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Graphite

Graphite is a crystalline form of the element carbon (atomic
number 6). Graphite is grey fo black, soft with hardness of 0.5
to 1.0, alow density - 2.09 to 2.26 - and a metallic lustre. In its
natural state it occurs as black crystal flakes or as an amor-
phous mass and is the most stable form of carbon under normal
conditions. It has important properties such as chemical inert-
ness, thermal stability, high electrical conductivity, and lubricity
(slipperiness) making it suitable for many industrial applications.
Graphite is considered a critical and strategic mineral because
of its essential application in the aerospace and energy sectors.

Graphite is also produced industrially by heating of hydrocarbon
materials above 2500°C to drive off impurities and leaving a
sheet like crystalline structure of atoms with a purity of over
99% carbon. The cost of producing synthetic graphite is signifi-
cantly higher than for natural graphite but a market exists for
both forms and commonly they are substituted for each other.

The chemical structure of graphite is carbon atoms arranged in a
hexagonal form in one atom thick planar sheets. The individual
layers are called graphene and within a one-millimeter graphite
flake there are approximately 3 million stacked sheets of gra-
phene. The bonding between the individual sheets is weak but
under high femperature and pressure graphite converts into
diamond (hardness 10) with the atomic structure changing into a
tetrahedral form resulting in stronger covalent bonds.

Graphite has the highest melting point in nature at 3,550°C and
as such fraditional uses have been as a refractory material, high
temperature lubricants, and foundry core in steel making. In
recent years, its use in fuel cells, batteries and composites have
substantially increased. According to the European Carbon and
Graphite Association another driver is from nuclear reactors -
no other material can meet the extremely high requirements
with respect to chemical and thermal stability and conductivity.

Graphite has been found in ceramic paints in pottery
from 3000BC. However, the first recorded mining of
graphite was in the early 1500s in Cumbria, England. “
The locals had used it for marking sheep, but its real
value was as a refractory material o line moulds for
cannonballs, resulting in rounder, smoother balls that
could be fired further, contributing to the strength of
the English navy. By the 19th century, graphite's uses
expanded greatly and its uses has grown ever since.

Historically graphite was called black lead or plumbago
as it was similar in appearance to galena, a lead ore. In
1778 chemist Carl Wilhelm Scheele was able to deter-
mine that plubago contained no lead but carbon. It
then took another 11 years, to 1789, before the name

buckyballs

graphic adapted from Wikimedia Commons graphic created by
Michael Strock (mstroeck)
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graphite was given. This was coined by geologist Abra-
ham Gottlob Werner who derived this from Greek
word for writing, graphein, reflecting the long use of
graphite (mixed with clay) for the ‘lead’ in pencils.
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Alltropes of carbon - only diamond, graphite and
amorphous carbon occur naturally

AL TGIA - RAEM A~ GBI EPEEAX

L EBIEEEER (BARAE) — 12
HERR A RET A 0 0 SBIP RN &

ARARAE

Unit A, 12 Floor, Times Media Centre, 133 Wanchai Road, Wanchai, Hong Kong

T: 25720122
www.rockhoundasia.com

F: 25720899
E: info@rockhoundasia.com


http://www.rockhoundasia.com

Special Ed. 8 Graphite

Y, ROCKHOUND

Geology and Forms of Graphite

Graphite forms when carbon is subjected to heat and pressure. It is
therefore a native mineral element found in metamorphic and igneous
rocks. There are three geological settings in which it is found, and the
graphite ore type is determined by the setting.

1. Regional Metamorphism (Flake Graphite) - Most of the graphite
formed at the Earth's surface was formed at convergent plate
boundaries where carbonaceous sediments were converted into mar-
ble, schist and gneiss while the carbon was converted into tiny crys-
tal platelets and flakes of graphite which are disseminated in the
rock and range in size between 40 microns (0.040mm) and 4cm, but
generally are <lcm. Commercial deposits generally contain 200,000t
of ore that grade >8% graphite. The foremost deposits are found in
Brazil, Canada, China, India and Mozambique.

2. Coal Seam Metamorphism (Amorphous Graphite) - This type of
graphite is the result of contact metamorphism of coal often by
later intrusions of diabase or granite. Amorphous graphite is earthy
and fine grained and occurs in seams that correspond to the original
layer of coal. The term amorphous is incorrect as there is a crystal-
line structure as very fine flakes, <75 microns. Commercial deposits
typically contain >IMt of ore that is >75% carbon. Since the host
rock is coal, the mined ore may contain non-graphitic carbonaceous
material in addition to graphite, Large amorphous graphite deposits
are found in Europe, China, Mexico and United States.

