\% International Journal of Advances in Engineering and Management (IJAEM)

—

JAEM

Volume 5, Issue 2 Feb. 2023, pp: 205-227 www.ijaem.net

Basalt Fibre as Potential Reinforcement for
Polymer Matrix Composites: A Review

*
Praveenan Dayalan'”, Prakash A Mahanwar?
! Post Graduate Researcher, Department of Polymer & Surface Engineering, Institute of Chemical Technology,
Mumbai, Maharashtra, India — 400019 ;
2 Professor, Department of Polymer & Surface Engineering, Institute of Chemical Technology, Mumbai,
Maharashtra, India — 400019 ;

Date of Submission: 01-02-2023

Date of Acceptance: 10-02-2023

ABSTRACT

In recent years, fabrication of composites using
natural fibres attracts the industrial applications and
research worldwide due to its sustainability. One
among the natural fibres, Basalt Fibre of mineral
origin (from Volcanic Lava) gained more attention
because of its outstanding physio-mechanical,
thermal, chemical, sustainability, eco-friendly and
non-hazardous properties as compared to
conventional fibres in composite fabrication like
Glass, Carbon etc. This review article describes the
basics of composites and its fabrication techniques
in detail. It also illustrates the basalt, manufacturing
of basalt fibres and properties of basalt fibres are
discussed in detail. Moreover the usage of basalt
fibre in Polymer matrix and its hybridization with
different properties and the recent advancement in
Basalt Fibre Reinforced Composites (BFRC)
research also reviewed based on different
researchers  findings. Further the industrial
applications of BFRC are discussed.

Keywords: Basalt Fibre, Composite, BFRC,
Physio-Mechanical, Thermal Properties.

l. INTRODUCTION:

Natural fibres have been used in polymer
reinforcing composites in recent years as a result of
an increasing interest in environmental issues.[1]—
[5] Composite materials have been able to solve
technological issues, and they have begun to attract
industry attention, particularly in polymer-based
composites. Steel and aluminum have been largely
replaced by composites, which have improved
performance in many cases. The use of composites
resulted in a weight reduction of 60-80 percent
compared to metals & 20-50 percent compared to
Al, while maintaining the equivalent properties.
[6]-[8].1f the material consists of different nature of
fibres, then the composite is said to be hybrid.
Fiber-reinforced composites (FRC) were used for
most of engineering and industrial applications for

over the decades. The matrix is comprised of resins
like polyester, vinyl ester, phenolic and epoxy
resins, and thermoplastics, and other thermosets.
The mechanical behavior of a fiber-reinforced
composite basically depends on the morphological
and geometrical properties of fibres. The
reinforcing phase might be fibrous or non-fibrous
(particulates) in nature, and natural fibres are those
that are generated from plants or other living
creatures. The creation of novel composite
materials with more than one reinforcement that are
biodegradable resources, such as natural fibres as a
low-cost and  environmentally  acceptable
alternative to synthetic fibres, has sparked
tremendous attention as a consequence of
environmental concerns. Many other processes
have been used to remove these fibres, including
mechanical decorticator, water retting, and
chemical retting, and so on. Synthetic fibres are
manufactured from chemicals and can be formed of
glass, carbon, aramid, boron, ceramic fibres and
etc. The appropriate orientation and type of fibres
resulted in greater features, and a key characteristic
of composite was comparable to metal, had higher
strength and stiffness.[5], [9], [10] Natural fibres
are fibres formed from natural substances
(cellulose, hemicellulose, lignin, pectin, wax, and
moisture), such as jute[11], flax[12], hemp[13]-
[15], sisal[16], coir[17], banana[18], agave[19],
snake grass fibre[3], and so on. The hybrid fibres in
the composites can withstand higher loads in
different directions based on the fibres, and the
surrounding matrix keeps them in the correct
position and direction, acting as a better load
transmission medium than single-fiber
reinforcements. This work discusses polymer matrix
composites reinforced with hybrid fibres (either
natural or synthetic fibres or natural/synthetic
fibres). The major advantages of composites over
traditional materials are lightweight, resistance to
weather and harsh chemicals, high strength to
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weight ratio, flexible (wide range of material
combinations used in composites), durable, and
achieving a different and wide range of properties
in a single product. Basalt fibres have better
physical, mechanical strength & resistance to
temperature, chemicals, weather, non-
combustibility, and non-hazardous. Because of
these advantages, BF has been utilised as
reinforcement PMC in various research. When
compared to E-glass fibre, the main disadvantages
of basalt fibre are its higher density and expense.
Therefore this review paper hopefully provides
valuable information and comparative study on
different basalt fibre reinforced composite (BFRC)
materials and their hybrid composites with their
manufacturing process available and discusses the
industrial applications of BFRC.

II. COMPOSITE:

Composite material can be defined as the
assembly of two or more materials and the final
product having better properties of each constituent
material. The matrix ensures the distribution and
orientation of the stress. The resulting materials are
very heterogeneous in composition and have
anisotropic properties. The nature, the charge,
shape, orientation, quality of the interface, and
processing parameters of the matrix & fibers alter
the properties of the composites.[3], [20]-[24]

2.1 Matrix:

In a fiber-reinforced composite site, the
matrix is to align the fibres in appropriate location
and geometry, to uniformly distribute stresses in
fibres, to protect fibres from surrounding which
degrades the fibres, to give protection for surface of
fibres from physical degradation. [25] In a
composite  structure's  tensile  load-bearing
capability, the matrix plays only a minimal
influence. The choice of a matrix, on the other
hand, has a significant impact on Compressive,
Interlaminar and Inplane Shear properties of
Composite.

