
DIRECT EXTRACTION OF LITHIUM 
FROM A-SPODUMENE



DISCLAIMER
This presentation (the “Presentation”) relating to the technology and intellectual property licensed to Hertz Lithium Inc. (the “Company”) is current as of ●, 2023, except as otherwise provided herein. It is 
information in a summary form and does not purport to be complete. It is not intended to be relied upon as advice to investors or potential investors and does not take into account the investment objectives, 
financial situation or needs of any particular investor. An investment in the Company is speculative and involves substantial risk and is only suitable for investors that are able to bear the risk of losing their entire 
investment.

No representation or warranty, express or implied, is made or given by or on behalf of the Company or any of its affiliates, directors, officers or employees as to the accuracy, completeness or fairness of the 
information or opinions contained in this Presentation and no responsibility or liability is accepted by any person for such information or opinions. The Company does not undertake or agree to update this 
Presentation or to correct any inaccuracies in, or omissions from, this Presentation that may become apparent. No person has been authorized to give any information or make any representations other than 
those contained in this Presentation and, if given and/or made, such information or representations must not be relied upon as having been so authorized. The contents of this Presentation are not to be construed 
as legal, financial or tax advice.

Certain statements in this Presentation may constitute forward-looking information within the meaning of applicable securities laws. Generally, forward-looking information can be identified by the use of forward- 
looking terminology such as “expects,” “believes,” “anticipates,” “budget,“ scheduled,” “estimates,” “forecasts,” “intends,” “plans,” and variations of such words and phrases, or by statements that certain actions, 
events or results “may,” “will,” “could,” “would,” or “might,” “be taken,” “occur,” or “be achieved.” Certain statements, beliefs and opinions in this Presentation (including those contained in graphs, tables and charts), 
which reflect the Company’s current expectations and projections about future events, constitute forward-looking information. Forward-looking information contained in this Presentation is based on certain 
assumptions regarding, among other things, expected performance of the Company’s technology, including deployment schedules and design specifications, as well industry needs and trends as they relate to the 
Company’s technology. While management considers these assumptions to be reasonable, based on information available, they may prove to be incorrect. By their nature, forward-looking statements involve 
a number of risks, uncertainties and assumptions that could cause actual results or events to differ materially from those expressed or implied by the forward-looking statements. These risks, uncertainties and other 
factors include, but are not limited to: (i) the willingness and ability of third parties to honor their contractual obligations; (ii) the decisions of third parties over which the Company has no control; (iii) government 
regulations as well as future legislative and regulatory decisions; (iv) availability of funding for the development and deployment of the Company’s technology; (v) force majeure events; (vi) the Company’s ability to 
implement and fulfill its business strategies; (vii) general economic conditions; (viii) adverse industry events; (ix) introduction of disruptive technology into the industry and competition; and (x) loss of markets or 
failure to enter into new markets. The foregoing factors are not intended to be exhaustive. These risks, uncertainties and assumptions could adversely affect the outcome and financial effects of the plans and 
events described herein. Forward-looking statements contained in this Presentation regarding past trends or activities should not be taken as a representation that such trends or activities will continue in the 
future. The Company does not undertake any obligation to update or revise any forward-looking statements, whether as a result of new information, future events or otherwise.

By your acceptance of this Presentation, if delivered, you and any person reviewing this Presentation agrees not to distribute, copy; reproduce; transmit; make available; or condone any of the foregoing, without 
the prior written consent of the Company. Any unauthorized use of this Presentation is strictly prohibited.

The Presentation includes logos or other words or devices that may be registered trademarks of their respective owners. Such use is solely for purposes of convenience in referring to the trademark owners and 
their respective products/services. This Presentation and its contents are not endorsed, sponsored, or affiliated with any trademark owner.

This Presentation does not constitute an offer to sell or the solicitation of an offer to buy, nor shall there be any sale of the securities of the Company in any jurisdiction in which such offer, solicitation or sale would 
be unlawful prior to registration or qualification under the securities laws of such jurisdiction. The securities of the Company have not been and will not be registered under the United States Securities Act of 1933, 
as amended (the "U.S. Securities Act"), or any state securities laws and may not be offered or sold within the United States, unless an exemption from such registration is available.

