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ABSTRACT

Aluminaaerogelsreinforcedwithhydroxyethylcellulose(HEC)havebeensuccess-

fullysynthesisedusinganenvironmentallyfriendlyfreeze-dryingmethod.Alumina

aerogels are materials with interesting properties, such as low density, high-tem-

perature stability, highporosity andhighsurfacearea,whichcanbeused inseveral

industrialapplications.Itisnecessarytoaddoneormoresupportingmaterials,suchas

carbonnanofibresandafibroussecondphasesuchascellulose,tothematrixtoreinforce

themechanicalpropertiesof theaerogels. In this study, the influenceof theHEC-to-

aluminium tri-sec-butoxide (ASB) solution mass ratio on the morphological,

mechanicalandthermalpropertiesof thesynthesisedaerogelsandits impactonthe

thermalinsulationpropertiesoftheresultingmaterialswereevaluated.Theapparent

densityof thehydroxyethylcellulose-reinforcedalumina-basedaerogels increased

withtheamountofHEC.Thus,compactstructureswithasmallporesizewereobtained

whenincreasingHEC/ASBsolutionmassratio.TheincorporationofHECintotheASB

matrixledtoanincreaseinthemechanicalpropertiesintermsoftheYoung’smodulus.

Thermalstabilityofsamplesvariedasaconsequenceof theHECaddition.Thus, the

seconddecompositionstageshiftedtolowertemperatureswithHECincorporation.In

addition, all synthesisedaerogels showed lowthermal conductivities. The remark-

ablephysicalcharacteristicsofthehydroxyethylcellulose-reinforcedalumina-based

aerogelspreparedhereinandthesuccessfulsynthesissuitableforscale-upmakethem

agoodcandidateforconstructionapplications.

Introduction

Aerogels are porous and three-dimensional network

solid materials with unique properties, such as a low

density and dielectric constant, high surface area and

porosity, and extremely low thermal conductivities

(0.044 and 0.051 for the type of aerogels synthesised

in this work) [1–6]. Consequently, these materials can

be used as thermal insulators [7] and in optical (solar

windows), acoustic, mechanical (filters), electrical

and aerospace applications [8, 9].
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The used energy in the building sector represents a

significant portion of the world’s energy demand.

Consequently, there is considerable interest in

improving the energy efficiency of buildings [10]. The

need for thermal insulation of residential and non-

residential buildings has led to a number of devel-

opments in the construction field to fulfil energy

regulation requirements [11]. In this regard, insulat-

ing materials with low thermal conductivities have

been, and continue to be, developed in order to

reduce the energy consumption of architectural con-

structions [10, 12]. Although a large variety of tradi-

tional thermal insulation materials, such as mineral

wool, expanded polystyrene, extruded polystyrene,

cellulose, cork and polyurethane, are known, new

materials with better insulating properties, such as

vacuum insulation panels, gas-filled panels and

aerogels, are currently being investigated [10]. In

addition, the development of thermal insulators

materials using renewable raw materials (kenaf,

sheep wool, hemp, flax) has been carried out. These

materials show moisture sensitivity, which could

influence on the thermal insulation properties. To

solve this problem, hydrophobic surface treatments

are necessary [13–15]. In spite of the interest of

researchers and industries in natural fibrous thermal

insulations, aerogels are considered as the best

products to be used as building insulating materials

due to their exceptional properties. Furthermore, thin

and lightweight walls can be produced using aero-

gels as insulating materials.

In previous works, [16, 17] CNF-reinforced poly-

mer aerogels (carbon nanofibre-reinforced polymer

aerogels) were successfully synthesised by means of a

freeze-drying method. Freeze drying is one of the

most innovative techniques and provides a highly

porous material with a well-controlled aerogel

structure. This method has several advantages in

comparison with other drying methods. The final

product obtained is stable and has a high porosity

and a final moisture content of less than 5 wt%.

Furthermore, lyophilisation is performed at low

temperatures, thus meaning that the stability of the

obtained product is high and the loss of volatile

substances is low. Furthermore, there are no oxida-

tion problems as the process is conducted under

vacuum. In addition, the effect of freeze-drying con-

ditions on the properties of synthesised aerogels was

studied [18]. The control of pore size and morphol-

ogy is often the most critical factor as regards

obtaining adequate materials for insulating applica-

tions. The internal structure can be tuned by varying

the preparation conditions, such as freezing temper-

ature, freezing time, freezing rate, solids loading,

particle size, solvent type and freezing direction [19].

