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Abstract

Aerogel-based biomaterials is an important subject in materials sciences due to
their vast attention in different sectors. These materials possess unique properties
that distinguish them such as low density. In the area of tissue engineering, there
application has been documented in areas such as blood vessel, soft tissue, nerves,
bone and cartilage. There are several steps involved in aerogel preparation. The first
step involves the appropriate selection of a precursor material such as polymers,
silica or carbon. Aerogels have a unique property which includes the composition
of mesoporous solid colloids that possess a light weight and a porous frame work
structure. Aerogels also possess unique extraordinary physicochemical
properties.Tissue engineering is a broad term that encompasses on using
biocompatible materials to repair and replace damaged tissues. Notwithstanding, its
diverse applications over the years, tissue engineering have had persistent hurdles
which include the need to develop new novel biomaterials This article seeks to
review the properties of aerogel and their preparation processes. The review also
documented the challenges from current studies and future prospects were also
discussed.
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INTRODUCTION

its diverse applications over the vyears, tissue
engineering have had persistent hurdles over the years

The significant attention aerogels have gained over the
years especially in the field of biomaterials cannot be
over emphasized'”. They have a unique property which
includes the composition of mesoporous solid colloids,
which possess a lightweight and a porous frame work
structure®. A definition given by Feng et al., defined an
aerogel as a solid component that has a unique
dispersion®. Aerogels are remarkable materials that
possess extraordinary physicochemical properties®.
Aerogel preparation involves several steps. They have
diverse applications and ability to exist in different
forms such as cylinders, spheres and monolithic
shapes®’. In the field of biomedicals, their application
is widespread to other areas not limited to tissue
engineering®’ Tissue engineering is a broad term that
encompasses on using biocompatible materials to
repair and replace damaged tissues. Notwithstanding,
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which include the need to develop new novel
biomaterials'®™*. With these challenges in view, the
promising avenue of aerogel-based biomaterials cannot
be over-emphasized'>. Some of the several reasons
associated with the use of these materials include: its
biocompatibility, biodegradability and mechanical
strength'®. Scientists have been able to incorporate the
aerogel-based scaffolds in three-dimensional (3D)
printing, thus enhancing its flexibility.
Aerogel-based biomaterials and their
properties

Distinctive properties associated with aerogels include
high porosity, low weight and surface area'’?’. They
help to increase their widespread applications in
various fields. These exceptional qualities of the
biomaterials to be easily handled and implemented in
the human body is related to their low density and

unique
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weight’. Some of the techniques used in the
determination of aerogels include: scanning electron
microscopy (SEM), small-angle scattering (SAXS),
nuclear magnetic resonance (NMR) and X-ray
diffraction (XRD)**%.

Aerogel-based biomaterials and their preparation
techniques

Several key steps are involved in aerogel preparation.
The first step involves the appropriate selection of a
material such as polymers, silica or carbon?’*®. These
precursor materials have their own unique properties.
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linking strategies’*>. The production of nanofiber-
derived aerogels (PNAs) by Qian ef al.**, was based on
the high porosity and surface area. The effect of aging
on the aerogel’s microstructure has been documented.
According to Kawakami ef al., he deployed the use of
water vapor in optimizing the aging process*’. The
most prevalent methods among the afore-mentioned
techniques are freeze-drying and scCO; drying®>™.
Table 1 summarizes the drying methods on aerogel
characteristics, while Table 2 depicts the wvarious
strategies for aerogel preparation. Two unique

