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ABSTRACT: Machines are part of industries and support industrialization in the world. The machining process
generates energy in the form of heat, which changes the temperature of the tool as well as its components. So to
control such a rise in the temperature of components coolants are used. Thus, the focus of the study is to know the
properties of coolants and their application in various machining processes. The coolants are also known as
antifreeze which is used to reduce the rising temperature among the components. There are various types of
coolants based on materials, compositions, and orientations. There are various studies on the different types of
coolant used in different processes to reduce temperatures. Different studies on the coolants conclude that the
coolant is necessary for long machining processes to control the heat dissipated among the machining components.
Thus further studies in coolants will help to avoid thermal losses during the machining processes.
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1. INTRODUCTION

A coolant is a liquid or a gas that is employed to lower or adjust the temperature within a system.
An ideal coolant has a low viscosity, higher heat capacity, inexpensive in cost, non-toxic,
chemically inert, and does not induce or encourage cooling system corrosion. In some applications,
the coolant must also be an insulating material. While the name “coolant” is often used in
automotive and HVAC applications, heat-transfer fluid is a technical term that is utilized in both
high and low-temperature manufacturing applications. Cutting fluids are also included in the
definition. Water-soluble coolant and plain cutting fluid are the two primary categories of
industrial cutting fluid. An oil-in-water emulsion is a water-soluble coolant. It contains variable
amounts of oil, ranging from zero to 100%. This antifreeze could either maintain its phase, remain
liquid as well as gaseous, or undergo a phase change, with latent heat contributing to cooling
efficiency. When utilized to attain temperatures below ambient, the latter is more frequently
referred to as refrigerant [1]-[3].

A typical type of coolant is air. Convective airflow or forced circulation through fans is used for
air cooling. As a slightly elevated gaseous coolant, hydrogen is employed. It possesses better
thermal conductivity than all other gases, low density, a large specific heat capacity, and hence
flowability, which is advantageous for rotating machinery prone to windage losses. Hydrogen-
cooled turbogenerators are the most often used electrical generators in big power facilities
nowadays. In gas-cooled nuclear reactors, inert gases are utilized as coolants. Helium has a modest
affinity for absorbing neutrons and becoming radioactive. In Magnox and AGR reactors, carbon
dioxide is utilized. Some high-voltage power sources are cooled and insulated using sulfur
hexafluoride. Steam can be employed when a large specific heat capacity in gaseous form is
required and the corrosive qualities of hot water are taken into account [4]-[6].

Water was the first coolant used in internal combustion engines. It is low in cost, non-toxic, and
has a high capacity for heat. It has a liquid range of just 100 °C and expands when frozen.
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Alternative coolants with superior characteristics are being developed to overcome these issues.
The boiling and freezing points of a solution are colligative qualities that rely on the number of
dissolved components. As a result, salts reduce the melting temperature of aqueous solutions. Salts
are commonly used for de-icing, however, salt solutions are not utilized in cooling systems since
they promote metal corrosion. Because low- molecular-weight organic molecules have lower
melting points than water, they can be used as antifreeze agents. Organic compound solutions in
water, particularly alcohols, are effective. Since the 1920s, types of alcohol such as ethylene
glycol, methanol, ethanol, and others have served as the foundation of all antifreeze [7]-[10].

Coolants are required because water alone is insufficient. Water's properties cause it to boil
as well as vaporize at high temperatures while freezing at low ones, undermining the function
of a coolant. Coolants are particularly developed to withstand high temperatures,
safeguarding heavy-duty engines. It keeps the engine temperature stable by effective heat
transmission, otherwise, the engines will either freeze or flame out. Furthermore, the
coolants' anti-corrosion properties keep the engine's metal components from being rusted and
oxidized. The vehicle's lifespan and efficiency will be diminished if an efficient cooling
device is not used. Thus, it necessary to know the importance of coolants in industries for
various machining processes.