3. Hydrothermal Metamorphism (Lump or Chip Graphite) - Here, car-
bon compound in granite country rock are mobilized during hydro-
thermal metamorphism and deposited in veins . Because it is precipi-
tated the graphite has a high degree of crystallinity and appears as
massive fibrous and platy interlocking aggregates of coarse-grained
graphite crystals. The only commercial deposits occur in Sri Lanka
where families of veins are up to 3m thick consisting of 60% - 95%
graphite. However, most deposits are small and likely do not exceed
100,000t.

Global natural graphite production has risen from ~900,000tpa in 2014
to approximately 1.0Mtpa - 1.2Mtpa. Of this flake graphite is estimated
to be approximately 600,000t - 800,000t, amorphous graphite 300,000t
and vein graphite around 4,000t. The leading world producers of flake
graphite in 2020 are China (est 360,000t), Mozambique (120,0001) and
Brazil (95,0001). Amorphous graphite in 2020 came mainly from China
(est 290,0001). Mexico (9,000t) was the next highest producer.

World reserves of graphite in 2020 were estimated at 320Mt. Turkey
(90Mt), China (73Mt), Brazil (7OM¥t) comprise over 70% of this. Mada-
gascar (26 Mt) and Mozambique (25Mt) also have significant reserves.

Mining and Processing

Natural graphite is mined from both open pit and underground methods
although lump graphite is only mined underground where the additional
cost of going underground is offset by the high grade of these deposits.

The quality of the deposit is reported as Total Graphitic Carbon (TGC)
and for it to be commercially viable there are ‘cut-off' grades which will
vary according to the nature of the deposit. At the Triton Minerals Bala-
ma operation in Mozambique, one of the world's foremost graphite re-
serves, the TGC is 16.46%.

Beneficiation processes on site to concentrate the graphite vary from
simple hand sorting and screening of high-grade ore at some amorphous
graphite deposits, and at the Sri Lankan vein operations, to multistage
crushing, screening, washing and flotation cycles. At Upulo, another Tri-
ton operation in Mozambique, beneficiation can increase the TGC from
6.6% t0 97.5%.

www.rockhoundasia.com

ROCKHOUND NEWSLETTER

ot June 2021

RSB > AR E IR E ARG - RERR R
& MEEE R NTRER ISR - RAEEES ARTR
/ME 40 FioR (0.040 =2K) F 4 BEURZRE - H—fig<t E
ok o PHEWRE Y &F >200,000 WEAYHE G 0 H 8 L
>8% ° A EH B HVHRPRALFAEEPY ~ Ik ~ B ~ EIERISS
Eb5e -

2 HEEEER (BEPaRsdERaE) — SlEiinns
SR (F AR > B RS S Bt E R R T
RAERRAY - FEE 8 2R IIRFIEIRGIR - IR R 4R
BREHEERSE T - A EER BALEN  AAE
AIFH AN ARG - /NP 75 oK - RESEBREE &H >1
EEWEEL > SR >75% - N FARE » BRI G
ARE AR A S ZIMYFEASERE R - FEBON ~ B -
PHEFRISEEIS IR T R R E I A S8 0B R -

s BOREE (WINGSsERiNGSR) —fEEd - [tREEET
HBRAL YRR E AR PR RN T - A AE
IR OSEEASENGERE - SR S
o B Y BRIR S IR AR L SR SRS - M — AV P SRR IR 38 2
e R - AR RRIRIE L 30K - 1 60% - 95% Ay
BHRK - 2T > K 2 B R AR B/ - — iR 100,000
I

ERRANARERCHE 2014 F1V49 90ENE ETFERF4T 1005
WE - 120%508 - Hrbfgh ) o84y 605 - 80EMANE - JEE ALY
SOEEMEANE - AR 24T 4,000 B o 20204 = BRFILHIMEF 2
AEBETE (ffEH368 M) ~ FEsxtb v (128 ) e
(9.58W) - 202053k A EZARE TR (FHEF298M) -
SPHEF (9,000 M) B AAEER -

2020 FHE ARG EAGET R 3.2 B - L HH (9 T-ElE) -
(7.3 T-HmE) ~ =g (7 THugE) (5HEPH) 70% LLE < BT
i (2.6 T-Eng) MEsEEET (2.5 TE) A REAGHE -

BEEREEIN T

RN S50 28 FE KA T Wit T AR (BN G SE A T 6
R o 1T BRERIVERS MY 12 LR PRI i S (i 4508 -

BEPREYE B 45 B 48 1 % (Total Graphitic Carbon “TGC”) »& T
EHAEREE DOT > (A EEEALL - B LR IR PR 4
HHTAR[E] - Triton Minerals fEEis%E550Y Balama g2t &
T AR — 0 H TGC £ 16.46% -

