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In preparation of zirconia aerogel, propylene oxide (PO) is generally used as gel accelerator. PO is toxic and harmful to 

the environment. So in this article, green, environmental protection, safe and non-toxic L-glutamic acid (LGA) and  

L-aspartic acid (LAA) have been applied as gelators to replace PO. Series of ZrO2 aerogels have been synthesized with  

sol-gel method by ethanol supercritical drying and characterized by XRD, SEM and TEM techniques. Nitrogen adsorption-

desorption measurements have been used to characterize the specific surface area. The effect of H+ concentration on the 

crystallinity of zirconia has also been studied. The prepared ZrO2 aerogels with low density, low thermal conductivity, and 

high specific area can make them promising candidates for a wide array of multifunctional applications, e.g., catalyst 
support, energy conversion, and thermal insulation. 
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Introduction 

Aerogel materials with large specific surface area, 

high melting point, low density and low thermal 

conductivity, have some advantages over other materials 

and have a very good application prospect in the fields 

of catalyst, catalyst carrier, high temperature insulation 

material, 3D printing, medical loading, ultra-low sound 

speed, photothermal conversion and so on 
1-9

. The 

melting point of ZrO2 blocks is about 2700 °C and the 

thermal conductivity at room temperature is about 2.4 

W/mK 
10, 11

. These advantages make ZrO2 aerogel 

materials the first choice for a new generation of 

lightweight and efficient thermal insulation materials 
12

.  
At present, two methods dominated the preparation 

of zirconium dioxide aerogel: one was the sol-gel 

method with organic zirconium source as raw 

material, and the other was sol-gel method with 

inorganic zirconium source as raw material and 

propylene oxide as gel accelerator
 13-19

. Sui reported 

ZrO2 aerogels using zirconium alkoxide hydrolysis in 

acetic acid 
20

. Liu synthesized zirconia aerogels by 

hydrolysis of polyacetylacetonatozirconium applying 

ammonia hydroxide as the gel initiator 
21

. Due to the 

high cost of metal alkoxides and their sensitivity to 

moisture, inorganic zirconium salts were applied to 

replace zirconia alkoxides using propylene oxide (PO) 

as gelators. Zhong synthesized ZrO2 aerogels with 

well-developed mesoporous structure and a high 

specific surface area of 454 m
2
/g by adjusting the  

ratio of HNO3 to H2O 
22

. Chervin obtained Y2O3-

stabilized ZrO2 aerogels using ZrCl4 as zirconium 

source 
23

. However, consider the need for green 

environmental protection and cheap price, we 

developed an environmentally friendly sol-gel method 

to prepare zirconia aerogel using inorganic zirconium 

source as raw materials and amino acids as gel 

promoters 
24, 25

.  

In this experiment, different volume of the acid 

amino acid L-glutamic acid (LGA) and L-aspartic 

acid (LAA) were used as gel accelerators, 

ZrOCl2·8H2O was used as zirconia source, for 

preparing ZrO2 aerogels.  
 

Experimental Section 
 

Materials and reagents 

All chemical reagents were analytically pure and 

used as received without further purification, 

including zirconium oxychloride (ZrOCl2·8H2O, 

99.9%, Aladdin, China), L-glutamic acid (LGA, 99%, 

Aladdin, China), L-aspartic acid (LAA, 99%, 

Aladdin, China) and HCl solution, absolute ethanol 

(Sinopharm Chemical Reagent Co, Ltd (SCRC)).  
 

Preparation of ZrO2 aerogel  

Firstly, 27.6 mmol of ZrOCl2·8H2O was dissolved 

in 60 mL of ethanol solution and 0.8 mol/L of LGA 

solution was prepared using a mixture ethanol and 
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HCl as solvent (volume ratio of 4:1). Then the LGA 

solution (2-8 mL) was rapidly fed into the zirconium 

salt solution. The mixed solution was mixed 

thoroughly. At last, the mixed solution was 

transferred to sealed strain bottles at 60 °C to form the 

wet gels. The wet gels were kept 2 h for Wald 

ripening at 60 °C. Subsequently, the wet gels were 

aged and dried in EtOH. The detailed steps and 

conditions were followed as per our previous 

reports
26

. The detailed experimental parameters of the 

preparation of ZrO2 aerogels was given in Table 1. 
 

