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Abstract
The efficiency of electrolytic treatment in reducing the Langelier saturation index (LSI) of the cooling water from a cooling
tower of a textile industry was investigated. Sacrificial anodes were employed which prevent obnoxious chlorine generation. A series of batch experiments using stainless steel electrodes were conducted with 4 different current densities (5, 7,
10 and 15 A/m 2) and 6 different electrolysis times (20, 30, 40, 50, 60 and 70 min). The use of 7 A/m 2 for 50 min electrolysis
time yielded a satisfactory efficiency in reducing the LSI index from 2.57 to zero, indicating that the treated water was of
sufficient quality to be reused in the cooling process.
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Introduction
Industries use cooling water in various processes, for example, in power-generating units, boilers, steel mills and paper
mills. In addition, many larger buildings use cooling water in
air conditioning systems. The water is used to exchange heat
with hot fluid. After use the water must be cooled in order to
be reintroduced into the production processes. Typically, the
water is pumped to the top of a cooling tower and flows down
through plastic or wooden shells. While flowing down, the
water is cooled by latent heat loss due to evaporation, typically
from 40–60oC to 25–40oC.
Two main problems of cooling systems are corrosion and
scale (Frayne, 1999). Low pH and high dissolved solids can
enhance corrosion and shorten the life-span of the cooling
system materials. Corrosion can be prevented by pH adjustment
and treatment with additives. Water loss by evaporation during
the cooling process increases solute concentrations and can
lead to the precipitation of the sparingly soluble salts CaCO3
and Mg(OH)2. This causes the formation of an insulating layer
which negatively influences heat transfer.
Among the available indexes for assessing the scaling potential of the cooling water, the Langelier saturation index (LSI) is
one of the most widely used tools. The LSI was derived from the
degree of saturation of water with respect to calcium carbonate
(Langelier, 1936). At the usual cooling water pH conditions, the
scaling potential is the ratio of the ionic product of calcium and
carbonate to the CaCO3 solubility product:
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where:
Ksp is the solubility product of CaCO3.
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A positive LSI indicates that CaCO3 precipitation may occur
and scale may form. A near-zero LSI indicates a borderline
scale potential, in which changes in temperature and evaporation can change the index (Tchobanoglous et al., 2002).
Traditional ways to avoid scaling in the units of a cooling
system are to introduce chemical additives to water and to periodically discharge high salt-containing waters. A well-known
alternative technique for reduction of calcium and magnesium
ions is based on electrolytic treatment. The alkaline environment on the cathode causes precipitation of CaCO3 and
Mg(OH)2. The anode that is employed is a so-called ‘dynamic
stable anode or DSA’ – a titanium electrode covered with a
corrosion-resistant oxide layer (Hasson et al., 2008). The oxide
layer prevents metallic dissolution of the anode. The anodic
reaction then releases chlorine gas, while the precipitation of
CaCO3 is due to hydroxide formation on the cathode. A drawback of the conventional system is the generation of chlorine
gas at the anode. Use of a sacrificial anode, such as aluminium,
iron or stainless steel, leads to anode dissolution instead of the
highly undesirable chlorine release reaction.
There is little information reported in the literature about
the anode consumption rate and the performance of the electrolytic process with sacrificial anodes in the treatment of cooling
water. Electrolytic treatment using sacrificial aluminium and
iron electrodes is used for heavy metal removal by electrocoagulation (Heidmann and Calmano, 2008; Schulz et al., 2009).
In this study, electrolytic treatment employing stainless
steel as both anode and cathode was selected to control the LSI
of cooling water from a textile industry. The use of stainless
steel is of interest because the material has been known not
to stain, corrode, or rust as easily as ordinary steel. Stainless
steels contain sufficient chromium to form a passive film of
chromium oxide, which prevents further surface corrosion
and blocks corrosion from spreading into the metal’s internal
structure. In this study, 2 operational parameters, current density and electrolysis time, were investigated. These parameters
are effective for reducing the Langelier saturation index and
for controlling other water properties such as pH, alkalinity,
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