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Abstract

Basalt fiber is a low cost materiel obtainedhirthe Basalt rock from earth, and it can be divided small pieces to form
fiber. In this paper dealing with Basalt fiber méaaiuring, property of composites and applicatioa eviewed. The results
indicate that as compared to glass fibers, carlioerS and armide fiber, basalt fiber possessesllertamachine driven
properties such as wave permeability, electricapprties, non-conductive and insulation properts#=RP has higher flexural
strength and better adhesion as related to CFRRG&RP. When temperature increases thermal and mieah@roperties of
BFRP reduces considerable. Due to the above adyes)tthe addition of Basalt fiber and its compasien be used in sound
and sound absorption and thermal insulation apimica
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1. Introduction

Basalt is obtained from Basalt rock found arotheworld. The crushed rock used in industrial higthway engineering. Basalt
can be used in manufacturing of fine and ultrafibers known as Basalt fibers. These fibers aresapas they possess excellent
properties such as sound insulation, heat and tidlorand stability [http:/basaltfm.com/index/htnit@/10/2020]. This Basalt
fiber is High résistance to High temperature angspeses durability, strength. Basalt consists ©f, $ieQ, Al,Oz; CO, and is
acidic type, Basalt is necessarily for fiber pregians. Basically Basalt can be found in contirfilesrs having unique mechanical
and chemical properties, so that it is highly salédor demanding utilization, requiring résistamgginst High temp, acid, solvent
résistance, durability and low water absorptionglizzmukh, 2007).

As is well known due to its significant mechanipabperties Basalt is utililized as fiber in the qosite materials, and is known
as Basalt fiber reinforced polymer composite (BEBR3alt is a characteristic materials that is ol#@difrom volcanique rock
affected by solidified magma, at. Temperature aadol500C to 1700C (Militky et al., 2002).

It is necessary to design high voltage towers sigchteel towers in future. Therefore it is requit@dise new type of materials
that has high strength, light and minimum risk ofrosion. At present bigger lamp posts and telephmaies have been designed
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with steel and wood for years and there is needeof type of materials which is light, strong, wieisser risk of corrosion. The
structural designers are looking for new type ofarials for building, bridges and windmills (Reykilg, 2013).

The density of basalt is approximately one thiradlefsity of steel, which indicates that BFRP iy, and a stronger materiel
compared to steel. Further, it is also cheaper,emsier to produce, compared to other fibers sgclass fibers (Foire et al.,
2015). Basalt rock can be used to make fibersndsiebasalt filaments, wires and Basalt mesh. Safrimaportant ant applications
include polymer reinforcement, soil strengthenibggdges, highway, industrial floors, heat and soumgllation of industrial
buildings, manufacturing of bullet proof vest aethabilitation of structures (Panchalan, 2005)

Fiber reinforcement is gaining popularity due teittperformance in terms of ecological cost i.e$USper 1 kilogram, Basalt
fiber (BF) is highly potential alternatives compéute US$ 15 per 1 kilogram of glass fiber and US$p8r 1 kilogram of carbon
fiber and better chemical-physical properties (Daaét Czigany, 2009). Mechanical properties of B&\aable with glass ones,
while strength and replacement at break of BF arg strong. Like some other fibers, the elastic uhosl of BFs also depends
upon the chemical constituent and is observedittiatypically equal or somewhat Superior to thhglass fibers (Ross, 2006).
Basalt which is obtained from the volcanoes whiaep blowing the lava into the earth atmospherechvhdauses the
reinforcement of the Advanced Basalt fiber asghhechnology and used in green composite. In IBdisalt rocks are found in
Maharashtra, Gujarat, Madyapradesh, and Hyderalaags (Ranjithkumar, 2017). The serious disadygnteted in glass fiber
is shrinkage and moisture absorption charactesisiibe basalt fiber can be used in the place akdiaer to overcome the above
mentioned disadvantages. Basal fiber electricallati®on is ten times greater than that of glassrfiwhich makes its suitable in
electrical and electronics application. The notaleantage of basalt fiber over glass fiber immis of mechanical properties, its
Young's modulus is 15% greater than glass fiber stneingth is 11% higher than glass fiber (Lapenal.e2014). Basalt fiber
will stand as a best alternative for glass fibeallraspects.

