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Abstract
In this work, for the sake of improving the performance of homogeneous and flexible silica aerogel blankets in practical 
applications, lightweight recron fibers were added in silica sol for the fabrication of silica aerogel blankets. The recron 
based silica aerogel blanket (RSAB) was synthesized by using a low-cost industrial grade sodium silicate precursor with the 
superficial sol–gel process via ambient pressure drying technique. The as-synthesized RSAB features excellent flexibility, 
hydrophobic, thermally stable, and mechanical robustness. The Si–C–H bond percentage is maintained at 6% after heat treat-
ment at 270 °C, which results in the high water-repelling phenomenon at a contact angle of 120°. The thermal stability of 
the aerogel blanket is also confirmed (246 °C) by differential scanning calorimetry. Moreover, the prepared aerogel acquires 
87% porosity with homogeneous microstructure and BET surface area as 644 m2/g. The oxidation peak is detected at 280 °C 
of –CH3 groups. The latter endowed the RSAB exhibits superior thermal insulation property as well as excellent flexibility. 
These prepared RSAB aerogel composites may have great integrity for a wide diversity of energy-saving applications. Such 
RASB can have great potential in electrical appliances for energy conservation purposes due to its lightweight, thermally 
stable, mechanically robust, highly flexible, and economical manufacturing processes.

Keywords  Industrial grade sodium silicate · Monolithic and robust silica aerogel blanket · Recron fiber · Ambient pressure 
drying · Porosity · Thermal stability · And flexibility

1  Introduction

Nanoporous materials such as aerogels have been appealed 
for wide-ranging attention in various technical fields for an 
excessive range of applications [1, 2]. Lightweight nano-
composite has great market integrity in various fields like 
building construction sectors, automobile industries, and 
spacecraft applications compared to the traditional inor-
ganic insulation materials like thermocol, and polyester 
etc. Recently, the acoustic building is the sector in which 
large amounts of electric energy are consumed due to elec-
trical appliances such as electric heaters, refrigerators, 

microwaves, and air conditioning systems. With the help 
of efficient panels of highly thermal insulating materials in 
electrical  appliances and acoustic buildings is a realistic 
solution of energy demand as a consequence of minimized 
energy losses. Amongst  the variety of aerogels, silica aero-
gels, are one of the widely used as excellent thermal insula-
tors due to the larger open pore network structure, low ther-
mal conductivity, highly porous nature, and large specific 
surface areas [3, 4]. Due to the latent and better performance 
of as a thermal insulator significant attention has been inter-
ested by aerogel blankets for their great market outlook in 
various sectors like building constructions, acoustic insula-
tion, aerospace, aircraft, chemical engineering [5–8]. How-
ever, they are integrally fragile ascribed to their weak pearl-
like assembly, which restricts their real-world application. 
Due to shortcoming this short of pure silica aerogel can not 
be applied as thermal insulation  materials are enormously 
limited by their fragile and low mechanical strength [9]. 
However, due to the weak mechanical performance, high 
porosity, and mesoporous nature the commercial application 
of pure silica aerogel can be the main concern.
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To overwhelm these limitations, numerous studies have 
been activated to improve the mechanical strength of silica 
aerogel with other materials. Initially, researchers reported 
the strengthening of wet silica gels by aging for a prolonged-
time period and heat treatment resulted in minimized shrink-
age with the improved mechanical strength of the aerogel 
manufactured by the supercritical drying method [10–12]. 
These methods enhanced the degree of polymerization and 
showed the strength of the silica network backbone. How-
ever, such silica aerogels by these approaches were not suffi-
cient for large-scale applications. Presently, several research-
ers improved the performance of silica aerogel by various  
strategies including internal strengthening and embedding 
various inorganic and organic fibers such as carbon nanofib-
ers [13], glass fibers [14, 15], xonotlite fibers [16] and mul-
lite fibers [17] have been reported. Supercritical drying tech-
nique (SDT) is the most preferable method for fabricating 
aerogel over the decades. But SDT requires high pressure 
and temperature, hindered due to the energy-intensive and 
cost-ineffectiveness. From a cost-effective, more convenient, 
and environment-friendly point of view, the ambient pres-
sure drying (APD) method has been actively used as a way 
for fabricating aerogels [13].

