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... POTASH PROCESSING.

Messo pilots new
potassium sulphate

process

H. Scherzberg, R. Schmitz and W. Wéhlk

Messo-Chemietechnik has successfully completed pilot
trials on a new process for converting sodium sulphate
and potassium chloride to glaserite and then to potas-
sium sulphate and usable sodium chloride in continuous
crystailizers. The process can accept by-product Glauber’s
salt and waste potash brines in place of high-grade raw

materials.

otassium sulphate (X,S50),
P with =z K,O content of

54.06%, is slightly inferfor
as a source of plant nutrient potash
to potassium chleride {(KCI), which
has a K,O content of 63.18%. But
it has a very definite advantage in
that its anionic portion is sulphate,
which is more favourable for plant
physioclogy than the substantal chlo-
tide content (47.55%) of potassium
chloride. Potassium sulphate has,
in fact, become the most important
chloride-free potash fertilizer and
holds a steady place in the product
range of potash fertilizers, even
though ir is twice as expensive per
tonne of K,O as potassium chlo-
ride. Indeed, demand for this high-
grade fertilizer is increasing,

Potassium sulphate occurs
naturally only seldom in a pure
state. But it is found in some pot-
ash deposits in the form of double
salts, for example langbeinite, from
which it can be recovered by mul-
tiple-stage processes.

In principle, however, it is also
possible to produce potassium sul-
phate from potassium chloride by
double conversion with a sulphate-
containing raw material such as
sulphuric acid, magnesium sul-
phate, calcium sulphate, sodium
sulphate and ammonium sulphate.
Table I shows the respective reac-
tion equations and the nature and
quantity of the secondary product
that is automatically recovered per
tonne of potassium sulphate.

Factors affecting
process choice

An important consideration is
the utility of the by-product, and in
that respect the most favourable
option is to produce potassium
sulphate from sodium sulphate. The
recovered sodium chloride may be
used as industrial or table salt. All
other reaction paths result in the
recovery of by-products thar will
either necessitate further process-
ing (like hydrogen chloride) or cause
major environmental problems
when discharged into the drainage
system (like magnesium or calcium
chlorides)®. From the point of view
of environmental protection, the
only circumsrance under which it

Table 1
Basic Reaction Paths for Production of Potassium Sulphate from Potassium Chloride
By-product
Sulphate raw Reaction equation Compound Theoretical amount
matrerial Wt K80,
THSO, T 2KCl + HS0, & K_SO, + 2HCI HCI R T
MgS0, 2KCT + MgSO, = K50, + MgCL, MgCl, 0.546
Caso, 2RCT¥Tas0, "2 K80, + Cacl, Cadi, 0.637
Na S0, KA+ Na,80, & RSO, ¥ 2NaCl NaCl 0.671
(NHY,S0, KO+ MHYSO, ¢ K30, ¥ 2:MEG T NHG Ge1d
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might conceivably be justifiable to
discharge the latter kind of effluent
15 if the plant is located in a coastal
area.

Although, in principle, it might
seem favourable to use calcium
sulphate as the sulphate carrier, the
problems involved in translating the
corresponding pro-cess .concepts
into a practical embodiment are vir-
tually insurmountable: the solubil-
ity of calcium sulphate is so low
and the position of the equilibrium
in consequence so far on the side
of the raw materials that compli-
cated processes are required.

‘There is another factor in fa-
vour of using sodium sulphate:
sodium sulphate solutions are gen-
erated as by-products in several
industrial processes, among which
flue gas desulphurization should be
mentioned. These solutions have to
be processed for envirommental
reasons.

The traditonal production
processes for porassium sulphate
from potassium chloride are based
either on conversion with sulphuric
acid, according to the Mannheim
furnace process, or on double de-
composition with magnesium sul-
phate. Hitherto conversion of so-
dium sulphate to potassium sul-
phate — which is more favourable
in terms of both economics and
ecology — has been used in only a
few cases. In Soligorsk, Belorussia,
there is an industrial potassium
sulphate production plant working
on the basis of sodium sulphate,
but the by-product sodium chlo-
ride is produced only as a liquid
effluent* *

Theory of Na .50 -
K SO conversnon

The conversion of potassium
chloride with sodium sulphare in
aqueous solution is governed by the
solution equilibria of the potentially
participating and formed salts KCl,
NaCl, K,S0,, Na, SO, Na .50,
10H,0 and the doublc salt glasentc
(3K180 -Na,SO,) in aqueous solu-~
tion,

