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Ziron Tech - Liquid Cathode Assisted Electroreduction (LCE) Process

B R Innovative Clean Metal Electrolysis Process
B R S ; Agreement with Alkane subsidiary Australian Strategic

) _ ZironTech-ASM Ltd, INVESTMENT SIGNING CEREMONY ' Materials (ASM) signed in June 2019 to commercialise the
= Date - one . 2018, 1100 0 o4 process developed by Chungnam National University

Process
. Proprietary Electrolysis Process (LCE) using solid oxide
membrane (YSZ) technology;
. Carbon free and only emission is oxygen;
. Estimated 50% of existing Kroll process costs (commonly used
historic industrial process);
J Process also applicable to may other metals.

Agreement
J Ziron Tech to provide an exclusive license to the JV company
RMR Tech for use of its intellectual property and expertise in
relation to the Technology;
. Alkane to invest USS1.2m towards a pilot plant facility to
complete late-stage piloting and feasibility study for larger
scale development and commercialisation of the process.
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Development of Ziron Tech Technology

* Developed by Chungnam National University’s (CNU) Department of Materials Science and Engineering in
Daejeon, South Korea

* ASM has been working with senior members of CNU since 2014
e Patented carbon free process to convert metal oxides into metals through a proprietary electrolysis process

* Technology uses Solid Oxide Membranes (SOMs) to replace carbon electrodes, and produces oxygen as a by-
product

e Estimated to reduce metallisation costs by 50% or more
e Main focus has been for Zr and Hf, but it is suitable and experimentally verified for Pr, Nd and Ti

e Suitable, but not verified for all rare earths, and theoretically possible for Al, Mg, V, Nb, Ta
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Smelting History of Group IV Metals (Al, Ti, Zr, Hf)

Commercial
Process - Alcoa
Hall-Heroult process
— Al electrowinning
from Al,O,

Hunter process —
Ti of 99.9%
purity extracted
from TiCl,

U
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Commercial
Process

Kroll Process:
Reduction of MeCl, by
Mg metal

U

Limited success
Various new processes

Electrolytic Non-Electrolytic
FFC Cambridge Armstrong
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Commercial
Operation by-2024 Elysis

Elysis process-Innert

anode electrowinning
from Al,O;

1

In 2018, Rio Tinto, Alcoa,
Canadian Govt, Quebec
Govt abd Apple
announced a JV to
commercialise the
‘ELYSIS’ process to
replace the existing
Aluminium metal
production process.

Zirconium first First ultra high purity Zr Various new processes Chinuka process  TIRO process

discovered by from thermal o Soilis s
Martin decomposition of Zrl, Electrolytic Non-Electrolytic EEIIEC:FWE?H'”? & S
Heinrich by Van Arkel & de Boer GTTLT efC I’OB_)F(_ ré% jon
Klaproth Dow-Howmett AlTi LRS- ZT process

Plasma Reduction
Aerosol Reduction

Direct reduction of group
IV metal oxides

NJ Zinc Company
Fluoride

Electrolysis of K,ZrFg
¥ 2rFq| Pilot operation by Alkane-

ZironTech JV

Russian Zr production

JSC “CMP"-TVEL Limited success
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Conventional Industry

Greenhouse gas emission
| Energy sector 74% I I Waste 7%

| Agriculture sector 13% |

| INDUSTRIAL PROCESSES

Industrial processes 6%
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+ In the conventional metal industry, many pollutants are generated during metal production.

- As metal demand and production increase, environmental problems such as air pollution are becoming
more important.

« Itis necessary to develop a new manufacturing process that is economical and environmentally friendly.
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Environmental emissions

= Pollution influence on metal industries
) ) ) ] ] TheborraTimes S4ii 0 § W @ Posted : 2019-06-04 17:05
Chinese Zirconium oxychloride 36% Zr(Hf)0, fob China Biz & Tech

2100 PE)SCO, Hyundai Steel ordered to suspend blast furnaces
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Price increase of Zirconium . ! )
Oxychloride (ZOC) is mainly due to Changes in public perceptions of
environmental problem the traditional steel industry -
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Policy trends in major countries

CN : Made In China 2025 US : Advanced Manufacturing Partnerships
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EU : Horizon 2020 KOR : MCI 2030

The EU Framework Programme for Research & Innovation 2014-2020 ”‘ . y T L N
Y g S : b
%. ,  Materials Core Initiative 2030 (MC1 2030)

Implementing various policies to improve technological innovation and production efficiency. -

« These policies are meaningful in leading the economy by selecting and achieving strategic task goals. ALKANE

RESOURCES LTD
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Alternative Electrolytic Processes for Zr/Ti

FFC process (Electroreduction of Me oxides)

— Usage of C anode leads to direct emission of CO/CO;

— Electrolyte contamination by carbon —
low current efficiency (32.3% for Ti)
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Elestroreduction  preparaticn