It is familiar that the flexible fibers encourage the devel-
opment of flexible silica aerogel blankets while increasing 
the compressive strength of aerogels. However, the density 
of the blanket, thermal stability, and cost-effective produc-
tion hindered the contest of enhancing mechanical stabil-
ity. Therefore, adding lightweight and better thermally sta-
ble recron fibers would recover the overall reliability and 
mechanical stability of the silica aerogel blanket. Silica 
aerogel blankets, widely reported aerogel developed via 
tetraethylorthosilicate (TEOS) [16, 18–20] utilized in ther-
mal insulation fields [21–23]. To our knowledge, researchers 
have yet not reported lightweight fibers-based silica aerogel 
blankets. Recron fibers have less coming compared to glass 
fiber, sheep wool, and cotton [24]. In this study, we synthe-
sized a silica aerogel blanket with low cow industrial-grade 
sodium silicate precursor in comparison to expensive pre-
cursors like alkoxides (e.g. TEOS), recron fiber as a filler 
which is the most abundant and lightweight artificial fiber 
resource in the world. The recron based silica aerogel blan-
ket (RSAB) was obtained by single-step solvent exchange 
[13] and surface modification using trimethylchlorosilane 
(TMCS) as a hydrophobic agent [25, 26] as compared to the 
lengthy two-step solvent exchange process [27]. The recron 
fiber embedded into silica aerogel can improve mechanical 
stability without compromising density, economic produc-
tion. The purpose of our work was to highlight the thermal 
stability of lightweight silica aerogel blankets affected by the 
embedding of recron fibers. The mechanism of efficient pan-
els of highly thermal insulating materials in electrical appli-
ances to conserve energy was also studied and discussed.

In the current work, we employed a highly economic 
method to develop a monolithic, low density, mechanically 
strong with high thermally stable recron-based hydropho-
bic silica aerogel blanket at an ambient pressure drying 
method. In comparison with other fibers embedded silica 
aerogel nanocomposite, as prepared RSAB nanocomposite 
have the density and thermal conductivity, approximately in 
the range of pure silica aerogels. Owing to the recron fiber 
themself have a low density (0.89–0.94 g/cm3), and better 
tensile strength (350 MPa), which are excellent than that 
of the other fibers. So the density and mechanical property 
of the RSAB will not be more affected due to the added 
recron fibers. On the aspect of better thermal stability than 
other fibers, added silica aerogel composites are monolithic 
with improved compressive strength. A 3D silica matrix of 
the blanket was obtained by embedding a small amount of 
recron fiber into a silica aerogel matrix. To control the pH 
of the sol which is the key parameter for the preparation of 
silica aerogel blanket. Homogeneous distribution of silica 
particles completely within the fibers obtained by embed-
ding recron fiber into hydrosol before the gelation resulted 
in formation of homogeneous silica aerogel blanket. The 
developed aerogel blanket demonstrated reasonable thermal 
stability and better mechanical robustness due to the uniform 
distribution of silica particles within the fibers. The internal 
assembly of the gel can be commendable improved via one 
step solvent exchange of ethanol/hexane solution during the 
ambient pressure drying process. A facile hydrophobic agent 
TMCS can make the aerogel hydrophobic. Furthermore, 
owing to optimizing the production cost, overcome brittle-
ness with outstanding lightweight thermally stable materials 
in the field of energy conservation. This sample of silica 
aerogel blanket is the most convenient material in electrical 
home appliances against the issue of production of energy 
with a rapid evaluation of electrical instruments demands of 
high range energy utilization were also demonstrated.

