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18.1 Introduction
A polyolefin is any of a class of polymers or copolymers produced from simple
olefin hydrocarbons (also known as alkenes with a general formula CnH2n). For
example, polyethylene (PE) and polypropylene (PP) are obtained from their respective ethylene and propylene hydrocarbons. Polyolefin is the largest class of organic
thermoplastic polymers. They are nonpolar, odorless, nonporous materials that are
often used in food packaging, industrial products, consumer goods, structural
plastics, and medical applications. As a result, they are also called “commodity
thermoplastics.” PE and PP are the world’s most widely used commodity plastics.
The market for these polymers is expected to grow at a compound annual growth
rate (CAGR) of 4.4% and 4.7%, respectively, with PE having a share of about 36%
of the total world plastics market, whereas PP has a share of 20%. PP polymer leads
the global spectacle in the nonwoven industry with more than d2 billion used in
spunbond alone. Yet, fibre spinners, yarn producers, knitters, and woven fabric producers sometimes overlook the opportunities, properties, and use, especially in textile industry.
At present, Asia-Pacific is the leading polyolefin’s market, attaining more than
45.3% of the global market. The region has enormous installed plant abilities of
polyolefins. The market is promising in various countries, such as India, Brazil,
China, South Korea, Saudi Arabia, Brazil, etc. due to the increasing industrial
growth. The growth in the industry is largely driven by the packaging and construction industries. The “olefin fibres” are defined as manufactured fibres in which
fibre-forming substances are any long chain polymers composed of at least 85% by
weight of ethylene, propylene, or other olefin units, based on the US Federal Trade
Commission [1].
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Table 18.1

The common polyolefins and typical uses

S. no.

Polymer type

Recyclable
symbol

Examples of uses

1

HDPE

Bottle caps, fuel tanks, plastic bottles,
etc.

2

LDPE

Liquid containers, tubing, plastic wrap,
etc.

3

PP

Carpet, hinges, auto parts, piping,
roofing, etc.

4

EPDM

Seals, electrical insulation, roofing, etc.

18.2 Common types of polyolefins polymers
Polyolefin polymers are some of the most prevalent plastics used today and come
in various types, viz:
1. Polyethylene (PE) with subgroups
a. High-density polyethylene (HDPE)
b. Low-density polyethylene (LDPE)
c. Linear low-density polyethylene (LLDPE)
2. Polypropylene (PP)
3. Ethylene propylene diene monomer (EPDM)

Table 18.1 gives a quick look of the broad-scale distribution of these materials,
ranging from day-to-day household use to specialized industrial applications. Most
of them derive significant benefits of their resistance to heat and an array of common solvents, making the materials economical for many tough high wear
materials.

18.3 Structure, properties, and applications of
polyolefins
The structure of polyolefins is recognized by a number of intramolecular interactions,
which combine to generate a wide variety of materials. Even PE, the simplest polyolefin, can form various conformational structures of macromolecular chains, which in
the solid state, is believed to have different states of intermolecular order. Technical
PEs differ by the degree and quality of branching, whereas, monomeric units of PP
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Figure 18.1 PE conformational structure.

and of the higher poly-α-olefins (except polyisobutylene) having an asymmetric carbon atom, with the result that the macromolecules can differ in the ordering of these
asymmetric centers in the chain-in stereoregularity. Together with conformational
structure, stereoregularity determines the structure of the macromolecules in the liquid
state and also affects the crystalline structure in the solid state [2,3].