Characterisation  

Morphologies of the aerogels were characterized 

by both field emission scanning electron microscope 

(FE-SEM) (Gemini 450, Zeiss) and transmission 

electron microscopy (TEM) (JEOL-2100F). X-ray 

diffraction (XRD) measurement was performed in a 

X-ray diffractometer (JSM-6510LV) with Cu Kα 

radiation (λ = 1.5418 Å) at 10
o
/min scanning speed in 

the 2θ range from 10° to 70°. The porous properties of 

ZrO2 aerogels were clarified by nitrogen adsorption 

and desorption isotherms measured at 77 K (3Flex, 

Micromeritics). The surface areas were calculated in 

the relative pressure (P/P0) range from 0.01 to 0.1 

using the Brunauer-Emmett-Teller (BET) method. 

Pore size distributions and pore volumes were derived 

from the adsorption branches of the isotherms 

applying the Barrett-Joyner-Halenda (BJH) model.  
 

Results and Discussion  
 

Material preparation 

In this paper, zirconia wet gels were prepared by 

sol-gel method with environment-friendly amino 

acids LAA and LGA as gel accelerators and 

ZrOCl2·8H2O as inorganic zirconia source. Zirconia 

aerogels were obtained by supercritical drying. The 

reaction diagram was shown in Fig. 1. 

From Table 1, it can be seen that the gelation time 

of zirconia was gradually shortened as the volume of 

acidic amino acids was increased. When the volume 

of ZrOCl2·8H2O and the concentration of acidic 

amino acid were immobilized, the larger the volume 

of acidic amino acid added, the shorter of the gelation 

time. It can be simply understood as: the more acidic 

amino acid content was added, the more -NH2 and  

-COOH groups were around Zr
4+

, so the gelation time 

was shortened. The possible gel mechanism of acidic 

amino acids and Zr
4+

 was shown in Scheme 1 
23,27,28

. 

Taking LGA as an example, ZrOCl2·8H2O hydrolyzed 

to [Zr4(OH)8(H2O)16]
8+

 in Reaction (1) as shown in 

Scheme 1 
23,27,28

. Then Zr
4+

 and -NH2 and -COOH 

groups in LGA formed covalent bonds and 

coordination bonds to form wet gels, which was 

shown in Reaction (4) in Scheme 1
27

. At the same 

time, there may be hydrogen bond interaction 

between -COOH and -NH2 in LGA, as shown in 

Table — Experimental parameters of the preparation of ZrO2 aerogels 

Sample series VLGA  

(mL) 

Gelation time  

(min) 

VHCl  

(mL) 

Colour of the  

gel 

Gelation temperature 

(°C) 

Aerogel 

LAA-2 2 80 0 white 60 √ 

LAA-4 4 10 0 white 60 √ 

LAA-6 6 7  0 white 60 √ 

LAA-8 8 1  0 white 60  √ 

LGA-2 a 2 60  0 white 60 √ 

LGA-4 4 4  0 white 60 √ 

LGA-6 6 0.5  0 white 60 √ 

LGA-8 8 immediately 0 white 60 √ 

ZrO2-0 HCl 6 0.5 0 white 60 xerogel 

ZrO2-0.5HCl 6 1.5 0.5 white 60 xerogel 

ZrO2-1HCl 6 3.5 1 white 60 xerogel 

ZrO2-1.5HCl 6 7 1.5 white 60 xerogel 

ZrO2-2HCl 6 10 2 white 60 xerogel 
aLGA-2 means the volume of the gelation accelerator is 2 mL of LGA 
 

 
 

Fig. 1 — Formation process of the preparation of ZrO2 aerogels 
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Reaction (5) in Scheme 1. This complex interaction 

promoted the formation of three-dimensional gel 

network structure, and the same gel formation 

mechanism was also applicable to LAA system. 

The influence of H
+
 content on gelation time was 

also investigated. From Table 1, it can be easily seen 

that the gelation time increased as the volume of HCl 

increased. This result can be explained as more the 

amount of H
+
, the slower hydrolysis rate of LGA, 

resulting the slower combination rate of LGA and 

[Zr4(OH)8(H2O)16]
8+

. The gelation time was prolonged, 

which was consistent with our experimental results. 

However, when the volume of H
+
 was more than  

2 mL, the gelation cannot be obtained. The reason 

was that strong acidic conditions severely inhibit  

the condensation process and a network cannot be 

formed
29

. 
 