2 � Experimental section

2.1 � Materials and methods

For fibrous insulation blankets, the abundantly available 
lightweight recron fiber has a diameter in the range of 
5–20 µm and 5 cm in length with a thickness of the fiber is 
0.5 mm is utilized for reinforcement of silica aerogel. The 
inflated recron fibers are pressed to form the proper size to 
fit the mold. The chemicals utilized for the synthesis of silica 
aerogel were industrial grade sodium silicate (Na2SiO3) as 
the main precursor and pure grade chemicals like sulphuric 
acid (25%, H2SO4) were purchased from Romest Silichem 
Pvt. Ltd. India. Trimethylchlorosilane (> 95%, TMCS) 
was purchased from Sigma-Aldrich. Other chemicals like 
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ethanol (EtOH, C2H5OH,), and n-hexane (> 99%) were pur-
chased from Duksan chemical. Sulphuric acid (25%, H2SO4) 
(ALDRICH) was used after diluting with deionized water. 
The recron fibers (5 cm, diameter) were washed with ethanol 
then dried at 50 °C.

2.2 � Preparation of recron fiber reinforced silica 
aerogels blanket

2.2.1 � Preparation of silica hydrosol

The experimental procedure of synthesis of monolithic aero-
gel blanket is illustrated in Fig. 1 Monolithic silica aerogel 
blankets were synthesized via a two-step sol–gel polym-
erization technique. The hydrosol was prepared by using 
industrial grade sodium silicate (Na2SiO3) precursor and 
acid-catalyzed diluted sulphuric acid (H2SO4). Then, the 
addition of recron fiber before gelation of hydrosol is sub-
sequently followed by solution exchange and surface modi-
fication. Final dried blanket obtained with ambient pressure 
drying process.

Silica hydrosols were prepared by an acid–base catalyzed 
sol–gel method. Firstly, aq. sulphuric acid (5% H2SO4) was 
added dropwise into the 20 ml of industrial-grade sodium 
silicate (8% Na2SiO3) solutions to control pH to 5 under 

constant stirring (300 rpm) to execute acid-catalyzed hydrol-
ysis process. The pH of the hydrosol was regulated for con-
densation by controlling the quantity of H2SO4 to retain the 
gelation time of the hydrosol.

2.2.2 � Preparation of recron fiber‑based silica aerogel 
blanket

Figure 1 depicts the preparation process of RSAB, and the 
specific steps are as follows: After the formation of uniform 
hydrosol, a mixture of hydrosol was slowly poured uniformly 
on the recron fibers (3 wt.%) which were placed in the rec-
tangular mold, to replace the air confined in fiber at room 
temperature. Then the mold was sealed tightly and kept for 
gelation. After gelation, mold was kept under continuous 
running tap water to remove trapped sodium ions from the 
gel. To further strengthen the gel network, recron added a 
wet gel blanket that was aged for 6 h into the water at 50 °C. 
After aging, the mold was kept into the ethanol solvent to 
exchange the pore fluid (water) which plays a vital role for 
strengthen the wet gel blanket by preventing shrinkage and 
cracking of the gel. To maintain three-dimensional silica 
matrix nanostructures, the wet-gel blanket was immersed 
in the mixture of polar solvent n-hexane/TMCS/EtOH (vol-
ume ration:40:10:50) to drain out water from the silica gel 
blanket and for a one-step solvent exchange and surface 
modification processes for 12 h. Immediately the gel turns 
from transparent to whitish, then slowly turns into light yel-
low–green precipitate. Afterward, the gel gradually became 
transparent, indicating the completion of surface modifica-
tion and solvent substitution of the sample. After a one-step 
solvent exchange and surface modification processes, a wet-
gel blanket was taken out. In the end, surface-modified wet 
gel blankets were exchanged with n-hexane twice in 12 h to 
extract the unreacted TMCS silylating agent from the wet gel 
blanket. For the evaporation of the trapped solvent from the 
wet gel blanket network to achieve a hydrophobic silica aero-
gel blanket, a monolithic RSAB sample was kept in the oven 
at 60 °C for 3 h and then 80 °C for 3 h. For complete removal 
of the pore fluid finally, the gel was dried at 120 °C for 2 h. 
After cooling the sample at environmental conditions, vari-
ous characterization techniques were carried out. Figure 2 
reveals a schematic representation of the formation of RSAB 
with precise stages. Figure 3 represents the schematic over-
view of recron embedded silica aerogel blanket (RSAB) and 
its thermal, mechanical, and hydrophobic properties.

