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ABSTRACT KEYWORDS
This work investigates the thermal performance and characterization of Basalt Fiber;
Basalt Fiber as an alternative for firefighter protective clothing at elevated Radiactive;
temperature. The development of protective clothing for better protection, Thermal Performance;
stability, and durability has been the subject for several researches. Since Firefighter Protective.

the main mechanism or heat transfer between fire and firefighter isradiation,
therefore produce the second degree of burn in the firefighter, Ultraviol et
Visible near Infrared (UV-vis-NIR) spectrophotometer was used, toperform
thethermal radiation. Basalt and Glassfabric coated with aluminumfoil and
uncoated were used for comparison the thermal properties. Chemicals
bonding and molecular structure that cause higher thermal stability of basalt
fiber were identified using FTIR, while low thermal degradation was
performed using TGA. Significant improvement in reflection was observed
inthe fabrics after coating with aluminum foil. The main differencewasin
the surface roughnessof the materials, also basalt revealed to be natural
resistant to electromagnetic radiation. FTIR result showed greater Q*Si-O
molecular networking and chemical bonding for basalt fiber, thus higher
thermal stability, because according to TGA results only 0.58% of mass
was lost at elevated temperatures.(900°C) Thermal performance and
characterization of basalt fiber in this investigation suggest that basalt
fiber possess excellent thermal performance and stability at elevated
temperature, with great potential for application in firefighter protective
clothing. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION widely different properties, such asthermal resistance,
oxidative stability, and good mechanica performance.
Recent reportsshow that millions of peopleworld- Firefighter Protective Clothing against thermal ex-

wide are exposed to variousthermal environments, posureisofcrucia importancefor firefightersintheline
particularly thefirefightersand their bodiesneed pro-  of duty becauseit must provide enough protection and
tection. The performancerequirements of protective  comfort against i ntense radiation heat flux which nor-
clothing for firefighters often demand thebalanceof mally rangesfrom 6 kW/m? up to 84 kW/m? or even
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more. Theradiative heating load dependson thesource
of radiation and therefl ectance of thesurfacereceiving
theradiation. Previousreportsexplain that the primary
mechanism of heat transfer between the fire and
firefighter is 70% radiation, and the other 30% isdi-
vided between conduction and convection. There-
flectance of thefabricmainlydepend on thefiber mate-
ria, roughnessand coating.?.

Recentlyreports have shown that Basdt anovd fi-
ber, congdered, the 21th century fiber hasexcd lent ther-
mal, physical, and mechanical propertiesat elevated
temperatures. Inthisresearch Basalt fabricisstudied
asan dternative ashigh performancefibers, with po-
tentia gpplicationinthefirefighter protectiveclothing.

Therma Performancefor firefighter protectivec oth-
ing has been widely studiedfor many years®®.
Bad cdlyfirefighting protectiveclothingisdesigned to
protect to the firefighters skin againstfrom
burnsthereforeiscrucia importanceplaysthemateria
of firefighting protective clothingto provide effective
protection during therma exposures

Thethicknessand thefabric construction have a
stronger influence®@whilethe color of thefibershave
different ability to absorb UV radiation and to block
most of theincident radiant energy and prevent it from
reaching the skin. The reason is because yarn color,
additivesand coatingshave much moresignificant im-
pact on UV transmission propertiesrather than fiber
compositionitsalf.[*U

Result of fiber surface morphol ogy and mechanica
propertiesof basat fiber hasbeen extensively studiedfor
wideapplicationincomposite, renforcement materia™
1 putlittle information is available on the thermal
propertiesand applicationsspecialyforfirefighter protec-
tiveclothing. Destructivetest such as Thermogravimetric
Andyss(TGA) and nondestructivetest Ultraviolet Vis-
ibleNear Infrared spectrophotometer (UV-vis-NIR),
and Fourier Transform Infrared (FTIR) testareused in
thisinvestigation.