The synthesised aerogels in our previous works

showed low thermal conductivities and were

superinsulators [16, 17]. However, the mechanical

properties of these materials are to be improved. In

this sense, the synthesis of organic aerogels doped

with reinforcement materials could be an interesting

alternative, resulting in product that could be used

commercially.

Alumina aerogels are nanoporous materials with

interesting properties, such as low density, high-

temperature stability, high porosity and high surface

area that make them useful in several industrial

applications [2, 20]. Moreover, they are better insu-

lating materials at high temperatures than silica

aerogels [20]. Alumina aerogels are usually prepared

by means of a sol–gel method using hydrated alu-

mina salts or aluminium alkoxides as precursors

[20, 21]. Moreover, the synthesised aerogels using

aluminium alkoxides showed better thermal stability

at high temperatures than those synthesised using

hydrated alumina salts [21]. The preparation of alu-

mina aerogels from aluminium alkoxides is difficult

due to the complex chemical route that must be fol-

lowed [20, 21]. Thus, Zu et al. [20] have described the

synthesis of alumina aerogels from aluminium tri-

sec-butoxide in the absence of complexing agents.

This method is based on the use of nitric acid to

control the hydrolysis and condensation rates of the

aluminium alkoxide [20]. To improve the mechanical

properties of the aerogels, it is necessary to add one

or more supporting materials, such as carbon

nanofibres and a fibrous second phase such as cel-

lulose, to the matrix to reinforce the mechanical

resistance of the final product [22, 23].

Cellulose is a polysaccharide consisting of D-an-

hydrogluco-pyranose units linked by b-(1-4)-glyco-
sidic bonds that form networks that are reinforced by

hydrogen bonding as a result of the high content of

hydroxyl groups. Thus, it is an interesting supporting

material due to its ability to form a strong and a

three-dimensional framework [24]. Furthermore, cel-

lulose is the most abundant renewable natural poly-

mer on the planet and is biodegradable and

biocompatible [25]. Hydroxyethyl cellulose (HEC) is

a water-soluble biopolymer with a low charge
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density that has found several uses due to its

hydrophilic properties [26, 27]. Sehaqui et al. [28]

synthesised nanofibrillar/hydroxyethyl cellulose

aerogels and demonstrated that the ductility of the

materials could be increased by adding a ductile

cellulose-derived matrix (HEC). Therefore, HEC was

used in this work as a reinforcing agent.

The aim of this study is to develop hydroxyethyl

cellulose/alumina-based aerogels by means of a sol–

gel method using a freeze-drying process to dry the

wet gel. Furthermore, the influence of the hydrox-

yethyl cellulose/aluminium tri-sec-butoxide solution

(HEC/ASB) mass ratio on the textural, thermal and

mechanical properties has been evaluated as well as

its impact on the thermal insulation properties of the

resulting materials.

Experimental

Materials

Aluminum tri-sec-butoxide (97%), hydroxyethyl cel-

lulose (80–125 cp, 2% H2O) and nitric acid (1 M) were

supplied by Sigma-Aldrich Co., Ltd., and used as

received. Nitric acid was dissolved in water to obtain

a 0.2 M solution. Water was purified by distillation

followed by deionization using ion-exchange resins.

Preparation of hydroxyethyl cellulose/
alumina-based aerogels (CAAs)

Hydroxyethyl cellulose/alumina-based aerogels

were prepared by following a procedure based on

that reported by He et al. [29]. Figure 1 shows a

schematic illustration of the experimental synthesis of

these materials using a freeze-drying method

(Table 1 lists the samples studied).

Aluminum tri-sec-butoxide (ASB) was mixed with

deionised water at an ASB/deionised H2O molar

ratio of 1/80 at 70 �C. Appropriate volumes of nitric

acid (0.2 M) were added to the ASB solution to adjust

the pH at 2–3. The solution was then heated to 80 �C
under vigorous stirring for 5 h to obtain the hydro-

sols. A quantity of hydroxyethyl cellulose (HEC)

(from 0 to 100 wt%) was then added to the hydrosol

solution to obtain the wet gel, which was poured into

the trays of the laboratory freeze dryer (Lyoquest-85,

Telstar Co. Ltd) to synthesise the aerogels. After an

exhaustive analysis of the operating conditions of

freeze-drying process (freezing time, vacuum pres-

sure, freeze-drying temperature and drying time),

aerogels were obtained. Once wet gel was introduced

into the freeze-drying trays, it was frozen for 6 h at

-60 �C and, then, sublimated under vacuum for 45 h.

