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A single-stage process for the conversion of sodium sulphate (anhydrous or hydrated, of natural
or anthropogenic origin) with potassium chloride in aqueous solution at 20—25°C to potassium
sulphate was developed. Both reagent grade sodium sulphate and that formed as a by-product
during trimethylolpropane synthesis were used as raw material. Initial reaction mixture contained
less than 30 mass % of salts with the calculated mole ratios n(KCl) : n(Na2SO4) > 6; n(K2SO4 :
n(NaCl) > 1. Resulting potassium sulphate contained about 96 mass % of K2SO4, 0.5 mass % of
Cl™, and 0.2 mass % of Na™.

At the first stage, a mixture of potassium chloride with glaserite was separated from the mother
liquor after the separation of K2SO4 through solvent evaporation followed by crystallization at
temperatures < 2°C. During the second stage, sodium chloride was separated from the solution
obtained after the solvent evaporation and crystallization at 110°C. Both, the mixture of KCl
and K3Na(SO4)2 and the remaining end-liquor were recycled to the conversion stage. Raw sodium
chloride was a by-product formed in the process.

During the manufacturing of multi-component fer-
tilizers, the main source of potassium is potassium
chloride. This salt is the most widespread one in
the world and currently 90 % of potassium fertiliz-
ers is produced using it [1]. The world potash produc-
tion amounted to 25.8 x 10% t K5O in 2001. How-
ever, potassium chloride is not a versatile potassium
source. Plants demand of chlorine is limited on trace
amounts only. Moreover, some of them are suscepti-
ble to this element, which, in higher loads, may re-
duce both the quality and the yield of crops. There-
fore, more favourable potassium sources for the pro-
duction of multi-component fertilizers are potassium
sulphate and potassium nitrate. Almost 90 % of potas-
sium sulphate produced in the world is consumed by
the fertilizer industry. However, the amount of KoSO,
employed in the manufacture of potassium fertilizers
represents only about 8 % [1] of the overall potassium
consumption.

The production of potassium sulphate is based on
the reaction of potassium chloride with either sul-
phates (of calcium, sodium, ammonium, magnesium,
and iron) or with sulphuric acid [2, 3]. The raw ma-
terials may be either natural sulphates (langbeinite,
leonite, schoenite, glaserite) or sulphates with anthro-
pogenic origin. Nowadays, it seems to be advanta-

geous to use sodium sulphate for the potassium sul-
phate production. This compound is formed as a by-
product, e.g. during the processing of chromium ores,
in the flue gases purification, in the manufacture of vis-
cose fibres, rayon, hydrochloric acid, silica pigments,
fatty acids, trimethylolpropane, and during the dis-
posal of spent sulphuric acid [4]. As estimated, the
global yearly production of sodium sulphate in 2002
was ca. 4 x 10 t, including a synthetic product (1.5—
2.0 x 10% t). Sodium sulphate is often used for the
production of soap and detergents (46 %), pulp and
paper (13 %), textiles (12 %), glass (11 %), carpet
fresheners (7 %), and miscellaneous (11 %) [4].

For the sake of thermodynamics constraints, the
process of potassium sulphate production from sodium
sulphate proceeds in two stages (reactions (A) and

(B)) [2, 3.

6KCl + 4NaySO4 = 2K3N&(SO4)2 + 6NaCl (A)

According to patents WO 16899 and WO 16900 [5,
6] the process of KCl conversion with NaySOy is car-
ried out at 25°C. In the first stage, the saturated so-
lutions of NasSQy, glaserite, and NaCl, or NaCl, KCl,
and glaserite are formed apart from K3Na(SOy)s. Fur-
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thermore, at the second reaction stage both potassium
sulphate and saturated solution of KCl are produced.
Next, NasSOy4 - 10H20O and sodium chloride are sepa-
rated at 0°C from the mother liquor delivered from
the 1st stage and during the hot separation, respec-
tively. However, there is also a possibility to separate
NaCl from the mother liquor only. Consistent with
RU 2161125, the mother liquor from the 1st stage is
subjected to vaporization in solar ponds [7]. Subse-
quently, NaCl is separated from glaserite and KCI by
means of crystallization and flotation. The two latter
compounds are then recycled to the second stage of
the process. As described elsewhere [8], both NaHCOs3
and K>SO, could be simultaneously obtained from
NasSO4 and NH4HCOg3, whereas, during the pro-
posed procedure K5SOy is formed due to the reaction
between indirectly formed ammonium sulphate and
potassium chloride.

