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Abstract

Setting and growth of inorganic scales are major problem in cooling water systems and petroleum-based industries that unfavorably affect the plant transport efficiency, fluid 
flow rate and lifespan of the metallic equipments. Calcium carbonate, calcium sulfate, calcium phosphate, bicarbonates of sodium, magnesium and calcium with their sulfate, chlorides 
and nitrates causes inorganic scale problem in cooling water systems. On the other hands, scaling problem in petroleum industries is due to calcium carbonate, barium sulfate, strontium 
sulfate and iron sulfide etc. Maleic acid-based polymers and organic phosphonates are used as most effective inorganic scale inhibitors in cooling water systems (CWSs; such as 
boiler industries) and petroleum industries. However, these inorganic scale inhibitors are highly toxic in nature thereby environmentally friendly alternative scale inhibitors are being 
developed and used. One of such green alternatives is Carboxymethyl Inulin (CMI). Ionic liquids can also be used as environmentally friendly alternative inorganic scale inhibitors. 
Use of the ionic liquids as inorganic scale inhibitors would be advantageous as due to increasing demands of green scale inhibitors. Present perspective describes the idea about 
using ionic liquids as green inorganic scale inhibitors in cooling water system and petroleum industries.

INTRODUCTION
Scales are solid deposits that nurture over time and block 

and hinder the flow of fluids from transport pipelines, pumps 
and valves etc. formation and growth of scales adversely affect 
the plant efficiency, production rate and equipment lifespan 
especially in the cooling water systems and petroleum industries 
[1,2]. Scaling (formation and growth of scales) offers a foremost 
confront to the scientists and engineers to insure the optimal 
fluid flow rate. In the Cooling Water Systems (CWSs), continuous 
evaporation of pure water results into the increase in the 
concentration of minerals. If the minerals left unchecked, they 
get precipitated as scale as their solubility exceeded in such 
conditions. Scaling is greatly affected by temperature and pH 
[1,2]. Generally, in CWSs scaling is attributed due to presence 
of inorganic salts such as calcium carbonate, calcium sulfate, 
calcium phosphate, bicarbonates of sodium, magnesium and 
calcium with their sulfate, chlorides and nitrates that are present 
as impurities in the cooling water and their concentration 
exceed over time [1,2]. Whereas, scale in petroleum industries 
is attributed due to numerous salts impurities such as calcium 
carbonate, barium sulfate, strontium sulfate and iron sulfide etc. 
and dissolved organic acids (in petroleum fluids) [1,2]. Depending 
upon their composition scales may be of organic, inorganic or 
mixed-type. Inorganic and organic scales result major problems 
in cooling water system and petroleum industries, respectively. It 
is important to mention that mixed-scales are relatively difficult 
to treat as compared to the pure inorganic and pure organic 
scales. Generally, treatment of mixed-scales requires highly 

severe and expensive remediation treatments using aggressive 
acidic solutions [1,2]. In petroleum industries presence and 
accumulation of paraffin was, gas hydrates and asphaltenes cause 
the development of organic scale [3]. Formation of the calcium 
carbonate based scale can occurs by the reaction of water with 
dissolved CO2 as presented below [3]: 

2( ) 2 ( ) 2 3( )dis liq disCO H O H CO+ ↔
           (1)

2 3( ) ( ) 3( )dis dis disH CO H HCO+ −↔ +
            (2)

2
3( ) 3( ) 2 ( ) 2( )2 dis dis liq gHCO CO H O CO− −↔ + +

           (3)

2 2
( ) 3( ) 3( )dis dis depCa CO CaCO+ −+ ↔

               (4)

Unlike to most of the inorganic salts such as KCl and KI, 
solubility of the CaCO3 decreases with rise in the temperature. 

