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Abstract
In the last decade, carbon‐based nanostructures such as buckyball (C60), carbon nanotube
(CNT), graphene and three‐dimensional (3D) graphene have been identified as promising
materials for electronic, electrochemical energy storage (batteries and supercapacitors),
optical and sensing applications. Since the discovery of graphene in 2004, scientists have
devised mass production techniques and explored graphene as a promising material for a
wide range of applications. Most of the electronic and solar cell applications require
materials with good electronic conductivity, mobility and finite bandgap. Graphene is a
zero bandgap material which prevents it from the mainstream applications. On the other
hand, 3D graphene has good electronic conductivity, mobility, bandgap and electro-
chemical properties. This review article will focus on the synthesis of the 3D graphene, its
structure‐property relationships, biotechnology and electronic applications and the hid-
den properties that are yet to be explored fully.

1 | INTRODUCTION

Carbon is one of the fascinating materials that provides the
basis of life on the Earth [1]. It is widely employed for elec-
tronics [2], drug delivery [3], energy storage [4], solar cells [5],
sensors [6] applications etc. Diamond and graphite are the
common carbon allotropes which have sp3 and sp2 hybridised
carbon atoms, respectively [7]. Diamond possesses insulator
properties, whereas graphite has semi‐conducting properties.
Graphite is a three‐dimensional (3D) structure of sp2 hybridised
carbon atoms, which has a higher electronic mobility and
thermal conductivity than diamond. In 1985, scientists suc-
cessfully reported on synthesising the 0D fullerene also called
the buckyball structures comprising of sp2 hybridised 60 carbon
atoms named as C60 molecules [8]. C60 has a hollow carbon
cage‐like structure which has a predicted band gap of 0.7–
2.5 eV based on various calculations and experiments [9]. Many
studies have been conducted on exploring the possibility of
using C60, fullerene films [10] and fullerene composites for
optical, electronic, medical and energy applications recently. C60
films have an electronic conductivity varying from 4 � 10−3 S/
cm to 4 �10−7 S/cm depending on the film thickness and a
mobility of 0.08 cm2/Vs [11]. Low electronic conductivity and
mobility of the C60 films make them unsuitable for electronic

applications. Composites of fullerene/metal oxide or fullerene
finds application in drug delivery [12], solar cell [13] and other
medical applications [14, 15]. Since their discovery of Carbon
nanotubes (CNT) in 1991 [16], they have been studied for a
wide range of applications like transistor [17], actuators [18],
sensors [19], thermal management [20], supercapacitors [21],
biological studies [22, 23] etc. CNT can be constructed in two
forms, namely, the single‐walled CNT (SWCNT) and the multi‐
walled (MWCNT), which can be synthesised by any of the
following techniques such as laser ablation [24], arc discharge
[25], chemical vapour deposition (CVD) [26], catalytic synthesis
[27], vapour liquid solid(VLS) growth [28, 29] etc. SWCNT is a
single sheet of graphene rolled into a cylinder‐like structure.
The diameter of the SWCNT determines the band gap for
instance 0.2–0.8 eV for 1–4 nm diameter nanotubes and
mobility of ∼104 cm2/Vs at room temperature [30]. The elec-
tronic conductivity of the SWCNT is found to be between 104–
105 S/cm and in case of CNT papers the conductivity is 103 S/
cm [31], whereas the thermal conductivity of CNT is found to
be ∼2000 W/mK [32]. CVD is a mass production technique
used to synthesise CNT but it produces CNTwith both metallic
and semi‐conducting properties. It was a hard task to segregate
the metallic and semi‐conducting nanowires that will be used
further for fabrication of devices. CNTs and their composites
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are extensively used for fabrication of transistors, making
memory devices [33], as current collector in solar cell [34],
photo detectors [35], supercapacitors [36], batteries [37], fuel
cells [38], biosensors [39] etc. The high thermal conductivity of
the CNT reduces the prospect of replacing the channel material
in the field effect transistor (FET) fabrication.
Since its synthesis in 2004 graphene, a 2D sheet of carbon