A single-stage method for the potassium sulphate
preparation from sodium sulphate and potassium car-
bonate was described in RU 2154026 [9]. A different
procedure for the preparation of potassium sulphate is
described in [10]. Substrates employed in this method
are KoSO4 and the solution containing NaCl, NasSQOy,
and KCl at the temperature ranging from 5°C to 50°C.
In this procedure, both K3SO,4 and the mother liquor
are obtained. The latter is merged with a mixture of
both KCI and NaCl. A proper amount of the mixture
allows obtaining of pure crystalline KCl and the solu-
tion nearly saturated with reference to both KCI and
NaCl.

The aim of our research was to develop a single-
stage method for obtaining potassium sulphate from
sodium sulphate (a by-product from the manufactur-
ing of trimethylolpropane [11]) and potassium chlo-
ride. Taking into account earlier research, a two-stage
method for the production of potassium sulphate as
fertilizer was developed. Potassium sulphate was pre-
pared using potassium chloride and sodium sulphate
as reagents [12]. The latter compound was a by-
product formed during the manufacture of sodium
dichromate.

EXPERIMENTAL

The reagent grade sodium sulphate, the waste
sodium sulphate (61.3 mass % Na2SOy, 2.1 mass % C,
35.5 mass % Hy0) and potassium salt (98.1 mass %
KCl) were used as raw materials. Experiments were
carried out in laboratory thermostated shaker at 20—
25°C. The reaction mixture was shaken with 150 cy-
cles per minute and the amplitude was 8 mm. During
experiments, both the mixture composition and the
total content of salts were changed. Mole ratios of the
mixture components n(K2504) : n(NazSO0y4) : n(KCl)
: n(NaCl) of (0—2) : 1: (2—8) : (0—2), and the total
salts content of 27—50 % in the initial mixture were
used. The mixture was prepared either by adding solid
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NayS0y, NaCl, and K2SO4 to KCl solution, or by com-
bining solid K5SOy4, KCl, and NaCl with the solution
of sodium sulphate.

Mother solution formed during the conversion pro-
cess was subjected to evaporation and fractional crys-
tallization of salts. Both, degree of the liquid phase
evaporation and the crystallization temperature were
changed. Due to the variation of evaporation degree,
solids in the mother solution were concentrated to
30—70 mass %. The two crystallization steps were
performed at 2—10°C and 100—110°C, respectively.

Both solid and liquid phases were analyzed in or-
der to estimate the content of individual components.
Content of potassium and sodium was measured with
the flame-emission photometry [13]. Chloride and sul-
phate anions contents were estimated with the use of
potentiometric and gravimetric (as barium sulphate)
methods, respectively [14]. The X-ray diffraction anal-
ysis was employed to identify the crystalline phases
in the products and to determine the conversion of
sodium sulphate to potassium sulphate [15].

RESULTS AND DISCUSSION

Reaction of potassium chloride with anhydrous
sodium sulphate in the presence of crystalline nuclei
of the product (K2SO4) was investigated. Regarding
the reaction stoichiometry, the process was carried out
at a high excess of potassium chloride (mole ratio
n(NagS04) : n(KCl) of 1 : 8—18).

NasSO4 + 2KCl = K5SOy4 + 2NaCl (C)

As shown in Table 1, high conversion of sodium
sulphate to potassium sulphate (above 96—99 %)
was achieved using initial mole ratios of n(NazSOy4)
: n(KCl) about 1 : 6 to 1 : 10. At the same time mole
ratio of n(K2SO4) to n(NazSO4) was higher than 2
: 1. After replacing anhydrous sodium sulphate with
hydrated one (NazSO,-H20), conversion of NasSOy
to K9S0y increased to 98—99 %. Moreover, much
lower amount of recycled crystalline product in the
starting mixture was needed. Possibly, it was caused
by a higher solubility of hydrated sodium sulphate in
comparison with anhydrous one. Thus, also procedure
used for the initial mixture preparation was changed.
Hence, opposite to the previous method (solid NagSO4
and K2SO4 were added to KCl solution), potassium
salts were dosed to the solution of sodium sulphate.
Then, neither conversion of Na;SO4 to K2SO4 nor
properties of obtained products depended on the level
of sodium sulphate hydration.

