates out

as the cuprous iodide in aecid solution, ferricyanide which gives a

green colour, and alcohol which reduces K2PtI6.

1. A.T. Shohl & H,B, Bennett, J.Biol. Chem.78, 643,
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The K 2Pt16 ecan also be determined volumetrically by
reducing it with a standard Na25203 solution. The end point is
a2 lemon yellow colour free from red.
K2Pt16 + 21&[512320.5 = K2Pt14 + Na2S406 9 2Nal
A combination of these two procedures can also be followed.
After the volumetric method (titation with N323203) the solution
can be oxidized by means of H202.
2HC1 + KgPtI4 - H202 + 2KI = K PtIc + 2KC1 + 2H20
The K2Pt16 can then be compared to a standard.
Three or four samples can be handled simultaneously and
the whole determination (the combination of volumetric and
colorimetric procedures) will take between three and four hours.
iv) Determination of Potassium by means of the Flame Photometer. :
The Plame photometer is an instrument for the rapid
determination of sodium, potassium and other metals in solution.
1t is designed to measure quantitatively the light emitted by various
metals when thegygtomized from solution, led to a burner and
exited to emission by a flame . Since the intensity of the light

emitted by each element depends primarily on the concentration

of its atoms in the flame at any given instant, a measurement of
the 1light intensity produced by a given element makes possible

the quantitative determination of that element.

1. Ind. Eng. Chem, Anal. Edition 23, 137-42 (1951).
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The method by which the intensity of light emitted by

a certain metal when solutions of a compound of that metal are
atomized and blown into a flame, is by focussing that light

on a photo-electric cell. The light is passed first through a

filter which allows the optimum wave length of the light emitted
by the metal to pass. The photo-electric cell is usually a

quartz cell covered with & photo sensitive metal, such as
one of the alkali metals, which is made the cathode, while a

platinum wire forms the anode. When the light hits the metallie
cathode some electrons are emitted from the surface of that
‘photo sensitive metal and hence a small current, detected by

a sensitive galvano-meter, passes through the cell. The current
passing through the cell depends upon the intensity of the

light hitting the cathode, and hence a graph drawn by plotting

galvanometric readings against concentration would serve to
determine unknown concentrations which give certain readings
on the galvanometer attached to the instrument. This "direet’

intensity" method assumes that the atomizer delivery is constant ,
the portion nebulized remains the same, and the flame character-

istiecs do not vary. The assumptions cannot be striectly velid
and their failure can result in some error of reading.

An alternative procedure to the "direct intensity"
method is the "internal standard" method. Here a known amount
of an element not present in the unknown '(Lithium is used)
is added to the sample preparation and the same concentration
of the element is used in each standard. The amount of light
emitted by the unknown element is measured on one photo-tube
while that emitted by the constant amount of internal standard

element is measured by another.
cont/9A
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Analysis is made by ad justing the internal standard signal
with a ptentio-meter wuntil it just balances the signal
due to unknown - in effect, determining the ratio of unknown
concentration to known internal standard concentration. Since

many of the invariables, such as sample viscosity, rate of
atomization, flame temperature, foreign materials, gas and air
pressure, tend to effect both the internal standard and the

unknown in the same way, the ratio tends to be invariant.
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Chapter II

Experiments:

In this chapter I shall describe the experiments performed
on the Dead Sea water with a view of extracting the KC1 found
in it. As it is necessary to know the amount and purity of
the KCl produced at every stage of the process of extraction,
technique and skill in the quantitative determination of
potassium are found to be extremely important. The four methods
for the determination of potassium described in the previous
chapter will be performed here, and the results of each method
will be studied . On the basis of these results, the method to
be adapted for the determination of notassium in the brime and in
the various products produced by the gradual evaporation of the
brime will be decided.

a) Determination of potassium:

i) Potassium Hydrogen Tartarate Method:- 10.2193 gms.
of KC1 (analytical reagent) were desolved in water and the volume
made up to 100 ml. 10 ces. of the above solution were placed in
a 150 ml. beaker , and then 39 ccs. of Nch4H4O6 ( sodium
bitartarate ) solution - 14.2 gms./250 ml. - were added, and
to the mixture was added 50 ces. of methyl alcohol. A white
ppt. formed Qirectly. The beaker was placed in a water bath kept
at 12%. by adding ice every now and then.After an hour the
bezker was removed and left eside foe some time to bring it to
room temperature. Filtration was followed and the ppt. was washed

with methyl alcohol diluted with an equal amount of water,and

then transferred to a filter paper. This residue tog@ther with
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the filter paper were placed later in a clean beaker and 12 ccs.
of 1N. NaQH were run in, and phenolvhthalien was added to
insure that the base was in excess. The solution was then
back titrated with 1N, HCl. This procedure was followed three
times with the same result every time viz. 0.6 gms. KCl/10cecs.

