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Abstract

To face increasing needs in battery demand fortradeand hybrid electric vehicles, both high enesnd high
power Li-ion cells together with new architectudesigns are under development. Several routesoasyte, and
in this paper the focus will be put on the so-chligafe” chemistries including phosphate materialgpled either
with graphite or lithium titanates. Over the lashtyears significant efforts have been investedCBA in
developing high energy LFBP (Boron "doped" LiFeP®ased Li-ion cells. This technology is shown to
demonstrate either relatively high energy or higlwer rate capability together with high stabilitpdasafety
behaviour, depending on its cell conception. Asalehigh rate charge - high peak power candidateseries
based-Lithium Titanate negative electrodes willdiscussed as a promising technology to sustairuémeiquse of
quick charge without detrimental effect on thedffan. New cell architecture will also be addresgiti giving the
recent advances obtained on bipolar Li-ion techmldhe bipolar design consists in identical cellsich are
stacked together. This technology offers severahaiges because it simplifies cell-to-cell conioest and so a
lowering internal resistance for the whole battdiye bipolar battery can be designed to presestye Icapacity, a
high voltage and an appreciable flexible form factbhe patented bipolar battery developed at CEAtle
HHybrid Electric Vehicle |(HEV) is based upon the use of;TisO;, as negative active material (fast charging with
high capacity retention, life time, safety/reducedctivity compared to Lithiated Graphite.) allogithe use of a
common bipolar aluminium current collector and LR (cycle life, safety, low cost) as positive matersuch
bipolar technology can also address other enemypg® devices as super capacitors & hybrid syspatentially
finding applications in other mobile & stationaigléls as power tools or storage enhanced grid oigagystems.
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] deployed to reduce range anxiety and turbo-chdrge t
1. Introduction mass acceptance of electric vehicles. Thus, bastedy

apacitor designs are being developed to expargkran

Introducing new technologies requires respectin A e
. . d shorten charging times. However, “5 minutest fa
safety behavior, affordable cost and environmentg]

Charge is not even feasible reducing the battdey li
ickly with high heat evolution because of extreme
arge/discharge conditions resulting in batteries

aware. Respecting these criteria, to increase dkierly u
autonomy, several active materials are currently oqh
. : : .2 T
improvement. On the other side, quick charge paser
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heating up thus increasing the rate of degradatiooxide developed first by SAFT and further
Beside the battery limitation, 5 minute charging & commercialized by JCS for hybrid vehicles with very
large capacity size battery requires significapteical high stability in performances but which requires
facilities. Indeed, to enable fast charging andtans specific safety care, ii) for electric vehicles bggtions,
high currents for power systems, high capacityntede many companies are now proposing Mn-based
with high stability materials in innovative designschemistries for their interest in cost reductiod aafety
becomes necessary. Several solutions are in cdiopeti improvement by coupling compounds or mix of
to face these specific needs. compounds such as LiMO,; and LiNi;sMny3C0.30,
Thus, lithium iron phosphate (LiFeR@r LFP) is a (NMC) for instance with first commercialization in
technology of choice for electric vehicles (EVsR011, and last iii) the most recent technology eons
because of its low cost since it doesn't includecfpus the LiFePQ compound, also developed by most of the
metals (also non toxic material) and also for itghh industrial battery manufacturers in the world with
stability in temperature compared to conventionalready commercialization by Asian companies or US
lithium metal oxides based on Nickel and/or Coldadt. companies such as A123 and more recently SAFT for
power chemistries, most promising approaches ae thigh power needs.
use of high-ionic conductivity materials, zero sira As above mentioned the stability advantage of
materials like Lithium Titanate (but with lower lithium iron phosphate technology makes its lithiiom
conductivity) or other Titane-based oxides negativeells not combustible and not reacting violentlythwi
electrode materials. When coupled with LFP positivelectrolyte when exposed to high temperature dnef
electrode, this electrochemistry exhibits extendltmdl cell is damaged [4]. It was then shown during al®isi
cyclability as confirmed in a recent paper fromQ@erfi  tests that cells do not exhibit any reaction whaihtest
et al.[1] showing above 15,000 deep cycles. WHhike t is performed and only a thick white smoke is obsdyv
major drawback remains the voltage reduction of thgithout explosion nor flames after being overchdrge
cell by 1.4V compared to graphite {LisO;, or LTO overheated.
redox potential of 1.5V vs. [iLi) leading to a .
reduction of the corresponding cell energy, thikesa 1.2Today negative electrodes
this technology of interest for very high specifiower  Replacing graphite by kTisO,, material as negative
applications combined with high safety and highleyc electrode in addition to enable fast charging [Sthw
life. high capacity retention thus increased life timispa
On the other side, to enable fast charging andisustimproves safety due to the reduced reactivity oOLT
high currents for power systems, in addition tohhigcompared to Lithiated Graphite. These two last §soin
capacity retention with high stability materialsare totally in accordance with micro and mild hybri
innovative designs have to be developed. Especialiyplications. However, the major drawback of LTO is
integrating LTO, the major drawback being the celhe voltage reduction of the cell leading to a reidun
voltage reduction, can easily be counter balans#u of the corresponding cell energy, as for Enerdel
several accumulators put in series. This is whagiests technology (LiMBO4/Li,TisO15) which exhibits life
the bipolar battery design, an innovative battenyoept time of interest for vehicles application howevethva
to compensate low cell voltage building identicall€ |ow cell voltage of 2.3V or for SciB Toshiba Lithiu
stacked together with simplified cell to cell contiens  Cobalt Oxide/LTO cells with a mean voltage of 2.4V.
thanks to specific core cells architectures asdhe This drawback can be compensated either with an
patented by Yardney Technical Products in 1994 [Zhnovative cell design (See bipolar design) or by
using a bi metallic (Copper/Aluminum) currentcoupling LTO with high voltage/capacity materials.
collector or the one patented by CEA in 2001
introducing a singular aluminum current collect8f [ 1.3 Both LiFePQ, and Li,TisO;, materials