18.3.1 Structure of polyethylene and polypropylene
According to experimental and theoretical measurements, in PE solutions, about
65% of monomeric units assume the anti and 35% the gauche conformational forms
(refer Fig. 18.1). The conformational structure of PE in the melt state is similar to
that in solution; this is may be due to the polymer chains behaving in the same
manner as in different solvents [4]. In contrast, the situation is different in solid PE.
PE is one of the so-called semicrystalline polymers, and so, the presence of three
phases normally is considered, i.e., crystalline, amorphous, and a third phase with
different designations, which is best characterized as a phase with partial anisotropy
of the PE chains. Furthermore, the X-ray studies revealed that the PE has orthorhombic crystalline form, and the chains assume the planner zigzag ttt conformational structure [5]. However, one unit cell contains two PE chains, and this
observation is also manifested in its FTIR spectroscopy, where many bands displayed characteristic doublets due to various vibrational dipolar interactions of PE
chains [6]. Numerous crystalline modifications of PE have been reported, but they
differ from the most stable orthorhombic form, only by minor changes in the ordering of chains in the unit cell [2].
Due to the presence of a methyl group on very second carbon atom in PP polymer chain, the structure of this polymer can described in terms of three basic
forms: i.e., isotactic, syndiotactic, and atactic (Fig. 18.2). The mechanical and
physical properties of PP depend on the tacticity because PP is a typical polymer
whose properties are profoundly affected by stereoregularity. Isotactic PP is developed with numerous modifications of Ziegler-Natta coordination catalyst, generating polymers with various degree of stereoregular order, with isotactic form
reaching up to 98%. However, an isotactic material has a combination of properties, i.e., high melting point, high mechanical performance as a consequence of
crystallinity, good workability—that make it the commercially most important
form [7]. Syndiotactic PP is synthesized with soluble coordination catalyst, and
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Figure 18.2 The structure of isotactic, syndiotactic, and atactic of PP.

the stereoregularity obtained is usually lower than that of the isotactic polymers.
Atactic PP can be attained by extraction with boiling n-heptane from isotactic PP
of lower stereoregularity [2]. Furthermore, syndiotactic PP is a rubber-like material with the most important applicability, whereas atactic form is a useless sticky
material [7].

18.3.2 Properties of polyethylene and polypropylene
Generally, polyolefins are opaque when thick and transparent, and when they are in
the form of film, they appear as milky white and waxy to the touch. Even though
regularly used as packing or as a container, polyolefins are not absolutely resistant
to air, water, or hydrocarbons, but this suggests the concept of time and amount of
loss allowed. PE and PP are partially crystalline at ambient temperature (25o C) and
above their glass transition temperature, thus their uncrystallized phase is rubbery.
The glass transition temperature of PP is very close to ambient temperature.
Furthermore, low-density PE (LDPE) is more sensitive to creep than high-density
PE (HDPE) and PP (more crystalline) at ambient temperature. Polyolefins are more
subtle to alignment, i.e., the mechanical properties are enhanced as far as the
macromolecules are concerned, in the direction of the stress. For these crystalline
polymers, cuts reducing shock resistance should be avoided. The paraffinic nature
of PE (especially HDPE) makes it a material with good frictional properties.
For chemical properties, polyolefins have very good chemical stability. They are
basically insoluble at temperatures below 60o C, and they are relatively less offered
by acids (except for oxidants), nor bases, nor salt solutions. Polyolefins are
completely insoluble in water and even have little affinity for water. Hence, they
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are familiar as being practical for food-packaging applications. PPs are very subtle
to hydrocarbons and to the action of UV rays in the presence of oxygen (air); nevertheless, there are actual photostabilizers, for example, black carbon and the ultimate
use of a black dye.
For electrical properties, polyoefins are outstanding electrical insulators for
numerous ambient environments. This clearly explains their tendency to have
electrostatic properties. Polyolefins have a very high resistivity and dielectric
constant/strength. For example, the low dielectric loss factor (tan δ), which represents the energy lost, converted to heat in the dielectric prohibits high-frequency
welding.
For their thermal properties, PE and PP are easily burn, even though the igniting
flame is no longer available, with a bluish flame and they “drip.” Furthermore, carbon monoxide (CO) and small quantities of hydrocarbon are formed during incomplete combustion (fire). Generally, polyolefins are rated HB by UL94, and some
flame retardant grades of PP can be VO or V2. The glass transition temperature
crossover is all the less subtle when the polyolefin is more crystalline, as HDPE
and PP.
For their printing and marking properties, in general, polyolefins have a surface
on which adhesion is very difficult. However, individual manufacturing industry
offers a solution and a surface research for painting; printing marking; and even
vacuum-system metallization are available. Furthermore, the polyolefins are pleasurable to the touch, and certain copolymers are particularly delivered for “pleasant
contact” applications (handles, grips, etc.).
For implementation properties, polyolefins are very problematic to glue
together. It is indispensable to transport a flame-type surface planning or chemical
reactions. Infrared (IR), contact, ultrasonic, or hot-air welding are no problems
with polyolefins, whereas an induction welding (high frequency) is not more applicable directly as the energy for scattering over the materials, is inadequate for heating it. This disadvantage can be overcome by embedding an inorganic metal
incorporated into the material, which in turn melts the polyolefin to be welded in
the plane of the joint.
For dimensional properties, polyolefins stability is self-regulating at the door of
humidity [(low ,0.2%) (little affinity of water)]. As a result of the highly crystalline nature of polyolefins, particularly HDPE and PP polymers, they undergo wide
retraction when they are molded.