In order to avoid possible sources of errer, two
modifications were adapted:
18V ._ 1t was thought thet a possible source of error was in

the evaporation of methyl alcohol during filtration, the

solulion
agueous”/thus left contained more water and hence a better
chande for the KHC4H40g to go into solution. To prevent this
8 Gouch crucible with an asbestos bed wzs used fok filtration,
and instead of a 50 - 50 alcohol water mixture, 70% methyl
aleohol was used for washing. The ppt. together with the Gouch
crucible were placed in a beaker, the ppt. was washed out of the
Gouch crucible with the aid of a wash bottle containing distilled
water. Using this modification I got a result of 0.85 gms. KCl
per 10 ccs,
2nd:- Here filtration was carried out in =an ignited and previously
weighed Gouch crucible. Washing was made with 90% methyl alcohol.
The precipitate in the crucible was then dried at 80°C. for 20 hours
end it was weighed in that form. I got a result of 0.845 grms.KCl
in 10 ccs. of solution.

Another solution of KCl was then prepared. It contained

10,2025 gms.KC1/100 ml. solution. Both modifications were carried

out simultaneously. The results were as follows:i-



- 12 &

Volumetric method +.eiveveveess 8.28 gms./100 ml. solution

Gravimetric method ....ecovs.. 8.23 gms./100ml. solution
Thet shows that in order to use this method for the quantitative
determination of potassium a factor has to be used.

To determine the potassium chloride content in Dead
Sea water by this method, 10 ccs. of a solution containing
20.5150 gms. KC1/500 ml. solution were used along with 10 cecs.
of Dead Sea water (sp. gr. 1.1940). Using the volumetric method
the results were as follows:

Standardt Mg.eq. of base used = 3.8937

3.8937 X 74.5 = 290 mgs.KC1/10 cecs.
Actual KCl content in 10 ccs. = 410 mgms.
Factor = 410/290

Dead Sea water: Mg.eq. of base used = 0.005

0.005 X 74.5 X 410 = 0.0527 gms.KC1/10 ml.

1000 290 0@

Or @00527 gms. KC1/100ml. of Dead Sea
water,

In the gravimetric method 5ces. of the -standard
solution were used togather with 10 cecs. of Dead Sea water, and
the result was as follaws:

Standard: Wt. of KHC4H406 = 0.3905 gms.

0.3905 X 74.5 = 0.154 gms. KCl
Actual Kciezontent in {5 ml. = 0.2052 gms.
Factor = 2052/1540

Dead Sea water: Wt, of KHC4H406 = 0.0078 gms.

0.0078 X 74.5 X 2052 = 0.0409 gms.KCl
189 1540 10
Or #00409 gms.KC1/100 ml.of Dead Sea
[ water.
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ii) Potassium Perchlorate Method:- As was already
mentioned, twolprocedures would be followed here. 1In one
procedure all metals other than the alkali metals were to be
removed, while in the other no such removal seemed necessary.
Method 1. In a 150 ml. pyrex dish, 10 ces. of a KCl
solution (10.2025 gms/100 ml.) were placed, and then excess
(NH4)2CO3 made alkaline with NH40H was added. After filtration

the solution was heated on a steam bath almost to dryness, then
3 ecs. of concentrated HCl were added slowly to convert the salts

to the chloride form. A fairly hot flame was appled to remove
the ammonium chloride; that was done until no white fumes evolved

from the salts. The chlorides were then dissolved in water, and
about 12 ces. of HClo4 (70% solution) were added, and the resulting

mixture was heated on a hot flame to dryness. The residue was again

dissolved in a few ml. of water and heated to fumes and finally to
dryness. After cooling,20 ml. of a mixture of equal parts of

n-butyl alcohol and ethyl acetate were added, and the mixture was
heated for a few minutes at near boiling point. The mixture was

cooled and the supernatent liquid was decanted through an ignited
and previously weighed Gouch crucible. The precipitate was washed
thrice by decantation with the same solvent. The residue was then
dissolved in a few ml. of water and again evaporated to dryness.
10 ml. of the mixed solvents were added and the mixture was again
digested for a few minutes. The pnt.was then transferred to the
Gouch crucible by means of the solvents and a policeman. After
washing the pp$. in the Gouch erucible with the same solvents

for many times, the Gouch was placed in an oven at 110°¢. for

one hour.
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Result:- Wt. of KClO4 = 1.855 gms.
1.855 x 0.5381 = 0.996 gms. KC1/10 ml.