with LTO.
. . . can be processed at nano scale level for power
In this study, we will present last results obtdlire plicat?ons P

CEA on technologies integrating Boron doped LiFePO3P
(LFBP) positive electrode material for energy Nano-particle materials have attracted much interes
applications & LTO negative electrode for powereratfor lithium battery electrodes. Nano-sized partcle
capability, giving data on materials and perfornenc show faster lithium ion diffusion and larger solid
of “standard” stacked or wound Li-ion cells and obolution region than micron-sized particles. Theaki
bipolar LFBP/LTO cells, using studies of casesigbtl diffusion coefficient, Ryig, determines the minimum

targeted markets applications. particle size of the electrode materials requidtieir
full utilization at the highest rates of charge and
1.1Today positive electrodes discharge (Quq = I/t where | is the radius of an

. " .electrode particle and t is the time required for ti
So far, three main positive electrodes technologl%n to fully diffuse into it). When Dyq = 10° - 10%°
. id — -

are competing for electric or hybrid vehicle ba#sr i) - : !
. S cnt/sec (as in layered electrode materials such as
one of the most advanced is the LiNiCoAIQNCA) LiCoO,, (LiNiosscggsaMnossoz and graphite), the
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average particles have to be in the 1-5 microneanrg giving rise to a dozen of innovations carried on
less in order to achieve full utilization in 60 s@n the materials development which have been patented.
other hand if Qug = 10* to 10" cnf/sec as in  For this study, both homemade and commercial
Li4TisO1» and LiFePQ@, the particles have to be on thePhosphate and Titanate materials were used. Ifigdara
order of ~ 15-120 nm to realize full capacity in €6c electrode ink formulation developments have twormai
[6]. The interest of LTO compared to graphite alsgoals, to achieve the best performances in terms of
coming from its lower reactivity in order to avadohy electrochemical behavior and process ability at the
lithium plating event. lowest cost and environmental impact. Work on water

. . based LFP & LTO inks was therefore performed to be
1.4Current Status on Safe LiFePQ/Graphite switched to “standard” organic (NMP-based) solvent.

cells for electric vehicles (EV) application & A pilot assembly line comprising 2 dry-rooms (ca.

