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Graphene

Graphene consists of a single layer of carbon atoms arranged in a
two-dimensional honeycomb (hexagonal) lattice. Sheets of gra-
phene stacked on top of each other are the basic 'building block’
of graphite, which is commonly found as small flakes (generally
<180 microns) in metamorphic rocks. Within a Imm thick graphite
flake there are approximately 3 million stacked graphene sheets
spaced at 0.335nm and bonded weakly by van der Waals forces.

To avoid confusion the fterm graphene is generally used for
graphite containing up to 10 sheets; because above this number
the products and their properties are more reminiscent of
graphite than graphene.

The history of graphene is relatively recent. In the late 1940s
scientists studying thin graphite samples using electron micro-
scopes observed layers in graphite flakes. However, it took until
1962 for the term graphene to be coined. This was by Hanns-
Peter Boehm to describe the 'hypothetical’ single-layer structure
in extremely thin graphite samples he was researching. Over the
next 40 years research continued but it was only in 2004 that
Graphene was properly isolated and characterized by Andre
Geim and Konstantin Novoselov from the University of Manches-
ter in the UK. They used sticky tape to remove graphene flakes
from the surface of graphite, transferring them onto a thin
silicon dioxide layer on a silicon plate (wafer"). The isolation of
graphene won them the 2010 Nobel Prize for Physics.

Graphene has been described as a miracle material of the 21st
Century because of its unique properties. It is the:

®  thinnest compound known to man at one atom thick,

® lightest material known (with Im? weighing around 0.77 mg),

® strongest compound discovered (between 100-300 times
stronger than steel),

® best conductor of heat at room temperature, and also the

®  best conductor of electricity known.

Other notable properties are its uniform absorption of light
across the visible and near-infrared parts of the spectrum and
its potential suitability for use in electronic devices.

With these unique properties the potential of graphene in a
range of products was recognhized at an early stage and thou-
sands of patents were taken out accordingly. Governments and
Universities also spent vast sums of money in research and its
use in defense for military applications was one such area.

Graphene Production
The two most established methods of graphene production are:

1) Exfoliation - is where graphite layers are broken apart with
the ultimate intention of yielding single-layer graphene sheets
(aka “top-down" approach). There are several methods of which
chemical exfoliation has been the most promising route for large
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scale synthesis. Oxygen is used initially, producing a slurry of graphene
oxide. The oxygen is then removed at the second stage of the process
through a controlled reduction to produce graphene. The other popular
method is sonification where graphene is separated from graphite in a
centrifuge.

(2) Epitaxy - is where graphene is grown from carbon atoms (aka "bottom
-up” approach). It relies on widely available gases such as methane and
benzene - a molecular precursor. In this approach the carbon-carbon
bonds within the precursor decompose under a chemical reaction at high
temperature. The bonds are then rearranged to form graphene sheets.
An approach widely used is chemical vapour deposition ("CVD") onto a hot
metal substrate at 1000°C to 1100°C - typically of copper or nickel. A
key part of the process is to separate the graphene film from the sub-
strate. This is typically done by first adding a polymer layer to the sur-
face of the graphene and then using harsh chemical etchants to eat away
the metal and leave the graphene sheet attached to the polymer.

Epitaxy has more technical challenges than exfoliation, such as prevent-
ing defects in the sheet, curling of the sheet, as well as contamination
from the substrate. The graphene produced from epitaxy has a larger
lateral size compared to graphene produced through exfoliation, but
production is more costly. With exfoliation, graphene produced sheets
tends to have small lateral size and defects in the sheets are often pre-
sent. The sheets also tend to reagglomerate and stack up.

In recent years, there has been an increasing list of production tech-
niques, although most would seem to be in development stages related to
niche applications. Laser induced 3D methods converting polymer films
into 3D graphene patterns is used for electronics, nhanocomposites, ener-
gy storage and air filtration systems. Other methods include nanotube
slicing, spin coating, intercalation and microwave assisted oxidation.

Typically, there are three main types of graphene available commercially:

1. Small, exfoliated flakes, less than 5mm? in area.
2. Dispersions and solutions of graphene powders and flakes.
3. Large sheets (up o 15cm in diameter) produced epitaxially.

Characterisation of Graphene and Standardisation

There is ho measurement technique that can determine all of the materi-
al properties and so complimentary techniques are required for either
chemical or physical characterisation. The following are the parameters
which typically define the product.

®  Chemical Composition - percentages of carbon and impurities.

®  Surface Area - reported as surface area over mass (m?/g). A higher
surface area graphene has a higher capacitance.

®  Flake / grain size - typically the lateral size of the graphene flakes

®  Electrical Conductivity - is the ability to conduct electricity meas-
ured in Siemen'’s per length (either S/m or S/cm).