Characterisation of hydroxyethyl cellulose/
alumina-based aerogels (CAAs)

The morphology and pore distribution of the aerogels

were measured using a Phenom-ProX scanning

electron microscope supplied by PhenomWorld. This

equipment has an energy-dispersive X-ray spec-

troscopy (EDS) probe to determine the average

composition of the aerogels.

The internal structure of the aerogels was analysed

using X-ray microtomography (SkyScan 1275, Bru-

ker). Furthermore, porosity characterisation was

performed using CT-Analyser. The thermal conduc-

tivity of hydroxyethyl cellulose-reinforced alumina-

based aerogels was measured using KD2 Pro Ther-

mal Properties Analyser (Decagon Devices).

The pore size distribution and density of the

aerogels were analysed using a Mercury Porosimeter

(QuantachomePoremaster), which is an automatic

pore size analyser. The sample was cut with a

dimension of 1 9 3 cm (w 9 h), and it was intro-

duced into the cells of the porosimeter. The

methodology is based on the mercury injection under

pressure, and the mercury volume registration is

related to the pore size distribution. The porosimeter

allows to determine the size and pore distribution

between 950 lm and 6.4 nm by means of pressure

generation system, in which the pressure rank varies

between vacuum and 33000 psi.

Dynamic mechanical measurements were carried

out in order to determine the Young’s modulus by

means of stress–strain analysis (compression mode)

using a DMA 1 STARe System (Mettler Toledo). The

DMA was operated with a force ranging from 0 to

2 N and a force rate of 0.05 N/min.

Thermogravimetric analysis (TGA) was carried out

to study the thermal behaviour of the aerogels syn-

thesised. A thermal analyser (Mettler Toledo TGA/

DSC 1 STARe System) was used at a heating rate of

10 �C/min to perform the combustion and pyrolysis

processes. Combustion was carried out under an air

atmosphere and pyrolysis under a nitrogen atmo-

sphere using a gas flow of 100 NmL/min.
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Results and discussion

Synthesis of hydroxyethyl cellulose/
alumina-based aerogels

Hydroxyethyl cellulose/alumina-based aerogels

were successfully obtained by means of the proce-

dure depicted in Fig. 1. It is necessary to optimise the

operating conditions of the freeze-drying process

before studying the effect of HEC/ASB solution mass

ratio on the properties of the aerogels. Thus, CAA20

was selected as example sample to optimise the

freeze-drying method. CAA20 with undesirable

characteristics was obtained initially, as shown in

Fig. 2. This fact was attributed to the freeze-drying

conditions used. As reported in several recent stud-

ies, [18, 30, 31] operational parameters such as

freezing conditions and operation time have a

marked effect on the internal structure of the mate-

rials obtained.

Therefore, several experiments were carried out

varying the operation conditions of freeze-drying

process until aerogels with the appropriate appear-

ance and physical properties were obtained (Fig. 3).

As can clearly be seen from the SEM micrograph of

the aerogel (Fig. 3b), the porous structure is the result

of the whole drying of the gel. Similarly, the aerogel

structure is non-ordered and highly porous. In

addition, bridges formation due to the hydroxyethyl

cellulose presence is also observed [28].

A mercury porosimetry analysis was carried out in

order to analyse the pore size distribution (PSD) of

the resulted aerogels (Fig. 4). These materials are

very porous and have a monomodal wide PSD. The

vertical coordinates means the mercury volume that

is introduced into the pores of the sample. Figure 4

Figure 1 Experimental synthesis of hydroxyethyl cellulose/alumina-based aerogels.

Table 1 Denomination of obtained hydroxyethyl cellulose/alu-

mina-based aerogels

Sample HEC/ASB solution 9 100 (%)

CAA0 0

CAA5 5

CAA10 10

CAA15 15

CAA20 20

CAA30 30

CAA40 40

CAA50 50

J Mater Sci (2018) 53:1556–1567 1559



shows the PSD of a sample with pores of different

sizes, but the pores that take up more volume are

those measures 100 lm of diameter. Furthermore,

these materials show low thermal conductivities

(0.048 W/m K). Therefore, they are appropriate can-

didates to be used as building insulation materials.