atoms has been a game‐changer in the various fields. Graphene
can be synthesised by different methods such as scotch‐tape
method [40], chemical synthesis [41], CVD [42] etc. CVD has
been a versatile technique for mass production of single‐, bi‐
and few‐layered graphene sheets. The single layer graphene
(SLG) has more superior electronic, thermal properties than
the bi‐layer or the few‐layer graphene (FLG). SLG has zero
bandgap, ballistic electron transport, large catalytic activity
sites, very high mobility (200,000 cm2/Vs) at low temperature
[43] for suspended graphene and high mobility at room tem-
perature (103 cm2/Vs) and very high thermal conductivity of
∼3000 W/mK. A proof of concept graphene FET devices has
been demonstrated in 2009 by the IBM scientists which was
operating in the GHz frequency regime [44]. However, inte-
gration of a number of graphene FET in practical application
will lead to excessive heating owing to its high thermal con-
ductivity and zero bandgap of graphene would hinder the
performance since performance tuning of circuits using band
gap is not possible with graphene.
3D graphene‐based structures that are different from

graphite are synthesised via several techniques such as growing
graphene on foam‐like structures through CVD [45] solution
synthesis of 3D graphene [46], template‐assisted solution
growth [47] etc. To analyse the number of graphene layers or
defects, Raman spectroscopy has been evolved as an important
tool. Raman spectroscopy is a powerful tool to study the
clustering of sp2 phase, disorders, number of graphene layers,
presence of sp2–sp3 phase [48]. All the sp2 hybridised carbon
materials analysed through Raman spectroscopy will have a G‐
band peak ∼1580 cm−1. The D and G0 or 2D peak of Raman
spectra provide information on electronic property and
geometrical information. The disorder induced D peak in sp2

hybridised carbon materials will be ∼1350 cm−1. The G0 or 2D
peak is exclusive to grapheme‐based materials that happens
due to the double resonance process. The G0 or 2D peak will
appear in the range of 2600–2800 cm−1 along with the G peak
[49]. A pictorial representation of the Raman spectrum of the
carbon materials is given in Figure 1.
The ratio of D to G peak is an important parameter in

studying CNTand graphene in terms of defects. The ratio of 2D
peak to G peak provides quantitative information about the
number of graphene layers. 3D graphene foams should possess
a good 2D/G peak ratio to have better electronic properties.
There are many reviews available on 2D materials and their
applications. Nevertheless, there has been limited review articles
on 3D graphene‐based materials for a specific application. This
review article will try to bridge the gap and address the use of 3D
graphene foams for biotechnology, sodium ion batteries,
supercapacitors etc. In the next section, we will have a brief
overview of the synthesis method of 3D graphene.

In terms of porous graphene‐based films, they can be
broadly classified into (i) homogenous porous graphene called
Holey graphene [50] and (ii) heterogeneous porous graphene
called 3D graphene foams [51]. The pores are further cat-
egorised into mesoporous (pore size: 2–50 nm), microporous
(<2 nm pore size) and macroporous which have pore
size > 50 nm. Holey graphene (HG) has a 2D structure with
mesoporous pores and it is found to be suitable for elec-
trochemical [52] and water‐splitting applications [53]. The
synthesis process of the HG has been standardized and
research is progressing to improve its inherent material
properties [53]. For supercapacitor and battery applications,
graphene which has microporous and mesoporous pores is
better suited [54]. For thermoelectric and biological appli-
cations, a combination of mesoporous and macroporous
graphene is best suited. However, the synthesis of the
mesoporous and macroporous graphene is a challenging task
[55]. In addition, the size of the 3D graphene foam/mes-
oporous graphene film determines the structural and me-
chanical properties [56]. This article focuses on synthesis of
homogenous and heterogeneous 3D graphene foams which
have mesoporous and macroporous structures and their
explored and unexplored properties.

