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Abstract

Ceramic monoliths are applied in many insulating and high resistive engineer-
ing applications, but the energy application of ceramics monoliths is still vacant
due to less conductivity of monolithic ceramics (for example, in silica- and
alumina-based hybrids). This book chapter is a significant contribution in the
graphene industry as it explains some novel and modified fabrication techniques
for ceramics-graphene hybrids. The improved physical properties may be used to
set ceramics-graphene hybrids as a standard for electrical, mechanical, thermal,
and energy applications. Further, silica-rGO hybrids may be used as dielectric
materials for high-temperature applications due to improved dielectric properties.
The fabricated nano-assembly is important for a technological point of view, which
may be further applied as electrolytes, catalysts, and conductive, electrochemically
active, and dielectric materials for the high-temperature applications. In the end,
this chapter discussed porous carbon as a massive source of electrochemical energy
for supercapacitors and lithium-ion batteries. Carbon materials which are future
of energy storage devices because of their ability to store energy in great capacity,
so sustainability through smart materials got a huge potential, so hereby keeping in
view all the technological aspects, this chapters sums up important contribution of
graphene and porous carbon for applied applications.

Keywords: graphene, ceramics, superior energy storage, chemical activation,
supercapacitors, lithium-ion batteries
1. Introduction

Decades ago, scientists believed that carbon comes in two basic forms, that is,
graphite and diamond, but in the last three decades, scientists have discovered new

forms of carbon known as advanced carbon materials including fullerene, carbon
nanotubes (CNTS), and graphene, respectively [1-6]. In recent years, graphene
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is considered as an outstanding candidate for enhancing the structural, electrical,
mechanical, and thermal properties of materials (for example, metals, ceramics,
and polymers) [7, 8]. In hybrid nanostructures, the physical property enhancement
may be possible due to excellent physical properties of the graphene. Excellent
physical properties included higher thermal conductivity (5000 Wm™ K™), electri-
cal conductivity (10°Sm™), and Young’s modulus (1 TPa), which are a driving force
for enhancement in the physical properties of hybrids. Among the various types

of graphene materials, graphite oxide-derived graphene plays an important role in
increasing the physical properties of hybrids because of its surface functionaliza-
tion and its ability of large-scale production at any level. Even a tiny amount of
graphene in hybrids (either polymers or ceramics or metals) may alter its physical
properties to a great extent. In case of graphene, the compatible structural proper-
ties and how it makes bond with various types of nanostructures are reasons for
improved properties in the end product (hybrids or composites). For example,
reduced graphite oxide (rGO)-polystyrene composites with a low threshold con-
tent of 0.1 (volume %) rGO have shown greatly improved electrical conductivity
(approx. 0.1 S m™); this has been possible due to good dispersion of rGO in the
polymer composite matrix. Similarly, in inorganic hybrids, rGO has been used for
the deposition of Co;04 particles for increased catalytic effects, which may have
been used for the decomposition of ammonium perchlorate because of the complex
properties of GO and Co;0;. In another research, rGO was used to improve the
mechanical properties of the bulk silicon nitride (i.e. toughness is enhanced by

up to 235%), which may be used for high-performance mechanical and structural
applications [8, 9]. In short, graphene being the toughest, strongest, lightweight
material may act as a wonder material for future scientific revolution in every
aspect of life. Even if it is combined with polymers, metals, and ceramics, it may
play a significant role in improving physical properties due to its versatile surface,
morphology, chemistry, and physical properties. In this chapter, we will discuss gra-
phene combination with various ceramics and how it has been used to improve their
physical properties, and porous carbon for energy storage, respectively. This book
chapter will be a significant contribution to advance studies on physical properties
and technological applications.

