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Abstract- Nanoparticles bearing unique properties have given scope for new nano materials and devices that have enormous 
applications and extraordinary properties that are unimaginable. We know that carbon comes in many different forms, form 
graphite found in pencils to the world’s most expensive diamonds. In 1980, we knew of only three basic forms of carbon, 
namely diamond, graphite, and amorphous carbon. Then, fullerenes and carbon nanotubes were discovered which are 
basically sheets of graphene, either bonded on top of each other to form a solid material like graphite, or rolled up into 
carbon nanotubes or folded into fullerenes. In 2004, graphene joined the club. Graphene is an atomic-scale honeycomb 
lattice made of carbon atoms. It remains capable of conducting electricity even at the limit of nominally zero carrier 
concentration because the electrons don't seem to slow down or localize. The electrons moving around carbon atoms interact 
with the periodic potential of graphene’s honeycomb lattice, which gives rise to new quasiparticles that have lost their mass, 
or 'rest mass' (so-called massless Dirac fermions). That means that graphene never stops conducting. They travel far faster 
than electrons in other semiconductors. Graphene is undoubtedly emerging as one of the most promising nanomaterials 
because of its unique combination of superb properties, which opens a way for its exploitation in a wide spectrum of 
applications ranging from electronics to mechanical, thermal, optics, sensors, bio devices, defence, desalination and mainly 
in energy related applications like graphene batteries with a cost less than the current lithium batteries and flexible 
electronics which leads to a whole new world of graphene replacing the existing technologies and materials in electronics  
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I. INTRODUCTION 
 
Nanotechnology 
Nanotechnology is the manipulation of matter with at 
least one dimension sized from 1 to 100 nanometers. 
Nanotechnology may be able to create many new 
materials and devices with a vast range of 
applications, such as in nanomedicine, Nano 
electronics, biomaterials, energy production, and 
consumer products. Graphene is one such newly 
emerging Nanomaterial with unimaginable and 
extraordinary properties and a wide spectrum of 
applications. 
 
II. GRAPHENE 
 
The wonder material of 21st Century 
"Graphene" is a combination of graphite and the 
suffix -ene, named by Hanns-Peter Boehm, who 
described single-layer carbon foils in 1962.  
Although scientists knew one atom thick, two-
dimensional crystal graphene existed, no-one had 
worked out how to extract it from graphite which was 
then isolated in 2004 by two researchers at The 
University of Manchester, Prof Andre Geim and 
Prof Kostya Novoselov which lead to several awards 
for their pioneering work noticeably Nobel Prize in 
Physics. 
 
What is Graphene? 
It is an allotrope of carbon in the form of a two-
dimensional, atomic-scale, honey-comb lattice in 
which one atom forms each vertex. It is the basic 
structural element of other allotropes, including 
graphite in pencils, charcoal, carbon nanotubes 
fullerenes and diamond. 

What makes graphene special! 
The reason nanotechnology researchers are so excited 
is that graphene and other two-dimensional crystals is 
because it's  2D as it extends in only two dimensions: 
length and width; as the material is only one atom 
thick, the third dimension, height, is considered to be 
zero – open up a whole new class of materials with 
novel electronic, optical and mechanical properties. 
 
Graphene has many extraordinary properties. It is 
about 100 times stronger than the strongest steel. It 
conducts heat and electricity efficiently and is nearly 
transparent. Graphene also shows a large and 
nonlinear diamagnetism, even greater than graphite, 
and can be levitated by Nd-Fe-B magnets. 
Researchers have identified the bipolar transistor 
effect, ballistic transport of charges and large 
quantum oscillations in the material.  
         
III. STRUCTURE OF GRAPHENE 
 
Two dimensional layers of graphene are currently 
drawing a great attention in fundamental and applied 
nanoscience which is just one atom thick but absorbs 
2.3% of light so it can be seen with the naked eye.  
 
