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UTILISATION OF MIXED SALT FOR THE RECOVERY OF
POTASSIUM CHLORIDE AND BY-PRODUCTS,EPSOM SALT
AND SODIUM SULPHATE

1) Chemistry of the process

The entire process is based on the phase relations of the
oceanic salts. At every stage, the process is controlled

by the solubility - temperature relationship of various systems.
The first two steps, namely recovery of mixed salt a fraction
rich in potassium chloride and extraction of carnallite from
mixed salt are developed on the basis of van't Hoff's solub-
ility relationship of oceanic salt system: NaGl-KCluMgClZ-
MgSO4-NaZSO4~H20 at 25° and 83°C (Tables 10, 11 and Figs. 9,
10). The decomposition of the)carnallite to yield potassium
chloride is based on the system: KCl~MgClQ-H20 at 25°C whereas
recrystallisation of impure potassium chloride is based on the
NaCl-KC1-H,0 at 30° and 110°C (Polytherm)., The recovery of
epsom salt (MgSO47H20) and sodium sulphate from the "sel's
mixts" is based on the reciprocal salt pair system 2NaCl +
Mg804 = Mgll, + Na2804. Brief outline of the equilibrium
conditions and application for isolation of individual salts
by fractional crystallisation‘are described.

2) Potassium chloride from mixed salt’

An examination of the Hildebrand's graphic representation

of the oceanic system NaCl - KCl - MgCl, - MgSO4 - Nazso4 -
320 at 25°C and 83%°C show that the carnallite field exists at
a very high concentration of magnesium chloride and the

solubility of potassium chloride has increased while the
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while—the solubility of maegnesium sulphate has decreased at

83°C, The solid phase of magnesium sulphate at 83°C is kiese-
rite, MgSO«HéO. The fact that the solubility of magnesium
sulphate tinds to decrease at high temperature while the |
solubilities of potassium chloride and magnesium chloride
or in other words carnallite tend to increase has caused the
kieserite field at 83°C to become larger at the expense of the
fields of potassium chloride and carnallite. It is evident
from the diagram, that most of the sulphate present in the
bittern can be removed as kieserite by evaporating the bittern
at higher temperatures until the composition reaches the
carnallite boundary line. During the evaporation of bittern,
the solids which separate will be a mixture of sodium chloride
and kieserite, known as "sel's mixts By removing the sel's
mixts from the hot bittern, potassium chloride is left in
the bittern; if the hot liquor is cooled to 25°C, the solid
phase carnallite separates as the path of crystallisation
lies in the carnallite field. The mother liquor in contact
with carnallite at 25°C consists largely of magnesium chloride,
corresponding to the point’R of Fig. 9.

In the present process, the bittern is not evaporated
to separate kieserite and sodium chloride at hot and obtaiﬁ
carnallite on cooling the clear hot liquor. On the other
hand, the potassium chloride from the mixed salt is made
to dissolve in thé bittern of 36° Be at hot leaving behind
sodium chloride and magnesium suiphate as sel's mixts in
the residue as undissolved; carnallite is obtained on cool-
ing the hot extracted bittern. The present'extraction

process is alsé based on the van't Hoffb solubility relationship
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of oceanic salts at 25 and 83°C. To understand properly the
scientific basis of the proce;s, van't Hoffé solubility data
at 25°C and 83°C around carnallite field are given in Table
No. 45. The data are calculated in grams per 100 grams of
water from the original data,

Exploring around the carnallite field, potassium
chloride can be extracted.from the mixed salt and can be
crystallised out as carnallite from the hot extracted bittern
by cooling to room temperature. The three important points Z,
R and Q around carnallite field of Figs. 9 and 10 are consid-
ered for working out the process., The so0lid phases correspond~-
ing to Z are carnallite, MgCl§6H20 and kieserite and this
invariant point exists at very high concentration of the magne-
sium chloride., Corresponding to the point R, the solid phases
are cernallite, kieserite and kainite and corresponding to Q,
the phases are carnallite,'kainite and potassium chloride. Table
45 indicates that the solubility of pofassium chloride at 25°
and 83°C corresponding to the point Z is very small whereas |
wide differehce in solubility exists at R and Q points, The
difference in solubility of potassium chloride at 259 and 83°C
at R is 11.6 g per 100 g of water and magnesium sulpﬁate is
less soluble at 25°C than at 83°C, The above properties
are favourable facfors for extracting potassium chloride
from mixed salt containing magnesium sulphate which does not
dissolve in ﬁittern and does not crystallise out while pota-

ssium chloride as carnallite crystallises out on cooling the
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' hot bittern. The composition of the liquor at R corresponds

to %36° Be bittern, end liquor in the production of mixed salte
This will be available in large quantity and can be employed

as a solvent without adjuéting the liquor's composition. Solu-
bility of sodium chloride is higher at 83°C than at 25°C and
therefore, some sodium chloride separates along with carnallite,
resulting impure carnallite of 75 = 80 per cent purity. On the
other hand, if Q point is chosen for extraction, the carnallite
will not be contaminated with sodium chloride and will be a
mixture of carnallite and potassium chloride, This composition
is not favourable for extraction since the concentration of
magnesium chloride in equilibria at 83°C is higher than at 25°C
which requirés evaporation to attain tﬁe equilibrium at 83°C.”
In view of this difficulty, the invariant composition correspond-
ing to R has been chosen for working out the process sfnce

there is advantage that concentration of magnesium chloride
increases when carnallite crystallises out with 6 molecules

of water as water of crystallisation. The concentration of
magnesium chloride at R is less at 83°C than at 25°C and can

be achieved easily in the operation by various factors. ZEumploy-
ing the composition of R at 25°C, the concentration of magnesium
chloride falls Fo equilibrium concentration at 83°C caused by
dehydration of epsom salg to kieserite and volume increase

with rise in temperatures. Therefore, equilibrium state is

well maintained at 25° and 83°C during the process operation

if the composition of bittern corresponds to R of 25° isotherm

KFig. 9, Table 10) employed for extraction,
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The ébove/deductions have been verified in the laboratory
and in the pilot plant scale and the results are given as
laboratory and pilot plant experiments.

%. Recovery of potassium chloride from carnallite

Tﬁe carnallite obtained from mixed salt is decomposed with
water to obtain potassium chloride and the principle is based
on the systenm KCl~Mg012 -3H20. The system has been studied
in detail because carnallite represents the major potash
mineral processed in Germany (Stassfurt) and is the basis

for the production of magnesium chloride which led o the
establishument of magnesium industry.

Fig. 23 (Table 46) is a diagrammatic sketch of the
model for carnallite and denotes the polythermvof the system.
"X" axis represents the concentration of magnesium chloride
in the solution; "Y" axis represents the concentration of
potassium chloride; while "T" axis represents the temper-—
afure. The various saturation surfaces marked in space
model are according to the solid ﬁhases present. Most of the
features are evident from the diagram drawn from the published
datasz. Carnallite is, at all temperatures, incongruently
saturated because all points on its surface of saturation
have a ratio of magnesium chloride to potassium chloride
greater than that in the double salt. Therefore when water
is added to solid carnallite, magnesium chloride goes into
solution leaving behind potassium chloride as solid phase

as they attain saturation at various temperatures.
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Table 46 SOLUBILITY DATA FOR THE SYSTEM:KCl~Mg012—H20

-Pt. Solid phases Temp. Composition of solution
°C g mols of salt per 1000
g mols water

E MgCl,.12H,0, KC1, _
carnallite - 219 66.1 MgClz, 4.9 KC1

F Mg012.12H20,carnallite

16.6° 83,33 MgCl2 with small
" amount of KCl

G Mg012.12H20,MgCl2;8H20,

16.9° 87.5 MgCl, with small

carnallite quantity of KC1

H Mg012.8320 yMgCl, .6H,0, = 3.4°9 99 MgCl, with small
carnallite quantity of KCl

J Mg012.6H20, Mg012.4H20 115,7° 162 MgClz, 4 KC1
carnallite ’

K MgClze4H20, KC1, ‘ 152.5¢° 200 MgClz, 24 XCl
carnallite

M (Carnallite, KCl 167.5 166.7 MgClz, 41.7 KCL

o vt e e s

The important point is whether the decomposition of
carnallite at hot or cold should be used for this purpose.
The polytherm diagrem sﬁows that the proportion of potassium
chloride to magnesium chloride in the solution at equilibrium
with potassium chloride and carnallite is much less at 25°
than at 83°C. This makes it obvious that a much smaller |
proportion)of potassium chloride goes into solution at the
lower temperatures., Therefore, there is noc advantage in
carrying out the decomposition of carnallite with water

at higher temperatures. For the industrial application,
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decomposition at room temperature is most suitable and the
amount of water to be used has to be adjusted with an example
cited for 25°C isotherm. ‘

The 25°¢ isotherm is shown in the (Table7, Fig.7). Solu- .
bilities ar; expressed as moles Mg012 and moles K2012 in 1000
moles of yater. Similar to earlier-diagrams, the double molecule
K,Cl, is used to put it on a basis equivalent to MgCl,. The
significant points are A,B, E and F.

With the boundary line AEFB, all solutions are saturated and
outside the line, solutions are heterogeneous mixtures of salts
end solutions, If a solution of composition X is evaporated
isothermally at 25°C, the concentration of the solution increases
until line AEhis réached. Further evaporation deposits potass-
ium chloride until the comﬁosition of the solution reaches E,
vhere carnallite forms. If the deposited potassium chloride
is not removed, it will be dissolved and redeposited as.carnal-
lite; the solution at E is termed incongruently saturated.
Carnallite is ﬁeposited until F is reached, where magnesium
chloride hexahydrate also is deposited with the carnallite;
the solution at P is termed congruently saturated., The above
features are made use of in the separation of potassium
chloride from solid carnallite by adding sufficient water
to dissolve all the magnesium chloride and form a solution
of composition E. The composition of the solution E is in
equilibrium withlpotassium chloride and carnallite at 25°
and is as follows: 1000 H,0, 55 K;Cl,, 72.5 MgCl,. Froﬁ

this, it is possible to calculate the water to be used in
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extracting the magnesium chloride from the carnallite at this
temperature. By calculations, one mole of carnallite (277.5 g)
requires 7.8 moles or 140.4 g of water or the weight of the
water required is approximately half the weight of the carnallite.
It means that one ké of carnallite requires 500 ml of water for
decomposition; 7.5 per cent of the potassium chloride present -
in the carnallite is retained in the solution and the other
92.5 per cent remains behind as a solid which can be separated.
The polytherm diagram shows that somewhat more water will be
required at lower temperatures, but relatively less potassium
chloride will be dissolved. It is, obvious, therefore that
it is not difficult to obtain potassium chloride from carnallite,
a point of imﬁortance in the present process.

The liquor after the separation of potassium chloride
may then be evaporated and cooled, whereupon another crop of
carnallite crystals can be obtained. In order to obtain the
maximum amount of carnallite, but no magnesium chloride, the
solution must be evaporated to such an extent that on cooling
carnallite separates. Solﬁtion composition will correspond
to point R, in 25°C isotherm which is 1000 H2O, 105 MgClz.
The amunt of evaporation necessary is calculated from the
following equation 1000 H,0 + 72.5 MgCl, + 5.5 K,Cl, =
XH20+¥ MgClQ.6H20 + Z (1000 H,0 + 105 MgCl, + KQCla). This
gives X = 340; Y = 9.8, Z = 0.6; hence 25720 g of solution
shall lose 6120 g of water, giving 2720 g of carnallite on
cooling or one ton of decomposed liquor shall lose 0,238

ton of water and deposits 0.107 ton of carnallite. On volume
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basis, approximately one fourth reduction in volume by evaporation
is necessary to attain equilibrium corresponding to point F. The
second crop carnallite can be treated with water, leaving solid
potassium chloride. The mother liquor after the separation of
carnallite has the same composition as that of 36° Be bittern,
used in the extraction of potassium chloride from mixed salt.