SEM analysis 

The white bulk ZrO2 aerogels were obtained after 

the supercritical drying. Our previous article gave  

the apparent photographs of wet gel and aerogel of 

LAA-4, respectively
31

. As can be seen, the wet  

gels can remain basically intact after supercritical 

drying process, and the aerogel with a diameter of 

about 4 cm can be obtained. This was because the  

low capillary force of supercritical fluid inhibited  

the collapse of nanopores in wet gels during  

drying process. 

The surface morphology of the samples was 

characterized by SEM, as shown in Fig. 2. It can be 

seen that ZrO2 aerogels were formed by a large 

number of accumulated nanoparticles, and 

mesoporous existed between nanoparticles. The 

surface morphology of ZrO2 aerogels obtained by this 

method was basically no different from that obtained 

by the other two common methods of preparing 

aerogels, namely "inorganic salt method" and 

"propylene oxide method" 
30, 31

. 
 

BET analysis 

The specific surface area and pore structure of 

LGA series aerogels were studied by N2 adsorption-

desorption characterizations. Fig. 3a showed the 

 
 

Scheme 1 — Schematic representation of the reaction routes between the organic acid and the Zr4+ ions 
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isotherm curves of aerogel with different LGA 

supplemental amounts, which can be seen as type II 

curves, indicating the existence of large pores in the 

samples. The specific surface area and pore volume 

calculated by this method were shown in Table 2. It 

can be concluded that the specific surface areas of 

LGA-2, LGA-4, LGA-6 and LGA-8 aerogels were 

233, 208, 219 and 186 m
2
/g, respectively, and the 

pore volumes were 1.01, 1.05, 1.05 and 0.95 cm
3
/g, 

respectively. This was similar to the specific surface 

area of ZrO2 aerogels reported in other literatures 
32, 33

. 

The above results showed that the specific surface 

area of ZrO2 nanoporous aerogel materials prepared 

with organic acids as gel accelerators and ZrOCl2 as 

zirconium source was equivalent to that of ZrO2 

nanoporous aerogel materials prepared with organic 

alcohols as zirconium source, which fully proved the 

value of this method. The pore size distribution of the 

corresponding aerogels can be seen in Fig. 3b.  

LGA-X aerogels had a large number of pores with 

average pore size ranging from 20-30 nm, belonging 

to the mesoporous range, which was consistent with 

the ZrO2 aerogel samples reported previously 
34, 35

. 
 

TEM analysis 

Fig. 4 (a, b) showed the microstructures of zirconia 

aerogel sample LGA-2 characterized by TEM. As can 

be seen from the images, zirconia aerogels were 

composed of a large number of irregular spherical 

particles. The average size of nanoparticles was  

about 3 nm. The boundary between the nanoparticles  

 
 

Fig. 2 — SEM images of (a, b) LGA-2 and (c, d) LGA-8 aerogels 
 

 
 

Fig. 3 — (a) Nitrogen adsorption-desorption isotherms and (b) the pore size distributions for the aerogel samples LGA-X (X = 2, 4, 6, 8) 
 

Table 2 —Comparison of surface area, pore volume and pore 

diameter of LGA-X(X= 2, 4, 6, 8) aerogels as-prepared  

Samples Surface area 

(m2/g) 

Pore volume 

(cm3/g) 

Pore diameter 

(nm) 

LGA-2 233 1.01 29.8 

LGA-4 208 1.05 31.2 

LGA-6 219 1.05 31.7 

LGA-8 186 0.95 30.1 
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was not clear and there were porous particles between 

them. At the same time, the lattice fringe of the 

monoclinic phase (111) plane can be clearly 

distinguished from the HRTEM atlas of high 

resolution transmission electron microscopy (Fig. 4c), 

and its width was 0.287 nm, indicating that the sample 

LGA-2 obtained after supercritical drying was 

crystalline, which was also consistent with the XRD 

results discussed later. 
 