The carbon atoms in graphene are densely packed in 
a regular atomic-scale chicken wire (hexagonal) 
pattern. Each atom has four bonds, one σ bond with 
each of its three neighbors and one π-bond that is 
oriented out of plane. The atoms are about 1.42 Å 
apart. Graphene's stability is due to its tightly packed 
carbon atoms and a sp2 orbital hybridization 
 
The graphene honeycomb lattice is a key element in 
determining many of graphene’s spectacular 
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properties, which are desirable for a host of electronic 
applications. The graphene 6-fold symmetric lattice 
gives rise to charge carriers behaving like light-waves 
having zero mass. The charge carriers in graphene 
have new additional quantum mechanical properties, 
which allow the carriers to zip through potential 
disturbances without scattering and result in enhanced 
electrical carrier mobility. Certain defects can affect 
the graphene carriers more than others. In particular, 
atomic-scale defects in the graphene lattice can cause 
significant scattering of the graphene charge carriers, 
and lead to a loss of carrier mobility in electronic 
applications.   
 

 
 
It can be wrapped up into 0D fullerenes, rolled into 
1D nanotubes or stacked into 3D graphite.  Thus, 
graphene is nothing else than a single graphite layer. 
 
IV. PROPERTIES OF GRAPHENE 
 
A. Chemical properties 
Graphene is chemically the most reactive form of 
carbon.  Only form of carbon (and generally all solid 
materials) in which each single atom is in exposure 
for chemical reaction from two sides (due to the 2D 
structure). Carbon atoms at the edge of graphene 
sheets have special chemical reactivity. Graphene 
burns at very low temperature (e.g., 350 °C).  
Graphene has the highest ratio of edgy carbons (in 
comparison with similar materials such as carbon 
nanotubes).  Graphene is commonly modified with 
oxygen- and nitrogen- containing functional groups  
 
B. Electronic Properties  
It is a zero-overlap semimetal (with both holes and 
electrons as charge carriers) with very high electrical 
conductivity. Electrons are able to flow through 
graphene more easily than through even copper. The 
electrons travel through the graphene sheet as if they 
carry no mass, as fast as just one hundredth that of the 
speed of light. High charge carrier mobility, for 
which values of 10,000 cm2/Vs, in some cases even 
200,000 cm2/Vs were reported.  
 
In an insulator or semiconductor, an electron bound 
to an atom can break free only if it gets enough 
energy from heat or passing photon to jump the ‘band 
gap’. But in graphene the gap is infinitesimal. This is 
the main reason why graphene’s electron can move 
easily and very fast.  

C. Mechanical Properties  
To calculate the strength of graphene, scientists used 
a technique called Atomic Force Microscopy.  It was 
found that graphene is harder than diamond and about 
300 times harder than steel. The tensile strength of 
graphene exceeds 1 TPa.  It is stretchable up to 20% 
of its initial length.  
 
It is expected that graphene’s mechanical properties 
will find applications into making a new generation 
of super strong composite materials and along 
combined with its optical properties, making flexible 
displays. 
 
D. Thermal Properties  
Graphene is a perfect thermal conductor. Its thermal 
conductivity is much higher than all the other carbon 
structures as carbon nanotubes, graphite and diamond 
(> 5000 W/m/K) at room temperature  Graphite, the 
3 D version of graphene, shows a thermal 
conductivity about 5 times smaller (1000 W/m/K)  
The ballistic thermal conductance of graphene is 
isotropic, i.e. same in all directions  
 
The material's high electron mobility and high 
thermal conductivity could lead to chips that are not 
only faster but also better at dissipating heat. This 
schematic shows a three- dimensional stacked chip 
with layers of graphene acting as heat spreaders.  
  
E. Optical Properties 
Graphene, despite it is only 1 atom thick, is still 
visible to the naked eye.  Due to its unique electronic 
properties, it absorbs a high 2.3% of light that passes 
through it and can be seen with the naked eye.  
 
V. FABRICATION OF GRAPHENE 
 

 
 
Preparation of graphene can be carried out in many 
different methods, some of the preparation methods 
of graphene are: 
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 Top-down approach (From graphite) 
icromechanical exfoliation of graphite (Scotch tape or 
peel-off method)  
 
reation of colloidal suspensions from graphite oxide 
or graphite intercalation compounds (GICs) 
ottom up approach (from carbon precursors)  
y chemical vapor deposition (CVD) of hydrocarbon  
By epitaxial growth on electrically insulating surfaces 
such as SiC  
Total Organic Synthesis  
 

 
 
VI. POTENTIAL APPLICATIONS 
 
Graphene is a disruptive technology; one that could 
open up new markets and even replace existing 
technologies or materials. It is when graphene is used 
both as an improvement to an existing material and in 
a transformational capacity that its true potential 
could be realized.  
 