2. Highly conductive graphene-alumina-based hybrid monoliths for
electrical, thermal, and mechanical applications

Low strength and brittle attributes are the main properties of ceramics. The most
widely used structural ceramic is alumina, due to its good thermal conductivity and
the shape stability [7]. Alumina has a wide range of applications, some of the fields
include dental implants, high speed cutting tools, chemical insulators, electrical
insulators, and wear resistant coatings. Scientists have observed that mechanical
properties of alumina may be improved using carbon nanotubes, for example,
fracture toughness (by 94%), flexural strength (6.4%), and hardness (by 13%),
respectively. On the addition of graphene platelets, about 40% enhancement in the
fracture toughness of the ball milled alumina/zircon/graphene have been noticed.
In another research study, the alumina-rGO core shell nanocomposites were fabri-
cated using the method known as the sol-gel method, and it was found through this
study that the BET surface area of the rGO is essential to enhance the surface charge
properties of the hybrids. In another study, alumina graphene composite films were
reported with a low optical gap of about 1.53 eV. Alumina-rGO nano-composites
obtained via deposition during the process showed a unique morphology of alu-

minum nanoparticles with low prosperity and BET surface area of 242.4 m” g,
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Moreover, scientists have found that in a microwave preparation of alumina-rGO
composites, the grain size of the alumina matrix was reduced from 475 to 180 nm,
which was obtained from the conventional sintering process, leading to an increase
in the Young’s modulus from 148 to 180 GPa. Scientists have found that using
solvothermal-hot press processing route, highly conductive alumina-rGO hybrids
may be obtained, which consist of Al,O; nanorods and rGO, respectively [7, 8, 10].
The same solvothermal method was used to form hybrids from cross-linked AL,O,
nanorods and reduced graphite oxide (rGO) platelets. Then after hot pressing, the
hybrid monoliths were obtained, which were utilized for the systematical study of
improved physical properties of hybrids. Using the same method, it is noticed that
with the 3 h-calcinated hybrid, the AL,O5-rGO monoliths show enhanced electri-
cal conductivity (changes from 5.1 x 10 t0 6.7 x 10’ Sm™), mechanical tensile
strength (90% increase), thermal conductivity (80% increase), and a much higher
dielectric constant (12 times) than the bare Al,O;. The highest values of electrical
conductivity (8.2 x 10 Sm™), thermal conductivity (2.53 Wm™ K1), dielectric
constant (10*), and Young’s modulus (3.7 GPa) are determined for the alumina-
rGO hybrid which is calcinated for about 1 h. It was noticed that the functional
groups that contain oxygen on GO were useful for the adsorption of aluminum
isopropoxide, leading to the dispersion of rGO and the Al,O;, which were obtained
during the solvothermal process by the hydrolysis of the aluminum isoropoxide [7].
The improvement in the mechanical properties was caused due to the elongated
Al O; nanorods, which was indicated by the study of aspect ratio of the nanorods.
Graphene platelets, functional groups present, and their surface properties are driv-
ing forces for enhancement in the physical properties of alumina-rGO hybrids.