The sol-gel process is the first fundamental method characteristics mark out the supercritical drying
employed in aerogel synthesis®’. To enhance the technique. They include avoidance of structural
strength of aerogels, there is to deploy various cross- collapse and mesopore shrinkage****.
Table 1: Different characteristics of aerogels prepared by different drying techniques.
Technique Aerogel Raw material(s) Characteristics Reference
SCD Si02 and Tetra-ethoxy silane, ethanol, Transparency, homogeneity, pore 4446
carbon aerogels water size (80 mm or less), ultra-low
density, small mean particle size
SCD nanofibers Ammonium sulfate, CaClz 33 nm and 23 nm pore size 47
Freeze-drying Carbon Formaldehyde Density of 0.112 g/em® 48
aerogels
UAFD Polyimide N-N-dimethylacetamide Heightened thermal insulation 4
aerogels (DMAC) and increased hydrophobicity
SCD: Supercritical drying); UAFD: Ultrasound assisted freeze drying.
Table 2: Applied strategies of aerogels in tissue engineering.
Aerogel Applied strategy Synthesis Results Reference
technology
Photo-crosslink and 3D printing of Wet chemical Supports mesenchymal 66
methacrylate scaffolds synthesis and self- osteoblast differentiation
assembly.
Alginateaerogel 3D printing of 3D printing cell proliferation and migration 67
scaffolds are enhanced.
Nanofiber aerogel Bone scaffolds Freeze casting Healing was achieved in a cranial 68
defect of size 8 mm
Mixture of gelatin Dopamine release Covalent grafting Production of good mechanical oo
and chitosan aerogel properties
Nanofiber aerogel Typical release Amination Formation of new 7
strategy reactions bone cells

Classification of aerogel-based biomaterials

They are classified based on two distinct properties
which include: constituent materials and chemical
properties’. Nanomaterials is one of the materials used
in biomedical application®*,

Organic aerogels-based biomaterials

Unique characteristics associated with organic aerogels
include: light weight, flexibility and biocompatibility
555 Carbon based aerogels are constructed with the
help of carbon-based nanomaterials. The materials

exist in form of nano diamonds (NDs)**%. Another
component of the aerogel production are the organic
polymer materials®®. Cellulose has a well-known
cellulose-based hydrogel derived from it®.

Inorganic aerogel-based biomaterials

The foundation of these biomaterials consists of
inorganic materials like metal oxides®™%. The first
synthesis of silicon aerogels was in the 19% century™®.
They are also used in industrial setting and in water
purification®.

Table 3: Current perspectives of aerogel applications.

Tissue engineering Aerogel-based biomaterials Other added Application advantages Reference
application/direction materials
Bone/tissue engineering  Scaffolds of nanowire origin Hydroxyapatite It enhances the growth and ©
regeneration of bone cells
Nerve tissue Conductive Dodecyl- It enhances the adhesion of '°
engineering cellulose/polypyrrole benzenesulfonic acid PC 12 cells
composite aerogels
Skin tissue engineering  Jackfiuit aerogel Derivatives of zinc It enhances the regeneration "
of infected skin wounds
Muscle tissue Polydopamine aerogel Tannic acid It enhances the growth of 50
engineering myofibroblasts
ISSN: 2456-8058 o7 CODEN (USA): UJPRA3
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Hybridized aerogel-based biomaterials

Distinct properties of aerogels are influenced by the
selection between organic and inorganic types. They
possess notable characteristics such as  bio-
degradability, biocompatibility and light weight®*"’. A
significant milestone was achieved by Novak et al.,
when he prepared the first silica (SiO2) hybridized
aerogel for specific applications’. There are various
techniques deployed in the characterization of organic-
inorganic hybrid aerogels™ . There are two main
classes of organic-inorganic hybridized aerogels’™.
The choice of type I or type II hybridized aerogels
depends on its application”.

Aerogel-based strategies for tissue regeneration
Properties such as biocompatibility, hydrophilicity and
non-cytotoxicity are exhibited by aerogels.

CONCLUSION

The new characteristics of aerogels make them stand
out as a unique material. There is need to pay critical
attention on the synthesis protocols and porosity
regulation of aerogels. Inherent properties of aerogels
can be further explored by researchers in areas of
aerogel-based biomaterials.

ACKNOWLEDGEMENTS

Authors wish to acknowledge the librarian and other
technical staffs at Federal University of ABC
(UFABC) for providing us with the necessary materials
and tools.

