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Disclaimer (1/2)
Legal Disclaimer
This corporate presentation (this “Presentation”) has been prepared for use by Dragonfly Energy Holdings Corp. (“Dragonfly” or the “Company”). This Presentation is for information purposes only and may not be reproduced or 
redistributed, in whole or in part, without the prior written consent of Dragonfly. Dragonfly does not make any  representation or warranty as to the accuracy  or completeness of the information contained in this Presentation. This 
Presentation does not and, if hereafter supplemented, will not be all inclusive or contain all of the information that may  be required to evaluate any  investment in Dragonfly. You should not definitively rely upon it or use it to form 
the definitive basis for any  decision, contract, commitment or action whatsoever. You should consult your own legal, regulatory, tax, business, financial and accounting advisors to the extent you deem necessary, and you must 
make your own investment decision and perform your own independent investigation and analysis of an investment in Dragonfly. To the fullest extent permitted by law, in no circumstances will Dragonfly or any  of its affiliates, 
officers, directors, employees, representatives, advisors or agents be responsible or liable for any  direct, indirect or consequential loss or loss of profit arising from the use of this Presentation, its contents, its omissions, reliance on the 
information contained within it or on opinions communicated in relation thereto or otherwise arising in connection therewith.

This Presentation and the analyses contained in it have been based, in part, on certain assumptions and information obtained from Dragonfly, industry studies and other sources. The use of such assumptions and information does 
not imply that Dragonfly has independently verified, will verify or necessarily agrees with any  of such assumptions or information, and Dragonfly has assumed and relied upon the accuracy  and completeness of such assumptions 
and information for purposes of this Presentation. Neither Dragonfly nor any  of its affiliates, or their respective officers, directors, employees, representatives, advisors or agents, make any  representation or warranty, express or 
implied, in relation to the accuracy  or completeness of the information contained in this  Presentation or any  oral information provided in connection herewith, or any  data it generates, or that any  transaction has been or may  
be effected on the terms or in the manner stated or implied by this Presentation, or as to the achievement or reasonableness of future projections, management  targets, estimates, prospects or returns, if any,  and accept  no 
responsibility, obligation or liability (whether direct or indirect, in contract, tort or otherwise) in relation to any  of such information. Dragonfly and its respective affiliates, officers, directors, employees, representatives, advisors and 
agents expressly disclaim any  and all liability which may be based on this Presentation and any  errors therein or omissions therefrom.

This Presentation and the information contained herein do not constitute an offer to sell or the solicitation of an offer to buy any  security, commodity or instrument or related derivative, nor shall  there be  any  sale of securities 
in any  jurisdiction in which the offer, solicitation or sale would be unlawful prior to the registration or qualification under the securities laws of any  such jurisdiction. No offering of securities shall be  made except by means of a  
prospectus meeting the requirements of Section 10 of the Securities Act of 1933 (the “Act”), as amended, or an exemption therefrom.

You should not construe the contents of this Presentation as legal, regulatory, tax, accounting or investment advice or a  recommendation. We recommend that you seek independent third party legal, regulatory, accounting 
and tax advice regarding the contents of this Presentation. This Presentation does not constitute and should not be considered as any  form of financial opinion or recommendation by Dragonfly or any  of its affiliates. This 
Presentation is not a  research report.

NEITHER THE SECURITIES AND EXCHANGE COMMISSION (“SEC”) NOR ANY STATE OR TERRITORIAL SECURITIES COMMISSION HAS APPROVED OR DISAPPROVED OF THE SECURITIES OR DETERMINED IF THIS PRESENTATION IS TRUTHFUL OR COMPLETE. ANY 
REPRESENTATION TO THE CONTRARY IS A CRIMINAL OFFENSE.

Forward-Looking Statements
This Presentation contains certain “forward-looking statements” within the meaning of the United States Private Securities Litigation Reform Act of 1995, Section 27A of the Securities Act of 1933, as amended (the “Securities Act”) 
and Section 21E of the Securities Exchange Act of 1934, as amended. All statements other than statements of historical fact contained in this Presentation, including statements as to planned products and services, business strategy 
and plans, objectives of management  for future operations of Dragonfly, market size and growth opportunities, competitive  position and technological and market trends, are forward-looking statements. Some of these 
forward-looking statements can be identified by the use of forward-looking words, including “may,” “should,” “expect,” “intend,” “will,” “estimate,” “anticipate,” “believe,” “predict,” “plan,” “targets,” “projects,” “could,” “would,” “continue,” 
“forecast” or the negatives of these terms or variations of them or similar expressions. All forward-looking statements are subject to risks, uncertainties, and other factors (some of which are beyond the control of Dragonfly) which 
could cause actual results to differ materially from those expressed or implied by such forward-looking statements.