2. Basalt fibers production
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Fig.-1 Plant layout of Basalt Fiber Production

In many ways, Basalt fiber production is simitarglass fiber production. The process of Mantfideg of Basalt filament
consists of four major steps, Melt preparation,riisibn, Fiber forming, use of lubricants and figallinding. The process of
filament manufacturing by heating the Basalt antlughing the molten material through the die in thiem of fibers is shown in
the Fig.1 (Berozashvili, 2001)

Basalt rock (crushed material) is washed and ckbame allowed to move in the melting bath in thatbd furnace to get melt
(Basalt) materiel. Temperature is maintained anftirnace around 1400 to 1500C. The second stefisterof extrusion process
where molten rock is extruded through nozzles tocgatinuous filaments of Basalt fibers( BasaltakTR.td). The third step is
fiber formation. The fibers obtained from the meider pressure can be imparted to strand inteduityicity, and resin is applied
and filaments are collected together to form strimchation. In the final step the Strand formeavisund by automated winding
to forming tube. The filament diameter from 7 micrm 17 micron can be produced depending upon pleeds of fiber and
temperature of melt. Fig2 (shows flow chart of liafber production). Fig 3(a) shows the Basaltqes rock formed by lava b)
continous Basalt fibers c) Basalt fiber roving @sBlt Mesh
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Fig.2 Flow chart of basalt fiber production
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2.1 Composition of basalt fiber

Being rich with oxides of Mg, Ca, Na, K, and FepA§ with traces of alumina and earth crust consi6t33% of Basalt is a
copious mineral. And Fig. 4 depicts chemical cohte basalt which differs according to topographidistribution. Chemically,

these fibers are composed of plagioclase, olivamg, pyroxene and clinopyroxene mineral .Based eratiove chemistry; there
are different types of basalt like Boninite (richrhagnesium), Alkali basalt (rich in sodium) andlHitc basalt (rich in sodium).
Figure 4 describes the mineral distribution withasalt and effect of geological changes
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Fig. 4. Chemical composition of basalt fiber
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3. Properties of basalt fibers

3.1 Alkali résistance

Basalt fibers are less affected. Durability, m@nance under the critical situation and long tgremformance are some
drawbacks that the composite has to face and mitisat being corrosion. Toughness, degradatiorpprties of resin and crack
propagation are the factor on which résistancenagaiorrosion depends. The complete mechanism thetdgradation of fibers
has not been understood completely, but strucamdl morphological changes arises in Basalt whenékpose to un favorable
environment for long period of time (Berozashva01). Basalt fibers are more stable in salt sotuéspecially in water, but in
strong acids they show less stability. In alkakoéutions its tensile strength reduces due tongjttf the fibers in large area. It is
also observed that in acids the tensile strength educes which is due to damage of chemical itoest of fibers. Finally the
Wight loss is lower in alkali, water, and acidsoa{$engiz). It is observed that Basalt fibers ameirt composites shows greater
resistance to salt and water solutions as comparglhss fiber where as in acidic environment gleesat the basalt fiber. It is also
concluded that properties of basalt can be modifi®dg matrix and coupling agent. For example, wlpaxy resins reinforced
BFs and glass fibers were tested with a seawaletian similar degradation was observed in Epoagdal basalt fiber and Glass
fiber (Wei et al., 2010, 2011).

3.2 Thermal stability

In comparison to E-glass (-60 to 450/460°C) Basa#t wider temperature range -200 to about 650/80D2€ to mineratomposition
and presence of huge number of micro pores, BFpassive to fire protection and thermal insulataplications (Novitskii,
2004; Fiore et al., 2015). The crystallization bebais key factor in evaluating the heat stabilitfyBFs.It depends on the heat
treatment process and chemical composition of fibeBasalt crystallization occurs in two phasestfphase in which spinal
structure formed due to oxidation of ferrous cat.iand in second phase the diffusion of divaletibna (Fe2+, Mg2+, Ca2+)
takes place where they come to surface to form oaystalline layers of Cao, (Mg,R€),;, MgO (Fiore et al., 2015).

