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Welcome to NordBatt I!

Welcome to the first Battery Conference in the Nordic Countries: NordBatt 1! This
conference presents an opportunity to review the most recent advances in battery
science, from materials development to cell electrochemistry and battery utilization for a
range of different applications. It will provide a local Nordic platform for leading scientists
and industrial representatives to communicate novel ideas and new findings, to inspire
scientific breakthroughs and technological advances for energy storage solutions of the
future.

The NordBatt meeting will be a multidisciplinary forum with participants from primarily the
Nordic countries Sweden, Norway, Denmark, Finland and Iceland together with some
internationally well-distinguished battery scientists. The focus of the meeting is primarily
on Li-ion battery chemistry and future battery cell concepts, and will encompass anode,
cathode and electrolyte materials, as well as cell and battery development. The need for
improved batteries for electric vehicles will be particularly addressed.

Uppsala University, the oldest university of the Nordic countries, is proud to be hosting the
first NordBatt meeting. We welcome you all to Uppsala, and hope you will be able to enjoy
meeting colleagues and make new collaborations here in December. You are most
welcome.

Kristina Edstrom
Organizing committee chair



Programme

December 4,2013

11.00-13.00 Registration
12.00-13.00 Lunch
13.00-13.15 Welcome address by Prof. Kristina Edstrém Uppsala University

Plenary lecture
Chair: Prof. Kristina Edstrém, UU

13.15-14.00 LiHon batteries and beyond: where we are and what next
D. Guyomard, {IMN), Université de Nantes, France, Plenary speaker

Oral session
Chair: Prof. Ulla Lassi, University of Oulu

14.00-14.20 COMBINED COMPUTATIONAL AND EXPERIMENTAL STUDY OF THE ROLE OF COZ2
POISONING ON THE ELECTRONIC COMDUCTION AND OVERPOTENTIALS IN LI-AIR
BATTERIES
Tejs Vegge, DTU, Denmark (Inv.)

14.20-14.40 NEXT GEMERATION BATTERIES — NEW MATERIALS MAKE ALL THE DIFFEREMNCE
Fatrik Johansson, Chalmers, Sweden (lnv.)

14.40=-15.00 THE CARBON-ELECTROLYTE INTERFACE IN LHION BATTERY ANODES AND
CATHODES FOR VARIOUS ELECTROCLYTE COMPOSITIONS
Ann Mari Svensson, NTNU, Norway {Inv.,)

15.00-15.30 Coffee

Oral session
Chair: Prof. Tejs Vegge, DTU

15.30-15.50 BATTERY CHEMISTRY RESEARCH ACTIVITIES AT THE RESEARCH GROUP OF
APPLIED CHEMISTRY
Ulla Lassi, University of Oulu and Kokkola (Inv.)

15.50-16.10 ENVIRONMENTALLY-FRIENDLY PREPARATION AND RECYCLING OF WATER-

SOLUBLE ORGANIC Li-ION BATTERY ELECTRODE MATERIALS
Stéven Renawlt, UL, Sweden {inv.)

16.10-16.30 Li-ion battery materials made by atomic layer deposition
Ola Nilsen, Oslo University {Inv.)

16.30-16.45 SINGLE-STEP GAS-PHASE SYNTHESIS OF L4Ti5012 FOR LI-ION BATTERIES
Jorma Jokiniemi, Univ. Eastern Finland and VTT, Finland

16.45-17.00 OPTIMIZING Li4Ti5012 ELECTRODES FOR LOW TEMPERATURE LITHILUM-ION
BATTERIES
Tanja Kallio, Aalto University, Finland

17.00-17.20 The strategy for battery research at IFE, Narway
Martin Kirkengen, IFE, Norway

17.20-17.30 Short break

Plenary lecture
Chair: Prof. Kristina Edstrém, UU

17.30-18.15 Perspectives on Energy Storage: From Flywheels to Batteries
Daniel Abraham, Argorne Nalional Laboratory, US, Flenary speaker

18.15=21.00 Poster session and dinner



Programme

December 5,2013

Plenary lecture
Chair: Elna Holmberg, Director of SHC

B8.30-915  |rwited SHC lecture:
CASE STUDIES USING BATTERY DIAGMNOSTIC TOOLBOX
Bor Yann Liaw, Univ. Honoluly, Hawaii, US, Plenary speaker

Oral session
Chair: Prof. Patrik Johansson, Chalmers

9.15-945 LIHON BATTERY CELLS IN HEAVY DUTY HYBRID APPLICATIONS
Johan Lindsirdm, Scania (inv.)

9.45-10.05 Battery chalenges at Valvo Cars
Theresa Granérus, Volvo Cars (inv,)

10.05-10.30 AGEING FACTORS AND CYCLELIFE TEST RESULT FOR POWER-OPTIMISED LITHIUM-IROMN
PHOSPHATE CELLS
Jens Grool, Chalmers and AB Volvo {lnv.)

10.30-11.00 Coffee

Oral session
Chair: Prof. Fride Vullum-Bruer, NTNU

11.00-11.20 APPLIED BATTERY RESEARCH FOR HEAVY DUTY ELECTRIC COMMERCIAL VEHICLES
Ville Erkkild, VTT, Finland

11.20-11.40 EXPERIMENTAL AND MODELING INVESTIGATIONS OF ELECTRODE DEGRADATION IN
BATTERY AGING STUDIES FOR VEHICLE APPLICATIONS
Matilda Kiell, KTH, Sweden

11.40-12.00 FAILURE MECHAMISMS IN COMMERCIAL LIHON BATTERIES
Annika Ahlberg-Tidblad, Elteplan {Inv.)

12.00-12.20 The Lithium-Air Battery: How Difficult s to Make It Rechargeable?
Reza Younesi, OTU, Denmark

12.20-12.40 IMPEDANCE PERSPECTIVES ON LI-AIR BATTERY OVERPOTENTIALS
Jonalan Hafberg, DTU and Haldor Tapsee

12.40-13.00 CARBON FIBRES IN STRUCTURAL LITHIUM-ION BATTERIES — TAKING ADVANTAGE OF
MULTIFUNCTIONAL PROPERTIES
Gdran Lindbergh, KTH, Sweden {inv.)

13.00-14.00 Lunch and poster session

Plenary lecture and oral session
Chair: Prof. Géran Lindbergh, KTH

14.00-14 45 ADVENTURES IN POLYMORPHISM: LIZFESIO4 AND BEYOMND
Robert Armstrong, St Andrews, UK, Plenary speaker

14.45-15.05 SYNTHESIS AND CHARACTERIZATION OF NANOSTRUCTURED Li2Fe1+xSi04/C
COMPOSITES
Fride Vullum-Bruer, NTNU, Norway {Inv.)

