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Cost effective solution for river water desalinization

This article shows how, in individual instances, measures taken to proteci the
enviromment can be combined with the production of re-usable substances so that
environmental protection does not only cost money but that its costs can be recovered.
Ways of preventing the salinization of our waters is today a topical subject which gives
rise to infensive discussions. The potash industry is one of the main culprits respensible
for introducing chlorides into rivers, Rhine and Werra being the most netorious

examples,

Type and quantity of efflnent from the
potash industry are determined by the
available starting materials, the end
products and the different production
processes. With conventional production
processes three main chloride sources
can be distinguished.

— When using the hot dissolution proc-
ess, sylvinitic salt (potassinm chloride
with sodium chloride forming the main
impurities) is separated into a KCI/NaCl
solution for further processing and a sol-
id NaCl residue which is dumped. After
the crystallization of potassium chloride
the remaining mother liguor, which is
almost saturated with NaCl, has to be
partly disposed of. The chloride intro-
duced into the rivers stems, in this in-
stance, from dissalved common salt.

— When processing potash salts contain-
ing magnesium sulphate the residual so-
lution contains kieserite (MgSO,-H,0)
and NaCl. Part of this kieserite is con-
verted to potassivm sulphate. In order to
achieve the required degres of purity
a Ideserite scrubbing process takes place
during which the entire commeon salt in
the residue is dissoived. For each ton of
magnesium sulphate up to 4t of NaCl
are discharged with the serubbing liquor,

— When using carnallitic salts (potassium
chloride with magnesivm chloride and
sodium chloride as main pollutants as
well as magnesium sulphate and calcium
sulphate) the liguor remaining after
potassium chloride crystallization con-
taing a large proportion of MgCl,.

By using alternative procssses, which are
today used by the potash indusiry on
a large scale, pollution resulting from
potassium chloride and potassinm sul-
phate production can be drastically re-
duced. The main alternative process
stages are: Flotation or electrostatic sep-
aration (ESTA) of the crude salts and the
thermal processing of final liquors. Fig.
1 shows the effects on the water quality
of the river Weser (Federal Republic of
Germany) resulting from the conversion
of all potash production processes in the
Werra catchment area to these alterna-
tive methods.

The most notable reduction in the load
of chloride can be expected from the
conversion of kieserite scrubbing, where
the electrostatic (ESTA) processes domi-
nate. When using this process the crude

salt mixture is passed through an elec-
trostatic field where it is largely split into
its individual components. Those compo-
nents which cannot be further utilised,
are deposited in the form of solids.

The processing of final liquors from the
Kl production based on carnallitic salts
is as effective as is the conversion of hot
dissolution processes to the alternatives
“Flotation™ or “ESTA”. The best effects
are achieved through the combination of
— Electrostatic separation

~ Processing of end liquors centaining
magnesium chloride,

Economic aspects of final liquor
processing

The example of processing a crude car-
nallitic salt of typical composition - as
a simplification Fig. 2 only shows the
components IXCI and MgCl, - shows the
economic significance of processing the
potassitm discard solution:

Ii 100 % processing of the Hquor takes
place the KClI yield of the process as
a whole is increased from 60 to 92 %,
and 1.3 t of magnesium chloride in a con-

Fig. 1: Effects of process engineering mieasures
aimed at reducing the salt loads caused by the
potash industry.
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centrated purified selution is obtained
for sach tonne of KCI; the former can
either be used directly — for example as
regeneration solution for ion exchangers
— or processed into magnesinm chloride
and magnesitm oxide.

Problem definition

A potash mine in the German Demccrat-
ic Republic mines, because the sylvinite
deposits are nearing exhaustion, increas-
ing amounts of crude carnallitic salt.
When processing the latter into potas-
stum chloride, final liquors are yieldad,
as described, with magnesium chloride
contents of around 260 g/1 and other
dissolved salts. In order economically to
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Fig. 2: KCl production from Stassfurt crude salt with or withowt final liguor processing



utilise these final liquors and to protect
the waterways it was necessary to design
a process plant where MgCl, solutions
with the highest possible concentration
and the lowest possible amount of im-
purities can be produced. Specifications
are listed in Fig. 3.

Fig. 3: Problem definition: Final
liguor processing

Subsiance | % by weight

From potash finel liquor .., ., MpCl, 20.23
MgS0, 195
KCi 5,53
NaCl 4,59

Tobe produced: Refined liquor. | MgCly min, 34,07
MgS0, max. 1.78
KCl max. 0.15
NaCl 0.44

Decomposition KC .. ... .y Kt min. 56
NaCl 36
MeCl, 6.5
MgS0, 0.5

And 1o produge as by-produsts:

Mixedsalt . ............ Kieserite 41

Xt max. 6
MpCl, 12
NaCl 41

Water evaporation: Approx.