3.3Mechanical strength
Basalt fiber tensile strength varies between 308@Mpa which is higher than glass fibers. It hagda strength and stiffness than E
glass fibers. The BF specific gravity varies froré & 2.8g/cc than other fibers.

3.4 Corrosion and fungi resistance
Basalt fiber has excellent corrosion and fungistasice. It does not react with air, gases and wisteisture present in BF exists in the
range less than 1%.

3.5 Abrasion property
Basalt filaments have hard filaments and hardnasgs between 5 to 9 Mohr’s scales. A basalt filsinpssesses better and stronger
abrasion property.

3.6 Ecological friendliness

BF have usual raw material obtained from basaltaeid from rock. It does not cause any harm todruhrealth. It does not produce
any biological hazard and cause the waste disgmealems. Hence this material is considered asdrigy the ecosystenK(mbhar,
2014.

4. Properties of basalt fiber reinforced polymer

Basalt is made of basalt fiber that carries laagrovide strength and stiffness characteristiene as Polymer distributes load &
protects the fibers from environmental conditioPelymer can be of different types such as thernttinge(vinyl ester, epoxy),
thermoplastic (polypropylene, polyethylene etc awrldeg on the properties of polymer polyethylene) 8tepending on the properties of
polymer properties of BFRP change.

4.1 Flexural behavior

Composites are subjected to various loading camditduring their service life, among which, flexisepredominant. When basalt is
mixed with polyester and subjected to three-pdiexire test is done and found that the flexuraraith and flexural modulus were
highest for the composite material with pure staglaf Basalt than it more flexural strength amdmg dther pure glass sample specimen
(Amuthakkannan et al., 20.4The effects of surface modification of Basdltefis and glass fibers with unsaturated polymerixniat
acidic and alkali environment in BFRP laminatesveh@xcellent mechanical properties as comparedRRRGlaminates (higher tensile
and impact strength of BFRP composite in acidicirenment Manikandan et al.2012). A comparison was done between BFRP
having epoxy matrix and BFRP having tourmaline ofidano particles and it was seen that as compareBasalt fiber epoxy
composite, Basalt loaded with different tourmalieecentages showed higher tensile and flexuraigtind Subagia et al2014),



54 Tavadi et al. / International Journal of EngineegirScience and Technology, Vol. 13, No. 4, 2021556

4.2 Temperature variation

When thermal properties of glass fiber is compaceBasalt fiber it was found that tensile moduldB& was around 60.4 £18.9 GPa
while tensile strength was found to be 568 + 267aMPrhere are several properties of basalt thatenitakemarkable like chemical
résistance, thermal resistance, low water absor@ta sound insulation ability. When basalt is rdixéth thermoplastic and thermoses
matrix it can be a very good rein forcing mate(tdung et al., 201¢ At various temperatures, Basalt fiber demonesraitered elastic
properties because of warm impact. When basalt fioempered at various temperatures of 300, 200,and 50°C it was observed that
there was some basic change inside the fiber, whitibates solid ductile properties when the fivas treated underneath of 300C at a
time of 1 hour. filitky et al., 2002)

5. Basalt fiber future prospective and challenges:

The worldwide market of Basalt fibers is expddie grow at a CAGR over the next five years whighh meet millions USD in 2024
from million of USD in 2019, as per the latest repfmcuses on basalt fibers in global market indpar;, North America, and Asia-
Pacific, South America and Middle East and Afrieevé also attracted attention The use of Basalt fibendustry especially significant
in construction area due to its properties suchcesl compatibility with concrete, easy mixing agthiconcentration environmentally
friendly properties. The basalt fiber is findingiaased application in the construction & infrastwe segment due to its high strength
and non-corrosive properties.. Basalt fiber hagdiamechanical strength that is useful in consacat extreme condition... These are
available at a much lower price compared to aleotikali-resistant fibers.. Hence, constructiorinfrastructure end-use industry is
expected to grow with high CAGR during the forecasriod. Demand for non-corrosive products consnte increase in the
construction industry as it helps to reduce the aod increase the life of structure made by uiiegn. The use of corrosion-free basalt
fiber composite bars as reinforcement in concretane of these development.