15.05-15.25 NOVEL SOLID POLYMER ELECTROLYTES FOR LARGE AND SMALL LITHIUM-BATTERY
APPLICATIONS
Daniel Brandell, UL, Sweden

15.25-1545 (WHERE) HAS UPPSALA'S BATTERY RESEARCH MADE A DIFFEREMCE?
Josh Thomas, UL and LiFeSiZe, Sweden (Inv.)

15.45-16.00 Summary of the conference — what to do next?

16.00-16.30 Coffee
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Plenary speaker
December 4, 13.15-14.00

LI-ION BATTERIES AND BEYOND: WHERE WE ARE AND WHAT NEXT

D. Guyomard, B. Lestriez, N. Dupré, J. Gaubicher, P. Moreau, F. Boucher, M. Cerbelaud,
J. Le Bidean, G. Ouvrard

Institut des Matériaux Jean Rouxel (IMN), Université de Nantes, CNRS, France. Réseau sur le
Stockage Electrochimigue de U'Energie (RS2E), FR CNRS 3459, France.
Dominigue. Guyomard @cnrs-imn.fr

The first part of the talk gives an overview highlighting main application fields of Li-based
batteries and batteries beyond, state-of-the-art positive and negative electrode materials, and
general research directions needed to improve performance.

The second part illustrates recent developments in our Lab at IMN on advanced electrode and
electrolyte materials for next-generation energy storage systems. Our recent activity deals with
the following interconnected topics: development of new materials, comprehension of reaction
mechanism, characterization and modification of electrode/electrolyte interface, and design of
high power and long cycle life electrodes and of safe electrolytes for next-generation batteries.
Increasing the power delivered by electrodes is a challenge for some applications. We analyse
which parameters limit the power of a thick composite electrode, and we describe a novel
concept to boost both energy and power of batteries. The longevity of the batteries depends on
the side reactions at the interfaces that must be minimized. MAS NMR, coupled with TEM/EELS
and XPS5, is developed to quantitatively characterize interface species on electrode materials and
their evolution upon battery aging and cycling. We describe recent results on the cycle life
improvement of 51 electrodes. Comprehension of the end-of-life mechanism and of the origin of
irreversibility through the use of multi-technique characterisation, allowed us to propose some
key directions for performance optimization. Safety problems of lithium ion batteries need
intrinsic solutions. The concept of all-solid-state lithium batteries using an ionic liquid confined
in a mesoporous solid is described, it should enable the production of safer Li-ion batteries.



Plenary speaker
December 4, 17.30-18.15

Perspectives on Energy Storage: From Flywheels to Batteries
Daniel P. Abraham

Argonne National Laboratory, Argonne, IL 60439, USA; abraham@anl. gov

The development of energy storage technologies is vital to the economic health of nations. These
technologies are needed because the demand for energy is seldom constant over time. Excess
energy available during periods of low demand can be used to charge an energy storage device,
which can then supply the energy during periods of high demand. Portable energy storage
devices, especially batteries, are important for consumer electronic applications, such as cell
phones and laptop computers. Batteries and supercapacitors are also critical enabling
technologies for the development of fuel-efficient vehicles, such as hybrid electric vehicles, plug-
in hybrid electric vehicles, and electric vehicles. Electricity storage technologies, such as pumped
hydroelectric, flywheel and battery systems, are essential to improving the efficiency and
reliability of electric utilities. These systems can be used to follow changing loads during peak
period consumer demand, stabilize voltage & frequency, improve power quality, and store energy
from renewable sources (wind, solar) that generate energy intermittently. This discussion will
provide an overview of energy storage technologies that run the gamut from large-scale pumped
hydroelectric systems, medium-scale flywheel systems, to relatively small-scale battery systems.
Our current research on lithium-ion batteries, and our perspectives on developments bevond
lithium-ion, will be highlighted in this presentation.



Plenary speaker
December 5,8.30-9.15

CASE STUDIES USING BATTERY DIAGNOSTIC TOOLBOX
Bor Yann Liaw, Matthieu Dubarry, Arnaud Devie

Hawaii Natural Energy Institute, SOEST, University of Hawaii at Manoa
1680 East West Road, POST 109, Honolulu, HI 96522, U/SA
bliaw @ hawaii.edu

Battery diagnosis can significantly increase the quality of information from the assessment and
evaluation of cell performance and provide temporal quantification on cell degradation. Proper
diagnostics can generate significant improvements on reliability and safety of a battery system
and its functionality. To understand battery degradation behavior of different battery chemistries
in a clear context of cause-and-consequence clearly identified remains very challenging today.
Postmortem analyses of a spent cell might reveal the cause of degradation and failure of a battery,
but they are not useful to provide temporal resolution for practical battery monitoring, protection,
and diagnosis during operation. Without useful diagnostic information, prognosis could lose
fidelity in representing the actual situation in cell degradation. In reality, an effective battery
diagnosis tool needs two major elements: a reliable method to determine the state of the battery
and a high fidelity model to simulate and analyze the complicated but crucial voltage variations
as a function of cell operating parameters.

A reliable model and simulation method has been developed and presented by us recently [ 1] that
allows emulating a variety of “what if” scenarios to simulate the corresponding charge discharge
behavior under various operating and aging conditions. The model employs three simple, well-
known, and quantifiable degradation modes: loss of lithium inventory (LLI), loss of active
materials (LAM) and reaction kinetics degradation (RKD), which is often detected by impedance
changes in the cell. To simulate possible degradation mechanism that comprises various degrees
of contribution from each mode, this model and simulation is capable of providing a realistic
estimate of degradation symptoms that can be validated with experimental data.

This work presents two case studies of the aging behavior of (1) two types of commercial GCI ||
LFP cells with high energy (HE) and higher power (HP) designs, and (2) a comparison of a LTO
I NMC cell chemistry that was cycle aged with and without overcharging event. In the first case,
the capacity variations as a function of cycle number at four rates, C/25, C/5, C/2 and 1C, at 25°C
in cycle aging experiments with the HE and HP cell were analyzed to explain some peculiar
aging behavior in the HE cell, which displays a sensitive rate-dependent capacity variation with
aging that was not observed in the HP cell. The impact of cell design on aging behavior is thus
illustrated. In the second case, the overcharging event on the cell degradation was analyzed to
show the impact of the event on cell aging.

References:
[17 M. Dubarry, C. Truchot, B.Y. Liaw. J. Power Sources 219 (2012) 204-216.