XRD analysis 

The samples obtained by supercritical drying were 

not very crystalline, which can be verified by XRD 

results in Fig. 5(a). The curves showed that sample 

LGA-6 had wide diffraction peaks at 28.17°, 31.47° and 

34.16°, respectively, which was corresponding to the 

monoclinic phase ZrO2 of No. 37-1484 in the standard 

card 
36

. After heat treatment at 400°C and 600°C, 

agglomeration occurred between particles, which 

increased the size of nanoparticles and enhanced the 

crystallinity of ZrO2 aerogel samples, which was also 

consistent with the results previously reported 
27, 37, 38

. 
We also investigated the effect of H

+
 concentration 

on crystallization of ZrO2. Take LGA-6 as an 

 
 

Fig. 4 — (a, b) TEM images and (c) HRTEM image of 

synthesized LGA-2 aerogel  
 

 
 

Fig. 5 — XRD plots of (a) LGA-6-aerogel, (b) ZrO2-XHCl-RT xerogels, (c) ZrO2-XHCl-400 xerogels treated with 400 °C and (d) ZrO2-

XHCl-600 xerogels treated with 600 °C (X = 0, 0.5, 1, 1.5, 2 mL)  
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example. In the process of the preparation of wet gels, 

the different volume of HCl of 1 mol/L was additional 

added. The gels were dried at atmospheric pressure after 

aging. Then the dried gels were heated at 400 °C and 

600 °C. As shown in Fig. 5(b), the xerogels ZrO2-XHCl-

RT (X = 0, 0.5, 1, 1.5, 2 mL) were almost amorphous 

phase. While the as-prepared sample LGA-6-aerogel 

was weak crystal, which can be explained that the 

environment such as high temperature 260 °C and high 

pressure was helpful to crystallization. The results also 

showed that the samples ZrO2-XHCl-400 (X = 0, 0.5, 1, 

1.5, 2 mL) were tetragonal phase, belonging to the PDF 

card of ZrO2 of 50-1089. While the samples ZrO2-

XHCl-600 (X = 0, 0.5, 1, 1.5, 2 mL) were mixed of 

tetragonal phase and monoclinic phase, belonging to the 

PDF card of ZrO2 of 50-1089 and 37-1484, which were 

showed in Fig. 5(c) and (d). Furthermore, with the 

increase of H
+
, tetragonal phase can be well maintained 

at 600 °C. The observed effect of the acid-to-Zr
4+

 ratio 

on the formation of zirconia gels was in agreement with 

other studies
 39, 40

. 

 

Conclusion 
In this paper, ZrO2 aerogels were prepared by sol-

gel method with the aid of acid amino acid as the gel 

promoter, ZrOCl2 as the inorganic zirconium source, 

ethanol as the solvent. The raw materials of ZrO2 

aerogels prepared by this method were not only safe 

and non-toxic, but also environmentally friendly. The 

ZrO2 aerogels obtained by supercritical ethanol drying 

were composed of nanoparticles, and its crystallinity 

was weak, and its specific surface area was about  

233 m
2
/g. The crystallinity of ZrO2 aerogel was 

enhanced after heat treatment at 400 and 600 °C. The 

effect of H
+
 concentration on the crystallinity of 

zirconia was studied. It was found tetragonal phase 

can be well maintained accompanied by an increase 

of H
+ 

at 600 °C.  
 

Acknowledgement  

This work is supported by General Natural Science 

Research Projects of Colleges and Universities in 

Anhui Province (Grant No. KJ2021B14) and Anhui 

Provincial Science and Technology Key R&D 

Program (Grant No. 2022a05020055).  
 

References 
1 Ward D A & Ko E I, Synthesis and structural transformation 

of zirconia aerogels, Chem Mater, 5 (1993) 956. 

2 Carsten S A B, Zirconia aerogels: Effect of acid-to-alkoxide 

ratio, alcoholic solvent and supercritical drying method on 

structural properties, J Non-Cryst Solids, 223 (1998) 165. 

3 Veselovskaya J V, Derevschikov V S, Shalygin A S & 

Yatsenko D A, K2CO3-containing composite sorbents based 

on a ZrO2 aerogel for reversible CO2 capture from ambient 

air, Micropor Mesopor Mater, 310 (2021) 110624. 

4 Du A, Ma Y, Liu M, Zhang Z, Cao G, Li H, Wang L, Si P, 

Shen J & Zhou B, Morphology analysis of tracks in the 

aerogels impacted by hypervelocity irregular particles, High 

Power Laser Sci, 9 (2021) e14. 

5 Ji X, Jiang Y, Liu T, Lin S & Du A, Mxene aerogel-based 

phase change film for synergistic thermal management 

inspired by antifreeze beetles, Cell Rep Phys Sci, 3 (2022) 

100815. 