LiFePQ, technology as a possible candidate for Li- ©200m?) including all the steps of cell
ion positive electrode was first discovered by Ihn manufacturing: mixing equipments for positive and
Goodenough at the University of Texas. So far, the Negative inks preparation, reverse-roll/slot die
biggest player in the LiFeRQnarketplace for electric coating machines, calendaring, winding, electrolyte
vehicles is A123 Systems that has teamed up with GM filling, electric and laser welding in inert

to develop these batteries for the Chevy Volt plug- ~ atmosphere, under vacuum heat-sealing machine...
hybrid. Today, A123 cells energy density is inceghs This line allows specific and “on demand” designs
by 30%, from 110Wh/kg to 140Wh/kg. through one area devoted to new chemistries
CEA has been working on Li-ion technology for  introduction and the other one to process upscale,
around 15 years. In particular, over the last teary for various applications from smart-cards, medical

significant efforts have been invested in develgpin  IMPlants and power tools to EVs or hybrid electric
high energy boron doped lithium iron phosphate Vehicles (HEVs). The cell capacity may therefore
material, LFBP based Li-ion accumulators [7], now i ~ Vary from few mAh to several tens Ah (depending
partnership with Prayon material manufacturer. Safe ©ON energy or power application) with either soft-
CEA LFBP based accumulators were shown to exhibit Packaging or hard-casing. The line is then

intrinsic safety, high cycle ability & expected tmed completed by battery pack assembly with capability
cost. CEA succeeded in transitioning the LiFegPO  to realize 20 to 40 battery packs (EVs sizes)/month
synthesis to the kilogram scale for technology sfen Al materials & components are electronically
and is now supporting Prayon [8] under CEA License {racked during the process thanks to bar codes.
for industrial development at the ton level. In this study, composite electrodes were coated on
lab-coater for material and electrode formulation
2 Materials & Methods development and on a pilot coater for full Li-ion

wound/stacked cells or bipolar design. Full Li-icall
CEA growing lithium battery research group is a calevelopment uses an intermediate pouch cell design
180 people team devoted to the preparation ameéferred as “CEA standard” 5x34x37mm format (see
development of electrode materials and electrolyfghoto Figure 1) in order to adjust process parammete
membranes, the setup of small to large lithiuméelts before large capacity manufacturing on pilot line.
and the complete battery assembly and testing. /e £EA designed preliminary mechanical assembling tool
working on the development of future batteryand tightening plates to perform bipolar architeetu
generations demanding higher power, higher capacigssembly and connection steps respecting desigs. rul
lower cost and safer performances than the cuyrenfiutomated assembly line for industrialization
commercialized cells. Our researches are dedidatedassessment is under progress.
the electric and hybrid vehicles, and also to othe# A testing platform with more than 1000 ISO-9001
applications like professional, military, spacefetse, certified channels. In addition to its Grenoble
aeronautic, medical, security, textile, stationasy facilities (Electrical test benches: High power 830
electronics... Research on advanced Li-ion battexies ~ channels/Low power -Includes formation- 480
CEA is under development through three channels), CEA is already internationally
complementary platforms: recognized for its expertise in photovoltaic
< A platform dedicated to (nano)materials  applications, especially through its National Solar
developments and pilot scale production up to Energy Institute (INES) in Chambery (France).
several kg per batch. As examples, our group has a These testing facilities which enable medium to
great expertise in the well-known LFP material high power electrical tests associated to climatic
with 4 patents, an upscale demonstration at the kg chambers are coupled with electrochemical
level. CEA also develops LTO technology through ~modeling and expertise in both lead-acid and Li-ion
4 patents. More over, high energy Lithium rich  technologies. CEA has also developed specific
layered oxides, new high energy density 5V spinels know-how in the optimization of battery
with LiMn,.,M,O, compositions, and higher energy ~ management which is one of the key points in the
density phosphate materials are under investigation increase of the battery cycle life.
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+ Major Partnerships allow CEA battery activity to
ramp up steadily like Renault-CEA signed SN
cooperative research and development agreement in  °
June 2010, which encompasses work on electric s 7 | Zrncacrate _creenscrate
vehicles, new energies, and cleaner combustion ]

engines.