Plenary speaker
December 5, 14.00—14.45

ADVENTURES IN POLYMORPHISM: LI,FESIO; AND BEYOND
A. Robert Armstrong

School of Chemistry, University of St. Andrews, 5t. Andrews, Fife, KY16 95T, UK.
ara@ st-andrews.ac.uk

Lithium transition metal silicates, Li2MS510y (M=Fe, Mn, Co)[1], have attracted a lot of
interest as positive electrodes for Li-ion batteries due to their potentially high theorencal
capacities and to their rich crystal chemistry. Polymorphs of these tetrahedral structures can be
classified into low (B) and high () temperature forms which differ in the ordering/distribution of
cations within tetrahedral sites of an hcp based packing of oxygen. B forms exhibit only cormer
sharing and v polymorphs both corner and edge sharing.

Li;Fe510y samples prepared at different temperatures show the existence of at least 3
different polymorphs. Material prepared hydrothermally at 200 °C exhibits an ordered Py
structure. Annealing at 700 “C produces a well-ordered vy, polymorph in space group P2;/m [2].
Annealing at 900 °C, with subsequent quenching, yields a third ; polymorph, space group Pmnb
[3]. The transitions between these polymorphs as a function of temperature will be discussed
along with the effect on the electrochemistry. All polymorphs undergo a structural change on
cycling to a fourth polymorph, the inverse By form [4].

Polymorphism in other Li-MSiO; materials will also be discussed along with the
structural flexibility exhibited in this system. This enables a number of substitutions whose
effect on structure and electrochemical properties will be described.

la) A. Nytén, A. Abouimrane, M. Armand, T. Gustafsson and J.O. Thomas, Electrochem.
Comm., 7, (2005) 156: b) M. 5. Islam, R. Dominko, C. Masquelier, C. Sirisopanapomn, A. R.
Armstrong and P. G. Bruce, J. Mater. Chem., 21 (2011) 9811.

2 5. I. Nishimura, S. Hayase, R. Kanno, M. Yashima, N. Nakayama, A. Yamada, J. Am. Chem.
Soc., 130 (2008) 13212.

3 C. Sirisopanaporn, A. Boulineau, D. Hanzel, R. Dominko, B. Budic, A. R. Armstrong, P. G.
Bruce, C. Masquelier, Inorg. Chem., 49 (2010) 7446.

4 AR. Armstrong, N. Kuganathan, M.S. Islam and P.G. Bruce, J. Amer. Chem. Soc., 133 (2011)
13031.
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Invited speaker [O1]
December 4, 14.00-14.20

COMBINED COMPUTATIONAL AND EXPERIMENTAL STUDY OF THE ROLE OF
CO2 POISONING ON THE ELECTRONIC CONDUCTION AND OYERPOTENTIALS
IN L1-AIR BATTERIES
T. Yeppe, J.M. Garcia-Lastra, J. Hajherg, R. Younesi, Y.5. Mekonnen, J.5.G. Myrdal, K.B.

Knudsen, P. Norhy

Department of Energy Conversion and Storage, Technical University of Denmark, DK-4000
Roskilde, Denmark

Li-air batteries hold the potential to surpass the energy density of the Li-ion technology by up to
an order of magmiude [1], but Li-air battenes face sigmhcant challenges n terms of high
overpotentials [2], low current densities [3], degradation and poisoning, e.g., by CO, [4]. A
detatled atormic level understanding of the fundamental mechanisms governing the electrome
conduction, electrode-electrolvte nterface reactions and degradation 15 needed to resolve these
challenges.

Here, we present a combined Density Functional Theory (DFT) and Differential Electrochermcal
Mass Spectroscopy (DEMS) investigation of the interaction of CO, with Li,0, formed at the
cathode during discharge of aprotic Li-air batteries (see Figure la).
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Figure I: A} The unit cell of LiOy repeated twice along the {T00] direction. The intralayer {red
arrow} and interlayer (blue arrow) paths for the polaron hoping are also shown Structure and
frontier orbitals of the 0. peroxide ion. [5]. B) Calcutated total energy along the intra- (Plue
circles) and interlayer (red squares) hoping paths in a 45452 LipOy supercell using =6 eV fora
hole polaron. Encrgics of the delocalized states are alse shown (5],

The Liz0: growth mechanisms and overpotenhals are inveshgated computationally with and
without CO- at different nucleation sites such as steps, kinks and terraces on the (1-100) L0,
surface. €0 15 found to bind weakly at steps and kinks on the Li.0» surface, forming a type of
hthium coordinated carbonate species (LiCQs) effechvely reducing the discharge potenhal.
Trace amounts of T2 can also affect the morphological growth directions of Liz0p, due to
blocking of nucleation centers.



The charge/discharge processes are found to be limited by poor electronic conduction through the
insulating Li:O-> deposits [5] and the formation Li>COs resulting from, e.g., CO; poisoning may
worsen this problem [4].

We also present DFT+U calculations, which determine the formation and transport of hole and
electron polarons in Li;05 and Li-COs (figure 1b). For both materials, we find that the formation
of polarons (both hole and electron) 1s stabilized with respect to the delocalized states for all
physically relevant values of U. We find a much higher mobility for hole polarons than for the
electron polarons, and we show that the poor charge transport in Li:COs compared to Li>O-.

A combination of computational and experimental results will be presented in this presentation.

References

[11 G. Girishkumar, B. McCloskey, A. C. Luntz, 5. Swanson, and W. Wilcke, J. Phys. Chem.
Lett. 2010, 1, 2193-2203

[2]1 1. S. Hummelsh@j, J. Blomgvist, S. Datta, T. Vegge, J. Rossmeisl, K. S. Thygesen, A. C.
Luntz, K. W. Jacobsen, and J. K. Narskov, J. Chem. Phys. 2010, 132, 071101

[3] 1. Chen, I. 5. Hummelshgj, J. 5. G. Myrdal, J. K Nerskov, K. Thygesen and T. Vegge,
Catalysis Today 2011, 165, 29

[4] S.R. Gowda, A. Brunet, G. M. Wallraff, B. D. McCloskey, J. Phys. Chem. Lett. 2013, 4, 276-
279

[5] J. M. Garcia-Lastra, J. 5. G. Myrdal, K. 5. Thygesen and T. Vegge, J. Phys. Chem. C 2013,
117, 5568-5577



Invited speaker [O2]
December 4, 14.20-14.40

NEXT GENERATION BATTERIES —
NEW MATERIALS MAKE ALL THE DIFFERENCE

Johan Scheers, Maciej Marczewski, Susanme Wilken, Erlendur Jonsson, Damien Monti,
Andrea Boschin, Manfred Kerner, Martin Bergman, Per Jacobsson, and_Pairik | ohansson

Applied Physics, Chalmers University of Technology, SE-412 96 Gteborg, Sweden
patrik.johansson@ chalmers.se

While the current state-of-the art for electrochemical energy storage 1n the personal mobility
sector 15 the omnipresent Li-ion battery (LIB), this technology has severe limitations 1n capacity,
hfe-length, cost, and not the least safety. These obstacles hinder not only extended usage n the
already conquered market niches (mobile phones, laptops etc), but also prevents the expansion
urged for epg storage for load-leveling of renewable energy, making the electromobility
revolubion come true by EVs and HEVs, advancing the powerning of medical implants etc.