AUTHOR'S CONTRIBUTION

Ezegbe CA.: writing, review, supervision, Ezegbe AG:
writing, review, Odo KB: writing, review, Onyia OC:
Review, writing, Agu-kalu A: writing, review.
Anikwe CC: literature survey. Ugorji AC: critical
review. Uchenna CP: literature survey. Final
manuscript was checked and approved by all authors.

DATA AVAILABILITY

Upon request, the accompanying author can furnish the
empirical data used to bolster the findings of the study.

CONFLICT OF INTEREST
None to declare.
REFERENCES

1. Hising N, Schubert U. Aecrogels—airy materials:
chemistry, structure, and properties, angew. Chem Int Ed
1098; 37 (1-2): 22-45. https://doi.org/10.1002

2. Kistler SS. Coherent expanded aerogels and jellies, nature
1931; 127(3211):741. hitps:/idoi.org/10.1038/127741a0

3. DuA. Zhou B, Zhang Z, Shen J. A special material or a
new state of matter: A review and reconsideration of the
aerogel. Materials (BASEL) 2013: 6(3)941-968.
https.//doi.org/10.3390/ma6030941

4. Feng I, Su BL. Xia H, et al. Printed acrogels: Chemistry,
processing, and applications. Chem Soc Rev 2021: 50 (6)
3842-3888. http://dx.doi.org/10.1039/CICS00757A

ISSN: 2456-8058

o8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Universal Journal of Pharmaceutical Research 2025; 10(1): 56-60

Vareda JP, Lamy-Mendes A, Duraes L. A reconsideration
on the definition of the term aerogel based on current
drying trends, Microporous Mesoporous Mater 2018; 258
211-216.hitps:/idoi.org/10.1016/j. micromeso.2017.09.016
Xie I. Niu L.Qiao Y, Chen P, Rittel D. Impact energy
absorption behavior of graphene aerogels prepared by
different drying methods. Mater Des 2022; 221: 110912.
https://doi.org/10.1016/.matdes.2022.110912
Ferreira-Gonealves T. Constantin C, Neagu M., Reis CP,
Sabri F, Simon R. Safety and efficacy assessment of
acrogels  for  biomedical applications. Biomed
Pharmacother 2021; 144: 112356.
https://doi.org/10.1016/.biopha.2021.112356

Nita LE, Ghilan A, Rusu AG, Neamtu I, Chiriac AP. New
Trends in Bio-Based Aerogels. Pharmaceutics 2020; 12
(5): 449. hrips://doi.org/10.3390/pharmaceutics] 2050449
Chen Y, Zhang L., Yang Y, et al. Recent progress on
nanocellulose  aerogels:  Preparation, modification,
composite fabrication, applications. Adv Mater 2021; 33
(11): 2005569. https://doi.org/10.1002/adma.202005569
Wan W, Zhang R, Ma M. Zhou Y. Monolithic acrogel
photocatalysts: A review. J Mater Chem A 2018: 6 (3):
754-T75. http://dx.doi.org/10.1039/C7TA09227T

Wei N, Ruan L, Zeng W, Liang D, Xu C, Huang L, Zhao
J. Compressible supercapacitor with residual stress effect
for sensitive elastic-electrochemical stress sensor. ACS
Appl Mater Interfaces 2018; 10 (44): 38057-38065.
https://doi.org/10.1021/acsami.8b12745

Shabangoli Y. Rahmanifar MS, El-Kady MF, Noori A,
Mousavi MF, Kaner RB. Thionine functionalized 3D
graphene aerogel: Combining simplicity and efficiency in
fabrication of a metal-free redox supercapacitor. Adv
Energy Mater 2018: 8 (34): 1802869.
https://doi.org/10.1002/aenm.201802869

Zheng L, Zhang S, Ying Z. Liu I, Zhou Y, Chen F.
Engineering of aerogel-based biomaterials for biomedical
applications. Int J Nanomed 2020; 15: 2363-2378.
https://doi.org/10.2147/IJN.5238005