(A small portion of the KClo4 was lost during weighing)

The determination of the potassium chloride content in
Dead Sea water was done by this method, save that magnesium
was removed as MgNH4P04 and was determined gravimetrically
this way. This was done by adding to 10 ces. of Dead Sea water
(Sp.gr. 1.1940) 10 cecs. of 10% Ne HPO, and then with stirring
2 ces. cone. NHB' Allowing the ppt. to settle for some time,
I filtered through a quantitative filter paper, and the filtrate

was received in a clean 150 ml. beaker. The filter paper
containing the magnesium ammonium phosphate was placed in a
previously weighed and ignited crucible, and they were ignited

on & torch.
Results:- Wt.of MgNH4PO4 = 2,1163 gms.
2.1163 x 0.3623 x 95 x 100 = 18.33 gms.MgClz/loo ml.
(Actually M’gNH4P04 changes tiOMgePng on heating and it
is weighed as such).
To the filtrate, a slight excess of Ba(OH)2 solution
was added to remove the phosphates. The mixture was concentrated
on a water bath and then sufficient (NH4)2CO3 was added to ppt.
excess Ba(OH)2. This also would ppt. calcium ions. The mixture

was filtered and the clear filtrate was evaporated on a water
bath. 3 ml. of conc. HCl were added and the ammonium chloride

was removed by heating on a flame as before. Following the procedure

mentioned above I got a weight of 0.2100 gms. KClO4

0.2100 x 0.5381 x 100 = 1.13 gms.KC1/100:ml.solution,
10
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Method 2. For determining the potassium content
of Dead Sea water by this method without removing the caleium
and magnesium salts, 10 ces. of Dead Sea water (Sp.gr. 1.1940)
were placed in a 150 ml. beaker and 2.5 ces. 70% perchloric
acid were added. The mixture was evaporated on a hot plate
to fumes and then to dryness. 20 ccs. of the mixed solvents
(n-butyl alecohol and ethyl acetate mixture) were added to
the cooled beaker and the contents were then brought to a boil
and digested for 2 minutes. The solvent was then filtered
(after cooling) through a weighed Gouch crucible with asbestos
bed (dried in an oven at 110°C for 2 hours). The residue was
dissolved then in a few ml.of hot water, and again dried on a
hot plate. .The beaker and contents were cooled and 10 ml.
of the mixed solvents were added, and the mixture was trans-
ferred to the Gouch crucible by means of a rubber policeman.
It is worth mentioning that the KClO4 formed a solid mass in
the beaker and it was well ground in a semi-powder form by
means of a glass rod before it was digested with the mixed
solvents.

Result:- Wt.of KClO4 after drying = 0.2499 gms.

0.2499 x 0.5%81 x 100 = 1.345 gms.KC1/100 ml.
The difference in the resultioof the two methods

is most probably due to the incomplete removal of the calecium

and magnesium perchlorates by the mixed solvents. This is
definitely not due to their lack of solubility but must be due

to their being occluded in the potassium perchlorate ppt.
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Though the ppt. was reduced to fine particles and though
it was dissolved in water and reprecipitated, yet some of the
Galcium and magnesium perchlorates must have stayed there in-
spite of the frequent washings with the mixed solvents.
Nevertheless, the time consumed in the first method ( removsal

of the magnesium and calcium salts) is more than double the
time used in the latter method. The many steps involved in

the former, each step necessitating the utmost care, are res-
ponsible for the long time this method needs.

iii) The Micro-method for the determination of Potassium
as the ITodoplatinate:- The solutions needed for this deter-

mination are:
a) 1N HC1l solution (prepared with a factor of 1.082)

b) Chloroplatinic aecid solution containing 10% platinum.
e¢) Absolute alcohol 02H50H. |
d) Ethyl alcohol saturated with K,PtCl, (prepared
by using a small amount of K2Pt016 adding
to it alcohol and centrifuging to remove the pp¥).
e) KC1 solution 10% saturated with K PtCl, (prepared
as above).
f) 2N KI solution(33.5 gms.af KI dissolved in 100 ml.
solution).
g) 0.01 N Na23203 solution (Prepared with a factor
of 1.04).
h) 0.2% H202 solution - must be prepared freshly
by diluting 0.66 ces. of 30% solution up to 100 ml.
A solution &£ prepared to contain 0.4103 mgms. KCl/cc.

