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Article Info ABSTRACT
Article type: Background and Objectives: Bio-nanocomposites are a group of polymer
Full Length Research Paper  nanocomposites constructed from the combination of biodegradable
polymers and inorganic solids, in which at least one of their dimensions is
. . in the nanometer range. Aerogels are materials with 3D porous
Article history: : L .
Received: 01.12.2023 mtercor_mected_ structures, consisting of various polymgr components.
Revised: 02.21.2023 Regarding their spectacular features, such as high specific surface, high
Accepted: 02.24.2023 porosity and very low density, aerogels have interesting and broad potential
applications in various sciences. In this research, biocompatible
nanocomposite aerogels are produced from non-toxic, sustainable, and

Keywords: renewable materials, which are mostly by-products of the dairy industry
Aerogel, and agricultural wastes. These nanocomposite aerogels contain large
Cellulose nanofibrils, amounts of polysaccharides and proteins. These aerogels have properties of
Chitosan, non-toxic nature, renewability, and biodegradability and can be broadly

Protein nanofibrils applied in various fields.

Materials and Methods: This study prepared several nanocomposite
aerogels composed of various cellulose nanofibrils, chitosan, and protein
nanofibrils using the freeze-drying method. The obtained aerogels were
evaluated via multiple techniques to verify their components and evaluate
their compatibilities. Consequently, an anionic dye was chosen as a model
dye to investigate the efficiency of these aerogels in removing azo dye
from water.

Results: Ultralight (15 mg cm™) and highly porous (98.91%) aerogels were
produced. Cellulose nanofibers reinforced the structure and chitosan and
protein nanofibrils added extra functional groups to the aerogel. The results
obtained from the evaluation of Thioflavin-T confirmed the presence of
protein nanofibrils (PNF) in composition. Overall, by reducing the
cellulose fraction and increasing the protein proportion, the stability of
hybrid aerogels of cellulose nanofibers/chitosan decreases up to 90% in a
wet state. In contrast, the wet strength of composite aerogel containing
cellulose nanofiber/chitosan/protein increased, even though the protein
fraction was at its highest value, and these aerogels revealed the highest
efficiency in removing anionic dye from water as well.

Conclusion: The results show that adding natural fillers, such as cellulose
nanofibers, has a striking effect on promoting the mechanical stability of
composite aerogels. The highly porous structure of three-component
aerogel consists of optimum fractions of cellulose nanofibrils, chitosan, and

Y



protein nanofibrils perfectly prepared via establishing ionic and hydrogen
bonds after the drying process in freeze-drying. Comparing the results of
dimensional stability and water absorption of composite aerogels, it can be
claimed that nanocomposite aerogel containing 50% cellulose with equal
proportions of chitosan/protein nanofibrils can be regarded as the optimum
sample for further studies. Notably, all three-component aerogels
containing PNF exhibited a maximum absorption capacity of 70 mg.g™
and the highest 100% removal efficiency for Congo red anionic dye.
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Figure 2. Confirming the presence of protein fibrils with Thioflavin-T: Comparing the effect of ageing on the
fibril content of the protein (A), The intensity of protein fibrils sample obtained from various methods (B).
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Table 1. The contents and physical properties of binary CP composite aerogels.

Sosdb s Oz Jlss S s e 38 e & 50 IS
Sinking duration Porosity Density CNF PNF Sample

®) %) (mgem ) W) (%Wt) CoP,

4 98.7 18.93 1.4 - CNF

7 98.9 18.78 1.26 0.14 CoPy

13 98.07 18.67 1.12 0.28 CgP2

21 99.12 18.06 0.98 0.42 C/P3

110 99.21 18.47 0.84 0.56 CeP4

103 99.21 18.94 0.7 0.7 CsPs

100 99.33 18.41 0.56 0.84 C4Ps

60 99.46 18.55 0.42 0.98 CsP7

55 99.55 18.34 0.28 1.12 C,Pg

48 99.7 17.35 0.14 1.26 C:Py
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Figure 5. Porosity value in CP aerogels with various blend ratio (calculated from equation (2)).
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P0<r<>3os>I Y <ra;ncsrlr%> é :j; g\l ’F"* "L;;”S Blend ra:ctri:;ifozsNF toCs Vaﬁjniﬁ?;ctions
98.79 16.92 1.26 0.13 0.014 90:10
98.65 18.74 1.26 0.07 0.07 50:50 Co(PCs),
98.63 18.97 1.26 0.014 0.13 10:90
98.76 17.7 0.98 0.38 0.042 90:10
98.62 16.62 0.98 0.21 0.21 50:50 C+(PCs)3
98.72 18.66 0.98 0.043 0.38 10:90
98.55 16.46 0.7 0.63 0.07 90:10
98.63 19.88 0.7 0.35 0.35 50:50 Cs(PCs)s
98.59 19.08 0.7 0.07 0.63 10:90
98.68 17.23 0.42 0.88 0.098 90:10
98.0 17.16 0.42 0.49 0.49 50:50 C3(PCs);
98.69 19.14 0.42 0.098 0.88 10:90
98.66 16.18 0.14 1.13 0.126 90:10
98.65 16.8 0.14 0.63 0.63 50:50 C1(PCs)g
98.91 15.08 0.14 0.126 1.13 10:90
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Figure 7. CPCs nanocomposite aerogels in various blend ratio (A), Confirming the presence of PNF
in the suspension of CNF/PNF/Cs with Thioflavin-T (B).
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Figure 9. FESEM images of CPCs aerogels in various magnification of 1000X (A), 5000X (B), and 70 kX (C),
and AFM images of PNF (E, F).
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results were calculated through equation (1).
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e



i po U 9 ololsd Blaile / e iy 1 (03000636 Jjg 0 (255 9 g

Sl gl (i Y S sk e ol 2
chle U CR Gl Sl Siram gladis
ol sl e3ysl o VY s s g mg LT
CR ol slachle 3wl jasiin o | ,boles
plod 5 S oo 358 235elS U3 nl A1 Ges
Fotm s ol gl Sli ) Js
L C1(PCS)g sai s sled Lol S o Jlics!
as o ol PNF 5 olegs ol cos

» CR Gl yly i <l Q:ﬁjja

.Ml.:)‘b)j}ji"mgl_ )\

sladisal s Sles 58y oLl sk

£ i b CR clle CR il s ol
L bayes cab (6rr mg LY il
A 05 b ol 4 Jd alie el s
(¢++ mg LT chle) CR ) Lo £0 & 0L
22033 T00) B Open Soy 2 ele VY 5 a5
Ko pslas js oS sbolen . Las esls 13 (aids
Bl e dons axily cwl LS

53 doys 5 AL el USsal S5 s ik
Sy sk OlstS 5 oS st sp
e S 5 Sl b St il SRl
e Sske frr chle Lo, KSCR 6l ot

50/50
s
'lll"o

n,

50:50 50:50

C3(PCs)7 C1(PCs)9

() Ky Dl sl 5 Firam sd3s Rl @l 15000 s (R 58 ke t00) Clls LCR lar VY S

() CR Gl 51 jws CPCS gsomamw J53 01 13 slei 03!
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in dye adsorption (A), The inner view of samples after CR dye adsorption reveal (B).
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