2.1 Preparations of highly conductive graphene-alumina-based hybrid
monoliths

In the past, alumina rGO hybrids have been prepared using sol gel, molecular
level mixing, and powder coating methods, but scientists have tried some conven-
tional preparation methods followed by high temperature treatments [7, 11]. Such
methods have shown great enhancement in physical properties of hybrids. Here,
we discuss one of such advanced methods, that is, the preparation of Al,O;-rGO
hybrids using solvothermal-hot press processing route. Al,O;-rGO was prepared
by the mixing of GO and with cyclohexane and the aluminum isopropoxide
(C9H»;AlO;), which was followed by the solvothermal process. The procedure
involves 0.1 g of GO being first dispersed in 35 mL of cyclohexane, then 3.5 mL
of aluminum isoproperoxide (CoH,;AlO;) being added dropwise. The mixture is
then stirred continuously at room temperature at the rate of 1000 rpm for several
days until the GO powder is dispersed homogeneously but the color of the suspen-
sion changes with time. Then the products are separated by centrifugation, and
the products were then washed several times with cyclohexane. The solid sample
obtained are denoted as Al[O],/GO. Then it was sent for the hydrothermal treat-
ment. For this, it was dispersed in 50 mL cyclohexane and then transferred to the
100 mL Teflon-lined stainless steel autoclave, after which the reaction was carried
out for about 6 h at about 453 K, and the resultant sample was again centrifuged
and dried at about 303 K, which is denoted as Al1[O],/rGO. It was then calcined at
723 K for about 1-3 h to form Al,O5/rGO hybrids. The condition of calcination is
limited supply of air. The calcination process was controlled by using the quartz
tubular furnace with open ends that will allow the calcination to occur in the lim-
ited supply of air; also, the furnace was heated to the desired temperature of about
723 K for the calcination times for 1-3 h. In the initial stage, the temperature was
increased by using heating rate of about 15°C min~'. As a result, the free standing
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Al,0; nanorods were formed as a result of calcination treatment and also the GO
was reduced to rGO. The physical properties were studied by obtaining the Al,Os/
rGO hybrid powder samples consisting of 16.707, 12.830, and 7.705 wt% using the
same solvothermal process. The same process was then used for the preparation

of the pure ALLO; without the addition of GO. The calcination temperature was
altered and was set at different temperatures for the processing time of about 1 h.
For the analysis of crystallinity, it was set as 500, 600, 650, 700, 750, and 800 K
and for the analysis of the effect of calcination temperature and time on the
nanorods structure, the calcination time was set as 1, 2, 3, 4, and 5 h for the tem-
perature of 723, 823, and 923 K. Hot pressing of powder samples was carried out in
a vacuum furnace. The furnace was fitted with a hydraulic press which compresses
the samples in a graphite pressing die. The heating temperature was made such
that to increase from the room temperature at the heating rate of 10°C min™" up to
900°C, which was then maintained constant for about 60 min. When the hybrids
reached the set temperature, the pressure of about 25-30 MPa was then applied to
the hybrids.

2.2 Improved physical properties of the highly conductive graphene-alumina
based hybrid monoliths

In the case of hybrids, higher the rGO, higher will be the enhancement in the
physical properties such as electrical, thermal, dielectric, and mechanical proper-
ties. In the hybrids, the surface area has been increased, and as a result, greater
will be the interfacial interaction of the rGO [7, 12]. The higher rGO platelets
will improve the physical properties because it provides a large surface area for
interfacial interactions at nano-level. Due to higher surface area of graphene,

BET surface area has been improved in the hybrids as represented in the Table 1,
in comparison with various fabrication methods [7]. Scientists believe that the
higher mechanical strength is caused due to the elongated dimensions of nanorods
in alumina-rGO hybrids. From the literature, it is found that 90% increase in
tensile strength and 75% increase in compressive strength occur when the content
of rGO is increased up to 7.707% in the hybrid. The addition of rGO affects the
dielectric constant, and it increases by four orders of magnitude through a second
percolation threshold [7, 8].