It offers support against buckling of fibres
under  compressive  stress, impacting the
compressive strength of the composite material to a
great extent. For constructions subjected to bending
stresses, interlaminar shear strength is critical,
whereas in-plane shear strength is critical for
torsional pressures. In designing damage-tolerant
structures, the interaction between fibres and
matrix is also important. Finally, the fabrication
and flaws in a composite are influenced by the
matrix properties.

The liquid viscosity, curing temperature,
and curing time, for example, are processing

properties for epoxy polymers utilized as the matrix
in various aerospace composites sites. Epoxy, UPR,
and vinyl esters are widely utilized as matrix
materials in FRC, owing to their low viscosity,
which makes them easier to process. Thermoplastic
polymers are more usually employed in injection-
molded short fiber-reinforced composites; metallic
and ceramic matrices are typically used in high-
temperature applications.[26]

2.2 Fibers:

The main elements of a fibre reinforced
composite material are fibres. Fig 1 describes the
classification of fibres. A pure polymer usually
possesses the low mechanical strength required for
use in a variety of applications. The addition of
high-strength  fibres to the polymer gives it
significantly improved mechanical characteristics,
making fibre reinforced polymer composites
(FRPCs) appropriate for a wide range of
applications, from aircraft to sports. They
contribute the largest proportion of a composite
laminate's volume and absorb a major portion of
the load bearing on the structure.The fibre type,
fibre volume percentage, fibre length, and fibre
orientation must all be chosen carefully since they
affect the following qualities of a composite
laminate [25], [26]:

1. Density

2. Modulus and tensile strength

3. Compressive modulus and strength

4. Fatigue strength and causes of fatigue failure
5. Electrical and thermal conductivities

6. Price

Over monolithic polymer materials,
synthetic FRPCs have distinct advantages. In
addition to enhanced mechanical properties, these
composite exhibited an increased fatigue life and
flexibility.Synthetic FRPCs may be improved
further in terms of corrosion protection, resistance
to abrasion, aesthetics, temperature-dependent
behaviour, environmental stability, heat resistance,
and conductivity.Different  researchers have
employed glass fibres as reinforcement. Despite
their superior mechanical strength, SFRPCs have a
number of major disadvantages, including high
price, dense, non-recyclable, and  non-
biodegradability. Bio-fibers are proved to be
competitive with glass fibre in several composite
applications. The properties of natural fibre
reinforced composites with thermoplastic matrix
have been demonstrated in a variety of
applications. Natural fibres are abundant and
renewable bio-based materials. Natural fibres[1],
[27]1-[33] are a preferable alternative to synthetic

DOI: 10.35629/5252-0502205227

[Impact Factorvalue 6.18] ISO 9001: 2008 Certified Journal Page 206



\% International Journal of Advances in Engineering and Management (IJAEM)

—

JAEM

Volume 5, Issue 2 Feb. 2023, pp: 205-227 www.ijaem.net

fibres because of their properties (low density,
abundance, and high specific strength). Jute,
banana, sisal, hemp, and other natural fibres have
been employed as reinforcement by various
researchers.

1. MANUFACTURING OF
COMPOSITES:

Manufacturing of a composite structure
starts with the incorporation of a large number of
fibres into a thin layer of a matrix to form a lamina
(ply). Composite is fabricated by incorporating a
huge proportion of fibres into a thin layer of a
resinto produce a laminate[34], [35].Laminate’s
thickness is generally between 0.1 and 1 mm. If
continuous (long) fibres are used to create the
lamina, they can be placed in a unidirectional,
bidirectional, or multidirectional pattern. Weaving
or other textile industry operations are employed to
achieve bi- or multidirectional fibre orientation. For
a laminate with uni-directional fibres, composite
material has the maximal modulus and strength
along the longitudinal axis of the fibres. However,
its strength and modulus in the transverse direction
are quite low. The strength and modulus of a
bidirectional fibre lamina may be changed by
utilizing variable quantities of fibres in the
longitudinal and transverse directions. These
qualities are the same in both directions for a
balanced lamina. Discontinuous (short) fibres in a
matrix can also be used to make a lamina. The
discontinuous fibres can be placed in either a
unidirectional or a random pattern. In the plane of
the lamina, however, random fibre orientation
allows for equivalent mechanical and physical
characteristics in all directions. In a fiber-
reinforced composite construction, the thickness
necessary to carry a certain load or maintain a
specific deflection is acquired by stacking many
laminas in a defined sequence and then
consolidating them to form a laminate. Fibers can
run in one direction or in several directions in
distinct laminas of a laminate. It's also feasible to
make an interply or intraply hybrid laminate by
combining different types of fibres.

The selection of right process for
composite part manufacturing is a highly
challenging job since. There are several raw
materials and processing methods to choose from
how fabricating the component. The process to be
used is determined by the application's
requirements. The selection criteria for a process
are determined by the part's manufacturing rate,
cost, strength, and size and form requirements.