This mother liquor is recycled in the present process with the
advantage that loss of 36¢ Be bittern from the main crop of carn-

allite is made up by the recycled mother liquor, obtained by
evapar ation. These features are incorporated in the present

process.

4, Recrystallisation of impure potassium chloride

It was discussed earlier that the carnallite obtained by this
process contains 6 to 10 per cent sodium chloride and decompo=-
sition of carnallite by water yields impure potassium chloride
due to the fact sodium chloride cannot go into solution,.con-
taining high strength of magnesium chloride. The result is that
the decomposed product, potassium chloride contains sodium
chloride as impurity and the average composition is 65 per cent
KC1 and 28 per cent NaCl, 2.5 per cent Mg012 and 3.5 per cent
moisture. Purificstion is carried out by recrystallisation of
impure potassium chloride based on the solubility = temperature
relationship of the ternary system NaCl + KCl + H,0.

This ternary syétem is one in which one ion is common
to the fwo salts. Hence, the solubility of one salt will be
decreased in the presence of the other. Solubility data of
NaCl + KCl and at boiling points and at various temperatures
are given in Table 6. As a basis for crystallisation calcul=-

ations, Fig. 24, Table 47 is more useful where 30°C isotherm
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and boiling point isobars 'PDP! are shown. ACB represents the
boundary between homogeneous solution below and a heterogeneous
mixture outside the lines; within the area ACK, sodium chloride
is the solid phase in equilibrium with the saturated solution.
Within BCJ, the solid phase is potassium chloride. Within
KCJ, the solid phase is a mixture of both salts, in equilib=
rium with a solution saturated with respect to both. Invariant
point is represented by C. Similar relationships exist along
the isobar 'PDP'.

If impure potassium chloride (solid) is mixed with
calculated quantity of NaCl-KCl saturated solution at 3050,
the diagreams indicate that the solubility of sodium chloride
in NaCl—KCl—HZO system does not alter with temperature where-
as the solubility of potassium chloride increases with temper-
ature. On boiling the impure potassium chloride with the
saturated solution of NaCl-KCl, potassiuﬁ chloride goes into
solution. Sodium chloride‘is left in the residue. By hot
filtration of the solution, the undissolved sodium chloride
15 removed as residue and on cooling the filtered hot solution
to room temperature, the dissolved potassium chloride crystal=-
lises out as pure potassium chloride from the solution.

The invariant compositions of NaCl—KCl-HQO at 30°C
and boiling point (111.9°C) show clear difference in potassium
chloride solubility and further indicate that 11.5 g of
potassium chloride per 100 g of solution can be separated
in each batch and NaCl-EKCl saturated solution can be re-

cycled for the extraction of potassium chloride from the
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residue in the next batches. It is possible to calculate the
amount of saturated solut{on required for recrystallisation
on the basis of potassium chloride éontent in the impure potas-
sium chloride. For 66 per cent KCl, the requirement of NaCl-KCl
saturated solution is 5.8 kg per kg impure potassium cﬁloride
or 7.2 litres of NaCl-KCl saturated solution per kg impure
potassium chloride, -
Table 47 DIFFERENCES IN SCLUBILITIES OF NaCl,KCl AT

30 and 111,9°C (B.P.)

—— Pra—

Temperature °C g per 100 g water g per 100 g solution

KC1 NaCl - 'xC1 NaC1l

30 17.2 -  29.7 1147 - 20.2

BoPg 111'9 38-6 b 27'5 2302 - 16/05
Difference 21.4 - 11.5 -

Solubility at boiling points
KC1(108.5°C) 57.6 0 36.5 0
NaC1(118.7°C) 0 39.4 0 28.2

— P Py .
- o tpeeiaiom et ==

As stated earlier, the crystallised product obtained
on cooling does not contain sodium chloride, because no sodium
chloride is crystallised out due to increased solubility of
sodium chloride at lower temperatures at the invarient composit-
ions. Any contamination of sodium chloride in the product is

due to the adherence of the mother liguor. In order to
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minimise the sodium chloride contamination, the crystallised
potassium chloride is separated by ceﬁtrifuging and washed
with!gﬁall quantity of saturated potassium chloride.

Although the above cycle of operation is shown between
the temperature 30°C and 111°9C, it may also be carried out
between any other_%Wo temperétures e.8. .20, 25 and 35° and
100°9C. By means of quantitative calculations as shown here,
the conditions under which t he cycle of operation may be
most economically conducted may readily be decided in any
given cases

These basic principles are incorporated in the recry-

stallisation process of impure potassium chloride.

5. Recovery of epsom salt and sodium sulphate from the

sel's mixts.

The sel's mixts obtained as a residue in the potassium
chloride extraction process from the mixed salt contains

30 - 35 per cent magnesium sulphate and 16 - 24 per cent
sodium chloride with 8 per cent magnesium chloride and

1.5 to 2.0 per cent undissolved potassium chloride. If
dissolved in water, the solution will be saturated with
epsom salt in presence of sodium chloride and the ratio

of epsom salt to that of sodium chloride remains practically
the same as that of sel's mixts., The separation of epsom
salt from sodium chloride is complicated by the possibility
of forming astrakanite, Na2804.MgSO4.4H20 at ordinary
temperatures and of loeweite, 2Na2804.MgSO4.5H20 or
vanthoffite, ZNaQSO4.MgSO4 at higher temperatures. The
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solubility relationship of the chlorides and sulphates of

these two salts are used to separate epsom salt and sodium

g
b “w

sulphate./ heciprocal salt pair system 2NaCl + MgSO4 =
Na2804 + MgCl2 forms the basis for the separation of epsom
sdl t and sodium sulphate.

The solution prepared from sel's mixts lies in the
astrakanite field in the van't Hoff# diagram, Fig. 9 which
will prevent the separation of epsom salt from sodium chloride.
A little magnesium chloride (about 4 to 6 per cent), however,
if present, raiseSthe solution away from the astrakenite field
so that we mey have only sodium chloride aﬁd magnesium sulphate
to deal with. The solubilities of these two salts and so}i?
phases are affected so differently by the temperature thaﬁzgs
possible to separate epsom salt and scdium sﬁlphate from the
solution by cooling. The solubility data -of the system ha#ﬂe
shown that it is possible to separate epsom salt in pure form
from the solution by cooling to 10°C and the recovery of epsom
salt from the solution is about 50 per cent,

The stable salt pair at lower temperatures is sodium
sulphate and magnesium chloride., The transition temperature
is about 3°C and below this temperature, the remaining magnesium
sulphate reacts with sodium chloride to form sodium sulphate
and magnesium chloride, The solid phase ofbsodium sulphate
at lower temperatures is Glauber's salt (Na2804.10H20). By
chilling the solution to 0°C, preferably -5°C, separation of
Glauber's salt can be affected. As the solubility of sodium

sulphate decreases with increase in concentration of sodium
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chloride, 80 per cent of sodium sulphate formedj can be
separated from the solution saturated with sodiu& chloride
at -5°C, The Glauber's salt melts at 32°C and changes
to anhydrous sodium sulphate. By adding‘sodium chloride
to the melt liguor, the sodium sulphate retained in the
liquor is also precipitated out. Thus anhydrous sodium
sulphate is obtained.

These are the bas%% for the separation of epsonm

salt and sodium sulphate from sel's mixts,
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DESCRIPTION OF THE PROCESS

The process mainly consists of five steps whicﬁ can be
broadly divided as (1) Hot extraction of potassium chloride
from mixed salt (2) Decomposition of carnallite (3) Recryst-
allisation of impure potassium chloride (4) Treatment of
sel's mixts, recovery of epsom salt and Glauber's salt (5)
Recovery of anhydrous sodium sulphate from Glauber's salt.

(1) Hot extraction of potassium chloride from mixed salt

Ground mixed salt of 20 to 30 mesh size containing 181to

20 per cent potassium chloride is mixed in a definite ratio

of 1 kg mixed salt with 1 gallon or 4.5 litres of 36° Be
bittern in a dissolver. The slurry is stirred and heated

to 110°C by steam when most of the potassium chloride goes
into sblution. The concentration of potassium chloride in

the hot liquor raises up to 5 to 5.5 g per 100 ml. on compl ete
extraction. Magnesium sulphate and sodium chloride remain
insoluble in the liquor. The slurry is filtered hot in a
pressure filter, to maintain the temperature of the liquor

hot (not below 85°C), so that carnallite is not lost due to
crystallisation d&ring the filtration along with the sel's
mixts cake. The hot filtrate is then fed to crystallisers
where, on cooling to room temperature (30°C), carnallite
crystals are separated out from the slurry inZ;entrifuge.

The effluent is reused for extraction of potassium chloride
from fresh mixed salt, as the composition of the mother liquor
will be practicallylééme as that of %6° Be bittern., The sel's

mixte cake obtmined from pressure filter containing mainly
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kieserite and sodium chloride is passed on to sel's mixts
dissolvers for further treatment.

(2) Decomposition of carnallite

Carnallite crystals are then decomposed with water added
in the ratio of 2:1 (2 kg carnallite to one kg o? litre of
vater), Most of the magnesium chloride goes into solution
with small amounts of sodium and potassium chloride leaving
behind a residue of impure potaséium{chloride. The decomposed
slurry is centrifuged in order to separate impure potassium
chloride from the mother liquor. The effluent (mother liquor)
hasjéensity P32.5° Be. This is further concentrated to 36° Be
by forced evaporaﬁion, when the composition compares reasonably
with hot carnallite liquor. This is fed tozgarnallite crystalliser
for further recovery of carnallite. The impure potassium
chloride containing mainly 60 to 65 per cent potassium chloride
and 35 to 40 per cent sodium chloride is passed on to recrystal-
lisers or purifiers where it is further purified.

3) Recrystallisation of impﬁre potassium chloride

The impure potassium chloride is heated with a solution
saturated with both the salﬁf)namel¥>sodium chloride and potassium
chloride at room temperature. The impure potassium chloride
(containing 60 to 65 per cent KCl) and saturated NaCl-KCl solution
is heated to 110°C by steam. At high temperature, potassium
chloride goes inéo solution. The slurry is filtered hot in o1
pressure filter. The cake contains mostly sodium chloride with
small amounts of potassium-chloride. This cake is reused for

preparing saturated NaCl-KCl solution. Hot clear filtrate is

cooled in crystallisers to room temperature to obtain pure
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potassium chloride. The crystal slurry is then centrifuged.
Potassium chloride obtained contains less -than 3 per cent
sodium chloride and 3 to 4 per cent moisture. The product
is further dried in a drier to obtain a pro&uct containing
not more than 1 per cent moisture with an assay of potassium
chloride not less than 96 per cent, Sodium chloride in the
final product is controlled by a slight wash during centrifuge.
Mother ligquor (saturated NaCl-KCl solution) is recycled for
recrystallisation of another batch of impure potassium chloride.
Mother liquor cannot be used indefinitely as magnesium chloride
content in the mother liquor goes on increasing. When the
magnesium chloride in mother liquor reaches 7 per cent. (w/v)
the solution is used for carnallite decomposition (instead of
water as stated earlier). TFresh saturated NaCl-KCl solution
is prepared from sodium chloride cake containing potassium
chloride and impure potassium chloride.

(4) Treatment of sel's mixts and recovery of epsom salt and

Glauber's salt

A) Sel's mixts cake obtained after hot\extragtion of mixed
salt is dissolved in water at room temperature so as to dis-
solve most of magnesium sﬁlphate° After diésolutidn the
slurry is filtered. The filter cake contains mostly sodium
chloride and insolubles and hence it can be sent to waste.
The clear filtrate is cooled to 10°C by refrigerated brine,
when epsom salt crystallises out. “The epsom salt is then
centrifuged and the mother liquor obtained is used for

Glauber's salt recovery.
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B) The mother liquor obtained from centrifuging epsom salt
is saturated with sodium chloride (sodium chloride content
in the liquor reaches to 21 g. per 100 ml). The saturated
liquor is then cooled to =5°C by refrigerated brine when
Glauber's salt (Na2304.10H20) crystallises out. The crystal
slurry is centrifuged énd the mother liquor which contains
mainly sodium chloride is allowed to goZﬁaste throughiheat
exchanger where it is used to cool the incoming filtered

sel's mixts solution.