Figure 1 presents phase dia-
grams for the system K(Cl- Na,50,-
K,SO,-NaCl at various tempera—
tures.S The areas which define the
concentration ranges in which

'POTASH PROCESSING

System at 0°, 25° and 100°C

Na, S0, L K80, NaSO,

Fig. 1: Solution Phase Diagrams for the Aqueous Na*/Ii¢*/Cl: /S07%
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potassium sulphate and sodium
chloride can exist do not adjoin one
another at any temperature; conse-
quently, it is not possible in a sin-
gle process step to transform potas-
sium chloride and sodium sulphate
into potassium sulphate and sodium
chloride in the manner shown in
equation {1).

2KCl + Na, SO, —
KSO, + 2NaCl (1)
When potassium sulphate is
present as a solid phase, the closest
it is possible 1o approach to sodium
chloride is a solution which, at
+25°C, contains a maximum of
26.8 mol of sodium chloride per

1,000 mol of H,O, corresponding
to 86.9 g NaCl per 1,000 g H,O.
Sodium chlonide-saturated soluuons
can only be recovered if the double
salt glaserite is first produced as an
intermediate and then decomposed.
This calls for a two-stage process,
which is approximately described by
equations (2) and (3):

6KCl + 4Na, SO, -»
3K,50,.Na, SO, + 6NaCl{2)

2KCl + 3K,SO, Na SO, —
4K,SO, + 2NaCl (3)

In these equations the compo-
sition of the double salt glasetire is
represented as 3 mol K, SO, per mol

Fig. 2: Equlibrium Diagram of Na'/K*/CI{SO 2> System at 25°C
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of Na,SO,. That is a very rough
approximation, since glaserite is not
constant in its composition and
depends on the K*:Na' mol ratio
in the solution phase. Glaserites thar
crystallize near the sodium chloride
saturation line contain only 2.3-2.7
mol of K,SO, per mol of Na, S0,
or less. Special consideration must
be given to this fact in the design of
4 CONVersion process.

Figure 2 is a more detailed
version. of the middle diagram of
Fig. 1 — a Jaenecke equilibrium
diagram for the reciprocal salt pairs
at 25°C, which identifies the work-
ing areas for the composition of the
process solutions in a two-stage
production process. The quantities
of the raw materials porassium chlo-
ride, sodium sulphate and water
should be chosen so thar, besides
the target potassium sulphate prod-
uct, a substantally NaCl-saturated
solution phase is obtained as well.
That is achieved by mixing glaserire
and potassium chloride with water
in proportions corresponding to the
point P, on the diagram. Potassium
sulphate crystallizes, leaving a solu-
ton with the composition repre-
sented by point E. After separation
of the potassium sulphate crystals,
this solution is treated with the
amount of sodium sulphate (and
additional potassium chloride, if
necessary) needed to bring its com-
posttion to P, on the diagram. This
results in the crystallizarion of
glaserite and a mother solution of
composition F, which is sarurated
with potassium chloride, sodium
chloride and glaserite. It is, how-

Photomicrograph of glaserite in spherical form.

ever, just as practicable to select
another mixing ratio so as to obtain
a solution with the commposition G
or any other intermediate composi-
tion along the line F-G. Arranging
the process t0 generate solution G
maximizes potassium yield, whereas
if it is arranged to give a solution of
composition F the sulphate vield is
maximized.

If the sodium chloride is to be
recovered by evaporative crystalli-
zadon of the glaserite mother lig-
uor after it has been substantally
desulphated by crystallization of
Glauber’s salt, it is extremely im-
portant from an economic point of
view to ensure that the solution is
produced as nearly as possible satu-
rated with sodium chloride.

N

Photomicrograph of potassium sulphate crystals.

This discharge-free process, in
which all the generared sodium
chioride is recovered in the solid
state, has the following fearures:

® The conversion reaction is con-
ducted at 25°C so as to produce a
solution as close as possible to com-
position F in Fig. 2 after crystalli-
zation of glaserite.