TG R SR BER T B A 1 — e i S E T 2R TR IR
SR T R B R o R A R iy B R R RAIR (2 R 2 B
T ~ i 58 ~ VRERALY BEGER o Triton 7EELSXLETENT %S —(ETE IR
Upulo » #E8E A DU TGC i 6.6% =% 97.5%
ZIIEEE AR (O ERETE) IHEEIRE = -
FAREmAEE

TERE MR DR E S R TE - A BIENT T - =
TE—EEEZ > 0] B CEASHIE T BIZRERE - fenigny A
F o AssEMIIRSEE SN -

E: info@rockhoundasia.com


http://www.rockhoundasia.com

ROCKHOUND NEWSLETTER

Special Ed. 8 Graphite FA& June 2021

\ ROCKHOUND

The concentrates are then classified (sized or screened) and the carbon 2z EalgEETHE A R K~F 40 GRS S - Hl4] B 5T

contents determined. fry e ERALE A T 94% - 97% 7B 100 FIH IR - PI HTt
Graphite Products and Pricing 4% 99.9% BY4ifE - DLBLE A HEE TS BRI AR o Bk

Graphite products are specified, at a minimum, by particle size distribu- A S E(HZY By 3000 S2TT/M 408 i LY 28 DI =4

tion and purity. However, there are no set industry specifications but, in &4 75 B A RAR B S SRS 1% T A = i 0 F A B2 (B A A5
some countries, such as in China, the government has established national 7,000 3557 12,000 707 -

standards. From a market viewpoint graphite products sizes are typically
categorized as Table 1.

aREMTSENEE

W o 2% (i 0 SR Y FR IS AR
TRIER (BIROCREIEA ~ o8
Wi~ BRI SR AP0
HIBAE - THETRERERAAN &
R SRR R & -

RS ESALTARINE St e Nl
Ry - B EEE

FEMMEEREE R &
in Li-ion batteries. The ESRTEETE 2019 4] 2030
average selling price of

h | hit 80—85 75 h FFAT 10 fiF - Roskill AL
around US$3000/+ which ?” 2028 1 - FEHTRE R
on coating with a disul- ] 23% & 27% - 2B
phide, to improve electri- Table 1, Graphite product category RL HEEwTE LR —FE N B -

cal conductivity and help-
ing to reduce the risk of electrostatic discharge, it is sold for between RZFRA RS —(EA M- RATTIS FTIH SEEMEHEREH -

$7,000/t and US$12,000/t for high-end applications. WA ERN EEAETE HIERERDEEIBL S K P EER
Market for Graphite Products and Outlook [k e

Worldwide demand for natural and synthetic graphite is expected to  ¥H{F7 E 40y AR EEHACHE CTHHAZE SR » ([HARE HBiEmi”

continue increasing as more non-hydrocarbon energy applications, such as (e (EFETE IR L S EE B IRE B4 -
fuel cells, graphene, pebble bed nuclear reactors, and B ) e o

solar power, that use graphite are developed. Bl LFP NMC 111 NMC 532 NMC 811 NCA

chemistry
Batteries are the fastest growing market with demand
forecast to grow 10 fimes from 2019 to 2030 according G v ien
to Bloomberg, owing to growth in portable electronics and e
EVs. Roskill predict a 23% to 27% growth each year to
2028. Graphite is used in battery anodes with silicon
oxide.

Customers may want a
certain flake size distri-
bution and carbon con-
tent. For example, Chi-
nese manufacturers in
the EV sector require
94% - 97% carbon -
100mesh flake graphite
which they upgrade to
99.9% purity to make
“spherical’ graphite used

Nickel 43%

Nickel 73%
Manganese 24%
Cobalt 27% Cobalt 17% obalt 8%

Graphite Graphite Graphite Graphite Graphite
>95% >95% >95% >95% >95%

Cathode

Anode

Expanded graphite is another market expected to grow,
for applications such as for fire retardation, insulation,
and heat transmission. Expanded graphite is used to pro-
duce gr'aphi're foil which acts to decrease heat loss or in Graphite dominates half the lithium-ion battery — 1.2kg per Kwh required to drive strong demand
fire stops around fire doors.
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Ingredients in EV batteries (Source: Nouveau Monde Graphite )
Sufficient graphite reserves exist to meet expected gz g g s (¥ © Nouveau Monde Graphite)
demand but according to 'Graphite Miners News' prices

need to rise to incentivize new projects to attract funding. 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.
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Elate Holdings Limited FHEEZERG A TR /A E](0076 . HK)

The Group's businesses primarily consist of (i) manufacture and sales of
graphite products worldwide, (ii) manufacture and sales of electronic
products in the United Kingdom, and (iii) development of multi-media
production and movie making.

The Company has been engaged in the manufacture and sales of graphite
products worldwide for more than a decade. The graphite business oper-
ations are considered as the Company’'s main path for profit growth. The
customers include steel mills, lithium battery companies, refractory
material companies and users of graphite products in China and around
the world.