Esquivel-Castro TA. Ibarra-Alonso MC, Oliva 7.
Martinez-Lu'evanos A. Porous aerogel and core/shell
nanoparticles for controlled drug delivery: A review.
Mater Sci Eng C 2019; 96: 915-940.
https://doi.org/10.1016/j.msec.2018.11.067

Wu Y., Jin M, Huang Y, Wang F. Insights into the
prospective  aerogel  scaffolds composed  of
chitosan/aramid nanofibers for tissue engineering. ACS
App Polymer Materials 2022: 4 (7). 4643—-4652.
https://doi.org/10.1021/acsapm.1c¢01862

Follmann HD. Oliveira ON, Lazarin-Bidoia D. et al.
Multifunctional hybrid aerogels: Hyperbranched polymer
trapped mesoporous silica nanoparticles for sustained and
prolonged drug release. Nanoscale 2018; 10 (4) 1704—
1715. hrips://doi.org/10.1039/c7nr08464a

Hosseini H, Zirakjou A, Goodarzi V, et al. Lightweight
acrogels  based on  bacterial  cellulose/silver
nanoparticles/polyaniline with tuning morphology of
polyaniline and application in soft tissue engineering. Int J
Biol Macromol 2020; 152: 57-67.10.
https://doi.org/1016/j.ijbiomac.2020.02.095

Maleki H, Dur Laes, Garcia-Gonz CA’ alez, Gaudio P,
Mahmoudi P. Synthesis and biomedical applications of
acrogels: Possibilities and challenges. Adv Colloid
Interface Sci 2016; 236: 1-27.
https://doi.org/10.1016/.¢is.2016.05.011

Amani H, Arzaghi H, Bayandori M, Dezfuli AS, Pazoki-
Toroudi H, Shafiee A, Moradi L. Controlling cell
behavior through the design of biomaterial surfaces: A
focus on surface modification techniques. Adv Mater
Interfaces 2019: 6 (13): 1900572.
https://doi.org/10.1002/admi.201900572

Stergar], Maver U. Review of aerogel-based materials in
biomedical applications. J Sol-Gel Sci Tech 2016; 77 (3):
738-752. https://doi.org/10.1007/510971-016-3968-5

CODEN (USA): UJPRA3



Ezegbe et al.,

21.

22,

23.

24,

25.

26.

27.

28.

20,

30.

31

32.

33.

34.

35.

36.

Karamikamkar S, Yalcintas EP, Haghniaz R, er al.
Acrogel based biomaterials for biomedical applications:
From  fabrication methods to  disease-targeting
applications. Adv Sei 2023; 10 (23): 2204681.
http.//dx.dot.org/10.1002/advs. 202204681

Li VC, Dunn CK. Zhang Z. Deng Y, Qi HI. Direct Ink
Write (DIW) 3D printed cellulose nanoerystal aerogel
structures. Sci Rep 2017: 7 (1): 8018.
https./idoi.org/10.1038/541598-017-07771-y

Chen H, Wang X, Xue F, Huang Y, Zhou K, Zhang D. 3D
printing of SiC ceramic: Direct ink writing with a solution
of preceramic polymers. J Eur Ceram Soc 2018; 38 (16):
5204-5300.

https.//doi.org/10.1016/f jeurceramsoc.2018.08.009
Smirnoval, Gurikov P. Aerogel production: Current status,
research directions, and future opportunities. J Supercrit
Fluids 2018; 134: 228-233.
https://doi.org/10.1016/f.5upflu.2017.12.037

Qiao H. Qin W, Chen I, et al. AuCu decorated
MXene/RGO  aerogels towards wearable thermal
management and pressure sensing applications, Mater.
Des. 228 (2023) 111814,
https.//doi.org/10.1016/j.matdes.2023.111814

Cheng X, Chang X, Wu F, et al. Advanced
nanofabrication for elastic inorganic aerogels. Nano Res
2024; 17 8842-8862.
https.//doi.org/10.1007/512274-023-6369-4