6 Wang H, Zhang C, Ji X, Yang J, Zhang Z, Ma Y, Zhang Z, 

Zhou B, Shen J & Du A, Over 11 kg m−2 h−1evaporation rate 

achieved by cooling metal-organic framework foam with 

pine needle-like hierarchical structures to subambient 

temperature, ACS Appl Mater Interfaces, 14 (2022) 10257. 

7 Xie Y, Zhou B & Du A, Slow-sound propagation in aerogel-

inspired hybrid structure with backbone and dangling branch, 

Adv Compos Hybrid Mater, 4 (2021) 248. 

8 Yang J, Cui N, Han D, Shen J, Wu G, Zhang Z, Qin L,  

Zhou B & Du A, A simple strategy for constructing 

hierarchical composite electrodes of PPy-post-treated 3D-

printed carbon aerogel with ultrahigh areal capacitance over 

8000 mF cm–2, Adv Mater Technol, 7 (2021) 2101325. 

9 Yang J, Zhou B, Han D, Cui N, Li B, Shen J, Zhang Z & Du 

A, High-precision three-dimensional printing in a flexible, 

low-cost and versatile way: A Review, ES Mater Manuf, 15 

(2021) 1. 

10 Liu B, Gao M, Liu X, Zhao X, Zhang J & Yi X, Thermally 

stable nanoporous ZrO2/SiO2 hybrid aerogels for thermal 

insulation, ACS Appl Nano Mat, 2 (2019) 7299. 

11 Yu H J, Tong Z W, Qiao Y C, Yang Z C, Yue S, Li X L, Su D 

& Ji H M, High thermal stability of SiO2-ZrO2 aerogels using 

solvent-thermal aging, J Solid State Chem, 291 (2020) 

121624. 

12 Zhang X, Cheng X, Si Y, Yu J & Ding B, Elastic and highly 

fatigue resistant ZrO2-SiO2 nanofibrous aerogel with low 

energy dissipation for thermal insulation, Chem Eng J, 433 

(2022) 133628. 

13 Teichner S J, Nicolaon G A, Vicarini M A & Gardes G E E, 

Inorganic oxide aerogels, Adv Colloid Interface Sci, 5 (1976) 

245. 

14 Stöcker C, Schneider M & Baiker A, Zirconia aerogels and 

xerogels: influence of solvent and acid on structural 

properties, J Porous Mater, 2 (1995) 171. 
15 Zu G, Shen J, Wang W, Zou L, Lian Y, Zhang Z, Liu B & 

Zhang F, Robust, highly thermally stable, core-shell 

nanostructured metal oxide aerogels as high-temperature 

thermal superinsulators, adsorbents, and catalysts, Chem 

Mater, 26 (2014) 5761. 

16 Gash A E, Tillotson T M, Satcher J H, Poco J F, Hrubesh L W 
& Simpson R L, Use of epoxides in the sol-gel synthesis of 

porous iron(III) oxide monoliths from Fe(III) salts, Chem 

Mater, 13 (2001) 999. 

17 Gash A E, Tillotson T M, Satcher Jr J H, Hrubesh L W & 

Simpson R L, New sol-gel synthetic route to transition and 

main-group metal oxide aerogels using inorganic salt 
precursors, J Non-Cryst Solids, 285 (2001) 22. 

18 Jung H, Han W, Hee H & Park H, Effect of cationic and non-

ionic surfactants on the microstructure of ambient pressure 

dried zirconia aerogel, Mater Express, 7 (2017) 291. 



WU et al.: PREPARATION OF ZIRCONIA AEROGEL WITH L-GLUTAMIC ACID 

 

 

287 

19 Gash A E, Satcher J H & Simpson R L, Strong akaganeite 

aerogel monoliths using epoxides: Synthesis and 

characterization, Chem Mater, 15 (2003) 3268. 

20 Sui R, Rizkalla A S & Charpentier P A, Direct synthesis of 

zirconia aerogel nanoarchitecture in supercritical CO2, 

Langmuir, 22 (2006) 4390. 

21 Liu B, Gao M, Liu X, Xie Y, Yi X, Zhu L, Wang X &  

Shen X, Monolithic zirconia aerogel from poly-

acetylacetonatozirconium precursor and ammonia hydroxide 

gel initiator: formation mechanism, mechanical strength and 

thermal properties, RSC Adv, 8 (2018) 41603. 

