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ABSTRACT

In this work, the effect of number of layer of the thermal liner on thermal protection properties of
thermal protective clothing have been studied. An experiment has been conducted using three-
level three-factor Box-Behnken designing method; factors used are number of layers of thermal
liner, mass per unit area of thermal liner and intensity of radiant heat flux. Thermal liners with
three different mass per unit areas (150 g/m?, 200 g/m?, and 250 g/m?) have been prepared. Each
thermal lines have been divided into three layers (single layer, double layer, and triple layer). All
samples have been tested under three different radiant heat exposure (20 kW/m?, 40 kW/m?, and
60 kW/m?). ANOVA study has been performed to analyze the significance of the structural and
test parameters and their interaction. Second-degree burn time or protection time has been
observed to increase with the increase in the mass per unit area of thermal liner and decrease with
increased heat flux. As number of layer increases, protection time also increases. The effect of
number of layer is more prominent at a lower level of heat flux than a higher level of heat flux.

thermal liner of 200 g/m? mass per unit area and three layered is selected for further studies.

To comprehend the impact of elementary construction parameters of nonwoven thermal liners on
their thermal protective performance, the current research primarily emphasises on studying the
effect of needle penetration depth and needle punch density of the thermal liner. Three layered
thermal liners with 200 g/m? mass per unit area were prepared with three different punch densities
(50 punches/cm?, 75 punches/cm?, and 100 punches/cm?) and three needling depths (5 mm, 10
mm, and 15 mm). An experiment was carried out utilizing the 3* Box-Behnken designing
approach; the factors employed were the radiant heat flux intensity, needle punch density, and
needle penetration depth of the thermal liner. Thermal protective performance of thermal liners

was measured at three discrete intensities of radiant heat exposures. To investigate the effect of
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the test and construction parameters and their interaction, an analysis of variance study was carried
out. It was observed that protection time rises with the decrease in needling depth and needle punch
density at every level of heat flux. With the rise in incident radiant heat flux protection time also
declines. Three layered thermal liners with 200 g/m?2 mass per unit area were prepared with 50

punches/cm? punch density and 5 mm needle penetration is selected for further studies.

The current study focuses on analyzing the effect of compressive stress on thermal liner and
microclimate thickness (the distance between the wearer's skin and clothing) on the thermal
protection of a thermal liner to understand the influence of working conditions and the fitting of
protective clothing on its thermal protection and the safety of occupational workers. 3% Box-
Behnken design was utilized to carry out this study. The independent factors were compressive
stress on the thermal liner, microclimate thickness, and heat flux. The radiant heat transfer index
(RHTI24) of the thermal liner against three different incident radiant heat flux levels was assessed.
An analysis of variance study was performed to determine the significance of the independent
parameters (compressive stress on the thermal liner, microclimate thickness, and heat flux), as well
as their interaction on the dependent parameter (RHTI24). It can be found that the RHTI24 value
increases with an increase in microclimate thickness at every level of heat flux. RHTI24 value
decreases as compressive stress on the thermal liner and heat flux increase. From this study, it can
be concluded that loose-fit heat protective clothing that has a higher microclimate will provide
higher safety to the wearer. In working conditions, where incident heat flux is low protective
performance of thermal protective clothing will be high. When the applied compressive stress on

the thermal liner is less, protective clothing will provide greater safety to occupational workers.

Working conditions have a profound influence on the thermal protective performance of heat

protective clothing. The heat transfer index (HTl.4) of a multilayer thermal liner exposed to
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varying degrees of heat flux under radiant, flame, and 50 % radiant — 50 % flame exposure was
studied using a vertical TPP tester. A three-layer needle punched nonwoven thermal liner with five
levels of moisture percentage (0 %, 25 %, 50 %, 75 %, and 100 %) was evaluated at three levels
of heat flux (20 kW/m?, 30 kW/m?, and 40 kW/m?). The regression analysis was used to assess the
relationship among the HTIl»4 value of the samples, moisture percentages in the thermal liner, and
heat flux for these three kinds of heat exposure. Regression equations were developed to calculate
the HTl24 value of a three-layer thermal liner for radiant, flame, and 50% radiant — 50% flame
exposure. Moisture has a positive influence on the heat transfer index (HTI24) for every level of
flame, and 50 % radiant — 50 % flame exposure, which indicates that as the moisture content rises,
the heat transfer index (HT124) of the test samples correspondingly increases. On the other hand,
at lower level of radiative heat flux, water percentage increases the HTl4 value, while at higher

level of radiative heat flux water percentage has an adverse impact on the HT 124 value.

Lastly, Silica aerogel was developed in situ aramid needle punched nonwoven thermal liner via
sol-gel process followed by ambient pressure drying technique using tetraethoxysilane (TEOS) as
a precursor. The thermal liner was augmented with silica aerogel at three different add-on
percentages relative to the weight of the nonwoven fabric. This incorporation aimed to investigate
the influence of the aerogel add-on percentage on the thermal protective performance of the tested
thermal liner. The wet gel surface was modified through a silylation process, varying
concentrations of silylating agent, trimethylchlorosilane (TMCS), in hexane. The characterization
of the aerogel-embedded thermal liner samples encompassed evaluations of thickness, air
permeability, thermal conductivity, thermal stability (measured by TGA), and examination
through Scanning Electron Microscopy and Fourier-transform infrared spectroscopy (FTIR). The

heat transfer index (HTI24) was measured for every sample under radiant and flame heat exposure.
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Analysis of Variance study has been performed to analyze the significance of the aerogel add-on
percentage and concentrations of silylating agent on the heat transfer index (HT1.4) of the aerogel-
embedded thermal liner. Aerogel embedded thermal liner, irrespective of aerogel add-on
percentages and TMCS concentrations, provides higher protection under both radiant and flame
exposure than non-aerogel nonwoven thermal liner. Both aerogel add-on percentage and TMCS
concentration positively impact the HTI24 value for both flame and radiant heat exposure. This
indicates that increase in both the aerogel add-on percentage and the TMCS concentration
corresponds to a rise in the HTI24 value for both types of heat exposure. Higher protection against
flame and radiant heat exposure makes aerogel-embedded thermal liners more suitable for extreme

heat-protective clothing.
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