Further, the hot press processing sustains the quality of rGO in the hybrids. An
increase in calcination temperature resulted in enhanced crystallinity in the Al,O3
nanorods and rGO hybrids as also shown in XRD of hybrid (Figure 1a). From the
surface science point of view, this may cause enhancement in the diameters and
lengths of the nanorods in the hybrid as shown in the Figure 1b. TEM images show-
ing variations in diameters of nano-rod structures with various calcination tem-
peratures are presented in Figure 1c-h. As a result, after calcination and hot-press
processing, Al,O;-rGO monoliths were obtained with enhanced physical properties.
Researchers have found that with very little rGO in the alumina hybrid, higher
electrical conductivity (8.2 x 10*Sm™), higher dielectric constant by four orders of
magnitude, and improved thermal conductivity (1.4 Wm™ K?) have been achieved
[7]. Hot pressing at 900°C ensured the complete reduction of GO and the higher
crystallinity of Al,O;, resulting in enhanced physical properties. The elongated and
fine Al,O; nanorod morphology, atomic-level layered structure, and excess surface
free electrons of rGO resulted in the best reported BET surface area (408 m” g™
in the 2 h-calcinated alumina-rGO), best thermal conductivity (2.53 Wm'K?
in the 1 h-calcinated alumina—rGO), and relatively small density (0.92 g cm’ in
the 1 h-calcinated alumina-rGO) and high strength (3.7 GPa in the 1 h-calcinated
alumina-rGO), respectively [7].
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Sample type BET surface area (m? g'l) Bulk density ( g/cm3)
Solvothermal-hot v-ALO; (1h v-ALO;-rGO v-ALO;-rGO v-ALO;-rGO v-ALO; (1h v-ALO;-rGO v-ALOs-rGO v-ALO;-rGO (1h
press processing calcination (3 h calcination (2 h calcination (1 h calcination calcination (3 h calcination (2 h calcination calcination time)
method time) time) time) time) time) time) time)
280 361 408 379 2.75 161 1.37 0.92
Meso-porous Al 05 ALOs;-rGO Al 04 ALOs;-rGO
AlL0;-rGO 243 327 240 165
Core-shell flakes AlLO; Al,O;-rGO AlLO; AlL,O;-rGO
AL0;rGO 286.62 11971 2.816 0.003
In situ deposition AlLOs ALOs;-rGO Al 05 ALO;-rGO
AlL0;-rGO N/A 2424 N/A N/A
Table 1.

BET surface avea and density comparison for y-AL,O3-vrGO (1, 2 and 3 h calcination time) and pure y-Al,O, (1 h calcination time), compared with various fabrication methods [7].
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Figure 1.

(a) XRD of y-Al,0;-vGO hybrids taken from 500 to 800 K, (b) average diameter of nano rods (nm) as
Sfunction of calcination temperature (K), and (c—h) TEM images showing variations in diameters of nano rod
structures with various calcination temperatures. Units for diameters ave in (nm).

NONE SEI 10.0kV 00 1 e " WD 7.6mm NONE S 10.0kV

NONE SEI 100KV X4,000  1um WD 7.6mm NONE S 100KV X4000  1gm WD 7.6mm

Figure 2.
SEM images of hot pressed samples: (a) y-Al,O;-rGO (1 h calcination time), (b) y-AlL,O;rGO (2 h calcination
time), (c) y-AlL,O;-vGO (3 h calcination time), and (d) pure y-Al,O; (1 h calcination time).

Hot press processing may have an impact on the physical properties of hybrids;
SEM images of hot pressed samples have shown particle-like morphology, as
represented in Figure 2.

Moreover, well-aligned, elongated, and fine nanorod morphology of alumina
is the reason for improvement in the mechanical strength [7, 13, 14]. Aspect ratio
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Figure 3.
Young’s modulus as a function of average aspect ratio of nano-vods in hot pressed samples y-AL,O;-rGO hybrids
with 1, 2, and 3 h calcination time.

studies have confirmed that alumina-rGO hybrids (1 h calcinated) have more
strength compared to hybrids that are calcined at more time (2 and 3 h), as
shown in Figure 3.

Thus, nano-hybrids of alumina monoliths and rGO can be further applied as
electrolytes, catalysts, and electrochemically active materials because of nanometer
dimensions and improved physical properties [7, 15].