— Limited possibility of axygen content
decrease (~2000 ppm)

CaCl. molten salt
— Additional palletization for cathode Me Metallic Cathod . Anode process:
. . uﬁéﬁ% ] fine sponge 1) ca[;-—ig:;]_cf%sa' 1) 0% -2e-=0;
— Long processing time B et 2)MeO, + xCa=Me +xCa0 2 P‘ +C=C0;
—  Fine particles of reduced metal 330+ C=C0
Russian electrolytic Zirconium (Electrowinning)
—  Usage of easily moisture absorbing electrolyte - ||+ * Importance of low moisture
(KCI-K>ZrFy) absorbing ability of electrolyte
—  Fluorine/Chlorine gas evolution on the anode ™ Electrolytic Zr obtained by Russian
. oy 2 process contained over 200ppm of
§§ | feed Hf-fr g s Fluorine — early breakaway oxidation
&5 Zrsio = | K:Zr(Hf)F = | - e Y y
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2 KCI-K,ZrF; High content of F can be caused by
£ Zr powder . . remained Oxyfluorides in electrolytic Zr
2 | KCI-KaZrFy | 3 Cathode process: Anode process: . S =
£ |Edm._\.inm-ng deposit N)Zr* +de-=Zr 1) 4F -de-=2F,  (difficult to remove by vacuum diistillation)
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Conventional Kroll Process

Chigrination

| Kroll Process
™
Digtillstisn Ml '—]

Reduction Wacuum Distillation

\_l

Crushing

—

Cutting

1
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Blectrolysis Me sponge

Crystal bar I

» Energy intensive processes #» Contamination of Zr / Ti sponge
» Limitation of deceasing cost » Limitation to recycling
» Requires environmental protection processes
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Kroll Process problems (titanium example)

+ Contamination of Ti sponge by Fe from reactor | + Usage of titanium in commercial aircraft

-———a Bl

Ti sponge is heavily contaminated
by Fe from reaction container. 747 ‘
- : 10-20% off-grade sponge after 1 13% 1% 11

process
Fe =~4%
(Fe < 3-4%) Highly

contaminated

Remelting with higher  Others W Steels M Titanium ® Composites M Aluminum

grade titanium scrap Ferotitanium Only 10-20% of titani H t i i

alloys nly of titanium uge amoun Remelting with
(VAM, EBM, PAM) is a final product 80- of titanium higher grade
90% - titanium scrap scrap titanium

Kroll Process Electrolysis method

Scrap and off-grade Ti / Zr generation

» Very high capability of deoxidation
through out the production and then ry high capability

: : « Avoid both of the major impurities

also in the final product J P

manufacturing -
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Limitations of Existing Electrolytic Processes

4 Controllability of F/Cl Impurity

v Multistep reduction of Zr/Hf/Ti in electrolysis process causes possibility of presence of
intermediate reduction products remained in deposit in forms of subfluorides or oxyfluorides
(ZrO(CI/F), etc.) which complicate salt separation process.

4 Controllability of O impurity

v Fine powders can be easily oxidized during handling separation of deposit from salt
v"  Electrolytes with lower ability of moisture absorption should be used in electrolysis

# Scalability of system

v" Russian Zr production showed good example of scalability of electrolytic processes for Zr
production in commercial scales

modular nature

ssssssssssss
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PATENTED Ziron Tech Process

. Paradigm shift in smelting industries

_ Direct reduction
Preparation of . ..
, of oxide Electrorefining
Reducing Agent

feedstocks

« Oxygen is only
byproduct

* Impurity levels are
below industrial
standards

Ziron Tech + Alkane Joint Venture Pilot Operationin 2019 -

ssssssssssss
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Suitability of Ziron Tech LCE Process

& ZIRON TECH
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e Commercial scale pilot plant being constructed and due for commissioning in the
March quarter 2020.

e First priority is zirconium metal and hafnium metal, then magnet rare earths.
e Compilation of operating and process data to confirm quality and economics.

* Successful pilot plant operation to be scaled up further to commercial scale
operation.

e Scale up of other metals

ssssssssssss
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Significance for ASM

e Potentially suitable for all Dubbo Project metals.

e Strong interest in sustainable processes from downstream consumers in South Korea
and elsewhere.

e ~70% of all Dubbo Project revenues are ultimately in the form of metals or alloys.

e Potential for additional value capture across supply chain compared to selling
chemicals or oxides.

 Commercialisation for other metals/alloys could lead to substantial revenue streams
from licensing /royalties.

ssssssssssss
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Dubbo Project —Technology Metals

e  Critical minerals resource
e  Zirconium, hafnium, rare earths & niobium.

e Used in clean energy, electric vehicles, super
alloys & many modern technology

* Defined resource supports 70+ year open pit operation

e 400km northwest of Sydney

* Extensive piloting at ANSTO since 2008

*  Full FEED with Hatch & further updates

* All major State & Federal approvals in place
* Land & resource wholly owned

e  Construction ready subject to financing

© 2019 Alkane Resources 16



Dubbo Project - Separation and Refining Process
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Neutralised solid waste

All output can be converted to high
purity metals by the Ziron Tech
process with limited additional cost
but substantially higher revenues.