Yu S, Budtova T. Creating and exploring carboxymethyl
cellulose aerogels as drug delivery devices. Carbohydr
Polym 2024; 332: 121925.
https./idoi.org/10.1016/f.carbpol.2024.121925
Milovanovie S, Markovie D, Jankovic I. Castvan, I. Lukie,
Cornstarch aerogels with thymol, citronellol. carvacrol,
and eugenol prepared by supercritical COz- assisted
techniques for potential biomedical applications,
Carbohydr Polym 2024; 331: 121874.
https./idoi.org/10.1016/.carbpol.2024.121874

Saldin LT, Cramer MC, Velankar SS. White LI, Badylak
SF. Extracellular matrix hydrogels from decellularized
tissues: Structure and function. Acta Biomater 2017 49:
1-15. https://doi.org/10.1016/j.actbio.2016.11.068

Tan Y, Chen D, Wang Y, ef al. Limbal bio-engineered
tissue employing 3D nanofiber-acrogel scaffold to
facilitate LSCs growth and migration. Macromol Biosci
2022; 22 (5): 2270014.
https./idoi.org/10.1002/cssc.202101844

Zhang M, Li M, Xu Q, et al. Nanocellulose-based acrogels
with devisable structure and tunable properties via ice-
template induced self-assembly. Ind Crop Prod 2022; 179:
114701. https://doi.org/10.1016/j.nanoen.2020.104990

Duan X, Shi X, Li Z Pei C. Preparation of
nitrocellulose/nitrochitosan  composite  aerogel  with
mesoporous and significant thermal behavior on the basis
of precursors synthesized by homogeneous reaction,
Cellul 2024: 31 (3):1641-1658.
http.//dx.doi.org/10.1007/s10570-023-05706-7

Qian Z, Wang Z. Zhao N, Xu J. Aerogels derived from
polymer nanofibers and their applications. Macromol
Rapid Commun 2018; 39 (14) 1700724,
https./idoi.org/10.1002/mare. 201700724

Kawakami N. Fukumoto Y. Kinoshita T. Suzuki K.
Preparation of highly porous silica aerogel thin film by
supercritical drying. Jpn J Appl Phys 2002: 39 (3A):L182.
https./idoi.org/10.1016/f.supflu.2012.02.026

Pirard R, Blacher S, Brouers F, Pirard JP. Interpretation
of mercury porosimetry applied to aerogels. J Mater Res
1995: 10 (8) 2114-2119.
https./idoi.org/10.1557/JMR.1995.2114

LeeD. Kim J, Kim S, Kim G. Roh J. Lee S, Han H.
Tunable pore size and porosity of spherical polyimide
acrogel by introducing swelling method based on
spherulitic  formation  mechanism.  Microporous
Mesoporous Mater 2009: 288: 109546.
https.//doi.org/10.1016/.micromeso.2019.06.008

ISSN: 2456-8058

37.

38.

39.

40.

41

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52.

53.

. Beaumont M, Kondor A, Plappert S,

Universal Journal of Pharmaceutical Research 2025; 10(1): 56-60

Ganesan K. Budtova T. Ratke L, et al. Review on the
production of polysaccharide acrogel particles. Materials
2018: 11 (11): 2144. hrtps://doi.org/10.3390/mall112144
Chen M., Xie J. Xiong C, Wang H. Synthesis and
characterization of hexagonal BN-based aerogels for
absorbing oils. Ceram Int 2021: 47 (14): 19970-19977.
https://doi.org/10.1016/j.ceramint.2021.04.007