5) Recovery of anhydrous sodium sulphate

The process consists of melting Glauber's salt and
precipitating enhydrous sodium sulphate at 60°C by addition
of powdered sodium chloride. The addition of sodium chloride
depresses the solubility of sodium sulphate which results in
precipitation of anhydrous sodium sulphate. The method in
detail is as follows. Glauber's salt is first melted at 60°C
and the solution contains 37 g of sodium sulphate per 100 ml.
Finely powdered sodium chloride is added to the solution and
the mixture is stirred at 60°C for half an hour. During this
time anhydrous sodium sulphate separates out and sodium chloride
enters the solution. The slurry is centrifuged. The effluent is
mixed with the mother liquor from epsom salt which is used for
Glaubef;s salt separation. The centrifuged anhydrous sodium
sulphate is further dried to get a product containing less than
1 per cent moisture with an assay of sodium sulphate not less

than 97 per cent.
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3A) EXTRACTION OF POTASSIUM CHLORIDE AS CARNALLITE, DECOMPOSITION
OF CARNALLITE AND PURIFICATION OF IMPURE POTASSIUM CHLORIDE
TO OBTAIN FERTILISER GRADE POTASSIUM CHLORIDE, AND COLLECT-
ION OF SEL'S MIXTS CAKE

Laboratory experiments

1) 400 g of ground mixed salt (30 to 40 mesh size) analysing
37.72 per cent magnesium sulphate 13.87 per cent magnesium
chloride 18.00 per cent sodium chloride and 21.14 per cent
potassium chloride was mixed with 3.2 litres of 36° Be bittern.
The heating was carried out in glass beaker with stirring
arrangement when the bittern was heated to 117°C, it started
boiling. The ring burner was closed and stirring was carried
out at 110 to 115°C for half an hour. 100 ml of hot solution
was filtered on sﬁall ggggEr funnel and the solution and the
separated solid was heated again to 110°C. 5 ml of the sample
was diluted to 500 ml and the concentration of/potassium
chloride in hot solution was found out (4.9 per cent KCl in
hot solution). The contents of the beaker were filtered on «&
buchner funnel with filter cloth. The hot solution was cooled
to room temperature and the carnallite obtained was centrifuged.
The details of the analysis are given in the Table 48. The
recovery of potassium chloride from mixed salt was 85 per cent.
2) Studies were carried out to fipd out whether mixed sal$

can be separated in fractions rich in potassium chloride or
major portion of sodium chloride could be eliminated by

mechanical means such as {ézVing 316 1bs of ground mixed salt
i}/ N
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in roller crusher was seived by using vibrating screen; and
four fractions were collected (1) Coarser fraction 124 lbs
(2) Fraction below 10 mesh 51 1bs (3) Fraction below 18 mesh
size 82 1lbs (4) Fraction below 20 mesh 59 1lbs. Fractions
1,2,3 and 4 were analysed for sodium and potassium content

by using flame photometer., The results are given below:

Sample KC1 NaCl
Per cent
1 ‘ 15.80 28.50
2 15.07 25.12
3 15.96 30.42
4 15.88 28.57

The experiment showed that it was not possible to
separate a fraction rich in potassium chloride by such
mechanical means.

3) Seive analysis of mixed salt

Grinding of mixed salt on roller crusheg gave following

seive analysis, of mixed salt which was used for experiments.

Particle size (%&S) 1bs Per cent
+ 10 mesh 6 16
14
- 10 +/mesh 6 16
- 14 + 17 mesh ‘ 10 .26
- 17 mesh 16 42
38 1bs 100

The seive analysis of mixed salt passing through first
set of rollers showed that 42 per cent of mixed salt was

crushed below 17 mesh size; while after passing through the
second set of rollers gave 78 per cent mixed salt below 17 mesh
size.
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4) Measurement of bulk densities

The following bulk densities of various solid material

available in the process were measured.

a) Mixed salt  59.98 1bs/cu.ft. = 961 kg/cuwm.
b) Sel's mixts - 110.20 1lbs/cu.ft. = 1766 kg/cu.m.
¢) Carnallite 57.8 lbs/cu.ft. = 925.8/cu.n.

d) Potassium chloride 57.8 1lbs/cu.fs.
(centrifuged)

925.8 kg/cu.m.

e)gPotassium chloride 58.05 lbs/cu.ft.

1090 kg/cu.m.
dried at 110°C

f) Epsom salt 51.26 lbs/cu.ft. = 821.2 kg/cu.m.

5) Studies on concentration of potassium chloride in hot

extrgction of mixed salt

Studies were carried out to study the concentration of potas-
sium chloride reached by hot extraction of mixed salt with 369°Be,
bittern iﬁZcounter~current method revealed the following results.
Hot bittern obtained after extraction fromi?Erst vessel was baken
to the second vessel where it met with fresh mixed salt. The
concentration of potassium c¢hloride in hot bittern rose from

3.5 t0 5.5 per cent (w/v) leaving 2.5 per cent potassium chloride
in sel's mixts of the fifst vessel and 5.8 per cent potassium
chloride in the sel's mixts of the second vessel. The two

sel's mixts were mixed and when trested with fresh bittern at
110°C showed that potassium chloride concentration in hot bitiern
waslonly 3.25 and again 2.5 per cent potassium chloride was left
out in the sel's mixts. Treatment of sel's mixts again

with fresh bittern showed that 1.5, 2.1 and minimum 0.8

per cent potassium chloride was left out with sel's mixts.
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The method did not work well because the hot bittern was
already concentrated with potassium chloride in the first
vessel itself. Addition of hot bittern iﬁzgecond and third
vessel was not met with any advantage. In fact the carnallite
obtained by second heating of sel's mixts with fresh bittern
contained more of sodium chloride and 1.5 to 2 per cent potassium
chloride was always left out with the sel's mixts. The test
samples drawn during heating of mixed salt with 36° Be bittern
showegﬁfpllowing results., The experiment was performed in
' tﬁe following manner. 4 litres of 36°% Be bittern was first
heated to 110°C and 1 kg of ground mixed salt was added. The
temperature of bittern fell @éWn to 100°C as a result of addition
of mixed salt. The temperature of the reaction mixture was
then raised to 110°C. Readings of potassium chloride concen-

~tite
tration in the hot test samples showedlfollowing resul ts.

15 minutes after addition 3 per cent KC1*
30 v " 3.2 "
40 " " 4,01 "
45 " " 4.0 "
A

It was obvious tha%{ﬁinimum half an hour stirring at 110°C
was essential,

(6) Mixed salt varying composition

Studies were carried out on mixed salt samples of varying
composition such as (1) obtained from Kharaghoda containing

24.75 per cent magnesium sulphate, 16.91 per cent sodium
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chloride, 3.7 per cent magnesium chloride and 19.52 per cent
potassium chloride. The studies showed that due to much less
concentraticn of magnesium chloride in mixed salt and retention
of 10 to 13 per cent magnesium chloride in sel's mixts cake
-the 36° Be bittern was deprived of magnesium chloride content
with tﬁe result that the efficiency of extraction was only

50 to 60 per cent., Utilisation of bittern with 30 per cent
total chloride contegt or 37 to 38 per cent magnesium chloride
content, showed 80 to 85 per cent recoverieg of carnallite(see
teble 49-A).(2) In case of Kandla mixed salt which contained
only 10 to 14 per cent potassium chloride 40 to 50 per cent
sodium chloride, the efficiency of extraction was 80 to 85
per cent but vield of carnallite obtained was half that
obtained by utilisation of mixed salt of normal composition;
It was found gt that addition of double the quantity of
mixed salt was nob suitable as the ratio of solid to liquid
was doubled which created different problems such as choking
in dissolvers and filter capaqities were low. Moreover sel's
mixts cake contained 50 per cent s&dium chloride which also‘
effected the recovery of epsom salt. The difficulties were
solved by using 1) a little less mixed salt 1.40 kg equivalent
to 20 per cent KCl instead of 2 kg and by satisfying with
less recoveries of carnallite. (2) The hot extracted sclution
was allowed to settle for an hour to remove the excess of
sodium chloride coming in the filter cake. (3) Due to long
storage, magnesium chloride content of mixed salt was drained -

off and a part of potassium chloride was converted to schoeni be.
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In the treatment of such mixed salt it was observed that it
Q was also possible to extract carnallite with 36° Be bittern
with higher concentration of magnesium chloride content such
as 37 per cent. Recoveries of potassium as carnallite were
T8 79
-86 per cent (table 49-B),

(7) Studies on separation of sodium chloride in carnallite

A saturated solution (36° Be bittern) with carnallite
was allowed to cool to room témperature and various fractions
were isolated between different temperature ranges (Table 50).
(1) First fraction between 110°C to 90°C gave approximately
150 g. carnallite analysing soéium chléride 4.33 per cent
magnesium chloride 22.13 per .cent potassium chloride and
19.33 per cent. (2) Second fraction separated between 90°C
to 80°C gave 90 g of carnallite NaCl 1.07, KC1 26.78, and
MgCl, 30.78 per cent. (3) Third fraction separated between
temperature range of 80 to 359C contains sodium chloride
5.72, magnésium chloride 27.8 and potassium chloride 17.08
per cent. The result showed that sodium chloride had separ-
ated in the first fraction and in the last fraction and it

was nét possible to obtain carnallite free of sodium chloride.

Table 50 AMOUNT OF CARNALLITE CRYSTALLISATION AT VARIOUS
TEMPERATURE RANGES FROM HOT EXTRACTED SOLUTION

i

=)

;. Temperature range Per cent separation
1 100 to 80°C 4.4
2 80 to 60°C 3642
3 60 to 40°C %6.8
4 19.6

40 to 30°C

it
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8) Decomposition of carnallite

Carnallite as obtained by extraction of mixed salt analysed
potassium chloride 18 to 20 per oént, sodium chloride 4 to 6 per
centy and magnesium chloride 28 to 30 per cent./ Impurity of
sulphate as magnesium sulphate was negligible but often due to
leaks or improper fixing of filter cloth 0.5 per cent magnesium
sulphate was obtained in carnallite., The decomposition of carn-
allite was studied to find out whether technical grade potassium
chloride could be directly obtained. It was observed that when
the carnallite was decomposed with 1:1.ratio 20 per cent potassium
chloride was obtained as 94 to 95 per cent purity. The end liquar
when treated with fresh carnallite gave impure potassium chloride
assaying 50 per cent potassium and sodium chlorides. Wheh carna-
llite was decomposed with water 1:0.5 ratio,iggéper cent recovery
of potassium chloride (from the original) was directly obtained
as impure potassium chloride; the analysis of impure potassium
chloride was 60 to 65 per cent potassium chloride. The results

are reported in Tables 51 and 52.

9) Recrystallisation of impure potassium chloride

Impure potassium chloride containing 60 to 65 per cent
potassium chloride was treated with NaCl-KCl solution (satur-
ated with both thése salts at 25°C) and heated to 110°C
(112°C B.P). The purity and yield of potassium chloride
obtained and the increase in concentration of magnesium chloride
in solution in each cycle was studied (Tables 53 and 54).

Studies carried out on the amount of carnallite and KC1

separation from hot solutions are reported (Tables 50 and 55).
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Table 51 DECOMPOSITION OF CARNALLITE (1 kg carnallite +

500 ml. water) (At room temp.)