18.3.3 Applications of polyolefins
Polyolefins are extensively used in numerous applications since the 1950s, after the
discovery of Ziegler-Natta catalyst, which makes it easier to synthesis them at low
cost and high yield and better molar mass control. Nowadays, polyolefin materials,
found in industry, include PE and PP. PE is mostly in plastic grocery bags and
shrink wraps, whereas PP is a hard plastic resin that is used in carpeting, food packaging, and dishwasher-safe plastic food container. The demand for polyolefin-based
heat shrink tubing has continued to grow in the protection of wires and new
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electronic components. Furthermore, amorphous poly-α-olefin is used as a raw
material in hot-melt adhesives in film and foil applications, e.g., industrial foils
(biaxially oriented polypropylene, cast polypropylene), multilayer films, cling films,
greenhouse foils, polyolefin compounds, and master batches and adhesive layer in
protective foils. These products have advantages, such as flexibility, very good
compatibility with polyolefins, which significantly reduced glass transition temperature and easy recyclability.

18.4 Hygienic
18.4.1 Define the term hygiene
The term hygiene is derived from the Greek word Hygeia ! the goddess of health.
Hygiene is basic obstructive science in medicinal field. This field of science discovers all dates of theoretical and clinical regulations in the field of prophylaxis,
combines knowledge’s regarding complex influence of an environment for health
of the human beings, work out basic ideology and systems of preventative methods.
In general, the hygiene is a concept relevant to health and medicine, as well as to
cleanliness, personal, and professional care preparations relevant to the wide aspects
of living. Schematic representation of hygienic awareness is shown in Fig. 18.3.
Further definition of hygiene is, the maintenance health and prevention of diseases,
particularly by being clean and sanitary. According to the World Health
Organization (WHO), hygiene refers to conditions and practices that help to maintain good health and prevent the spread diseases [8].

18.4.2 Introduction
A good hygiene suggests a reasonable level of loyalty to high standard of health
maintenance, especially personal cleanliness. This idea is a comparatively modern
historical event, even though hygiene, as health practices, has its roots in olden
days. Generally, the hygiene concept came from maintaining the internal harmony
of the body and the steadiness between the body and the atmosphere in which it
lives. This is according to the European revival of the classical idea of hygiene as a
set of practices targeted to maintain the specific balance with internal and external
atmosphere preserved. Earlier to the modern period, however, hygienic suggests
only the richest members of the society have the economic resources or leisure to
follow hygienic rules, whereas in the late conventional time, the Greek Physician
Galen gave individual suggestions regarding the hygiene of infants, and he did
some writing on hygiene and disease inhibition that mainly worried the adults [10].

18.4.3 Hygienic importance
Access to enhanced sanitation and water facilities does not, on its own, inevitably
directed to enhanced health conditions. There is now very crystal clear evidence
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Figure 18.3 A poster to raise awareness about the importance of clean water for good
hygiene (a poster designed for use in Asian countries) by CAWST [9].

displaying the importance of hygienic activities, especially hand-washing with soap
at crucial times: before preparing food or before eating and after defecating. Handwashing with soaps can significantly minimize the happening of diarrhea, which is
the second leading cause of death amongst children under 5 years old. Indeed recent
studies suggest that regular hand-washing with soap at crucial times can minimize
the number of diarrhea attacks by almost 50%. Good hand-washing practices have
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Figure 18.4 (A) A hand-washing station at a UNICEF-provided school in Central African
Republic, (B) Hand-washing mural at a hospital in Monrovia, Liberia [12], and (C) Girls
wash their hands outside a UNICEF-provided latrine in central Afghanistan (sources from
UNICEF) [11].

also been shown to minimize the happening of other diseases, particularly trachoma, skin and eye infections, pneumonia, scabies, and diarrhea-related sickness,
such as cholera and dysentery. The promotion of hand-washing with soap is also an
important strategy for controlling the spread of Avian Influenza (Bird Flu) [11].
The importance of hand-washing with soaps is to recommend behavioral change
through information, motivation, and education. There are a wide variety of routes to
do this, including peer-to-peer education systems, high-profile media awareness, and
hygienic lessons for children in schools, colleges, and universities, and the encouragement of children to demonstrate good hygiene to their communities and families.
However, when people are also encouraged to practice of good hygiene particularly
hand-washing with soap, health advantages are significantly improved. As a result of
the importance of hand-washing with soap, UNICEF has made it a high priority program (refer Fig. 18.4). Another important factor to note is that, if there is no water,
there is no hygiene. Many researches have proven that the lesser available water is,
the less likely that good hygiene will be practiced in households [12].