Depending on the final application these obstacles can be addressed n different ways — but a
cotnmon factor 15 that by advancing the matenals used we can move forth both to better L1B’s as
well as new battery concepts. This presentation will cover some materal advances made for the
current LIB technology, with special focus on the electrolytes used, but furthermore also the
prospects and development of next generabion battery concepts like Na-ion, Li-sulphur, Li-air,
orgame, structural eic.

An equally important perspective 18 how we at Chalmers together with our collaborators cover
the full chain of battery (raterials) research; from screemng materials by predichive quantum
mechanical calculations to  delicate synthesis  efforts, via  proper  physicochermical
characterizabion 1ncl. specific safety aspects, to the assembly and testing of research-size batteries
ncluding implementabion of standardized cychng protocols, and finally ageing and post morterm
studies — all these steps are crucially needed for a rabional development of new battery materals
and concepts based on a fundamental understanding.
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Fipure: Cycling data for a Li-sulphur cell developed within the FP7- EURCGLIS project
— an example of the promise of the next generation batleries.



Invited speaker [O3]
December 4, 14.40—-15.00

THE CARBON-ELECTROLYTE INTERFACE IN LI-ION BATTERY ANODES AND
CATHODES FOR VARIOUS ELECTROCLYTE COMPOSITIONS

Ann Mari Svensson, Carl Erik Lie Foss, Fride Vullum-Bruer, Ahmet Oguz Tezel, Ingrid
Roten Mattson and Benedicte Eikeland Nilssen

Department of Materials Science and Engineering, Norwegian University of Science and
Technology, NO-7491 Trondheim, Norway, annmari.svensson @ntnu.no

Carbon materials are important constituents in Li-ion batteries, with graphite as the
standard choice of anode material, and carbon black, acetylene black or very fine graphite as
conductive additive in both anode and cathode. Since the graphite anode operates outside the
electrochemical stability window of common electrolytes, the performance relies on the
formation of a stable surface film resulting from the reduction of electrolyte, the so-called SEI
(solid-electrolyte-interface) laver. In addition to capacity, rate capability and cycling stability,
operation in a wide temperature range 15 of great practical importance: as 1s also the thermal
stability. Electrolyte stability is a challenge for the next generation high-voltage cathodes,
causing severe stresses also on the carbon conductive additive. For both anode and cathode,
optimization of the carbon-electrolyte interface, with careful selection of electrolyte composition
(including various additives) and carbon is a prerequisite for good performance.

The work to be presented here includes the electrochemical performance of graphite
anodes in various electrolytes, with emphasis of the performance at reduced temperature, see
Figure 1. Thermal stability was investigated by differential scanning calorimetry (DSC).
Furthermore, electrochemical characterization has been utilized for the investigation of the
stability of various carbon conductive additives for high-voltage cathodes. Experiments have
been conducted with standard compositions of cyclic (EC and PC) and linear electrolytes (DEC,
DMC, EMC), and with additions of a so-called anion receptor, THFIPB [1].
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Figure 1. Comparison of capacity of a graphite anode (SLP30 from TIMCAL) cycled at C/8 rate at
various temperatures tor a) electrolyte composed of (.9 M LiPF6 dissolved in 4:3:3 EC:DMC:EMC and b)
electrolyte composed of 0.9 M LiPF6 dissolved in 2:2:3:3 EC: PC:DMC:EMC.

References
1. West, W.C., Whitacre, 1.F, Leifer, N, Greenbaum, S, Smart, M., Bugga, R, Blanco, M. and Naryanan,
S.RE.. J Electrochem.Soc., 20007, vol. 154 (10), pp. AY29



Invited speaker [O4]
December 4, 15.30-15.50

BATTERY CHEMISTRY RESEARCH ACTIVITIES AT THE RESEARCH GROUP OF
APPLIED CHEMISTRY

Ulla Lassi'?, Juho Viilikangas®, Tao Hu'

"University of Oulu, Department of Chemistry, PO Box 3000, FI-90014 University of Oulu,
Finland; “Kokkola University Consortium Chydenius, Talonpojankatu 2B, FI-67100 Kokkola,
Finland, corresponding author: ulla. lassi@ oulu.fi

Battery research activities at our laboratory have focused on the preparation and characterization
of electrode materials for lithium ion batteries. Research has been cammied out in collaboration
with research groups of Aalto University and University of Eastern Finland as well as rnaan
companies. Several cathode materials, such as LiCoO» (L{Z«(:'l}l~ LiNipsCopaMng 02 (NCM)',
modified LiFePO, (LFP)™", and LFP-CNT composite® have been studied. Anode research has
focused on the synthesis and characterization of pure and doped Li4Tis0» (LTD}"’_

Main methods for the preparation of cathode and anode materials have been hydrothermal
synthesis and/or high-temperature processing. Several characterization methods have been
applied to study surface and bulk properties of battery chemicals. Recently, new laboratory
facilities with humidity controlled dry room enabled testing of electrochemical properties of
lithium ion battery cells. Currently, both coin cells and pouch cells are prepared and tested.
Especially, the effects of slurry properties on the electrochemical performance are studied'.

References:

1. Viilikangas, J., Hu, T., Risiinen, S. & Lassi, U., 2013, Preparation and optimization of coin
cells and pouch cells for Li-ion battery material research, NordBatt1, abstract

2. Manner, S., Vilikangas, J., Risto, M., Rautama, E-L., Lassi, U. & Karppinen, M., 2013,
Increased stability of lithium iron phosphate towards humidity by iron site substitution,
NordBattl, abstract

3. Viilikangas, J., Tuomaala, 5., Tanskanen, P., Andersson, M., Manner, 5., Karppinen, M. &
Lassi, U., 2012, Effect of synthesis method and Fe,P phase on the electrochemical properties of
LiFeyM, POy (M=Mn, Co) electrode, Electrochemical Society Prime 2012 meeting, Hawaiji, October 7-
12, 2012,

4. Lassi, U., Hu, T., Pohjalainen, E., Kallio, T., Kordas, K. & Jantunen, H., 2013, Effect of a
surfactant assisted synthesis on the electrochemical performance of a LiFePO,-CNT composite
electrode, Inte rnational Journal of Material Science, in press.