Products closer to final end use
application.
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Dubbo Project - Product Output for 1.0 m tpa ore

> Rare earth chemical concentrate 95% REO ?&ggﬁrﬁﬁ?
*  Zirconium as Zr chemicals & zirconia 99% Zr0, 13;?:"{?3?
R . o 50 tpa *
> Hafnium as HfO, 99% 99% HfO, (HF units)
> Niobium as ferro-niobium 65% Nb 1(’&?3"%

Total output approximately 25,200 tpa of all products

Tonnage based upon recoveries developed from mass balances of the demonstration pilot plant.

« Start up output. 200tpa potential depending upon market demand -

ssssssssssss
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Dubbo Project - Rare Earth Output

DP REE SX Separated Products
la,0, 1,441 tpa
Pr/Nd

N Prg0;, 237tpa
' Nd,0, 921tpa
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Tb /Dy /Ho /Er/ Tb,0, 14tpa
Tm/Yb/Lu | Dy,0, 122tpa
N 22tpa
75tpa
6tpa
61tpa
3tpa
N Y,0; 1,031tpa
Tonnage based upon recoveries developed from mass balances of the demonstration pilot plant & solvent extraction stages on site at the DP. -
Total saleable RE products from site ~1,030 tpa and off site ~ 1,675 tpa.
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...it’s what we do! -

:
www.alkane.com.au f
in alkane-resources-Itd
ALKANE
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Y @alkaneresources
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This presentation contains certain forward looking statements and forecasts, including possible or assumed reserves and resources, production levels and rates,
costs, prices, future performance or potential growth of Alkane Resources Ltd, industry growth or other trend projections. Such statements are not a guarantee of
future performance and involve unknown risks and uncertainties, as well as other factors which are beyond the control of Alkane Resources Ltd. Actual results and
developments may differ materially from those expressed of implied by these forward looking statements depending on a variety of factors. Nothing in this
presentation should be construed as either an offer to sell or a solicitation of an offer to buy or sell securities.

Alkane Resources Ltd cannot and does not give any assurance that the results, performance or achievements expressed or implied by the forward-looking statements
contained in this presentation will occur and investors are cautioned not to place any reliance on these forward-looking statements. Alkane Resources Ltd does not
undertake to update or revise forward-looking statements, or to publish prospective financial information in the future, regardless of whether new information,
future events or any other factors affect the information contained in this presentation, except where required by applicable law and stock exchange listing
requirements.

This document has been prepared in accordance with the requirements of Australian securities laws, which may differ from the requirements of United States and
other country securities laws. Unless otherwise indicated, all ore reserve and mineral resource estimates included or incorporated by reference in this document
have been, and will be, prepared in accordance with the JORC classification system of the Australasian Institute of Mining, and Metallurgy and Australian Institute of
Geosciences.

Competent Person

Unless otherwise stated, the information in this presentation that relates to mineral exploration, mineral resources and ore reserves is based on information
compiled by Mr D | Chalmers, FAusIMM, FAIG, (director of the Company) who has sufficient experience which is relevant to the style of mineralisation and type of
deposit under consideration and to the activity which he is undertaking to qualify as Competent Person as defined in the 2012 Edition of the Australasian Code for
Reporting of Exploration Results, Mineral Resources and Ore Reserves. lan Chalmers consents to the inclusion in the presentation of the matters based on his
information in the form and context in which it appears.
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Dubbo Project — Resources & Reserves

Dubbo Project — Mineral Resources

Resource Category

Measured 42.81 1.89 0.04 0.45 0.03 0.14 0.74
Inferred 32.37 1.90 0.04 0.44 0.03 0.14 0.74
Total 75.18 1.89 0.04 0.44 0.03 0.14 0.74

*TREO% is the sum of all rare earth oxides excluding ZrO,, HfO,, Nb,0,, Ta,0., Y,0,
Dubbo Project — Ore Reserves

Reserve Category

Proved 18.90 1.85 0.04 0.440 0.029 0.136 0.735
Probable 0
Total 18.90 1.85 0.04 0.440 0.029 0.136 0.735

*TREQ% is the sum of all rare earth oxides excluding ZrO,, HfO,, Nb,O,, Ta,0,, Y,0,

Note: Full details including Competent Person statements in ASX announcement 19 September 2017 - the Company confirms that all material

assumptions and technical parameters underpinning the estimated Mineral Resources and Ore Reserves, and production targets and the forecast
financial information as disclosed continue to apply and have not materially changed A\
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