18.4.3.1 Hygienic properties
Managing your personal hygiene is important not only to look and smell your best
on a daily basis but also to prevent the onset and spread of infectious diseases.
Taking the proper precautions can help you avoid getting sick and passing illnesses
on to those around you. The schematic illustration of various basic hygiene properties are shown in Fig. 18.5.
The unique properties of polyolefins make them the excellent candidates for one
time use water filters, medical textiles, and healthcare products. Most of the polymeric materials and medical textiles are better media for preventing harmful diseases that come by microbes with long life. Use of medical devices with
antimicrobial properties has been considered as major task to prevent microbial
infections. Furthermore, suitable packaging can slow the deterioration rate and,
hence, extend the shelf-life of food. Physical and chemical incorporation of
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Figure 18.5 Schematic illustration of basic hygienic properties.

antimicrobial agents into polyolefins can be implemented in common polyolefin
processing. Many studies are reported with properties of surfaces, which in turn,
affect the adhesion of bacteria or microbes and prevent to cleansing. For instance,
Teixeira et al. reported an effect of Salmonella typhimurium (ST) adherence to various hydrophobic and rough materials. Along with polyolefins, the hygienic materials must have surface modification, such as: various surfactants, detergents and
disinfections might be affecting the hygienic properties.

18.5 Hygienic applications
18.5.1 Adhesion applications
Polyolefins have been a significant part in our daily life, in wide variety of applications since Carothers reported a laboratory-scale process [13] and ICI reported a
commercial process [14]. However, Ziegler-Natta [15,16] catalyst dominated most
of the commercially manufacturing technologies, including PP, PE, and α-olefins
copolymer until the 1980s. In the mid-1980s, the use of zirconium-based catalyst
enabling larger comonomer incorporation with smaller molecular weight monomer,
in order to generate isotactic and syndiotactic PP, opens the door for a wide variety
of applications. Further development in polyolefins was based on the zirconium catalyst technology and controlled geometry, enabling high activities for ethylene and
α-olefins copolymerization and resulting in long chain branching, constrained
monomer distribution, and thus enhanced elastomeric and processability features
[17]. Even though very few of the newer metallocene (metal)-based polyolefins
exhibit very interesting features and performance qualities, the adhesives industry is
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still subjected to the use of conventional polymers, such as ethylene vinyl acetates,
styrenic block copolymers for the majority of hot-melt adhesive applications,
including hygiene, case, and carton packaging applications. In the last couple of
years, a wide variety of polyolefin-based hot-melt adhesives have been introduced
into the market. One of the significant disadvantages of conventional polyolefinsbased adhesives on the market, is the lack of robustness is explained in detail by
Rajesh Raja [18]. According to his studies, the conventional polyolefins on the market still lack the robustness in activity when compared with the respective workhorse polymers. A novel amorphous polyolefins are needed for the proprietary
process that can used for a wide variety of different applications to achieve the
desired properties.