BASALT FIBERS:

Basalt fibres are natural mineral fibres
derived from basalt rocks. Basalt fibre is a
continuous fibre created by melting basalt stone at
1450 to 1500 °C and passing it through a Platinum
rhodium alloy bushing.Because of its golden brown
tint, it's also known as golden fibre. Extruding
melted volcanic rock based on basalt, which is
present in flowing lava, produces basalt fibre.
Basalt fibre is extruded in a considerably more
energy-efficient and easy manner than rival fibres.
The fibre dimensions are usually between 10 and
20 micrometres.Several of these qualities (such as
basalt's tensile and compressive capabilities)
outperform E-glass fibres while also being
significantly less expensive.[36] As a result, basalt
fibres are gaining popularity as a unique form of
reinforcing material for hybrid composites and
laminates. In polymer composites, they are
frequently used as an alternative to glass fibre
reinforcement. They are roughly 5% denser than
typical glass fibres, but have 20% better tensile
strength, modulus of elasticity and compressive
strength. Basalt fibres are also better for the
environment and your health than glass fibres since
they are natural, inert, and non-toxic and non-
carcinogenic. Furthermore, basalt fibres emit less
pollution during manufacture and disposal than
glass fibres, and their specific fusion enthalpy is
lower. They also have a good flame resistance,
temperature resistance over 500 °C (the fibre melts
at 1450 °C), chemical resistance, and low moisture
and water absorption.[36]-[39]

Basalt Fibres are manufactured from
natural (volcanic) resources and no hazardous
additives, solvents, pigments, or other hazardous
ingredients are used in their creation, they can be
considered as a eco-friendly material. Fig 2 shows
different forms of Basalt available in market.
Because the melting point of natural basalt powder
is quite high, 1400°C, when the BFs in resin are
recycled, the by-product is un melted basalt rocks
that can be used again. This means that composites
with basaltfibres are burned, and the by-product
left is un-molten basalt that can be reused.[40]

Basalt fibres may be equivalent in price to
glass fibres, depending on the fibre quality and
production technique. Basalt fibre has significant
applications in the manufacturing of BF-epoxy
composites, have good load-bearing capabilities
and lightweight which are helpful in the vehicle
sector, based on their advantages. Due to its
excellent mechanical qualities, CF composites are
currently being widely used in the automobile
sector. It is possible to minimize vehicle body
weight by 40-60% by using this reinforcing
material, but the costing for the entire procedure is
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presently more costly. As a result, it's critical to
reduce production and delivery costs without
sacrificing CFRP-based composite mechanical
qualities. As previously said, basalt fibrespromising
nature, cheap cost, and effective qualities may
make them a suitable option for reinforcement in
CFRP-based composites.

Basalt contains magnesium, calcium,
sodium, potassium, silicon, and iron oxides, as well
as traces of alumina. Depending on the
geographical distribution, the chemical
composition may differ. Basalt is very abundant,
accounting for nearly 33% of the earth's crust.
Pyroxene, clinopyroxene, olivine, and plagioclase
minerals make up the fibres chemically.
Magnesium, calcium, sodium, potassium, silicon,
and iron oxides, as well as traces of alumina, are all
found in basalt. Due to geographical location, the
composition may vary.

Chemically, the fibres are made up of
pyroxene, clinopyroxene, olivine, and plagioclase
minerals. Tholeiitic basalt is a kind of basalt that is
high in silica but low in sodium. Fig 3 shows the
chemical composition of Basalt Fibres. Alkali
basalt is defined as basalt with a high sodium
content but low silica content. Furthermore, if the
material contains more than 17 percent alumina,
the basalt is classified as an intermediate between
alkali basalt and tholeiitic. Boninite contains high
content of magnesium with very low quantities of
titanium and other trace elements.

Mechanical Properties:

Basalt fibres have gained more attention
as a source of fibrous reinforcement than any other
common filler (glass fibres) due to their improved
mechanical qualities. The chemical composition
and affi of the individual basalt fibres have a
significant impact on the elastic modulus of the
basalt fibre reinforced composite.[41] Basalt has a
greater tensile strength and elongation at break than
other rocks. Table 1 shows the comparison of
mechanical properties of different fibres.

Chemical Properties:

BFs have high chemical resistance with
acid and alkali steam resistance is far superior to
glass fiberand belong to the first hydrolytic
class.[29]Basalts are more stable in salt solutions,
particularly water than glass, but they are less
stable in strong acids. In alkaline solutions, the
complete loss of tensile strength deprivation is due
to pitting of the fibre in a large area. In acid
solutions, the most important cause for the loss of
the tensile strength is the damage or change in the
chemical constituent of the fibres. The weight loss

of basalt in alkali, boiling water, and acid is
considerably low. BFs and their composites shows
greater resistance to salt and water solutions as
compared to glass fibre where as in acidic
environment glass beat the basalt.[21]Table 2
shows the comparison of chemical properties of
different fibresFor example, when Epoxy resins
reinforced BFs and glass fibres were tested with a
seawater solution, similar degradation was
observed for epoxy based basalt fibre glass fibre.
BFRP improves the strength of BFs by lowering
the Fe* level. From the perspective of
weightlessness rate & strength retention rate, basalt
fiber has good alkali resistance.

