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The presence of sulfate in reverse osmosis drinking water concentrate and its effect on calcium 

carbonate precipitation was studied, notably the overall kinetics of CaCO3 formation and the types of 

polymorphs formed. CaCO3 formation slows down with increasing sulfate concentration and the 

preferential polymorph shifts from vaterite to aragonite with increasing sulfate concentration. With 

this polymorphic change, a new combined habit is observed where aragonite spikes grow on top of 

vaterite (“morning star” habit). The presence of a moderate magnesium concentration results in the 

shift of vaterite to aragonite at relatively low sulfate concentrations; where sulfate and magnesium 

appear to have an additive effect. Without magnesium, spikes on top of vaterite were also observed, 

but only at relatively high sulfate concentration. Without the presence of magnesium, single crystals 

of aragonite were not found. 
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