® Glaserite, potassium chloride and
water are also converted at 25°C 1o
potassium sulphate and a solution
approximating to composition E.
This, after separation of the solid
potassium sulphate fraction, serves
for glaserite crystallization,

® The glaserite mother liquor ap-
proximating to composition F is

Phesphorus & Potassium No. 178

Fig. 3: Messo No-Discharge Potassium Sulphate Process
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modified by reaction ~with
Na,50,.10H,0 to a ‘composition
near to G, while further glaserite
crystallizes.

® The near-G glaserite mother
liquor is cooled 1o 0°C thus yield-
ing the amount of Glauber’s salt
required for the salting-outr of
glaserite.

® The Glauber’s salt mother lig-
uor is evaporated at higher tempera-
tures 1o yield pure sodium chioride.

#® The residual solution of the
evaporation process is cooled and
the recovered potassium chlorde
and its mother liguor are
recirculated into the glaserite pro-
duction stage.

Figure 3 is a block flow dia-
gram of the process.

Process concept and
description

Glaserite production
{conversion)

Anhydrous sodium sulphate or
Glauber’s salt is converted by re-
action with potassium chloride to
obrain glaserite at ambient tempera-
ture in continuously-operating,
large-capacity reaction crystallizers
(Fig. 4).” The raw materials are fed
into the glaserite crystal bed and
the resultant glaserite is withdrawn
as a concentrated crystal suspen-
sion and recovered as a crystalline
intermediare by treatment in cen-
trifuges or filters. The sodium chlo-
ride-rich supernatant liquor, also
containing sodium sulphate, is dis-
charged in crystal-free condition
and is subsequenty used to pro-
duce sodium sulphate (as Glauber’s
salt) and then recirculated to the
process. In discharge-free operation,
it is used to vield sodium chloride
and potassium chloride. The po-
tassium chloride is recirculated to
the main process line, whereas the
sodium chloride is a marketabie by-
product.

Potassium sulphate
production {decomposition)

The reaction of the intermedi-
ate glaserite with additional poras-
sium chloride to become potassium
sulphate is also performed ar 25°C
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In continuously-operating reaction
crystallizers (Fig. 4). The potassium
sulphate produced is extracted as
highly concentrated suspension and
separated by means of centrifuges
or filters; the separated solution

reaction section of the plant is al-
most identical for both processes.

Potassium chloride
recovery

In a mulidiple-stage vacuum
cooling crystallization, potassium

chioride is recovered from the cen-
wifuge filtrate of the sodivm chlo-
ride evaporation plant. After sepa-
ration into mother liquor and crys-
tallized mass by means of a centri-
fuge, the two streams are then
recirculated into the process.

from the reaction crystallizer is
recirculated into the process stage
of the glaserite production.
Countercurrent washing of the solid
product with water or potassium
sulphate solution yields a highly
purified, low-chloride product.

Fig. 7: Pilot Plant with 4004 Reactor
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Glauber’s salt from the cool-
ing/crystallization stage is added to
the mother liquor from the glaserite
production (conversion} (Fig. 5).
This causes crystallization of fur-
ther glaserite {glaserite II), which is
stirred into the decomposition re-
actor. The mother liquor from the Rotameter
glaserite II production is cooled to ols |
approximately 0°C, vyielding 3
Glauber’s salt (see zbove). In pro-
cesses with liquid discharge, the HJ
process ends with the removal of
the solution from the deep-cooling
stage after separation of the
Glauber’s salr. I
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In a discharge-free process, it
Is necessary at the end to remove
all water introduced at earlier stages.
Accordingly, the desulphatized
mother liquor from the Glauber’s
salt cooling crystallization is con-
tinuously concentrated in a mult-
ple-stage evaporative crystallization
using steam-heated forced-circula-
tion evaporators until it reaches the
potassium chloride saturation point

collecling tank

Table 1l
Summary Resulits from Pilot Plant Test Run

(Fig. 6). The sodium chloride which Glaserite NaCl
crystallizes out in the process is K,O yield SO, vield  mol K/ concentration, g/l
separated in centrifuges, washed, A 74 mol Na actual theoretical
dried and packed. In places where Glasenite production ‘ T
the climatic conditdons are suitable (with excess KCI 65.1 92.1 27 e
it would be possible partially to mother Tiquor 215 234
replace the evaporator plant by solar Glasenite production
evaporation. (with excess SO,) 69.8 72.4 2.4

