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Revolutionising Metal 
Recovery and 
Processing with 
Breakthrough FJH 
Technology



Our Plan is to Innovate and Disrupt 
how Critical Metals are Recovered 
from Ores & Waste

MTM is focused on commercialising Flash Joule Heating (FJH)

technology which has the potential for cheaper metal recovery 

from ores & waste.

POSSIBILITIES & POTENTIAL:

⇒ Extract value from waste dumps (red mud and coal fly ash).

⇒ Recycling of E-Waste and Li-ion batteries

⇒ Extract value from deposits previously considered uneconomic.

⇒ Provide low-cost sources of Critical Metals.

⇒ Revolutionise process flowsheets using state-of-the-art heating 

technology.

⇒ Help industry to innovate and solve key supply, environmental & 

recovery challenges.

WASTE ORE

METAL



Core Patent Protected Innovation

ATOM

Conductor

Joule’s Law of Heating:  Heat is produced 
from the collision of electrons in a conductor

HEAT

1. Direct current rapidly passes through a material. 

2. The resistance of the material creates heat.

3. Temperature can reach >3,000OC in milliseconds ⇛ ‘Flash’ heating.

4. Various physical and chemical transformations, potentially beneficial for 
metal recovery

1. Direct current rapidly passes through a material. 

2. The resistance of the material creates heat.

3. Temperature can reach >3,000OC in milliseconds ⇛ ‘Flash’ heating.

4. Various physical and chemical transformations, potentially beneficial for 
metal recovery

A metal or mineral will act like a conductor

Flash Joule Heating (FJH) 



Partners

ENGINEERING DESIGN & SCALE-UPFJH PIONEERS  /  R&D

KNIGHTHAWLK 
ENGINEERING

METALLURGY R&D 

MTM has a Global Licence Agreement for Flash
Joule Heating Technology with Rice University
MTM has a Global Licence Agreement for Flash
Joule Heating Technology with Rice University

Murdoch University is one of the leading centres of
excellence in Australia for metallurgy
Murdoch University is one of the leading centres of
excellence in Australia for metallurgy

KnightHawk was founded in 1991 and specializes
in bespoke engineering design solutions
KnightHawk was founded in 1991 and specializes
in bespoke engineering design solutions



Flash Joule Heating Potential

1. Extract valuable metals from 
industrial waste streams

2. Improve performance of 
mineral processing operations

Spent Li-Ion 
Batteries

Coal Fly 
Ash

E-Waste
Bauxite
Residue

Lithium Rare Earths Gold Niobium



Business Model

FLASH METALS

CRITICAL MINERALS EXPLORATION

MINERALS PROCESSINGMETALS FROM WASTE

• Improve performance of mineral 
processing operations

• Aim to revolutionise process flowsheets that 
utilise conventional technology like kilns for 
heat transfer.

• Targeting: Metallurgical operations that utilise 
high process heating to extract refractory 
minerals i.e. lithium refining, REE, niobium etc.

• Licencing model

• Extract valuable metals from industrial 
waste streams

• Targeting: e-waste, spent lithium batteries, 
coal fly ash, bauxite “red mud” waste residue 
etc.

• Recovery of REEs, tin, precious metals, 
nickel, cobalt, copper, zinc, aluminium, etc

• Critical metal recovery from scrap i.e. titanium.

• Exploring for critical minerals in Australia 
& Canada

• West Arunta niobium project
• Pomme REE carbonatite project
• East Laverton clay-hosted REE project

MTM BUSINESS UNITS



Huge addressable market & multibillion $ verticals

E-Waste
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lithium-ion 
battery

Global Market 
Value (2022)

Projected Value 
(2027-2030)

USD 90B

USD 50B

Battery Waste

USD 60B

USD 10B

Mineral Processing

Lithium: USD 30B
REE: USD 20B

Lithium: USD 60B
REE: USD 75B

Lithium & Rare Earths shown only for 
brevity. Several more application for FJH in 
mineral processing