Thermal Properties:

Basalt Fibres possess better thermal
properties, sound insulation and less water
absorption[23] Because of its superior properties,
BF used as Fire resistant materials.[42]Basalt has a
larger temperature range than E-glass (-60 to
450/460°C), ranging from -200 to around
650/800°C. Due to mineral composition and
presence of a huge number of micropores, Table 3
shows the comparison of thermal properties of
basalt with different fibres.BFs are passive fire
protection and thermal insulation applications BFs
are better than E-glass in terms of residual relative
strengths (after heat treatment).[37]

In 300-500°C range, basalt outperforms E-
glass in the stressed condition and can maintain
integrity up to 1250°C in unstressed (used as
fire/neat  barrier)  condition.  Crystallization
behaviour is the key factor in evaluating the heat
stability of BFs. In basalt crystallisation occur in
two phases first phase in which spinel structure is
formed due to oxidation of ferrous cation (high of
iron oxides in basalt), in second phase the diffusion
of divalent cations (Fe**, Mg*, Ca’") take place
where they come to surface to form
Nanocrystalline layers of CaO, (Mg,Fe);04 ,
MgO. Crystallization of basalt are often controlled
by doping elements like zirconia. At hot
temperature, high thermal stability of basalt fibers
material is observed because of characteristics of
natural basalt rocks, which nucleate. The basalt
rocks, however, don't need but during the melting
process, produce a usual nucleating agent like
Fe30,.

Electrical Properties:

When subjected to RF radiation, basalt
fibres do not conduct electricity, and no fields are
induced. Dielectric properties like volume
resistance of Basalt Fibres are nearly equal to ones
of glass fibres. So, switching from glass to basalt
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does not change radar transparency of construction.
Compared with other types of fibre, the dielectric
constant of basalt fibre is lower than that of other
fibres. The dielectric loss of E-glass fibre, S-glass
fibre and Kevlar fibre is in the same order of
magnitude.[43], [44]

Insulation Properties:

In low-temperature technologies, basalt
fibre is frequently employed as an effective thermal
insulation material. Under the temperature of -
96°C, the thermal conductivity of basalt fibre with
a unit diameter of 1-3pum is 0.030W/(m+K), and the
fiber's strength is not decreased after soaking in the
cryogenic medium. The aviation, metallurgical, and
machinery industries all employ acoustic
absorption materials derived from basalt fibres, and
the fibres are frequently used to build structural
materials that combine insulation and sound
absorption [45], [46]. This type of material is
completely non-combustible, and no harmful
substances or gases are released when
heated. Temperatures of 600-700°C can be used.
The temperature can exceed 1000°C when mixed
with other material, such as weatherproof firewalls,
safeguard fire doors, fire prevention buildings,
cable hangers systems, and other industries.

V. BASALT FIBRE REINFORCED
POLYMER (BFRP) COMPOSITES:

Several researchers have investigated the
usage of basalt fibre reinforced polymer in the
manufacturing of composite materials for a variety
of applications. Due to its advantages, the
reinforcing  fibre has greater mechanical
characteristics than non-reinforced resin-based
composites. Basalt is known for having better
tensile strength and elongation at break, as well as
increased impact strength and long-term durability.
Table 4 describes the use of basalt fibres in
different composites and its inference.

Using the VARI process, ArySubagia et
al. [47] created BF/epoxy composites containing
tourmaline micro/nano particles (0.5-2 wt%). The
flexural and tensile strength of
Tourmaline/BF/epoxy laminates enhanced by 16
percent, while the flexural and tensile modulus
increased by 153 percent and 27 percent,
respectively. Wang et al.[48]fabricated BF with a
better method based on hybridization, and the
design was optimized for usage in a cable-based
long span bridge. The hybridization of the fibre
resulted in an increase in total modulus, potential
strength, and fatigue behaviour. Sarasini et al. [49]
recently studied the impacts of BF hybridization on
quasi-mechanical characteristics and low velocity

impact behavior in carbon-epoxy based laminates.
They also evaluated the interacting hybrid system
by stacking two laminates with various sequences
at 3 distinct energies.It was discovered that hybrid
laminates made with an intercalated stacking
sequence absorb more impact energy and are more
resistant to damage than laminates made solely of
carbon fibres.

Zhang et al. [50] made BF reinforced
polybutylene succinate (PBS) composites with
different fibre contents. They investigated the
composite's thermal and mechanical characteristics.
Because of the strength provided by the basalt
fiores in the composite, the mechanical
characteristics of the PBS matrix improved. They
also observed that the composite's VST and HDT
were much higher than the PBS matrix.

Kurniawan et al.[51] fabricated silane
treated basalt fiber and effects of atmospheric
pressure glow discharge plasma polymerization in
it and assessed the thermal& mechanical properties
of the basalt fiber/polylactic acid composite. The
results revealed that the composite parameters of
strength and modulus were raised by 45 percent
and 18 percent, respectively, when compared to the
untreated ones.

Chen et al.[52] recently investigated the
dynamic tensile& quasi-static characteristics of
BFRC. The results showed that increase in tensile
strength with strain rate, and the dynamic strength
is nearly twice that of the quasi-static strength.

The mechanical properties of surface
treated BF using a low-temperature atm. O,were
studied by Kim [53]. They investigated the
toughness and interlaminar fracture of BF/epoxy
woven composites. The aim of the research was to
study the wettability through contact angle studies.
The results obtained from the study proved that the
wettability of the fibers increasing remarkably with
fiber surface functionalization through physical
etching. The inter-laminar fracture test proved that
there was a 16% increase in the strength than the
untreated one.