Combining all of graphene's amazing properties, we 
could create an impact of the scale last seen with the 
Industrial Revolution.  
 
Transport, medicine, electronics, energy, defense, 
desalination; the range of industries where graphene 
research is making an impact is substantial. 
 
This is only the start. These are only the first steps. 
The potential of graphene is limited only by our 
imagination. 
 
The potential applications of graphene are 
- Single molecule gas detection  
- Graphene transistors  
- Integrated circuits  
- Transparent conducting electrodes for the        
replacement of ITO  
- Ultra capacitors  
- Graphene bio devices  
- Reinforcement for polymer nanocomposites:   
Electrical, thermally conductive nanocomposites, 
antistatic coating, transparent conductive composites. 
 
 

 

 
  
VII. IMPROVED APPLICATIONS 
 
A. Membranes  
Imagine clean drinking water for millions in 
developing countries. The development of graphene-
based membranes at The University of Manchester 
brings that possibility closer. 
Graphene: Membranes and their practical 
applications  
 
Graphene filtration 
Graphene oxide membranes are capable of forming a 
perfect barrier when dealing with liquids and gasses. 
They can effectively separate organic solvent from 
water and remove water from a gas mixture to an 
exceptional level. They have even been proved to 
stop helium, the hardest gas to block 
 
B. Graphene-based composite materials and coatings 
One of the simplest and most effective ways of 
harnessing the potential of graphene is to combine it 
with existing products - so called composite 
materials. The impact of graphene-based composites 
is set to reverberate throughout countless industries, 
enhancing performance and increasing application 
possibilities. 
 
The development of graphene paint  
Rust-free future 
 

 
Researchers at The University of Manchester have 
already shown the potential of a rust-free future. 
 
By combining graphene with paint, a unique 
graphene coating is formed which could signal the 
end of the deterioration of ships and cars through rust. 
 
Weatherproofing and packaging 
The same technique could also by applied to brick 
and stone to weatherproof houses, or even to food 
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packaging to stop the transfer of water and oxygen 
molecules which causes food to go off. 
 
Graphene for sport 
Sporting goods are often the first to take up on new 
materials development which has already been the 
case with the successful graphene-enhanced tennis 
racket from Head. Graphene-based composites and 
coatings could be further involved in enhancing 
sports equipment in skiing, cycling, and even 
Formula 1 in the near future. 
 
Lightest, strongest, safest, greenest 
A graphene-based composite aircraft wing could 
drastically decrease weight, reduce the detrimental 
effects of lightning strike damage and increase fuel 
efficiency and range. This could result in the world's 
lightest, strongest, safest, greenest plane. 
 
C. Energy 
Imagine fully charging a smartphone in seconds, or 
an electric car in minutes. That's the power of 
graphene. 
 
Graphene in batteries 
Graphene could dramatically increase the lifespan of 
a traditional lithium ion battery, meaning devices can 
be charged more quickly - and hold more power for 
longer. Batteries could be so flexible and light that 
they can be stitched into clothing. Or into the body.  
For soldiers, who carry up to 16lbs of battery at one 
time, the impact of this could be huge. Carrying less 
weight, and using batteries that can be recharged by 
body heat or the sun would allow them to stay out in 
the field for longer. 
 
Graphene supercapacitors 
Graphene supercapacitors could provide massive 
amounts of power while using much less energy than 
conventional devices. Because they are light, they 
could also reduce the weight of cars or planes. 
 
D. Biomedical  
Graphene's unique properties allow for ground-
breaking biomedical applications. Targeted drug 
delivery; improved brain penetration; DIY health-
testing kits and 'smart' implants.  
. 
Drug delivery 
The lateral dimensions of these two dimensional (2D) 
materials can be adjusted between nanometers and 
millimeters, and their thickness can be tuned from 
single to hundreds of monolayers and their flexural 
rigidity can also be modulated. The flat surface can 
be easily functionalized enabling modification of the 
surface property (from hydrophobicity to 
hydrophilicity) and this is unprecedented among other 
nanomaterials, offering enormous design capabilities 
as a platform for drug delivery and ultrasensitive 
biosensors. 