As the building industry requires aerogels to

exhibit adequate mechanical properties, reinforcing

agents such as HEC were subsequently added to the

matrix in order to enhance its mechanical character-

istics. In addition, the effect of the incorporation of

different amounts of HEC was evaluated to deter-

mine the optimal value for producing aerogels with

improved physical and mechanical properties in

comparison with conventional aerogels.

Effect of HEC/ASB solution mass ratio
on the morphological properties of aerogels

Figure 5 shows the pore size distribution of the syn-

thesised hydroxyethyl cellulose/alumina-based

aerogels obtained using different HEC/ASB solution

mass ratios. It can clearly be seen that the amount of

HEC had a significant effect on the porosity of the

resulting aerogels, the higher the HEC/ASB solution

mass ratios, the smaller the pore diameters were.

Likewise, the peak height of the PSD profiles

decreased and the peak width increased with

increasing HEC/ASB solution mass ratio. The peak

height (intruded volume into the pores sample) of the

PSD decreased with the addition of HEC due to its

incorporation into the matrix resulted in small pores

and compact structures.

In addition, all samples showed a monomodal

PSD, with pore sizes ranging from 5 to 250 lm. These

findings can be attributed to the presence of HEC in

the ASB matrix. According to He et al. [29], HEC

fibres restrain ice-crystal growth during the freezing

process. Furthermore, the HEC excess fills the ASB

network pores [28]. Thus, compact structures are

formed when increasing the amount of HEC into ASB

matrix due to crosslinking of the long HEC fibres.

These findings are in good agreement with the SEM

micrographs shown in Fig. 6.

Figure 2 CAA20 sample obtained with non-desirable properties

after 15 h of sublimation under vacuum.

(b)(a)
Figure 3 CAA20 sample

obtained successfully; a image

of aerogel; b SEM image of

the synthesised aerogel.
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Pore diameter (µm)

Figure 4 Pore size distribution of CAA20 sample synthesised

successfully.
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Figure 6 shows SEM micrographs of synthesised

hydroxyethyl cellulose/alumina-based aerogels

using different HEC/ASB solution mass ratios.

Higher-magnification micrographs were also

obtained in order to analyse the pore structure of the

synthesised aerogels in detail. The incorporation of

HEC has a marked effect on the morphology and

pore sizes of the resulting hydroxyethyl cellulose/

alumina-based aerogels. Thus, the formation of

lamellar porous macrostructures and almost homo-

geneous structures was observed when the HEC/

ASB solution mass ratio was lower than 20%.

Furthermore, the addition of HEC results in a

change on the pore morphology to that of a homo-

geneous spherical pore, whereas the network appears

denser in the SEM micrographs. He et al. [29] noted

that HEC fibres reinforced alumina lamellas via the

ribs between adjacent parallel lamellas, thus resulting

in compact structures with small pore sizes.

As shown in Fig. 6, a decrease in the aerogel

porosity is also observed at higher HEC concentra-

tions. Thus, samples CAA5 and CAA20 exhibited a

flake-like appearance with a PSD from 50 to 200 lm.

However, samples CAA30 and CAA50 presented

deformed and thicker structures with a small pore

size. According to Seanier et al. [24], strong cellulose

nanoparticle interactions yield assemblies in both

liquid and solid states. The formation of cellulose

nanocrystals induces the elimination of some of the

macropores, thus aerogels showing networks with

small pore sizes.

In order to analyse in detail the internal structure

of the synthesised aerogels, X-ray microtomography

was carried out for sample CAA20. The volume

rendering programme CTvox displays set of recon-

structed slices as a realistic 3D object; Fig. 7 shows

three orthogonal reconstructed slices through the

sample. Sample CAA20 presented a laminar pore

structure. In addition, a 3D morphological analysis

was performed (Fig. 8). The pore structure of

obtained aerogel can be observed in detail, and the

resulted porosity of this analysis was 85%.

The textural and structural properties of synthe-

sised aerogels are provided in Table 2. As has been

discussed above, the apparent density increased and

the mercury volume intrusion and the pore diameter

mode decreased with HEC addition.

According to these results, HEC incorporation has

a marked impact on the internal pore structure of

prepared aerogels using the freeze-drying method.