The Company's electronic manufacturing services are operated by its
wholly-owned subsidiary Axiom Manufacturing Services Limited in the
United Kingdom ("Axiom"). Axiom offers comprehensive contract manu-
facturing services, from design of electronic products to manufacturing,
to the medical, national defense, transportation, aerospace, security,
maritime and natural gas industries and other sectors. The electronic
products of contract manufacturing and design are usually labeled with
customers’ brand names. Axiom's customers are mainly located in the UK.

The Company's cultural and multi-media business operations include mo-
tion picture production, television and online programming, and introduc-
tion of valuable foreign movies to Mainland China, etc. The production of
the Company's first movie, "Pegasus”, a black-humor feature film with an
anti-war and anti-nuclear weapons theme, was completed in 2018.

HEG2EEERE R LR
el 6 H 1H R B AR A AT e s LT - 3 e fEes st -

SR SR P R B i R o SRR R R s > R FE ORI T
ke 7 0 SRR R BRI A 2 o IR IR TR DA S e > 20194F > SEEIR
U SR TS BUCATRRE TL  TEREY2.9% 5 RO BRI
RITHEPREN - TS0 HI2.9%

H SEEIR S R o iR S R o BRI E A S RN AW BRI
G HEZ FE T HEE SO RE I e 1 By S Rb ) - SRR &
PR R U Ry -

20194 » MG B AR TALILBRSSHY BRESHE - BRBRHUARII LA £ (E At R
BB ER » M Rl - IR £ 0 S8 B0 U5 1) F 49 1400 B iz
B R 4 100F e 2 B A - fhat TR IR 214 - THE R
RESIE A Pris AR E VAR TR SR > & H = H B SR RSB S F]

E o

e - EEMVERBEREAE BRASEE  ERR N E S S - BERHEE T
BB KNI - 1 RS R R T A R TR TR A S - R
MEERR TS G E AR E N SRR B R SR AESS -

2020 £ 2 4T 169 (B TE A RHE - [HIEL M R 36.4% N F]#10.38 &

7C 0 RN E54.2% ; BFI0.83ETCARE - [FIEEH£40.1% - HokE &
)7 SR TEMO0. 4518 7T - AR E SR A S R HRI A S (5 7T0.35(8TT - £0E)

20214F6H 1H <FINET [{A#Ewt>

valuation finance
exploration services
. processing
mifing -FROCKhoun
professional
local9eology

diligence

www.rockhoundasia.com

ROCKHOUND NEWSLETTER

at-s =] June 2021

B FIE R AR0.24(% 7T » 18R 118.3% - EE AR E TR - U
R o R Z R R S -

MRS IR VD FI SO - R 0 S i 15 U I 20204 /Y 51 4T
251057t NN - TEHA20254E 1 in%E 3815 T - Hh EIBKIE 4 BT B B UL
7220204722 2 {870 - HEF I R4 520.7% - {G5+ £ 2025 2
44.8F70 - WEFHRELIR13.5%

(B TBISRT » 63 2RISR E RS - HHET e
16308 (8 - HERHEI42% | WRENER2,045 20 T (%8s »
R 171% 5 IR R P 46 IR 150 36. 2 1 - e/ i
15.3% -

Tanzania: graphite concentrate mines
02 Jun 2021 <Sahel Intelligence>

South Korean steel giant POSCO now owns a 15% stake in Black
Rock Mining Limited, a mining company active on the Mahenge Liandu
graphite project in Tanzania.

According to details released by Black Rock Mining on Tuesday, the
South Korean company will hold a director position on the board of
directors, as long as its stake in the mining company does not fall
below 10% .

The Mahenge project has a production capacity of 7.4 million tonnes
of graphite concentrate over a 26 year life.

Tirupati Graphite develops 'ground-breaking' graphene-
aluminium (Al-6r) composite (excerpt)
04 May 2021 <Graphene-info>

Tirupati Graphite has announced that its research center has devel-
oped a ‘ground-breaking’ graphene-aluminium (Al-Gr) composite,
which reportedly exhibits significantly higher conductivity and
strength properties over aluminium and could be used as a substi-
tute for copper.

The specialist graphite and graphene producer said it was engaged
with potential end users including a FTSE100 company for the com-
posite's potential use replacing copper in thermal, power and propul-
sion systems, providing significant environmental advantages owing
to reduced weight.

The graphene-aluminium composite retains aluminium's key proper-
ties including its light weight, whilst adding properties from gra-
phene including increased thermal conductivity, electrical conductiv-
ity, and improved mechanical properties; the properties that gener-
ally make copper a preferred material in electrical and thermal con-
ductivity-based applications, it said.

The composite has shown superior thermal conductivity and more
than 95% of copper's electrical conductivity to date, which the
company said it anticipates can be increased with further optimiza-
tion of the material.

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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