T ———

A= = e s e s e

Contents Carnallite Impure KC1 End liquor obtained
Per Total Per Total Por Total salts
cent salts cent salts cent (g)
(g) (g)
KC1 22,36 223.,6 56.2 196 .00 3.25 27.63
MgSO, nil - - - - -

—
=~ —— —— —
_——= [ g r——

= pre ety

Recovery of KCl as impure KCl was 87.6 per cent

10) Studies on separation of sodium chloride along with pure

pontassium chloride in recrystallisation of impure potassium

chloride’

A saturated solution of potassium and sodium chloride contain-
ing XC1 11.0, NaCl 20.5, MgCl, 4,15, Mg804 0.0 per cent was
used for the purification of impure potassium chloride obtained
by decomposing of carnallite. The composition of impure
potassium chloride was KCl 67.61,end NaCl 24,11 per cent and

MgCl2 0.4 per cent, The details of the resul ts are reported in

Table 55.
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II A 2) Description of pilot plant experiments

”?£§Grinding operation of mixed salt was carried out with 4 _
edge runner and the mixed salt was é%@hed through a mechanical
vibrator giving 20 to 30 mesh B.S.S size of which 70 per cent
ggw»passigé“through 30 mesh. 36° Be bittern containing about
35 g magnesium chloride per 100 ml was pumped to the dissolver
up to a previously made mark show1ng 500 litres of blttern.

114 kg of mixed salt vas added toldissolver Zthrough[ bucket
elevator, While charging of the mixed salt stirring was going
on and the contents of the dissolver were kept under agitation.
The slurry was heated by steam at 10 to 20 psi. Mixed salt
addition was completed in ten minutes and the steam was raised
to 30 psi. After attaining the temperature (110°C) the slurry
was stirred for half an hour at the same temperature, Arrange-
ments were made in the meantime to filter 100 to 200 ml hot
liquor on the buchner funnel. The hot filtrate was heated

to 110°C in the laboratory; 10 ml of the hot solution was made
to litre and the sample analysed on flame photometer for pota~-
ssium chloride content. Testing two to three samples with 5

to 10 minutes interval gave an exact idea whether the bittern
was saturated with carnallite or in other words potassium
chloride was extracted in the hot bittern. 1In case of good
extraction, the liquor showed 4.5 g KC1L per 100 ml. The

other indirect test which should show 20 to 22 g carnallite . .
from the cooled hot sample per 100 ml of the solution., The
hot slurry was then taken toZ;parkler pressure filtration

unit through a slurry pump. Mechanical stirring in the
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dissolver was continued till the whole solution was filtered
in the sparkler unit, The time required for this operation
was 10 to 12 minutes. Compressed air was passed after closing
the inlet valve of the sparkler unit, The slurry pump was
stopped and most of the solution was flushed out by compressed
air. The outlet valve of the sparkler unit was then closed

and scavanger valve was only kept open. Air at 50 psi. was

ol

slowly built up in the unit by increasing slowly/compressed
air., After the scavanging operation was over, the compressor
was stopped and the pressure in the vessel was released. The
top of the sparkler unit was opened andzfﬁside cartridge was
removed out byi?énd operated hydraulic crane. Removal of hot
cake was done after allowing it to cool for two hours and sel's
mixts was stored separately for further treatment. The results
are given in the table 56-A. Recovery of potassium chloride
as carnallite from mixed salt in this operation was 83 per cent.
Results of crystallisation of carnallite iS- wansonJ@;lker cry=-
stalliser are given in Table 57.

The following experiments in which extraction of 114 kg
(250 1bs) of mixed salt with 500 litres of 36° Be bittern
vas carried out showed that the efficiency of carnallite
extraction from mixed salt was 85 per cent (Table 56 B) and
on an average the carnallite obtained contained 19 to 20 per
cent potassium chloride with 4 to 6 per cent sodium chloride
as impurity. TP® gioam consumption noted from the condensed

steam from steam trap was found to be on an average 70 litres.
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Table 56 -~B BEXTRACTION OF MIXED SALT (Pilot plant experiments)

KCl reading Carnallite Composition Reco~- Steam
in extract-~ obtained of carnallite very condensed
ion liquor at (kg) of litres
110°C, KC1 NaCl KC1
Hh(w/v) (Per cent) %

1) 4.9 100 19.5 4.5 85 70

average
. 2) 5.0 95 19.47 6.0 70
3) 5.2 98 19.80 6.2 69.5

4) 4.95 97 19.00 4.8 70
20 g of carnallite was obtained per 100 ml of hot .

(extracted) solution,

Table 57 CRYSTALLISATION OF CARNALLITE IN S.W.CRYSTALLISER

Hot extracted biitern obtained by treatment of 114 kg mixed
salt /500 litres of bittern was filtered and 250 litres of
hot bittern was pumped to S.W. crystalliser and cooled to
room temperature by circulation of tap water. Rate of feed
of tap water was 300 gallons/hr,

Water temp. Bath Water temp. Bath
Time Inlet Outlet temp, Time Inlet Outlet temp.

(°c) _(°¢) (°C) (°¢C) (°C) (°C)
3-00 30.5 38 85 4~20 3065 32 39.8
3-10 3045 37 14 4-30 3045 32 3861
3-20  30.5 35 64 4-40 30.5 32 370
3=30 30,5 34 5665 4-50 3045 31.5 3661
3-40  30.5 33 51 5-00 30.5 31.5 3545
3-50  30.5 32.5 46.5 5«10 30.5 31,5 35
4-00 30.5 32 43.5 5-20  30.5 3145 34 .6

Total time required 2 hours and 20 minutes.,
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Decomposition of carnallite

47.8 litres of water was exactly measured and added to
a sfainless steel open pan evgporator fitted with anchor type
stirrer moving at 60 r.p.m. 95.5 kg of the carnallite was added
to water (manually). While the charging of the carnallite
was continued the stirring was going on and the coantents of
the dissolver were kept under constant agitation. The sequence
of the operation was found necessary as the load on the motor
was increased which often trips off if the sequence was reversed.
The mass was stirred for 10 to 15 minutes and samples were
taken 1o measure the density with 30 to 40° Be hydrometer
preferably graduated at 28°C, Samples weré also drawn to
estimate potassium content in the solution by flame photo-
metry. In absence of flame photométer, density and total
chloride reading was relied upon. The slurry was then
centrifuged. The results are given in Table 58. Recovery
of potaessium chloride as impure potassium chloridé fronm
carnallite was 85 per cent.

Decomposition of carnallite in one to one ratio as
carried out in laboratory experiments to obtain direcfly
potassium chloride from carna;lite was repeated on pilot
plant scale. 27.24 kg (60 lbs) of carnallite containing
20.2 per cent potassium chloride, 5.2 per cent sodium
chloride, 28.3 per cent magnesium chloride was mixed with
27 litres of water and stirred. The solution was filtered
to obtain 2.3 kg (5 1lbs) of solid which analysed 94 per cent

potassium chloride and 6 per cent sodium chloride. The
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solution obtained above was again treated with fresh 27.24 kg
(60 1bs) of carnall;te of the same composition. The impure
potassium chloride obtained was 12 kg (26 lbs) containing

50 per cent potassium chloride and 50 per cent sodium chloride.
The analysis of the end liquor solution was similar to carnal-
lite decomposed liquor obtained by 1:0.5 ratio treatment.
Composition of the first solution was XCl 7,3, Mg012 15.6, NaCl
5.6 per cent, while of the second solution was KCl 3.5, NaCl
2.8 and Mg012 28 per cent. Thus on an average only 20 per cent
of the total potassium chloride was obtained as 94 per cent pure
product, while the remaining 60 per cent potassium chloride was
obtainéd as impure potassium chloride containing 50 per cent
potassium chloride and 50 per cent sodium chloride.

Evaporation of carnallite decomposed liquor

91 litres of carnallite decomposed liquor obtained after
centrifuging the impure potassium chloride was pumped to a
stainless steel steam jacketted evaporator. The density of
carnallite decomposed liquor was 32.5° Be before starting
the evaporation. Heating was done by“steama Samples were
taken when the density of the hot solution was approaching
37° Be (at 110°C). The hot sample was immediately cooled
to room temperature, filtered on buchner funnel. The filtrate
was tested for density, (37° Be hot showed 369 Bg at room
temperature) and potassium chloride content b& flame photometer.
As soon as the potassium chloride value was shown between
1.5 to 1 per cent, the heating was‘stopped and the hot slurry

wvas allowed to cool in small trays to obtain additional
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crop of carnallite. The composition of the end liquor after
separation of carnallite agreed practically with the 36° Be
bittern used for extraction of mixed salt. The results of

the experiments are given in Table 59. The recovery of pota=-
ssium chloride as carnallite from carnsllite decomposed liguor
was 80 per cent.

Recrystallisation of impure potassium chloride

155 litres of saturated NaCl - XKCl solution 29° Be
containing 14 per cent potassium chloride 18 per cent sodium
chloride, and 0.5 per cent magnesium chloride was measured
and added to 100 litre (25 gallon) capacity stainless steel
steam jacketted evaporator. Steaming and addition of 25 kg
impure potassium chloride was simultaneously started, When
the temperatures of 110°C was reached, a sample of hot solution
was immediately filtered on buchner funnel and analysed by
flame photometer only for its potassium chloride content.

As soon as the analysis showed 24 g potassium chloride per
100 ml of solution, the heating was slowed down and the hot
slurry was filtered in sparkler pressure filter, The operat-
ion was clean and smooth. The stirring of the slurry in
the vessel was continued during filteration as the slurry
would settle fast. The cake in the filtration unit was
analysed for potassium chloride to find out the loss of
potassium chloride with the cake. The analysis of the end
liquor showed that the composition was similar to)earlier
one with the difference that magnesium chioride was con-
centrating in the saturated NaCl-KCl-liquor. The recovery

of potassium chloride from impure potassium chloride was
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94 per cent (Table 60).

Regeneration of saturated NaCl-KCl liguor

It was found out that after 5 to 6 cycles the concentration
of megnesium chloride in the saturated NaCl-KCl solution was /
raised to 7 to 8 per cent.

At this stage, the saturated NaCl - KCl solufion was
regenerated as follows. 50 litres of the solution analysing
11.5 per cent potassium chloride 19.0 per cent sodium chloride
and 7.08 per cent magnesium chloride was mixed with 50 kg
carnallite. The mixture was stérred for half an hour and
samples were taken to find @&ﬁié;nsity which was 32.5° Be
indicating all carnallite was decomposed. The slurry’was
centrifuged to dbtain impure potassium chloride and carnallite
decomposed liquor. The results are given in Table 61. The
ratio of ¢arnallite decomposition\with water was 1 kg carnal-
lite with 500 ml of water (or 1:0.5), while that when NaCl-
KCl solution was used as above, the ratio was 1 kg carnal=-
lite with 1 litre of rejected KCl-NaCl solution (1:1). This
simple modification of the process saved the costlier treat-
ment of soda ash with saturated Naqé KCl solution for elimin-

ating the unwanted magnesium chloride concentrating in the

crystallising liqpor.
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FIG. 25

FLOW SHEEY FOR REGENERATION OF
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TREATMENT OF SEL'S MIXTS TO OBTAIN EPSOM SALT AND SODIUM SULPHATE
AS BY~-PRODUCIS

3=B~1 Laboratory experiments

Dissolution of sel's mixts

Experiments were carried out to find out how a saturated solution
of magnesium sulphate could be obtained from sel's mixts cake.
The composition of sel's mixts was not constant due to slight
variations in mixed salt and the time required for filtration.
The sel's mixts was dissolved in water by addition of sel's
mixts to water in different proportions to find out which ratio
would give a saturated solution of magnesium sulphate and at the
same time the losses of magnésium sulphate in the residue was
minimum. It was observed from Tables 62, 63 and 64 that 1:1
ratio was suitable to obtain maximum quantity of magnesium
sulphate in solution. The tables showed how the solubility
of“sodium chloride and magnesium sulphaté was almost similar
and with the concentration of magnesium chloride in solution,
the solubility of both the salts was reduced. The table 63
also pointed out that magnesium chloride couldlﬁe washed off

if sel'é mixts contained magnesium chloride in excess by

© leaching sel's mixts with water in ratio of 5:1 where the
losses of magnesium sulphate were minimum. The table 64

showed that it was not possible to obtain clear sel's mixts
solution as fine kieserite particles remained'in suspension.
With the addition of extra water over the 1:1 ratio, the
density of the solution was less, but even then, it was taking
a long time to settle the solution and the maximum amount

of such settled solution obtained was only 74 per cent. The
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results showed that filtration under pressure was essential.