Enhanced recovery and/or decarbonise 
by utilising FJH

Enhanced recovery by utilising FJH

Gold, Silver, PGEs, Tin, 
Copper, Aluminium

REFERENCE: 
Business Research Insights 2022, https://www.businessresearchinsights.com/market-reports/electronic-waste-
recycling-market-101423
P&S Intelligence 2022, https://www.psmarketresearch.com/market-analysis/lithium-ion-battery-recycling-market
(Business Research Insights 2023, https://www.businessresearchinsights.com/market-reports/mineral-processing-
market-102470



TECHNOLOGY
LEADERSHIP

STRATEGIC 
PARTNERSHIPS

LICENSING 
INCOME

FUNDED 
INNOVATION

SALES 
GROWTH

STAGE 1 STAGE 2 STAGE 3

Bench scale plant / proof of 
concepts / industry 
collaborations

Pilot scale plant / Refinement 
& Optimisation / Continuous 
improvement

Commercial scale demo plant / 
Growth of market coverage & 
verticals

Value Creation Strategy 

COMPLETE / 
ONGOING UNDERWAY



TECHNOLOGY
LEADERSHIP

STRATEGIC 
PARTNERSHIPS

LICENSING 
INCOME

FUNDED 
INNOVATION

SALES 
GROWTH

Focus on “low hanging 
fruit” growth markets

Take advantage of 
megatrends such as 
global sustainability 
challenges in metal 

supply 

Continuous investment 
in R&D

Commercialise ‘game 
changing’ metal 

recovery technology

Become tech of choice 
for mineral processing 

of refractory ores & 
metal recovery from 

waste

Revolutionise 
flowsheets, reduce 

CO2 emissions, energy 
reagent & water usage

Seek strategic 
collaborations with 

Industry, Government & 
Academia

Remain laser-focused on 
SCALE UP and proof of 
concept for industrial-

scale ventures

Transition from LAB > 
PILOT > COMMERCIAL 

SCALE with strategic 
partners

Partner with industrial 
leaders

Target high-value 
markets & growth 

industries i.e. 
aerospace, defence, 

EVs, batteries, precious 
metal refiners etc

Partner with leading 
research orgs. to 

accelerate 
development & market 

entry

Target key industrial 
players who could 
benefit from FJH 

technology

Focus on sustainable 
business model with 
recurring revenue 

based on quantity of 
material processed

Growth via new 
verticals

STAGE 1 STAGE 2 STAGE 3

Value Creation Strategy 



Testing completed and / or in progress

1. Extract metals from industrial waste

2. Improve performance of mineral processing operations

IN PROGRESS IN PROGRESS

PLANNEDPLANNEDIN PROGRESSPLANNEDPLANNED IN PROGRESS

From MTM Pomme 
project

From MTM East 
Laverton project

From Australian 
Lithium Source

From Australian 
REE Source

From USA-
sourced supply

From Australian 
source

EXPLORATION 
PROJECTS

INDUSTRIAL SOURCES

Rare Earths 
(RE phosphates: 

monazite, xenotime, 
apatite; RE carbonates: 

bastnaesite)

Lithium 
(spodumene ore source)

Rare Earths 
(Clay-hosted source)

Rare Earths 
(Bastnasite hard rock  

source)

Bauxite
Residue

IN PROGRESS

From USA-
sourced supply

E-Waste Coal Fly 
Ash

From USA-
sourced supply

Spent Li-Ion 
battery

PLANNEDPLANNED

PURPOSE

• Recover high value 
Metals such as Rare 
Earths, Rubidium, Gold, 
Silver, Tin etc from waste

• Unlock potential sources 
of domestic supply 

• Aiming to revolutionise 
metal recovery flowsheets 
such as within the Lithium 
& REE refining industry. 

• Opportunity for potential 
savings in energy, water 
usage, and emissions. 