300,000 tpa

— Potash discard solution is to be con-
verted to refined liquor

— During this process potassium chloride
is to be produced for return into the
potash process, with the salt being as
pure as is technically and economically
justified.

— Accompanying salts from the potash
process, which are noi wanted in the
refined liquor, i.e., in particular mag-
nesium sulphate and sedium chloride
must be crystallized out and thus sepa-
rated from the liquid phase so that they
can be easily removed. In order to re-
duce losses to a minimum the XCI and
MgCl; comtents in the salt mixture
should be as low as possible.

— The process should be designed so that
there is no need to dispose of effluent.

Plant concept

The task of removing from the potash
discard solution the substances NaCl,
KCl and MgSO, as well as increasing the
concentration of the main constituent
MgCl, takes place in one process, which
is dominated by the basic stages evapora-
tion, crystallization, and fractional dis-
solution. The plant comprises the follow-
ing main process stages (Fig. 4):

— Cold decomposition of carnallite,
which is subsequently crystallized, in
a solution that is devised so that MgCl, is
dissolved while the potassium chloride
retains its crystalline form,

— Salting out of carnaliite from the de-
composition liquor by the addition of
refined liquor.

— Evaporation of the liquor resnlting in
crystallization of NaCl and kieserite.

— Cooling of the evaporation liquor re-
sulting in the crystaliization of carnallite.

Potash final liquor
{untreated solution) %}D

["'J 1 3 5 7

Decomposition Salting out Evaporation
liquor liquor liquor
o s s | —— ]
2 4 6 8
KC1/NaCl Carnallite Kieserite Carnallite
NaCl {l
Refined liquor

1 Cold decomposition 2
3 Salting out 4 Seperation stages
§ Crystallization by evaporation 6 pe 8
7 Crystallization by cooling 8

Fig. 4: Basic flow sheet, production of refined liguor

Characteristic points determine solu-
tion equilibria
The technological processes taking place

within the individual process stages are
determined by the solution equilibria.

Fig. 5 shows the characteristic points for
the process in the phase diagram KCI-
MgChL-H,0 with NaCl saturation. This
diagram is only an approximation of the
actnal and highly complex solution and
does not, for example, take into account
that MgS0O, is present in the solution.
Nor does the diagram show that others
than the listed solids might precipitate.

On the other hand, an awareness of which
solids may remain at the bottom of the

!
NAC]+ KCL - MgCh - §H.0]
M P,

solution and knowledge of the states of
saturation of the other solution compo-
nents are pre-requisites for a successful
process. The devalopment of the most
suitable process run and the design of the
plant were therefore accompanied by ex-
tensive experiments during which all re-
levant chemical and technical conditions
were determined. :

The basic coneept of the process can be
described with the help of Fig. 5: Point
A in the diagram marks the input solu-
tion into the process, the so-called pot-
ash discard solution. To this solution car-
nallite from subsequent process stages is
added. In accordance with the solution
equilibriumn MgCl, from the carnallite

A Final liquor

B Carpallite decomposition
B-C Evaporation

C Mother liquor
C-D Resulting crystallization
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KCl (2/1000 g HO)

Fig. 5: Process stage for the production of refined liguor from final liguor in the solubility diagram

KCI-MgCLH,0O (NaCl saturated)




dissolves. KCl crystallizes out while
Point B is below the co-existence line
KCV/ carnallite in the KC] field,

Crystals that have been separated out are
returned to the potash production unit,
while mother liquor is evaporated as far
as Point C. During the evaporation NaCl
and artificial kieserite crystallize out. In
order to prevent carnallite crystallization
- catnallite precipitation at this stage
means KCl and MgCl, losses — the
operating temperature in the evapora-
tion umit must be kept well above the
equilibrinm temperature of Point C.

Actnal processes slightly more
complex

After elimination of NaCl and kieserite
carnallite is removed from the evapora-
tion liquor in a cooling crystailization
unit. During the last cooling stage, which
takes place at 25 °C, the required low
KCI concentration and simultaneons
high MgCl, content in the refined liquor
at Point D is achieved,

Bearing in mind possible fluctnations in
the composition of the potash discard
sclntion the actual processes are slightly
more complex: the decomposition of car-
nallite results in a solution, which de-
pending on the concentration of the in-
put solution, has a KCI/MgCl, ratio of
about (.14 to 0.18. During the evapora-
tion of such solutions there is a tendency
of langbeinite (2 MgS0, x K;80,)
rather than the intended kieserite to
crystallize out. This leads to undesirable
potash losses and insufficient precipita-
tion of magnesinm sulphate. Higher
MgSO, concentrations means that the
quality of the refined liquor is less good,
which means that during cooling crystal-
lization bischofite (MgCl, X 6H,0) is
precipitated before the required MgCl,
concentration has been reached. In order
to prevent langbeinite crystaliization car-
nallite salting out means that independ-
ent of the process state a KCY/MgCl,
ratio of < 0.14 is attained.