Xu et al.[54Jalso has examined
mechanical properties at low to intermediate strain
rates using BFRP tendons. During tensile testing,
the mechanical properties of BFRP are susceptible
to strain.

Subsequently, Botev et al.[55]fabricated
and improved the mechanical properties of BF/PP
composites by treating short basalt fibers in
polypropylene-g-maleic anhydride (PP- g-MA).

Bashtannik et al. [56]enhanced the
adhesion strength of BF/HDPE Composite by
etching basalt fiber in Sodium hydroxide (NaOH)
and hydrochloric acid (HCl)solution. Czigany et
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al.[57] improved tensile strength of
Vinylester/Basalt composites by modifying the
surface of basalt fiber bysilane precursor as a
coupling agent.

Kim et al.[58]fabricated BF/Epoxy
composites with different weight fractionof natural
graphite sheets (NGFs) and studied the thermal
characteristics. The NGF significantly increases the
thermal conductivity and thermal stability of
composites, because NGFs have good
compatibility and acts as heat radiatingmaterial.
Lee et al. [59]enhanced the shear strength, fracture
toughness and interfacial adhesion of BF/Epoxy
Composite by treating basalt fiber in Potassium
hydroxide ~ (KOH) and  Sulphuric  Acid
(H,SO,)solution. Zhang et al. [60]studied the
mechanical ~ properties  of BFRP  at
differenttemperature and strain ratess. From the
results, they concluded that the average tensile
strength, maximum strain & toughnessincreases
with increase in strain rate of the BFRP specimen.
Tensile strength is decreases at 100 °C; this is
because of the Tg (Glass transition temperature) of
the epoxy group.

Mahesha et al. [61]fabricated BF/Epoxy
composites with different content ofnanofillers
(Nano-TiO2, nano-clay and nano-TiO2/nano-clay)
and investigated the mechanical and wear loss of
composites. The results proved that the tensile
strength & dimensional stability increases whereas
Wear loss decreases with the addition of Nano
Fillers.Bhat et al.[62]compared the fire resistance
of BF/Vinyl ester composites with that of E-
GF/vinyl ester laminates. The results show that at
the same radiant heat flux density, the tensile
strength of GF composites is higher than those of
BF composites. Both laminates have similar
softening rates because of thermal softening,
weakening of the fiber reinforcement &
decomposition of the polymer matrix. The fireproof
performance of BF composites is poor, because of
itshigh emissivity.

Landucci et al.[63] fabricated Basalt Fibre
composites by impregnating BF in matrices
(organic & Inorganic). They studied the property of
these  materials during accidental flame
impingement. They used the time and rupture
sequence, temperature profile, and weight loss
during the imposed conditions of flame
impingement for studying the behaviour of various
materials. The findings revealed that basalt
composites had a low wall temperature and high
residual strength, which slowed panel failure. They
concluded that BF may be considered as a
fundamental constituent for the manufacture of
novel thermal shields for

PFP.Czigany[64]investigated mechanical
properties as well as its thermal properties and
compared it with glass fiber (GF). Thermal
resistance, acoustic insulation, chemical resistance,
and low water absorption are all known properties
of BF. BF has recently gained much attention due
to its potential use as a reinforcing material in
composites, as well as its use in thermoset-matrix
based composites and fire-resistant thermoplastics.

Militky’et al. [65]studied the tensile
properties of BF in different temperatures of 50-
300 °C. Due to the thermal effect, there were some
morphological and structural changes observed in
fibers with change in tensile properties. They found
that when the fibres were treated at temperatures
below 300 °C for 1, 15, and 60 minutes, they
showed strong tensile properties.Ozturk et
al.[66]studied the how wear properties of hybrid
composites of BF(0-40% Vf) and ceramics (10%
VT).By using a heated pin-on-disc apparatus, the
wear friction properties were studied. They
concluded that the wear test cof increases directly
with an increase in disc temperature to 300 °C.
They observed that with vary in content of basalt
fiber, the friction coefficient of the hybrid
composite also varies. They found that when the
fibres were treated at temperatures below 300 °C
for 1, 15, and 60 minutes, they showed strong
tensile properties.Medvedyev and
Tsybulya[67]showed the effective use of BFRC in
hot gas filtration. They increased the life span by 7-
10 years by incorporating basalt fibers in the
fabrication of a bag house.

Wang GJ et al.[68]measured the acidity
coefficientand pH value of BFs. They concluded
that Al,O3 content in BFs is relatively high.Garima
et al. [69]enhanced theinterfacial properties of
BF/epoxy composites by grafting CNTs. CNTs
enhanced the interface strength between the fibre
and matrix, so the chain entanglement of the
polymer chains was minimized, and the CNT-
grafted BF/Epoxy Composites exhibits high
thermal stability.Manikandan et al.[70]investigated
the effect of corrosion on physical properties of
Basalt Fibre. They concluded that corrosion of
fibres was due to diffusion of corrosive
agents.Nasir et al. [71]studied the formation of
crack and corrosion of BF in H,SO4; They
concluded that strength of BF was high as
compared to glass fiber.