5. Karhunen, T., Torvela, T., Vilikangas, J., Tuomaala, S., Lihde, A., Lassi, U. & Jokiniemi, J.

2013, Single-step gas-phase synthesis of LiyTi50: for Li-ion batteries, NordBattl, abstract



Invited speaker [O5]
December 4, [5.50-16.10

ENVIRONMENTALLY-FRIENDLY PREPARATION AND RECYCLING- OF WATER-
SOLUBLE ORGANIC Li-10N BATTERY ELECTRODE MATERIALS

Stéven Renault, Alina Mihali, Torhjim Gustafsson, Kristina Edstrim and Daniel Brandell

Dept. of Chemistry - a&ingsirﬁm Laboratory, Uppsala University, 7571 21 Uppsala, Sweden

The growing large-scale production of L1Bs makes their envirmonmental impact and reeycling a problem that muast
be addressed. During the last years, organic ekctmdes have emerged as promising alernatives to eonventignal
imgrganic LIB electrode materials doe tg that they are potentially cheap, envimnmentally friendly, abundant and
mwcyelable, il derived from bigmass viz ecofriendly processes with minimum enpergy consumption [Scheme 1)
Specifically, molecules eontaining earbonyl groups have attracted attentign due to their redox-active nature and
abundanee in natural-based compounds. Structures such as guingnes, imidates, anhydrides or lithium carbosylates have
been suecesslully used in prototype rechargeable L1Bs.

Chr goal is to develop an ellicient organe electrode material using 2 minimal guantity of energy and limited
produced waste during synthesis, optimizaion of the electmehemical performances and recyeling of the active material
from spent batteries. Tao realize this, we have mestricted gurselves to the usage of water and ethanol only, tewg of the
mast envirgnmentally friendly solvents.

{jiven the inherent solubility of comugated dilithiom dicarboaylates in water, dilithiom trars-trars bensene
diacrylate has here been selected as a model compound. Dilithinm dicarboaylates are insoluble in ethangl or carbonate
type salvents which make them good candidates for application as Li-ign batery electmpde material.

The low conductivity of the selected material and its poor electrochemical performance ean be greatly improved
using twa simple technigues:

- in situ carbon-coating during synthesis whik the model compound is in the liguid state enhances the surface
contacts between the grganic material and the conductive additive alter drying.

- lreere-drying for remaval ol water throogh sublimation improve s the surface area of the resulting material.

The consequence of these technigues on the galvanostatic cyeling of dilithium trars-trars benzene diacrylate will
be shown.

Extraction and recyching of this material has also been investigated using simple Milrationfdrying sequences from
spent batteries and a single thermal decompasition to lithiom carbonate. The eatracted lithiom is then introdoced in a
new synthesis for the preparation of Mresh electrode material, and cycled in a battery. A eomplete hife cyele of the
electrode material has there fore been achieved.
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Li-ion battery materials made by atomic layer deposition
Ola Nilsen

email: olanilsen@kjemi. uio.no

The Atomic Layer Deposition technigue is especially suitable for formation of conformal coating
of pinhole free films on surfaces with complex geometrical shapes, an architecture most
commonly adopted for micro battery designs. Realization of all solid state Li-ion microbatteries
should therefore be close at hand, however, no fully functional all solid state ALD-type battery is
yet demonstrated. Deposition of Li-containing materials by the ALD technique has shown to be
challenging both from a practical and analytical point of view, but progress is being made. The
field has advanced significantly within the last few vears and electroactive materials suitable as
cathode, electrolyte and anode have been demonstrated. The present contribution will give an
overview of ALD-type deposition of functional battery materials with the aim of developing all-
solid-state batteries.
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SINGLE-STEFP GAS-PHASE SYNTHESIS OF LMTi5012 FOR LI-ION BATTERIES

Tommi Karhunen'’, Tiina Torvela', Juho Vilikangas®, Siru Tuomaala®,
Anna Lihde!, Ulla Lassi*?, Jorma Jokiniemi'*

Fine Particle and Aerosol Technology Laboratory, University of Eastem Finland.
‘Kokkola Unwversity Consortiium Chydenius, Kokkola, Finland.

*Department of Chemistry, University of Oudu, Ouli, Finland.

‘Fine Particle, VTT Technical Research Centre of Finland , Espoo, Finland.
‘tomm Lkarhumen@uef fi, P.O. Bax 1627, 70211 Kuopio, Finland.

Lithium ttanmm cmide (L1sT1:0p,, LTO) 15 recognized as a prormusmg material for the
negatwe electrode of Li-1on batteries as it 15 cheap and safe, and has an excellent cycle life
However, the major drawback of LTO 15 its low electronic conductwity. To overcome this
problem the particle size can be reduced to the nanoscale mcreasing the specific surface area,
and decreasing the diffusion lengths within particles and the local current density. For LTC an
optimum size of about 17 nm has been reported. However, the current method of solid-state
chemical reaction typically produces LTO particles with a diameter of the order of 1 pm
Ancther solution 15 to use metal dopants (e g Ag) Currently the doping 1s typically camried
out 111 a separate process which increases the complexity and costs of the production.

Here, pure and doped LTO nanoparticles are prepared in the gas phase with flame spray
pyrolysis (FSP) It 15 a fast, dry, and single-stage process that enables the preparation of
materials with high-purtty. The precursor solution used for the studies contained lithmim
acetyl acetonate and titanmm isopropomide m organic solvent. The silver dopmg was
performed by adding silver 2-ethyl hexanoic acid directly mto the precursor solution Finally,
a vertical flow aerosol reactor was used to increase the high-temperature residence time and

thus the arystallinity of the particles. . 1754 —r——
The resulting particles were found to be § g5 B 1 2

high-purity ~ (99%%), single  aystallne &

nanoparticles with a primary particle size down o _1%°

to 10 nm. A uniform dopant distribution was & 2100

observed in the doped LTO nancparticles. The §E 25

silver dopant nucleated independently and T

deposited on the surface of the LTO particles. € 307

The doping was found to mmprove the specific E 25

capacity of the LTO on average by 3% (at

02C)to 12% (at 10C) 1n a Li-1on half cell. 02Cc 05C 1C  2¢c  5C loC
Discharge rate

This work was supported in part by the Finnish Funding Agency for Technology and

Innovation (40051/09), the strategic fimding of the Unwversity of Eastern Finland (Namber)

and by the Fortum foundation (10-136, 12-072).
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OPTIMIZING LigTis04: ELECTRODES FOR LOW TEMPERATURE LIHIUM ION
BATTERIES

Elina Pohjalainen', Taina Rauhala', Markus \’alkeapiiii', Jani Kallioinen®, Tanja Kallio""

‘rDeparmzenr of Chemistry, School of Chemical Technology, Aalto University, P.O. Box 16100,
00076 Aalto, Finland
Sachtleben FPigments Oy, Titaanitie, FI-28840 Pori, Finland
*Correspondence to Tanja. Kallio@aalto.fi

Graphite negative electrode 1s known to suffer from loss of capacity or even a safety hazard when
charged at sub-zero temperatures. So for outdoor applications, such as power tools and vehicle
applications, materials allowing charging at sub-zero temperatures are needed. Lithium titanate
(Li4TisOy2) can be used as an alternative negative electrode material because its relatively high
redox potential (1.55 V vs. LilLi") prevents plating of metallic lithium, allowing sub-zero
charging. Moreover, as a zero-strain material lithium titanate has potentially long cycle life.