18.5.2 Automotive application
Since last 20 years, the polyoleins in automobile industry have experienced a great
deal of attention, and their application enormously increased with tendency of further growth, when compared to the other materials used as automotive parts. The
polyolefin materials have good functionality; low-cost manufacturing process and
comparatively lower fuel consumption are major advantages of these materials used
in automotive applications. In automobile industry, the polyolefins can be used in
the external and internal area, particularly in the engine part and in the body work.
Furthermore, polyolefins have very smooth surface and can be shaped whatever
you required comfortably, chemically resistant materials, lighter than metals and
glass and are also good insulators. All these good properties make the polyolefins
more popular in the field of automotive industry [19]. The global automotive sales
growth has exhibited steady increase since 1975 with a rate of approximately
2.4-3.6%/yr. According to sales of global outlook, the China has become the No. 1
fastest growth, global automotive market [18].
The huge demand for lightweighted materials in automobiles is gradually
increasing the performance owing to reduce fuel consumption. Polyolefins functionality, low-cost manufacturing procedures, and relatively lower fuel consumption are significant factors in order to choose these polyolefin materials [20].
The use of polyolefins in automobile industry can minimize the weight, fuel, and
has also offered comfort and safety. All polyolefins has nonpolar and nonporous
features unless exposed to unusual oxidative pretreatment. The low-energy surface behavior of the polyolefins has another important feature to use in automobiles. PE and PP are two most significant and common polyolefins extensively
used in various automotive parts manufacturer due to low cost. The use of polyolefins in automotive industry has tremendously increased since the last three decades due to their low density, cost-effective, low weight, well abrasion, and
weathering resistance as well as good chemical resistance nature. One of the
major advantages while using polyolefins is that they can be easily processed
like thermoplastics in order to maintain the elastic and flexibility characters of
elastomers [21].
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18.5.2.1 Polyethylene in automotive applications
PE and its composites are extensively used in automotive and construction sectors
due to their remarkable cost-effective ratio, low weight and density, excellent flexibility, recycling characteristics, and improved weathering resistance as well as better chemical resistance. The basic functions of PE materials used in automobiles are
mainly protected from noise, vibration and high impact strength and also thermal
insulation, etc. Numerous PE materials are available now in market, out of which
ultrahigh molecular weight PE (UHMWPE) is an key material for many wear parts,
particularly in machinery and equipment due to light weight and high tensile
strength [22]. Furthermore, the remarkable durability and versatility of these PE
make it most attractive for designers and engineers in almost all industrial sectors.
The use of this PE improves the efficacy and durability in automotive and railway
applications due to their remarkable wear and friction.
Another important class of PE is HDPE, which has high mechanical strength and
good wear resistance to make it important advantages when compared to other conventional materials. HDPE can use in numerous construction and equipment sectors
due to their better wear, chemical, and abrasion resistance as well as tremendous
sliding properties. It is interesting to note that the major part of the PE applications
is characterized wholly by HDPE. In 2007, the global HDPE depletion reached a
volume of more than 30 million tons. This preference of HDPE over other materials
is due to remarkable power resistance, light weight, low density, low moisture
absorption behavior, high tensile strength, etc. The PE used in various automotive
parts is shown in Fig. 18.6.

Figure 18.6 Polyethylene applications in automobiles, (A) interior trim and dashboard, (B)
wiring and cables, (C) bumper, and (D) external parts.
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Figure 18.7 Light weight PP automotive parts.

18.5.2.2 Polypropylene in automotive applications
PP plastic offered remarkable chemical resistance, purity, and it is the only one
light weight polymer when compared to all conventional plastics. Nowadays, PP
provides innovative solutions for many drawbacks came from automotive industry.
The low-density PP material compared to other conventional materials noticeably
important contributes to fuel economy and drastically reduces material costs.
Furthermore, the PP is most important thermoplastic material in automobile industry due to better noise vibration and harshness features, which improves the passenger comfort [23]. However, the PP nanocomposite has showed better mechanical
properties, such as high tensile strength and modulus and their dimensional stability. The PP nanocomposites are extensively used in automobile industry as instrument panel, body panel, battery supports, front-end modulus, electronic boxes,
pedals, door panels, underbody aerodynamic covers, bumper beams, wheel covers,
hub caps, fender extensions, and trim rings for wheels (Fig. 18.7).

18.5.3 Diapers (nappies)
In a diaper, an absorbent pad is located in between two sheets of nonwoven fabric
materials. The diaper pad is specially formulated to absorb and retain body fluids,
and the nonwoven materials give the comfortable shape and minimize the leakage.
These disposable diapers are made via a multistep process, in which the absorbent
pad is first vacuum-formed and then attached to a porous (permeable) top sheet and
nonporous (impermeable) bottom sheet. These components are held together via
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Figure 18.8 Polyolefins materials used in diapers [24].

