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Preparation and Application of Graphene/Cellulose Hybrid Materials
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Abstract: Hybrid materials are formed by combination of two or more components at least one dimension
on the nanometer scale of molecular scale. Hybrid materials have new functionalities or superior properties
to the components. Graphene and nanocellulose can be hybridized to form graphene/cellulose hybrid
materials with outstanding properties. Graphene/cellulose hybrid materials can combine the advantages
of both components, such as high specific surface area, excellent conductivities, and thermal stabilities,
which also exhibit new properties, such as anisotropic electrical and thermal conductivities, and improved
dispersion when combined with other materials. Given these attributes, graphene/cellulose hybrid
materials hold significant potential in various fields, such as energy storage, water treatment, and sensing
applications. This review provides an introduction to the preparation methods of graphene/cellulose hybrid
materials, the mechanisms of hybridization (hydrogen bonding, electrostatic interactions and hydrophobic
interactions), and discusses the future prospects of graphene/cellulose hybrid materials.
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Figure 1 (a) Schematic diagram of the chemical structures of graphene, graphene oxide and reduced graphene oxide (Reprinted

with permission from Ref. [35]; Copyright 2016 Intech Open); (b) Structural diagram of the top-down synthesis route from graphite

to graphene oxide and reduced graphene oxide (Reprinted with permission from Ref. [34]; Copyright 2017 Wiley Online Library);

(c) Roadmap for the preparation of graphene oxide and reduced graphene oxide from graphite (Reprinted with permission from

Ref. [35]; Copyright 2016 Intech Open)
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Figure 2 (a) CNC and CNF preparation process (Reprinted with permission from Ref. [42]; Copyright 2016 American Chemical

Society); (b) BC preparation process (Reprinted with permission from Ref. [43]; Copyright 2019 Elsevier); (c) CNC (Reprinted
with permission from Ref. [44]; Copyright 2020 Elsevier); (d) BC (Reprinted with permission from Ref. [45]; Copyright 2018
Springer); (¢) NFC microscopic morphology (Reprinted with permission from Ref. [46]; Copyright 2012 American Chemical

Society)
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Figure 3 (a) The preparation flow of GN/CNF hybrids (Reprinted with permission from Ref. [59]; Copyright 2020 Elsevier);
(b) The preparation of RGO/NFC/RGO hybrids (Reprinted with permission from Ref. [60]; Copyright 2017 American Chemical

Society)

22 —%3%
I JUAE R LR 1 — 20, ifH’EﬁaﬁﬁE?‘i@
— 35yt AT DAR] Bt oy B R, Horp—
#%mz/\se 1%%%65%/%%%*%7{%4 4%
S50 A S 27 4R 2 0 A [F] I 2R AT, 4 Wang
£["’” KU B 4(a) BT 16777, —Baik 4 4L
V-3 R LY AR 3 S A v S O S s (S
TEVKIR P58 P 218 N 2R R ER 1, 7EHE+E 1 [
BRI = R R AT, PR BRUKI, 7 35 °C fR¥F
30 min. [ J5, KA R 1) AR 5 A B 2 0 A 1) % AT
Y 2K KT IR, A EE 1 B AR 2 4 L 4
AWURIR &, — 8k S B T A A B I A oK 4 4
RHE A EHGNCC) AR 1 % - Zaman %5
[ 4% ) F 24033 (9 Hummers J7 75 7F BRAN [N 25 4%
AL R SEEL T A SR ) A A R ES DL S CNC
(1 SR 24K o
5 M2 LA S8 BEA AL A SR R £ 4
Z (MFC) M JE AL, —Hr ik JLEk B8 sl 7 ] 2% 40 58
I | A 2 AR, PR A SR 5 B[R, S
LR MBI AUKAL , IF RN GK AL ) 2R 4k 2=
FVA S0 TR AL 224k, 19 BI040 S50 / 47 48 R 2 44

