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COPYRIGHT/DISCLAIMER

The graphics, tables, diagrams and other contents of this presentation are protected by
copyright law. © M.Plan International Ltd. All rights reserved. Neither this publication nor
any part thereof may be copied, reprinted, sold, published or distributed without prior
written permission. This presentation provides non-binding information only and we do
not assume any liability for correctness, accuracy and completeness of the information
provided. M.Plan International Ltd. makes every effort to provide timely and accurate
information. Nevertheless, mistakes and confusions may occur. The information and
statistical data herein have been obtained from sources we believe to be reliable.
Nevertheless, such information has not been independently verified and we do not
assume any liability. Any opinions or estimates herein reflect the judgment of M.Plan
International Ltd. at the date of publication and are subject to changes at any time without
notice. This applies especially to information reflecting estimations and technical
standards since they are subject to changes over time. M.Plan International Ltd. does not
intend, and does not assume any liability or obligation whatsoever, to update these
forward-looking statements and/or estimations or to conform them to future events and
developments.
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M.Plan International

A JV of the globally
recognized companies
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M.Plan combines their
expertise to address the
unigue requirements of
specialty minerals and
metals projects.
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M.Plan International

Provides seamless support for the development of
speciality projects including in-house exploration, mineral
resource and reserve estimation, mine design, analytical
services and pilot testing, process development, market

Intelligence, and economic analysis.
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Li-ion Cell
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#® Liion @ Transition metal

LiCs + CoO,

Cathode

(Transition metal oxides,
Mn, Co, NiCoAl,
NiMnCo, FePO,)

= Cg + LiCoO,

Taken from K. Xu. Encyclopedia of Electrochemical
Power Sources, Elsevier, 2010
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Li-lon Battery

Graphite Anode
 material of choice for most battery designs

* there is —20 times more graphite than lithium in a

lithium ion battery

Graphite
Cu
Graphite

Separator

Li, TMO,
Al
Li, TMO,

Cell can Separator

Source: Bundesministerium fir Wirtschaft und Energie 2015
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100 pm* EHT = 7.00 kv Signal A = SE2 e :26 Oct 2015
WD = 7.4 mm File Name = iPhone5 GrElek 50x.tif
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Graphite Anode Surface

EIHT 7.00 k ignal A = ate > Oct 5
WD = 7. File Name = iPhone5 GrElek 1kx.tif
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Scanning Electron Microscopy of Graphite Sphere

EHT = 5.00 kV Signal A = SE2 Date :8 Dec 2015
Mag = 10.50 K X WD = 5.0 mm Time :16:18:20
FIB Imaging = SEM FIB Lock Mags = Yes StageatT= 54.0°
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Lithium lon Battery Performance

Graphite structure

.14 nm

Covalent bonds

Van der Waals—r-“""'*
E—

bonds
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Spherical Graphite

Total Volume: 666 um?3
Total Porosity: 4.85%

Manuel Mundszinger, Manfred Rapp, Ute Golla-Schindler, Mario Wachtler, Ute
Kaiser ; FIB-tomography of graphite anode patrticles for lithium ion batteries. The
16th European Microscopy Congress, Lyon, France. http://emc-
proceedings.com/abstract/fib-tomography-of-graphite-anode-particles-for-lithium-

ion-batteries/. Accessed: April 5, 2017
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Spherical Graphite General Reguirements

 Good packing
density (sphere)

« Easy Li ion
access (edges)

Minimal “non-
edge” surface

area
Sample Specifications
Moisture
d50 n d90/di0 Tap Density SSA m2/g Ash % % Impurities %
10 - 25 <3 = 0.9 for finerSPG =3-7 <0.05 <0.1 <0.05
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METALLURGY - Spherical Graphite Processing
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Graphite Processing - Beneficiation

ROM graphite |—>» Crushing ——» Grinding
: Several Loops :
. Screening in . - . .
Graphite products j€— product fractions (—: Cleaner flotation <€— Regrinding :(— Rougher flotation > Tailings
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Graphite Processing — Spheroidizing & Refining

|
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Graphite Mineralogy and Metallurgy

» Liberation is key for
separation

= The finer the more :
liberated but there are |
challenges that
hamper this process

* Fine grinding adds
processing costs and
reduces size
distribution (and value
of product)
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Challenges in Mineral Processing

1) Intergrowth with
gangue minerals

2) Graphite patch |
on surface et

3) Graphite
sprinkled on
surface

4) Gangue mineral
masked by
graphite
(overgrinding)

-
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Graphite Mineralogy and Metallurgy

= Chemical purification needs to be
tailored:

= Caustic baking at elevated
temperature dissolves impurities
such as feldspar, quartz and mica
followed by acid washing.

» Alternative HF leaching followed by
hydrochloric acid washing step
depending on nature and ultimate
level of purity by efficient removal
of silicates.

Graphite incineration
reveals mica inclusions
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Graphite Mineralogy

Graphite Type

Amorphous

Flake

Vein

Characteristics

Amorphous is microcrystalline type of natural graphite,
placed in seems with crystals not visible to the naked eye.
Purity ranges 70 to 90%.

Flake type is found as disseminated free flakes within a
graphite deposit. Typical flake sizes range between 75 to
850 um with grades ranging between 1 to 30%. Flotation
produces concentrates typically +85%.

Crystalline vein type consists of flake like to lumpy particles
up to large and jumbo sizes. Purity is typically in the range
of 80 to +95%.
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Development Phase Investment Risk

/.\
I
.

>

Linear Project
Development
Iterative
Project
Development

Gold Specialty Mineral

® Enviro/Social = Metallurgy = Product/Market W Resource
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Development Phase Project Definition

Mine & Process Data

Proven reserves
Probable reserves
Grade (graphitic carbon)

Waste to ore ratio 0.8:1
Processing rate 800,000 t/a
Mine life 31 vyears
Recovery 90 %

Construction Capital Costs (millions)

Capital Cost USS 150
Contingency USS 25
Total USS 175

15,000,000 tonnes @ 7.0% C grade
10,000,000 tonnes @ 7.0% C grade
7 % average head grade over LOM

Final product?

Market size?

Market price over LOM?
Industry operating cost curves?
Benchmarks?
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ESTIMATION OF MINERAL RESOURCES and
MINERAL RESERVES — CIM BEST PRACTICE

GUIDELINES
* The consideration of the physical and chemical properties of

the subject mineral

* The spatial relationship of these properties within the mineral
occurrence

* The relationship of the physical and chemical properties of
the mineral to the available markets

JORC

* “For minerals that are defined by a specification, the Mineral
Resource or Ore Reserve estimation must be reported in
terms of the mineral or minerals on which the project is to be
based and must include the specification of those minerals.”
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Contact us

900 — 390 Bay Street
Toronto, Ontario

Canada
M.PLAN
+1 416 362 8007 INTERNATIONAL

www.mplaninternational.com

IM.PLAN

INTERNATIONAL

© M.Plan International Ltd.



	Slide Number 1
	Slide Number 2
	Slide Number 3
	M.Plan International
	M.Plan International
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Development Phase Investment Risk
	Development Phase Project Definition 
	Slide Number 23
	Contact us