Disclaimer (2/2)
Forward-Looking Statements (cont’d)
All forward-looking statements are based upon estimates, forecasts and assumptions that, while considered reasonable by Dragonfly and its management are inherently uncertain and many factors may cause 
the actual results to differ materially from current expectations which include, but are not limited to: 1) the ability of Dragonfly to successfully increase market penetration into its target markets; 2) the possibility that 
the addressable markets that Dragonfly intends to target do not grow as expected; 3) the loss of any  key executives; 4) the loss of any  relationships with key suppliers including suppliers in China; 5) the loss of any  
relationships with key customers; 6) the inability to protect Dragonfly’s patents and other intellectual property; 7) the failure to successfully optimize solid state cells or to produce commercially viable solid state cells in 
a  timely manner or at all, or to scale to mass production; 8) changes in applicable laws or regulations; 9) the possibility that Dragonfly may  be adversely affected by other economic, business and/or competitive 
factors; 10) the impact of the novel coronavirus disease pandemic,  including any  mutations or variants thereof, and/or the Russian/Ukrainian conflict, and their effects on business and financial conditions; 11) the 
potential for events or circumstances that result in our failure to timely achieve the anticipated benefits of our customer arrangements with THOR; and 12) other risks and uncertainties set forth in the sections 
entitled “Risk Factors” and “Cautionary Note Regarding Forward-Looking Statements” in Dragonfly’s Registration Statement on Form S-4 relating to the business combination declared effective by the SEC on September 
16, 2022, in Dragonfly’s Current Report on Form 8-K filed with the SEC on October 7, 2022, and in Dragonfly’s subsequent filings with the SEC. These filings identify and address other important risks and uncertainties 
that could cause actual events and results to differ materially from those contained in the forward-looking statements. Nothing in this Presentation should be regarded as a  representation by any  person that the 
forward-looking statements set forth herein will be  achieved or that any  of the contemplated results of such forward looking statements will be  achieved. You should not place undue reliance on forward-looking 
statements, which speak only as of the date they are made.  Dragonfly does not give any  assurance that Dragonfly will achieve its expected results. Dragonfly does not undertake any  duty to update these forward-
looking statements, except as otherwise required by law.

Trademarks
Dragonfly owns or has rights to various trademarks, service marks and trade names that it uses in connection with the operation of its business. This Presentation may also contain trademarks, service marks, trade 
names and copyrights of other companies, which are the property of their respective owners. The use or display of third parties’ trademarks, service marks, trade names or products in this Presentation is not 
intended to, and does not imply, a  relationship with Dragonfly, or an endorsement or sponsorship by or of Dragonfly. Solely for convenience, some of the trademarks, service marks, trade names and copyrights 
referred to in this Presentation may be listed without the TM, SM, © or ® symbols, but such references are not intended to indicate, in any way,  that Dragonfly will not assert, to the fullest extent under 
applicable law, its rights or the rights of the applicable owners, if any,  to these trademarks, service marks, trade names and copyrights.

Industry and Market Data
This Presentation contains certain information obtained from third-party sources and the Company’s internal sources. This information involves many  assumptions and limitations; therefore, there can be no 
guarantee as to the accuracy  or reliability of such assumptions and you are cautioned not to give undue weight to this information. Further, no representation is made as to the reasonableness of the 
assumptions made within or the accuracy  or completeness of any  projections or any  other information contained herein. Any data on past performance or modeling contained herein are not an indication as to 
future performance. None of Dragonfly or its affiliates, officers, directors, employees, representatives or advisors has independently verified the accuracy  or completeness of any  such third-party information. 
Similarly, other third-party survey data and research reports commissioned by the Company, while believed by to be reliable, are based on limited sample sizes and have not been independently verified by 
the Company. In addition, projections, assumptions, estimates, goals, targets, plans and trends of the future performance of the industry in which Drag onfly operates, and its future performance, are necessarily 
subject to uncertainty and risk due to a  variety of factors, including those described above. These and other factors could cause results to differ materially from those expressed in the estimates made by 
independent parties and by Dragonfly.