3. Highly conductive graphene-silica-based hybrid monoliths for
dielectric applications

Improved physical properties may be achieved for SiO,-rGO monoliths using
calcination followed by hot press processing. If adsorption of ethyl sili-
cate( C,,H,,0,Si) is required as if the group on graphene oxide contains oxygen,
then it is beneficial for adsorption because it helps in uniform dispersion of rGO
within the S$iO, matrix, which can be obtained during the hydrothermal reaction
by hydrolysis of ethyl silicate [8, 16]. If SiO, spheres in hybrids become more
crystalline, then good physical properties in the hybrid can be obtained.
Crystallinity in the SiO, spheres can be enhanced by increasing calcination tem-
perature and further hot press processing at 750°C. Graphene is a material having
good physical properties. As experimentally proved by scientists worldwide, the
thermal, electrical, and mechanical properties of polymers, metals, and ceramics
may be improved using graphene. Graphite oxide-derived graphene has tunable
surface functionalization and the potential for large scale production, so it can be
used to enhance the physical properties of hybrids. For the decomposition of
ammonium perchlorate, Co,0, canbe used asa catalyst [8, 17]. To increase the
catalytic effect of Co,0,, rGO can be used. Basically, rGO helps in uniform deposi-
tion of Co,0, ininorganic hybrids. Silica has good functionalized ability and is very
stable, so it can be used as an additive in numerous applications. In biomedical,
polymer, and ceramics engineering, silica is used for various purposes. rGO can be
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used to enhance the physical properties of silica. Epoxy- SiO, -rGO hybrids have
enhanced thermal conductivity (0.452 Wm™ K™ ), storage modulus (3.56), and
dielectric constant (77.23). In another study, rGO has been used to improve the gas
sensing performance, which was obtained by an electrostatic self- assembly
approach. If dispersion, corrosion resistance, and barrier properties of hybrids are
required to be enhanced, then the presence of rGO is essential, and this was found
when nanocomposites of silica-graphene oxide were fabricated using in situ gel
method. SiO, -graphene hybrids are better gas sensors as compared to rGO-based
sensors [18, 19]. Toward 50 ppm NH, for 850 s, the gas sensing response of rGO-
based sensors is 1.5% and that of SiO, -graphene-based sensors is 31.5%, respec-
tively. It has been shown that SiO, -rGO composites having enhanced BET surface
area (676 m*> g ) can be obtained by one-step hydrothermal method. On addition
of ultrathin graphene, SiO, -polyvinyldiene fluoride having high dielectric constant
(72.94) and low dielectric loss (0.059) is obtained. Composites of epoxy-silica-
graphene oxide have enhanced tensile strength, which leads to an increase in
fracture toughness and Young’s modulus [8]. The physical properties of SiO,-rGO
such as dielectric, electrical, mechanical, and thermal properties need to be
improved further. So, in this chapter, we are discussing various physical properties
of silica-rGO hybrids for dielectric applications.

Figure 4.

SEM images of (a) SiO,-rGO-6.75% (sample b) and (b) SiO,-rGO-10.80% (sample c) fabricated at
calcination temperature of 800 K for 1-h. (c) TEM images of the same SiO,-rGO-10.80% (sample c) at lower
magnification and (d) at higher magnifications.
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3.1 Preparation of highly conductive graphene-silica based hybrid monoliths for
dielectric applications

In brief preparation using solvothermal-hot press processing route [8], GO is
mixed with cylcohexane and ethylsilicate (C, H,,0,Si) , followed by hydrothermal
reaction to form SiO, -rGO hybrids. For the preparation, 0.1 g of GO is dispersed in
50 mL cyclohexane, followed by addition of 5 mL of ethylsilicate dropwise. Then
GO powder is homogeneously dispersed by stirring the mixture at the speed of
1500 rpm for several days at room temperature. The products are then separated by
using centrifugation. The products are then washed with cyclohexane for several
times. The obtained solid samples are represented as Si(O) /GO. From suspension
of 0.1, 0.2 and 0.3 g GO, Si(O)X /GO powders were obtained, respectively. The solid
samples obtained are then dispersed in 75 mL cyclohexane, and then for hydrother-
mal reaction, the mixture is transferred to a 100 mL Teflon-lined stainless-steel
autoclave. The reaction is then carried out at 420 K for 4 h, and the sample obtained
is then centrifuged and dried at 303 K. The sample obtained is denoted as Si(O). -
rGO. Then calcination of Si(O) -rGO is carried out at 800 K for 1 h. To study the
physical properties, using the same method, hybrids of SiO, -rGO consisting of
1.55, 6.75, and 10.82 wt% rGO are obtained. 1.55, 6.75, and 10.82% rGO is referred
to as sample-a, sample-b, and sample-c, respectively. Without adding GO by using
the same procedure, pure SiO, (referred to as sample-d) is obtained. The calcina-
tion temperature is then set as 500, 600, 700, and 800 K for a processing time of 1 h
to study the effect of calcination temperature on crystallinity.