Groen JC. Peffer LA. Perez-Ramirez J. Pore size
determination in modified micro- and mesoporous
materials. Pitfalls and limitations in gas adsorption data
analysis. Microporous Mesoporous Mater 2023, 60 (1): 1-
17. https:/idoi.org/10.1016/51387-1811(03)00339-1
Thommes M. Kaneko K. Neimark AV, et al
Physisorption of gases, with special reference to the
evaluation of surface area and pore size distribution
(IUPAC Technical Report). Pure Appl Chem 2015; 87 (9—
10): 1051-1069. hrips://doi.org/10.1515/pac-2014-1117

et al. Surface
properties and porosity of highly porous, nanostructured
cellulose II particles. Cellul 2017; 24: (1) 435-440.
https://doiorg/10.1007/510570-016-1091-y

Vesel PRitkonen J. NissinenT, Lehto VP, Slov V.
Optimisation of thermoporometry measurements to
evaluate mesoporous organic and carbon xero-, cryo- and
aerogels. Thermochim Acta 2015; 621: 81-89.
https://doi.org/10.1016/.tca.2015.10.016

Hao L, Fei X, Peiyun Y, et al. Multifunctional acrogel: A
unique and advanced biomaterial for tissue regeneration
repair. Materials Design 2014; 243: 113091.
https://doi.org/10.1016/j.matdes.2024.113091

Maleki H, Shahbazi MA, Montes S, et al. Mechanically
strong silica-silk fibroin bicaerogel: A hybrid scaffold
with ordered honeycomb micromorphology and multiscale
porosity for bone regeneration. ACS Appl Mater
Interfaces 2019; 11 (19): 17256-17269.
https://doi.org/10.1021/acsami. 9604283

Zhao S, Siqueira G, Drdova S. er al. Additive
manufacturing of silica aerogels. Nature 2020; 584 (7821):
387-392. https://doi.org/10.1035/541586-020-2594-0
Olsson RT, Samir A, Salazar-Alvarez G, et al. Making
flexible magnetic acrogels and stiff magnetic nanopaper
using cellulose nanofibrils as templates. Nat Nanotechnol
2010: 5 (8): 584-588.
https://doi.org/10.1038/mnano.2010.155

Talebi Mazrach-shahi Z. MousaviA, Shoushtari AR.
Bahramian M. Synthesis, pore structure and properties of
polyurethane/silica hybrid aerogels dried at ambient
pressure. J Ind Eng Chem 2015; 21: 797-804.
https://doi.org/10.1016/j jiec.2014.04.015

Feinle A, Elsaesser MS, Hiising N. Sol-gel synthesis of
monolithic materials with hierarchical porosity. Chem Soc
Rev 2016: 45 (12): 3377-3399.
https://doi.org/10.1039/¢5¢s00710k

Franco P, Pessolano E, Belvedere R, Petrella A, De Marco
1. Supercritical impregnation of mesoglycan into caleium
alginate aerogel for wound healing. J Supercrit Fluids
2020: 157: 104711.
https://doi.org/10.1016/j.5upflu.2019.104711

Van Nguyen TT., Yang GX, Phan AN, et al. Insights into
the effects of synthesis techniques and crosslinking agents
on the characteristics of cellulosic aerogels from water
hyacinth. RSC Adv 2022; 12 (30):19225-19231.
https://doi.org/10.1039/d2ra02944h

Capadona LA, Meador MA, Alunni A, Fabrizio EF,
Vassilaras P, Leventis N. Flexible, low-density polymer
crosslinked silica aerogels. Polymer 2006: 47 (16): 5754—
5761. https://doi.org/10.1016/j.polymer.2006.05.073
Wang H. Cao M, Zhao HB, Liu JX, Geng CZ, Wang YZ.
Double-cross-linked  aerogels  towards  ultrahigh
mechanical properties and thermal insulation at extreme
environment. Chem Eng J 399 (2020) 125698.
https://doi.org/10.1016/.cej.2020.125698

ZhangX, LiW. Song P, You B, Sun G. Double-cross-
linking strategy for preparing flexible, robust, and