BHE, i, Lin%s ' S H 4 4(b) Fioniife, —
SRR RS T PR 2 100% R SE AL A SR /0
KA 4k 2 (LGENC) (1 il 2% o 38 ik W AR A5 A B
4% (LOEG) 5 MFC JL 5Kk B (1) S m, [F] s 8l 17K
ST A S5 3 B 41 4E 3R 9ok Ak e — 38 1 S AL
Fedb, ot g e RE S 2 IR A S8 0 / T S 2 A
AR T — b BE 0 L R R S T
Yu % UK 0 B 4(c) BTR MR AR, & b et
24 3 (MCC) B T-HR 3= 7k R IBfEhiHE, 13
B 3% BH ) 27 4 R IR AE LR AT 4 RV

— I 5, A AR, B0 30 min PLEBR
KBS ()47 B8, SEHL T MCC AR B B 40 829k 5
CEOPaE 3o P A X PSR- -V VAR Y
kL.

e WIS SE- - R - A B N
PR, BT S SRR, TR R
Bl 46 Ze A B VERE R L. 25 b, 2204
IR A, FE T AR S, ME DL S IR AL )
B o T —DIEHEE BUA R A v A0 ] B i ) T2
B2k, KK T A mh B A = 718, AR
FUASE R (038 77, % sz b Az p= B B K X



1 3] UIERPEE 5 TRAR i A zp b IR SN .« 57 -

(L)
KMnO,

Graphite CP
e °°°
Ball milling
oo J" ] " Shear
\%7\: o P 5 gxfohatlon
“ ispersion
Cellulose il - fi-bonding LGENC MFC

%,: Hydrophobic interaction

L-ascotbic acid @ : Oxygen functional group _~": Nanocellulose

© & Mcc
Stirring vigorously =) Graph1te powder
—>
Sonication and
centrifugation
NaOH/urea/H,0 Cellulose solution Cellulose-stabilized
(-12°0C) graphene d1spers1on
. §§ Without cellulose
—> S B
m - xs,@‘ Re-stacking | e &
5 ~/ = ‘1‘2‘%}‘
3 Unstable graphene Unexfoliated
2 graphite in water
g )))))
g
3
g
(=] R a
Graphite powder | & With cellulose 2 s

333',, %§)‘ Noncovalent

adsorption

Unstable graphene Exfol'iated graphene

in water
Bl 4 (a) —H7% I % GNCC fJ i F2°(2018 Elsevier i AL ¥ 7T); (b) LGENC ) il £ ¥ #21°°((2021 Elsevier i £ 4 1);
() MCC #fiBh 3 &5 47 84 7= 2 " (2021 Elsevier RV AT)
Figure 4 (a) The process of GNCC preparation by one-pot method (Reprinted with permission from Ref. [63]; Copyright
2018 Elsevier); (b) The preparation process of LGENC (Reprinted with permission from Ref. [65]; Copyright 2021 Elsevier);

(c) Schematic diagram of graphene exfoliation assisted by MCC (Reprinted with permission from Ref. [17]; Copyright 2021
Elsevier)
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Figure 5 Schematic diagram of in situ hybridization of BC and rGO (Reprinted with permission from Ref. [78]; Copyright 2019
American Chemical Society) and (b) GO/RCE/PVA hybrid hydrogel hydrogen bonding interactions (Reprinted with permission
from Ref. [79]; Copyright 2016 Elsevier)
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Figure 6 (a) Schematic diagram of the structure of cellulose exfoliated graphene (Reprinted with permission from Ref. [85];

Copyright 2017 The Royal Society of Chemistry); (b) Schematic diagram of force mechanism for aerogel of rGO/CNF hybrid

material (Reprinted with permission from Ref. [86]; Copyright 2021 The Royal Society of Chemistry)



- 60 - mog

2024 4

(@

(b)

Cellulose AmimCl Regeneration process

w0 i L
e Y ot
~ e e RV EE
2 .-.\ ) 'ﬁ:’;"\'. x
< o e 3
. )
Graphene/Cellulose AmimC1 CNF/Graphene hydrogel
® AmimCl ¢ H,0 | %, Hydrogen bond