2.3 � Characterization

The investigation of the influence of reinforcement of recron 
fiber into the silica hydrosol on various properties of parent 
samples like packing density, porosity, hydrophobic nature, 
thermal conductivity, microstructure, and textual properties 

Fig. 1   Flowchart of silica aerogel blanket synthesized using industrial 
grade sodium silicate solution at an ambient pressure
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was investigated using described methods [28]. The bulk 
density of the monolithic silica aerogel blanket was calcu-
lated from the ratio of measurement of the mass of the aero-
gel by using an electronic micro-balance with an accuracy 
of up to 10–4 g, with the volume of the as-prepared silica 
aerogel blanket. Each dimension measurement was car-
ried out thrice. The microstructure and morphology of the 
RSAB were analyzed by field emission Scanning Electron 
Microscopy (SEM). The average pore diameter (Pd), specific 
surface area (SBET), and pore volume (Pv) were obtained by 
the Brunauer–Emmett–Teller (BET) surface area analyzer 
(Model Micromeritics ASAP 2000). The chemical bond-
ing of the RSAB was characterized by Fourier Transform 
Infrared (FTIR) spectroscopy using Perkin Elmer (Model 
number 760). To determine the thermal stability of RSAB 
samples, in terms of retention of hydrophobicity, samples 
were examined by thermogravimetric and differential ther-
mal analysis (TG–DTA). The thermal stability and heat 
capacity (Cp) of RSAB were investigated by using a differ-
ential scanning calorimetry (DSC) instrument (SDT Q600). 
Thermal conductivity study obtained by thermal constant 
analyzer (TCA). The Universal Testing Machine (UTM) 
study explored the improved performance of the tensile 

strength.The hydrophobicity of the aerogel blanket was cal-
culated with a high-resolution DSLR camera where contact 
angle was measured from water drop placed on the surface 
of the as synthesized silica aerogel blanket. Porosity (%) of 
the RSAB was calculated by the equation known below in 
Eq. (1) [29, 30].

In Eq. (1), ρf indicates the density of recron reinforced 
fiber (3 g/cm3), and ρs is the skeletal density of the silica 
aerogel matrix (2.1 g/cm3) and ρb is the bulk density of the 
RSAB.

3 � Result and discussion

3.1 � Porous texture of the silica aerogel blanket

The influence of the addition of recron fiber into silica aero-
gel on a specific surface was analyzed by N2 gas adsorp-
tion/desorption isotherms of the degassed aerogel sample at 

(1)Porosity % =
(1∕�b ) − (1∕�s ) − (1∕�f )

(1∕�b )
× 100 %

Fig. 2   Schematic representation of preparation of recron reinforced silica aerogel blanket (RSAB)
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77 K. Cumulative pore volume and pore size distributions 
(PSDs) were investigated by the BJH method. The compara-
tive textural properties of synthesized pure silica aerogel and 
RSAB were tabulated in Table 1. Figure 4a illustrates the 
N2 adsorption/desorption isotherms of pure silica aerogel 
and RSAB sample. Both the samples showed an adsorption/
desorption curve with hysteresis behavior typical of aero-
gel, which indicates cylindrical pores, precisely analogous to 
supercritical/ambient pressure dried silica aerogel (H1 type) 
[31, 32]. The limited N2 uptake at low relative pressures (P/
P0 < 0.1) indicates the existence of mesoporous structures 

[33]. The physisorption isotherms obtained for all aerogel 
samples exhibit hysteresis loops, which correspond to the 
characteristic features of mesoporous materials (Type IV 
isotherms) [32, 34]. The BET-specific surface area obtained 
for the RSAB sample (644 m2/g) is less compared to the pure 
silica aerogel (1633 m2/g). Figure 4b demonstrates the pore 
size distribution (PSDs) curves of pure and RSAB samples. 
The pore volume and pore size of RSAB is reduced due 
to the filler of recron fiber (pore diameter 17.13 nm) being 
less compared with the pure silica aerogel (pore diameter 
19.21 nm) calculated from the BJH desorption isotherm. 