was used to prepare standards.
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Procedures+ From the standard KCl solution,dand 4
ces. were taken and put in two centrifuge tubes. In a third
tube 0.1 cec. of Dead Sea water was placed. The tubes were
brushed on a small flame to remove the water. One drop of
IN HCl1 was added to each of the tubes and then 0.3 ces. of
platinic acid solution (10% platinum) were added to each of
them, followed by 5 ces. of alcohol., After allowing them
to stand for about 20 minutes, the mixture was centrifuged
for 5 minutes. The excess platinic aeid with the alcohol
were poured in a beaker which is kept for the recovery of
the platinum, The residue in the tubes was washed four
times with alcohol saturated with K2Pt016. Then the residue
was washed 5 times with 104 KC1 solution saturated with K2Pt016.
The yellow pnt. of K2Pt016 was then dissolved in hot water
(around 4 ccs. were used in all, for each tube) and the
solution was placed in a 25 ml. volumetric flask, To this
solution, 5 ces. of 2 N KI were added to each flask, and
then one cc., of N HCl. The solution was made up to volume,
and the wine red color resulting was measured by means of
a Dubosce colorimeter,

Results:~ On putting the 4 ces. solution in the
left hand side, and in the right side were put the two other

solutions the readings were as follows:

Left side reading Right side reading
20° ( 4 ces. ) 7. 35° ( 3 ecs. )
20° ( 4 ces. ) 8.40o ( Dead Sea water )

Ratio of the standard to De:d Sea water = 1.35 = x

8.40 3 x 0.4703

x = 1.077 mg. KC1/0.1 ce. or 1,077 gms.KC1l/100 ml. solution.
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The 4 cecs. solution was spoilt and gave erronecus results.
The combination of the volumetric and the colorimetrie
procedures was followed l=zter. The procedure was as before,
but after washing with hot water, the solution was placed in
a small pyrex dish and 1cc. of 2N KI was placed in each solution.
This solution was theh let to boil only for a few minutes on a
small flame and was tétrated while hot with a 0.01N Na,S,0, Y
solution throuh a micro burette. The end point is a lemon-
yellow color free from red. This solution was then mixed with
O.1cc. of a 0.2% H202 solution prepared freshly and feec. of 1N HC1.
After leaving for one hour the solutions were compared colorimetrically.
Results:- Volume of 0.01N (F = 1.04) Na23203 used for
0.1cc. of Dead Sea water * 1,5ces.
0.01 x 1.5 x 1.04 x 74.5 = 1.162 mgms.KC1/0.1cec.
Or 1.162 gms. KC1/100 ml.of Dead Sea water
Compared colorimetrically with the 3ces. solution in a
Dubosce colorimeter, the readings were:
12° (3ces. solution) : 13.7 (0.1cc. Dead Sea water)
12 = x y X = 1.075 mgms. KC1/0.1cc.

13.7 3 x 0.4103
Or 1.075 gus.KC1/100 ml.of Dead Sea water.

The standard solution (3ces. taken) used up 1.47ces.
of Na28203 solution, and hence a result of 1.14 mg. KCl instead
of 1.2309 mg.

- Using two and three ml. of the standard KCl solution
and following the volumetric method, I obtained the following
result:

2ces.selution used 0.968ces. Na S 0

27273
LI "n
3ees. =2 1.495¢ccs, Na28303
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0.986 x 0,01 x 1.04 x T4.5 = 0.7275 mg. KC1
Actual content = 0.8206 mg. KC1l

1.495 x 0.01 x 1.04 x T4.5 = 1.12 mg. KCL

Actusl content = 1.23 Mg. KCl

It is evident from the sbove results that with
a dedsk-type centrifuge (500 r.p.m.) such as was used in thbse
experiments, the complete seperation of a fine ppt. from the
solution is not passible and hence results lower than those
expected were obtzined. Using a large centrifuge and working
at about 2500 r.p.m. I got the following results:

Volume of Na2320 used = 1.63 ml. ( 3 ml. of standard)

3

= 2.00 ml. ( 0.1 ml. of Dead Sea
water)

1.263 mg. KC1

Il

1.63 x 1.04 x 0.01 x T4,5
— actual content = 1,.23%09 mg. KCl

2 x 0.01 x 1.04 x 74.5 = 1.55 mg. KC1/0.1 ml.

Or 1.55 gms. KCL/100 ml. of Dead Sea water.