PURPOSE



POTENTIAL INNOVATIONS 
IN MINERALS PROCESSING 
CURRENT FOCUS: LITHIUM & 
RARE EARTH ELEMENTS



MTM CRITICAL 
METALS

The Problem: 
Mining & Metal Refining globally is responsible for 
significant Energy Usage & CO2 Emissions

~2% of Global 
Energy 
Consumption

~50% of this 
energy is for 
process 
heating

~10% of 
Global CO2

Emissions

Majority of this 
energy from 
fossil fuels

REFERENCE: Aramendia E, Brockway P, Taylor P, & Norman J 2003, 'Global energy consumption of the mineral mining industry: Exploring the historical perspective and future pathways to 2060', Global Environmental Change, vol. 83, https://doi.org/10.1016/j.gloenvcha.2023.102745. 
MINING.COM 2022, https://www.mining.com/web/the-carbon-emissions-of-producing-energy-transition-metals-charted/



Why Target Lithium Flowsheets?

The traditional flowsheet involves the use of Calcination & Roasting – both consuming very high 
amounts of fossil fuel-derived energy & emitting large amounts of CO2

Reduce the energy, acid consumption or CO2 emissions? 

Remove the Calcination &/or Roasting step completely? 

Remove more steps and significantly improve economics? 

OPPORTUNITY / POTENTIAL FOR FJH TO:



Why Target Lithium Flowsheets?

Calcination & Roasting – Allowing lithium to be recovered from refractory spodumene 

BACKGROUND

1. Naturally occurring spodumene (‘α-spodumene’) has a monoclinic crystal structure.

2. α-spodumene is “refractory” and is not amenable to leaching using acid.

3. α can be converted into a less dense tetragonal polymorph (β-spodumene) by heating ~ 1,100°C over a defined
period.

4. β-spodumene is amenable to acid leaching and the Lithium is typically extracted by reacting the β-spodumene
with sulphuric acid (H2SO4) at ~ 250degC, generating Lithium Sulphate and alumina silicate waste. The Lithium
Sulphate is then converted into Lithium Hydroxide (or carbonate) for use in the cathode of Li-Ion batteries.

5. The α to β spodumene ‘calcine’ is typically done in a horizontal kiln and could be the most energy and
carbon intensive step in the entire process of LiOH production



Lithium Hydroxide Flowsheet
Ore to battery-grade product Focus on the Acid-Roast sulphation route

1. Mining and Crushing: Extraction of spodumene 
ore and crushing it into smaller particles.

2. Beneficiation: Separating spodumene from other 
minerals in the ore.

3. Calcination: Converting alpha-spodumene to beta-
spodumene.

4. Acid Roasting: Reacting beta-spodumene with 
sulfuric acid.

5. Leaching: Dissolving lithium sulfate to extract 
lithium.

6. Precipitation and Conversion: Converting lithium 
sulfate to lithium hydroxide. 

CURRENT
FOCUS 
AREAS



Why Target Lithium Flowsheets?

The traditional flowsheet involves the use of Calcination & Roasting – both consuming very high 
amounts of fossil fuel-derived energy & emitting large amounts of CO2
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0.4 t H2SO4/t con
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Unit Operation
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REFERENCE: Ellis, M., & Hayes, J. (2020). "The Energy Consumption in Mining and Beneficiation.“;   Habashi, F. (1997). "Handbook of 
Extractive Metallurgy.“;  Xu, W., & Li, C. (2019). "Energy Consumption in Acid Roasting of Spodumene."



Why Target Rare Earth Element Flowsheets?

The traditional flowsheet involves the use of Acid Baking – a process that consumes very high 
amounts of fossil fuel-derived energy & emits large amounts of CO2

Could FJH reduce the energy, acid consumption, water usage, waste & / or CO2 emissions? 

Could FJH remove the Acid Bake step completely? 

Could FJH remove more steps and significantly improve economics? 

