
52  I Plastics and Rubber - Sri Lanka  I  Volume 21 - 2023 Plastics and Rubber - Sri Lanka  I  Volume 21 - 2023  I  53

Abstract

A breakthrough in water distribution was the invention 
of thermoplastic pipes to replace Galvanized iron 
pipes (GI pipes). Polyvinyl Chloride (PVC) pipes 
play a major role among the other pipes due to their 
flexibility, durability, safety, and low cost compared to 
steel pipes. Despite being a part of everyday life, PVC 
has the drawback of not being able to withstand higher 
temperatures . Polypropylene random copolymer (PPR) 
becomes a solution to the aforementioned issue and 
also offers additional benefits to the pipe industry such 
as safety  and chemical resistance, low cost, durability, 
and efficiency. PPR pipes, which have emerged as the 
preferred option for high-temperature pipe applications, 
are discussed in this article. Furthermore, the advantages 
and disadvantages of PVC pipes are covered in this 
article.
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1. Introduction

The invention of thermoplastic pipes to replace the 
traditional galvanized steel pipes is a revolution in 
water transportation and distribution. As metal pipes 
come into contact with static water, it leads to corrosion 
while giving a metallic flavor to the water. Thus, it leads 
to health issues, and people tend to find replacements 
for GI pipes. As a result, the invention of thermoplastic 
pipes led to rapid public acceptance.

Among generally used thermoplastic materials, polyvinyl 
chloride (PVC) plays a major role in water pipes. PVC 
pipes are non-corrosive and light weight. They prevent 
the growth of bacteria, fungi, algae, and other biological 
toxins. But Unplasticized PVC is not very flexible, 
which makes it unsuitable for plumbing networks that 
need bends and joints. Therefore, plasticized PVC 
which is more flexible than unplasticized PVC became 
more popular, replacing the galvanized steel pipes. 
Despite the above-mentioned benefits, PVC pipes have 
the disadvantage of not been able to withstand higher 
temperatures.

Typically, hot water systems have boilers that carry hot 
water at about 60°C–83°C to various parts of the building 
via pipes. [1] As the softening point of PVC starts at 
about 70°C, it is not advisable to use PVC pipes for hot 
water distribution. [2]With the temperature fluctuations, 
PVC pipes tend to show some signs of damage in their 
properties like stiffness, pipe dimensions, pressure 
ratings, etc.

Therefore, PVC pipes are more suitable to be used in 
cold water systems and drainage systems for residential 
and industrial water systems.

2. Effects of temperature on PVC pipes

2.1 Structure

Compared to GI pipes, PVC pipes are flexible and 
can yield without fracturing under a load. They can 
comfortably deflect

excess material without putting any strain on the overall 
structure of the pipe. The PVC pipes can become stiffer 
with decreasing temperatures and more flexible with 
increasing temperatures. [3] The research has found that 
PVC joints lose 80% of their stiffness with an increase 
in temperature from 23–90%, destroying their natural 
flexibility. [4] This dramatic loss of rigidity causes a loss 
of structure and leads the plumbing system to disconnect 
from the rest.

2.2 Leakages

Like all other materials, PVC which has a thermal 
expansion coefficient of 3.0 x 10-5 in/in/°F can expands 
with temperature and contracts with a decreasing 
temperature. [5] As the PVC pipes have a high length-
to-diameter ratio, the change in length is noticeable with 
temperature fluctuations. The change in pipe dimensions 
hinders the compatibility, flow rate, pressure rating, 
and structural integrity of the piping system. Thus, the 
dimensional changes hinder the tight seal between the 
pipe fittings that prevents leakage.

2.3 Pressure capacity

The pressure capacity of PVC pipes significantly 
depends on their operating temperature. As the operating 
temperature falls, the pressure capacity of the PVC pipe 
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While the cost of failure may be high in some industries, 
it's important to remember that the cost of not innovating 
can be even higher. By creating space for failure and 
embracing it as a necessary part of the creative process, 
we can unlock our full creative potential and achieve 
greater success in the long run.