3.2 Surface and physical properties of highly conductive graphene-silica-based
hybrid monoliths for dielectric applications

Researchers have developed a hydrothermal-hot press processing technique, a
simple and efficient method that can improve the thermal, electrical, dielectric,
and mechanical properties of the hybrid [8, 20]. By a hydrothermal reaction, GO is
dispersed in cyclohexane and ethylsilicate to produce hybrids composed of rGO and
silica monoliths [20, 21]. The SEM morphology of hybrids has shown sphere-par-
ticle-like morphology with thin layers of rGO, which act as a support for elongated
matrix, as shown in Figure 4.

SEM images of SiO,-rGO-1.55% (sample a) at various temperatures are shown
in Figure 5. At all temperatures, hybrids have shown sphere-like morphology, but
sphere size changes at various temperatures [9, 22].

The solvothermal-hot press processing method shows the best reported electri-
cal conductivity (0.143 Sm™ ), thermal conductivity (1.612 Wm™ K™ ), and higher

dielectric constants for SiO, -rGO monoliths. Thus, due to enhanced physical
properties of the nano hybrids, it can be applied as electrolytes, catalysts, conduc-
tive and electrochemically active materials, and dielectrics for high-temperature
applications [8, 12, 23].

Table 2 have shown BET surface area and mesoporous volume % analysis for the
hybrids. From the table, it is confirmed that BET surface area has been increased
with more rGO in the hybrids, while mesoporous volume % increased with more
silica [8, 24].

The dielectric properties of the SiO,-rGO hybrids and bare SiO, were measured
using an LCR meter as shown in Figure 6. The dielectric properties of the hybrids
were measured at a frequency of 1 kHz. For SiO,, its dielectric constant is found
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Figure 5.
SEM images of SiO,-rGO-1.55% (sample a) at a calcination temperature of (a) 500 K, (b) 600 K, (c) 700 K,
and (d) 8oo K, respectively.

Sampletype BETsurface Total volume Mesoporous Microporous Mesoporous
area (m? g'l) (cm® g'l) volume (cm® g'l) volume (cm’® g'l) volume (%)

Pure SiO, 333.07 0.3821 0.3459 0.0362 90.52

SiO,- 611.21 0.4580 0.3694 0.0886 80.65

rGO-1.55

SiO,- 67753 0.5521 0.3571 0.1950 64.68

rGO-6.75

SiO,- 712.01 0.6812 0.3891 0.2921 5711

rGO-10.8%

Table 2.

BET surface area, mesoporous volume % of SiO, (sample d), SiO,-rGO-1.55% (sample a), SiO,-rGO-6.75%
(sample b), and SiO,-rGO-10.82% (sample c).

to be around 3.79, which is closer to that of pure silica. For sample a, the dielectric
constant significantly increased by a value of 497, which indicates the presence and
proximity of a first percolation threshold.

The enhanced dielectric constant (up to order of 105 and 107) was determined
for samples b and ¢, which is much higher compared to that for sample d. Formation
of conductive pathways is one of the main reasons for an increase in the overall
dielectric constants. In sample c, significant leakage current leads to higher dielec-
tricloss (300). By further increasing the rGO, the dielectric constant increased
by seven orders of magnitude, indicating the presence of a second percolation

10
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Figure 6.
Dielectric constant as a function of % rGO in the hybrid; inset is dielectric loss as a function of % rGO in the
hybrid.

threshold, which is achieved through the higher value of dielectric constant.
Similarly, the dielectric loss indicates very similar behavior in the real part of the
dielectric constant as shown in the inset of Figure 6. Scientists have experimentally
proved that a small amount of rGO in hybrids can enhance dielectric properties to

a great extent. The existence of a double percolation threshold in SiO, and the rGO
hybrids can be significant for applied applications because it can be used to enhance
the dielectric permittivity (up to 107) with the addition of a small percentage of
rGO in the hybrids. Silica-rGO hybrids may be used as dielectric materials for high-
temperature applications due to better dielectric properties [7, 8, 23, 25].