® D/G ratio - is a measure of how perfect is the graphene - if the D
to G ratio is small the less defective is the structure. There is a
second order band which implies the number of layers of graphene.

As there are still many different types of graphene available, where the
type maybe suitable for certain applications and not others, reliable ma-
terial characterization is extremely important. For example, for gra-
phene flakes sold as powder or dispersion, the lateral size and thickness
will impact on whether the material is better for applications such as
composites or energy storage. Furthermore, for commercially produced
graphene, physical measurands such as size distribution can have a broad
range that must be fully understood and not just quoted as an average
value. It is therefore hard to present a standard form of graphene.

To help overcome this, the first adoption of graphene standards I.50/TS
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80004-13:2017 - Vocabulary - Graphene and related two-dimensional
(2D) materials - was realized in September 2017, in the form of an ISO
terminology standard for the different forms of graphene.

In March 2021, the nanotechnologies standards have announced ISO/TS
21356-1:2021 for measuring the structural properties of graphene, typi-
cally sold as powders or in a liquid dispersion. Through standardized
methods, the physical properties of graphene, such as lateral flake size,
flake thickness, level of disorder and specific surface area, could be
measured consistently and allow end-users fto compare different gra-
phene products and choose the right one to incorporate in the final com-
mercial products such as composite, batteries or electronics.

Market Outlook

Beyond cost reduction and investment return the industry still faces
interrelated challenges such as the perception of immaturity (historically
new materials take years to be accepted commercially) among potential
customers; lack of standardization; and, regulatory hurdles. Also, the
capability to provide either powders on the one tonne/yr scale or sub-
strates at thousands of m?/yr leads to problems in reproducibility.

From a consumer viewpoint the potential of graphene has been demon-
strated in prototypes developed by different companies for products
such as anti-corrosion coatings, supercapacitors, heat management devic-
es for electronics, biomedical sensors, lightning strike protection and
printed electronics. Furthermore, graphene has been incorporated into
niche products such as sports equipment, bikes, and supercars. In EV
batteries graphene anodes can charge and discharge 10 times faster
than conventional graphite.

Over the next 5 years rapid industrialization and increasing demand for
lightweight, flexible and renewable materials across the globe are among
the key factors driving the market growth. Graphene is used to enhance
the physical properties of various polymer materials, including natural
and synthetic rubber, thermoplastic and thermoset composites, paints,
coating, and elastomers. Graphene films are being increasingly utilized in
the manufacturing of protective coatings on flexible electronic devices.

Other factors, including extensive research and development activities
to improve the thermal and electrical conductivity properties, along with
immense utilization of graphene for manufacturing lightweight sports
equipment, are projected to drive the market further. Looking forward,
the global graphene market is expected to grow at a CAGR of around
30% during 2021-2026 (Source: IMARC Group).

Price of Graphene

A review of online market websites such as Alibaba show a whole of
range of graphene products and prices. Many of these will contain gra-
phene but in small quantities. Many may in fact be graphite.

Where there is graphene powder the range is high from US$1.50/gm to
US$350/gm. The quality of graphene is not stated and to protect com-
petitive advantages sellers often have strict non-disclosure measures.
For monolayer CVD produced graphene on copper, UK listed company
Graphenea were quoting US$396 for 15cm x 15cm sheets.
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Revenue attributed to graphene
2025

= Energy storage
= Thermal management

= Composites

= Research

= Functional coatings, Inks, and Adhesives

Volume of graphene nanoplatelets
= Sensors 2025
= Concrete and Asphalt

= Other
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Graphene market forecast (Source: ID TechEx)
LEBSFITEGTEH (KR IDTechEx)

CEHER

I B EEEER TSR R ER T — R A S E i (E
1 - K2 ia e aSih HHERD SFHHEIE ETREEAE -

TEA A BIGARATHTT [EFSHEE A 7EE5 1.50 ETEE5E 350
EIC - ABGIVEEYASRH & T IRERFES EHRETE AR
PRI ORE RN - ToEEd L i/ASE] Graphenea i CVD fEER
15cm x 15cm B g §ilE 1 S YR (5 5 396 BT -

Rockhound is a HK based company set up to serve the minerals
industry in the Region. The company offers technical valuations
and services in the natural resources sector.