/QS\:"C/‘

Cellulose chain ~ Graphene sheet  Cellulose nanofiber

of Chemistry fRALFH])
Figure 7 (a) Schematic of the structural evolution of regenerated CNF in water (Reprinted with permission from Ref. [87];

Copyright 2018 American Chemical Society); (b) Schematic of the wet spinning process of CG fibers; (c) Schematic of the

uniform dispersion of graphene; (d) Conformation of the cellulose chains on the surface of graphene (O: red; C: green; H: white)

(Reprinted with permission from Ref. [88]; Copyright 2021 The Royal Society of Chemistry)
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Figure 8 Schematic diagram of electrostatic interactions in GO/CEL/Cu hybrid materials (Reprinted with permission from Ref.

[96]; Copyright 2021 Elsevier)
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Figure 9 (a) Flow diagram of the preparation of GO/MC hybrid materials (Reprinted with permission from Ref. [99]; Copyright
2018 The Royal Society of Chemistry); (b) Schematic diagram of the formation of BC/RGO hybrid composite films from the

hydrolysis products of sugarcane straw (Reprinted with permission from Ref. [100]; Copyright 2019 Elsevier)
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Figure 10 (a) Schematic diagram of electrode material fabricated by 3D printing of graphene aqueous ink (Reprinted with

permission from Ref. [107]; Copyright 2021 American Chemical Society); (b) The evaporation performance of photothermal

RGO/SA/cellulose aerogel (Reprinted with permission from Ref. [111]; Copyright 2020 American Chemical Society)
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Figure 11 (a) Schematic diagram of the preparation of RCE/GO synthetic acrogel; SEM images of (b) pure RCE aerogel (CG,)
and (c) RCE/GO composite aerogel; (d) Adsorption mechanism of RCE/GO aerogel on MB dye; (¢) Adsorption efficiency of CG,
and CG,; on MB and reuse capacity of CG, s (Reprinted with permission from Ref. [116]; Copyright 2018 Elsevier)
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Figure 12 (a) Schematic diagram of GO/CNF hybrid material preparation; (b) Schematic diagram of different ion permeation

processes (Reprinted with permission from Ref. [122]; Copyright 2016 Springer)



. 66 o R

2024 4

@) —
' ‘WWMW!HMU!!}I\W!\!NIUHI"I\IWWI]II Iy
Moldable | ARCIONYIE i e ©
(G AR
30
Self-healing Conductivity
[ v
gof [V | 2
g adir netl| B
g 10 Seomemsarte | 2
3 N
Cut él[-heai 5r
0 = - .
0 100 200 45 )
(b) Time (s) Time (s) Little M""WM
Crumpled ~ Nanocellulose ) o & L
graphene fibril Flexible Liquid Sk 8 MML
nanopaper PDMS etchable nanopaper g M
@ S .
\ mbeddin, l g - Middte
\_ 4 Filtration £ —— §: MM
PC membrane 5 » & e >
o > _WThmb
‘ ‘ ‘ i Up to 100% Strain ‘ I
Vacuum filtration P ¢ 0 20 Lol 40 60
me/s

13 (a) GN/CNF@PVA & & ¥ BL 45 ¥ J A% 2% mi j7'**)(2019 Molecular Diversity Preservation International fig ¢ 4 7]);
(b) AT BRI /A7 4 R AR R F1 i T 2R B (e, d) AT RO SR A4 AR A R 45 5w 212014 Wiley Online

Library B 1)

Figure 13 (a) The structure and sensing response of GN/CNF@PVA composite (Reprinted with permission from Ref. [125];

Copyright 2019 Molecular Diversity Preservation International); (b) The schematic diagram of the fabrication process of the

stretchable graphene/cellulose hybrid material; (c, d) The signal response of the stretchable graphene hybrid material (Reprinted

with permission from Ref. [127]; Copyright 2014 Wiley Online Library)
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