The basalt fibers impart strength to the reblilemhe resin holds the fibers firmly. In comparisto steel rebar, BFRP (basalt fiber
reinforced plastic) rebar significantly improvee tlife of civil engineering structures where coroosis a major factor. There are some
technical complexities in the production of bagiaker which creates difficulties for the productdompete with other matured products.
There are a number of advantages of basalt fiber tne conventional glass fiber; however, it is retommended by the governments
and no initiatives have been taken by other agsrtoielevelop this industry. There are very few ¢oes such as Russia, China, the US,
Germany, Belgium, and Ukraine which are focusingtloa further expansion of basalt fiber but emergéegnomies such as Brazil,
India, and others do not register any initiativeshiis market. Manufacturers are trying to prontbie use of basalt fiber on their own in
various industries by attending several exhibitiand composites conferences.

6. Applications of basalt fibers

6.1 Nuclear power plant

Basalt fibers are used for eradicative materialauiolear power plants since they do not absorkatiadtis .protective cap using
geo-composites in the waste disposal sites, incating the basalt materials, can offer best praiacagainst nuclear hazard
environment.

6.2 Concrete reinforcement

Basalt fibers are used in the construction fielpeeglly in civil structures due to their excelldite resistance properties. These fibers
are also used in bridges, tunnels and railwayspslse The 80% of basalt fibers with epoxy bindeat tforms basalt rebar gives
mechanical strength to reinforced concrete whiehless expensive.

6.3 Building material

BF can be used as new material for doors, buildinggriors, and sound insulation for buildings.hiis excellent sound résistance
characterstics.It can perform as fencing in thgdesncy range up to 1800HZ. These fibers are welliegble as slabs for construction of

house such as ceiling. The BF possesses exceflemhal insulating properties which are three tirttes asbestos. These fabrics are
used in blocking material in public transport syste

6.4 Road construction

Basalt fibers offers number of advantages oveigtass fibers and metal mesh pavement reinforceriiémiely are eco-friendly and offer
resistance to very high temperatures of molten @tphhey are also safe material in tunnel liningrkv The basalt fiber material is
suitable for soil and stone built to carry roadstbilization and climate and environment-friensthfety.

6.5 Abrasion resistance basalt fiber pipes andingst

Pipes can be manufactured using filament windicgneue with the help of fabrics, and prepegs tarate with a binder. These pipes
are applicable for transporting liquid and gasde Basalt made pipes are used for longer serviggsdife 60 to 80 years which is 2 to
3 times longer than conventional metallic pipe.Sghare also used in chemical, oil and cement inidgst

6.6 Agriculture
BF can be used in various applications like, drgén@ipes, pies. for irrigation and hosing. It iscalused in agriculture machine
construction.
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7. Conclusions

Basalt rock is an alternative raw material ugadfiber forming due to its chemical structurerga scale availability, freedom from
impurities and great ability to form fibers in mait state. Basalt composite replaces the steel kagwainforced plastics (1kg of steel is
equals 9.6 Kg of steel).Basalt can replace almbsipplications of asbestos and has three timefétst insulating property. Alkali
résistance, thermal stability of Basalt fiber adlves flexural strength, temperature variation athesive nature of Basalt Fiber
Reinforced polymer is studied. Basalt compositdsiléted higher tensile strength when subjectedighdr temperature for different
time periods then GFRP. The adhesion between tlsalB&ber and its composites is better as compaoedarbon fiber and its
composites. Initial cost of basalt fiber dependnaizal composition, quality of raw material leaditmgformation of different type having
different mechanical, thermal and chemical propsrtDue to wide application in infrastructure amndoaobile industry and low cost
basalt fiber can well be the material of future
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