The key takeaway is that failure should not be feared 
or avoided, but rather embraced as a necessary part of 
the creative process. By taking risks and learning from 
mistakes, we can ultimately achieve greater success and 
innovation.

In Conclusion what would this look like for your 
daily life?

1. Try to focus more on the process than the output: This 
means valuing the process of generating ideas, rather 
than just the end result. It's important to give yourself 
time to explore different options and try out new things, 
even if they don't immediately lead to a successful 
outcome. This approach can be particularly useful when 
working on creative projects where there may not be a 
clear "right" answer. Instead, focus on the journey and 
enjoy the process of discovery.

2. Try to be less self-critical of the ideas you come 
up with: Self-criticism can be a major roadblock to 
creativity. When we are overly critical of our own ideas, 
we tend to shut down the creative process before it even 
has a chance to get started. Instead of judging your ideas 
too harshly, try to adopt a more curious and open-minded 
approach. Be willing to explore new possibilities and 
embrace the unexpected.

3. If you are a manager/leader/teacher or parent, try 
not to shut down ideas early on: This is particularly 
important in a team setting, where you want to create 
an environment that encourages creative thinking and 
collaboration. When someone brings up an idea, try to 
be open-minded and encourage others to build on it. 
Even if the idea isn't immediately feasible or practical, it 

may spark a new and innovative approach that leads to 
success in the long run.

4. Give your brain time: It's important to give yourself 
and others time to think and process information 
before jumping to conclusions. This is especially true 
in situations where you need to come up with creative 
solutions to complex problems. Rather than trying to 
force a solution, take a break and allow your brain time 
to process the information and make new connections. 
This might involve stepping away from the problem for 
a little while or coming back to it later with fresh eyes. 
For an example at a team meeting don't expect ideas as 
immediately as you identify problems, maybe pick it up 
again at the end of the day when team members minds 
have had time to work out the problem from different 
angles.

5. Never be afraid to share something you think is 
'stupid': Sometimes, the most seemingly insignificant 
ideas can lead to major breakthroughs. By sharing your 
ideas, even the ones you think are silly or trivial, you 
are opening up the possibility for new connections 
and insights. This is why it's important to create a safe 
and supportive environment where everyone feels 
comfortable sharing their thoughts and ideas, no matter 
how unconventional they may be.

By implementing these strategies in your daily life, you 
can become more open-minded, flexible, and creative 
in your thinking. You can learn to embrace failure as 
a natural part of the process, rather than fearing it, and 
be more willing to take risks and try new things. By 
encouraging creative thinking in yourself and others, 
you can foster a more innovative and collaborative work 
or personal environment.

Remember, creativity is not something that comes 
naturally to everyone, but it can be learned and developed 
with practice. So, don't be afraid to experiment, explore, 
and have fun with the creative process!
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by frictional resistance and pressure loss during the 
transportation and distribution of the fluids. Thus, 
contributing to the energy efficiency of the PPR piping 
system. [19] Further, PPR pipes are less damaged or 
cracked compared to PVC and metal pipes. Thus, it has 
better durability than other piping systems. [14]

3.1.6 Recyclable

PPR pipe can be recycled after being used for a certain 
time and it has a long life of at least 50 years.