2. DISCUSSION

Coolant (or antifreeze) keeps the engine from freezing and protects components from corrosion. It
is crucial in maintaining engine temperature distribution by eliminating heat. Only about one-third
of the overall energy produced by a heavy-duty diesel engine is used to push the vehicle forward.
The exhaust system removes an extra one-third of heat energy. The engine coolant absorbs the
leftover one-third of the heat energy produced. This energy eliminated by the coolant keeps a
balance inside the elimination of engine heat, which is vital to the engine's optimal operation.
Overheating can hasten the breakdown of oil and the engines themselves. While water is the ideal
heat transmission medium, glycol is frequently utilized in vehicle coolants to prevent freezes. The
inclusion of glycol slows water heat transmission marginally, yet freeze protection is necessary for
most climates and applications.

Almost all engines utilize coolants based on a 50/50 mixture of water and ethylene glycol. In rare
cases, the commercial engine may be using different base fluids, including addicted water or a
propylene glycol/water combination. Aside from the basic fluid, there are a few extra chemicals
such as corrosion inhibitors, antifoams, colors, and other additives. While these additional
chemicals constitute just a little portion of a coolant, they are also what distinguishes one
refrigerant from another. Historically, common engine coolants in North America were green in
hue. Currently, the major components of these green coolants' inhibitor systems are a
phosphate/silicate combination. Conventional inhibitors, such as silicates and phosphates, function
by producing a protective blanket over the metals, effectively isolating them from the coolant.

These inhibitors are chemically classified as inorganic oxides. Since these inhibitor systems
diminish over time by generating a protective layer, standard green coolants must be replaced on
a biannual basis, often every two years. To protect engines against corrosion, many solutions have
been developed. Issues with hard water components in Europe compelled phosphate-free cooling
technology. Hard water minerals calcium and magnesium interact with phosphate inhibitors to
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generate calcium as well as magnesium phosphate which often leads to scale development on hot
engine surfaces. This might result in heat transmission loss or corrosion beneath the scale.

To replace phosphates, traditional European coolants use a combination of inorganic oxides such
as silicates and carboxylate inhibitors. Carboxylates defend against corrosion by chemically
reacting at the metal corrosive sites, as opposed to producing a layer containing inhibitors that
cover the entire surface. Because it combines ordinary inorganic technology with completely
carboxylate or organic technology, the blend of carboxylates and silicates is indeed known as
hybrid technology. Colors of European engine coolants are available; normally, each manufacturer
demands a particular hue.

There are almost no suitable coolants that would entirely meet the criteria. The most cost-effective
coolant water, however, because the freezing point is high (0° C), is only utilized in air
conditioning units and operations at positive temperatures. Pickles are strong electrolytes of salts
NaCl, CaCl2, and MgCI2 that are often employed at zero temperatures. Brines' thermophysical
characteristics, including freezing temperature, are determined by the amount of salt in the
solution. There are brine or kriogidratnaya eutectic concentrations in total, where the solution has
an extremely low freezing point. The freezing temperature of both the solutions increases as the
salt content increases. When solution (at any concentration) is cooled to a temperature below the
curve, precipitation, ice, or salt form, altering the concentration in brine when the coolant
characteristics are as indicated in Figure 1. After additional cooling, the solution reaches
kriogidratnoy point, when it is fully frozen.
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Figure 1: lllustrates the Basic Requirements for Selecting Any Coolant for Different
Machining Processes.

2.1.  Composition of coolant:

Coolant is typically made up of de-ionized water, glycol (most often ethylene or propylene
glycols), and chemical additives. It is your responsibility to choose a coolant that meets your needs.
The decision is determined by the type of environments and temperatures to which the engine is
regularly exposed. An ideal coolant prevents itself from boiling out into the air owing to
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overheating in a hot climate and does not freeze in a cold climate. At least 40% of engine issues
are caused by insufficient cooling.

2.2.  Types of coolant:

There are at least 3 kinds of refrigerants used during heavy-duty vehicle engines, depending on
usage and application. They are listed below:

2.2.1. Traditional coolant:

These are standard coolants with corrosion-inhibiting qualities that preserve metal including steel,
aluminum, and copper against corrosion. This coolant provides good protection from wet sleeve
liner rust in heavy-duty engines. These coolants are usually green or purple in hue. The
heterogeneous catalysts in the coolant deplete at a quicker pace, resulting in a shorter lifespan.