Additional Information and Where to Find It
Dragonfly’s filings with the SEC are available to you, and you should read the documents Dragonfly has filed with the SEC for more complete information about Dragonfly. You may get these documents for free 
by visiting EDGAR on the SEC website at www.sec.gov.

http://www.sec.gov/


DRAGONFLY ENERGY

❑ Comprehensive Lithium Battery Company

❑ Proven Market Penetration Through Battle Born Batteries 

Product Line

❑ Strong Vision for Future Domestic Cell Production and 

Technology
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Million
2022 Revenue

Over
225,000

Batteries
Sold Since 2020

10+

Years
of Research & Development in 

Battery Technologies

85+

Patents
Filed & Pending
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TEAM

Denis Phares, Ph.D
Chief Executive Officer

▪ 30+ years of experience in the fields of Energy, 

Nanotechnology, Fluid Mechanics, and  powder 

processing

▪ B.S. in Physics from Villanova University

▪ M.S. an d  Ph.D in Environmental 

Engineering Science from California 

Institution of Technology

▪ MBA from the University of Nevada,  Reno

Vick Singh, Ph.D
Director of Research and Development

▪ 10+ years of experience in various research functions 

within private & public sector firms

▪ Postdoctoral Research Fellow at the Lawrence 

Livermore National Laboratory's Center for Global 

Security Research

▪ B.S. in Chemical Engineering from the 

University of Tennessee, Knoxville

▪ Ph.D in Materials Science & Engineering from the 

University of Nevada,  Reno

15+ Engineers and Scientists Supporting Research Efforts

Emily Litt
Research & Development Scientist & Group Lead

▪ B.S. in Material Science and Engineering from 

the University of Nevada, Reno

▪ Leads team in systematic development of 

innovative methods to enhance lithium-ion 

batteries

▪ Conducts electrochemical experiments and 

materials analysis, aiming to optimize battery 

performance and efficiency
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Product 

Deployment 
(DTC & OEM)

Energy 
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Fundamental 
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Formation 
Prototyping

Dragonfly Energy’s approach to energy 
technology development can be 

described in one word:

Comprehensive



How Does a Lithium-Ion Battery 
Work?

Graphite Particle SEI Interface Electrolyte



How are Lithium-ion Batteries Made?

Lithium Iron Phosphate Cathode

Graphite Anode



What’s the current status of lithium-ion?



FUNDAMENTAL MATERIALS AND PROCESSES

❑ Founded as a  manufacturing technology company in 2012

❑ Applying sustainable manufacturing processes to current and next-generation 
cell chemistries



FUNDAMENTAL MATERIALS AND 
PROCESSES

❑ Fundamental Capabilities:

❑ Infrastructure

❑ +$15 million investment with

Bruker and Tescan for scientific instruments

❑ Highly-Skilled R&D Team and Thrust Areas

❑ Battery Cell Science

❑ Manufacturing Innovation

❑ Materials Characterization

❑ Data Science



Streamlined Cell Manufacturing & Battery 
Pack Assembly

❑ Optimization of Manufacturing Processes

❑ Extensive Automation Experience

❑ Designed & Built in House

❑ Cost Effective

❑ Dry Room

❑ Coming Soon for Conventional and Solid-State Cell Prototyping

❑ Decreased Manufacturing Footprint

❑ Up to 150 MWh in Cell Production Capacity via Pilot Line



Powders

❑ Coating

❑ Composition

❑ Homogeneity & Distribution 

Analysis & Findings Using EDS:



ANODE ANALYSIS

❑ General Construction & Quality

❑ Post-Mortem Analysis 

❑ Interface Investigation

Analysis & Findings Using EDS:



CATHODE ANALYSIS

❑ General Construction & Quality

❑ Post-Mortem Analysis 

❑ Interface Investigation

Analysis & Findings Using EDS:



SOLID STATE ANALYSIS

❑ Electrolyte Wetting

❑ Homogeneity & Distribution

❑ Speciation Using EDS 

❑ Interface Investigation

Analysis & Findings Using EDS:



ADVANCED TECHNIQUES
❑ High Resolution Elemental Mapping

❑ Complementary Multimodal Techniques



Dragonfly is Positioned to Sit at the Nexus of Energy Technology

solid state Li-ion Cells Conventional Li-ion Battery
Manufacturers

Technology-Focused
Energy Storage

Vertically Integrated 
Energy

Solid State      Li-
ion Cells

 



TODAY TOMORROW

Leader in non-toxic lithium-
ion batteries

Proprietary non-flammable, non-
toxic solid state cells

Technology
 

Extensive line of batteries and 
accessories

Vertically integrated energy storage 
system integrator

Products
 

DTC + OEMs DTC + OEMs + Fleets + Utilities

99k sq. ft. battery assembly 
facility

Fully automated battery assembly 
and solid state cell manufacturing

Operations
 

Sales

Channels
  

Displacing Lead Acid Today, Replacing Coal Tomorrow
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EDS analysis for identifying and detecting 
contaminants in cathode and anode

Innovation with Integrity
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Outline

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

▪ Introduction of investigated samples and materials

▪ Introduction to EDS - what signal is being measured, how to interpret, what questions can be answered 

▪ Measurement conditions

▪ Choice of acceleration voltage and SEM parameters

▪ Results of anode and cathode material

▪ Introduction and comparison of EDS detectors of conventional geometry and Bruker FlatQUAD

▪ Detection limit of EDS: How can very low concentration contamination be detected and located?

▪ Comparison of anode/cathode results with EDS detectors of conventional geometry and Bruker FlatQUAD
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Investigated samples

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Anode sample:

graphite on copper  (pristine, not cycled) 

Cathode sample: 

LiPO4 on aluminum (pristine, not cycled) 

Top view Top view

Side view Side view
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What is EDS and what questions can it answer?

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

▪ Element detection based on X-ray emitted due to the excitation of primary electron beam of a scanning 

electron microscope

▪ How is element distribution interpreted?

▪ What elements are in the sample?

▪ How are they distributed? (-> where do they originate from in the battery manufacturing/cycling/life process)

▪ In what quantity are these elements present in the sample?

▪ What is the lowest amount of material EDS can detect?
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Introduction to EDS – what signal is being measured

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES
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Introduction to EDS – how mapping works

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

HYPERMAP data cube
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Measurement key points

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

▪ Samples: Manufactured electrode tapes:

▪ Pristine Anode: Copper foil coated with carbon on a single side.

▪ Pristine Cathode: Aluminum foil coated with LiFePO4 on a single side. 

▪ Sample preparation: Samples mounted on carbon tape. Mechanical cut for crossection

     The samples are stable in room conditions, no glovebox or inert gas transfer was necessary

▪ EDS /SEM Measurement conditions: 

     high vacuum SEM conditions. No low vacuum/variable pressure needed

▪ EDS setup: Choice of acceleration voltage: 12 or 15kV is sufficient to cover all elements

▪ Lower kV: minimizing interaction volume-> maximizing spatial resolution. (not necessary)

▪ Higher kV: access K-Lines of heavier elements (not necessary as deconvolution works fine)
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Graphite ANODE  - top overview

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

with SE image

Analysis parameters

Detector XFlash® 760

High voltage 15 kV

Magnification 250

Beam current ~5 nA

Mapping time 12 min

Input count rate 
(ICR)

92 kcps
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Analysis parameters

Detector XFlash® 760

High voltage 15 kV

Magnification 250

Beam current ~5 nA

Mapping time 12 min

Input count rate 
(ICR)

92 kcps

Graphite ANODE  - top overview

Innovation with Integrity

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

SE image
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Element identification – how to find all elements 

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Elements identified by
deconvolution of
sum spectrum.

Element maps are
visualized based on 
the deconvolved net
coutns
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Element identification – presence of Sr or is it Si?

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Deconvolution with Si only
-> „bad match“ 

Deconvolution with Si and Sr:
Good match!

Are the Sr maps only the misinterpretation of Si due to the peak overlap?

15kV measurements: only Sr-L lines available which overlap with Si-K!
Sr-K lines at 14-15kV are not excited

Peakform of a pure Si-particle:
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Element identification – presence of Sr or is it Si?