In this study, lithium titanate has been synthetized in a pilot scale process using the same starting
material so that the last process steps have been different. Primary particle size of the obtained
material is similar before the last process steps. During the more expensive wet process these
LisTi50¢; particles suffer damages resulting in truncated particles with a high specific surface area
in comparison to dry process. Also tap density of the wet processed material is higher than that of
the one obtained from dry processed.

Effect of electrode processing parameters, such as carbon content and thickness of the electrode
layer, on the performance of the lithium titanate negative electrode is investigated using half cell
measurements. Capacities are found to be similar at room temperature and low
charging/discharging currents. With increasing charging/discharging currents, profiles depend on
the LisTisOy; material so that flatter profiles are obtained for the dry processed one with smaller
agglomerate size.

The wet processed material is observed to achieve higher capacities at low temperature, and
therefore, its cycling behaviour at sub-zero temperatures was studied further in
LisTisOz[LiFePO4 full cells. Several successive charging/discharging cycles at sub-zero
temperatures are shown not to affect the LisTisOy; electrode structure or performance.
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The strategy for battery research at IFE, Norway.
Martin Kirkengen,
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IFE is an independent research institute working in the field of energy research. We depend on
contract research with industry, with or without support from the national research counsil. This
means we are dependent on having a national industrial customer base to justfy having activity.
The battery supply chain contains many different industry types. While there is no significant
battery cell manufacturing in Norway, other elements of the value chain could be good niches for
Norway, both upstream and downstream in the value chain, and form the basis of our strategy.

In particular, raw materials for electrode production represent a niche where Norwegian industry
has relevant competences. In Li-ion batteries, silicon has been identified as an anode material
with great potential, but also with great challenges. One potential market is therefore to provide
silicon which has been prepared to be easy to include in batteries. The Norwegian silicon industry
has extensive knowledge within silicon production technologies. IFE is aiming to complement
this with battery knowledge, so that the industry can provide products with added value, and thus
extend their share of the value chain. This is the foundation of the SiNode project with Elkem and
our project with Graphene Batteries, working on combining silicon with graphene in order to
make the electrode more stable. IFE also has it’s own silicon production technology which is
currently being adapted to provide high-value silicon, in a project financed by the research
counsil. [as presented in a separate abstract.] A separate PhD study is also performed on this
material, utilizing the thin film production facilities at the Solar department of IFE.

In the other end of the value chain, margins can be made in the intelligent use of batteries. IFE
has recently initiated a project where we aim to make the Norwegian maritime industry more
competent battery users. In ships, the payback time for batteries can be in the range of 2-5 years
depending on application. But sull, the risks are significant. Battery safety is essential when
operating a hybrid energy system off shore, with energy amounts far exceeding what we are used
to seeing in automobiles, and lifetime matters for investments of millions of NOKs.

In order to achieve high quality research a broad spectrum of competences is needed. IFE does
not have a customer base to justify maintaining all these competences. We therefore depend on
collaborations with interested partners if we are to achieve international relevance. In such
collaborations, we would aim to provide the silicon, with all our competence in silicon specific
questions and technigues. This we would like to complement with others specializing in carbon,
electrolytes, binders etc. By communicating clear strategic intentions, it is our hope that partners
can enter collaborations based on greater trust, and that we can maybe even achieve collaboration
outside of projects. An overview of IFEs equipment and lab facilities will be presented, as an
invitation for collaboration. This will include comments on the use of the neutron sources of IFEs
nuclear reactor as a battery characterization tool.
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LI-ION BATTERY CELLS IN HEAVY DUTY HYBRID APPLICATIONS
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Battery challenges at Volvo Cars
Theresa Granerus

The Li-ion battery technology is the number one enabler of electric drive systems. At the same
time mastering the new battery technology is the number one challenge on the way to reliable
performance and solid profitability for VCC's electrification strategy. Which are the biggest
technical challenges for battery systems? What is the life time of these batteries? What 1s VCC

planning to do to overcome the challenges with high cost, system complexity, battery life time,
battery safety and complex supply chains?
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AGEING FACTORS AND CYCLELIFE TEST RESULT FOR POWER-OPTIMISED
LITHIUM-IRON PHOSPHATE CELLS

Jens Groot

Volvo Group Trucks Technology & Chalmers University of Technology, Sven Hultins Gata 9D,
412 88 Gothenburg, jens.groot@volvo.com

Li-ion batteries have successfully been used as energy storage system for a wide variety of
HEVs, PHEVs and EVs. While the performance has increased significantly and the cost has
started to decrease, the cyclelife is still not satisfactory, especially not for heavy-duty applications
with challenging requirements on reliability and up-time.

Although the ageing mechanisms are complex and non-linear, most studies have identified
current rate, temperature and state-of-charge range as the most important ageing factors.
However, heavy-duty xEVs are used in a very wide range of operating conditions where
temperature, current rate and dynamic load profile characteristics vary over time, between
different markets and over time. That is, a specific application such as a PHEV city-bus may be
operated very differently depending on customer requirements. Consequently, it is difficult to
find a general optimization of energy storage size or to predict the battery ageing rate.
Nevertheless, a deeper understanding of ageing factors and their co-dependence may enable a
better forecast of cyclelife, thus ensuring better reliability and performance.

The present work includes extensive laboratory testing of commercial LiFePOy/graphite cells
followed by an assessment of the ageing using differential voltage analysis, incremental capacity
analysis and modeling of ageing using data from half-cell tests. A number of different load
profiles have been designed to address ageing at different charge/discharge current rates, state-of-
charge ranges, load cycle dynamics as well as temperature. Test results indicate that increased
temperature and current rate not always lead to a decrease in cyclelife: batteries subjected to more
demanding operating conditions in terms of temperature or current rate may actually show a
prolonged cyclelife in some cases. Generally, the main ageing mechanism appears to be loss of
cyclable Lithium followed by loss of active negative electrode material.
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APPLIED BATTERY RESEARCH FOR HEAVY DUTY
ELECTRIC COMMERCIAL VEHICLES

Ville Erkkili, Samm Kukkonen, Mikko Pihlatie, Jari Haavisto

VTT Technical Research Centre of Finland, POB 1000, FI-02044 VTT, Finland,
ville.erkkila @ vit.fi

The focus of the activities of the VTT Technical Research Centre of Finland on electrochemical
energy storages is on applied research for heavy duty Electric Commercial Vehicles (ECVs) and
their systems. ECVs are here understood to cover heavy road transport such as buses and trucks,
and mobile machinery. An extensive experimental testing together with modelling, technology
reviews, and broad network of partners is aimed towards solving the problems associated with
energy storages.