4. Porous carbon for superior energy storage

A process called one-step carbonization-activation which is used to transform
frozen tofu, mainly a source of carbon (C) and nitrogen (N), into a co-doped
porous carbon having N (0.6-6.7 wt%) and O (3.6-9.5 wt %) and bearing a specific
area of about 3134 m* g~'. Mesopores and micropores constitute a high volume
of this hierarchy carbon, i.e. 1.11 cm’ g™* consists of mesopores and 0.71 cm’ g™
of micropores with a regular pore size appropriation somewhere in the range of
0.8-4 nm [9, 26]. When used as electrodes in supercapacitors, this porous carbon
shows a specific capacitance of 243 F g™! with sulfuric acid used as electrolyte and
retains 93% of its initial capacitance after 10,000 cycles. In 1-butyl-3-methyl-
imidazolium tetrafluoroborate (BMIMBE,), a specific resistance of 170 F g’1 and
areliable rate capability can be observed using above prepared carbon which also
provides an energy density of 72 W h kg™ (calculated at an average power density

11
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of 889 W kg ™). A total of 25 light emitting diodes (LEDs) which are connected in
parallel fashion may be empowered immediately for more than 2 min in the wake
of being charged for 25 s, using supercapacitors comprising of porous carbon, at a
current density of 10 A g”'. What’s more, the porous carbon displays a high revers-
ible charge capacity of 2120 mA h g™! in the first cycle (estimated at 0.1 A g™") or
1035mAh g'1 after 300 cycles (estimated at 1 A g‘l), when used as an anode for
Li-ion batteries [9, 26, 27].

41 Preparation of porous carbon for superior energy storage

Devices having energy due to chemical reactions are getting more fame than
other energy storage devices due to their considerable potential applications [28].
An instantaneous charging and discharging capability, which leads toward an
efficient power density of about 10 kW kg™', can be observed in supercapacitors.
The fabrication flowchart for porous carbon is shown in Figure 7.

4.2 Surface and physical properties of porous carbon for superior energy
storage

On the other hand, in spite of having longer charging time, a high energy density
of about 100-200 W h kg"1 can be referred in lithium-ion batteries (LIBs). There
are two fundamental processes by which the energy can be stored in supercapaci-
tors, which are as follows: (i) pseudocapacitive electrodes store ions based on quick
faradaic reactions at the electrode-electrolyte interface, and (ii) electrical double-
layer capacitive electrodes store energy by the adsorption and desorption of ions on
the large surface area of the porous material [29, 30]. The working of lithium-ion
batteries depends upon the transfer of lithium ions in between the cathode and the
anode. The mechanism by which the lithium ions are stored or released, in lithium-
ion batteries, depends upon the nature of the material of which the electrode is
made [31]. High electrical conductivity, tailored porosity, and chemical stability are
the main features of carbon materials that make their extensive use in many devices
such as commercial supercapacitors and lithium-ion batteries (LIBs) [32]. Scientists
reveal that in supercapacitors, mesopores and micropores are the main constituents
of porous carbon as they provide ion buffering reservoirs, movement of ions and
then storage site for ions, respectively. In lithium-ion batteries, the reversible Li-ion
storage capacity is retained to an approximation of 372 mA h g™’ for graphite, using
graphite anode in lithium-ion batteries which interacts with Li-ions to produce a
compound, LiCg, that retains the reversible storage capacity to its mention value.