The main objectivewasto investigate and com-
parethetherma performance of Basalt and fiberglass,
asandternative, inthecongtruction of firefighting pro-
tective clothing and future applications, when thetem-
perature reach 700°C or more. At that temperature
normally conventional high performancefibers(HPFs)
losetheir propertiesdueto the high heat fluxes, aswell

asthehigh cost that implies.
MATERIALSAND METHODS

Continuous Basdlt Fiber and fabric was purchased
from Jiansu TianLong Continuous Basdt Fiber Hi-Tech
Co. Lda, and auminium foil was purchased from
Shangha ShenhuoAluminiumfoil Co, Ltd.

Thethermal performance of coated and uncoated
Basdt and Glassfabricswereandyzed, the coating ma:
terid wasauminumfail, theset of fabric propertiestested
aresummarizedinTABLE 1

Ultraviolet near infrared spectrophotometer (UV-
TABLE 1: Basic Propertiesof theMaterials

Fabric

. Area

Material  Structure Count  Thickness M ass

(10x 10 [mm] [g/m?]

mm)
Coated .
Basalt Plain 19x 10 0.625 780.12
Coated Plan  12x8 0963  499.02
Glass
Basalt .
Uncoated Plain 19x 10 0.614 780.00
Glass .
Uncoated Plain 12x 8 0.952 499.02
Al Foil - 0.011 29.7
VIS-NIR)

Thedominant heat transfer mode betweenfireand
clothing surfaceisradiation, (about 70%), theother heat
transfer mechani sms such as convection and conduc-
tion are neglected asthey represent asmall quantity
For the present research, smal squarewoven samples
with dimension 6 x 6 [cm] werecut, and thenheld in
thedetector at scan speed of 750 nm/mint, withwave-
length range between 2600 nm to 240 nm, aUV-Vis-
NIR spectrophotometer, HITACHI, wasused for this

purpose
Fourier transform infrared spectroscopy (FTIR)

FTIR investigationsof inorganic fibers (basalt and
glass) weretested onThermo Nicolet Spectrometer.
Basalt and glassfabricswerecut insmall pieceswith 2
x 7 cmof dimension. Thesampleswereinsertedinthe
spectrometer and spectrum was recorded from 4000
to 500cm*with aresolution of 4 cm™. The FTIR spec-
trawas collected at 65+2%RH and 21+1°C environ-
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mental conditions.
Thermogravimetricanalysis(TGA)

For TGA testsapproximately 4 mgin average of
basalt and fiber glass sampleswereplaced in pan, and
the temperature was set from 50°C up to 900°C, onset
temperature, maximum mass|osstemperature, and fi-
nal temperature respectively were quantified, using
termogravimetricinstrument Netzsch TG 209F1witha
heating rate of 10°K/mint, in Nitrogen Atmosphere.

RESULT AND DISCUSSION

Inthissection theresult obtained after eval uation of
therma performance of Basdlt and Fiberglass, destruc-
tivetest aregiven and discussed.

Ultraviolet near infrared spectrophotometer (UV-
near-VIS) result.

Theradiationisoneof the mgor causes of degra-
dation of textilematerids, whichisdueto excitationsin
some partsof the polymer moleculeand agradual loss
of integrity, and depends on the nature of thefibers.
The penetration of thethermic radiationinthetextile
materia susually causes photo oxidation and resultsin
decreasein elasticity, tensilestrengthand adlight in-
creaseinthedegreeof crystdlinity. Theradiation at El-
evated temperatureresult in severelossof the proper-
ties in most cases in the textile fabrics. Similar to
homochain polymerstherearesevera hetero chain poly-
mersalso that are highly susceptibl eto photo degrada:
tion: polyesters, polyamides and
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polyaramids,polyethers, polyimides, polyurethanesand
polysul phidesand d so highstrengthfibersn such as.zylon,
dyneemaand Kevlar losses strength upon exposureto
rediation.

Thesurfaceof textilefdoricsisnever absolutely tiat
and smooth, and fabricsarerardly balanced interms of
the gppearance of warp and weft ontheir surface. Even
inthecaseof plain weavefabrics, thereisoftenadomi-
nance of onegroup of threads on the surface, resulting
intheother typeof thread being hidden. Thisintroduces
complicationsinto obtaining structura informationfrom
surfaceroughnessdata.

