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Use of elemental analysis in the overall battery supply chain

« Solutions for recycled and raw material elemental analysis

« Recycling and raw material analysis applications

- Other measurement solutions in the battery material supply chain

- Battery technology resources from Thermo Fisher Scientific

Lab Chemistry Demo Day, June 2"
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Use of elemental analysis in the overall battery supply chain

Research into higher capacity, faster charging and safer batteries

« Composition and impurity analysis of raw and refined feedstock materials

« Cathode material bulk composition measurement

« Elemental impurity analysis in cathode, anode and electrolyte materials

» Electrolyte / electrode degradation product analysis

« Screening incoming material, verifying final product purity in recycling stage

Adherence to environmental emission regulations for battery factories
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Solutions for recycled and raw material elemental analysis SCIENTIFIC

* |ICP-OES
» Robust, accurate and sensitive routine workhorse for QA/QC analysis
« Low maintenance, straightforward operation
 Detection limits in the ng/mL range for a wide range of elements

« |deal for recycled cathode, anode, electrolyte composition / impurity analysis
Thermo Scientific™ Thermo Scientific™

. Qi _ ICAP™ PRO ICAP™ RQplus
Single quadrupole (SQ) ICP-MS Pt eEre
» Higher sensitivity, lower detection limits (pg/mL range for many elements)
« Well suited to high purity product analysis, in R&D and production environments
« Ability to couple with chromatography techniques for degradation product analysis

* Triple quadrupole (TQ) ICP-MS

« All the benefits of SQ ICP-MS plus advanced interference removal capability

Thermo Scientific™
iICAP™ TQe ICP-MS

« High accuracy for difficult elements (e.g. Si, P, S, As, Se)
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Recycling and raw material analysis applications
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Assessing the purity grade of lithium carbonate and lithium

hydroxide using ICP-OES
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Elemental analysis of lithium salts using ICP-MS combined
with argon gas dilution (AGD)

Authors.

Jianfeng Cui

Thermo Fisher Scientfic,
Germany

Keywords
Li st analymiz, AGD, high matrar,
Li battery, total dizsobved soids {T0S)

battery technology

and an increase

in the up- and mid-=

thermo scientific

ThermoFisher

SCIENTIFIC

Authors
Tomeka Vinoant', Keith Brent’,
Eruno Thampscn’, Siman Nel
“Thermo Fisher Sciertfic,
Eremen, Germary

#The Battery Regycling Comp
Carbridge, Urited Kingdom
"Themo Fisher Scientific,
Hemel Hempstead, United King

i { BATTERY RECYCLING

Single quadrupole-inductively coupled plasma mass
spectrometry (ICP-MS) as a tool for process control in
lithium battery recycling

SCIENTIFIC

ThermoFisher r
SCIENTIFIC
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Other measurement solutions in the battery material supply chain
 lon, gas and liquid chromatography

- Raw and refined material anion and organic impurity analysis

‘ ‘TII |
ar - -
I

-

+ Electrolyte composition and impurity analysis

XRD and XRF

* Mineral, cathode and anode crystalline structure examination

Electron microscopy

« Material characterization, electrode defect imaging

X-ray photoelectron spectroscopy (XPS)

« Electrode surface composition analysis

FTIR and Raman spectroscopy

- Battery research, binder and separator analysis
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Other measurement solutions in the battery material supply chain SETENVIFIE

Extrusion and rheometry

 Slurry preparation and viscosity measurement

On-line gauges

- Electrode coating weight and thickness measurement

Handheld XRF

« Rapid mineral identity confirmation and incoming recycled
material profiling

* Process mass spectrometry

» Airborne solvent detection (health and safety)

« Laboratory Information Management Systems

[ Laborstory software /.

 Efficient data processing, sharing and report generation

SampleManager LIMS for
advanced battery technology
Driving traceability and repeatability

rough EV battery Quality Assurance
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Battery technology resources from Thermo Fisher Scientific

MATERIALS SCIENCE

Battery Technology

Advanced battery technology enabled with Thermo"Scientific tools and instruments.

Lithium ion batteries

MINERAL RAW MATERIALS BATTERY BATTERY QUALITY
RESEARCH PROCESSING CONTROL PRODUCTION ASSURANCE RECYCLING

Q &, @/ ;E !"ﬁ C?'-\

« Advanced Battery Technology web page — scan the QR code to access!

+ Follows battery manufacturing process workflow from mining / refining through to recycling

 Single reference source for all our solutions in one convenient location
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Lab Chemistry Demo Day, June 2"

» Free half-day educational seminar tomorrow, 8:30 - 12:30
« Talks from experts in trace element analysis and ion chromatography
» Live ICP-OES and ion chromatography demonstrations

» Taking place in the Cambrian College Chemical Analysis and

Scientific Services facility — Room 3215

» To attend, register with me after this session
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Chemical Analysis
& Scientific Services

POWERED BY CAMBRIAN RED

Lab Chemistry
Demo Day
From Mining to Recycling

June 2, 2023

8:30 am. - 12:30 p.m. F 4
!

Cambrian Collelge. Room 3215 -‘
54,

Register now:
RHpE:l www eventbrits ca/e/lab-chemistry-demo-day-ticksts

At every stage of the lithium battery lifecycle, there is value in
knowing which elements and analytes are present and in what
quantities. An overview of some of the challenges involved
and examples of how to overcome them will be discussed.

* Kay aloments must be quantified before minaral extraction.

* HRaw materials must be monitored for impurities during manufacturing to ensura product quality.
* Recyclers nead to know the composition of recoverad materials for procassing.

* Environmental emissions must be controlled and meet regulated limits at each step.

Event Agenda
8:30 am. Welcome & Lithium Battery Market Highlights
840 am. lon Chromatography Presentation

9am Elemental Analysis Presentation

940 am. Sample Prep Solutions Presentation & Demo
10 am. Break

10:16 am. IC Live Instrument Demo

116 am. ICP Live Instrument Demo

12:30 pm. Demo Concludes
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