Effect of HEC/ASB solution mass ratio
on the mechanical properties of aerogels

A stress–strain analysis was carried out to determine

the relationship between microstructural changes

and mechanical properties. The mechanical proper-

ties of aerogels are highly relevant for many appli-

cations, especially their use in the building industry.

The influence of the HEC/ASB solution mass ratio on

the mechanical properties of the resulting aerogels

was also evaluated. The synthesised aerogels in the

absence of HEC could not be tested as they did not

form a monolith. This is due to the absence of HEC

fibres that enhance the linkage degree of the lamellar

structure [29].

Figure 9 presents typical stress–strain curves for

the aerogels obtained using different HEC/ASB

solution mass ratios. The stress–strain curve for each

aerogel is unique and is the result of compressive

loading.

Each curve represents the experienced strain when

small stresses (from 0 to 2 N) are applied. The elastic

or Young’s modulus was determined from the slope

of the linear part of the stress–strain curve, where an

elastic behaviour of the aerogels was observed

(Table 3).

The HEC/ASB solution mass ratio has a marked

effect on the mechanical properties of hydroxyethyl

cellulose/alumina-based aerogels, with the slope of

the different curves increasing as the quantity of HEC

increases. Consequently, the elastic or Young’s

110100
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Figure 5 Pore size distribution of cellulose-reinforced-based

aerogels.
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modulus undergoes a marked increase from 0.014 to

0.209 MPa (Table 3).

The obtained results demonstrate an effective

mechanical enhancement with the addition of HEC,

leading to a relatively strong alumina skeleton.

Effect of HEC/ASB solution mass ratio
on the thermal properties of aerogels

The thermal stability of hydroxyethyl cellulose/alu-

mina-based aerogels synthesised using different

HEC/ASB solution mass ratios was evaluated by

means of TGA analysis (pyrolysis and combustion

processes, Fig. 10a, b, respectively). The insets in

Fig. 10a and b show pyrolysis and combustion pro-

cesses, respectively, for the aerogel synthesised in the

absence of hydroxyethyl cellulose (sample CAA0).

Figure 10a shows the weight loss curves obtained

through pyrolysis of synthesised aerogels using dif-

ferent HEC/ASB solution mass ratios. As can clearly

be seen, these aerogels show different thermal

decomposition profiles depending on the amount of

HEC incorporation. Moreover, samples CAA10,

CAA20 and CAA50 exhibit three thermal decompo-

sition stages. The first stage (25–200 �C) is associated

with a small weight loss due to dehydration. This

study revealed that these samples contain around

2.5–5 wt% of water, which is evaporated upon heat-

ing to 100 �C. The second stage, which ranges from

200 to 400 �C (200–350 �C for samples CAA20,

CAA50 and 200–400 �C for CAA10), represents the

main weight loss in the pyrolysis process and is due

to the decomposition of the HEC groups, which start

to degrade at temperatures above 220 �C [29]. The

500 µm

50 µm

500 µm

500 µm

50 µm

50 µm50 µm

500 µm

(a) (b)

(c) (d)

Figure 6 SEM micrographs of samples synthesised using different percentage of HEC. a CAA5; b CAA20; c CAA30; and d CAA50.
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pyrolysis results demonstrate that this second

decomposition stage shifts to lower temperatures

when increasing the amount of HEC (the initial

decomposition temperatures of CAA10, CAA20 and

CAA50 were 250, 240 and 220 �C, respectively). This
fact can be explained by the contribution of the HEC

groups, which decreases the thermal degradation

temperature [32, 33]. This temperature is lower than

the thermal degradation one for cellulose due to the

destruction in the crystalline region. The final stage

(350–500 �C; 350–450 �C for samples CAA20, CAA50

and 400–500 �C for sample CAA10) can be attributed

to the degradation of alumina, as shown in the inset

of Fig. 10a. Finally, at the end of this stage, the weight

loss becomes almost constant above 500 �C. As

shown in Fig. 10a, the incorporation of HEC

increased the pyrolysis residue [32].

Figure 10b shows the combustion process for

samples obtained using different HEC/ASB solution

mass ratios. The analysed samples show different

thermal properties depending on the HEC amount.