3. Phosphate/Graphite Li-ion cells for
EV & Plug-In HEV applications
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Figure 2: LFBP/G Liion 50125 cells discharges aC,and

The main characteristics of the CEA LFBP cells are 3C Rates after charge@C/5 followed by CV @3.6V
shown here. Intermediate capacity Li-ion pouchscell B )
(5x34x37mm-CEA standard format) are used to adjugtPOWer capability —was —also checked with
materials, formulations & process before largercity  230MANR@C/3 (5x34x37mm) soft-packaged LFBP /

manufacturing (Figure 1). Large capacity prototyp&raphite (G) Li-ion cycling at charge CC-CV@SC,

cells manufactured on our pilot line and their tleal
characteristics are summarized below:

* High cycle ability

» Improved Safety behavior

* 15 to 33Ah Cell up to 150Wh/kg @ C/3 rate
» Expected Low cost

» Hard casing or Soft Package

Intermediate capacity
Li-ion pouch cells
(5x34x37mm referred
as 53437) used by
CEA as standard
format for new
chemistries
investigation

Soft-Package

Stacked Cell

Dimensions: 195x165x10
mm

Practical Capacity: 32,7Ah
[3,6V-2,5V]

150Wh/Kg -700g

Mean Discharge Voltage: 3.2V
Rinternal (1kHz): 1.7 mOhm

Cylindrical Hard Casing
Dimensions: 125 mm Height —
50mm Diameter (referred as
50125)

Practical Capacity: 16Ah [3,6V-
2,5V]

120Wh/Kg — 3C Rate

Figure 1: CEA LFBP/G prototype cells designs &
corresponding electrical characteristics

discharge 5C (Figure 3). It was reported only 12.5%
capacity loss after 7500 cycles at 5C rate theeefor
0.0017% capacity loss per cycle. These prototypes a
manufactured with low electrode loading for active
materials high power rate assessment therefore they
exhibit low specific energy for such small capadityel.

0.25

SC 100% D00 cyding
High power LFP- G 3437 c=ll [24 0rnAh)

E oz .'l --------------------------------------------
=] v i —
£
Z0EF-om e - Disctame Capacity el [----------
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E o Dichamge capacity cell 42
i L e cRilkbeceli¥z [ttt
+=
i =
= 005
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Figure 3: 230mAh (5x34x37mm CEA standard format)
LFBP / G Li-ion cell- Cycle Life in a power mode (5C
charge-discharge rates)

In parallel, CEA still targets an increasing energy
density of the “phosphate cells” either by workiog
other phosphates derivatives (LIMEM = Co, Mn...
with higher redox potential) or by replacing gréaphi
negative electrode by carbon-silicon composite riate
Indeed, Silicon-Carbon composites are today an
attractive alternative to graphite due to the high
theoretical capacity of 3579mAh/g of Si (Li-Si allo
forming), compared to 372mAh/g with graphite.
However, a large capacity fade is observed upon
cycling as a result of a large volume change in the
material during alloying and de-alloying with Lithm.
Nano sized particles and design of new binders are
some of the investigated ways to limit this issimea
complementary manner, several silicon/silicon carbo
composites synthesis routes are investigated at.CEA
The material approach is combined with electrode
formulation development due to the huge impacthef t
constitution of the porous volumetric composite
electrode for capacity retention in cycle life.
Improvements are so far reached in aqueous media.
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Finally, the most pragmatic strategy according £ u Stability upon cycling was also controlled using
consists in starting from conventional graphite53437 CEA Standard Li-ion cells at C-rate
improving its capacity by adding Silicon (C-Si).100%DO0OD/100%SOC (Figure 6). Almost no capacity
Therefore, the corresponding negative electrodess is reported after 1500 cycles.

capacity depends on added silicon content. Foarist,
5% silicon in active material results in a capacity
experimentally measured at ca. 440mAh/g, and ih cel 0.25 e ————————— -
capacity increased by ca. 25% (small scale T
demonstration, <1Ah -not shown). Today more than 02
170Wh/kg  were  obtained for  LFBP/Si-C g Ol

0.3

= Discharge capaci
0.15 -H cycling @1C-rate | — 4 9 pactty -~

Q (Ah), Ri (1kHz,Ohm)

electrochemistry and our target is to reach 190Wh/k 100% DoD A intoralesistance
(Figure 4). 017 l
4 0.05 AN =
5
- m— - 0 . T T
i 0 500 1000 1500
s # cycle
S8 L:#ép/gi-c F—— Figure 6: 53437 CEA Standard Li-ion cells cycle€Catte
=" lab ool rotoype 100%DOD/100%S0OC
JLCdscharge] | e et o be Abusive testing on 10Ah CEA wound cells in soft-
' ' 2 cvcaniny ! * improved packaging (Figure 7) externally performed by a Ehen