OPPORTUNITY / POTENTIAL FOR FJH TO:



Rare Earth Element Process Flowsheet
Ore to separated RE oxides with a focus on the acid bake step

1. Mining and Crushing : Extraction of MONAZITE ore and 
crushing it into smaller particles.

2. Beneficiation: Separating MONAZITE from other minerals 
in the ore, e.g. flotation or gravity separation

3. Acid Bake: Converting RE phosphates to RE sulfates.

4. Water Leach: Dissolve water soluble RE sulfates.

5. Impurity removal: Raise the pH with alkali slurry, e.g. MgO 
to remove undesirable contaminants Al, Fe, Th, U

6. Carbonation: Precipitate the rare earths using sodium 
carbonate to make an MREC

7. Solvent Extraction (SX): separate the rare oxides into 
high purity powders, NdPrOx, SEG/HRE carbonate, La2O3, 
CeO2, Ce carbonate, LaCe oxide or carbonate

CURRENT
FOCUS 
AREAS

CURRENT
FOCUS 
AREAS

REFERENCE: Hastings Technology Metals Limited, Definitive Feasibility Study, November 2017



Investment Thesis
MTM has multiple pathways to value creation for shareholders

DISRUPTIVE TECH 
WITH BROAD 

APPLICATIONS

INDUSTRY 
COLLABORATIONS & 

JOINT VENTURES

EXPLORATION 
UPSIDE FOR 

NIOBIUM & REE

STRATEGIC 
POSITIONING 

& FUNDING

• Game-Changing 
Innovation in metal 
recovery and mineral 
processing

• Not limited to a single 
type of metal or waste 
stream, or industrial 
application

• Ongoing discussions 
with top-tier industrial 
firms & partnerships 
with major research 
institutions 

• Enhancing 
development and 
industry adoption

• Actively pursuing 
strategic grant funding 
from US Government 
for critical minerals 
supply security*

• Several potential 
strategic applications 
for US

• 2 projects with proven 
REE mineralisation 
that may be unlocked 
by FJH

• Highly prospective 
niobium project in 
Australia’s most 
exciting exploration 
hotspot

* There are no guarantees that grant funding will be made available on terms satisfactory to MTM, or at all.



Newsflow & Major Catalysts 2024 and Beyond

Ongoing Testing

• Publish FJH testing results on various waste sources.
• Highlighted improvements in minerals processing applications.
• Publish FJH testing results on various waste sources.
• Highlighted improvements in minerals processing applications.

Expanding Expanding 
Collaborations

• Form partnerships with top-tier mining and chemical companies.
• Initiate pilot projects to demonstrate FJH technology benefits.
• Form partnerships with top-tier mining and chemical companies.
• Initiate pilot projects to demonstrate FJH technology benefits.

Scaling Up

• Advance FJH prototype.
• Design and construct 1 tonne per day pilot plant.
• Develop roadmap for commercial-scale demo plant.

• Advance FJH prototype.
• Design and construct 1 tonne per day pilot plant.
• Develop roadmap for commercial-scale demo plant.

Strategic Funding 

• Strengthen research partnerships.
• Secure grants from US and Australian governments.
• Accelerate R&D and scale-up with secured funding.

• Strengthen research partnerships.
• Secure grants from US and Australian governments.
• Accelerate R&D and scale-up with secured funding.

Market Expansion

• Explore new verticals and applications for FJH technology.
• Target high-value markets (aerospace, defense, EVs, batteries).
• Develop a sustainable, recurring revenue business model.

• Explore new verticals and applications for FJH technology.
• Target high-value markets (aerospace, defense, EVs, batteries).
• Develop a sustainable, recurring revenue business model.



APPENDICES
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Recent Success Extracting REE From Coal Fly Ash
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Board & 
Management

John Hannaford
Non-Executive Chairman

An experienced corporate 
executive with extensive 
experience in the ASX Resources 
sector as Corporate Advisor, 
Executive, Chairman, Company 
promoter and investor. A 
qualified Chartered Accountant 
and Fellow of the Securities 
Institute of Australia, he is a 
founder and director of Rockford 
Partners, a financial services 
company in Perth, WA.

Michael Walshe
Technical Advisor

Chemical Engineer & MBA with 
over 15 years of international 
experience in engineering, 
operations, technology 
commercialisation, & project 
development across the 
minerals, chemicals, and 
energy sectors. 

