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« Founded in 1978
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CQVEAG Analytical Technigues in Other Industries
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C@EAG Commercial Analytical Lab?

m—
| Data Supplied I— (EAG)

Commercial
Analytical Lab.

 Fully Confidential — no IP or patent related
ISsues

e [Fast turnaround — typically 3-5 days

 Access to best available techniques and
procedures
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‘@ EAG Analytical Considerations

Analytical consideration for R&D and manufacturing differ

Research and Manufacturing /
Development Production Control
eAccuracy *Repeatability
Lowest detection Cost
Limit eSpeed — turnaround time
Resolution =Sampling
ePhysical / Chemical
Information
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C‘ EAG Choosing the Analytical Method
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‘@ EA(G Bubble Chart for Analytical Techniques
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C@ EAG Study of SEI

Analysis of SEI is essential for understanding
TEM, cycled cathode particle electrochemical mechanism which results in

loss of cell performance/cycle life.

Characterization of SEI Requires:

 Small spot size to analyze
individual particles

* Ability to measure elemental and
molecular components

« Shallow information depth (few
nms)

» Depth profiling ability
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C@EAG Small Area Elemental Analysis

Auger used for imaging LiNIiCoMnO
cathode particles ~1 micron size particles

Typical spot size ~ 50 nm e
» Lidifficult due to poor sensitivity I o
» Elemental analysis

* No molecular information
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F)EAG TEM / EELS
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¥)EAG SEM / EDS

Oxygen mapped by Auger §

Source of Auger electron

signal : Oxygen mapped by EDS in SEM tool
\l Sample
" Surface

EDS

apm

X-ray Resolution
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Detection Range

Atoms /cm3

EAG

Bubble Chart for Analytical Techniques
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during microscopy
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XPS — Chemical/molecular
information
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Small area analysis
Molecular information
Elemental information
Depth profiling capability
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‘@ EAG Analysis Depth Variation with Technique

Depth of Analysis / Information Depth

AFM/ | TOF LA TEM/
SPM | SIMS] AES XPS TXRF SEM GDMS Raman RBS ICPMS LEXES XRR FTIR EDS SIMS STEM XRD XRF
Physical Monolayer

Top Surface

3nm
UM AR ERERRER T
Thin Film
100 nm I
Coating I ' I I

1,000 nm

Bulk Substrate ' ' I I
> 2,000 nm ) I

(typical data point)
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c@ EAG TOF-SIMS Imaging Capabillity

Lithium Titanium Oxide Anode
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Total lon Image,
MC: 24; TC: 1.140e+006

1. lon Image — can mass select

2. Images recorded as a function

of depth

3. Entire mass spectrum recorded
per pixel — allowing any mass to
be imaged or depth profile

generated at any region
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C@ EAG TOF-SIMS Mass Selection
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‘@ EAG Raw Material Control

E

ity Cells with Identical
Material Matend

Supplier #1 N\on'\‘o‘ed Performance
et Manufactured

; Cell
Supplier #2  |emdl Manufacturer

Material

No p Cells with Varying
Mop-, 2C€8dure Performance

Material Quaiy, 9 Materig Manufactured

Supplier #3

Variation in material grade from one supplier to another
or even batch to batch (from the same supplier), should

be monitored to ensure identical performance of
manufactured cells.
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@ EAG Understanding Particle Size and Distribution

C

Efficiency and consistency of the slurry
mixing process is evaluated by SEM by
checking particle distribution and
agglomeration

~300nm size
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Carbon black

i

Cathode particles

\
%

.

Carbon black

-

LiFePO, cathode }

det HV
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© 2013 Evans Analytical Group 17
Page 17 of 25



Detection Range

Atoms /cm3
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EAG Manufacturing Control of Electrode Materials

'] Evans Analytical Group

I Chemical bonding/
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I Elemental information
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Major Elements: ICP-OES

Organic Analysis: GC/MS

Minor Elements (impurity analysis):
ICP-MS or GDMS

-GDMS had advantage of measuring
all elements in period table rather
than a select number of elements as
in the case for ICP-MS.

-ICP-MS provide better accuracy over
GDMS.
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‘@ EAG Impurity Analysis of LiFePO,

Study
» Eight LiFePO, batches ready for cell manufacture
* Measure impurities

4 h

Samples A and B: expected to be similar

Samples C, D, E and F: expected to be similar and to
have higher levels of vanadium

Samples G and H: from two different overseas suppliers

N /
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Elements >0.01 at. Wit%
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e.g. manganese,
magnesium etc.
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C@EAG Comparison of GDMS Data

W LFP-A M LFP-B M LFP-H

Sample LFP-H has
significantly higher levels of c %

Si, Nb and Ti compared to

LFP-A and LFP-B. o f—
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C@EAG Comparison of GDMS Data

d LFP-A M LFP-B M LFP-H

Mg

Element

Mn

0 1000 2000 3000 4000 5000 6000
Impurity Level (ppm wt%)

This chart shows higher levels of Mn and Mg
in LFP-H compared to LFP-A and LFP-B.
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C@ EAG Cell Cycling Data — Performance Variation

Two cells with very different characteristics — made from similar LiFePO, (according
to supplier)
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C@EEAG Summary

« Careful choice of analytical technique is essential for
improving product development and good manufacturing
control.

e Fast “turn-around” with optimized analytical method results
in significant cost savings.

» With continued advances in battery materials, the
analytical method requires changes/maodification based on
the material and information required.
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‘@EEAG Thank You!

Contact:

Sanjay Patel
480-239-0602

spatel@eag.com

WWWw.eag.com
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