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Are the Sr counts only the misinterpretation of Si?

25kV measurements: Sr-K lines properly excited and present

Sr L-line map
15kV
XFlash760 
30 minutes

Sr K-line map
25kV
XFlash760 
13 minutes

Very low Sr-L 
signal!-> longer
measurement
needed

Sr K- line map
25kV
XFlash760 
90 minutes
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Element identification – this particle contains also Ba

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Ba-peak present in extracted spectrum of single particle!

Do the math: 
quantification of particle spectrum and dividing with area coverage:
3w% Ba *  3% area coverage * 1% area coverage of original map: 
= 9*10E-6
-> ppm sensitivity! 
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How to get the most information the fastest – 
use FlatQUAD for better detection

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

60 mm2 EDS detector
@WD= 10mm

60 mm2  (4x15mm2) 
@WD=10mm

take off angle=35°

solid angle=0.043 sr

take off angle=60-70°

solid angle  = 0.7-1 sr x15-30 more X-ray signal:
less measurement time needed

Conventional detector FlatQUAD detector

Better view of sample topography
Less absorption of X-ray signal

polepiece

sample

polepiece

sample
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XFlash ® FlatQUAD

Bruker XFlash® FlatQUAD EDS detector
Features and advantages

FlatQUAD

Sample

SEM Pole piece

▪ Annular 4-segment (4x) SDD geometry, central ap.

▪ Side entry EDS (STEM/BSE like)

▪ Large solid angle of 1.1 sr

▪ High take-off angle (~60˚)

▪ Optimal signal collection geometry

▪ High sensitivity at very low probe currents ~few pA 

▪ Minimize sample charging/damage/C-deposition at low PC

▪ High vacuum conditions EDS – high resolution

▪ Low vacuum capability

▪ Moderate probe currents for high-speed EDS mapping

▪ Low x-ray yield samples: Low PC – High resolution

▪ Nanoparticles, Thin lamellae, beam sensitive materials
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ANODE  - cross section: 
comparison of conventional detector and FlatQUAD 

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

XFlash® 760 XFlash® FlatQUAD

Analysis parameters

Detector XFlash® 760
XFlash® 
FlatQUAD

High voltage 12 kV 12 kV

Beam current ~1nA ~1nA

Mapping time 30 min 30 min

Input count rate 
(ICR)

19,5 kcps 667 kcps

Total counts in map 2.7 x107 8.2 x108
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ANODE  crossection – XFlash® 760 vs FlatQUAD

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES
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ANODE  crossection – XFlash® 760 vs FlatQUAD

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

XFlash® 760 XFlash® FlatQUAD
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ANODE  crossection – XFlash® 760 vs FlatQUAD: 
finding “hiding elements”: S, Cr

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

XFlash® 760
XFlash® FlatQUAD

Less noise in maps,
Access to areas with high topographyNoisier maps,

Shadowed areas
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ANODE  crossection – XFlash® 760 vs FlatQUAD: 
finding “hiding elements”: Ca

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

XFlash® 760 XFlash® FlatQUAD

Less noise in maps,
Access to deeper /shadowed areas

Noisier maps,
Shadowed areas
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ANODE  crossection – XFlash® 760 vs FlatQUAD: 
finding “hiding elements”: Ti

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Elements identified by
deconvolution of
sum spectrum: 
No Ti found
Ti is below detection level!

SUM SPECTRUM of
XFlash 760 map

SUM SPECTRUM of
FlatQUAD map

MAXIMUM PIXEL SPECTRUM
of XFlash 760 map

Elements identified by
deconvolution of
MAXIMUM PIXEL SPECTRUM
Ti identified

MAXIMUM PIXEL SPECTRUM
of FlatQUAD map
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ANODE  crossection – XFlash® 760 vs FlatQUAD: 
finding “hiding elements”: Ti

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Ti identified by
deconvolution of
MAXIMUM PIXEL SPECTRUM 
Ti is below detection level

Ti found by FlatQUAD much easier
than with XFlash760!

XFlash® 760
XFlash® 
FlatQUAD
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ANODE crossection – Ti: trace element below EDS detection limit

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Do the math:
Use AUTOPHASE function to calculate
Area coverage= 0.01%
Extract object spectrum of single particle:
Local concentration of Ti: 85%
-> 85 ppm Ti detected

Nb also identified
in the particles!