Spent 10 years with process 
technology company Metso 
Outotec, in various technical 
and senior management roles, 
covering all major commodities.

David Izzard
Non-Executive Director

A highly experienced Executive 
and Non-Executive Director with 
extensive skills in all aspects of 
financial and commercial 
management at a senior 
executive level in both listed and 
unlisted companies. Strong 
knowledge and experience of 
mining operations and 
instrumental in the formulation of 
a number of junior exploration 
companies.

Tony Hadley
Non-Executive Director

A senior metallurgist with over 
30 years of experience within the 
mining industry. Broad technical 
knowledge in mineral processing 
covering flowsheets, project 
design, engineering and process 
plant commissioning, flotation, 
comminution, cracking, leaching, 
gravity and magnetic separartion, 
and neutralisation of REE 
concentrates. 

Paul Niardone
Non-Executive Director

Steve Ragiel
CEO – US Operations

Extensive experience as a CEO 
and board level executive over 
more than thirty years in 
industrial services, environmental 
services, renewable energy, solid 
waste recycling and 
manufacturing. A strong track 
record of commercialising 
technologies and executing 
business strategy with a 
customer-centric mindset to 
create significant shareholder 
value.

Experienced director and 
executive in a range of roles for 
ASX-listed companies, private 
entities and not-for-profit 
organisations. Has establish and 
expand several prominent 
Australian businesses, including 
the Agency Group Ltd  where he 
has been an Director since 2013.  
Founder and Executive Director of 
Professional Public Relations, the 
largest PR and communications 
firm in Western Australia.
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Corporate 
Overview

A$3.8m
As at 31 March 2024

Share price

A$0.039
As at 28 June 2024
(52 week high $0.21, low $0.021)

Shares on issue

281.1m

Market capitalisation

A$11.0m

Cash

153.9m
Listed options (MTMO)

As at 17 June 2024

As at 28 June 2024

As at 28 June2024

Debt

Nil

ASX Share price performance ($A)
12 months to 28 June 2024

Board & Management ownership

5.9%
As at 28 June 2024
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Disclaimers

This presentation has been prepared by MTM Critical Metals Limited (ACN 645 885 463) (“MTM Critical Metals”, “MTM’ or 
“Company”) for the exclusive use of the party to whom MTM Critical Metals delivers this document (the “Recipient”). The information 
contained in this document has been prepared in good faith by MTM Critical Metals. However, to the maximum extent permitted by 
law, no representation or warranty, either express or implied, is made as to the accuracy, completeness, adequacy or reliability of the 
information contained in this document. This document contains only a synopsis of more detailed information in relation to the 
matters described herein and accordingly no reliance may be placed for any purpose whatsoever on the sufficiency or completeness
of such information as presented herein. This document should not be regarded by the Recipient as a substitute for the exercise of its 
own judgment and the Recipient should conduct its own due diligence in respect of the contents of this document. To the maximum 
extent permitted by law, MTM Critical Metals, its directors, officers, employees, advisers, and agents disclaim any or all liability for 
any loss or damage which may be suffered by any person as a result of the use of, or reliance upon, anything contained within or
omitted from this document.

This document has been prepared solely for informational purposes. This document does not constitute a prospectus or other form of 
disclosure document and is not to be construed as a solicitation, invitation or an offer to buy or sell any securities, or related financial 
instruments, in any jurisdiction. This document is not subject to the disclosure requirements affecting disclosure documents under 
Chapter 6D of the Corporations Act 2001 (Cth) and has not been approved by any regulatory authority such as the Australian 
Securities and Investments Commission or the Australian Securities Exchange. 

The Recipient should not construe the contents of this document as legal, tax, accounting or financial or investment advice or a
recommendation. The Recipient should consult its own legal counsel, tax and financial advisors concerning any matter described 
herein. This document does not purport to be all-inclusive or to contain all of the information that the Recipient may require. No 
investment, divestment or other financial decisions or actions should be based solely on the information in this document. The 
distribution of this document may be restricted by law in certain jurisdictions. The Recipient and any other persons who come into 
possession of the document must inform themselves about, and observe, any such restrictions.