CODEN (USA): UJPRA3



Ezegbe et al.,

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

multifunctional polyimide acrogel. Chem Eng J 2020: 381:
122784. https://doi.org/10.1016/j.cej.2019.122784
Francon H, Wang Z. Marais A, et al. Ambient-dried, 3D-
printable and electrically conducting cellulose nanofiber
aerogels by inclusion of functional polymers. Adv Funct
Mater 2020; 30 (12): 1909383.
https./idoi.org/10.1016/.ce.2023.147044

Chen Y, Shafiq M. Liu M, Morsi Y, Mo X. Advanced
fabrication for electrospun three-dimensional nanofiber
aerogels and scaffolds. Bioact Mater 2020: 5 (4): 963-979.
https.//doi.org/10.1016/. bioactmat.2020.06.023

Dilamian M, Joghataei M, Ashrafi Z. et al. From 1D
electrospun nanofibers to advanced multifunctional
fibrous 3D aerogels. Appl Mater Today 2021: 22: 100964.
https.//doi.org/10.1016/.apmt.2021.100964

Zhang J, Zheng I, Gao M, Xu C, Cheng Y, Zhu M.
Nacre-mimetic nanocomposite acrogels with exceptional
mechanical performance for thermal superinsulation at
extreme conditions. Adv Mater 2023; 35 (29): 2300813.
http.//dx.doi.org/10.1002/adma. 202300813

Shao G. Hanaor DAH, Shen X, Gurlo A. Freeze casting:
From low-dimensional building blocks to aligned porous
structures—A review of novel materials, methods, and
applications. Adv Mater 2020; 32 (17): 1907176.
https.//doi.org/10.1002/adma. 201907176

Aizawa M. How elastic moduli affect ambient pressure
drying of poly (methyl! silsesquioxane) gels. J Sol-Gel Sei
Technol 2020; 104 (3): 490—496.
http.//dx.dot.org/10.1007/s10971-022-05873-2

Nagel Y, Sivaraman D, Neels A, et al. Anisotropic, strong,
and thermally insulating 3D-Printed nano cellulose—
PNIPAAM acrogels. Small Structures 2023; 4(12):
2300073. hitps:/idoi.org/10.1002/5str.202300073
Garcia-Gonzalez CA, Camino-Rey MC, Alnaief M, Zetzl
C. Smirnova L. Supereritical drying of acrogels using CO2:
Effect of extraction time on the end material textural
properties. J Supercrit Fluids 2012; 66: 297-306.
https./idoi.org/10.1016/.supflu.2012.02.026

M'endez DA. Schroeter B, Martinez-Abad A. Fabra MJ,
Gurikov P, Lopez-Rubio A. Pectin-based acrogel particles
for drug delivery: Effect of pectin composition on aerogel
structure and release properties, Carbohydr. Polym 2023;
306:120604. hitps://doi.org/10.1016/f.carbpol. 2023.120604
ZhuH, Yang X, Cranston ED, Zhu S. Flexible and porous
nanocellulose acrogels with high loadings of metal—
organic-framework particles for separations applications.
Adv Mater 2016; 28 (35): 7652-7657.
https.//doi.org/10.1002/adma. 201601351

Cui SW, Cheng X Shen, Fan M, et al. Mesoporous
aminemodified SiO2 aerogel: A potential CO2 sorbent.
Energ Environ Sei2011; 4(6):2070-2074.
https.//doi.org/10.1016/.colsurfa.2022.130510

Pirzada T, Ashrafi Z, Xie W, Khan SA. Multifunctional
acrogels: Cellulose silica hybrid nanofiber acrogels. Sol-
Gel Electrospun Nanofibers to Multifunctional Aerogels.
Adv Func Mat 2020: 30(5): 2070031.
https://doi.org/10.1002/adfin. 202070031

Zou F, Wang Y. Tang T, et al. Synergistic strategy
constructed hydrogel-aerogel biphasic gel (HAB-gel) with
self-negative-pressure exudate  absorption, M2
macrophage-polarized and antibacterial for chronic wound
treatment. Chem Eng J2023; 451: 138952.
https./idoi.org/10.1016/.nanoen.2020.104990