Area coverage= 0.01%
Extract object spectrum of single
particle:
Local concentration of Nb: ~5%
-> presence of Nb on the
concentration level of
5ppm detected!
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Detected main elements and contaminants 
– Graphite anode material on Cu 

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Element Coexist with Detection with EDS Detection at 12/15kV Origin Comment

Na easy K–line Polymer binder Assists in mapping polymer distribution. 

Cu easy K–line Anode substrate

Si Partly with Sr easy K–line Contaminant Common contaminant in anode manufacturing.

Al easy K–line Contaminant Common contaminant in anode manufacturing.

Fe, Cr, Ni Low signal K–line Contaminant Common contaminant in anode manufacturing.

P Low signal, could
be found with 760

K–line Contaminant Common contaminant in anode manufacturing.

Cl easy K–line Contaminant Common contaminant

S easy K–line Contaminant Common contaminant

Ti Better with FQ 
Found with MaxPix

K–line Contaminant Common contaminant in anode manufacturing.

K easy K–line Contaminant Common contaminant

Sr S, Ba? Better with FQ L–line + doublecheck with K-Line 
@25kV

Contaminant Sr-sulphate?

Ba Sr, S Hard to find. ppm L-line Contaminant ?

Nb Ti Hard to find.  ppm L-line Contaminant ?
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Main elements and contaminants 
– LiPO4 cathode material on Aluminium

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Element Coexist with Detection with EDS Origin Comment

Fe easy Cathode LiFePO4

O easy Cathode LiFePO4

P easy Cathode LiFePO4

C easy Cathode/Contaminant Carbon is added to cathodes, however graphite may be occosionally viewed in 
cathodes as a contaminant from manufacturing.

Al easy Current Collector Aluminum comes from current collector. 

Ti easy Contaminant Common contaminant in cathode manufacturing.

Na Partly with Cl easy Contaminant Common contaminant in cathode manufacturing.

Cl Partly with Na easy Contaminant Common contaminant in cathode manufacturing.

Si easy Contaminant Common contaminant in cathode manufacturing.

Ca easy Contaminant Common contaminant in cathode manufacturing.

K easy Contaminant Common contaminant in cathode manufacturing.

S Partly with Sr easy Contaminant Common contaminant in cathode manufacturing.

Cu easy Contaminant Common contaminant in cathode manufacturing.

Cr Ni with MaxPixSpectrum Contaminant Common contaminant in cathode manufacturing.

Ni Cr with MaxPixSpectrum Contaminant Common contaminant in cathode manufacturing.

Sr Contaminant

V FlatQUAD; with
MaxPixSpectrum

Contaminant
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CATHODE  - Top view with FlatQUAD

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

Analysis parameters

Detector FlatQUAD

High voltage 12 kV

Beam current ~0,5 nA

Input count rate 
(ICR)

640 kcps

Total counts (per 
map)

7x107

Mapping time 3 min

XFlash® FlatQUAD
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CATHODE  - Top view with FlatQUAD

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

V present in one single sub-micron particle

Area coverage= 0.01%
Local concentration of V: 11% -> 11 ppm Ti detected within 3 minutes of measurement time!

Extracted object spectrum
of single particle:
V is there!

XFlash® FlatQUAD
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Summary

ELEMENTAL MAPPING (EDS) FOR THE OPTIMIZATION OF BATTERY MATERIAL S AND PROCESSES

▪ Introduction to EDS - what signal is being measured, how to interpret, what questions can be answered  

▪ Measurement conditions

▪ Choice of acceleration voltage and SEM parameters

▪ Results of anode and cathode material in top and side view

▪ Introduction and comparison of EDS detectors of conventional geometry and Bruker FlatQUAD

▪ Detection limit of EDS: How can very low concentration contamination be detected and visualized?

▪ Comparison of results of EDS detectors of conventional geometry and Bruker FlatQUAD

▪ Shorter measurement times for trace element detection

▪ No shadowing effect (easier localization of hiding elements on samples with rough topography)



Conclusions

Innovation with Integrity



Questions & Answers
please type your questions in the Q&A window and press SEND

Innovation with Integrity



Thank you!
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