2 | SYNTHESIS TECHNIQUES

The fabrication of 3D graphene foams has many advantages
such as band gap opening, large surface area, better catalytic
activity, low thermal conductivity and downside moderate
electronic conductivity and mobility in comparison with
graphene. The synthesis method used to fabricate 3D gra-
phene foams dictates the above‐mentioned properties. The
synthesis methods can be broadly classified into two cate-
gories (i) template‐assisted method and (ii) template‐free
method [57].

2.1 | Template‐assisted growth of 3D
graphene foams

CVD has been a reliable method for making the 3D graphene
using nickel foams as a template using gaseous precursors at
1000°C under inert conditions as shown in Figure 2. The nickel
foams have a pore size greater than 200 µm [45]. Hence, the
removal of nickel foam after synthesis would lead to a struc-
tural collapse which can be prevented by coating a polymer
layer on top of the graphene layer. The coating of polymer will
lead to problems in etching, low catalytic activity. The 3D
graphene synthesised by this method has light weight, good
electrical conductivity and mobility and flexibility that is
employed for supercapacitor applications [58].
The bandgap and band structure of the 3D graphene/Ni

foam has been unexplored till date. Lee et al. synthesised 3D
graphene foam (3D‐NFG) by coating the substrate with PVA/
NiCl2⋅6H2O precursor and pyrolysing them at 1000°C under
inert conditions. The self‐standing 3D graphene foams are
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made by etching the nickel particles. The pore size of the 3D
graphene varied between 40 and 100 nm with a much
enhanced surface area that is suitable for electrolyte‐based
energy conversion and storage applications [59]. AAO
template‐based synthesis of 3D graphene has been tried to
synthesise nanoporous 3D graphene with pore size around
60 nm [60]. The process and quality of the graphene syn-
thesised on AAO template has been pictorially represented in
Figure 3.

The AAO template‐based synthesis of the graphene has
the lowest electrical conductivity (10−3 S/cm) than 3D‐NFG
(103 S/cm) and 3D graphene on nickel foam (103–104 S/cm).
Recently, many scientists have made composites such as
MnO2/3D graphene [58], NiO/3D graphene/Ni foam [62],
Ni(OH)2 nanoflakes/3D graphene/Ni foam [63], S, N co‐
doped graphene/Ni foam [64] testing their electrochemical
performance. A detailed discussion of the applications and
issues will be presented in section 3.

F I GURE 1 (a) Raman spectra from different
types of sp2 nanocarbons. The graphene‐related
structures are labelled next to their respective spectra.
The main features (RBM and disorder‐induced D, D0
and D + D0 bands; first‐order Raman‐allowed G
band; and second‐order Raman overtones G0 (2iTO)
and 2G) are labelled in some spectra but the
assignment applies to all of them. A detailed analysis
of the frequency, line shape and intensity for these
features gives a great deal of information about each
respective sp2 carbon structure. (b) The G0 spectra for
graphene as a function of the number of layers [49]
has been reproduced with permission from [49] 2010,
American Chemical Society

F I GURE 2 (a) Digital photographs of Ni foams with (1) and without (2) pressed and graphene‐coated Ni foams before (3) and after (4) removal of the Ni
networks. (b) Digital photograph of a free‐standing and flexible 3D graphene network prepared from pressed Ni foam. Inset shows the curled 3D graphene
networks. (c) Electrical‐resistance variation of 3D graphene networks versus the different bending angles. Inset shows the digital photographs of different
bending shapes. (d) SEM image of the 3D graphene networks after the removal of Ni foam. Inset shows high‐magnification SEM image. (e) TEM image of a
graphene sheet. Inset shows a SAED pattern of the corresponding GNS. (f) CVs of the 3D graphene network electrode in 0.5 M aqueous Na2SO4 electrolyte at
different scan rates. Reproduced with permissions from [58] 2012, American Chemical Society
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2.2 | Template‐assisted synthesis of 3D
graphene powder

