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Abstract
A batch system and a flow system with synthetic water were used to study calcium carbonate precipitation and phytate crystallisation inhibitory effects. Afterwards, phytate inhibitory effects on calcium carbonate crystallisation were tested in a real
system, working with a cistern filled with hard water. Finally, the effects of phytate on calcium carbonate crystallisation were
compared with another phosphate derivative and with a chelating agent.
The results obtained with the batch system demonstrated that 1.52 µM of phytate completely avoided calcium carbonate
crystallisation when the calcium concentration was less than 7.9 mM and the carbonate concentration was 5.83 mM. The
results corresponding to the flow system showed that 3.03 µM of phytate led to a 95% reduction of calcium carbonate scale
formation on a copper pipe after 48 h, operating at 30ºC. In addition, in a full-scale system, the dissolved calcium and bicarbonate concentration was increased for a given time when adding phytate to the cistern. Finally, using a batch system, it was
demonstrated that phytate effects on calcium carbonate crystallisation reduction were superior to those shown by triphosphate and EDTA.
The results presented demonstrate that phytate at very low concentrations can be used to prevent calcium carbonate scale
formation without changing the mineral composition of water due to its capacity as a crystallisation inhibitor.
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Introduction
The driving force for crystallisation is supersaturation. Thermodynamically, a supersaturated system is unstable, and depending on kinetic factors (promoters or crystallisation inhibitors)
solids formation will be enhanced or delayed. Water hardness
can lead to scale formation, consisting primarily of CaCO3 but
including other salts such as CaSO4, resulting from high supersaturation. This problem is critical in systems working at high
temperatures, such as boilers. In these systems hard water cannot be used, because of the risks of breakages and explosions.
Calcium carbonate is the most abundant mineral in nature
(Sikes, 1988) and is present as three polymorphic varieties, calcite, aragonite and vaterite. Morphological control of calcium
carbonate can be achieved using different additives (Kang,
2005; Kim, 2005; Hou, 2005). Among the water-softening
methods proposed to avoid calcium carbonate scale formation are ionic exchangers, consisting of zeolites (Malik, 2001;
Semenov, 2004) and ion-exchange resins (Gwon, 2002); reverse
osmosis systems (Hirayama, 1990); and the formation of stable complexes with EDTA (Westin, 2005) and phosphates such
as tripolyphosphate (Arai 1968). Recently, electrodialysis has
been used to remove calcium and magnesium from solutions
(Toti, 2000; Kabay, 2002).
Calcium carbonate precipitation can also be reduced or
delayed by using so-called crystallisation inhibitors. These
substances prevent or disturb precipitation by adsorbing onto
the surfaces of nuclei as they form or onto the faces of growing
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crystals, respectively, thereby modifying the kinetics of crystallisation. Among the agents described as calcium carbonate crystallisation inhibitors are ions such as Fe2+, Fe3+, Mg2+ and Zn 2+
(Reddy, 1980; Macadam, 2004; Hasson, 2004; Coetzee, 1998).
Calcium carbonate crystallisation has also been widely studied using the inhibitory properties of other compounds, among
them phosphates and phosphonates (Reddy (1972; 1973); Nancollas, 1975), aminophosphonates (Guo, 2004), polyacrylic acid
(Klepetsanis (1999; 2000)), and copolymers containing maleic
acid (Klepetsanis, 1998).
Myo-inositol hexakisphosphate (phytate) is a powerful inhibitor of the crystallisation of calcium salts and has
been shown to prevent calcium renal lithiasis (Grases (1999;
2000a)). Phytate levels found in tissues reflect dietary intake
(Grases (2001a; 2001b)). Previous work has found that phytate
only manifested toxic effects at very high doses (the LD50
value for male rats was 1.3 mmol·kg-1 administered orally as
sodium phytate (Ichikawa, 1987). Administration of phytate
as the natural food salt (phytin: calcium magnesium phytate)
at amounts that provide maximum absorption equivalent to
doses that correspond to the consumption of the so-called
‘Mediterranean diet’ (1 to 2 g phytate/d) were not found to
have any chronic effect (Grases, 2004). Furthermore, in
the field of renal lithiasis and cardiovascular calcifications
it is the most effective crystallisation inhibitor of calcium
oxalate (Grases (1994; 1996a; 1996b)), its efficacy on brushite
(calcium phosphate) even being superior to other phosphate
derivatives such as pyrophosphate, hexametaphosphate, etidronate or triphosphate (Grases (2000b; 2007)). All these data led
us to believe that phytate could be used as an alternative to scale
prevention and we therefore assayed the crystallisation inhibition properties of phytate on calcium carbonate solids formation
by adding it to supersaturated water.
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