Cautionary Statement Regarding Exploration & Development, Values & Forward-Looking Information

The tenements comprising the Company’s projects (“Projects”) are at various stages of exploration and development and potential 
investors should understand that mineral exploration and development are high-risk undertakings. There can be no assurance that 
exploration and development of the Projects, or any other tenements that MTM Critical Metals may acquire in the future, will result in 
the discovery of an economic deposit. Even if an apparently viable deposit is identified, there is no guarantee that it can be 
economically exploited. Specifically, investors are cautioned that the Projects have no reported mineral resources or ore reserves and 
that the proximity of the Projects to any deposit and any geological similarities with that deposit are no guarantee that the Project 
will be prospective for an economic reserve.

It is a requirement of the ASX Listing Rules that the reporting of exploration results in Australia comply with the Joint Ore Reserves 
Committee’s Australasian Code for Reporting of Mineral Resources and Ore Reserves (“JORC Code”). Investors outside Australia 
should note that while exploration results pertaining to the Projects comply with the JORC Code, they may not comply with the
relevant guidelines in other countries and, in particular, do not comply with National Instrument 43 101 (Standards of Disclosure for 
Mineral Projects) of the Canadian Securities Administrators (the “Canadian NI 43 101 Standards”). 

The figures, valuations, forecasts, estimates, opinions and projections contained herein involve elements of subjective judgment and 
analysis and assumption. MTM Critical Metals does not accept any liability in relation to any such matters, or to inform the Recipient 
of any matter arising or coming to the company’s notice after the date of this document which may affect any matter referred to 
herein. Any opinions expressed in this material are subject to change without notice, including as a result of using different 
assumptions and criteria. This document may contain forward-looking statements. Forward-looking statements are often, but not 
always, identified by the use of words such as “seek”, “anticipate”, “believe”, “plan”, “expect”, and “intend” and statements than an 
event or result “may”, “will”, “should”, “could”, or “might” occur or be achieved and other similar expressions. Forward-looking
information is subject to business, legal and economic risks and uncertainties and other factors that could cause actual results to 
differ materially from those contained in forward-looking statements. Such factors include, among other things, risks relating to 
property interests, the global economic climate, commodity prices, sovereign and legal risks, and environmental risks. Forward-
looking statements are based upon estimates and opinions at the date the statements are made. To the maximum extent permitted by
law, MTM Critical Metals undertakes no obligation to update these forward-looking statements for events or circumstances that 
occur subsequent to such dates or to update or keep current any of the information contained herein. The Recipient should not place 
undue reliance upon forward-looking statements. Any estimates or projections as to events that may occur in the future (including 
projections of revenue, expense, net income and performance) are based upon the best judgment of MTM Critical Metals from 
information available as of the date of this document. There is no guarantee that any of these estimates or projections will be 
achieved. Actual results will vary from the projections and such variations may be material. Nothing contained herein is, or shall be 
relied upon as, a promise or representation as to the past or future. MTM Critical Metals, its affiliates, directors, employees and/or 
agents expressly disclaim any and all liability relating or resulting from the use of all or any part of this document or any of the 
information contained herein.

By accessing or reviewing this document, the Recipient acknowledges and agrees to the "Disclaimer" as detailed above.
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Steven Ragiel
President, Flash Metals USA, Inc.
Email:  steve.ragiel@flashmetalsusa.com
Cell:     +1 (713) 724 3706

MTM Critical Metals Limited
Suite 2, 38 Colin Street, West Perth, WA 6005
Phone 08 6391 0112 | Email info@mtmmetals.com.au

ASX:MTM

mtmmetals.com.au

CONTACT

John Hannaford
Chairman, MTM Critical Metals Ltd
Email:  john.hannaford@mtmmetals.com.au
Cell:     +61 419 042 769