Due to the high content of other salts in Dead Sea
water, washing the ppt. of K2Pt016 to remove the other salts
becomes a very inportant step in this method. Unfortunately,
when working at 2500 r.p.m., washing a well pzcked pot. ing
a small centrifuge tube is not quite possible, and therefore
an optimal operating speed, which will seperate the ppt. from
solution as completely as possible and whieh will still keep
the ppt. in = condition that allows efficeint washing, must be

worked out.
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iv) Determination of Potassium by the use of the Flame
Photometer:- Turn instrucment on. Adjust air pressure to 10 1lb.
per sq.in., and propane gas to 5 1lb./sq.in.. Light flame and
wait for 30 minutes. Turn on the wafe-length selector to the
optimal wave-length of potassium. Adjust the galvanometer to
50 and pour the lithium standard into the funnel, and adjust to
50 again. Pour the highest standard, dial internal standard
knob to 100 and adjust by means of the coarse and fine adjustment
to get the null point (50° on galvanometer scale) again. Pour
again the lithium and adjust by the potentiometer knob to the
null point. The process is repeated until two consecutive readings
of the fine and coarse adjustments coincide. The fine and coarse
ad justments are then left during the whole experiment. The next
lower standar& is then added and thc¢ null point adjusted by means
of the internal standard dial. Two readings are made after each
reading the highest standard is poured. The average is made
and the point recorded. The standards were prepared as follows:

A stock solution of LiNO, was prepared to contain

3
25.0151 gms/500 ml. A stock solution of KCl was prepared to

contain 20.5150 gms/500 ml.

To minimize the effect of the comparatively lsrge amounts
of Mg++ ’ ca*t and Na¥ in solutions of the unknown the standard
KC1l solutions were mixed with a solution containing: 6.1 gms.GaCl2

14.4 gms NaCl and 59.8 gms MgClz.Gﬂzu, all dissolved in water
and the volume made up to 250 ml.
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The standards were made as follows:-

No.l: 10 ml. LiNO3 solution

5 ml. KCl " diluted to make 100 ml.

25 ml. from the mixture

No.2: 10 ml. LiNO3 solution

1l ml, EC1l "
5 ml. mixture

)

)

)

)

)
) " " n " "

4 ml. KCl n )

20 ml. mixture )

No.3: 10 ml. LiNO, solution )
’ 3 ) n n n n "

3 ml, KC1l " )

15 ml. mixture )

No.4: 10 ml. LiNO, solution )
' 3 ) " " " " "

2 ml. KC1l " )

10 ml. mixture )

No.5: 10 ml. LiNO, solution )
3 ) n n " n n

)

)

The internal standard was prepardd to contain 10 ml.
of the LiNO3 solution diluted to 100 ml.

The solution of the mixed salts was so made that in the
standard solutions the ratio of the salts to KCl is more or

less the same as found in Dead Sea water. The readings were

as follows:

Sample Int.Standard Gain Average Average
No. Reading SettYing Difference Calibration curves
1 100 4:46
1 100 4:41
1 100 4:41

Since the coarse and fine adjustments gave on consecu-
tive trials the same readings they are set aside during the rest

of the experiment while the null point will be adjusted - on adding
the standards - by means of the internal standardknob.
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Average Calib-

ration

Average
Difference

—

Difference

o

Int.Standard
Readi

Sample
No.

11.3

99.2
87.9
100.2

12,15 87.78

12.3

12.4
12.

6

87.8
100.4

99.3
T2:3 27.0
99.1 26.8 56.8 72.3

X
3
1

26.8
26.6

72.3
98.9

I ———————————— R e e T e e

99.4

42.3

57.1

42,7

56.8

42.7

99-8

42.7

4‘3-1

56.7
99.4

35.7

o7

63

.1
64.2
63

99.4
35.3
99.5

8
6

——————— —— o ——— — — —— ———— ] ——— " — - o ———— —— T — = ——

7

35.
99.3

30.9
58,5 30.4 68.3
30.1

1

99
68
98.2
98.8

D.S.»
3
.s.