Figure 4: A path to increase LFBP Cells energy g to ~ battery manufacturer clearly concluded to LiFgPO
190Wh/kg, introducing silicon-carbon composite riaga  technology intrinsic safety.
electrodes -

3.1 High power Phosphate Li-ion cells
including LTO negative electrode & Bipolar
Technology for uHybrid and HEV Li-ion

applications

3.1.1 Safe & High power LFBP/LTO Li- Wl peatain
ion cells

Figure 7: LiFePQtechnology abusive testing: Nail

CEA is now involved in the development of large Penetration performed on 10Ah LFBP/G wound cells
LFBP/LTO cylindrical and prismatic cells. Today, Prototypes (soft-packaging) exhibits no fumes, firat nor
promising results are shown on intermediate format*Plosion withoutany added safety device (i.e. WP

(5x34x37mm or 53437) pouch cells (Figure 5). Perspectives for LFBP/LTO technology in
+ 80 % of capacity charged at 7C — less than gonventional cell architecture (wound or stackerkko
minutes, no impact on cycle life deal with high power markets where technology loas t

+ Target = Full Charge in less than 5 minutes agustain high power peaks with long life cycle ariteve
less than half an hour for PHEV withoutspecific energy is not the prior parameter becadises

reducing cycle life low operating voltage. Such applications include
stationary storage/charge stations & heavy duty
3 e . vehicles like subway, tramway or buses... autonomous

between stations. One example of battery cell &pac
sizing exercise for public transport electric védics
given below with LFP/LTO- Prismatic cells conceptio
& 5-10% DOD assumption:

2,5+

2

1,5 4

Voltage (V)

14

O | |Charging at C, 2C...10C
discharge C/3
(1h) 10 20T

0,54 | 005

0

T T T T T
0 0,05 0,1 0,15 0,2 0,25 0,3
Charge Capacity (Ah)

Figure 5: LFBP / LTO Fast Charging Ability. 0.3Ah Lgfi
pouch cell (5x34x37mm): Charging from C to 10Cctarge
at C/3 @20°C
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LFP-LTO Li ion cell capacity : 25Ah
Cell volume : 312cm3
Cell energy : 46Wh

Gravimetric energy : 52Wh/kg ﬂﬂ|:>

Volumetric energy density : 139Wh/L
Total cell mass : 822g
Internal resistance : 0.24mQ

: 73kWh
380V-192Ah DOD 6.8%
Storage System total weight: 1500kg
Storage System total volume: 1150L

49kWh
410V-120Ah DOD 10%
<1500kg; <2 m3

© EVS-26 Los Angeles, California, May. 6-9, 2012

electrode materials area) and current collectors
(Aluminum) weight contributions (thinner foils), wid
give rise to energy storage improvement (ca. 50@jh/k
Indeed, the selected fit and form design will have
exhibit ease of process respecting charge extrectio

LFP/LTO cell
% 1.9V- 25Ah

and collecting tabs.

LFP/LTO module
420V-50Ah
220s2p

BIPOLAR CELL DATA SHEET

Technology : LiFePO,/LiyTisO;,
Design : Bipolar 13 unit cells

Nominal electrical data :

Capacity @ C/10 20°C: 0.7 Ah

Nominal voltage : 24 V

Max. voltage (continue charge) : 33 V
Min. voltage (continue discharge): 6.5 V

3.1.2  Innovative cell design using bipolar | Mechanical data rard casing excludea)
Width: 205
teChn0|ogy Thlickness: ;;ﬂmm
Weight: 0.7 kg

