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Introduction

This short papeprovides an analysis of graphene the related applications that have been between
reported on in the Nixene Jonal between October 2017 and April 2020illustrates the top 20
applications and trends over time for these applications.

Background

The Nixene Journal is published monthly summaritgnology and marketievelopments in the
world of Graphene and 2D.

We have tried to standardise the language that we use to desaniddet sectorsapplications, and

product types. We use this to create a consistency of approatdrminology for both technology

and marketdevelopments.Each articlén the Journahas a navigator table highlighting the content

in terms of markesector, application and product type, séégure 1 ¢KSAaS Wyl @Aa3al dd2N
intended to be a quick and easy guide to enable busy peoptategorise and identify the content

of an article.

Our navigator headirgare constantly developing over time as the graphene and 2Ddiglti/es.

The standard format for the Nixene Journal can be found in Appendix 1 whkilsh@ary of the
current navgator headings can be found in Appendix

One article to a page with market keywords

Have evolved standard
keywords describing the content 2

in three categories
MARKET — (RXEZAZCIH)
APPLICATION / -
PRODUCT TYPE / ¢
Nixene
Journal

Figurel: Navigator Headings
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Word Cloud Analysis

We reviewed all the articlgsublished since we started the Journal in October 2017 and April 2020
(the most recent Journal) against the standardised nomenclature that we use. The purpose was to
identify the emerging trends in graphene applications over the past 2Y years, to se&swhkiang
worked on and reported.

Word cloud analysis Nixene
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Figure2: Word Cloud showing the dominance of Polymer Composites

First of allwe created a Wordcloutb create a visual representation to identify the frequency or
importance of each application referenced in the Journal. Figure 2 illustrates our initial search.

It is quite clear from this that Polymer Composites are by far and away the greatest aetavity
that is being worked and reported on.

In fact Polymer Compoges aresodominantin the Word Cloudhat other areas of activity have
been obscured We therefore removed them and reset the Word Cloud. Figure 3 illustthse

other areas ofapplication.
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Figure3: Word Cloud illustrating other Graphene applications
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Top 20 Applications

Next we ranked the number of applications referenced in the Nixene Journal in order to our identify

top 20, see Figure 4.

Application No. of Application No. of
references references

1 Composites - polymer

2 Sensors 88
3 Coatings 63
4 Batteries 44
5 Heat Management/Transfer 37
6 Anti-corrosion 33
7 Composites — concrete & cement 32
8 Conductive Inks 32
9 Clothing 26
10 Fire Retardant 25

Potable Water
12 Membranes
13 Supercapacitors
14 Composites - asphalt
15 Health & safety
16 Pollution control
17 Solar cells
18 Tyres
19 Photonics
20 Printing

Figure4: Top 20 Graphene applications referenced in the Nixene Journal

Trends over time

Wethen looked at the trends in graphene applications over time. This is mainly a look back over
A0FNISR WY20Ay3Q

timetoa S S
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of travel for future trends.
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Figure 5 illustrates these trends, with 3 clear front runndPelymer composites, Sensors and

Coatings.
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Figure5: Trends over time in the top 10 graphene applications referenced
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Figure 6 illustrates the trends for the next 20 graphepglications referenced in the Journal. It
should be noted that the numbers here are relatively small with no application being referenced

more than 25 times

Examples of Applications in the Nixene Journal

w
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Journal, below are examples of articles from recent Journals.

Examples of composite i polymer applications
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Examples of sensor applications
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Examples of coating applications
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Appendix 1: The standard format for the Nixene Journal

Each monthly Journaéportsin date order for the monthwith the most recent work first.

Date: dd/mm/yy

Headline:

Technology and Research are in Yellow

Content summary:

A description of the source material translating technical jargon ldao English as far as
possible

Relevance:
Highlighting work that may be of interest and why

Date: dd/mm/yy

Headline:

Company / Market information in pink

I iali inked

Content summary:

Relevance:
Highlighting work that may be of interest and why
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AppendiX: The navigator headings

The content for thenavigatorheadingss updated on a regular basis in response to reader feedback
and the emerging content in the market.

Market

Aerospace

Agriculture

Automotive

Biomedical

Caution

Communications

Civil engineering infrastructure

Construction

Defence

Electronics

Energy management

Graphene Standards

Fast moving consumer goods
(FMCG)

Legal

Luxury Goods

Manufacturing

Marine

Measurement Standards

Mining

Mobile / wearable devices

Oill & Gas
Packaging

Paper & Board

Research & development

Regulations

Security
Separation Membranes

Sports

Textiles

Transport

Water Treatment
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Product Type

Artisan graphene
(handmade from graphite)

Graphene quantum dot

(GQD)

Borocarbonitrides

Graphenic glass

Borophene Graphite
Carbon nanotubes Graphitic film
Chemically synthesised graphene | Graphyne