Therefore, samples CAA10, CAA20 and CAA50

present four thermal decomposition stages. The first

stage, which occurs in the range 25–200 �C,

corresponds to the loss of water. The second stage,

which ranges from 200 to 350 �C and is characterised

by a major weight loss, involves the intramolecular

dehydration of HEC. The third stage (350–540 �C;
350–420 �C for samples CAA10, CAA20 and

350–540 �C for sample CAA50) corresponds to the

decomposition of HEC and alumina, as shown in the

inset of Fig. 10b. The differences observed can be

attributed to the effects of the HEC groups. Finally,

the last decomposition stage (420–600 �C; 420–500 �C
for samples CAA10, CAA20 and 540–600 �C for

sample CAA50) corresponds to an oxidation process.

At the end of this stage, the weight loss becomes

almost constant above 500 �C, for samples CAA10

and CAA20, or 600 �C, for sample CAA50. In addi-

tion, the residue is principally attributed to alumina

and the oxidised residues [29].

It has been demonstrated that the HEC/ASB

solution mass ratio has an important effect on the

thermal stability of samples and that the second

decomposition stage shifts to lower temperatures

when increasing the quantity of HEC. Thus, the most

stable aerogel was sample CAA10, having an initial

decomposition temperature of 250 �C. Hydroxyethyl

Figure 7 Three orthogonal reconstructed slices through the sample CAA20 (from DataViewer).
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cellulose/alumina-based aerogels have better ther-

mal behaviour than aerogels obtained in previous

works, which initial decomposition temperature was

ranged from 180 to 250 �C [17]. A thermal

conductivity analysis was also carried out to corrob-

orate the thermal insulation properties of these

materials. After performing several measurements in

all samples, the thermal conductivity values varied

between 0.044 and 0.051 W/m K. These small

observed differences could be attributed to the

experimental error of the KD2 Pro Thermal Proper-

ties Analyser. These small values of thermal

Figure 8 a 3D analysis of CAA20. Volume rendering image of

the volume of interest (VOI) (from CTvox); b volume rendering

image of the VOI with the structure separation data added in

colour (from CTvox).

Table 2 Textural properties of samples synthesised using different HEC/ASB solution mass ratios

Sample Apparent density (g/L) Hg volume intrusion (cm3/g) Pore diameter mode (lm)a Pore diameter mean (lm)b

CAA5 106.4 8.51 114.8 92.6

CAA10 180.2 4.29 125.3 4.09

CAA15 203.7 4.24 76.24 1.48

CAA20 257.2 3.07 96.13 1.02

CAA30 330.2 2.58 47.08 0.47

CAA40 447.0 1.58 29.94 0.73

CAA50 496.7 1.38 26.80 0.83

In reference to mercury volume
aPore diameter mode: pore diameter that takes up more volume
bPore diameter mean: pore diameter that takes up a mercury volume equal to total intrusion volume mean
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Figure 9 Stress–strain of samples synthesised using different

percentages of HEC.

Table 3 Elastic or Young’s modulus of samples synthesised using

different HEC/ASB solution mass ratios

Sample Young’s modulus (MPa)

CAA5 0.014 ± 0.003

CAA10 0.029 ± 0.003

CAA20 0.030 ± 0.003

CAA50 0.209 ± 0.003
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conductivity are similar as those detected in sample

synthesised previously, which range varied between

0.03 and 0.06 W/m K [17]. The main trouble when

aerogels are used as building insulation arises due

their fragility. Therefore, this study has confirmed

that HEC could be a potential strengthening material

to overcome this drawback. Consequently, the

obtained aerogels in this study could be considered

for their use as thermal insulating materials in dif-

ferent industrial applications.

Conclusions

Hydroxyethyl cellulose/alumina-based aerogels

have been successfully synthesised using an envi-

ronmentally friendly and low-cost process. The

resulting aerogels have a monomodal pore size dis-

tribution with the formation of bridges due to the

hydroxyethyl cellulose interactions. This reinforcing

agent allows the mechanical properties of the aero-

gels to be improved. Moreover, high HEC/ASB

solution mass ratios have been found to result in a

higher density and lower porosity and that compact

structures with a small pore size are obtained. Fur-

thermore, it has been demonstrated that the incor-

poration of HEC significantly improves the

mechanical properties of the resulting aerogels,

which show different thermal behaviours depending

on the HEC amount. All samples exhibit low thermal

conductivities. These hydroxyethyl cellulose/alu-

mina-based aerogels could, therefore, find potential

future applications in the building industry due to

their excellent physical and mechanical characteris-

tics and the fact that their synthesis is suitable for

scale-up.
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