V.  APPLICATIONS:

BFRCis preferred over conventional
materials because of its resistance to chemicals
& corrosive environment and low weight. BFRP
also has significant physical, geometrical, and
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thermal properties when compared to other
SFRC and NFRC. The proportion of basalt fibre in
the BFRC has a major effect on the properties of
the composites. Basalt fibre has a wide range of
applications in  manufacturing, automobile,
architecture, insulation, and fire safety applications.

Basalt fibres are non-hazardous since they
are spun with a diameter greater than 6 micrometre,
unlike traditional asbestos/glass fibres that might
cause health hazards. Basalt fibres are three times
more heat insulating than asbestos fibres.[72]
Basalt abrasion produces only thick fibre fragments
that are not harmful to the human body. Basalt
fibre does not react with water and does not pollute
the air.[73] Basalt fibres are mostly used in
structural and electro-technical applications,
including as electromagnetic shielding structures,
vehicle, aeroplane,[45] and ship components, and
domestic appliance components. Basalt fibres, both
woven and knitted, are utilised to make fire-
blocking fabrics for public transportation systems
due to their inherent thermal properties. Mattresses
with basalt inter-liners are often used to prevent
fires. In opto-mechanical applications, glass
reinforced with basalt fibres is used.

Over the past decade, Basalt Fibres are
used in the construction of CNC cylinders because
of its impact resistance and light weight properties.
It also used in electro technical applications
insulation for underground cables, ducts because of
its insulation properties. BFRC composites can be
used in construction of boats [74] because of its
corrosion resistance and resistant to alkaline
environment.[21], [75], [76]It is used in the
construction of roads and other reinforcement
applications. [8]

Basalt fibres are gradually being utilized
in disc brake pads and clutch facing applications in
automobiles. Basalt may be utilised in a variety of
construction projects. It may be used to make
extrusion profiles as well as rebar for concrete
reinforcement. Basalt serves as a substitute for steel
and fibreglass in construction application.Basalt
fibre chopped strand has a reinforcing role in
asphalt concrete in highway construction. It may
significantly  increase the tensile strength,
toughness, and rutting deformation resistance of
pavement. Basalt fibre composites can be utilised
to make wind turbine blades in the energy
infrastructure.[77]-[79]

Basalt fibres are used in Toyato’s Car
mufflers. Basalt PP Composites have Low CTE,
better acoustic properties and good ductility. So,
BF/PP is used in sunshades, CNG Cylinders &
Head Liners. [80]Basalt is used to make tubes,
bars, plumbing fittings, and sound insulation for

flooring[81], walls, framework walls, tanks,
chimneys, boiler shellsand fire protection
construction. Some other significant applications
include Waterproofing for concrete structures,
wear-resistant paints for bridges, railway tunnels,
and other essential structures and facilities. BFs are
excellent ~ for  fire prevention [82]and
soundproofing.

Basalt woven tapes have been used for the
construction of fire-proof electricity supply cables
due to their good thermal conductivity, as well as
their enhanced electrical resistivity and exceptional
fire resistance.[83] BFs are also used in pcbh,
resulting in components with better overall features
than typical fibre glass component. Due to its
resistance to corrosion, it can be used as lamp
posts.

BFRC are used in wear and chemical
resistance protection in pipelines, chemical tanks.
[84], [85] Because of its low thermal conductivity,
deposition is minimized. Wind blades with Basalt
Fibres gives better mechanical strength compared
to GFRC. Corrosion resistance of BFRC prevents
the blades from different weather and climatic
changes. In Sports, BFRC are used in skate boards,
Snow boards, skis, yachts, tennis racket and hockey
sticks.[86]

Basalt geo-mesh[84]has unique
characteristics such as resistance to chemicals,
good thermal endurance against molten bitumen,
and lightweight than metallic  meshes.Pipes
conveying limestone, sand, alumina, and gypsum
containing granulated ash and slag generate
considerable wear due to high abrasiveness in the
manufacturing of slag cement. This problem can
be overcome by employing casted pipelines with a
basalt liner. [87]

VI. CONCLUSION

In this review paper, the research trends
for basalt fibre as a reinforcing material for
composite have been highlighted, from its
discovery through current developments employing
BFRC. Basalt was identified to offer
better properties than asbestos and glass fibres.
Basalt fibres are currently nearly as good as carbon
fibres, but they have an advantage since they are
environmentally safe.Basalt fibres are considered
non-hazardous and  ecologically  beneficial
materials. It is not a novel material, but its
applications in various industrial and economic
domains, from architecture to energy conservation,
from automobiles  to aeronautics, are
unguestionably innovative, owing to its excellent
mechanical, chemical, and thermal properties. As a
result, basalt fibre is gaining popularity as a

DOI: 10.35629/5252-0502205227

[Impact Factorvalue 6.18] ISO 9001: 2008 Certified Journal  Page 211



&

—

LJAEM

International Journal of Advances in Engineering and Management (IJAEM)
Volume 5, Issue 2 Feb. 2023, pp: 205-227 www.ijaem.net

reinforcement  material,  particularly ~ when
compared to conventional fibre.

Researchers have investigated the tailoring
of matrix and fibre interface by treating surface of
fifibres with silane coupling agents resulting in an
outstanding improvement in mechanical and
physical properties. Alkali attack is the most
destructive of all compounds, and numerous
attempts to avoid fibre corrosion are still being
done, but there is a still far to go to reach this
objective. Furthermore, the use of basalt in
industrial uses may reduce prices in the future,
enhancing research in the area of basalt material
properties and composites.