No securities regulatory authority has expressed an opinion about an investment in the Company and it is an offence to claim otherwise.
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PARTNERSHIP HIGHLIGHTS

Patent-Pending process for Direct 
Extraction of lithium from a- 

spodumene

Strategic partnership with Penn 
State University

Technology ready for pilot-scale 
testing

PCT/US2021/018727 applications 
filed by Penn State in 2021

Exclusive license with global use 
rights

Efficient process design allowing for 
reduced energy consumption, significantly 

lower CO2 emissions, reduced chemical 
costs and fewer facility components
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LITHIUM APPLICATIONS
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LITHIUM PRODUCTION
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LITHIUM SOURCES

Tabelin, et al., Miner. Eng. 163 (2021) 106743

Brines: ~50% (ABC triangle, US, China)
• Using solar energy
• 12-18 months

Minerals: ~40%
• Distributed around the world
• Higher concentration
• More reliable
• Faster to production

Others: ~10%
• Clays
• Secondary resources

HERTZ LITHIUM X PENN STATE UNIVERSITY 6



CURRENT INDUSTRIAL PROCESS
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• The spodumene concentrate, which typically has about 6% Lithium Oxide (Li2O), is 
obtained through physical separation.

• Spodumene mineral naturally occurs in the αlpha phase, a monoclinic compact crystal 
structure with low reactivity, and thus cannot be easily leached.

• To extract Lithium (Li) from spodumene through conventional methods, the concentrate 
goes through high-temperature calcination at 1100 ℃ for 2 hours, during which αlpha-
spodumene is converted to the relatively porous, more reactive and leachable βeta-
spodumene.

• This product then undergoes the sulfuric acid baking process at 250 ℃, producing Lithium
Sulfate (Li2SO4) through ion exchange between H+ and Li+, which can be readily dissolved 
in water.

• The pregnant leach solution obtained from the water leaching then goes through a 
purification process to produce the final product such as lithium carbonate (Li2CO3).



DRAWBACKS
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• High cost required for the energy- extensive high-temperature calcination process for the 
phase transformation of α- to β- spodumene.

• Significant environmental impacts as it contributes to the high greenhouse gas (GHG) emission of 
Li extraction from spodumene (i.e., 9 tonnes of CO2 per tonne of lithium carbonate equivalent 
(LCE) produced, nearly triple that from the brine sector).

• Concentrated sulfuric acid baking of β-spodumene in this method requires significant equipment 
investment and results in acid gas emissions.

• Temperature control and energy recovery are also challenging when a rotary kiln is used for this 
purpose. Furthermore, the large amount of precipitated Iron (Fe) and Aluminum (Al) impurities 
causes Li losses.

• Purification of Li from the acidic leachate requires significant chemicals to adjust pH.



LITHIUM EXTRACTION FROM SPODUMENE

Adopted from Critical Elements Corporation 43-101 Report (2011)

Lithium Carbonate

Acid Baking 
(250 ºC)

Carbonation/ 
Precipitation/  
Dewatering

α-Spodumene Concentrate 
(Li2O>6%, Fe2O3<1%)

Calcination (1100 ºC)

TailingsCrushing/ 
Grinding/ 

Classification

Gravity/ 
Flotation/

Magnetic Separation

Raw Ore

Water Leaching

Spodumene LiAlSi2O6: 8% Li2O
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Process flowsheet of the current industrial practice for the extraction of Li 
from spodumene

β-Spodumene Concentrate (Li2O>6%, Fe2O3<1%)



CHEMICAL ROASTING

• To eliminate the need for high-temperature calcination and acid-baking processes, Penn
State research focused on direct extraction of Li from α-spodumene.

• Research was focused to transfer the structure of α-spodumene to water or acid soluble 
phases, that can be recovered by water or acid leaching.