22 Zhong L, Chen X, Song H, Guo K & Hu Z, Synthesis of 

monolithic zirconia aerogel via a nitric acid assisted epoxide 

addition method, RSC Adv, 4 (2014) 31666. 
23 Chervin C N, Clapsaddle B J, Chiu H W, Gash A E, Jr 

Satcher J H & Kauzlarich S M, Aerogel synthesis of yttria-
stabilized zirconia by a non-alkoxide sol-gel route, Chem 
Mater, 17 (2005) 3345. 

24 Zhang Z, Gao Q, Liu Y, Zhou C, Zhi M, Hong Z, Zhang F & 
Liu B, A facile citric acid assisted sol-gel method for 
preparing monolithic yttria-stabilized zirconia aerogel, RSC 
Adv, 5 (2015) 84280. 

25 Zhang Z Y, Gao Q Y, Gao H B, Shi Z Y, Wu J W, Zhi M J & 

Hong Z L, Nickel oxide aerogel for high performance 

supercapacitor electrodes, RSC Adv, 6 (2016) 112620. 

26 Wang X, Li C, Zhi M & Hong Z, Preparation of ZrO2 

aerogels by L-malic acid and L-tartaric acid assistant sol-gel 

method, J Sol-Gel Sci Technol, 106 (2023) 281. 

27 Wang X Q, Li C Y, Shi Z Y, Zhi M J & Hong Z L, The 

investigation of an organic acid assisted sol-gel method for 

preparing monolithic zirconia aerogels, RSC Adv, 8 (2018) 

8011. 

28 Wang M L, Liu B L, Ren C C & Shih Z W, Preparation of the 

precursor of the zirconium oxide in EDTA-ammonia solution 

by the sol-gel method, Ind Eng Chem Res, 36 (1997) 2149.  

29 Livage J, Henry M & Sanchez C, Sol-gel chemistry of transition 

metal oxides, Prog Solid State Chem, 18 (1988) 259. 

30 Turk M & Erkey C, Synthesis of supported nanoparticles in 

supercritical fluids by supercritical fluid reactive deposition: 

Current state, further perspectives and needs, J Supercrit 

Fluid, 134 (2018) 176. 

31 He J, Li X, Su D, Ji H, Zhang X & Zhang W,  

Super-hydrophobic hexamethyl-disilazane modified ZrO2-

SiO2 aerogels with excellent thermal stability, J Mater Chem 

A, 4 (2016) 5632. 

32 Chakhari S, Younes M K, Rives A & Ghorbel A, Effect of the 

doping agent nature on the characteristic and catalytic 

properties of aerogel zirconia catalysts doped with  

sulfate groups or heteropolytungstic acid, Mater Res Bull, 72 

(2015) 35. 

33 Saravanan K, Tyagi B & Bajaj H C, Nano-crystalline, 

mesoporous aerogel sulfated zirconia as an efficient catalyst 

for esterification of stearic acid with methanol, Appl Catal B: 

Environ, 192 (2016) 161. 

34 Lermontov S A, Malkova A N, Yurkova L L, Straumal E A, 

Gubanova N N, Baranchikov A Y & Ivanov V K, Diethyl and 

methyl-tert-buthyl ethers as new solvents for aerogels 

preparation, Mater Lett, 116 (2014) 116. 

35 Li X, Jiao Y, Ji H & Sun X, The effect of propylene oxide on 

microstructure of zirconia monolithic aerogel, Integr 

Ferroelectr, 146 (2013) 122. 

36 Chao X Y, Yuan W H, Shi Q Y & Zhu Z F, Improvement of 

thermal stability of zirconia aerogel by addition of yttrium,  

J Sol-Gel Sci Technol, 80 (2016) 667. 

37 Wang X, Wu Z, Zhi M & Hong Z, Synthesis of high 

temperature resistant ZrO2-SiO2 compositeaerogels via ― 

thiol-ene‖ click reaction, J Sol-Gel Sci Technol, 87 (2018) 

734. 

38 Wang X & Li C, Synthesis of high temperature resistant 

ZrO2-SiO2 composite aerogels via supercritical fluid 

deposition, Indian J Chem Technol, 30 (2023) 198. 

39 Suh D J & Park T J, Sol-gel strategies for pore size control of 

high-surface-area transition-metal oxide aerogels, Chem 

Mater, 8 (1996) 509. 

40 Roth M J, Brook M A & Penny H B, Hydrosilane cleavage 

reactions accelerated by tartaric acid and dimethyl 

sulphoxide, J Organomet Chem, 521 (1996) 65. 

 
 