ThereflectancespectruminVisibleand Near infra:
red region of Glassfabric and Basaltisshowninthe
Figurel, ascanitisobserved, coated glassfabricexhibit
higher reflectancearound 74.49% in averageintheVis-
ibleregionand 72.25% for coated basalt fiber, which
means Glassfiber is2.49% morereflective than basalt
fabrics, thisisattributed to theroughness surface of the
samples.

Asitwasmentioned before mainly thedifferenceis
because of threefactorsaffecting therefl ectance prop-
ertiesintextilefabrics, theroughnessof the surface, the
naturd light color of fabric, and the coating with a umi-
numfail.

Since Glassfabric hasalight (white) color it re-
flectsmorethan basdt. Coating withauminumfoil con-
tributeat |east 90% to thereflectance dueto the specular
(glossy) surface and al so give smooth surface, com-
parewith coated Basdlt thedifferenceis14.57%inthe
visibleregionand 15.72% in thenear infrared region.
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Figurel: Reflectance spectrum of Glassand Basalt Fabric
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Ontheother hand comparewith uncoated basdt fabric
which hasagolden brown color and naturally UV and
it hashigh e ectromagnetic radiationres sancethan glass
fabric, thedifferenceisaround 15.84%

Particularly in personal protection, thevapor pen-
etration must belower because 75/sg/mé for one hour
isenough to produce blister in the human skin, since
coated glassand basalt reveal spossessgood reflectivity
properties.

Intermsof transmittance uncoated basalt fabrics
shows better result thereforeit offersmore safety due
to the higher absorbance of electromagnetic radiation.

TABLE 2issummarized the averagereflectance of
Glassand Basdlt fabric.

Fourier transforminfrared (FTIR) characteriza-
TABLE 2: UV-NIR Valuesof Glassand Basalt Fabrics

Fabric VIS NIR
Sample Construction [%0] [%0]
Coated Basalt  Plain 67.44 73.71
Coated Glass  Plain 82.01 89.43
Uncoated .
Basalt Plain 15.64 39.57
Uncoated Plain 6848 6823
Glass
tion

Since both glassfiber and basalt fiber areinor-
ganic materials, that possess anions of oxygenated
systemwhileisanimportant featureof inorganicscom-
pound, themain difference with organic spectraisthat
inorgani cs compounds has afewer spectral absorp-
tion bands. Therefore the analysis of complex mix-
turesarelimited that iswhy infrared analysis of inor-
ganic materialshave not been aspopular asanalysis
of organic.l*®, Figure 2, itisshowsthe FTIR spectra
for both glassand basalt fibers, both coated with alu-
minumfall

The R spectraof basalt and glasshave been con-
ducted. Researchersnoted that different spectraregions
correspond to vibrationsof different structuralunits, and
claimed that the bandswithin1200-1100 cm™*aredue
to the stretching vibrations of non-bridging bondsin

5 tetrahedrd that contain onenon -bridging oxygen

atom. Thebandswith peaksat 1053 cmrlareassociate
withthevibrationsof termind groupsintetrahedrd con-
taining three and sometimes two non-bridging
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Figure2: FTIR spectraof Basalt and Glasscoated fabrics

oxygenatoms.

Asitiswel knownthecovaent S-O hasenthapy
bond of 466 kJmol, compared with the C-C bond
which hasabond enthalpy of 347 kdmol, thismean
that thelinkage-Si-O-Si-O- isvery stable

In basalt fiber abosorption spectrum SIO, stretching
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Figure 3 : Schematic representation Si-O M olecular
networkingininorganicfibers

band was located in the range of 1000 — 1050 cm?
whichisthemost intense absorption, andthisanionis
assumed to consi st of Q* speciesforming acontinuous
random network, the position of the main Si-O-X
sretchingband (X =Si, O, or OH) givesanindication
of thelength and angle of thebondsin asilicate net-
work. Inthe TABLE 3 aremoredetailsispresented.
Duetoformetion of covaent bond S-Owith higher