Silica/polystyrene (PS)/polymethyl methacrylate (PMMA) can
be used as a template for 3D graphene growth which de-
termines the pore size in the synthesised 3D graphene.
Firstly, the silica/PS ball will be functionalised using metal
precursor and using gaseous precursor as carbon source/
metal and carbon precursor solution coated and pyrolysed/
graphene oxide solution coated and heated at high tempera-
tures to yield nanoporous 3D graphene powder after
removing the metals [60] as shown in Figure 4. The 3D
graphene powder has certain advantages such as large surface
area and good catalytic activity due to the nanopores for the
desalination purpose but they do suffer from low mobility
and need the binder material to be attached to any substrate
for device applications. 3D graphene foam can be synthesised
by this process by coating the solution of silica/metal‐carbon
precursor on substrate and then heating it at high tempera-
ture (800–1000°C under inert conditions). The 3D graphene
synthesised by these methods is known by different names
such as 3D graphene balls, mesoporous graphene, chemically
modified graphene etc. A schematic diagram of this process
is provided below:
The MGB possesses a pore size of 4.27 nm, surface area of

508 m2/g, electrical conductivity of 6.5 S/cm and specific
capacitance of 206 F/g for supercapacitor applications. Choi
et al. have synthesised 3D graphene using PS ball of 2 µm
diameter as sacrificial templates and coated them with chemi-
cally modified grapheme.

2.3 | Solution‐based synthesis of 3D
graphene foams/films

The hydrothermal method is one of the solution techniques
widely used to synthesise the metal oxide nanowire and
nanostructures. Xu et al. [65] reported the self‐assembly of the
graphene hydrogel (SGH)‐based structures by heating the
uniform GO dispersion in an autoclave at 180°C for 24 h.
Owing to the pressure exerted in the reaction, Π‐Π stacking
happens in the GO sheets, which leads to the 3D structure of
the graphene. The morphology of the product can be varied by
altering the GO concentration, reaction time and catalysers
involved. This method is also applicable to synthesise nano-
composite of nanowire/3D graphene or nanoparticles/3D
graphene or N‐doped 3D graphene etc. The electrical con-
ductivity of the SGH was found to be 5 � 10−3 S/cm [65].
Similarly, reduced graphene oxide films synthesised using new
techniques yielded record high conductivity of nearly 6300 S/
cm [66]. The Ag/rGO composites are reported to have con-
ductivities of 2 � 103 S/m [67]. The hydrothermal method can
be combined with the electrodeposition for making composite
materials. The advantage of hydrothermal method is (i) low‐a
cost (ii) novel nanostructures can be formed, whereas the
disadvantages are (iii) low electronic conductivity and (iv) hard
to control the uniformity in the structures.
Electrodeposition is a cheap, non‐toxic, low temperature

technique that does not need the use of a binder for making
electrodes and avoids the transfer procedure which will be
beneficial for the structure. Graphene oxide solution can be
electrodeposited on the Ni foam at a potential of −1 to 0 V at a

F I GURE 3 Fabrication processes and Raman spectra of 3D graphene and a‐C on AAO. (a) Schematics of the one‐step graphene fabrication method by
PECVD process with the spacer in between the sample and the stage. (b) Schematics of the two‐step method where the first step is the PECVD process without
the spacer and the second step is thermal annealing of the a‐C‐AAO sample (produced by step 1) in vacuum at 1500°C using an electron beam. (c) An AAO
sample before (1) and after (2) the fabrication process. (d)–(f) Raman spectra of graphene coated AAO (G‐AAO by method 1), diamond‐like carbon‐coated
AAO (a‐C‐AAO by the first step in method 2) and thermal annealed a‐C‐AAO (by the second step in method 2), respectively. Reproduced with permissions
from [61] 2016 Spring Nature
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constant current of 1 mA for 300 s. It leads to the formation of
the 3D graphene oxide structures on Ni foam substrate. A
further annealing step in a reduction atmosphere will lead to
the formation of the 3D graphene/Ni foam [68, 68]. This
process is advantageous especially for the supercapacitor
application, the reason being that phosphide or metal oxide
materials can be easily coated on top of the 3D graphene/Ni
foam structures without the use of any binder material.
Ice‐segregation induced self‐assembly (ISISA) [69] is a