• Various industrial roasting agent were examined for this phase transformation. The 
chemicals were mixed with α-spodumene and the mixture was heated at the melting 
point of each chemical and was then subjected to a sequential water and acid leaching 
process.
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PATENT-PENDING DISCOVERY

*For further information regarding the scientific process please see the appendix



Roasting 

Water Leaching

Acid Leaching

Purification

SALT ROASTING AND LEACHING – TESTING PHASE

α-Spodumene Concentrate
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SALT ROASTING AND LEACHING OUTCOME
• Sodium Hydroxide (NaOH) was found the most effective reagent 

for the phase transformation of α-spodumene to water-soluble 
phases.

• 71% and 88% of water leaching, and total leaching recovery 
values, correspondingly, were achieved by NaOH roasting, water 
leaching, acid leaching, under the non-optimized conditions of 
roasting temperature of 320 oC, NaOH : spodumene ratio of 1.5 : 1, 
and roasting time of 2hr.

• The majority of Li was recovered in water leaching, while keeping 
Al in solid residue. Al can be further recovered through acid 
leaching as a by product.

• The optimization study is undergoing to maximize Li recovery 
(>90%) through NaOH roasting using conventional heating 
followed by water leaching, thereby removing the acid leaching 
process.

• Thermodynamics analysis by FactSage demonstrated that α- 
spodumene was decomposed to Na2SiO3, Na4SiO4, NaAlO2, and 
Li3NaSiO4 by NaOH.
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ELEMENTAL RECOVERY BY NaOH ROASTING

3α−LiAlSi2O6 + 14NaOH ⟶
5Na2SiO3 + Li3NaSiO4 + 3NaAlO2 + 7H2O

SiO2 + 2NaOH ⟶ Na2SiO3 + H2O

Na2SiO3 + 2NaOH ⟶ Na4SiO4 + H2O

• Equilibria calculated by FactSage
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PATENT-PENDING NaOH ROASTING
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• Penn State Process developed by Dr. Rezaee’s research group eliminated the high temperature 
calcination and acid baking processes, and directly extracted Li from α-spodumene through NaOH 
roasting (at ~320 oC) followed by leaching.

• To further reduce the energy consumption and utilize the microwave heating advantages and polarity of 
NaOH, microwave NaOH roasting was implemented as NaOH quickly absorbs the microwaves.

• Compared to the conventional heating the benefits include cost-savings, low processing times, better 
controllable heating process with no greenhouse gas emissions, and direct, non-contact, selective, and 
volumetric heating are tangible benefits of microwave processing. The latter results in enhancing the 
porosity of the host mineral, thereby reducing the required sintering time, and chemical reactions time 
and temperature, while enhancing the lixiviants diffusion in the mineral and improving elemental 
recovery values.

• Microwave NaOH roasting of α-spodumene followed by water leaching recovered more than 95% of Li, 
while leaving Al in solid.
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PATENT-PENDING NaOH ROASTING

• Microwave roasting of spodumene with 
NaOH was conducted at 1.5 kW and 400 ◦C

2.45 GHz, 6kW 
Multimode Batch System
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PENN STATE TEAM Dr. Mohammad Rezaee
Associate Professor of Energy and Mineral Engineering

The Pennsylvania State University
Penn State stands as a hub of comprehensive expertise 
covering the entire spectrum of the critical minerals supply 
chain. This encompassing knowledge spans across pivotal 
domains including geology, mining, metallurgy, and alloy 
production. The university proudly accommodates a diverse 
range of cutting-edge facilities and pioneering research hubs, 
such as the renowned Center for Critical Minerals, the 
innovative Battery and Energy Storage Technology (BEST) 
Center, and the trailblazing Microwave Processing and 
Engineering Center. It's important to note that while Penn State 
serves as a fertile ground for groundbreaking advancements, 
the exclusive results of these groundbreaking efforts are a 
testament to the dedicated contributions of the research group 
led by Dr. Mohammad Rezaee.
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Mohammad Rezaee is an Associate Professor of 
Mining Engineering and the holder of the 
Centennial Career Development Professorship in 
Mining Engineering in the College of Earth and 
Mineral Sciences. Dr. Rezaee’s research focuses on 
developing sustainable mining waste disposal 
practices from which valuables such as critical 
elements can be recovered for commercial use 
while the remaining materials are processed to 
generate environmentally benign materials. His 
work centers around the extraction of critical 
elements from primary and secondary sources, 
coal preparation, mineral processing, 
environmental management, and computational 
fluid dynamics and scale modeling.