Furthermore, both the amount of recycled prod-
uct and the excess of KCl introduced (mole ratio
n(K2S04) : n(NagSOy) : n(KCl) = 0—0.5 : 1 : 2—
8) were lowered. It was found (Fig. 1) that the ex-
cess of potassium chloride (reaction (C')) influences
negatively sodium content in the separated phase (de-
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Table 1. The Influence of Reagents Mole Ratio on the Degree of NasSO4 Conversion to K2SOy4

w/mass %
myp ¥ Salt content/% a/%
Na2SOy K2SOg4 Glaserite
0.33:1:8 30 4.00 73.00 23.01 77.65
0.5:1:18 27 1.68 31.32 67.00 44.12
0.75:1:8 30 1.23 21.89 76.88 26.69
0.75:1:12 30 1.59 71.38 27.02 74.40
0.75:1:18 30 3.24 20.03 76.73 25.01
1:1:18 27 0.91 63.72 35.38 69.70
1:1:18 30 2.33 55.96 41.70 58.72
2:1:6 30 3.62 43.60 52.79 45.53
2:1:10 30 1.56 60.22 38.22 62.46
2:1:10 40 3.01 45.58 51.41 41.35
2:1:8 30 0.00 95.50 4.50 95.88
2:1:8 40 3.57 52.31 44.12 50.31
2:1:18 27 0.00 58.62 41.38 62.07
3:1:8 30 0.00 98.65 1.35 98.75
3:1:8 40 1.63 45.02 53.35 40.49
*n(K2S04) : n(Na2S04) : n(KCl).
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Fig. 1. Influence of the initial mixture composition (total salts
content of 30 mass %) on the composition of solid
phases and the conversion of Na2SO4 to K2SOy: SOi_
(®), Kt (A), Nat (@), C1~ (m), and conversion (O).

crease from about 8.2 mass % to 0.2 mass % of Na™)
and positively the corresponding potassium content
(increase from 33.2 mass % to 44.8 mass % of KT).
This fact should be attributed to a gradual increase
of sodium sulphate conversion not only to glaserite
(reaction (A4)) but also to potassium sulphate.
Influence of the initial salts content (27—50
mass %) on the conversion of sodium sulphate to
potassium sulphate (mole ratio n(K2SO4) : n(NazSOy)
: n(KCl) = 0—0.5 : 1 : 8) is illustrated in Fig. 2. By
increasing the total salt concentrations, the amount
of chlorides in the resulting mixture increased rapidly
(ca. 0.2—32 mass %); meanwhile, the increase of
sodium ion content was less steep (ca. 0.15—3.7
mass % of Na™). At the same time, the content of sul-
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Fig. 2. Influence of the total salts content (n(K2SO4)
n(Na2S04) : n(KCl) = 0.5 : 1 : 8) on the composi-
tion of solid phases and the conversion of NaxSOy4 to
K2S04: SO~ (#), Kt (A), Nat (e), CI~ (m), and
conversion (O).

phate anions decreased from 55.2 mass % to 18 mass
%. Thus, the amount of potassium sulphate obtained
by crystallization is lowered and the content of unde-
sirable glaserite and potassium chloride increased.

Investigated process was assumed to be wasteless.
Therefore, separation of NaCl as a by-product from
the mother liquor containing also glaserite and potas-
sium chloride was required. On the other hand, the
remaining salts, contaminated with traces of sodium
chloride, should be recycled in order to maximize the
sodium sulphate to potassium sulphate yield. Then,
the influence of excess NaCl amount, with respect to
the stoichiometry, on the reaction (C) conversion was
determined.