30.7

# Solution made from 10 ces. of Dead Sea water (Sp.gr. 1.194 at

20°C) and 10 ces. of LiNO

3 solution diluted to 100 ml.
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CONCENTRATION OF STANDARDS



o

READINGS

&

BALVANOMETRIC

T ; == :;'_, = 33 e ¥ ; H t : 1
' T S ::E
e e ‘ o : | = 43 -
: ﬁ_lf -t ‘ : ks § Results:- On plotting galvanometric readings (average
: i ;i : : i e A
2 Hff i i £t ‘ St il ;g}a; calibration) against concentration , we got almost a straight
s H =t i T R S i i
i i s T ; i it line from which the concentration of the unknown with an average
E : £t jEEE
i - 2 : i reading of 68.3 was found to be 1.0828 gms.KCl per 100 ml.
i : e ':: 5 fEi Another calibration wes made with a view of finding
sEiziain % e : F the KCl content in two samples of Dead Sea water, One sample
i eeen eett ~r i i was taken from the surface (specific gravity 1.175) and another
i : PR e : was teken from a depth of 40 metres (sp.gr. 1.2085) . The
calibrations were made as bfore . After adjusting the coarse
EnnnE s i i p 5 s 5 s i and fine adjustments to 4:36.5 the readings were as follows:
: T Solution Average Calibration Cruve
; i 2 85.9
i
e = - | > . e
s G 4 56.6
jf‘tﬁ??y i SR > 34.2
B R it R (sp.gr.1.175) 65.5
Hitk g HHER (sp.gr.1.208) 74.1
S ) On plotting galvenometric reddings against concentration
i:_.:~ 3 T ; as before, the K@l content of the brine (sp, gr. 1.175) was
E e i , L found to be 1,0T42 gus KC1/100 ml. and in the brine (sp.gr. 1.2085)
L ‘ ‘ 2t ] i % HEEEH s «r i 5223 * : n _ was found to be 1.&F92 gms.KC1/100 ml.
i i SRS s i e e e Once the stendards and the unknown solutions are
: S gl O e i 3 HHHHHE il
: HEEE f s g T i : B R 1 prepared, the whole experiment will not take more than one 7
i i i T S G G, R R e | .
H il H s R R s - and a2 half hours; this includes the time of heating the
S5 : i e i SR B instrument which is half an hour.
: frat H 2 4 £ : i
! £ : S R 1 : _ The instrument is a Perkin-Elmer model, and is adapted
- r::r 1 i : b EE T %Eé ; ; H aad
i : i : i : : S IS L I n g § for the determination of Mg*® and ca*t as well provided a
; i H JSEaes: : {5 i : ) _ -
3 hot flame such as an acetylene flame is used.

CONCENTRATION OF STANDARDS : o
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b) Evaporation Experiments:

In & two-liters beaker, 1800 ml. of Dead Sea water
( sp. gr. 1.1940 ) were placed and then were boiled until the
specifie gravity of the cooled brine came up to 1.305. The
volume of the water evaporated during this stage was sbout 850 ml..
The salt which seperated was filtered by suction and the filtrate
was asain boiled until the specific gravity became 1.32. The
volune of water evaporated during this period was about 260 ml.
The weight of the carnallite which crystallized during this period
was 49.5 gms. snd this was decomposed with 28 gms. of water
and then filtered by suction. The weight of crude KCl thus
produced was 6.2 gms. The residual brine was evaporated to a
specific gravity of 1.337 and during this pericd M3012.6H20 in
characteristic crysfals seperated out.The volume of the brine
left after removing the MgClE.GHEO was 260 ml. Anslysis of the
carnallite and KCl produced during {this experiments:

Analysis of Carnallite: Using the perchlorate method

for potassium, and removing the magnesium as MgNH4PO4 and deter-
mining it in this form, the result of the analysis was as follows:-

Weight of sample taken = 1.0586 gms.
This amount was dissolved in water and the wvolume made

up to 50 ml. 10 ml. were used for analysbs.
Wt. of Mg2P4O7 = 0.0843% gms.
Percentage of Mg012 in sample =
0.0843 x 0.362% x 95 x 50 x _100 = 34.2%

40 10 1.0586
The filtrate containing the KCl1 was then analysed.



- 05 .

Weight of KC10, = 0.0900 gms.

4

Percentage of KCl in sample = 0.0990 x 0.5%381 x 5§ x 100
1.0586

22.93% KC1

Analysis of crude KCl:- The KCl produced by the decomposit-

ion of carnallite gave the following result:
Weight of sample taken for analysis = 0.2145gus.

Weight of KC1l0, = 0.3142 gms.

4
Percentage of KOl in sample

0.3142 x 0.5381 x _100 =
0.2145
79% KC1

Notes:. The KCl sample was directly treated with
perchloric acid after dissolving in water, since only traces of
M3012 are expected to be present, the only other impurity
being NaCl.