The major drawback of LTO, the cell voltage™— : : 5
reduction, can easily be counter balanced usingrayv Fi9ure 9: High power, safe and low cost LiFeBRQTisO;,
accumulators put in series. This is what suggdsss t 15Wh bipolar cell fouHEV
bipolar battery design, an innovative battery cpbce
based on individual identical compartments assesinbld@fhe most important point for hybrid electric vekicl
in series in one cell to compensate low chemistypplication is that the LFBP/LTO chemistry is tbtal
voltage thanks to single common current collectaafe and exhibits very high cycle life (target atykars
either made of bi metallic (i.e. copper/aluminu®) ¢r and 500 000 charge-discharge cycles at 20C & dgfpth
singular aluminum [3] in a stacked or wound [9-11flischarge of 3%) due to very stables materials with
core assembly. biphasic structures and low volumetric expansidrush
For CEA bipolar cells [3], the bipolar electrodeas LFBP/LTO electrochemical couple assembled in a
aluminum current collector foil which is coated @ach bipolar cell exhibits relevant stability (Figure)ldnd is
side with LFBP and LTO based composite active yeexpected to demonstrate very high reliability aafitty
(Figure 8) and stacked in a prismatic cell format. behavior when abusively tested. Such system disgay

- + high rate capability but with lower energy density
Seal therefore well suited for micro hybrid applications

where both power and sufficient energy recovery are
Positive electrode material req uired.

Separator tank with electrolyte
Negative electrode material )
00
Aluminum current collector ‘
g 80 |
1(20”7::1 ov Li-ion bipolar cell
.5 mAh, 1.
60 —s 700 mAh, 24V
5C =7.5mA 5C =350 ‘

40

Electrolyte

20 \
Figure 8: Bipolar Li ion cell architecture builbim several

cells in series thanks to a common aluminum bipolar
electrode on which, as example, both lithium irongghate
and lithium titanate oxide can be coated without iésky of
alloy formation during the full cell charge step

0+ T T T T T
0 200 400 600 800 1000
Nombre de cycles
Figure 10: High stability over cycling, low polariiat for
LFBP/LTO chemistry (Coin cell) and in a bipolar dgsi
assembly

% Capacité a un régime de charge/décharge de 5C

Electrolyte leakages were prevented by using sipecif
resins on the outline of each electrode. The whole, . . '
bipolar battery has been designed with a capadity IB.H'?h p0\iver, fsafHeEfl/ng_ lc}W C_OSt LiFeF04Tis01,
0.7Ah and a voltage of 24V, including 12 bipola Ipofar system fop ISpiays:
electrodes (13 cells of 1.88V OCV) and 2 termin
mono-polar electrodes stacked together in a flaigte

(see figure 9). X
sealing pastes/adhesives adapted to high rates

Patterns definition for % Simplified cell-t I i
remains to be optimized. For concept assessment, a Impiified cefi-to-cell connections

large pastes/adhesives framework was selectediar or* Sustains NEDC urban cycle with 80C (RT) restarts

to avoid any electrolyte leakage issue while agein% (~2kWlkg for a 150Wh pack)

Reducing both non-coated area (increasing acti 1s pulse pos_,sible at170C _(~4I_<W/k_g) )
Long cycle life (7.5 years life time mHEV profile

aL High rate-power (charge/discharge)
4+« Low internal resistance for the whole battery

EVS26 International Battery, Hybrid and Fuel Celldtie Vehicle Symposium 6
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with at least 35-40% of usable capacity) density ranging 120-140Wh/kg with a pulse power
4+ An appreciable flexible form factor in a 2D volumedensity of 10 to 20kW/kg, thus performances thiatal
(Stacked electrodes & flat geometry) (few mnexpecting fast charge batteries with respectabésggn

thick) for HEV-EV application.
+ Lower heat generation (Bl and better heat
dissipation (in flat cell design) 4. Conclusion

4+ No safety issue. No visible cell degradation during
nail penetration abusive test except the nail hole Due to their attractive performance characteristics
and no thermal run away nor fumes, nor f|ame5’ n&hium-ion batteries have been identified as thﬁd]'y
sparks during overcharge —not shown) chemistry of choice for a number of applications,

+ Well adapted for regenerative breaking (KERS) including Hybrid Electric Vehicles (micro, Plug-and

+ Rough and very preliminary cost analysis leads fig!ll electric). Electrical vehicles will be only amod as

expected battery element cost of ca. 1.6€/Wh, lefiieir battery: so playing with technologies, ieupting
than 15€/kwW various active materials at both the negative &itjwes

electrodes, gives rise to a very versatile Li ion

Safety data and especially overcharge, overheatitRfghnology thus a battery designed on demand, iegabl
(see Figure 11), deep discharge and nail penetratignprovements  through  several  generations
result in no fumes, no fire, no explosion withomya implementation.

added safety device, confirming that this technplisg ~ In parallel, new cells designs are currently under
maybe the safest Li-ion technology. development in order to better fit specific reqments.