Fig.3   The schematic representation and Photographs of various features a Mechanical strength b Thermal stability c density and d hydrophobic-
ity of as synthesized recron reinforced silica aerogel blanket

Table 1   Effects of addition of recron fiber into silica aerogel matrix on the physical and textural properties of silica aerogel blanket

No Sample name Surface area 
(m2/g)
BET method

Density
(g/cm3)

Mean 
Pore 
diameter
(nm)

Pore 
volume
(cm3/g) 
BJH 
method

Porosity
(%)

Water absorption
(ml/g)

Oil absorption
(ml/g)

Moisture 
contents
(%)

1 Pure silica aerogel (PSA) 1633 0.041 19.21 2.34 95 3.14 2.92 6
2 Reinforced silica aerogel 

blanket
(RSAB)

644 0.09 17.13 1.37 87 0.135 3.74 9
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Generally, in the silica aerogel, the pronounced peak lies in 
the mesoporous region (2–50 nm) [30]. The hysteresis loop 
indicates the desorption cycle of isotherms caused by the 
condensation implies the existence of the nanoporous dur-
ing the drying process [35]. It confirms that silica aerogel 
matrix and porosity are preserved by reinforcing recron fiber 
even after drying the gel at an ambient pressure. The BJH 
adsorption indicates average pore diameter and pore volume 
of the flexible blanket is 17.13 nm and 1.37 cm3/g. It can be 
seen from Table 1 that effect of addition of recron fiber in 
silica aerogel, the bulk densities (ρb) increased from 0.041 
to 0.09 g/cm3, while the porosity decreased from 95 to 87%, 
and the surface area decreased too from 1633 to 644 (m2/g).

3.2 � Microstructure properties of the silica aerogel 
blanket

The recron fibers of 10 µm size are dispersed in a disordered 
manner in a silica aerogel matrix having silica nanoporous 
particles. Figure 5a and b indicates the photographs of a syn-
thesized pure silica aerogel and silica aerogel blanket respec-
tively. The photographs of the RSAB sample are shown in 
Fig. 5b indicates the recron fiber is wrapped by silica aerogel 
particles. The microstructure of pure silica aerogel and silica 
aerogel blanket observed by scanning electron microscope 
is revealed in Fig. 6a & b (high and low magnification). Fig-
ure 6a indicates the 3-D highly porous network of the pure 
silica aerogel which reveals the nanostructured of the silica 
aerogel matrix. Figure 6b displays that the silica micronized 
grains appearing on the recron fibers look like spongy nature 
on the surface base. This resulted in change like the fibers 
as well as spread within nonwoven recron fiber intercon-
nected with silica solid clusters acting as a backbone of the 
skeleton that could be accountable for the enhancement of 
mechanical strength and stiffness of silica aerogel blanket. 
The RSAB preserved a porous structure with relatively high 
porosity. The pore diameter (17.13 nm) is in the range of the 
mesoporous region (2–50 nm) [30]. Due to the miniature 
size of silica granules, interrupts are generated which causes 
a decline in thermal conductance and discontinuous spheri-
cal silica cluster with a three-dimensional silica network 
structure, resulting in the cut-off conveyance of heat [36].

3.3 � Fourier transform infrared spectroscopy (FTIR) 
studies

Surface modification of aerogel blanket and pure silica aero-
gel was certified by a spectrum of fourier transform infrared 
spectroscopy (FTIR). The aerogel samples were made into 
powders and mixed with KBr then pressed to form a sample 
disk for FTIR result. Figure 7 of the FT-IR spectra indicate 
the chemical bonding of pure and reinforced silica aerogel 
prepared by APD. It can be observed that the stretching and 
bending vibration of broad spectra at 3450 cm−1 is due to the 
presence of the residual –OH groups, which indicates a more 
hydrophobic nature which has been confirmed with meas-
urement of the angle of contact [37]. The peaks at around 
1630 cm−1 indicate stretching vibrations of ≡Si–OH group 
formed due to the unreacted Si–OH of the sodium silicate 
[38]. The absorption peaks at 2890 and 840 cm−1 relate to 
the Si–C vibration and the presence of C–H vibrations can be 
seen –CH3 terminal group which points to the surface modi-
fication of blanket successfully done with surface modifica-
tion agent TMCS properly [39]. The peaks of the 1070 and 
495 cm−1 band denote the adsorption peaks of the Si–O–Si 
vibrations. The hydrophobicity of the silica aerogel blanket 
was also certified with the help of water droplets put on the 