The problem of scaling can be over coming through 
mechanical removal, chemical (solution) dissolution and using 
chemical scale inhibitors. The mechanical removal and solution 
dissolution are short term practices and valuable merely for mild-
scaling situation. Whereas, implementation of Scale Inhibitors 
(SIs) is one of the most effective, ease and economic methods 
of scale treatment. SIs inhibitors are the chemical substances 
that retard or slow down the formation and deposition of scale. 
In Cooling Water Systems (CWSs), most frequently used sale 
inhibitors are maleic acid derived polymers and phosphonates. 
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Table 1 represents the common examples of SIs used in CWSs, 
petroleum industries and CaCO3 scale inhibitors [4].

Most of the effective scale inhibitors are those that contain 
Phosphonate, sulphate and carboxylate ions [4]. A combination 
of two or more such groups in the molecular structure of SIs is 
enough for effective scale inhibition. The extensive consumption 
of maleic acid derived polymers and organic phosphonates 
is attributed due to their high solubility in polar electrolytes, 
high scale inhibiting ability and excellent thermal and chemical 
stabilities [4].

AGE OF GREENER SUBSTITUTES: USE OF IONIC 
LIQUIDS

Although, maleic acid derived polymers and organic 
phosphonates are most commonly employed as scale inhibitors 
in the cooling water systems and petroleum industries, however 
because of the increase demands of sustainable development 
do not permit the use of these chemicals as they are highly toxic 
in nature [5,6]. Because of their highly toxicity these chemicals 
adversely affect the soil and aquatic life of microorganisms. 
Their discharge in marine can also adversely affect the life and 
proliferation of marine organisms. It is important to know that 
organic compounds containing nitrogen and phosphorus are 
exhibit great toxicity. In view of this, some environmental friendly 
alternatives scale inhibitors such as Carboxymethyl Inulin (CMI) 
that does not contains phosphorus and nitrogen are used as 
“green scale inhibitors” [7]. Another class of environmentally 
friendly scale inhibitor would the ionic liquids. Ionic liquids or 
molten salts are the salts of organic cations and inorganic anions 
that are liquids below 100°C [8]. Even some of the ionic liquids are 
liquids below Room Temperature (RT) [9,10]. Because of their 
low volatility, non-toxicity, high thermal and chemical stabilities 
ionic liquids are established as one of the greenest alternatives to 
be used for several industrial applications including as corrosion 
inhibitors [11-17]. Their properties such as corrosion and scale 
inhibition properties can be suitably tailored by proper selection 
of cations and anions. Literature survey reveals that plenty 
of ionic liquids are tested as corrosion inhibitors for different 
metallic alloys in all electrolytic media however their use as scale 

inhibitors has not been reported. Because of their high solubility 
in polar media, high surface activity (ionic nature), strong ability 
of interact with metallic surface and excellent stability for 
chemical and thermal treatments, ionic liquids should exhibit 
strong scale inhibiting ability. Use of ionic liquids that contains 
phosphoric, sulphonic and carboxylic acid groups or their anions 
are highly recommended as the organic compounds containing 
these moieties furnish excellent scale inhibiting tendency. Use 
of ionic liquids at the place of traditional scale inhibitors will be 
advantageous for the environmental consideration point of view 
[18].

REAL WORLD INDUSTRIAL APPLICATIONS OF 
IONIC LIQUIDS

Ionic liquids are established as green and environmentally 
friendly chemicals therefore they are currently used as 
environmentally friendly alternatives in almost all industries 
(Figure 1). They are widely used as environmental benign 
solvents for the synthesis of several biologically and industrially 
useful applications.

In several reactions, ionic liquids act as solvents as well 
as catalysts. Ionic liquids are also served as reagents for the 
synthesis of several classes of biologically and industrially useful 
heterocyclic compounds. Several classes of ionic liquids are 
effectively used in different areas of science and bio-engineering. 
Ionic liquids are also evaluated as metallic corrosion inhibitors 
for different alloys in various electrolytes. Because of their ionic 
behavior, unlike to traditional organic and polymeric compounds 
that implantation is limited because of their limited solubility; 
ionic liquids are extensively employed as corrosion inhibitors. 
Several classes such as imidazolium, pyridinium, tetra-
ammonium and phosphonium based ionic liquids are widely 
used as inhibitors for mild and carbon steel, aluminum, zinc, 
copper and magnesium etc. corrosion. Therefore, their use as 
environmental friendly scale inhibitors is highly recommended.

