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Battery Chemistry Update

200 Years of Success, Now With an Amazing Pace
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Overview

>Start with a brief look at history
>Examine current situation

>Discuss upcoming chemistries
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What Is a Battery's
Maximum Age?

A bell in England has been operatin
for years. The clapper is making
alternate strokes between bells,
powered by a battery. The bells an
clapper are in a bell jar (No relation
and behind a glass parition. The
sound is barely audible, but heard in a
quiet setting.
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Watch Closely
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A Brief History

ldest Workin
Manufacture
Battery: 175
years old, still
dischargin
larendon
Laboratory at
Oxford Universi

owered from a
“dry pile,” an

narlvvs narmaoe fAar
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Oxford Electric Bell

Unknown
composition

0 one wants to
destroy while it
still works. The
charge in the
battery has yet to
run out.

apper has like
rung 19 billion

rEJEE a00Can
A
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Oxford Electric Bell

Dry piles were first
developed by
Giuseppe Zamboni
200 years ago

his bell was made
in London by
Watkin and Hill

iIrst displayed in
1840, may have

been made circa.
T 0O

01000300000
ri;I‘:II:E 00030
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Oxford Electric Bell

Clapper moves
between 2 bells,
with cycle of 2
hertz.

Each bell is
suspended below a
dry pile

Electrostatic force

keeps clapper in
motion.
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Chemical Composition

Likely has disks of silver, zinc,
sulfur and other materials

Sealed with a coating of molten
sulfur (which used to be spelled
'sulphur' in England)

Possibly 2,000 pairs of discs of tin
foil glued to paper which is
impregnated with a zinc sulfate
coat on one side, and a
manganese dioxide coat on the

~FlhAr ~c1AA
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100+ Years Ago

Jay Leno owns a
Baker Electric,
and still uses
some of the
original nickel-
Iron batteries
from 1909
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Forward to 1954

Automobiles begin to switch from
6 volt systems (3 PbAcid cells) to
12 volt sytems (6 PbAcid cells

Why?

=> More accessories dragging down cranking
speeds

=> Larger engines, higher compression

Little consideration of alternate
chemictriac
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Forward to 2015

We now have almost 200 years of
experimentation where various
chemicals and salts were refined,
and placed together to produce an
electric charge.

Labor and time intensive, battery
study has been interesting, but
developments have been slow.



JCEQR JOINT CENTER FOR
N ENERGY STORAGE RESEARCH

* Bring together all the resources
of five national US laboratories,
five major universities, and
several large corporations.

* Start with computer modeling of
various elements and
compounds for their atomic
characteristics and predict
battery chemistries to pursue

* Create physical models where
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JCEg JOINT CENTER FOR
Ny - ENERGY STORAGE RESEARCH

Partners - Labs
Argonne National Lab
Pacific Northwest National Lab

Lawrence Berkely National
Lab

SLAC National Accelerator Lab
Sandia National Lab
Partners - Corporations
Dow Chemical

Applied Materials, Inc.
Johnson Controls

Clean Energy Trust

Partners -
Universities

Northwestern University
University of Chicago

University of lllinois at
Chicago

University of lllinois at
Urbana-Champaign

University of Michigan
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JCESR

Plan announced in Dec. 2012 as
5-5-5

sing Lithium lon batteries as
base:

> 5 times cheaper
> 5 times more powerful
> |n 5 years



Lithium lon Batteries

Energy Is stored by intercalation
of single charged lithium ions
In a graphite anode

(In chemistry, intercalation is the reversible inclusion or
insertion of a molecule (or ion) into compounds with
layered structures.)

Release energy by transferring
lons through an organic
solvent

Positively charged ions move to
the cathode to lower energy



Lithium lon Batteries
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>

New Concepts

Now, intercalation is with
single valent ions, Li™.
Multiply charged ions give
greater promise (e.g. Mg*+
High energy covalent
chemical reactions at the
anode and cathode in place
of intercalation

Fluid electrodes with large
storage capacity and low cost



Improve Lithium lon Batteries?

Doubly (like
Magnesium) or
triply charged
ions (like
Aluminum)

Replacement of
intercalation
with higher
energy covalent
chemical bonds




%E
£

Materials
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We're ¥>2 Way Into The
5 Years, What Research
Have We Seen?

> Trace water in lithium-oxygen
electrochemistry

> Solvation shell of Mg™*
> Multivalent intercalation

> New electrochemically active
Lewis acid-base adducts
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>

>

Developments In
Battery Design

Materials level performance
targets

System level performance
simulation
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Notes for Following Chart

>

>

>

Lithium Oxygen Is presented
In an open environment
(Li/O, open) and in a

pressure vessel (Li/O,
closed)

NMC333-Gr is a specific
360V commercial battery, a
prismatic pouch

LMR-NMC = lithium-
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System Volume for 100 kWh . (L)

The useable

volumetric
energy density
and gravimetric
specific energy
for various
batteries.

This assumes

science
challenges are
overcome, such
as reversing the
lithium-oxygen
discharge
reaction and
protecting pure
metal anodes
under repeated
stripping/plating.
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Additional JCESR
Research Prototyping

Infinite Current Collectors which extends the electrochemical
activity throughout the volume of the liquid compared to the
small stationary area of conventional current collectors

Gravity induced flow cells where the anode and cathode tanks
are mounted on a tilt table straddling the reaction plate. Flow
is controled by the tilt angle

B self-aggregating
© carbon nanoparticles
1.5 vol % carbon

Carbon felt
6 vol % carbon
m!