Fig. 4   a N2 adsorption/desorption isotherms of pure silica and rein-
forced recron fiber silica aerogel blanket. b Pore size distributions of 
pure silica and reinforced recron fiber silica aerogel blanket (calcu-
lated from BJH desorption data)
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surface of the silica blanket which is represented in Fig. 8. 
This confirms the hydroxyl groups (–OH) are successfully 
replaced by hydrophobic methyl groups (–CH3) which are 
signified by surface modification reactions. According to 
the positions of the distinctive bands, it is detected that the 
critical point could be at 270 °C by following the intensity 
of peaks corresponding to Si-CH3, C–H and Si–OH groups. 
Due to that the thermal stability of the final aerogel blanket 
could be up to 270 °C and the hydrophobicity could vanish 
above this temperature.

3.4 � Hydrophobic nature of the monolithic silica 
aerogel blanket

Figure 8 illustrates the hydrophobic nature of RSAB was 
measured with the help of contact angle measurement. 
Water (0.01 mL) was utilized to form a water droplet on 
a silica aerogel blanket surface which was captured by a 
high-resolution camera along with a bifocal lens used to 
enlarge the image of the tiny nature of the water droplet. 

The water droplet was floating on the surface of the silica 
aerogel blanket; means not stable at one place indicates the 
existence of a stable methyl group in charge of the hydro-
phobic feature of the silica aerogel blanket. The blanket 
sample indicates a superhydrophobic nature of contact 
angle of > 120°.

The oil absorption capacity mentioned in Table 1 and 
calculated with the equation [40, 41] as follows:

W and Wo are the weights of Aerogels before and after 
absorption respectively. Vo = the volume of aerogel.

The percentage of moisture content ω (m/m %) of the 
material [42] revealed in Table 1 and intended by given 
formula:

where, Mwet and Mdry are the mass of the wet and dry RSAB 
sample respectively.

(2)Q(%) = [W - Wo∕�LVo] × 100

(3)� (m∕m%) = (Mwet −Mdry)∕Mdry × 100

Fig. 5   Photographs of a pure 
silica aerogel, b silica aerogel 
with reinforced recron fiber and 
c Photograph showing light 
weight recron fiber reinforced 
silica aerogel sheet floating in 
water compared to glass fiber, 
wool fiber and cotton reinforced 
silica aerogels
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3.5 � Thermal stability of the silica aerogel blanket

Figure 9 indicates the thermal stability of the silica aerogel 
blanket has been investigated by using thermogravimetric 
and differential thermal analysis (TG–DTA). The pure sil-
ica aerogel and the silica aerogel blanket were kept in the 

furnace at different increasing temperatures. The thermal 
decomposition of each sample takes place in a programmed 
temperature range of 25–1000 °C. In the case of RSAB at 
the starting point, insignificant weight loss was detected 
between 25 and 70 °C which was due to the vaporization of 
humidity absorbed by the aerogel blanket. The weight loss 

Fig. 6   SEM micrographs of (low & high magnification) a pure silica aerogel and b silica aerogel composites with reinforced recron fiber

Fig. 7   FTIR spectra of a pure 
silica aerogel and b silica aero-
gel composites with reinforced 
recron fiber
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at the temperature after 270 °C was due to the oxidation 
of Si–CH3 groups on the RSAB surface, which indicated 
the first exothermic peak [43]. The TGA curve constantly 
decreases owing to the rapid oxidation of methyl groups 
(CH3) and disintegration of organic polymeric chains [34]. 
The curves represent the minor weight loss up to a tempera-
ture of 400 °C of silica aerogel blanket. Figure 9 exhibits the 
hydrophobic nature of pure silica aerogel and the aerogel 
blanket was retained up to 400 °C. Over temperature, they 
demonstrate the hydrophilic nature attributable to the oxida-
tion of surface methyl groups (–CH3). It was distinctly illus-
trated with an abrupt change in exothermic peaks remark-
able in DTA curves as boost up to a temperature above 
400 °C and 270 °C in pure silica and silica aerogel blankets 