process by which amphiphilic polymers and carbon sources
will be frozen in liquid nitrogen to form a variety of structures.
Chitosan and graphene oxide or polystyrene sulfonate (PSS)
stabilised graphene oxide or poly vinyl alcohol (PVA) and
graphene oxide (GO) are freeze‐dried to make 3D graphene
structures. In this process, the amphiphilic material acts as a
template for the growth. There are various experimental pa-
rameters such as the concentration of GO, freezing rate,
freezing direction etc. A cyro‐processing step is done for the
reduction of the graphene oxide followed by an annealing
process at 200°C. The 3D graphene synthesised by this
method has a lamellar structure and pore diameter varying
between 5 and 50 µm. The pictorial schematic and morpho-
logical characteristics of 3D graphene synthesised using CHI
has been presented in Figure 5 and Figure 6.
The mobility of the ISISA synthesised 3D graphene is very

low and hence it cannot be used for electronic applications.
The ISISA synthesised 3D graphene is employed for biological
applications, fuel cell etc.

In the previously reported studies on 3D graphene syn-
thesised by various methods; electronic conductivity and
mobility have been studied, whereas the electronic band
structure and band gap have not been studied so far. Angle
resolved photo emission spectroscopy (ARPES) would be a

F I GURE 4 Schematic illustration of the mesoporous graphene nano‐ball (MGB): (a) The fabrication process of SPS‐COOH (functionalisation of PS via
carboxylationandsulfonation) and theFT‐IRspectraof the samples. (b)The fabricationprocessofMGB: step1.Dropcasting of theSPS‐COOH/FeCl3 solutiononto
the substrate and subsequent CVD growth of grapheme: step 2. The removal of iron domains to leave the MGB. (c) TEM of the MGB and (d) Raman spectra of
SPS‐COOH/FeCl3 before (lower) and after (upper, MGB) CVD growth of graphene. Reproduced with permissions from ACS Nano 2013, 7, 7, 6047–6055

F I GURE 5 Schematic illustration of the layered and branched
structure formation process of CHI/RGO (a) and CHI/VSG (b) Scaffolds
and their contact with bacteria. Reproduced with permission from [70]
2012, American Chemical Society
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suitable technique to unravel the band structure of 3D gra-
phene. Based on the band structure revelations, the electronic
properties with regard to pore size relation can be derived.
Secondly, in the 3D graphene there is not a straight forward
approach in choosing nano‐sized pores or micron‐sized pores.
The application and the property requirements dictates the
pore size, which, in turn affect the surface area, electrical and
thermal conductivity. Thirdly, the magnetic properties of 3D
graphene hasn't been extensively studied as graphene. In the
next section, we will see the various applications of 3D gra-
phene, their issues and solutions.

3 | APPLICATIONS

Holey graphene is a modified graphene nanosheet with homog-
enizednanosizedpores in it.Therefore,holeygraphenehasaband
gap without much of compromising electrical conductivity and
other properties of graphene [53]. Holey graphene does outper-
formgraphene in some applications such as supercapacitors [50],
batteries [71],water desalination [72], bioseparation, fuel cell [73],
hydrogen storage [74] etc. The 3D graphene/3D graphene
compositesdohaveabandgapandoutshinetheholeygraphene in
termsofperformance incertainapplication.Since thebandgapof
the 3D graphene hasn't been studied andmobility is limited, they
aren't used for transistor applications. This section is sub‐
categorised into four sub‐sections namely (i) supercapacitor
applications (ii) Batteries (iii) energy conversion applications
and (iv) biological applications of 3D graphene.