heat or ultrasonic vibrations. Elastic fibre materials are attached to the sheets to
hold edges of the disposable diaper into comfortable shape, so that it fits securely
around the baby’s legs and crotch, and hence, the diaper will retain body fluids,
which pass through the permeable top sheet and are absorbed into the pad. For
instance, PP is typically used as a material for the permeable top sheet, whereas PE
is a resin of choice for impermeable back sheet. The schematic illustration of polyolefins used in diapers is shown in Fig. 18.8.
As seen in Fig. 18.8, PE is used as the back sheet, which prevents the fluids
from leaking out of the diaper. The back sheet can also be given a
comfortable look, cloth-like sheet, by adding a thin PP nonwoven sheet to the diaper film, using either heat, pressure process, or hot-melt process with direct extrusion to the nonwoven. In contrast, the cloth-like back sheet is not cloth, but it’s
made from plastic. Although PP was used as top sheet because of its hydrophobic
nature, it prevents water from leaking through without adding any surface surfactants. If a surface surfactant is applied, which is to restrict the area, it is possible to
make a roll of hydrophobic nonwoven that is only partially hydrophilic. This process is known as the Zebra technique, and it is significantly an important aspect to
evade leakage during leg cuff erection.

18.5.4 Disposal hygienic application
Generally, disposable hygiene products contain absorbent filler, which is protected
on its outer face by liquid-proof polyolefin film and covered internally with a film
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of nonwoven materials, which is usually PE. The nonwoven material directly contacts with skin and allows body fluids to discharge toward the filler. Many complex
products may in addition contain an elastic rod, leak proof barrier, a wetness indicator, or be made completely of biodegradable products. The hygiene adhesive must
have a high degree of adhesion properties, because they are regularly applied in the
form of a number of strips, like spray pattern. The polyolefin disposable materials
or other two types (pressure and nonpressure sensitive products) depend on the type
of applications [25].
In earlier times, diapers were simple: a square of hemmed cotton fabric fastened
with safety pins. It was their application that was complicated, requiring storage
(particularly challenging in their postuse state), industrial laundries to turn used
cloth diapers back into new diapers, and a sophisticated home pickup and delivery
system. Today’s absorbent hygiene disposables—diapers, adult incontinence products, feminine hygiene products, and medical drapes and gowns—are now simple
and effective to use, but that simplicity is only made possible by the complexity of
the products themselves.
Their effectiveness and ease of use depends on a multilayer architecture of nonwoven fabrics, PE films, superabsorbent polymers (SAP), fluff pulp, strategically
placed elastics, and built-in fasteners, all held together with specialized adhesives.
Identifying the best adhesives for the job is critical for the function of the product
and to its economical manufacturability. There are several options for bonding multiple materials into a finished absorbent product. A few specific applications can
use ultrasonic methods, but that equipment is expensive to buy and maintain; the
technology is not very flexible, speeds can be limited, and not all materials are
suitable for ultrasonic bonding. That being said, adhesives are by far the leading
choice of bonding technology.
The polymer is the backbone of the adhesive. Adhesives can be formulated to be
based on one of the three primary polymer technologies:
●

●

●

Styrene block copolymers (SBC)—These are the synthetic rubber-based adhesives polystyrene-polybutadiene-polystyrene (SBS) and polystyrene-polyisoprene-polystyrene
(SIS)
Amorphous poly-alpha-olefins (APAO)
Metallocenepolyolefins (mPO)

All three technologies are used in the formulation of hot-melt adhesives used in
the construction of absorbent hygiene products. The choice of adhesive technology
represents a commitment in terms of investment, supply chain, process design, and
ongoing operation. As in all business decisions, cost is a key driver and that itself
can be quite complicated. The challenge in calculating cost is that the three types of
adhesive technology are different in many significant ways. The raw materials,
from which they are made, vary, and the supplies of those materials are dynamic.
The densities of the materials vary as well; therefore, identical weights of the materials can differ significantly in volume. And, most importantly, the behaviors of the
materials in production differ [26].
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18.5.5 Food-packaging applications
Most commonly used polymers in the packaging industry are the polyolefins, such
as LDPE, LLPE, HDPE, PP, and some other PE-based copolymers. The low adhesives and surface energy properties of polyolefins are incompatible for various
packaging purposes [27-31]. Generally, food-packaging material protects our food
products from various unusual environmental conditions, such as harmful bacteria,
contaminations, odors, vapor, and dust during transport and storage [32]. Packages
should also protect food from the loss of functional and nutrient properties, color,
taste, and aroma as well preservation, which should meet the consumer general
expectations (refer Fig. 18.9). Hence, they should form a suitable barrier between
food and external conditions, especially with respect microorganisms, oxygen (air),
and water vapor [32]. The shelf-life of product is noticeably important to use, which
depends only on the barrier properties of the packaging material. A good package
should offer hygienic information regarding food, to the consumers in order to
attract them to buy product. Various polymers are available in market for packaging, but polyolefins mostly are the promising materials for numerous packaging
applications [23].