Separation of epsom salt

(1) 2 litres of sel's mixts solution was chnilled to + 10°C with
constant agitétion. The separatedlsolid on analysis showed
that it was containing 41.72 per cent magnesium sulphate (93.19 )
per cent epsom salt). The impurities of magnesium chloride and
sodium chloride were minimised by washing the ﬁroduct with water
in the centrifuging operation. The recovery of epsom salt was
50 per cent that of the original present in the sel's mixts
solution (see Table 65). Separation of epsom salt was better

in presence of higher concentration of magnesium chloride.

(2) Sel's mixts solution containing Mg30, 23.43 per cent,MgClL,
9.58 per cent, and NaCl 12.0 per cent was chilled to 10°C., The
mother liquor showed MgSO4 12.0 per cent, Mg012 10.62 per cent
and NaCl 12.29 per cent. The yield of epsom salt was 340 g.
assaying MgSO4 42.37 per cent, Mg012 0.9 per cent, and NaCl

1.4 per cent. The recovery of magnesium sulphate was 61.38

per cent.,

(3) Effect of MgCl, on separation of epsom salt.

Sel's mixts solution obtained by treatment of sel's mixts
with water in 131 ratio was mixed with 100 ml. of 40 per den?
solution of magnesium chloride and chilled to + 109C. The
solid obtained was 150 g. and was oftthe composition MgSO4
35.5 per cent, MgCl, 10.5 per cent NaCl 19,10 per cent. The
mother liguor analysed MgSO4 5.2 per cent, Mg012 20.2 per cent
and NaCl 7.8 per cent., The recovery of Mg804 as epsom salt

was over 6F per cent which was mainly due to increase in
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cenceniration of MgCl, in sq;t}t:;_o&, - However- the. product was
impure as:sodium. chleride alse- precipi tated-along with: epsom
salt. As seen in earlier Ig’b)les':jtiz, 63 and 64 if the concemt-
ration ef Mgll, in sel's mixts selution. was highdr tfw( concen~
tration.of MgS0, was lew:with. the.result that: only 50 per-ceat
recoveries were possible, - .
(4) Chilling of sel's mixts-selution to.+ 10°C gave 50 per
cent recovery of: epsem--sali. and; & mother. liquuz contazmm
Hgso 9 per. ceant, Hg612 45 per- cent; . NaCL,, 7.0 per cent ml
KCl1 3.3 per: cent.. Chlllz.ng thes abeve - selution; te:+ 5 or 0°C
gave: me: additional recoveries of epsom:salt. Houeuz, when. the
sel's mixts solubion:of the:abeve: composition. was. mixed. with
solid magnesium; chloride- (55012,6}:{20) te: ebtein: 26 per cent
concentration of MgCl,. in. tﬁe.ﬂ solution. and chilled: to. + 1(:> and
+ 5°C, the:recoveries: 03:36 and. 40 per. cer@;ﬁ; Mg§64, as. cpSem |
salt was: again- obtaimed; The;purity of the product wes:low
eogtaiflj.ng; 16 %0.15 per cent: sodium. chloride. - -‘.!':husﬁhahiglper
;fgcgyery_*-otxﬂep:sgmx s'ali.t“w‘as ' al;wgys‘uglcgegpgni ed: v@tl: separation
of sodium chloride as impurity, which: wes difficult te:wash
in centrifuging alone, )

~ The-Sel'’s. mixts -solution of the: composltion comtaining
9 te-10 per cent MgS0, was. saturated. wvith sodium'chloride. The
cencentration:of sedium-chloride-increased frem 7.to-21 per
- cent. The: snatﬁxjateé’ selution. with-sodiums chloride was: them
chilled te-~5°C., The: solid ebtaimed. was. 215 g analysing
pure sodium sulphate. The recovery was.-85 per cent (Tabless ).

It was- observed that 85 per cent of magnesium: sulphate was
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converted:-to-sedium sulphate with a:purity of ‘91 to.92 per
cent. It was alse observed that asrthe;pagnegiungehlon§de
was . formed. due- to-conversion of magmesium. sulphate- $0. sodium
sulphate by interactien of 35804,andx§g01,; The, influence: of
initial coneenﬁra&ian,etzmagnqsium;ehlaridevonJsodiu.wsulphgte
conVerszonfwas sxgnxflcagt.. ~
. The - concentra&;ons of nagnesium:ehloride in: the. initial
so;utipngbeyenﬁﬁ6;per cent se;;ogslyxafﬁagtgﬁrt@eyconversion
and. the: adjustment of magnesium:chloride- concentration. by
suztable dilution was very necessary. ’

Erfect of magmesium. chleride-on conversion ef magmesium
sulphate te sodium: sulphate was. clearly indicated by the follov»
ing e:yeriments. B . - A _ ~
) Conpositlon ef sel's mixts. selutlons containing. 9.4 per
cent magnesium sulphate, 20.7 per cent sedium:chloride with
varyingconcentﬁations,of<Iagnesinn?chloridesan,chilki:g:to

=5°C gave follewing results.

2. Mg012 8/100 -1 12.9 8.7 5.9 5.0 3.0
3.Bfficiency of  14.3 38,2 66.4. 82,0 85.85
cenversion :

Selubility relations of magnesium: sulphate with magnesium
chloride end. sedium. chloride are- such thet it was found difficult
to obtain ausaiurabedxsc;utipn of nagnesium; sulphate; containing
Rere thsn;18.tea20“per cent magnesium: sulphate: The selution
vhich. en. chilling -te. 10°C gave 50 per cent recoveries of magnesium
sulphate as epsom sal$ (:able 65). The mother liquor obtained
vas saturated with sodium chloride te ediain. sedium sulphate,



, The~conyer9;on:of qggnesigg‘sglphatg»tcfgedigégsulgha$esyas

85 per cent. Chilling below =5°C di&fﬁot'giygigybsﬁaat;al i
increase in the yields. Thus 92,5 per ceat of magnesium. sulphate
wag recevered, The tetal sulphate recovered as epsom:salt was

50 per cent'ané sodign»sulpha¢e0(42‘5 per ceat) frenithe:ortgipal
sel's mixts selutiom. o | .

In recrystallisation otvepepg»aaltgandisgdiunwsulphate4i&
was ebgerveéwthat epsom sglt;§qggrateéAcpmp;9§ely betweea. the
range of-?S?Q‘tQ 10°C in the- abeve experiments, Temperature
range of sepsration was emly 5°C. Im.crystallisation of Glmber's
salt, it was observed that séparq&ien,gx-Glagber?g‘salt started
between + 3°C te -5°C and. temperature range ef separation- was
only 8°C. The density- and: compesitions.of sel's mixts solution

at various stages is given in Table 67.
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B-2 PILOT PLANT EXPERIMENTS (Sel's mixts treatment)
i) Disselution of sel's mixts

100 kg of sel's mixts analysing. 35.1 _per cent maguesium
sulphsze, 16.8 per cent sodium.chloride, 8.0 per cent mggnesium
ch}eriég and 2,1 per cent potassium chloride wes mixed with
100 litres eof water (131 ratio) and stirred for ome. to twe hours,
Density ef the solution was- takem. at. every half an. hour interval,
Wheisthe.denq;ty.waﬁla;msgt constant, the sti:r;ng,was‘syoppei‘
and thexslurry‘was;gl;oyedrtq:sett;ejfer some time, It was
obsgrved:that~due:t9 di§§o;ution;or'k;e§erite in water, the
temperature. of the solution was raised te 45°C and the. colour
of the solution which. was white was. changed to brewnish. The
slurry was-fi}tered.;pisparklgr unit, The:reeoiery of the
magnesium. sulphate in solution from: the sel's mixts was 88.6
per cent (Table 68). - '

ii) Sepsration of epsom salt ~ .

- 150 litres of the clear sel's mixts. solution contain-
1l¢ 31 kgnef ‘magnes ium sulphate was pumped teo. the swenson valler
erystalliser. Refrigerated brine of ~ 10°C was circulated in
the outer jacket ef the crysta;l@se£4 The slurry was stirred
at 10°C for 15 m;nutes_gnd then centrifuged.- The yieldlgf
epsom salt was 50 per cent (Table 69). |

ii1) Separation of Glauber's salt
o _ The: mether liquor ebtained sfter centrifuging. epsom
salt was satgrg;ed with sqdiunfqh;oride. Samples were takem
to. see’ the concentratien of sodium- chloride in the.solution.

When. the saturation was reached the 130 litres was pumped back
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te- the swensen. walker crystalliser and. the: ;eﬁr-;garaﬂ:e&,' brine

at. «15°C was. circulated- in the outer jacket. The:crystallis-

atienm: of 'fGlaube_r' s: sakt started: at _-1"6 and. lot. of: crysigals

separated: by the: time: the; selution. reached;~5°C, The selution

was;stirreds at =5°C for 15 to 20 minmtes: ands cent»ri-fggeé.. The
‘ e'comre:siom efftiqigi?:r_ S:.rgswfe egﬁfensp while, the- tetal. reéoféry

&L" nagnesium; Nsulphate:;\\fromr‘ the: eriginel. solution; was. 35.8

per:cent, The residqual end’/liquor containing:2.5 per ceant

magnesium’ sulphate; 17 per cent sodium:chloride 13.6 per cent

magnesium' chloride-and 1.9-per cent KCl was: discharged, as: waste

liquer. (Table 69). Settling: rate-of sedium- sulphate (Glauber's

selt) and maegnesium/sulphate (epsem:salt) was determined and

is reportedin- Table-70, -

© Viscesities-of: yarioug;hso*«lgti'epg:: ebtained in.the:precess

&t various . temperatures. vere- not- actually determined.,, Dat;

reported in. the  imtermational critical tables, Head.book

of physics snd: chemistry, correspending, te:indivi dual; cone

centration. of salts: was. utilised for. tlm_é.j process;. As, it

was; difficult te. determime thes exact: viscosity' ef 36° Be

bittern and, slurry’ at 110°C a cemparative:data of the-rate

of flew with 8,6 sparkler filter (lLaberatery model.with

attached pump) wasscollected and: supplied. to:M/s. Kamitter

and: Co. te:obtain bigger sparkler/units fer the pilet plemt

works The/supplied. é&t@ is, given: im Tables 71 and 72,
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Table 70 SETTLING RATE OF SODIUM- AND MAGRESIUM: SULPHATE

T e I T e R e e Y S I e R e S I R IS AN IR SRR z_:':?:::"-“=====_==='#m====
Sedium sulphate- Magnesium-sulphate
14,71 g per 100 nl 9.30 g per 100 ml
Time~  Clesr zone Compact Time.  Clear zone Cempact
(min.) (cms) zone B T zone
(cms) (min.) (cms) (cas)
0 - - o T - -
15,75 20 3 0,52 -
10 21.70 14.05 4 0.69 -
15 24,15 11.60 9 - 649
20 24,85 10.90 14 - 6.21
25 25,90 0.85 11 - 5.86
30 26,25 9.50 . 24 - 5452
35 26,60 9415 29 - 5417
40  26.95 8.80 4 - 5,17
D o w—

45 kg of Glauber's salt containing 42.6 per cent sodium

sulphate O.SB‘per cent megnesium sulphate and ;5.3 per cent
sodium chloride was added’ to steam: jacketted stainless steel
evaperater. The Glauber's salt was- melted by heating; with
steam. When the temperature of the melied mass was.60°C the
heating was slowed: down and powdered sodium-chloride (3 kg)
was added slowly. The stirring was continued fer 15 minutes
during which sedium chloride was dissolved and the sodium
sulphate precipitated out. A test sample was taken, filtered
and analysed.for_sodiunachloride content on fleme photemeter,

When the sodium chloride content showed 20.8 g per 100 ml, the
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Table 71 VISCOSITIES: OF DIFFERENF  SOLUTIONS AVAILABLE
IN THE PROCESS |

No, Description ef solutiea Temp.. ‘Viscosity

XY, centipéise
1 36° Be bittern : 250 3436
N e 110¢ Net available
2 Saturated solutien:ef NaCl-KCl 250 1.22
(liquer to. KCl crystalliser) 110°C Net availeble
3 Sel?s mixts solutiom =~ ' 18¢ 3495
(Liquor: to Mg80, crystalliser 25¢ 3,80

4 Liquer to sedium sulphate _
: crystalliser (after saturation " g
. with sodium chloride) . . .. 25 1493

Table 72 COMPARATIVE RATE OF FLOW WITH 8 - 6. SPARKLER
FILTER (LABORATORY MOPEL) WITH THE.ATTACHED PUMP

(Filter papers. (filter media M) was.used.. Filter
aid was not used in the experiment).