At the moment, extensive range of lithium-ion cells is being tested to create a comprehensive
battery database. In the first stage of testing, characterization and performance tests are conducted
in different environmental conditions. Based on the first stage of testing, average cells are
selected for further testing. Second stage of testing includes calendar and lifetime testing with
cycles and temperatures representing heavy duty use cases. With this database a battery lifeume
prediction tool is to be created. First results from the VTT battery database are presented,
including performance comparisons between battery cell chemistries, comparisons between cell
and module level performance, and battery pack level test results. Performance and selection
criteria of batteries for different applications, vehicles and mobile machinery are discussed.
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EXPERIMENTAL AND MODELING INVESTIGATIONS OF ELECTRODE
DEGRADATION IN BATTERY AGING STUDIES FOR VEHICLE AFPLICATIONS

Matilda Klett, Tommy Zavalis, Pontus Svens, Marten Behm, Rakel Wreland Lindstr ém,
Goran Lindbergh

Applied electrochemistry, KTH Royal Instifute of Technology, 100 44 Stockholm, Sweden,
midetf@kth.se.

Battery agmg 15 an umportant 1ssue due to the high demands of performance and durability of Li-
1on batteries for vehicle applications and large efforts are therefore put into the mnvestigation of
processes leading to capacity and power fade Depending on the aging conditions, the
degradation can be the combined effect of several different processes occuring in different parts
of the cell Post-mortem analysis of separate electrodes by impedance spectroscopy can be an
effective tool in analyzing degradation in terms of electrode properties that directly relate to
performance.

The evaluation of the electrode degradation 15 based on half-cell EIS measurements of harvested
electrodes and the comparison of electrode properties at pristine and aged states as evaluated by a
physics-based model The model describes processes and electrode properties that can be
physically related to, and 1s therefore useful for learning about the experimental system
However, physics-based models deal with the issue of requiring a high number of parameters for
evaluation. The applicability of the model as a quantitatve or qualitative tool 15 hence to a large
extent based on the available information of the electrode properties in the pristme state.

We have studied the effect of different aging conditions on harvested electrodes from lab-scale
and commercial cylindrical graphute/LiFePOy4 cells To mvestigate the effect of cycling and
temperature, electrodes from lab-scale cells aged either by a synthetic hybrid vehicle cycle or by
storage, both at 22 and 55 °C were collected[1,2] EIS analysis showed that 22 °C cycling
resulted in morphological degradation of the LiFePCy electrode, while causing increased contact
resistances in the composite electrode at higher temperature For graplute, cycling caused
material loss and there were indications of film growth and peorosity decrease. However, when
going from well-controlled model systems (represented by lab-scale pouch cells) to commercial
cells (2.3 Ah), spatial distributions of graphite degradation was found, attesting cumrent
density/temperature vanations in the cell during use In the most degraded graphite samples,
deposition of a surface film concentrated to the outer layer of the composite electrode was
indicated to locally inhubit the electrolyte 1on transport.

[1]Ejell et al. J. of Power Sowrces 2013, 243, 290, [2] Zavalis et al. Electrochim. Acta 2013
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FAILURE MECHANISMS IN COMMERCIAL LI-ION BATTERIES
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Following a decade of successful use in small scale portable electronics, Li-ion batteries are
currentl y becoming the technology of choice in power sources for more demanding applications,
like electric drive and energy storage for smart grids. These applications typically require
relatively large batteries with voltages ranging from 10'sto several 100 V and capacities from
10"sto several 1000's of Ah.

Safety remains a major concern. The energy content inside a battery cell primarily stems from
two sources: the electrochemical energy stored in the electrodes and the chemical energy that can
be released from the system if all combusuble constituents react with air. The electrochemical
energy alone can raise the Li-ion cell temperature up to 700°C, but the total chemical energy may
be up to 10 times greater

Battery performance and safety are affected by internal processes, such as material degradation
and by external factors, like ambient conditions and mechanic stress. Safety failures due to
external triggers, like over-charge, over-discharge, over-temperature, mechanical stress and
external short-circuits, have been extensively studied by the industry. Standardized tests have
been designed to evaluate cell and battery tolerance to abusive conditions. For Li-ion cells, safety
incidents leading to massive recalls have occurred in the field for batteries operating under
normal conditions, without obvious abusive situations. These batteries have typically passed
industry standard safety tests and failures often occur after significant time of usage. The failures
are generally attributed to internal short circuits. The most common explanation for initiation and
development of internal short circuits 1s the presence of foreign particles in or on the cathode.
However, it cannot be excluded that thermal runaway may also be derived from physical and
chemical changes inside the cell associated with ageing processes, which 1s the focus of this
investigation.
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The Lithium-Air Battery: How Difficult Is to Make It Rechargeable?
Reza Younesi'”
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Roskilde, Denmark
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The rechargeable Li-air (L1-O5) battery has attracted attention n recent years due to its
high theoretical energy density However, several cbstacles mcluding the mstability of
electrolyte solvents and salts, poor rate capability, lthium dendrite formation, safety
issues, etc have hampered the development of the Li-air battery.!

1) Degradation of electrolyte solvents and salts

During cycling of Li-air cells in non-aqueous electrolytes, the cxygen reduction and
oxygen evolution reactions (ORR and OER) take place m the cathode during the discharge
and charge, respectvely. Lithium superoxide and lithium percmide (LiC» and Li1;0s) as the
intermediate and final discharge reaction products form in the cell However, it has been
shown that ORR and OER result in decomposition of aprotic carbonate and ether based
electrolytes. Also, ORR and CER decompose most common Li salts like LiPFs, LiBF,
LiTFSL LiClO4, and LiBOB *

Furthermore, Li;0» as the final discharge product 15 very reacte, and therefore, it can
degrade electrolyte solvents and salts. It has been revealed that carbonate, ether, and dimethyl
sulfoxide solvents as well as common Li salts such as LiFFs, LiClO4 and LiBF, decornposg 1
contact with L1;O», and consequently, form degradation products on the surface of Li;O;.J'J

II) Issues regarding utilization of Li metal

A proper electrolyte needs to be compatible with lthium metal anode in the Li-aw
battery. Owing to its very negative potential, lithium metal decomposes aprotic electrolytes as
socn as its surface 15 exposed to electrolyte As a consequent, a solid electrolyte interphase
(SEI) can be formed on the surface on Li metal This electrode/electrolyte interphase should
be stable during cell cycling to protect electrolyte from further decomposition. However, it
has been shown that the SEI on Li anode in the presence of oxygen evolves.”