Most of the researchers focused on
investigating basalt fibre synthesis, processing and
properties and but only few of the researchers
studied mechanics and science behind the physical,
thermal, chemical and mechanical properties of the
BFRC. So the authors of this review decided to

Il
(=]
[N

concentrate on advancement in the properties of
BFRC with different resins and hybridize with
different light weight and superior fibres and study
the different properties and their effects in different
fields of applications like marine, infrastructure,
automobile, aircrafts, insulation, electrical and
other industrial applications.

Figure Catalogue:

Fig 1. Classification of Fibers [88]

Fig 2. Different Forms of Basalt

Fig 3. Chemical Composition of Basalt Fibre

Table Catalogue:

Table 1 Comparison on Mechanical properties of
different fibres

Table 2 Comparison on Chemical properties of
different fibres

Table 3 Comparison on Thermal properties of
different fibres

Table 4Literature Review on Basalt Fibres with
different matrix in composites.
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Table 1
. Density Youngs  Modulus . Elongation

Fiber (kg/ma3) (GPa) Tensile (MPa) (%) Ref.
Aramid 1.4 63-67 3000 3.3-3.7 [89]
Banana 1.3 29-32 750 2.0-4.0 [30]
Basalt 2.7 89 4840 3.15 [81]
Carbon 1.4 230-240 4000 1.4-1.8 [90]
Coir 1.2 4.0-6.0 175 30 [32]
Cotton 15 5.5-12.6 287-597 7.0-8.0 [91]
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E-Glass 2.5 70 2800 2.5 [92]
Flax 1.5 27.6 345-1035 2.7-35 [3]
Hemp - - 690 1.6 [13]
Jute 1.3 26.5 393-773 1.5-1.8 [3]
Kevlar 1.45 124 2800 2 [93]
il Palm 1.55 26.5 100-400 - [94]
Pineapple 1.56 62 172 - [95]
Ramie - 61.1-128 400-938 3.6-3.8 [17]
S-Glass 2.5 86 4570 2.8 [35]
Sisal 1.5 9.2-22 511-635 4.0-6.0 [3]
Soft woodcraft | 1.5 40 1000 - 3]
Table 2
Properties Basalt E-Glass S-Glass
% wt. loss after 3 h, boiling in H,O 1.6 6.2 5
% wit. loss after 3 h, boiling in HCI 2.2 38.9 15.7
% wit. loss after 3 h, boiling in NaOH 2.75 6 5
Table 3
Thermal Property Unit Basalt S-Glass E-Glass
Maximum application | K 1255 1640-2070 923
temperature
Melting temperature K 1720 2070 1390
Minimum operating | K 15 100 210
temperature
Sustained operating | K 1093 1470 753
temperature
Thermal conductivity W/Mk | 0.031-0.038 0.035-0.04 0.034-0.04
Thermal expansion | 1/K 8.0*10° 5*107° 5.4*10°
coefficient
Table 4
Sl. Reinforcement | Matrix WE [ VI Process Inference Ref.
No. (%)
GFRC have
highest load
1 Basalt, Glass Epoxy 33 RTM peak & Hybrid | [46]
performed better
than BFRC
Treated GF and
BF shows better
stability in acid
but BF shows
instability in
2 Basalt, Glass Epoxy 60 HLU alkaline. . HCI- [96]
treated
fibersshows the
highest tensile
strength&
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Surface
Hardness

Basalt, Flax

Vinyl Ester 34

VARI

In  comparison
to  non-hybrid
composites,

hybrid

composites
absorb

moisture
have a
diffusion
coefficient.

less
and
lower

[97]

Basalt, Flax,
Hemp, Glass

Epoxy

20, 24, 28

VARTM

Flexural
performance
GFB > FHB >
GHB.  Impact
Energy is good
for FHB

[98]

Basalt, Kevlar,
Glass

Epoxy

75

VARTM

Kevlar/E-GF
have higher
impact strength,
Kevlar fiber has
better
coordination
with E-Glass
fiber than basalt
fiber. Electrical
conductivity of
Kevlar /E-Glass
laminate
samples showed
the highest.

[99]

Basalt, Glass

UPR

Compression

(4B/8G) shows
maximum
Impact strength
12B shows high
flexural strength
and flexural
modulus. 8B/4G
shows  highest
tensile.

[100]

Basalt, Glass

UPR

30

HLU

B225/G 75
exhibits  high
Tensile
Strength,
Modulus
&flexural
properties; GF
composite
exhibits
EB%;

higher

[101]

Basalt, Jute

Epoxy

30

VARI

The
exposure
harmed the
laminates'
microstructural

salt-fog

[102]
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integrity,
resulting in
severe
degradation to
the jute/epoxy
matrix interface.
Sandwich-like
structure
(Jute/BF)
laminates offer
the best
mechanical
properties.
BF+ KH550

9 | Basalt UPR 20 Compression | IVeS  203% | 145
increase in
impact strength.
By increasing
the fibre content
in the
composites, the

IM, flexural and

10 Basalt PBS 15 Extrusion tensile [104]
properties of the
PBS matrix
resin are
improved.
Basalt
composite had a
35-42  percent
higher Young's
modulus,
greater