Graphene applications in biomedicine are numerous 
and can be classified into several main areas: 
transport (delivery) systems, sensors, tissue 
engineering and biological agents (for example 
antimicrobials). 
 
E. Sensors 
Ultra-sensitive sensors made from graphene could 
detect minute dangerous particles helping to protect 
potentially dangerous environments. 
NO2 molecule on a graphene surface  
 
Graphene sensors 
Graphene is an ideal material for sensors. Every atom 
in graphene is exposed to its environment allowing it 
to sense changes in its surroundings. For chemical 
sensors the goal is to be able to detect just one 
molecule of a potentially dangerous substance. 
Graphene now allows for the creation of micrometer-
size sensors capable of detecting individual events on 
a molecular level. 
 
Reducing food waste 
Graphene oxide can be used to create 'smart' food 
packaging products. This could dramatically cut 
down on unnecessary food wastage and 
simultaneously help prevent illnesses. Packaging 
which has been coated with graphene has the ability 
to detect atmospheric changes caused by decaying 
food. 
 
Crop protection 
Graphene sensors could boost the effectiveness of 
monitoring vital crops in the agriculture industry. 
Farmers would be able to monitor the existence of 
any harmful gasses which could impact upon crop 
fields and take relevant action. As graphene sensors 
are so sensitive it is feasible to be able to determine 
the ideal areas for growing certain crops depending 
on atmospheric conditions. 
 
Defence 
The extreme sensitivity of graphene-based sensors 
could also be tuned to chemical warfare agents and 
explosives. This could allow for early warning 
detection systems for soldiers in the field potentially 
saving lives. 
 
E. Electronics 
Graphene has the potential to create the next-
generation of electronics currently limited to sci-fi. 
Faster transistors; semiconductors; bendable phones 
and other electronics.  
 
Graphene electronics 
Graphene can be used as a coating to improve current 
touch screens for phones and tablets. It can also be 
used to make the circuitry for our computers making 
them incredibly fast. These are just two examples of 
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how graphene can enhance today's devices. Graphene 
can also spark the next-generation of electronics. 
 
Wearable technology  
Graphene could see a smart phone which you could 
wear on your wrist or a tablet you could roll up like a 
newspaper. 
 

 
 
Flexible, wearable electronics take advantage of 
graphene's mechanical properties as well as its 
conductivity. Indium-tin oxide is currently used for 
touch screens as it conducts well but it is brittle. 
 
Graphene Transistors 
Researchers have already created the world's smallest 
transistor using graphene. The smaller the size of the 
transistor, the better they perform within circuits. The 
fundamental challenge facing the electronics industry 
in the next 20 years is the further miniaturization of 
technology. 
 
Graphene Semiconductors 
Graphene's unique properties of thinness and 
conductivity have led to global research into its 
applications as a semiconductor. At just one atom 
thick and with the ability to conduct electricity at 
room temperature graphene semiconductors could 
replace existing technology for computer chips. 
Research has already shown that graphene chips are 
much faster than existing ones made from silicon. 
 
VIII. WHOLE NEW WORLD OF GRAPHENE 
 
Future trends in graphene 
Flexible Touch Screens  

 

The outstanding properties of graphene make it 
attractive for applications in flexible electronics. 
Byung Hee Hong, Jong-Hyun Ahn and co-workers 
have demonstrated roll-to-roll production and wet 
chemical doping of mostly monolayer graphene films 
grown by chemical vapors deposition onto flexible 
copper substrates. They also used layer-by-layer 
stacking to fabricate a doped four-layer film with 
properties superior to those of commercial transparent 
electrodes such as indium tin oxides. The photograph 
on the cover shows a flexible touch-screen device 
containing graphene electrodes. 
 
Graphene batteries  
How about a battery capable of storing up to 1 kWh 
of energy in 1 kg? That is 4 times more energy for the 
same weight than stored in the Panasonic batteries 
used in Tesla vehicles (at cell level)! 
 