Discussion: From the results of the analysis made
above, we can calculate the purity of the carnallite produced.
Since the KC1l found must all have precipitated with an equi-
molecular gquantity of MgCl2 in the form of carnallite, then
29.3 gms. of MgCl, must be combined with the 22.93 gms. of KCl
togather with 32.97 gms. of water of crystallization, a
combination corresponding to a carnallite which is 85.2% pure:

BCL cisesnviels958
H,0 (eryst.)32.97%

( MgCly ...e..29.3%
Total = 34.3% MgCl, E
MgCly ++vv-- 5.0%

Carnallite 85.2% pure

)
)
)
)
)
)
) Adherent liquor
)

NﬂCl+H2O vees 9.8%
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The recovery of the KECl from the brine is about 25%
of the original amount found.This was calculated fron the amount
and purity of the KCl produced from carnallite;
KCl content in Dead Sea water (sp.gr. 1.194) = 1.13%
Total amount of KC1l in 1800 ml. = 1.13 x 1800 = 20.3%4 gms.

100
Amount of pure KCl recovered from carnallite =

6.2 x 79 = 4.96 gms.
100

Recovery = 4,36 x 100 = 25%
20-34




c) Extraction of Eromkne:-

The bromine content of Dead 3Sea water,
SPe.8re 1.194, calcuated as BgBr, was found to be 3.4 gmus. M8Brg/l.
the metiod used here to determine the bromide in the presence of
chloride is bused on the fact that acidified KgSgOg Oxidizes the
Br to Brg but does not oxidize the @1 . The Bry cen then be extracted
three or four times with CCl, « The extract is then treated with
KI and the Ig liberated is determined volumetrically by means of
NagSels

Due tc te complete absence of iodine in tne Dexd Sea water,
the extraction of Brg becomes fairly simple. The bromine is set free
by means of chlorine ges, the free bromine can then be removed by
bubbling air through the solution and werming the mixture; the
bromine is then collected in cooled contziners.

The maximum concentration of Mghr, is redched when the
specifiec gravity of the brine recches 1.33 i.e. in the 1iquor/i§€:r
the carncellite has been separated. At this stage the solution becomes
saturated with MgCl, and on further evaporation MgClg«.6HgO would
start to separate. In this third stage wherec MgClz.6H,0 separates
till spegr. 1.37, most of the MgCly is removed but only a small
amount of NgBEre is removed out with it ( only 0.483 gms.gBrg/l.).
The concentration of MgBrg at sp.gr. 2.37 is 26 gns./l. It is,
therefore, much more economical to separate tie MgClp.6HgO in
tne pans first, and then transfer the mother liqupr for the
extraction of bromine, rather than do the opposite since esnergy

would be saved both in the reansfer of the brine and later, where
fuel could be seved in heating the reduced volume of the brine for

the liberation of bromine.
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Procedure:- After the removel of the MgClg.6H,0 (third stage in the
evaporetion or the brine), the liquor - sp.gr. 1.37 - was placed in

a distillfng flask. Chlcrine in another couteimer was liberated

by the oxidation of cone. HCl by MnOg. This chlorine gas was passed
into an empty bottle which served as é safety valve and as a pressure
regulator, and then was bubbled through the brine in the distilling
flssk. Through the condensor, which was connected to the distilling
flask, cold water at around 100C. was clirculated. 'he receiver - a
welghed erlemmeyer flssk - was also surrounded by ice and water.

If the Clg gas were allowed to bubble quickly through the solution

8 considerable amount of bromine would be lost with the outcomming
chlorine inspite of the precautions taken, due to the high yapor
pressure of bromine even &t low temperatures®. Soon after the
bubbling of the Clp, started, the solution scquired & brown-red

colour which darkened ss the bubbling of Clg went on. After allowing
ample time for the replacement of Brg, the current of Cl, was

stopped end was replaced by a curreat of air. Blowing air was started
after he:ting the mixture till about 50°C. The bromine - dark brown
ig colour - started to pass throuhg the condensor moving slowly
downwards., Since the receiver was immersed in an ice - salt mixture,

the bromine was collected in & semi-solid brown mass.

* Vapor pressure of bromine at various temperatures ig mm. Hg:-

=73 s F.Po) = 44,4 mm,

0 Le ) = 65,9 mn,
1 ( L. ) = 109 12111189
2 ( " ) = 173 1IN »
30 ( » = 264 mm.,
40 ( = = 392 mm.,
o8, ’?8( B.P. = 760 HsioI s

Table tcken from the. Handbook of Chemistry and Physies.
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priving out the bromine in earlier experiments was done by boiling
the mixture end no air was bubbled through, in which case some

water was collccted together with the bromine. Leter on, however,
when air was bubbled through, boiling was unnecesssry and no

water was collected with the bromine,. However, & small amount

of bromine was left after ths heating and treatment with air ( about
7% of the total bromine liberated) and this needed e higher
temperature for its liberstion and hence some water was collected
together with it, The bromine left in solution efter this tres tment
was found to be 0.612 gms./l. ( using the method mentioned above}.