Ne. Description of the soluticn ate of filtrate

r
Imp.gal.per hr,

1 Va;er~§telps.3@,§fe) 130
2 Bitterns 36° Be, 40°C 127.5
3 Bitterns 36° Be, 110°C . 12540
4 Slurry consisting ef bittern * 123.6

36° Be + Mixed salt ratie 1 kg
per gellon. eof 36° Be bittera

I e e T e T s S I e S T o B s R s o o s 0 S S e o S o e e sy e s e 2 e S v s sameres vwtie S
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the slurry was centrifuged. Sodium.sulphate was washed. in

ce*trifuge,with one- litre of distilled water to remove the

adhering so&iun‘chlcr;de»with=thg*solid. The mother liquor
containing 13,6 per cent sodium:eulphate was mixed with the
next ﬁatch @nltheug;easoﬂﬁéglker erystalliser for Glauber's
salt separation. Yield of anhydrous sodium; sulphate was 82
per cent. Results~6f the experiment are given in. Table: 73

and: 74.

Experiment 2 . ‘

In this experiment 38,63 kg of Glauberts salt was
melted at 60°C in stainless steel evaporator (100 litres
cap.) withuancher:tgpe stirrer. The melted mass was stirred
fqrnazwhileuan&m4;3 kg of 30 to. 40 neshxsizevpowderéé sedium
cblciide:ugs«ad@ed,A_The stirring ef the: slurry was continued
at constant tempe;aﬁurqﬂéQ°6 for half an. hour. The whole
mass vas immediamgly:qegyrifugedh(at»§0°c). The anhydrous
sgéiuq‘_sglphate‘cgntained 2.4‘pe:‘!' cent sedium:chloride and
O.C»ppr cent magnesium. sulphate as impurities. Yield of
gnhydroq§,so@i@m:sulﬁhgtetyaan86.66 per cent, The end liquer
from- centrifuge. was recycled with next batch to ebtain additional

[
Glauber's salt at -5°C., The data is reported in Table. 73 and T4.
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YIELD AND QUALITY CONTROL OF OPERATIONS IN EXTRACTION OF
POTASSIUM CHLORIIE PROCESS
1)_Extraction of petassium. chleride. o
In pilot plant section, processing of 114 kg of mixed salt
has been described.. The following test contrels are necessary
to-ensu!e< geod process efficiency. Mixed salt is ground to:26
te 30 mesh size before feeding.
Cemposition of pixed salt and: 36° Be' bittern

Per cent by weight Per cent by velume
KC1 18 - 20 ' - 1.5
NaCl 15-20 2~ 2.5
Mg80,, 30 = 35 7«8
MgCl, ) 6~ 8 34 to 36
. Inselubles 0- 2 ;

- The composition and denszty of feed bittern of 36° Be has
to: be checked/,potassxum chloride by flame photometer or at least
total chloride has te be checked which is 29.5 t0-30 g per 100 ml.
It is observed thax_if the e;trac;ipp,is»properlyucongrelled,
petassium chloride in the hot bittern rises te'5 te-5.5 g per
100- m1 (flaneiphptometerAtest) or in other words 20 to 22 g. of
carnallite separate out per 100 ml of selutien. The cearrying
out of this test, % is essential to ensure good extraction
efficiency. .Th§4rggowg;y'of potassiulychlqridg~asacarnallite
in this operation is usually 80 ie-85 per ceﬁ?. Sel’s mixts
which is owtained as cake contains usually 2 - 2,2 per cent
potagsignAchloride,‘16'w 20 per cent sodium. chloride, 35=37
per cent magnesium sulphate; 6 - 8 per cent magnesium chleride

and 1 - 2 per cent insolubles. It is essential to-test sample



Lo W .
of sel's mixts for petassium-chleride as the concentration of
petassium-chloride and magnesium.chloride abeve the limits
(shown above), cause difficulties in treatment of sel's mixts

for the-recovery of epsom salt and-Glauber's salt.

2) Decomposition of carnsllite )

Compesition ef carnallite obtained. by this process:is
usually 20-21 per cent petassium. chleride, 4 to 6 per cent
sodium-chloride and/27~28 per éenz magnesium chloride. Decgmp
pesition of qarnal}it9 isZ?épy~sinpquoyeramion:eaxried~ out
at régg:tempgrapurerané except addition of wameg:which;haSrto
be préper;y}controllgd,hthe~ope;atiogvasisuch ?eqqites{little
attention.. At.theagndfof thenoperaxionrit is necessary. to |
check: density of the: cleer bittern by filtering a small portion
of bittern or by allowing it to settle for 15 to 20 minutes.
Density resding at 30°C (room;tgmpe?gtare)‘shqws 32.5° Be., If
the density is low it is necessary to adéiiittleAextra:cgrnallite
or it may due to improper stirring. If the addition. of carnal-
lite is correct it may be necessary to find out whether carnéllite
is decomposed-or not. This can be easily tested by analysing
a small sample of the residue. Particularly during very cold
nights in winter season, it is often necessary %0 add lukewarm
water for carnallite decomposition. Recovery of potassiun
chlogide'as,impu:g potassium ¢hloride from:qarngllite,is~usuaily
80 t0-85 per cent. The composition Qf impure potassium chloride
is usually 60 %0 65 per cent)potassium'ch&cridef Bven, though
'impure3p9ta§aium;chlorideqigﬁihterneéiaxe'prqﬁua&,.it';s |
essential to centrifuge- it, and preferably with a little vash

~

with water to avoid contamination of the. recrystallising liquor
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with-magnesium chlorideo; "

3) Evaporation of.earn 11ite decomposed -1iquoj

. Ihé’operation is carried out by open pan evaporator or
vacuum evaporator. The final volume is reduced by 25 per cent
of the original volume. It is necessary to control the operat=
ion properly so as not to allow it to carry forward. to sepaiaxe
magnesium chloride with carnallite or to obtain a.low density
bittern. The operatxo?£$s controlled by taking samples when
the density reading. igﬁpot solution are- nearly 37° Be.. The
sample is cooledfzmmediately and filtered-on. buchner funnel
end: the mother liquor is tested. for potassium chleride.vwhich
;g_neagly.1 to 1.5-g per 100‘p1:of the sample. To_examgne
total. chloride of thé,soluxien is another indirect test, The
?o;a& cnlo:ida-has,to be nga;ly‘29.5 g per 100 ml, If the
Aqperaxion,;svptqper;y:carggeﬁuout, the reco.very of petas§;um
chloride as-carnallite from. the carnallite decomposed liquor
is 80 per cent. That ;s.tq’séq, out of 20 per cent of potas=
sium chloride lost into solution, while decomposing carnallite;
only 16 per cent is recovered back as carnallite and 4 per
cent is lost in the liquor: which is recycled as 36° Be bittern
far extraction,

4)Recrx&tallisa&1oawgg_;gggggﬂpgjgggggg_ggggg;g_

It is essential to analyse impure potassium. chloride
content before it is processed for purification. Separation
of_potass1nm“chloride-Qer cycle is 10 g per 100, ml of the
reqrys&allising~liquor.“ The quantity of the liquor required
- for'recrystal;isaxion is thus calculated. It is equally

‘important to test the saturated: NaCl-KCl solution beforeu?nd
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after crystallisation to know the. concentration of magnesium
chloride in the- liquor. If theicpncen;;ationygxceeds~1.per
cenj, the - liquor is:segm‘for regenerqxiqn‘andafresh liquor ‘
is prepared from impure potassium chloride. Limits of recycl-
ingutheisatgtatedquCl~KCl 1;quorwamejf§xed»g&_? per cent
concentration of-magnesium chlaride in:the. solution after
vhich anfrgsh;sqiu&ion is used.;.Carrying«out_thg operations
in- the above preferred gannegvmginta;hé thé efficieney of
the operation giving high:purity preduct. It is necessary
to check%égncentraﬁion of potassium' chloride gt'11é°G by
flame photometer (which has to be 24-g KCl per 100 ml). The
yields of potassium chloride obtained.in this operation. is
usually 94 to 95 per cent; 5 to 6 per cent is lost with the
sodium chloride cake. However the cake can be reused: for
preparing a fresh EgCl-EC} solution as aend when requ;med.
Qn:;gxge scale experiments it is §uitable,té_wash)the'sad;um
cbloride_cakglwith vater to reduce the losses of potassiume
The washed. liquor is used for preparing a~freah/solut%on
of NaCl - KCl.

5) Regeneration of sa$u;a$evaaGL¢KCl,solu&;on

' It iszqund:§@f§qg«pi}o$ plant experiments. that usually
after 5 to 6 cycles‘the.concgn;raxiqnaqf‘magnggigm chloride
in the Nic;—gCI solution. is raised to 7 per cent. Studies
have revealed that utilising the above solution for decompo-
sing: the cgrng;litg is the dest solution. The ratio employed
for this purpose 15-1:1 and not 2:1 as in case of vater.