TECHNOLOGY READINESS LEVEL TIMELINE

HERTZ LITHIUM X PENN STATE UNIVERSITY 17

• Penn State and Hertz Lithium will optimize the process parameters for maximizing 
Lithium recovery in water and conduct the kinetic study to obtain scale-up parameters 
for pilot-scale testing. By completion of this research project (within 6 months) the 
technology will be at TRL 4 at minimum.

• Pilot-scale prototype demonstration (~$2.5M) within a period of 1 year will conclude the 
process at TRL 6.

• The economic assessment conducted in TRL 4 through 6 will provide the necessary 
information to understand the CAPEX required to bring the technology to TRL 9 
(commercialization) as well as the day-to-day operating cost of the facility.



PROCESS SUSTAINABILITY ADVANTAGES
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• The Penn State process directly recovers Li from α-spodumene through NaOH and water 
leaching.

• The developed process eliminates the high-temperature (1100 oC) calcination process, 
and associated energy cost as well as Green House Gas emissions.

• The process eliminates the high-temperature acid-baking process, and associated 
chemical cost, acid gas emission, and maintenance cost.

• The leachate obtained from NaOH roasting and water leaching will have a basic pH, 
reducing the chemical consumption and cost in downstream purification process.

• The process is fast, reducing the number and size of the process units, and associated 
cost.



THANK YOU!
FOR MORE INFORMATION, PLEASE CONTACT:

HERTZ LITHIUM INC.

1500 – 1055 WEST GEORGIA STREET, 
VANCOUVER, BC, CANADA V6E 3N9

PHONE: 604-805-4602
EMAIL: INFO@HERTZLITHIUM.COM

mailto:INFO@HERTZLITHIUM.COM
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APPENDIX II – SCIENTIFIC PROCESS
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Microwave-Assisted Calcination

• Microwave-assisted calcination of spodumene offers significant advantages over calcination 
through conventional heating.

• Microwaves are electromagnetic waves with frequencies between 300 MHz and 300 GHz from 
which 915 and 2450 MHz are the most commonly used for industrial/commercial applications.

• Compared to the conventional heating, cost-saving, low processing time, better controllable 
heating process with no greenhouse gas emission, and direct, non-contact, selective, and 
volumetric heating are tangible benefits of microwave processing. The latter results in enhancing 
the porosity of the host mineral, thereby reducing the required sintering time, and chemical 
reactions time and temperature, while enhancing the lixiviants diffusion in the mineral and 
improving elemental recovery values.

• To utilize the potential benefits of microwave and hybrid processes, we studied the microwave- 
assisted calcination of spodumene, evaluated the effect of microwave power on phase 
transformation and leachability of this mineral, and compared the results with that of calcined via 
conventional heating.



• The optimum lithium recovery through the microwave calcination-acid roasting-leaching 
process reached 97% at 2.0 kW microwave power, comparable with that of conventional 
heating. The complete phase transformation in microwave calcination occurred at less 
than 20 minutes, compared to 2 hours for the conventional heating.

• Besides a more rapid, less energy-consuming, and free greenhouse-gas-emission 
calcination, microwave heating also resulted in lower recovery values of Fe, Na, and Ca in 
the leaching process, gaining an advantage in downstream purification processes.

• The critical temperature after which α-spodumene absorbs microwave energy was found 
to be around to be around 570 oC.

HERTZ LITHIUM X PENN STATE UNIVERSITY 22

APPENDIX III – SCIENTIFIC PROCESS CONT’D
Microwave-Assisted Calcination



2.45 GHz, 6kW 
Multimode Batch System

Spodumene Concentrate

Microwave Calcination

Acid Baking 

Water Leaching

Purification
Critical temperature 570 oC
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APPENDIX IV – SCIENTIFIC PROCESS CONT’D
Microwave-Assisted Calcination



APPENDIX V - ELEMENTAL RECOVERY

M. Rezaee, et al., Powder Technol. 397 (2022) 116992.

• 2kW: 97% Li
• Lower concentrations of impurities

• Conversion to β-spodumene
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