This is the case to sustain frequent use of guigkge
without detrimental effect on the battery lifespan
electric vehicles. Aside from reducing the battbfy
quickly, quick charging would also have an adverse
impact on the infrastructure costs because higtagel
grid substation equipments become necessary to be
constructed.
=z I So LFP/LTO technology integrated in a bipolar
Figure 11: Overheating abusive testing. No eventrtedo  design is expected to best suit Electric EnergyzSie
not only in low hybridization level electrical vetés
Further, coupling LTO with high voltage but also in charging stations, reducing the needjfiol
LiNi ,Mn,.,O, opens up the opportunity to both improvehigh voltages equipments, thereby reducing the foost
the operational cell voltage to reach a “3V” systerf@pid charging.
(figure 12) and to decrease the self discharge, Heavy vehicles like subway, tramway or buses
improving power capability and cycle life if compdr therefore public transport electric vehicles thequire
with “5V” system (LiNip.4aMn, ¢O4/Graphite). A loss of being autonomous between stations or Storage-
capacity of 0.06% per cycle is reported. It coroefs Enhanced Grid (Quick) Charging Systems or Grid
to a cycle life of about 300 cycles. 80% (End Ofe)i regulation systems could also benefit from high gow

of the nominal capacity is recovered at 10C (figiee technology using LFP/LTO chemistry even in a fully
Insert). electric mode. More other in a bipolar design beesit

is best suited to sustain very high power peaks wit
3.5 C/5@20°C  LiNi ,Mn, O, /LI, TiO,, ] high life cycle demonstrating high output voltage
capability in a 2D flat geometry with a reducecemial

resistance, a lower heat generation and a bettr he

Avant essai

Ty S
A
Mot

(Sazir oo “
\

HSE

2] =
o 3 g . =oistall al Y )
Z H dissipation. Further, this bipolar design may apiay
e L5 z . T o, | other electrochemical storage devices like
= 2 ol § 85%at - supercapacitors or hybrid energy-power systems [12,
S " Boao e T0CTEE | 13]for applications where high voltage is a neitgss
R T However, LFP/LTO only allows moderate energy
° o Qeer ™ density that makes this technology not suitablenidd

1.6

20 40 80 80 100 120 140 hybrid, hybrid or full electric vehicles applicatioTo
increase the battery stored energy, LTO is sugddsete
be coupled with high voltage and/or high capacity
Figure 12: “3V”system coupling high voltage “5V” sgin  positive active materials (“LIM®Li,MnQOy3") replacing
oxide (LiNiy sMn; dO,) positive electrode with LTO (LTisO;2) LFP, the high voltage coupling being very promising
negative electrode charge-discharge profile. Cutvoifage:
2-3.5V. Insert: rate capability curve for high powetl

Specific capacity (mAh/g )

Such “3V”system is expected to deliver higher eperg °. Perspectlves
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Today, while East Penn US Company owns the[11]

UltraBattery under CSIRO Australia concept (Lead
battery with supercapacitors thanks to carbon based
electrodes) for hybrid vehicles (Honda) & statignar
application (Edison), there is no commercial or urat
Li-ion bipolar cell available. Aside, Nissan & Tdgo
own an important port-folio in the field. This cée
explained because of technical remaining issues lik
full hermiticity between compartments during tirfide
hard point of the technology is the choice of taalisg

component (glue or resin) which will be used tol sea [14]

each compartment and prevent electrolyte leakage
between adjacent cells. Sealing process of a hipola
compartment will have to resist electrolyte in artte
prevent self discharge due to ionic short-circuitd a
ageing due to compartment unbalancing. Therefore,
next step remains improving the CEA bipolar design
improving both energy storage & ageing behavioi,[14
working more deeply on an industrial sealing step.
More globally our bipolar design toughness stils ha

be strengthened and its process further developed f
future industrial manufacturing with competitivests
This work already starts on our pilot line.
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