In addition, because of the permeable structure, the use of carbon materials as a

Frozen Tofu . Fresze Dned +  Dned Tolu . KOH activation of
Tofu
Porous Carban —
0 N - Carbonized -
| m Treatment

Figure 7.
The fabrication flow chart for porous carbon through one-step carbonization [9].

12



Surface Science of Graphene-Based Monoliths and Their Electrical, Mechanical, and Energy...
DOI: http://dx.doi.org/10.5772/intechopen.93318

framework of electrodes, that is, in lithium-ion batteries and other energy stor-
age devices, is increasing nowadays [33]. It is believed that the supercapacitors
cannot fulfill the energy requirements of future electrical devices because of their
low energy density (less than 6 W h kg™!). Also, the capacity and rate capability
of electrodes in LIBs are below to standards. To approach the above-mentioned
requirements, porous carbon having good electrical conductivity and a modified
3-dimensional structure is required [34].

In the recent decades, a number of techniques named activation, self-assembly,
and templating have been used for the production of porous carbon materials. But
activation exceeds other techniques owing to the fact that it tends to produce a
carbon of a large specific surface area of about 200 m” g~ and other useful proper-
ties. Activation can also play an important role in the production of novel carbon by
doing a proper processing of nanostructured carbon precursors [35]. For instance,
graphene platelets can be rebuilt thoroughly to a 3D porous carbon having a specific
surface area of approximately 3100 m® g™ and pore size appropriation somewhere
in between 0.6 and 5 nm, during the activation of microwave-exfoliated graphite
oxide in the presence of KOH. Moreover, in graphite grids, the n-type can be
brought up using the atoms like nitrogen which has the ability to donate electrons.
The carbon doped with nitrogen finds its applications as anode in lithium-ion
batteries because the hybridization between the lone pair electrons of nitrogen with
7 electrons of carbon can assist lithium lodging [36, 37]. Porous carbon materi-
als derived from biomass are more sustainable than derived from other materials
like coal, pitch, polymers, etc. Scientists have indicated that porous carbons for
energy stockpiling applications can be acquired from different biomass sources,
for example, rice husks, rice straw, algae, what’s more, water bamboo. For instance,
lithium and other confrere elements experience a one-step pyrolysis-activation
synthesis to transform willow catkin into a cross-linked layered porous carbon
which is co-doped with two metals, that is, nitrogen (N) and sulfur (S). The carbon
thus produced exhibits some outstanding features related to chemical performance
like it shows a specific capacitance of 298 F g "' at 0.5 A g”' in 1 molar solution of
Na,SO, with the great cycling stability along with the capacitance loss of only 2%
when checked after 10,000 cyclesat 5 A g™

Tofu, rich in moisture, proteins, sugars, and follow sums of minerals, is a
bounteous asset and has been viewed as a characteristic source of carbon and
nitrogen [9, 36, 38]. It is obvious from the above discussion that tofu is a favor-
able predecessor material in the manufacture of carbon materials used for energy
storage devices, but further developments are required for better performance
like enhanced capacitance in symmetric supercapacitors and rate capability/cyclic
stability in lithium-ion batteries. The features like large surface area, hierarchical
(permeable) porous structure, and heteroatomic doping make the use of porous
carbon samples (obtained from tofu) suitable for the material used as an anode in
Li-ion batteries [9, 35, 38].

5. Conclusions

This study presented some novel and modified fabrication techniques for
ceramics-graphene hybrids. The improved physical properties may be used to set
ceramics-graphene hybrids as a standard for electrical, mechanical, thermal, and
energy applications. Further, silica-rGO hybrids may be used as dielectric materi-
als for high temperature applications due to improved dielectric properties. The
fabricated nano-assembly is important for a technological point of view, which
may be further applied as electrolytes, catalysts, and conductive, electrochemically
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active, and dielectric materials for the high-temperature applications. In addition,
the porous carbon as a massive source of electrochemical energy for supercapacitors
and lithium-ion batteries is also addressed.
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