Part of the crystal-free solution (State
B}, from the decomposition stage is mix-
ed with refined solution of concentration
D until the mixing Point E in the carnal-
lite fie]d has been reached. This process
is an isothermal one: carnallite crystal-
lizes along the Line E-F. Carnallite is fed
into the decomposition unit, crystal-free
mother liquor from the salting out stage
is mixed with the remaining mother
liquor from the decompesition stage so
that the input solution for the evapora-
tion plant reaches Point B, where, be-
cause of the ligher MgCl, and the lower
KCl concentrations, the mnecessary
favourable ratio KC/MgCl, of < 0.14
exists.

Practical realisation
The four process stages of

Untreated
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From satting From
out unit filter

Separating unit
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KC!I/NaCl liquor to
to salting out/
KCl factory | evaporation unit
<:r Y
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Decomposition unit

Fig. 6: Carnallite decomposition — schematic diagram

— Carnallite decomposition

— Salting out

— BEvaporation

— Carnallite cooling erystallization

were devised on the basis of crystalliza-
tion-kinetic considerations, so as to keep
energy consumption {0 a minimum, and
equipped with measuring and control
equipment so that operational efforts are
also kept to a minimum.

The decomposition unit (Fig. 6) is a con-
tinuously operated shell crystallization
unit charged with untreated solution and
carnallite as well as with refined liquor or
water, Dissolution of MgCl, and the
crystallization of KCl take place simul-
taneously. KCl formed during this proc-

Refined liquor

ess is returned to the KCI factory, while
the crystal-frez decomposition liguor is
partly conveyed to the salting out unit
and partly to the evaporation unit. The
carnallite salting out unit (Fig. 7) consists
in the main of an agitator crystallizer
where, through mixing decomposition lig-
uor and refined liquor carnallite crystal-
lizes out, The suspension, treated in hy-
drocyclones, is fed into the decomposi-
tien unit, while the top product from the
bydracyclone is piped to the receiver of
the evaporation unit.

The two-stage counter flow evaporation
crystallization unit (Fig. 8) uses forced
circulation evaporators. During the
hot stage kieserite and NaCl crystal-
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Fig. 7: Salting out unit - schematic diagram
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Fig. 8; Evaporator and kieserite separation unit

lize out. The concentration of the sus-
pension is increased in an evaporator,
and the selid substances are dumped af-
ter separation. The purified overflow of
the kieserite evaporator is piped 1o the
carnallite cooling crystailization unit.

The relatively high temperature in this
plant section, the corrosive action of the
solution and the eroding effect of the
suspended kieserite crystals all mean that
the materials used must meet special re-
quirements. Depending on the specific
location rubber lined or plastic coated
materials, Monel and CuA18Fe are be-
ing used.

1

_@ Centrifuge

Kieserite/NaCl

pre-treatment

Evaporation

To carnallite
crystallization

To evaporation

In the four stage carnallite cooling crys-
tallization unit (Fig. 9) the mother liquor
is cooled down to about 25 °C. The first
two stages take the form of vacuum cool-
ing crystallization units with external cir-
culating pumps while for the last two
stapes, because of the great increase in
boiling points, surface cooling crystalli-
zation units were chosen. The crystal-
lized carnallite/NaCl mixture produced
during this cooling stage is separated out
through evaporators and filters and con-
veyed to the decomposition unit.

The crystal-free head of the evaporator is
taken to the refined liquor storage tanlks.

The photograph of the plant model (Fig.
10) gives an :mpression of the complexity
of this process.

Economic utilisation through in-
creased yields and more favourable
returns

In the described plant waste liquors from
the potash industry are treated so that no
effluent occurs. The process thus contrib-

Fig. 10: Model of the plant
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Fig. 8: Schematic diagram of carnallite crystallization
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utes to reducing the chloride load of the
rivers. In addition to this environmental
task the plant has a twofold economic
advantage:

-~ The KCl yield of the process is in-
creased.

— The selling price of refined liquor is
noticeably higher than its production
COStS.

As Fig. 11 shows specific production
costs amount to DM 74/, while their
sales price is about DM 100/t.

Fig. 11 Specific production costs

Investmert Total Charge Capital 40.06 DMir

Hepting stenm . , | Specific consumption

(t/1) 0.4757

Charge (a1 40 DM/t}; 10,03 DM/t
Electricity . , ... Sperific consumption

(KWrt) 43.49

Charge {a10.12 DM/t); 5.22DM
Cooling water .. | Specific consumpiion

(/1) 27.18

Charge {at 0.05 DM !1): 1.36 DM/t
Personnel .. ... Charpe: 539 DM
Maintenance . . . | Charpe: 3.00 DM/t
Totalcosts . , . . . Refined liguor 74,00 DM/t