3.1 | Supercapacitor applications

Supercapacitors have been gaining attention due to their high
power density, fast charging‐discharging, lightweight and

cheapness. Electric double layer capacitance (EDLC) and
pseudo capacitor are two categories of supercapacitors. Since
the discovery of 3D graphene it has been used for super-
capacitor application. For comparing the electrochemical
charge storage mechanism several factors, such as area of the
film/mass loading, surface area, pore size, scan rate, electrolyte,
electrolyte concentration, capacity retention should be
considered. A detailed review of synthesis and application of
holey graphene has been reported in the previous literatures
[36, 60]. Holey graphene has the highest surface area of 1874
m2/g, pore size of 3.2 nm and specific capacitance of 268 F/g
[72]. The 3D graphene (MGB), synthesised as a powder, has
been examined for the supercapacitor displaying a surface area
of 508 m2/g, pore size of 4.7 nm and specific capacitance of
206 F/g and electrical conductivity of 6.5 S/cm [46].

3.2 | Batteries

Batteries have high energy density and less power density than
supercapacitors. Lithium ion (Li‐ion) batteries have been
dominating the market for the last 2 decades varying from
portable applications to electric vehicles. However, the energy
density required for electric vehicle is insufficient when pow-
ered by Li‐ion batteries. Metal‐air batteries are new kind of
batteries where the air cathode material is the carbon and the
binder and anode material can be a pure metal with theoretical
energy density as high as 12,000 Wh/Kg and practical energy
density is 4000 Wh/Kg for Li‐air batteries. Among the different
metal‐air (Li‐air, Zinc‐air, Aluminium‐air, sodium‐air) batteries
Li‐air batteries have high energy density. There are four different
configurations ofLi‐air batteries and adetailed explanationof the
structure andperformance factors arementioned in this literature
[75]. Graphene/graphene composites/3D graphene are alter-
nativematerials to the air cathodematerial as they possess greater

F I GURE 6 The photograph of all CHI/VSG scaffolds (a). The SEM images of CHI (b), CHI/VSG‐5 (c), CHI/VSG‐10 (d), CHI/VSG‐30 (e), CHI/VSG‐
50 (f), CHI/VSG‐60 (g), and CHI/VSG‐70 (h) scaffolds. The scale bars are 50 µm. Reproduced with permission from [70] 2012, American Chemical Society
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number of catalytic active sites. Nitrogen‐doped graphene and
graphene composites, such as perovskite oxide/nitrogen‐doped
graphene [76], α‐MnO2 on graphene‐coated carbon microfibers
[77], polystyrene sulfonate/grapheneandMn3O4/graphene [78],
have been suggested as an alternative air cathodematerial as they
possess increased catalytic activity thereby boosting the energy
density of the system.

3.3 | Energy conversion

Thermoelectric energy conversion is one of the methods to
convert waste heat into electricity utilising efficient materials.
Thermoelectric properties are measured by means of the
thermoelectric figure of merit (ZT), given by ZT = S2σ/KT,
where S is the Seebeck coefficient, σ is the electrical conduc-
tivity, K is the thermal conductivity and T is the temperature.
For a commercially efficient thermoelectric material, the ZT
should be 3 or more. An ideal thermoelectric material should
possess the electrical conductivity of the metal, Seebeck coef-
ficient of insulator and thermal conductivity of semiconductor
material. Hence, scientists have been trying hard for the last
6 decades to make materials that match the property of an ideal
material. With respect to graphene, it has been found to have a
high thermal and electrical conductivity and moderate Seebeck