respectively, for the authorization of oxidation of surface 
methyl groups and decomposition of the organic molecule 
[44]. The thermogravimetric and differential thermal analy-
sis indicates that the pure silica aerogel demonstrates more 
weight loss after 420 °C compared to the silica aerogel blan-
ket, which indicates better thermal stability for RSAB at a 
higher temperature.

Furthermore, the thermal conductivity of the silica aero-
gel blankets were investigated by using differential scanning 
calorimetry (DSC). The DSC plots of pure and reinforced 
silica aerogel e.g., variation of heat flow and heat capacity 
as a function of temperature, are illustrated in Fig. 10. Nitro-
gen gas was utilized at a rate of 50 mL/min to expel gas for 
DSC measurement. The specimen of 6.89 mg (pure silica 
aerogel) and 4.94 mg (RSAB) of the samples were put in an 
aluminum crucible and closed by pressing an aluminum lid 
which was pierced by a needle on the top for degassing. The 
samples were heated from ambient temperature to 1000 °C 
at a heating rate of 10 °C/min. The thermal conductivity (k) 
of reinforced recron fiber silica aerogel blanket was calcu-
lated from the analysis of the DSC curves while heating by 
using the following relation [45, 46].

where q is the heat flow, L is the thickness, A is the area, 
(Th –Tl) is the difference between high and low temperature.

The discrepancy of the thermal conductivity k of pure 
silica aerogel and silica aerogel blanket (RSAB) is depicted 
in Fig. 10. In Fig. 10, it has been observed that the thermo-
grams of pure silica and reinforced recron fiber silica blan-
ket which show initial endothermic peaks (Td) at 70 °C and 

(4)k = qL/A(Th − Tl)W/cm ◦C

Fig. 8   Contact angle of silica aerogel composites with reinforced 
recron fiber

Fig. 9   TG/DTA curves of a 
pure silica aerogel and b silica 
aerogel composites with rein-
forced recron fiber (heating rate 
10 °C/min)
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50 °C and higher exothermic peaks at 410 °C and 246 °C, 
respectively. The DSC analysis indicates that recron blankets 
can be used safely up to 246 °C. Endothermic peaks (Td) 
correspond to increasing hydrophobic groups of silica aero-
gel nanoparticles content with the loss of water [47] while 
hydrophobic groups are replaced by hydrophilic groups of 
silica aerogel during exothermic peaks. It indicates that ther-
mal conductivity diminishes with the accumulation of recron 
fiber due to the disturbance of heat transfer within a bunch 
of silica granules networks.

Figure 11 depicts the thermal conductivities of the 
recron fiber, RSAB, and pure silica aerogel. It can be 
observed that the thermal conductivity of the as prepared 

RSAB samples had a minute variation from with addition 
of 3 wt.% recron fibers. The heat transfers through the 
material through 3 mechanisms such as the gaseous con-
ductivity, solid conductivity, and radiative transmission 
through pores. The resultant thermal conductivity of the 
insulating material is expressed as [40, 48].

where, the λe is the effective thermal conductivity of insulat-
ing material, the λc the sum of the gaseous thermal conduc-
tivity and solid thermal conductivity, and the λr is thermal 
conductivity related to the radiative transmission.

The Silica aerogel blanket could restrict gas conduction, 
due to nano-particles interconnected in a 3D matrix. Gase-
ous conductivity diminishes due to the nanoporous struc-
ture which restricts the mean free path of gas. The solid 
conduction of heat transfer directly depends on the poros-
ity and density. In RSAB, fiber content in silica aerogel 
reduces the radiative conductivity of nanocomposite due 
to increased density of introduced fiber content. There-
fore, the thermal conductivity of RSAB nanocomposite 
decreases in comparison to the pure silica aerogel. When 
the 3 wt.% recron fibers added in silica sol, the thermal 
conductivity of the RSAB decreased at ambient tempera-
ture. Recron fibers doped nanocomposite improve the 
solid thermal conductivity. However, diminish the radia-
tive  conductivity, and the thermal conductivity of RSAB 
at room temperature. In comparison to pure silica aerogel, 
RSAB shows increased thermal conductivity due to the 
solid backbone of recron fibers.