CHALLENGES 
Although, ionic liquids are established as one of the green 

alternatives for different industrial applications especially in 

Table 1: Common scale inhibitors used in the cooling water systems (CWSs), petroleum industries and CaCO3 based scales.

S No. Name of SIs Nature of system

1 Maleic acid derived polymers CWS

2 Phosphonobutane-1,2,4-tricarboxylic acid (PBTC) CWS

3 Amino-trimethylene phosphonic acid (ATMP) CWS

4 1-Hydroxyethylidene-1,1-diphosphonic acid (HEDP) CWS

5 Polyacrylic acid (PAA) CWS

6 Phosphinopolyacrylates (PPCA) CWS

7 Polymaleic acids (PMA) CWS

8 Maleic acid terpolymers (MAT), CWS

9 Sulfonated phosphonocarboxylic acid (SPOCA) CWS

10 Sulfonic acid copolymers (SAC) CWS

11 Polyvinyl sulfonates (PVS) CWS

12 Diethylenetriamine- penta (methylene phosphonic acid (DTPMP). Petroleum industry 

13 Poly-Phosphono Carboxylic acid (PPCA) Petroleum industry

14 Polymorphs CaCO3 inhibitors 
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the corrosion and scale inhibition systems, however their use 
experiences several challenge [20,21]. Most of the ionic liquids 
are highly expensive because of their synthesis using expensive 
solvents and starting materials [21]. More so, their highly 
sensitive purification and works-up steps make their synthesis 
highly expensive. Generally, synthesis of the ionic liquids 
connected with several step reactions that are coupled with 
expenditure and liberation of gigantic quantity of toxic solvents 
that can unfavorably influence the soil and marine life [22,23]. 
Similar to most of the organic compounds, ionic liquids are non-
biodegradable therefore their concentration in soil, water and 
animal bodies (bioaccumulation) is expected to increase over 
time [24,25]. Generally, recovery, recycling and reuse of ionic 
liquids in various industries including in corrosion inhibition 
is highly restricted that offers a big drawback to use them for 
different industrial applications. Few classes of ionic liquids 
especially pyridinium based are highly toxic in nature [26-28].

CONCLUSIONS AND FUTURE TRENDS
On the basis of above discussion, it can be concluded that 

scaling is major problem in cooling water systems and petroleum-
based industries that adversely affect the transport efficiency, 
plant efficiency and lifespan of the metallic equipments including 
pipelines, pumps and valves etc. In cooling water system, presence 
of inorganic salts such as calcium carbonate, calcium sulfate, 
calcium phosphate, bicarbonates of sodium, magnesium and 
calcium with their sulfate, chlorides and nitrates causes scaling 
problem whereas in petroleum industries scaling is attributed 
due to the presence of calcium carbonate, barium sulfate, 
strontium sulfate and iron sulfide etc. and dissolved organic 
acids. Most of the previously used scale inhibitors are maleic 
acid-based polymers and organic phosphonates in cooling water 
systems (CWSs) and petroleum industries. Most of the previously 
used scale inhibitors are toxic in nature therefore development of 
green scale inhibitors is essential. In this direction, ionic liquids 
especially those contain phosphoric, carboxylic and sulfonic acid 
functional groups or their anions would be used as green and 

environmentally friendly alternatives to the traditional toxic scale 
inhibitors. Ionic liquids have several advantageous properties 
such as high solubility, low-flammability and vapor pressure, 
high thermal and chemical stabilities. Use of the ionic liquids as 
scale inhibitors would be advantageous for the environmental 
consideration point of view. 
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