3.2 Installation of PPR pipes

Heat fusion is commonly used to join PPR pipes and 
pipe fittings. During connecting,

the PPR pipes and fitting ends are simultaneously heated 
to critical melting points. The pipes are then immediately 
put in a straight line into the PPR pipe fittings and 
allowed to cool. Such welded pipes have a high success 
rate and strong contact performance. [20]

Because of the above properties, PPR pipes are now 
playing a major role in cold and hot portable water 
transportation and distribution in industries, residences, 
and public installations. They are also used to transport 
beverages, sanitary liquids, assertive chemicals, 
pressurized air, and highly acidic or alkaline solutions. 
[21]

4 Conclusion

With the development of plastics, metal pipes were 
replaced with PVC pipes. They were widely used 
by people because of their properties like flexibility, 
durability, safety, and low cost compared to steel 
pipes. Despite being a part of everyday life, PVC has 
the drawback of notwithstanding higher temperatures. 
Polypropylene random copolymer (PPR) becomes a 
solution to the aforementioned issue because of its 
higher softening point(131.5°C) compared to PVC 
(70°c). Further PPR pipes offer additional benefits to the 
pipe industry like safety, chemical resistance, low cost, 
durability, and efficiency.
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increases to a level higher than its pressure rating. Despite 
the fact that the pressure capacity rises as the temperature 
falls, PVC displays brittle behaviors at low temperatures, 
leading to low energy brittle failures because of a 
significant drop in impact resistance. This brittle behavior 
can result in catastrophic failure. [6]Conversely, with the 
increase in operating temperature, the pressure capacity 
of the PVC pipes decreases to a level below its pressure 
rating.[3]Therefore, PVC pipes are not recommended for 
low temperature applications and are only recommended 
for temperatures up to 60°C [7].

Therefore, to address the above problem of inability to 
use in hot and cold applications, the researchers have 
found PPR (Polypropylene Random Co-polymer) [8].

3 PPR pipes

Polypropylene random copolymers are thermoplastic 
resins created by polymerizing propylene with ethylene 
or butene linkages added to the polymer chain. It is made 
up of chains of hydrocarbons in such a simple chemistry 
that allows it to have properties of being tough and long 
lasting.

During the production process, polypropylene is made 
flexible by using short chains and stiff by using long 
chains. Since both long and short chains are used during 
the manufacturing of PPR, it has both rigid and flexible 
properties. Because of PPR's flexibility, it helps to 
protect pipes from external damages such as impact and 
freezing. Further, it can absorb the stresses, including 
expansion stresses that can damage other systems. The 
stiffness shown by PPR helps to improve the system's 
performance and appearance. [9]

3.1 Properties of PPR

PPR pipes show unique properties that set them apart 
from other pipe materials. Heat resistance, thermal 
conductivity, smooth inner surfaces and chemical 
resistance are some of the properties.

3.1.1 Heat resistance

The PVC is recommended for use at no more than 60 or 
65 °C. (With a maximum of 80 °C.) [10] This is because 
having a low softening point (the temperature at which 
an amorphous polymer starts to soften) of

approximately 70°C makes it unsuitable for high-
temperature applications. [11] But the PPR, which has 
a softening point of 131.5 °C, has better heat resistance 
compared to the PVC. [12]Therefore, PPR is more 
suitable for hot water distribution pipes compared to 
PVC.

3.1.2 Low thermal conductivity

Traditionally, galvanized pipes are used for hot water 
distribution. But they have a high thermal conductivity 
of 52.0 W/mK compared to other plastic pipes. Heat 
transfer from the environment to the liquid inside the 
pipe or vice versa is higher with metal pipes compared 
to plastic pipes. Therefore, a high heat loss or gain 
occurs during the transfer of hot and cold fluids. Thus, 
it is advisable to insulate the pipes. But this adds an 
additional cost for installation of pipes. But PPR pipes, 
which have a low thermal conductivity of 0.15 W/
mK compared to GI pipes, are a solution to the above 
problem as they can provide high efficiency at a low 
cost. [13, 8]