coefficient, which lead to low ZT values [79]. The 3D graphene
has a high Seebeck coefficient, low thermal conductivity (2
orders of magnitude lower than graphene's thermal conduc-
tivity) and moderate electrical conductivity to attain a reason-
able ZT value. The reason for the performance enhancement
in 3D graphene is due to the (i) band‐gap opening which leads
to mini band formation (ii) roughness of the film and (iii) pore
size which play a crucial role of uninterrupted electron trans-
port, interrupting the phonon transport. 3D grapheme‐based
composites such as bismuth‐3D graphene composites. The
niobium‐3D graphene composite can be the next possible
choice of plausible ideal materials for thermoelectric applica-
tions. Recently, piezoelectric and triboelectric energy conver-
sion is gaining attention for powering smart wearable devices.
Graphene is a promising material for this application because
of its inherent lightweight, flexible and electrically conductive
nature. Graphene [80] and graphene/PVDF [81] composites
are being extensively reported to generate mill‐watt power for
this mechanical to electrical energy conversion applications.

3.4 | Biotechnology applications

Carbon materials are mostly used in biological applications
such as biomarkers [82], biosensors [83], drug delivery [84], bio

F I GURE 7 (A) Schematic image of the rat's heart with acute myocardial infarction (AMI). (B and C) Determination of the scar area by morphometric
analysis. GG' (fGO/DNAVEGF/GelMA), GG (GelMA with free pDNAVEGF), G (only GelMA), and control (non‐treated). (D) Echocardiographic
assessment of cardiac function. Reproduced with permission from ref [89] 2017 copyright American Chemical Society
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functionalisation [83] etc. Bio functionalisation of graphene/
3D graphene has been done using peptide and cellulose as well
as other biomolecules to sense/detect living cells/tumour
cells/cancer cells. The reasons for using carbon materials are
they are cheap, biocompatible, biodegradable, harmless to
human and environment. Electrochemical sensing and plas-
monic/FRET‐based sensing are two of the major sensing
mechanisms for bio sensors. Since graphene is a semi‐metal, it
possesses good plasmonic properties and the high thermal
conductivity makes it a bit tough to sense the cancer cells based
on temperature. A detailed review on bio functionalisation and
bio sensing of graphene is presented in this literature [85].
Since 3D graphene has low thermal conductivity and electro-
chemically active, it is a promising alternative to grapheme‐
based materials for the biotechnology applications.
In the last decade, there were several works on deploying

graphene for bio electrochemical sensing [86, 87]. However,
the 3D graphene has more surface area than its 2D coun-
terparts due to which more enzymes and catalytic activity will
interact with the material surface. The 3D graphene is
preferred as an electrode material for microbial/acidic fuel
cells. There has been a wide range of reported studies on
structure‐property relationship in 3D graphene for biological
fuel cells.
Functional 3D‐graphene‐based nanomaterial (3D rGO, 3D

graphene, graphene‐based aerogel/hydrogel, 3D graphene
composites) were used as biocompatible materials for tissue
and bone regeneration applications [88]. The biological per-
formance results of 3D graphene composites checked on rat
heart are given in Figure 7.
The 3D graphene materials, along with peptide structures,

are an efficient self‐adjustable material, possessing biomimic
structures used for regeneration applications. In addition, these
materials are also used for toxicity studies [90], pathogen
detection [91], biomedical implants [92] etc.

4 | CONCLUSION AND FUTURE
DIRECTIONS

This article provided an overview about various carbon
nanostructures including the CNT, graphene, holey graphene
and 3D graphene foam. The synthesis method is briefly
discussed for well‐known CNT and graphene, and the 3D
graphene synthesis is discussed in detail. In the 3D‐graphene‐
based structure, the variation of the pore size causes a
considerable change in the properties for supercapacitor,
thermoelectric and biotechnology applications. The pathways
to improve the properties of the 3D graphene for various
applications are outlined in this article. To mention an
important one, the band structure of the 3D graphene
synthesised by various methods needs to be carefully studied.
The 3D graphene‐based composites have to be explored in
detail for biotechnology and thermoelectric applications.
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