THINK SIMULATION! Getting the chemistry right.

Predict potash chemistry behavior with OLI Systems
How to leverage rigorous chemistry simulation to optimize
yield, purity and production efficiency in potash processing
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INSIDE
The OLI Systems MSE databank
now includes parameters for rigorous simulation of potash chemistry
in the new v9.6 platform

Combine this new data ability
with OLI Systems’ state-of-the-science software
to get accurate potash chemistry simulations
for existing process designs.

Introduction
Potash is produced worldwide in amounts exceeding 60 million tons per year, mostly for use in fertilizers. It is the main
source of potassium, which is an essential plant nutrient and a key nutritional requirement for animals and humans. It
controls water content and the movement of other plant
foods from roots to leaves and the formation of grains, fruits,
and flowers. In addition to being used as fertilizers, the salts
obtained from potash are used for soap manufacture and
deicing roads.
Potash is obtained mainly from extensive rock salt deposits,
often buried deep below the Earth’s surface, which contain
the crystallized minerals derived from the evaporation of
seawater. This process occurred naturally and on a very wide
scale some 230 million years ago. It still continues today in
regions like the Dead Sea where the mineral-rich water is
evaporated by the sun.
Studies of potash chemistry are fundamental in many areas of Figure 1: Utah, USA Aerial view of potash evaporation ponds managed by
research and technology. This includes studies to understand Intrepid Potash, Inc., the largest US producer of potassium chloride, and are
the formation of natural evaporitic deposits, performance located along the Colorado River, west of Moab (courtesy Dreamstime)
assessment studies for disposal of nuclear and toxic wastes in rock salt formations, interpretation of recent salt discoveries
on Mars and corrosion of building materials.
OLI Systems’ simulation of potash
The OLI Systems’ electrolyte framework has been successfully used for modeling the potash chemistry. At the same time,
key solid phases and species-species interactions could be added for a more accurate simulation. In the spirit of making
model prediction even better, OLI Systems invested in the further study of potash systems. Thousands of peer-reviewed
experimental data points were collected and critically evaluated to identify the most trustworthy experimental
information. Then, the parameters of the Mixed-Solvent Electrolyte (MSE) model1 were determined via complex multistage regressions to obtain the best representation of phase and chemical equilibria. With the new parameters, industrial
potash-related processes can be simulated more accurately and rigorously than has been previously possible.
Modeling nature’s complexity
The potash chemistry includes salts that are formed by combining the
four key cations - K+, Na+, Mg+2, and Ca+2 and the two key anions - Cl- and
SO4-2. This chemistry is very complex because there are a large number
of possible salt combinations in multicomponent mixtures.
OLI’s potash chemistry simulation defines:
•
•
•

8 binary systems (e.g., MgSO4-H2O)
28 ternary systems (e.g., K2SO4-MgSO4-H2O, NaCl-MgSO4-H2O)
numerous multicomponent systems (e.g., K2SO4-MgSO4-CaSO4-H2O)

Figure 2. Solubility of solids in MgSO4 solutions
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MSE is the next generation of electrolyte thermodynamics theory.

The solids that may precipitate are either single salts (e.g., arcanite K2SO4), hydrated single salts (e.g., epsomite
MgSO4·7H2O), double salts (e.g., langbeinite K2SO4·2MgSO4), hydrated double salts (e.g., schoenite K2SO4·MgSO4·6H2O), or
even hydrated triple salts (e.g., polyhalite 2CaSO4·K2SO4·MgSO4·2H2O).
In addition to the formation of multiple solids, the complexity of potash chemistry is due to the presence of multiple ionic
and neutral species in aqueous solutions resulting from ion pairing and other chemical equilibria.

Figure 3. Solubilities of solids in the K2SO4 + MgSO4 + H2O ternary system at 75 and 45 °C.

Thermodynamic parameters have been developed to predict the solubility behavior of these binary, ternary, and sometimes
quaternary systems as a function of temperature and composition. These parameters are the result of a significant amount
of innovation and scientific development by OLI Systems’ top thermodynamicists that enabled this effort and now allows
us to do the solubility predictions. Figures 2 and 3 contain solubility predictions for binary and ternary systems, respectively.
For quaternary reciprocal systems, the results are best illustrated using the Jänecke diagrams (below).

Figure 4. The Mg-Na-SO4-Cl-H2O system on a Jänecke diagram at 75C.

Figure 5. The Mg-K-SO4-Cl-H2O system on a Jänecke diagram at 55C.

In Jänecke diagrams, the dry-salt compositions (water excluded) are used for each of the ion components to represent the
stability areas of the precipitating solids. Thus, each line represents the boundary between two stable (or metastable) solids.
Figures 4 and 5 show the Jänecke diagrams for the Mg-Na-SO4-Cl-H2O and Mg-K-SO4-Cl-H2O systems, respectively. Such

diagrams are very useful for understanding crystallization, evaporation of water from brines, and mineral extraction from
salt lakes and sea waters. By locating the component concentrations on the x- and y-axis, the OLI Systems client can
determine which solid will be forming for that set of concentrations.
With these new parameters completed in OLI V9.6, the MSE model provides the most likely representation of solubility
behavior, thus making the OLI software a useful tool for designing and optimizing potash-related processes.
Application
How would this work? Using the OLI Studio: Stream Analyzer and OLI Flowsheet: ESP, clients can simulate evaporation
studies, mixing and separate functions as well as use the software as tool for calculating solubilities. A typical case study
might produce information like this. It is the chemical processing of a potassium-rich brine to produce KCl and K2SO4 salts.
The impact of evaporation, temperature, recycling and precipitation on the final product is computed using the latest
advances in electrolyte thermodynamics.

Accessing this Technology
To find out more about how your business can gain the intelligence you need in understanding your potash chemistry
behavior, please contact us at sales@olisystems.com and mention this technical brief to arrange a free Application
Assessment for your corrosion challenges.
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