\ ' counter electrode

Conventional Infinite

Insert Image

Current Collector Current Collector



Battery Technology Readiness Level (BTRL)

BTRL-4 BTRL-5-6

Proof-of-concept

Research prototype

b New class Proven Proven Material scale-up,
Scientific
of materials performance performance in cell testing and
lab-scale full cells scale-up to pack

Breakthrou
gh synthesized in half cells

JCESR
“sweet spot”



“Why We Don’t Have
Battery Breakthroughs?”

> Recent article in MIT Technology Review, which
notes one promising advance that failed

> Envia, a startup company, followed a lead from
ARPA-E and ANL for a new type of Lithium lon cell

> Envia used two experimental electrode materials

> GM licensed the technology (for $7 million), but
found that the voltage varied widely in cells.

> A composite coating for the electrode was used,
but the results that were initially promising could
not be reproduced.




Other Battery Types in
News

Nunzio La Vecchia is promoting his Quant F, which
uses nanoFLOWCELL QUANT technology. At his
display at the prestigious Geneva Auto Show, La
Vecchia explained "Instead of using hydrogen and
oxygen as in a conventional fuel cell, we work with
two ionic fluids - one with a positive charge and
one with a negative charge." Lots of hype and glitz
seem to shroud the reality.

University of Waterloo had announced a WATERLOO
breakthrough in Li-S battery design
using MnO2 nanosheets as a co-cathode.

Study is cofunded by BASF-SE (Germany)




Other Battery Types in
News

If you are wondering where NiMH batteries have
gone with the licensing difficulties noted 15 years
ago, look to G4 Synergistics. After licensing the
NiMH technology from Ovonic, which is now
owned by BASF, they continued to improve
performance in ultra high power situations.
Remember NiMH batteries have very low
resistance (less heating during charge) and better
performance at very low temperatures.

#
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Other Battery Types in
News

Saft has been using lots of development time to
allow their Li-ion batteries to give high
performance and reliability over a much wider
temperature range than previously. They have
been testing from -40° (C or F, your choice) to
80°C (185°F). One version “xc” is even testing to
-50°C.
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Tesla Motors - incremental
iImprovements

> Since 2008, the cost of Tesla battery packs has

been cut to approximately in half.

> Since 2008, Tesla's storage capacity is up by 60%
> No radical changes by Tesla or Panasonic
> |Incremental engineering and manufacturing

Improvements

> Tesla claims it can achieve a $35,000 electric car

with a 200-mile range by 2017.
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If You Want Detall

&« C' & https://scholar.google.com/scholar?q=2015+ \rgonne+Battery+cathode+testing&btnG==&hl=en&as_sdt=0%2C14&as_vis=1

Google
Scholar

Articles
Case law

My library

Any time

Since 2015
Since 2014
Since 2011
Custom range...

Sort by relevance
Sort by date

v" include patents
include citations

Create alert

2015 Argonne Battery cathode testing

53 results (0.03 sec)

High-energy cathode material for long-life and safe lithium batteries

YK Sun, ST Myung, BC Park, J Prakash, | Belharouak... - Nature materials, 2009 - nature.com

... Electrochemical Technology Program, Chemical Sciences and Engineering Division, Argonne
National Laboratory, 9700 South Cass Avenue, Argonne, lllinois 60439, USA, ... High-performance
lithium battery anodes using silicon nanowires ... nature events. SPIE OPTO 2015. ...

Cited by 345 Related articles All 16 versions Cite Save

Nanostructured high-energy cathode materials for advanced lithium batteries
YK Sun, Z Chen, HJ Noh, DJ Lee, HG Jung, Y Ren... - Nature materials, 2012 - nature.com

... been under intense investigation as high-energy cathode materials for rechargeable lithium
batteries because of ... To prepare the FCG cathode material, NiSO 4 :6H 2 O,CoSO 4 :7H 2 ... carried
out at the beamline 32-1D of the Advanced Photon Source, Argonne National Laboratory ...

Cited by 107 Related articles All 13 versions Cite Save

Diagnostic characterization of high power lithium-ion batteries for use in hybrid electric
vehicles

X Zhang, PN Ross, R Kostecki, F Kong... - Journal of The ..., 2001 - jes.ecsdl.org

... 3 Few reports, however, address the characterization of full sized lithium-ion batteries. ...

multipotentiostat (BioLogic), and cell cycling was carried out with an Arbin battery cycler. ... to quantify

the AFM results and identify a clear relationship between the cathode surface morphology ...

Cited by 186 Related articles All 12 versions Cite Save

Electrochemical characterization of Li 2 MnO 3-Li [Ni 1/3 Co 1/3 Mn 1/3] O 2-LiNiO 2

cathode synthesized via co-precipitation for lithium secondary batteries
JH Lim, H Bang, KS Lee, K Amine, YK Sun - Journal of Power Sources, 2009 - Elsevier
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Resources

www.jcesr.org/about/

http://www.jcesr.org/press-room/press-room-archive/

www.abr.anl.gov/pdfs/2013 presentations/es177 gallagher 2013 o.pdf
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