18.5.5.1 Polyethylene in packaging
PE is a member of the polyolefins class, which also have various types of PE,
depending on density of polymer type. PEs densities are relatively low when compared to other conventional polymers; the values range between 0.916 and
0.940 g/cm3 for LLDPE and 0.840-0.970 g/cm3 for HDPE. Generally, PEs has not
only good processability but also shows a remarkable water vapor barrier functions,

Figure 18.9 Primary function of packaging.
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Figure 18.10 Polyethylene materials used for packaging of bred.

which is necessary for various water-sensitive food products, such as dried and liquid food stuffs. Furthermore, this type of PE plastic is not suitable for easily oxidized food products due to low oxygen barrier properties, which is affected by
external conditions and physical conditions, such as: humidity, polarity, volume,
density, crystallinity, and temperature [33] Furthermore, LDPE is more compatible
for flexible films other than HDPE due to its flexible, soft, and stretchable characteristics. LDPE flexible films are extensively used for frozen foods, bakery products, fresh meat, and poultry as well as other products. In contrast, LLDPE plastic
materials have remarkable mechanical properties than LDPE at same density.
Furthermore, LLDPE has crystal clear feature (refer Fig. 18.10), heat-healing
strength and toughness frequently used for cling films, etc., whereas HDPE film
provides excellent barrier properties for gas and water due to its higher crystallinity
than LDPE film.

18.5.5.2 Polypropylene for packaging
Generally, PP is suitable for various food packaging products due to its low-cost
and density, better heat seal ability, high melting point temperature, and good
chemical resistance [34]. In contrast, it has poor oxygen barrier properties; PP is
regularly combined with other materials, such as nylon, foil, ethylene vinyl alcohol,
etc. that have good oxygen barrier properties and the composite materials are used
even for oxygen-sensitive food products, such as ready-to-eat products, apple products, baby foods, soaps cooked rice, and ketchup. In recent years, the clay sheets
incorporated into PP and the composite used for various packaging applications,
because the filler influences the barrier properties of PP. The fillers (clay nanoparticles) with high surface area and thickness improve the barrier properties of materials. Since, these nanoparticles are resistant or have low porosity to dissimilar gas
and water vapor than the polymer matrices, permeate molecules having longer
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Figure 18.11 Formed polypropylene packing for: Food (A) and bags (B).

diffusion paths in the composite than in the polymer matrix alone [35]. As a result,
the net gas and vapor barrier properties of PP nanocomposites are drastically
improved. For instance, Xie et al. reported that the oxygen barrier properties of
LDPE noticeably increased, by mixing the clay into the matrix [36]. Some of the
packaging products are illustrated in Fig. 18.11.

18.6 Filters
Polyolefins are used in filtering and the industrial wiping applications owing to
their remarkable properties, such as chemical resistance (both to acid and alkali
media), small density when compared with other conventional fibres and easy
cleaning without fascinating the dust and mud. However, PPs are significantly used
in filtration, both as spunbonded melt-blown sandwich and needle-punched products. Here, the outer spunbonded layer gives the product potency, whereas the
internal microfibres present outstanding filtering properties [37]. The hydrophilized
porous membrane materials with large pore size are attained from empty PP fibres
containing a stocked, multicellular structure that gives outstanding filtration media.
Furthermore, the PP filtering materials are used, both in wet media (such as filters
for water, planning, chemicals, alcoholic drinks) and dry (for dust management and
elimination of particles together with cabin air filters, automotive filtration, vacuum
cleaner bags and masks). In addition, PP is used also for oil wipes as well as
absorbing oil spillages [37]. To this end, polyolefin filters with hydrophobized fine
fibres are used to improve oil absorption capacity through stitch-bonded route.