The mixture is stirred for half an hour and density of the
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clear liquor is tested, which measures 32.5° Be as-in the case
of carnallite decomposition.
6) Sel's mixts treatmemt , ]

. The operations are simple provided- the potassium chloride
extraction is-efficiently carried out. The excess of potassium
chloride or magnesium chloride in the. sel's mixts calre gives
difficulties for purity and. yield of products:.  For this very
" reason it is 3 essential. to pass- compressed air through: the pressure
filtration unit to remove the. adhering mother liquor which. cont=
ains: both. magnesium; chloride and. potassium. chloride,. A Little
washing of sel's mixts. in-the pressure filtration unit is often
;equixtedz if:the operation is not smooth. A sample of sel's mixts
is: taken,, dissolved in. water. and. tested for potassium-on flame
photometer.  The sel's mixts. cake is dissolved in water:in 1:1
ratio (1 kg/1 litre). The:dissolution.requires one hour snd
at- the end. °,.£‘ the éperadﬁsion_‘tempngatﬁxje‘oif the solution. rises
to 45°C. The density of the solution is checied (33° Be) and
slurry. is-filtered in pressure filtration unit. The clear
};qgozf is analysed for magnesiun, chlér.-i;le, sodium and. potassium
oh&aa-iée by titration and flamephotometry. The chloride
required for potassium and-sodium is “st‘;bstrac%ed; from- total
chloride and magnesium-chloride is estimated: from the remain-
ing. chlorigle value. Remaining magresium.is celculated as
ﬁaggesinm, sulphate. Analysis by’ this method is carried out
‘quickly- and. estimatiom. of sulphsie may not be required,

' The yield of epsom sslt at 10%C is usually 50 pei: cent. The
yield can be: incressed- by 10 per ceni by dissolving the‘



‘f sel's mixﬁs cake at 60°C instead of room tenperature.: A
little vash in eentrlfuge is often necessary to get & product
of good graée. ' _ ) '
Separation of lauber K: salt

~ The’ mother liquor obtained by centrifuging epsom salt
is analysed for magnesxum, chloride aad sodzum and . potassium |
content, - The analysis.at this: stage rgveals the concentr-
ation of‘nggneéiuquhiorideiin solutions It. is ascertained
py.va;ioué egge;iﬁentsf§h&§gtp¢*gegaentra@idn,e£‘hagnes;nm
_ch;q:ide‘which is onme of }hgvpgqéugtp’pf“the,rgaqt#qé between
,mggnesiqmlgulphatg:an@ é%igm'ch@ayéggvba§~tq be_mgintgigedaat
or below six per eept,amThe conceqt;dtiqn of magnesium: chloride
above sixﬂpe;‘eeqt éffeqts thgch@vgraip@'éff§c§egcy‘;@preciably.
The mother liquor is diluted to adjust magnesium chloride cone
éegﬁ:at§?n_gnd saturated with gb@i?mfehyq;idg._ It is also
necessary. to find out. whether the selution-is saturated with
sodium chloride, which @s\ihqrgaseé to 21 to 23 g per 100 ml.
The solution is ;hen;co§1e15§o -5°C and stirred at -5°C for
15 to 20 mimutes, It is often required to add little sodium
: sulphate as. seedlng. “A finely powdered sodium sulphate B
(handfull) is added at.-1°C which helps immediate 'chrow out -
ot Glauber s salt, the recovery of’ which is usually 80 to 85

per cent.

Projec€ estimate (summafy) and process flow diagram are

given on page 594nand 195.
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' PRODUCT ANALYSIS AND OTHiR SPE CIFICATLONS |

(1) Potassium chloride (KC1)

Analysis of potassium bhloride produced in pilot plant

experiments was as followss .

C ' - Per cent by Whe (dry

b351s
PotaSS1um chloride (dS K1) - 97.0
Sodium chloride ' - SR 3.0
* Total magnesium as magnesium . |
' chloride or sulphate ' ‘ © Nil
Combined” and free moisture R 1.0
b ‘100

, A O e W ot Senn oo
/

A) Spec1flcatlons for fertllizer_g;ade Dotasszum chlorlde or

B)

or sulghate:

’ _ Requirements
vCharacteriStié: T - KC1. K,50,
(Per cent by wb.) IS.2779—1964 15,2764~-1964
Potash‘ as K20 (Min) | 58 0 "o« 4B.0

Total chlorides as ‘ ’ .
Cl' on dry basis (Max.) . Com | 2.5
Total sodifm as (NaCl) L 3.0 o 2.0
on dry baSlS e
Sgeclficatlons for potassium chloride for chemlcal
" Industries-
Colourless whxhe crystals assaying fiot less .than
995 per cenn pota551um as potassium chloride.
Wabter insolubles (max.) . -.0.01 per cent by wt,
Sodium | - (max.). 0.2 = 0.15 | "
Calcium + Magnesium (max.) =  0.01 + 0.004 "
Iron (as ¥e) . .. (mex.) 0+004 to 0,005 *
Sulphate {as.SO4)f . . ;-;‘tgaces )

‘Moisture 0.05 to 0,04 "
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Indien standard specifications.for epsom salt and- the. product

produced: in the pilot plant experimenis.

Characteristic REQUIREMENTS

Tech.gr.

grade . in the

) o ) ) pliﬂt‘
Per cent by wt.  1.5,257/1950 1.5.377/1954  (Cemprifuged-
MgS0, . TH,0. 98 - 105 99.5 to 102 58,7
MgCla.(max.) 1.0 ‘ - -
Chlorides of Naiﬂax. 0.5 Total ehloride 0,12 0.5
Soluble iron T T : - . o
(as Fe) Max. 0.007 To satisfy the test Dbelow 5 ppm
Insolubles 0.20 .- 0.10
Lead - (Max,) - 5 (ppm) -
Arsenic (as A5203) - 2 (ppm) .. -
Zine - To satisfy test

Glauber's salt (Na,S0,.10H,0)

(Technical grade) I.S.256-1950

Chsracteristics

REQ UI REMENTS
(per cent by wt)
Insoludbles in water T
. (Max-) 0‘ 10
Soluble iron (as. Fe) ,
(Max. ) 0,007
1) ERN 7.5 to 8.0

Pharmaceutical As produced

48.8 combin-
ed . water

4,0 free
moisture

Ag. produced
in_the plant

(Centrifuged

product
99.5 !

0.10

below 5 PR
T.0



20  Poshw HETIATO0 B b -
95 oy 5-2 123
Go-y " ._oWGZ 0.5 10Wp 0-£1 wam:, ¥
§-86 vogZvN 5.0 toshw 0-12  19®p ° wasyopshe) Ypgloy
(2us2u3d) 6-6€ Fog Popy w97 PosSw .
JLVHAINS INMAIQOS iam‘wm (axo<3d) 2pR5 Sognoyny  (niad)wondyy apsom 5or
4 il + -
9200 2,05 96nf242U8) [&— 0,09 LpPADIUSG (& 2709 StpgrOY & IBf20228) ~OFDUTIFDE ]JTN
129N (Y572 0H~08) % B T 3
< O~y OUH a2+ w mvvw\.w.w.wﬁmﬂ [ W
# 8-8% ay-woj S 38 EE
= ¥ G " -1 293
Q 102N o | 43SEI7DISA 40
2.E +-5 223b s
. 5
29,62 80 &by L9t Foshp & ﬁv Pme weseT ) ) z 1 290N
g0 Zrobw 5-81 200N L11YS 1106d9 | RO o 9:0¢  tosb
08t  20vN %K A 0-b& 720 s g ¢ (ala Juddusd)
& d JEy ‘uing SAX1we 5184
G52 Tl 2-59 JJION raf A u:ou“ o} - H .WJ
ALY Fresvaa ) N 0L Con SASP0EShts JOM 5 wa? ~ . ] £
) B0 P03-TITN 20T JEIEEY 2el} I3y oy L.Oe,mv.uw 200/ 2,09 waii(] e A:...mr KL YIXDd &Umm:b' A 493714
B N - p— 1 __ —E
i S s i | REESS N i o HY T, n 7 & A
~) 2ot 37 P ?‘VY_ R YA <\3}nhM‘t\LT€wL ’ wnw.ﬂuvx N (rﬂ;&*. 2w Pl UBY _)J Ww m wORRNPO88L7 FAZ2d yung umﬁﬁwv
( — Am————— . — s i bt mmrean e -—— M_u - é
wp : 688 G%H f-L v 0%y
Sasw.i; ook ze 02y - vt roeuf s 8¢ cposy
&wm% s o Posbw -2 1PN . 58 Tos By L 720N
“i2RN 9-87 2106w 626 19X .00 ¢ o8 296 125 056y
e 1M 0-9 700N L, worea | = 9:91 191N (pusrdad) anprsay
(273 936)) g-61 20X ruad.gad) & l.Tm 134
205 undury ?:uutn@ apyyonsy  AQINOTHI W SSYLGd 4 (quarand ) S0 5 a0
).
b T 4 il s 4
P 4 £35277029 A3 | - 3,04 &
obnfrciuay 5571 wasodmavaq obnfrapus) gz e u.c.m&wﬁ.www conyoma waprrdT)
HB\S wadp g »m.um@r kﬁ E %
o
o1 koohy g% e
q §92 216 5-z *oshp 2-5/-w0) ¥ 29eid
fv 0-£ BN 7.9t Troby 2.0 SapqrposUT
vE . 00 §-2 299N 5-9 -05hby g€t Z10bp
(afm preasdad) 5.1 10N bobE 2136y 08-0¢  *osh
4§76 onTI] oG 3 (n/m groowacd) g:¢ 00N 00-81 190N
20z RA0IDAS, VB O won DY g ! 29 00-0% 720M
AOF WA O DAZT \W . a»\i 7ua343d ) (2uvd«ad)
> STEE B T ) S IE ul92p2q 3¢ 9€ 27108 P8X2L
SSII0HS FAIEFOTHI WNISSVLIOL
IHL N/ SNOILNTOS GNY SAIT08 40 SNOILISOdWOD FHL ONV WYYHYId M0T74  3Z°91d

s



193

Requirements of sodium sulphate (Anhydrous)
Technical grade (I,S.Spgeifigatieas_255-1959)

and the product produced in pilot experimentis

Characteristic

(Per cent by wt)

Insolubles in
water (max.)

Sodium chloride
a8 (H&Cl) naxe

Solﬁblé iron &
aluminium as

pH

Requirenent

Grade A Gr;de B
99.2 96,0
0.25 2.0
0,50 1.5
0,05 0.10
T-75 111

As produced in
pilot plant
(dried)

98.7
0.13

Te1

7.0
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-  PROJECT ESTIMATES (Summary) N
Project estimates for a commercially feasible smallest
unit for the manufacture of jOQO’tohnés of potassium chloride,
2150 tonnes of epsom salt and 900 tonnes of anhydrous sodium
sulphate fromi7é60 tonnes of mixed salt per annum are summer-
ised, The production capacity of the plant per day of 24
hours is 3.5 tonnes of potassium:chloride 7.2 tonnes. of
epsom salt snd 3 tonnes of sodium sulphate.
Capital investment for setting up the p}apjgis estimaxed
at Rs 17,76,243/-. The capitul investment is inclusive
of ‘costs of equipment, building and.working capital but
exclusive of cost of land. Return on capital investment
(exclusive of working capital) is 22 per cent. |
Project estimated for the memufacture of
 potassium chloride, epsom galt'and_se&ium sulphate
I, Mode of 6§eration: 3/shi£;s_perwdpy_of 24 hours,
o _w_,; 300 days per year.
II. Raw materials per year o
1, Mixed salt 74200 tonnes
2, Conmon salt | - 1,350 tonnes
3. Recycling materials o
&) 36° Be! bittern 33,000 kilolitres

b) Saturated NaCll-KCl S
solution e 12,000 kilelitres
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III. Products per yesr o
1. Potassium chloride 1,000 tonnes

2. Epsom salt 2,160 tonnes
3 So@ium sulphate 900 tonnes

IV. Capital. investment _

1) Total erected equlpment S
cost R% 13,48,613

2) Buildings anirother o
civil works ] Rs. 2,11,530

3) Fixed capital cost Rs.16,10,143

4) VYorking capital Rs. 1,660,100

5) Capital investment Rse 17,76 ,243
V. Manufacturlng oost per year _ }

1) Direct manufacturing cost.hs 6 66,400

2) Indirect manufacturing -

o ~cost .. R 2.4#;268
3) Tetal menufacturing )
cost... Rs. 9,10,668

VI. Revenue per year

1) Potassium chloride : o
@ Rs. 350/~ tomne .. Rse 3,50,000

2) Epsom salt @ Rs300/=" . .
tonne. « Rse 6,48,000

3) Sod1um sulphate
40 Total revenue oo Rs 12 ,68,000

Vii.Return.on Gag:tal 1nvestment ‘
1) Profits per yesr Rse 3,574,300

2) Return. on Fixed Capital
Investment (excluding
working eapital). Say 22%

S s au st s s s
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PHOTOGRAPHS (Fig. 27)
POTASSIUM CHLORIDE PILOT PLANT STUDIES

A) Hot extraction of mixed salt in screw conveyors (1)
B) Cooling of hot filtrate by tap water in tubular
heat exchanger to obtainvcérnallite (2)
C) Hot extraction of mixed salt in specially
prepared molybdenum steel dissolver (with copper
coils) The photograph also shows grinder
manual ly operated hydraulic crane bucket elevator
sparkler filtration units and other units used for

pilot plant experiments (3)