TABLE 3: Absor ption Spectra of Basalt and GlassFabric

Fabric A M aps Aend
Basalt 0.004 0.062 0.058
Glass 0.017 0.055 0.082

Watariosy Stience  mm—.
A VMW
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enthal py bond than other molecular bond formation,
basdt fiber showsgreater Si-O networking (Q?,Q3, and
Q") thiscontributesin better thermal and mechanical
performancethan Glassfiber, these advantageous prop-
ertiesmake basdt fabric oneof themost promising tex-
tilefabricsfor firefighter protectiveclothing.

ThermogravimetricanalysisTGA

Glassandcontinuousbasdt fiberare prepared from
mineral compounds, containingmainly Aluminain Sli-
cate glassesisknown to play thedual role of theglass
former.

Thethermo gravimetric (TG) tracesfor Basalt and
Glassfiber performed in nitrogen atmosphereat 10°K/
mint heating ratesare presented in Figure4

Figure4, showsthat both fiber Basat aswdll Glass,
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Figure4: TG of Basalt and Glassfiber

undergoesthermal degradation, and it occur smulta-
neoudly, it isapparent from theinception both samples
start losing weight, before onset temperature, dthough
thedegradationratioislow.

Inthecase of Basdlt Fiber thedegradationisamost
imperceptible, while glassfiber performsanotorious
degradation between, 330°C — 420°C. Quantitative
data, the onset degradation (T __ ), the temperature
maximum (T __ ), end temperatureof degradation (T, ),
have been caculated fromthe DTG plot, anditissum-
marizedintheTABLE 4

The onset degradation temperature of Glassfiber
occur at 294.85°C, inthe next 82.56°C reach the maxi-
mum mass | oss, and in thisstep 1.9% of the original
masswasloss, and theninthe next step up to 550.85°C,

>yl Paper
TABLE 4: TGAnalysisof Basalt and Fiber Glass

Mass
T T T AT
Sam |e onset max end LOSS
P€ c] el el el
[%]
Basi 27114 35064 45126 18012 058
Fiber
Glass  oo465 37741 45435 1505 1.9
Fiber

themassof theglassfiber remained congtant. Thesame
phenomenon happenswith basalt fiber, although the
onset, maximum and end temperatureisquitesimilar to
theglassbut, only 0.58% from theorigina masswas
| ost asmaximum, and then the mass remained constant

A dightincreaseintheweight isobserved beyond
600°C, in both fibersbecause at high temperature nor-
mally thereisformation of nitrides!***dueto thereac-
tionwith nitrogen environment.

In comparison basalt fiber hasabetter thermd per-
formancethan glass, isdueto the Q* molecular sructure
of sliconwhichmeansit hasbetter cristalinity and mo-
lecular dignment, thereforemore energy isrequiredto
break theexisting bonds. Thismaketo basdt fiber bet-
ter thermd and mechanicd performancethanglassfiber.

CONCLUSION

Basdlt fiber asnovel materia swas characterized
using UV-vis-NIR. FTIR and TGA test, for future ap-
plication inthe protective clothing at high heat fluxes,
therefore elevated temperatures. It exhibited excel-
lent, rediative, thermal stability properties, either coated
or uncoated, although the difference was mainly be-
cause of coating materia such aluminumfoil andthe
roughness of the fabric surface. Theresult obtained
fromtheFTIR, despitelittleinformationisavailablein
theliterature, suggest that the greater therma and sta-
bility of basalt fiber than glassfibersisdueto thehigher
Q* Si-O molecular structurewhich requirehigher en-
ergy to break therefore higher therma and mechanica
energy isneeded to separated them.

Theresult of TGA illustrates|ower degradation for
Basdlt fiber, dthoughit beginsto degradeat early ther-
mally thus, and mass|oss. Thedecomposition of basalt
waslessthan 0.6%, making it good enough for protec-
tivedothing.
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