It seems like we may soon witness a revolution in the 
world of batteries, according to some Spanish media 
articles and Graphenano, a company involved in the 
industrial production of graphene in Spain. Grabat-
Energy, a subsidiary of Graphenano, will market the 
battery. 
 

 
 
Graphenano and Grabat-Energy have partnered with a 
Chinese company, Chint, specialized in automation, 
electric power generation and solar panels along with 
The Universities of Cordoba and Ciudad Real 
collaborated in the development of this battery. The 
first line of production of a revolutionary battery 
started in March 2016, in a 7000 m2 factory in Spain.  
 
Grabat batteries will be used in homes, electric cars, 
motorcycles and electric bikes. The website 
showcases various applications. 
 
For an electric bike, Grabat states on its website that a 
typical battery will have a storage capacity of 2 kWh, 
compared to 0.4 kWh in today’s battery powered 
bikes, and give a range of 250 km, while weighing 
less than a Li-ion battery offering a 65 km range. 
 
For an electric motorcycle, range will increase from 
100 km to 320 km with a 15.1 kWh Grabat battery 
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whose mass will be only 14.4 kg compared to 35.6 kg 
for a typical 5.7 kWh Li-ion battery in today’s 
motorcycles. 
 
To store energy generated by residential solar panels, 
a typical Grabat home battery will have a capacity of 
24 kWh and a mass of 48 kg. That’s 3.7 times more 
storage than the Tesla POWERWALL which only 
has 6.4 kWh of storage capacity and weighs 97 kg. 
 
Some extraordinary features of Grabat are listed 
below. 
 Grabat’s battery is very safe with respect to 
fire. 
 It can be recharged in less than a minute 
(100 C). 
 It lasts four times longer than a Li-ion 
battery. 
 It can store up to 1 kWh / kg (4 to 8 times 
more than a Li-ion battery) 
 Its volume is 20% to 30% of that of a Li-ion 
battery (3 to 5 times smaller) 
 
We also learn that the factory going into production 
this year is just the first phase with an investment of 
€30 million. The second phase involves an additional 
investment of €350 million, and will create 7,000 
jobs. The goal is to reach €3 to 4 billion in sales by 
2019. Grabat-Energy is also in discussions with 
Airbus and a few automobile companies. And its 
batteries were tested by TÜV, a large independent 
German company, which confirmed storage capacity 
of 1 kWh / kg, for cost, the company is only saying 
that it will be less than current lithium-ion batteries. 
 
In conclusion, if all goes as planned, 2016 battery 
markets should see the arrival of what we thought 
would come to fruition in 2030! Transportation 
electrification and renewable energy will very likely 
to grow faster than expected! 
 
CONCLUSION  
 
Graphene has an interesting history, but many now 
wonder about its future. The subject of considerable 
scholarly debate, it does seem reasonable to assert a 
few things looking ahead:  
 
First, the quality and availability of “synthetic” 
graphene will continue to improve. Whether high 

quality material comes in the form of an alternative 
chemical route to the complete exfoliation of graphite 
or from optimization of the thermal processes 
required for substrate-based methods, there is no sign 
that synthetic techniques are nearing their upper limit. 
This means that device engineers will have ample 
access to improved materials for developing novel 
structures and finding ways to integrate graphene into 
present-day electronic devices. 
 
Second, chemical modification of graphene’s basal 
plane or its edges will substantially influence 
graphene-based devices. For electronic applications, 
one can imagine the attachment of functional groups 
aimed at self-assembly of simple circuits or the 
incorporation of chemical dopants to limit leakage 
current under zero gate bias. For sensors, lock and-
key type binding sites could provide selective 
sensitivity to a wide variety of analytes. These might 
include chemical warfare agents or even biological 
species.  
Third, industrial use of graphene as a transparent 
conductor could have huge implications for the solar 
industry. As synthetic routes improve, the prospect of 
replacing ITO with a low-cost carbon-based coating 
seems feasible. This would not only remove 
significant uncertainty about the availability and cost 
of indium but also enable non evaporative roll-to roll 
processing of transparent conductors. 
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