Mr. Paul Fowler J7{%5%
MSc, MBA, CGeol, CEng, FGS, FIMMM, FIQ, MHKIE
Mr. Dominic Kot 55 Hi&
BASc (Geological Engineering), MCF, FES, MAusIMM

Mr. Joseph Lau %I 705%
BSc, MBA, MCIC, MCIM

MIMMM - Member of the Institute of Materials, Minerals and Mining (UK)
MHKIE - Member of the Hong Kong Institute of Engineers
MCIM - Member of the Canadian Institute of Mining and Petroleum

E: info@rockhoundasia.com


http://www.rockhoundasia.com

Special Ed. 9 TOP INDUSTRIAL NEWS

| ROCKHOUND

SO EENREN A RHER AR AT

Graphex Group Limited (6128.HK)
EENETRB HEEER PEN R ERERGT > PR R ERAR S
BECEBLURAE T B A 0 ST -

CEAEBEEER AR Y - BECEDEE O = HIREE
FEG D HERIIAI55HEETT - (SEEULADD.4% » HHTEEBITDA
49497 EHTT  HENEEEBITDA 44%658.5% - % 2E5MIEFI% f527.4%
F A HIFEBITDARR £523.1% -

AT Y A S R A - fiﬁﬁEiﬁﬁé%*h‘t@iE(bGT'm‘Y'
grade graphite) » & F A A 2 S T SR /1 SR ARIYY B A LIS A
EEE R R R LB &R (K1499.95%) HiERERE: - E?E%’E%ﬁﬁﬁ
~1(D50) F510-15f8ck - Hfuiliss =) ryBR s T i 85t S P o s G IRUBR
FEH /N QI AR E SR S AR A SR A - SR H AT A ELY
10,000 A WEER I A 25 -

SHEET R TR B B OB GBI - 0 E FIE R RS S R SRE FI
ARETR SRR FARATTE o SPTATTER - AR A S
WRER29% - FETRHKERHEAN R -2 - 2F25H BN R E
ZERZAAENIL2E - B SR S AR ROT — FEF LI - B
ZBF > TR B ERHREIR S BRI EHLI32% o S AETITERT > B
BB PES EIREB T 51949% » BON(LE27 % K = E{514%

RSB M FETOT RV AR - BT E B =6 SEERH
@xr? REERGSER MATELARREONR LR
» AEAR SR P A FE A 10,000 AT 40,000/ < %%
A%ﬁmﬁREEMIﬂﬁﬁﬁﬁﬁﬁ(E¢9E$$W47gﬁ$ﬁ

SR B R S -

Directa Plus says new research supports the use of its gra-
phene nano-materials in COVID face masks (excerpt)
13 Jul 2021 <Graphene-info>

Directa Plus recently stated that a research paper has been published in
the journal iScience, supporting the use of its ‘functionalized' graphene
as an antimicrobial material in face masks.

The peer-reviewed paper said the company's G+ hanomaterials and those
from graphene oxide provide a “critical opportunity to significantly in-
crease face mask efficacy”.

Directa said to date it has treated and supplied more than 240,000 me-
ters of G+ graphene fabrics and produced and delivered more than one
million G+ filters to fight the COVID-19 pandemic.

In March 2021, Directa Plus also received positive test results confirm-
ing that its graphene nanoplatelets are not absorbed through human skin.
The Company said this was the eighth in vitro test to show that there is
no absorption potential for the Pure G+ powder.
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'Wonder material' used to detect SARS-CoV-2 virus in
laboratory experiments (excerpt)
16 Jun 2021 <News-Medical.net>

Researchers at the University of Illinois Chicago have successfully
used graphene -- one of the strongest, thinnest known materials --
to detect the SARS-CoV-2 virus in laboratory experiments. The
researchers say the discovery could be a breakthrough in corona-
virus detection, with potential applications in the fight against
COVID-19 and its variants.

In experiments, researchers combined sheets of graphene, which
are more than 1,000 times thinner than a postage stamp, with an
antibody designed fo target the infamous spike protein on the coro-
navirus. They then measured the atomic-level vibrations of these
graphene sheets when exposed to COVID-positive and COVID-
negative samples in artificial saliva. These sheets were also tested
in the presence of other coronaviruses, like Middle East respiratory
syndrome, or MERS-CoV.

The UIC researchers found that the vibrations of the antibody-
coupled graphene sheet changed when treated with a COVID-
positive sample, but not when treated with a COVID-negative sam-
ple or with other coronaviruses. Vibrational changes, measured with
a device called a Raman spectrometer, were evident in under five
minutes.

Developing lactose-free milk with graphene oxide based
nano filtration membranes (excerpt) 13 Jul 2021 <Phys.org>

Over the past years, graphene oxide membranes have been
mainly studied for water desalination and dye separation.
However, membranes have a wide range of applications, such
as within the food industry. A research group led by Aaron
Morelos-Gomez of Shinshu University's Global Aqua Innova-
tion Center investigated the application of graphene oxide
membranes for milk, which typically creates dense foulant
layers on polymeric membranes.

Disclaimer

The content and comments in this newsletter are provided for educational and
marketing purpose and for general distribution only and cannot apply to any
single set of specific circumstances. We publish this newsletter only for or sub-
scribes in Hong Kong. All care is taken in producing this newsletter; however, we
accept no responsibility for accuracy of info supplied.
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