18.7 Hygienic bands
Generally, hygienic band contains liquid permeable layer material, liquid impermeable layer material, and absorbing discharge layer material. The liquid permeable
layer protects one side of the pad, which in turn cannot contact directly to the skin of
consumer, thus enhancing its comfortability. The impermeable layer material covers
the other side of the pad, thereby the absorbed secretion cannot flow to the
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consumers clothing. In general, hygienic bands are developed in small size, which
absorbs higher secretion and also hygienic band containing impermeable layer material, which is thin, but having enhanced waterproof properties. Nowadays, a hygienic
pad is made from polyolefins due to remarkable properties, such as hydrophobic,
hydrophilic, high absorption size, low-cost, better barrier properties, etc. [38].

18.8 Surgical masks
Healthcare professionals concerned of treating and caring for persons injured or
sick as well as patients can expose to biological aerosols, capable of transmitting
harmful disease, which might be caused by a wide variety of microbes, that can
pose noticeable risks to health and life [39,40]. Generally, surgical face mask
are widely used to cover the nose and mouth by doctors and other healthcare
professionals. Therefore, the masks minimize the risks of contaminations from
secretion of nose and mouth during operation time in operation theaters or
clinics. It is intentionally designed to be worn by healthcare workers during the
surgery period and at same to catch the microorganisms shed, in aerosols and
liquid droplet forms from wearer nose and mouth. Furthermore, surgical masks
were developed initially to have and filter droplets having microbes that are
eliminated or discharged from the mouth and nasopharynx of healthcare professionals during the time of surgery, so that they can provide the protection for
the patient. On the other hand, there are different ways in which surgical masks
contaminate the surgical wound, for instance, due to poor tying of masks and
wrongly worn surgical masks and due to the leaching of air from sides of surgical masks [41]. Generally, surgical masks produced via fabric forming technique
are shown in Fig. 18.12.
The disposable surgical masks have been used since the last 50 years and
have an extensive application in today’s workplace. Surgical mask significantly
protects from bodily infected bacteria and some viruses from patients during surgery or from other healthcare, hospitals or nursing home settings. In addition,

Figure 18.12 Surgical masks (A) woven, (B) nonwoven, and (C) knitted [39].
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they can provide to the wearer protection against upper respiratory ailments of
mouth, nose, throat, and lungs by protecting against harmful particle pollutants,
available in liquid, mineral, vapor, dust from mining industry or other
manufacturing industries, or chemical/pharmaceutical laboratories or environmental contamination, etc. The disposable masks has been fairly identical in that
most masks of today have multiple layers of different nonwoven polymer materials, which in turn, form a composite materials that are used for mouth and nose
sections of masks.
The outer layer of mask generally uses long fibre nonwoven materials, which in
turn, are made from spunbonding. They typically have fluid impermeable feature,
which is a perfect choice for discarding airborne microorganisms distributed by
cough which are typically humid. These types of nonwoven (PE or PP) polymer
materials are generally consigned as spunbond material. Whereas the inner layer of
the masks typically uses high cost materials that are thermally bonded to other
layers. These materials contain short fibre and by adding few amount of chemical
to permit water absorption, and this layer typically serves as the layer that absorbs
oral or nasal fluids that consumers are exposed to. For example, PP is a major polymer used in nonwoven, with over 50% used for sanitary products or diapers, which
absorb water (hydrophilic) rather than naturally repelling water (hydrophobic) [42].
Noteworthy, there is no fibre that can be seen after rubbing on the surface of material. Furthermore, the layer used for filtration is of high cost and thick, although the
excellence of this material is not about the weight, but the ability of its filtering
character (refer Fig. 18.13). In contrast, in humid countries, they typically use four
layers, in which the fourth layer adds on top of the outer layer in order to improve
the ability of water resistance [42].

Figure 18.13 Polyolefines surgical masks with holes (A) and without holes (B) [42].
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18.9 Conclusions
This chapter outlined the use of polyolefins in a wide variety of applications particularly, in hygienic applications. The term hygienic is very important in modern
days and follows the need for hygienic food in all the countries across the world.
Research and development in polyolefins and its composites are supporting, to a
remarkable extent, the various applications, particularly in hygiene. The usage of
polyolefins in hygienic applications has been increasing enormously due to their
remarkable properties, such as mechanical, thermal, good electrical, adhesion, low
cost, better barrier characteristics, etc. Researchers continuously evaluate the dayto-day improvements in polyolefins and its composites especially their properties
and cost-effectiveness, leading to solutions for various industrial applications.
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