3.1.3 Chemical resistance

PPR has better chemical resistance compared to PVC 
because of its molecular structure. It shows excellent 
resistance to diluted and concentrated acids, alcohols, 
and bases and good resistance to aldehydes, esters, 
aliphatic hydrocarbons, and ketones. [14] In contrast, 
PVC has a lower chemical resistance because its 
molecular structure contains chlorine atoms, which can 
react with certain chemicals and reduce its resistance to 
chemical attacks. Therefore, though PVC is resistant to 
many alcohols, fats, oils, aromatic free petrol, and most 
corroding agents, including inorganic acids, alkalis, 
and salts, it should not be used with esters, ketones, 
ethers, or aromatic or chlorinated hydrocarbons as it 
will lead to swelling and a reduction in tensile strength. 
[15] Therefore, PPR is better than PVC in chemical 
resistance. PPR also exhibits better UV resistance 
compared to PVC. [16]

3.1.4 Non-Toxicity

The random incorporation of ethene units (up to 6% 
by mass) into polypropylene copolymers increases the 
flexibility of the polymer chain. Compared to PPR, PVC 
is a rigid material. Therefore, it must be plasticized to 
achieve flexibility. Generally, these plasticizers are 
low in molecular weight. Therefore, they can leach out 
from the pipe resulting in mechanical degradation and 
eventual contamination of the surrounding environment. 
This phenomenon can lead to contamination of drinking 
water [17, 18]. But as PPR is flexible, the addition of 
plasticizers is not necessary. Therefore, PPR is known to 
be safe for the human body as well as the environment. 
Thus, PPR pipes are suitable to carry purified water 
since they do not cause any pollution. [8]

3.1.5 Smoother inner surfaces

The PPR pipes have a very smooth inner wall compared 
to the PVC pipes. Therefore, they are less affected 
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by frictional resistance and pressure loss during the 
transportation and distribution of the fluids. Thus, 
contributing to the energy efficiency of the PPR piping 
system. [19] Further, PPR pipes are less damaged or 
cracked compared to PVC and metal pipes. Thus, it has 
better durability than other piping systems. [14]

3.1.6 Recyclable

PPR pipe can be recycled after being used for a certain 
time and it has a long life of at least 50 years.

3.2 Installation of PPR pipes

Heat fusion is commonly used to join PPR pipes and 
pipe fittings. During connecting,

the PPR pipes and fitting ends are simultaneously heated 
to critical melting points. The pipes are then immediately 
put in a straight line into the PPR pipe fittings and 
allowed to cool. Such welded pipes have a high success 
rate and strong contact performance. [20]

Because of the above properties, PPR pipes are now 
playing a major role in cold and hot portable water 
transportation and distribution in industries, residences, 
and public installations. They are also used to transport 
beverages, sanitary liquids, assertive chemicals, 
pressurized air, and highly acidic or alkaline solutions. 
[21]

4 Conclusion

With the development of plastics, metal pipes were 
replaced with PVC pipes. They were widely used 
by people because of their properties like flexibility, 
durability, safety, and low cost compared to steel 
pipes. Despite being a part of everyday life, PVC has 
the drawback of notwithstanding higher temperatures. 
Polypropylene random copolymer (PPR) becomes a 
solution to the aforementioned issue because of its 
higher softening point(131.5°C) compared to PVC 
(70°c). Further PPR pipes offer additional benefits to the 
pipe industry like safety, chemical resistance, low cost, 
durability, and efficiency.
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increases to a level higher than its pressure rating. Despite 
the fact that the pressure capacity rises as the temperature 
falls, PVC displays brittle behaviors at low temperatures, 
leading to low energy brittle failures because of a 
significant drop in impact resistance. This brittle behavior 
can result in catastrophic failure. [6]Conversely, with the 
increase in operating temperature, the pressure capacity 
of the PVC pipes decreases to a level below its pressure 
rating.[3]Therefore, PVC pipes are not recommended for 
low temperature applications and are only recommended 
for temperatures up to 60°C [7].

Therefore, to address the above problem of inability to 
use in hot and cold applications, the researchers have 
found PPR (Polypropylene Random Co-polymer) [8].