CVD Graphene Heterostructure

CVD hBN

Hexagonal Boron Nitride
(hBN)

Cyclocarbon

Homostructure

Cyclodextrin functionalised
Graphene Oxide (CD-GO)

Indium Selenide

Edge oxidised graphene (EOG)

Laser Induced Graphene
(LIG)

Epitaxial graphene on SiC

Lateral heterostructure

F-Diamane

Janus graphene

Fluorographene

Molybdenum disulphide
(MoS2)

Grain boundary diffusion
graphene

MoS2 Quantum Dot

Graphenes

MXene

Graphene aerogel

Other 2D materials

Graphene fibre Nano graphene

Graphene foam Phosphate graphene
nanoplate

Graphene ink Phosphorene (Black
Phosphorous)

Graphene Monoxide Plumbene

Graphene nanoplate

Reduced graphene oxide
nanoplate

Graphene nanoribbon

Single crystal graphene

Graphene oxide aerogel

Tungsten diselenide (WSe2)

Graphene oxide dough

Tungsten disulphide (WS2)

Graphene oxide fibre

Transition metal Di-
chalcogenides (TMDCs)

Graphene oxide nanoplate

Graphene powder
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Application

3D Printing Geothermal Solar cells

Adhesive Graphene metrology Sound enhancement

Anti-bacterial Health & Safety Spintronics

Anti-biofilm Heat management Strain measurement

Anti-cancer Internet of Things (IOT) Supercapacitors

Anti-corrosion 3D Printing Superconductivity

Anti-counterfeiting Irrigation Temperature measurement

Anti-mosquito Lubricants Terahertz (THz)

Anti-static Lighting Tether

Anti-virus Lightning protection Tissue Engineering

Armour Lightweighting Touchscreen

Barrier — vapour / gas Membrane — gas Twistronics
separation

Batteries Nanoelectromechanical Tyres / Tires
systems NEMS

Catalysis Noise reduction Virus detection

Clothing Optoelectronics Water management

Coatings Paint Watch

Composites - polymer Patents Wound management

Composites - asphalt

Personal protection

Composites — concrete and
cement

Photonics

Composites - silicon

Pollution control

Conductive inks

Potable Water

Conductive membrane

Power generation

Cooling

Power transmission

Cosmetics

Pressure measurement

Cosmetic dentistry

Cryogenic containment Printing

De-icing Propellant
Desalination Quantum Computing
Desiccant Rail

Down hole drilling process
aid

Refractory products

Electromagnetic Regulations
interference shielding

(EMI)

Face mask RFID

Fire retardant Roads
Flexible displays Sensors

Fluorescence quenching

Sensors — graphene field
effect transistors GFET

Fuel cells

Sensors - magnetic
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About

The Nixene Journal is brought about through the research and analysis of Adrian Nixon,
Editor in Chief.

Adrian is an experienced, qualified scientist (Chartered Chemist and Member Rbyfz
Society of Chemistry) and has published regular content in industry journals and website
blogs since 1999Adrian is an advisory board member of the National Graphene Association
in the USA.

The Journal began as a private research project that wasged to create information and
understanding about the emerging world of graphene and other 2D materTdls quickly
became a significant regular undertaking as the amount of development activity dgxew.
the time of writing there are some twentfive thousand academic papers published each
year and as much again reported business and market activity.

We now summarise this vast array of content through the Nixene Journal, published
Y2Y(GKEe@ YR RAAGNRAOMzGSR (2 &2 YSvisRtdbekaptS 62 NI R
informed of the progress Graphene is making in becoming a practical reality for use in and

around the world.We cover a wide range of topics from energy management, composites,
separation membranes, nanrmedicine coatings and other emeng markets and

applications.

The journal has two basic sections, one focussing on identifying and explainiegnénging
technology and the other analysing the business and markets actiwvitgtfect, we take the
content and determine
0KS waz2 gKI( Y.
irrespective of industry

segment or locationWe <R3 ‘™
are always looking for / @
ways in which we can Adrian Nixon Rob Whieldon Nigel Cliffe
improve this journal so Fdier Operations Markeling
please do contact us if
there is something
important you think
could be added.

) Neil Moon Debbie Nelson Joanna Whitehead
TheNixene Journal Commercial Contributing Editor Graphic Design &
& Project Manager Print Management

operates on a
subscription model and does not take advertising, allowtrig provide and independent
view.
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The Nixene Journal is dedicated to graphene and 2D materials

We operate a subscription model and do not take advertising
This means we have a completely independent view of this rapidly emerging field
Each issue explains the technology and commercial activity taking place

GRAPHENE Nixene |,

Nixene i, ;rnal

Nixene o ma

irnal

Nixene g

If you would like to take out a subscription please contact us at:

info@nixerepublishing.com

Or visit our website at:

http://www.nixenepublishing.com/
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