ISSN: 2456-8058

67

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Universal Journal of Pharmaceutical Research 2025; 10(1): 56-60

. LiF, Xie L, Sun G. et al. Chen, Resorcinol-formaldehyde
based carbon aerogel: Preparation, structure and
applications in energy storage devices. Mesoporous Mater
2019:279:293-315.
https://doi.org/10.1016/j.micromeso.2018.12.007
Rahmanian V, Pirzada T. Wang S, Khan SA. Cellulose-
based hybrid aerogels: Strategies toward design and
functionality. Adv Mater 2021; 33 (51): 2102892.
https://doi.org/10.1002/adma.202102892

Shang QG, Wang K, LiLG. et al. A Metallic ion-induced
self-assembly enabling nanowire-based aerogels. Small.
2021; 17 (44): 2103406.
https://doi.org/10.1002/smil.202103406

Yang I, Lu J. Xi S, er al. Direct 3D print polyimide
aerogels for synergy management of thermal insulation,
gas permeability and light absorption. J Mater Chem A
2024: 112: 456-467.

https://doi.org/10.1039/D3TA02928T

Novak BM., Auerbach D, Verrier C. Low-density,
mutually interpenetrating organic-inorganic composite
materials via supercritical drying techniques. Chem Mater
1994: 6 (3): 282-286.
https://doi.org/10.1021/em00039a006

Hense D, Biingeler A, Kollmann F, et al. Self-assembled
fibrinogen hydro- and aerogels with fibrin-like 3D
structures. Biomacromol 2021; 22 (10): 4084-4094.
https://doi.org/10.1021/acs.biomac.1c00489

Zhang S, Zhao K, ZhaoJ, LiuH, Chen X, YangJ. Bao
C. Large-sized graphene oxide as bonding agent for the
liquid extrusion of nanoparticle aerogels. Carbon 2018:
136:196-203.
https://doi.org/10.1016/j.carbon.2018.04.070

YiG, Tao Z, Fan W, Zhou H, Zhuang Q, Wang Y. Copper
ion-induced selfassembled aerogels of carbon dots as
peroxidase-mimicking nanozymes for colorimetric
biosensing of organophosphorus pesticide. ACS Sustain.
Chem. Eng. 2024; 12 (4): 1378-1387.
https://doi.org/10.1021/acssuschemeng.3c¢04729

Ciftei D, Ubeyitogullari A, Huerta RR, et al. Lupin hull
cellulose nanofiber aerogel preparation by supercritical
CO; and freeze drying. J Supercrit Fluids 2017; 127: 137-
145. hrips://doi.org/10.1016/f.supflu.2017.04.002

Zhang M, Si Z, Yang G, et al. Facile synthesis of dual
modal pore structure aerogel with enhanced thermal
stability. Coatings 2022: 12 (10): 1566.
https://doi.org/10.3390/coatings1 2101566

Jung HN, Choi H, Kim SH, Jung WK, Park HH. The
effect of surfactant type and concentration on the pore
structure of alumina aerogels. J Non Cryst Solids 2023;
610 122325.

https://doi.org/10.1016/j jnoncrysol.2023.122325

Shi B, Ma B, Wang C, He H. QuL., Xu B, Chen Y.
Fabrication and applications of polyimide nano-aerogels,
Compos. A Appl Sci Manuf 2021; 143: 106283.
https://doi.org/10.3390/gels 10100667

Payanda Konuk O, Alsuhile AM, Yousefzadeh H, er al.
The effect of synthesis conditions and process parameters
on acrogel properties. Front Chem 2023; 11.
http://dx.doi.org/10.3389/fchem.2023.1294520

White RJ, Brun N, BudarinVL, Clark JH, Titirici MM.
Always look on the “light” side of life: Sustainable carbon
aerogels. Chem Sus Chem 2014; 7 (3): 670—689.
https://doi.org/10.1002/csse. 201300961

CODEN (USA): UJPRA3