Alternatively, the sedium chlo- mother liquor T '”‘" CUZ2100 T TTEgs T
ride may be withdrawn in 2 mixed Complete process 777 ' T T T
solution containing mostly potas- cooling + discharge 79.0 95.0
sium chioride with very low con- Glauber’s selt
centrations of sulphate and the mother liquor 250 272
highest possible sodium chloride K50, mother fiquor ' 64 75

concentration. The design of the _ e e e

Phasphorus & Potassium No. 178 6 Tdarch April 1982



Results and process
characteristics

Figure 7 is a schematic view of
the pilot plant used to obtain all
process-relevant data. The aobjec-
tive was to produce solid glaserite
and then solid potassium sulphate
from solid potassium chloride and
solid sodium sulphate under isother-
mal conditions. To achieve this
necessitated special attention ro the
following.

® Theprocessshouldbecontinuous.

® The compositions in the respec-
tive solution phases should as
closely as possible reach the equi-
librium concentrations E, F and G.

@ The highest possible conversion
of raw materials should be secured
by preventing clogging of the crys-
tal surfaces with reaction product,

® Crystal masses should be coarse-
grained 1o allow easy separation
from the liguid phase.

® Apparatus scaling should be pre-
vented.

The task was solved® by using
special reaction crystallizers with
internal circulation by a centrally
arranged draft mbe (for adjusting
the optimum supersaturation) and
an integral clarification zome for
controlling the solids concentration

-POTASH PROCESSING

in the reaction section (to influence
the mean retention time of the crys-
tallized mass). Figure 8 is a simpli-
fied diagram showing the functional
principle of this apparatus, which
can be constructed with capacites
of up to 350 m?

7 In spite of difficult raw mare-
nial conditions, even when using a
clayish, partially-hydrated thenar-
dite, all chemical and physical qual-
ity targets were reached in trouble-
free, uninterrupred reactor opera-
tion over a three-shift test run. This

Fig. 8: Principle of Reactor-Crystallizer
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Tahle 11
Typical Analyses in Messo Potassium Sulphate Process Pilot Tests
K,S0, Na, S0, KCI NaCl KCl+NaCl H,O Insolubles Density
% % % % % % % kefl
Raw materials T T e )
k& 28 T Toz 0.2
NSO, 25 8T 8.2 20
Process solutions o ] _
" Glaserite mother liquo;
{excess KCI) - 3.2 10.9 17.3 68.6 1.24
Glaserite mother liquor - T T ST
{excess SO) - 6.4 7.4 16.8 69,4 1.25
Glauber's salt mother T
liguor - 0.8-1.4  6.7-7.0 18.4-20.3 74.1-71.3 -1.22-1.23
K,SO, mother liquor - - 1.6 209 53 C722 1.20
Trermediaze and final T T e T T ’
produces
Glaserite 72.5-74.2  22.7-235 0308  1.1-15 19-2.6
Crude K SO, 875921 024 19-43  2.6-6.7 1.9-2.7
Pure K SO, $6.0-958.0 - 0.4-0.6 <0.5
March-Aprid 1092 7 Phosphotss & Potasaan No 174



test run provided practical corrobo-
ration of the findings of the research
studies*'? conducted in the years
1985-1988 at the Potash Research
Institute in Sondershausen, Ger-

many.

Table II gives a general survey
of the most important values and
test results obtained in the test run.
This table shows that it was possi-
ble to achieve a balanced mass
balance in all stages.

The graph in Fig. 9 is the
screen analysis profile of the final
product potassium sulphate.

Tables III and IV comprise
typical analyses and process data.
The actual consumption figures
deviate only slightly from the theo-
retical consumption figures.

The by-product sodium chlo-
ride is recovered as pure sodium
chloride of evaporated-salt qualiry
and may be used either as rable salt
or for industrial purposes, such as
electrolysis.

The process has the following
advantages.

® No waste products or effluent so-
lutions discharged

® Reactions at low temperatures
& Continuous process flow

o High yield

® TPure products

® Simple process control and thus
high operational reliability

# Ability to accept sodium sulphate
of less purity

® Adaptability 1o loczal conditions.
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Table IV
Consumption and Production Rates
{per tonne K SO, - 50% K,0}

Na SO, consumption, t
KCl consumption, t
NaCl production, t _

Liquid discharge, m*
Water evaporation, t

Without With
discharge discharge
0.8 1.0
0.8 12
i
nil 2.8
2.2 nil

Fig. 9: Crystal Size Distribution of K,50, Product
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