12 014
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PHOTOGRAPHS (Fig. 28)
POTASSIUM CHLORIDE COMMERCIAL UNIT
KANDLA

A plant producing 1000 tonnes KCl and 2000 tonnes epsom

salt per year by the hot extraction process

A) Dissolver section: Showing dissolvers screw conveyor for

feeding mixed sdlt and 36° Be bittern feeding pipes (1)

B) Hot filtration section : Showing settlers wooden filter

presses and part of carmallite crystallisers (>)

C) Carnallite crystalliser sectionz'Showing carnallite cryst-

allisers,stirring assemblies and hot filtrate feeding
pipes LB)

D) Epsom salt crystallisers sections Showing swansonwalker

crystalliser units (Q) e



gz ‘0.4
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DIS C UssionN | N
- 1t is known that the llquor left after desalting

the sea water (bring)‘known as bittern forms a very qhéép
source for the manufacture of potassium chloride, Potassium
ph;ori@g as sﬁch‘cqnnotAbefigolated by. solar evaporation of
 bittern. The proee#s generally used for the manufacture of-
potassium chloride from bzhterns consist of two stages, the
separation of carnallite by forced evaporation of bittern and
'treaxmgqqut carnallite with water for isolation of impure
pétassium ohloride. As~stegm or coal is used for this purpose
“the process is uneconomical. Mggngslum sulphate- which sepe~
. rates with potassium.chloride interferes in ﬁhe sepanatioﬁ
of carpal;;fé.';The rgmqjal of #ulgh;tg-partiail; either
by re;:iggraﬁiqq as epsom sali or completely by addition
éf lime'or calcium chloride has been ofteﬁ tried., This
_has not either minimised the dxfficulties nor improved
economy with the result that the processes have not attractei‘
much attention in India, B |

The developed process utilises solar heat to concentrate
the bittern of salt vorks to obtain (1) mixed salt’ gogtagnp
ingﬂpoﬁassium chlgride,fmagnasium sulphate, sodium chloride,
magnes ium chloride.and‘(2);eoncenxrated’3$° Be' bitterns
Potassium chloride from the mixed salt is then extracted
at hot by’the?concgntrated‘bittern. »?otassiun“chleriée
is separated as cernallite by cooling the hot bittern.
Based on the van't Hoffs s0lubility raelstionships of the

oceanic salts, the process sets forth the. optimum conditions
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N B . N - - - - i -
for obtaining the mixed salt and extraction of potassium

chloride as-carnallite in the presence of magnesium. sulphate
from the mixed sq;j, ;n addition to the recovery o£4potassium‘
éhlo:ide. the process facilitates the recovery of other consti=
tuénts from the bittern namely magnesium sulphate, sodium
chloride or sodin@,sulph&&ewby:meta¢thési§ of the above two
salts by known methods,

. The process in shortﬂqop;ists of trgatﬁgnt dx 28/29° Be
bittern with ?69 Se-ﬁigtern in 1:1 ratio. The density by the
addition of high density. bittern is-“?aised”1°'Be“ The“treateﬁ
bittern is concentrated by solar evaporation to 34.5° Be-when
impure sodium thbride_gssqyi#g 84 to 87 per cent separates out,
The solar_evgporatiqg'isvfu;ther“coqtigued»nntil»theﬂdéﬁsity 3
is reached to 36°Ales“mrhe,3éf Be bittern contains 7.1 megnesium
sulphate, 34.5 per cent magnesium chloride, 1.5 per cent ‘
potassiugiehyoriée‘hndw2.5 per cent sodiﬁn»chlcnide by volume,
The volume réduction”is:gpp;oximately‘halfvof the:qrigi#al
bittern (67 to 68 per cent)s The 36° Be bittern is removed
by gravity and salt crystal;ised:aré qolleeﬁed. _The. normal _
composition of mixed salt is 18 - 20 per cent potassium: chloride,
15 = 20 per cent sodium chlaride, 30 - 35 per cent magnesium
sulphaﬁe:and:& to 8 per ggn&_nqgnesiun:chloridq,. Evaporgtion
is discontinued as. soon as bittern contains only 1 to 1.5
per cent potass?uﬁ chloride. This is easily done by using |

flame:phqﬁdmeter,_as graw;me;ric_msthqéswof‘potassinm~gstimgtioh
\are cumbersomel,timeAconsuming,and:réquirg'eostly chamiqals. ’
AtAghé beginning of the season when 3&° Be bit@ernis not

available direct evaporation of bittern from 30 to 38° Be is
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" carried. out; this is also. done. in two- ateps 39 to. 36 °Be
and 36 to- 38" Be.: The m@i_n advantage ' of mixing 30 and. 36?Be
pitte;'n is that the mixgd'sg&:t separates at lower density of
36° Be instead of 3@9 Be as in direct evaporation of bittern.
_ I¢ 1§~£u£§he;«fognd»,oq§ that it helps- absorption: of
solar radiation and eveporation is completed. in. comparatively
less period than that for direct evaporation of bittern.
Addition of dyes' reduce the period of evaporation further;
this helps in producing mixed salt in & still shorter period.
~ In the second. gtag,e})the‘ mixed salt and. its own mo*tgzxer
liquor (bittern of 36° Be) are heated: to 110°C.. The-hot
| solution, is filtered: using pressure unit.. The:hob.clear
liquox_' when coalg._d.-to‘ ;oem“temp_e;jp.tuta_‘ thro_wgsq'. o;n\tr potassium
--chloride. es' carnallite. The cakpallite is. centrifﬁge@ “
and _i;he, effluent is returned:te the. evaporator for. é_gegnd o
extraction.. . 'ZO per cent of posassium:chloride present in. the
sea bittern is recovered &s. mixed:salt of which.85 per cent
is recovered ss:carnallite. . |
Laboratory experiments have shown that. it is not
,» possible to separate mixed salt in various-fractions to
isolate- fractions r:Lch 1n ‘potassium; chlor:.ﬂe by sim;rle megns
as mechanical se:i.ving‘.,i Stughgs on. concentration of potassium
chloride reached in hot extraction sbm_z that, heating
of mixed salt containing 18 to 20 per cent potassium
chloride with 36° Be bittern im 1 kg 3 4 litres: ratio '
is essential'. - For pilot. pla;lt scale experiments-1.-kg-s 1
_ gallon (4.5 litres) of 36° Be bittern- is considered more
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convenient. The §atu_rgct:‘./\oni of potassium:chloride- in. hot
extract is 4 to 4.5 grams-per 100 ml of" so-iu-gion and: every
time 20 grams. of: earnallit’ef separates per 100 ml,. Giroi.:ulat‘-
ion af hot ‘liquor. (treated with mixed salt)- to other: vessels
in sez—ves containing fresh mixed salt is not helpful as N
involves more- operations with: very. little or:no.posi p;.ve
a_{i‘van_tagge_{.T$g~__te§1:ing{' of samples: of hot bittern. is foynd
essential to find-out whether, i@aL the: p_ctassiftim is extracted
i_;a_f;zes hot. solution. I%-is-found, qﬁtn ‘that half an. hour: stirring
- after reaching/110°C is necessary. Studies on- treatment

of 'mi;xei -salt of varying: composition sné*mixed( sa%{;‘ aire'giy
partly. converted to schoenite- show; thet the developed pﬁ:cess
is suitable for amy. t@e»éf'mixe& sait. a little adju’stment

: is however found. essential. Studies. on. decomposi tion: ot 4
carnallite show that it-is preferable to decompose carnallite
131 ratio and obtain one fifth of potassium: chloride as. 95
per cent pure product which is stll'iﬁé}?le« as: fertilizer pota~-
ssiufi chloride. while the rest (60 per cent) potsssium.ciloride
~ is obtained as impure potassium -chloride containing potassium
chloride and-sodium-chloride in almost 1:1 ratio. However

it is. considered more suitable to treat carnallite with
130.5 ratio of  water and o_bt‘a:.l;nf 2 80 per cent potassium
chloride from carnallite: as. 60 to 65 per cent. imguré |

pot assium. chloride. praduct. . Studies- on. re.cms‘talli,sau_.on

of ' impure- potassium chloride - leed: to. a conclusion that gll
potessium chloride: from: impure-potassium chloride. is not

extracted, some-potassium chloride. is left with: the sodium
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chloride fraction. Thé»recgverieSAare only1§2«te §4A
per cent. However the sodium'thoride fragtioa_is used ,
to prepare fresh NaCl-KCl solution. and losses are‘migimised.
Similarly it is seen that it is not possible to obtain
potassium.chloride mqrewthanfé7 $0-98 per cent purity
by g;ngle_reqrygtal;isatioy_pf impure potassium. chloride
as some sodium chloride separatesLalongfwith potassiun
chloride, The studies also reveal that the concentration
ofdgqgngsium‘ghlorige in the rec;ystallisingvﬂac;;KCI
solution is increased slowly in every cycle, The problem
is successfully solved by utilising the recrystallising
liquor vhemever it attained more than 5 to 6 per cemt
magnesium chloride for the decq@positign'of_9argalliteo B
This treatment minimises the losses of potassium- chloride
and maintains the éfficiency of recrystallisation, The
stuaies on crystallisatxen of carnallite at various
temperature ranges show thae maximum; amount of carnallite
is crystallised between 80 to 40°C. VWhile studieg on
crystellisation of potassium.chloride from hot Ne€1-KCl
solution shov that most of the potassium chio;iﬁa\separates
between 110 to 40°C while very little is separate@ out
between 40 to 3906. \

From studies in dissolution of sel's mixts it is
observed- thiat 131 raxlo'(1 kg sel's mixts/1 litre)water)
is sﬁitab}e to obtain maximnmsamoun% of magnesiumﬁsulphate
in solution and-at the same -time getting a concentrated

solution of magnesium sulphate. N
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_;t“is observed. that the concentration of magnesium
chloride in the sel's mixts,playsvan,importgpt roll. in
separation of epsom-sglt and - sodium -sulphate.. ihelgonqgn-
tration of magnesium. chloride: is helpful for. the separation
of epson salt but at the same: time it is disadvantageous. to
hgve~more than 6 per cent magnegium;chlorideﬁinithe ligquor
for sodium sulphate crystellisation. As~magpesium+chloridg
is one of the product of the resetion. excess:of concentration
of magnesium chlortdéiprevenxs:;he:fqrwand reaction. Experi-
ments in crystallisation of epsom salt and sodium:sulphate
show that epsom salt is separated between 15 to 10°C
and temperature range is only 5°C. while in Glauber's salt
temperature of separation is from + 3°C to =5°C, B

The entire process is based on the phase relations
of oceanic sglts‘ At every stage ﬁhg procassaig;contro};ed
by solubility temperature relationship of various systems.
Recovery of mixed salt and extraction. of cérnmllite froﬁ
mixed salt using: byproduct 359 Be bittern is developed
on. the basis. of van't Hoffs solubility relationships. of
oceanic salt systems: NaﬁlpKCl;chléf'M5S04r332304-H20
at 25° and 83°C. The decomposition of carnsllite is
based on KC1 -~ NaCl - MgCl, + H,0 at 259C; where as
crystallisation of ¢mpure pure potassium chloride from
impure potassium chloride:is based on NaCl~KC;-HZO‘at
36 and 110°C (polytherm). The recovery of byproducts

nampely epsom.salt end sodium sulphmie is based on
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reciprocal sali pair system 2NaCl + MgSO4 = Nasz$ + MgCl,.
The application of the abowe system is discusse& in the
chemistry of the process, Chapter 2,
. The process. is suitable for salt works producing
nearly 1 lakh tonnes of salt per year, where small.commer-
cially viable units producing 1000 tonnes of potassium
chloride, 2000. tonnes of epsom salt and 900 tonnes of
sodium sulphate can be established.

It is essential to combine recovery of potassium

salt with byproduct recoveries to0 meke the units commer-

cially feasible.



