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A B S T R AC T

This research investigated the induction times of CaCO3 as a function of the saturation and 
ionic strength for synthetic solutions based on the Gulf of Oman seawater analysis. The inves-
tigation aimed to determine at elevated ionic strength levels, (i) the CaCO3 phase incorporated 
in the Stiff and Davis saturation index and (ii) the mechanism of nucleation involved. Induction 
time experiments were performed with synthetic concentrates having different ionic strengths 
of 0.054, 1.12, 1.34, 1.61 mole/l. Results showed that S&DSI incorporate the solubility of calcite 
at low ionic strength but vaterite for high ionic strength water. This expectation was confi rmed 
with microscopic analysis of the formed crystals at the end of the induction time experiments 
(24 h) as vaterite was found in the solution instead of calcite. These fi ndings indicate that vaterite 
and not calcite maybe the precipitating phase in seawater. The study of the mechanism of nucle-
ation showed three different trends describing three different nucleation mechanisms; namely 
homogenous, heterogeneous and a one characterized by an intermediate surface tension. The 
calculations of the apparent surface energy showed values ranging from 15−94 mJ/m2 which 
is consistent with literature data for vaterite. Results suggest that for the level of saturation 
reached in SWRO systems, the nucleation mechanism will most probably be heterogeneous.
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1. Background

1.1. Introduction

In seawater reverse osmosis (SWRO) plants where 
25−50% of the seawater is converted into fresh water, 
scaling problems are considered a constant potential in 
plant design and operation. There are many types of scale 
that may form in a plant, but the most common scalants 
in SWRO are CaCO3 and Mg (OH)2 (second pass). Pre-
treatment using acid is widely used for CaCO3 scaling 
prevention in SWRO plants. For the purpose of optimiz-
ing acids doses, solution stability after its saturation limits 

are exceeded (induction time) need to be studied [1]. The 
aim of this research is to determine the effect of salinity on 
the induction time of CaCO3 in SWRO concentrates.

Seawater salts mainly comprise 7 main ions: Ca2+, 
Mg2+, Na+, K+, Cl−, HCO3

− and SO4
2- as shown in Table 1. 

The pH of the seawater usually ranges between 7.8 (e.g., 
the Red Sea) to 8.3 (e.g., the Atlantic Ocean). Lower pH 
values (<7.8) may be found if beach wells are the main 
feed water source.

1.2. Solubility of salts

When an ionic compound is added to water, it will 
usually dissolve in the solution as its ions and complexes. 
If the activity of an ionic compound added to a volume 