2.2.2. OAT Coolant:

Organic Acid Technology (OAT) coolants are silicate-free and have a long life. Unlike typical
coolants, those carboxylate acid catalysts utilized in them deplete relatively slowly. As a result,
there is no need for regular periodic filling of Supplemental Coolant Additives, and a single refill
may frequently be utilized during the engine's lifespan. Typically, they are orange or red in hue. It
also gives excellent metal protection at high temperatures.

2.2.3. Hybrid coolant:

This coolant technology combines the advantages of conventional corrosion inhibitor technology
with the advantages of OAT rust inhibitory technology. This coolant is often yellow or red in hue.
They are utilized both in light and heavy load diesel engines. HOAT technology is another name
for this hybrid technology. Aside from coolants, coolant filters are fitted into vehicle systems to
protect coolants from external impurities and remove them from internal ones. They are also
employed to add chemicals to the coolant, such as SCA, to replenish its supplies, which diminish
over time. If you are seeking for the best engine solutions. It is preferable to buy filters only from
reputable and well-known car filter manufacturers.

2.3.  Application of cryogenic cooling:

Cryogenic cooling is well-known for its benefits in a wide range of machining configurations,
including workpiece materials, tool materials, and tool geometry. The most important ones will be
covered in the following subchapters. Until date, the primary emphasis of cryogenic cooling
application has been related with so-called difficult-to-machine materials. Materials noted for their
high strength qualities, such as those categorised as aviation materials or super-alloys, fall under
this group. Aircraft materials are extremely robust, corrosion resistant, and capable of maintaining
strength under harsh situations such as high temperatures, requiring them to adhere to stringent
safety rules within the aerospace sector.

A high strength-to-weight proportion is also essential to get the best fuel economy. Because of the
nature of aviation materials, they are extremely difficult to manufacture. Because only a portion
of the heat is taken away by the chips, the very poor heat conductivity results in a high thermal
tool load. Because of the high friction, process heat is focused at the tool-chip contact. Thus, an
additional 20-30% thermal energy may be given to the cutting tool, increasing ductility and
speeding up the wear process. Tool wear is frequently caused by tool material adhesion-
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dissolution-diffusion into the flowing chip just at chip-tool contact, as well as a chemical
interaction between both the tool and the chip. Scientists think that the chip's massive
inhomogeneous plastic deformation hinders machining productivity. As a result of these factors,
aircraft components are processed at low cutting parameters, resulting in reduced productivity.
Materials classed as aircraft materials in the ordinary sense, such as steel, nickel, and titanium
alloys. Most experts believe that the decrease in temperature in the machining operation is
responsible for the promising outcomes of cryogenic manufacturing of these materials. Other
material reporting a beneficial influence on cryogenic machining include tungsten carbide
components, AlISI 4340 low alloy steel, stainless steel, and carbon steel.

There are numerous different types of cutting tools used in cryogenic cooling, however the bulk
of investigations have used carbide tools that have been PVD or PCD coated. Tests with CBN,
diamond, and ceramic tools have also been conducted, although it is difficult to identify research
or trends for efficiency improvements with the more sophisticated and costly tool materials. Thus,
there are different tools which are used in various operations where the use of coolant is useful for
reducing the effect of heat.

3. CONCLUSION

Machines are the part of industries and supports the industrialization in the world. The machining
process generates the energy in the form of heat, which changes the temperature of tool as well as
components. So to control such rise in the temperature of components the coolants are used. Thus,
the focus of study is to know the properties of coolants and their application in various machining
processes. The coolants are also known as antifreezes which are used to reduce the rising
temperature among the components. There are various types of coolants based on materials,
compositions and orientations which are traditional coolant, OAT coolant, and hybrid coolant.
Different studies on the coolants concludes that the coolant are necessary in long machining
processes to control the heat ejaculated during the machining process. Thus the further studies in
coolants will help to avoid the thermal losses during the machining processes to improve the
efficiency and productivity of machine and life of the components as well as tools used for
machining process.
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