(5)�e = �c + �r

Fig. 10   DSC curves of a pure 
silica aerogel and b silica aero-
gel composites with reinforced 
recron fiber (heating rate 10 °C/
min.)
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3.6 � Mechanical strength

The flexibility of RSAB nanocomposite is also described 
by the universal testing machine (Fig. 12). The compara-
tive thermal and mechanical, of the recron fiber-reinforced 
aerogels with other fibered reinforced aerogels were tabu-
lated in Table 2. The RSAB can be repetitively compressed 
at 60% strain for 30 cycles without destruction the struc-
ture, indicating the superior mechanical strength of the 
RSAB. The strain is fixed at 60%, and the applied maxi-
mum stress is around 15 kPa before cycle, indicate low 
value of Young’s modulus and good elasticity. The stress is 
slightly reduced to 14 kPa after 30 compression test cycle. 
We explored the mechanical strength of the RSAB through 
uniaxial compression test under various strains. In Fig. 12, 
after compression test, the as-prepared RSAB can regain 
its original shape. RSAB nanocomposite shows superb 
elasticity under 60% strain can be applicable for commer-
cial insulating materials in several fields of applications.

4 � Conclusion

The effect of simulated electrical home appliances on the 
properties of RSAB has been investigated. It has been 
revealed that the thermal insulation execution was unaf-
fected by thermal stability tests of aerogels for the con-
servation of energy in electrical appliances. The embed-
ding of recron fibers significantly affects the resistance 
of the silica aerogel to overcome the fragility of the silica 
aerogel, an ambient pressure drying technique with help 
of industrial-grade cheap sodium silicate precursor. The 
major issue  of lightweight feature collapse in the case 
of maintaining monolithic structure with the help of 
reinforcement of additives in pure silica nanostructure 
is preserved due to low-density recron fiber. Not only 
was a significant increase of the flexibility of the silica 
matrix, but also improved the thermal resistance, stiff-
ness and monolithic structure was achieved with reason-
able specific surface area and pore diameter of 644 m2/g 
and 17.13 nm respectively at an optimal range. TG–DTA 
analysis indicates that the hydrophobicity is preserved 
up to the 380 °C of the recron reinforced silica aerogel 
blanket. The contact angle (120°) of the silica aerogel 
blanket shows the hydrophobic nature of the sample. The 
presence of CH3 groups in FTIR spectra indicates the 
surface modification was successfully done for the silica 
aerogel blanket. The recent approach is more economical 
and safe to manufacture silica aerogel blankets for large-
scale industrial production. The flexible silica aerogel 
exhibits an excellent thermal insulation property and bet-
ter thermal stability, flexibility, outstanding comprehen-
sive strength, and hydrophobic nanocomposite would be a 
novel nanoporous material for thermal insulating material 
widespread commercial applications.
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Fig. 12   The uniaxial compression test of stress–strain curve of RSAB 
nanocomposites

Table 2   Comparison of thermal 
and mechanical properties 
of the recron fiber-reinforced 
aerogels with other fibered 
reinforced aerogels

No Silica aerogel composites Thermal con-
ductivity
(W/m K)

Young’s modulus References

1 Glass fiber (2.5%) 0.0258 750 kPa [14]
2 Xonotlite fiber (XF) 0.0285 – [16]
3 Aramid fiber 0.026 350 kPa [49]
4 Aramid fibrid/mica (AM), – 11.6 MPa [50]
5 Aramid fibrid/nanofibrillated cellulose (AN) – 22.1 MPa
6 Mica/nanofibrillated cellulose (MN) – 34.6 MPa
7 SiO2-SSNF-3% 0.025 70 kPa [51]
8 Recron fiber (3%) 0.028 34 kPa This work
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