Calculations: Br~ content in Dead Sea water, sp.gr. 1l.194 using

20 ml, of the brine; volume of NagSgls ( N = 0.957) = 1 ec.

1 X 0,907 X g% 80 = 3.06 gms. Brg/le or 2.06 x 160 = Z.4 gus. NMEBre/l.
e}

Sterting with 3300 ml. brine sp.gr. 1l.194 and evaporsting to 640 ml.
sclution sp.gr. 1.37 end using 470 ml. for the experiment, the

bromine content in solution used = 3300 x 3,06 x 470 = 7.42 gms. Brg
1000 40

Welght of bromine liberasted in the first stage = 4.6 gms.
L " " " " nw gecond " = 0.5 gns., Total = 5.1 gms.

Percentage recovery of bromine e 5.1 X 100 = 68.7%
742

Electrolysis of Dead Sea brine was contemplated as a means
for extracting Brp from it. This method was found to be impractiecal
industrislly for two main reasons:-
1st. The resistance of the brine (sp.gr. 1.36) turned out to be very
high. A cell, designed as shown in figure next page, wzs used, with
platinum electroded. The voltage across the cell was adjusted to 3.7

volts, and the current pessing through it did not exceed 244 milliamperes.
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Aocording to the data given above, between 6.9 and 14 mgms. of Bryg
will deposit in an hour in such a cell - figures thet make the
method economically impossible,
EEE; Using the same power and assuming the same current efficieney,
oae ton of Brg and 3605 kgms. of Mg(OH)g can be prepsred on electrolysing
ade MgBrg , while one ton of Brg and 500 kgms. of NeOH are produced
on electrolysing aq. NaCl ( pure NaCl is poduced in huge quentities
in the first stage of evaporation of the brine). In this case the
Brg is ppoduced by liberating it by means of Clg gas in the
electrolytic cell.

It is clear from what was mentioned above, that a by=-product
of 500 kgms. of NeOH is much more wvalueble than a by-product of
563 kgms. of 11g(0H)g specially now thet g metal is prevared mostly
from the fused MgClp and only a small amount of the metal is prepared
from the fused 1'g0 ( by electrolysis in both cased).

(S

i P at inum {
electrodesd “

A thin stream of air N P

I
|
+ -
~ ' '

Eleetrolytic cell mentioned
above
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Appendix

Table A

Results of KCl determination
of Dead Sea water by different

methods.( Sp.gr. of sample= 1.1940)

Gms .KC1/100 ml.

1. Bitartarate method:
a) Volumetrid ..........0800527
b) Gravimetric .........# 00409

2. Perchlorate method
a) Removal of NMg''& ce¥t...1.13

b) Without removal ........1.345
v-o-o---1-108

. 3, Miero method

a) Colorimetric ..oeceeee cee1.076"
b) Volumetric ...eeeeeeescsala162

4. Flame Photometer s iseas v se 10828

# Average tasken.

Table B

Tabie 2

Specifiec gravity*of

Dead Sea water at various
depths.(Samples taken
30th. April,1953.

Surface 1175
1 meter 1.178
I 1.180
3 0% 1.180
5 " 1.183
0. ™ 1.185
25 " 1.185
35 " 1.183
40 " 1.185
40% » 1.2085
60 " 1.190 .

* Taken at 23°C.
7 Sample taken from a
southward part

-

-

KCl content in Dead Sea water as reported by different workers.

Worker Gms .KC1/100 ml.

Novomeysk;y1 ‘ naeE e se e ew el
1.47

Panteleymorﬁf2o # e 88 s 08 e e s 0.9841
Lieut. Lyneh ee.eeeeeessess 0.8081

The Writer (G.Bedeeceeesass 14151
1.0742
1+2792

Sp.Gr. Temperature
1.1725 23%
1.224 23

1.1475 20

1.2274 : 20

1.1940 20

1.175 23

1.2085 23

1. Trans. Inst. Chem. Eng. 14, 60 (193%6)

2. La Revue de Chemie Industrielle,118, (1934)
3, Offieial Report of the U.S.Expedition to explore the Dead Sea

and the River Jordan,1852.