Two series of experiments with different mole ra-
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Fig. 3. Comparison of X-ray diffractograms of solid products
obtained from the initial mixture (n(Na2SOy4) : n(KCl)
of 1 : 6) at n(K2S04) : n(NaCl) mole ratio of 1 : 1
(thin line) and 1 : 4 (thick line). Diffraction peaks of
K3Na(804)2 (D), K2SO4 (.)7 and KCI1 (<>)

tios (1 : 6 or 1 : 8) of n(NagSOy) : n(KCl) were car-
ried out. With increasing content of NaCl in the ini-
tial mixture, also glaserite content in the product rose
gradually, reaching the value comparable with that
obtained for lower initial mole ratios of raw materi-
als n(KCl) : n(NagS04) and n(K2S04) : n(NazSOy).
Depending on the mixture composition conversion of
NasSO, to KoSO, varied from 31 % to 99 %. How-
ever, at high mole ratios of n(NaCl) : n(K2SO4), in
spite of high potassium chloride content, potassium
sulphate undergone reaction with sodium chloride to
form glaserite. In Fig. 3 X-ray diffractograms of the
products obtained from the initial mixtures compris-
ing n(Na2S04) to n(KCl) mole ratio of 1 : 6 and two
different n(K2S04) : n(NaCl) mole ratios of 1 : 1 and
1: 4 are compared. In the product obtained in the sec-
ond case (higher fraction of NaCl in the reaction mix-
ture) glaserite was the main phase, whereas K2SO4
was the main phase in the first case. The presence of
small amounts of KCl was found in both products. A
phase corresponding to NaCl was not identified.
During the process raw potassium sulphate and
mother liquor containing 10—12.4 mass % of KT,
2.9—3.7 mass % of Nat, 1.2—2.4 mass % of SO3 ™,
and 10—12 mass % of Cl~, was produced. In order to
increase raw material utilization, mother liquor was
evaporated and subjected to a two-stage fractional
crystallization. Variation of solubilities of NaCl, KCl,
K2SO0y4, and K3Na(SOy4)z with temperature [16, 17]
was used to discriminate an appropriate crystalliza-
tion temperature. It was found that mother liquor
concentrated to about 40 mass % of solids by evapo-
ration and submitted to crystallization at 2°C yielded
solid phase containing mainly KCl and K3sNa(SOy4)s
(including traces of NaCl). After a subsequent solvent
evaporation (to 60 mass % of solid) and crystalliza-
tion at 110°C, raw sodium chloride (containing mainly
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Fig. 4. Flow sheet of the one-stage production of potassium
sulphate from sodium sulphate.

NaCl with traces of KCl and K3Na(SOy)2) as well as
final post-crystallization liquor was obtained. Recircu-
lation of both the post-crystallization liquor and the
mixture of potassium salts from the first crystalliza-
tion stage was proposed (Fig. 4).

Finally, reagent-purity Na;SO4 was replaced with
sodium sulphate produced during the manufacture of
trimethylolpropane. About 2 mass % of carbon in this
substrate indicated the presence of organic phase en-
trapped in crystals of NaySO4. Based on the previ-
ous investigation, the process of potassium sulphate
preparation was examined. After six production cycles
(including separation of potassium sulphate as well as
post-crystallization liquor and potassium salts recir-
culation), neither the content of chlorides nor sodium
was increased in the main product. Moreover, no in-
crease in the content of both potassium and sulphate
anions was noticed in the by-product using a number
of successive recycles. Obtained raw potassium sul-
phate contained 94—98 mass % of K2SO,4 comprising;:
43—44 mass % of K+, 0.15—0.30 mass % of Na™,
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53.4—54.6 mass % of SO3~, 0.5—2 mass % of Cl~,
and 0.6 mass % of C. The raw sodium chloride (92—
93 mass % of NaCl) contained 2.1—3.3 mass % of K+,
33.4—37.1 mass % of Na™, 1.2—3.6 mass % of SO3 ™,
60—63 mass % of C17, and 0.2 mass % of C. It was
confirmed that the degree of sodium chloride separa-
tion at these conditions ranged from 40 % to 45 %.

A single-step method for the preparation of potas-
sium sulphate from potassium chloride and either an-
hydrous or hydrated sodium sulphate was developed
[18]. Sulphates used for K2SO4 production can be of
natural as well as of anthropogenic origin. The ob-
tained potassium sulphate can be used for the produc-
tion of multi-component fertilizers. Hence, it should
not contain heavy metals, the amount of which in fer-
tilizers is limited [19]. Therefore, the use of raw mate-
rials for K2SO,4 production is limited to sources free
of the above-mentioned impurities.

SYMBOLS

c concentration of salts mass %
1 intensity

me mole ratio

T mole fraction mole %
T temperature °C
w content mass %
o conversion of NasSO4 to K2SOy %
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