11 | Basalt, Glass Epoxy 51 VARI compressive [105]
strength, and
flexural
behaviour, but
GFRC had a
higher  tensile
strength.
Hybrid BF/GF
with two
external layers
of basalt shows

12 Basalt, Glass Epoxy 30-50 VARI Increases n [106]
mechanical
properties
compared to
GFRP
laminates.
BF/UPR  have
superior

13 | Basalt UPR HLU mechanical [75]
props than
BF/Epoxy, Acid
Treated Basalt
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fibre have
superior
properties than
normal

14

Basalt, Glass

Epoxy

Prepreg

In seawater, the
chemical
stability of
BFRP and
GFRP is
essentially
same. A
significant
reduction in
Fe2+ content in
basalt could
improve BFRP
stability in a
marine
environment.

[107]

15

Basalt,
Carbon

Glass,

Concrete
beams

Basalt fibre
retained its
volumetric
integrity and
90% of its
strength  when
exposed to a
high
temperature  of
over 600°C.

[108]

16

Basalt, Glass

UPR

57

VARI

The tensile fire
resistance of a
BFRC is lower
than that of an
equal GFRC

[109]

17

Basalt, Aramid

Epoxy

33

RTM

When compared
to aramid
laminates, basalt
laminates  had
a tolerance
capability

and damage
resistance

[110]

18

Basalt

UPR

25

Compression

Optimum  fibre
weight

percentage of 68
% of fibre and
optimum length
of the fibre of
10 mm were
exhibited better
properties than
others.

[111]

19

Basalt, Kevlar

Epoxy

48

HLU

Compared

with Kevlar and
hybrid samples,
basalt fibres

[112]
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reinforced
epoxy showed
the

better damage
tolerance.

20

Basalt, Glass,
Carbon, Hemp

PP

15

Prepreg

In the case of
hemp fibre
composites,
fibre
hybridization
resulted in just a
minor
improvement in
mechanical
properties, but
carbon fibre and
glass fibre
composites have
seen a massive
upgrade.

[113]

21

Basalt, Hemp

UPR

27

HLU,
Compression

Hemp fibre
composites lost
46% and 34% of
their  strength
and  stiffness,
respectively,

when compared
to roughly 23%
of hybrid
composites.

[114]

22

Basalt, Carbon

Epoxy

62

VARTM

The flexural
strength and
modulus of
carbon fibres in
the  outermost
layers were
higher than
those in the
innermost layer.

[115]

23

Basalt, Jute

Epoxy

30

VARI

Due to barrier
effect of the
exterior  basalt
layers,  which
shield the jute
internal  layers
from
degradation
problems,
hybrid
composites with
sandwich-like
sequences
showed
improved
ageing
resistance to the

[116]
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physical
conditions.

24

Glass, Basalt

Concrete

60, 5

Mixing

In all
proportions,
concrete  with
sand glass
aggregate  can
provide  good
thermal and
mechanical
qualities. To
improve the
properties of
this  concrete,
basalt fibre in its
ideal  volume
fraction is
suggested.

[117]

25

Basalt

Vinyl Ester

50,75

Pultrusion

The fibre
volume fraction
is dependent to
the creep
rupture  stress
and the ratio of
strain rate to
onset strain.

[118]

26

Basalt

Vinyl Ester,
Epoxy

BFR-Epoxy
composites
exhibited
superior
mechanical
qualities  than
vinyl ester
composites  in
tension and
compression
behaviour, as
well as a more
compact mode
of failure.

[119]

27

Basalt, CNF

Epoxy

3 (CNF)

HLU

CNF grafted
Composites
exhibits  better
properties

[120]

28

Basalt

PP

Extrusion

The filament
length has a
significant
impact on
tensile strength.
Basalt fibres
were shown to
have better
adhesive
characteristics
than glass and
carbon fibres.

[121]
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29

Basalt

PE

40

Composites
using basalt
fibres improved
Young's
modulus and
tensile. Low
water absorption
was observed in
both unmodified
polymer and
composites with
basalt fibres.

[122]

30

Basalt

PEEK

25

Extrusion

The surface
roughness of
composites rises
as the BF
content
increases,
whereas the cof
steadily
decreases. Good
maximum
tensile strength
and EB percent
were attained.

[123]

31

Basalt

PAG

20

Extrusion

IFSS and tensile
strength
increases  50.3
and 32.5% than
untreated BF.

[124]

32

Basalt

PC

50

IM,
Extrusion

The addition of
BF  increased
tensile

properties while
lowering impact
strength. Tg
stayed the same.

[125]

33

Basalt

ABS

15

When compared
to pure ABS,
the ultimate
tensile strength
improves by
40.52  percent.
With increasing
amounts of
additives,

Young's

modulus

steadily  rises.
The energy of
the  unnotched
impact is
reduced.

[126]

34

Basalt

PET

30

1M,
Extrusion

Increased
interfacial filler-
matrix adhesion

[127]
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was  validated
by higher
complicated
viscosity  and
storage modulus
values. The 20
percent and 30
percent loading
with basalt
fibres
considerably
improved  the
utility qualities
of PET.

Basalt, Nano

3 Clay, TiO2

Epoxy

Compression

T+CL-BE filled
composite
showed
abrasion
resistance.

better | [128]
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