3 PPR pipes

Polypropylene random copolymers are thermoplastic 
resins created by polymerizing propylene with ethylene 
or butene linkages added to the polymer chain. It is made 
up of chains of hydrocarbons in such a simple chemistry 
that allows it to have properties of being tough and long 
lasting.

During the production process, polypropylene is made 
flexible by using short chains and stiff by using long 
chains. Since both long and short chains are used during 
the manufacturing of PPR, it has both rigid and flexible 
properties. Because of PPR's flexibility, it helps to 
protect pipes from external damages such as impact and 
freezing. Further, it can absorb the stresses, including 
expansion stresses that can damage other systems. The 
stiffness shown by PPR helps to improve the system's 
performance and appearance. [9]

3.1 Properties of PPR

PPR pipes show unique properties that set them apart 
from other pipe materials. Heat resistance, thermal 
conductivity, smooth inner surfaces and chemical 
resistance are some of the properties.

3.1.1 Heat resistance

The PVC is recommended for use at no more than 60 or 
65 °C. (With a maximum of 80 °C.) [10] This is because 
having a low softening point (the temperature at which 
an amorphous polymer starts to soften) of

approximately 70°C makes it unsuitable for high-
temperature applications. [11] But the PPR, which has 
a softening point of 131.5 °C, has better heat resistance 
compared to the PVC. [12]Therefore, PPR is more 
suitable for hot water distribution pipes compared to 
PVC.

3.1.2 Low thermal conductivity

Traditionally, galvanized pipes are used for hot water 
distribution. But they have a high thermal conductivity 
of 52.0 W/mK compared to other plastic pipes. Heat 
transfer from the environment to the liquid inside the 
pipe or vice versa is higher with metal pipes compared 
to plastic pipes. Therefore, a high heat loss or gain 
occurs during the transfer of hot and cold fluids. Thus, 
it is advisable to insulate the pipes. But this adds an 
additional cost for installation of pipes. But PPR pipes, 
which have a low thermal conductivity of 0.15 W/
mK compared to GI pipes, are a solution to the above 
problem as they can provide high efficiency at a low 
cost. [13, 8]

3.1.3 Chemical resistance

PPR has better chemical resistance compared to PVC 
because of its molecular structure. It shows excellent 
resistance to diluted and concentrated acids, alcohols, 
and bases and good resistance to aldehydes, esters, 
aliphatic hydrocarbons, and ketones. [14] In contrast, 
PVC has a lower chemical resistance because its 
molecular structure contains chlorine atoms, which can 
react with certain chemicals and reduce its resistance to 
chemical attacks. Therefore, though PVC is resistant to 
many alcohols, fats, oils, aromatic free petrol, and most 
corroding agents, including inorganic acids, alkalis, 
and salts, it should not be used with esters, ketones, 
ethers, or aromatic or chlorinated hydrocarbons as it 
will lead to swelling and a reduction in tensile strength. 
[15] Therefore, PPR is better than PVC in chemical 
resistance. PPR also exhibits better UV resistance 
compared to PVC. [16]

3.1.4 Non-Toxicity

The random incorporation of ethene units (up to 6% 
by mass) into polypropylene copolymers increases the 
flexibility of the polymer chain. Compared to PPR, PVC 
is a rigid material. Therefore, it must be plasticized to 
achieve flexibility. Generally, these plasticizers are 
low in molecular weight. Therefore, they can leach out 
from the pipe resulting in mechanical degradation and 
eventual contamination of the surrounding environment. 
This phenomenon can lead to contamination of drinking 
water [17, 18]. But as PPR is flexible, the addition of 
plasticizers is not necessary. Therefore, PPR is known to 
be safe for the human body as well as the environment. 
Thus, PPR pipes are suitable to carry purified water 
since they do not cause any pollution. [8]

3.1.5 Smoother inner surfaces

The PPR pipes have a very smooth inner wall compared 
to the PVC pipes. Therefore, they are less affected 