Thus, poor performance of SEI on L1 anode results n 1) dendnite formation, and 1) low
columbic efficiency. Therefore, these challenges regarding the utilization of L1 metal anode
should be imwestigated carefully. The dendrite formation can ultimately cause an internal short
circutt, which produces local heating, often leadmg to fire. This 1ssue could be hindered by
different approaches like using solid membrane, improving cell design, ete. The columbic
efficiency of Li plating/stripping on L1 anode 15 significantly influenced by electrolyte
solvents and salts as well as by electrolyte additives. The columbic efficiency of Li anode
should be mproved by using tuning electrolyte chemsty for designing a functional Li anode.

References

1. Bruce, P. G, Freunberger, 8. A, Hardwick, L. J & Tarascon, J-M, Li-O; and Li1-3
batteries with high energy storage. Naf. Mafer. 11, 1929 (2012).
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IMPEDANCE PERSPECTIVES ON LI-AIR BATTERY OVERPOTENTIALS
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Lithium-air batteries have attracted much attention
in recent years because of a potentially high
specific energy density and experiments with flat
electrodes show that the intrinsic electrochemistry
of Lithium-air batteries has a very low
nverpotemial'. In real batteries with a porous
electrode, the observed overpotentials are,
however, significantly largerz. The origin of the
overpotentials at especially sudden death and
during charge has been heavily debated in the
literature. Among mherf-. arguments pmpoaed are
based on mndelmg DEMS measurements”, in-situ TEM", and conductivity measurements using
a redox-mediator combined with ex-situ characterization methods like FTIR and Raman”.

F-

UV vs. LifLi")

In this presentation, a series of electrochemical impedance spectra measured at different states of
charge and current densities will be used to analyze three states of the Lithium-air battery
electrochemistry: The discharge plateau, sudden death and the initial stage of the charging
process.

By combining the measurements with previous results presented by Bryan D. McCloskey and
Alan C. Luntz et al. (ref. 1, 2 and 5 among others), the internal resistance in the battery is related
to the measured overpotential. This relation is essential to understand the reactions inside the
battery.

References:

[17 Viswanathan et al., JPCL 2013, 4, 556-560

[2] McCloskey et al., JPCL 2013, 4, 2989-2993

[3] Shao-Horn et al., Nano letters 2013, 13, 2209-2214
[4] Bruce et al., Nature chemistry 2013, 5, 489-494

[5] Luntz et al., JPCL 2013, 4, 3494-3499
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CARBON FIBEES IN STRUCTURAL LITHIUM-ION BATTERIES
—TAKINGADVANTAGE OF MULTIFUNCTIONAL PROFPERTIES
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Structural batteries, 1e structural polymer composite materials with mtrmsic electrochemical
energy storing capability are desired for their potential to both reduce weight and provide the
energy needs for mobile phones, laptops or even future electric vehicles The concept 15 to
employ carbon fibres for mechanical performance and as electrodes m a structural battery,
and to use a lthium 1on conductwe solid polymer electrolyte matrix for mechanical load
transfer between fibres and for lithmum-ion transport and electronie insulation between
electrodes. Carbon fibres are attractive for thus type of multifunctional use as graphitized
carben 1s commonly used both in high performance reinforcements and electrodes, the latter
for their ability to store Li1ons The approach, however, 1snew and faces sigruficant scientific
challenges.

COur work shows that carbon ﬁbree can perform on par with ordinary graphite-based
commercial electrode materials. ' The ability for commercially available PAN-based fibres to
intercalate lithium 15 close to that of the theoretical mamimum for pure graphite, 1 e as good as
state-of-the-art lithmm 1on (hon-structural)) battery electrodes. Furthermore, the carbon fibres
show excellent mass transport and kinetic properties compared to other carbon-based negative
electrode materials. A strong state-of-charge dependence 1s shown for most electrochermical
properties, mcluding the electronic conductrvity ” The fibres retam thew stiffness after ithmm
intercalation, but lose some strength, although the decrease i1s small and will have limited
practical effect The strength is regamned after discharge and there seems to be a relation
between state-of-charge (lithium content) and strength Repeated electrochemical charging
and dischargmg of the fibres show that cycling does not degrade ther tensile properties”
Smilarly, mechanical load does not affect the electrochemical capacity or rate of charge.
Carbon fibres expand longitudinally when charged which seems to explam the dmp in
strength. Radial fibre expansion up to 10% during charging has also been observed * Recent
results also show a newly found pieze-electrochemucal effect in carbon fibres which may
enable further multi-functionality.®

L Kjell MH, Jacques E, Zenkert D, Behm M, Lindbergh G, J. Electrochem Soc. 158, 2011, A1455-A1460
? Kjell MH, Zavalis TG, Behm M, Lindbergh G J. Electrochem. Soc. 160, 2013, A1473-A1481

3 Jacques E, Ejell MH, Zenkert D, Lindbergh G, Behm M, Willgert M, Comp Sci Tech 72, 2012, 792-798
*Jacques E Kjell MH, Zenkert D, Lindbergh G, Behm M, Carbon 59, 2013, 246-254

s Jacques E Kjell MH, Zenkert D, Lindbergh G, Electrochemistry Communications 35, 2013, 65-67
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Polyanion materials such as Li-MS10y (M = Fe, Mn, Co, Ni) have attracted a great deal of
interest as cathode material for lithium ion batteries due to its high theoretical capacity
(333 mAhg "), low costs, high thermal stability, increased safety, and environmental friendliness
[1]. Unfortunately, these materials, like many other promising cathode materials reported in
literature, suffer from poor electronic and ionic conductivities [2]. Strategies to enhance the
charge transfer include nanostructuring and introduction of a conductive layer such as carbon.
Also, it 15 quite challenging to produce a completely phase pure material. However, the present
work has shown that a reduction of the secondary phases can be achieved by introducing
additional Fe to produce a hyperstoichiometric Li»Fe,.,5104/C composite.

The work that will be presented here includes sol-gel synthesis of nanostructured
Li:Fe 14, 5104/C composites, where the synthesis parameters are carefully optimized in order to
control pore sizes and pore size distribution as this appears to be a determining factor as to
whether the Li-electrolyte complexes are allowed access to the available surface area. Also,
results showing the improved electrochemical properties achieved by combining this synthesis
route with adding excess Fe will be presented. In addition, sol-gel synthesis has been combined
with aligned carbon nanotubes on a substrate in order to produce a 3D cathode/current collector
structure without the use of binders and toxic solvents normally emploved in the production of
cathodes (Fig. | below).
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Figure 1: Cross section of a CNT/Li:Fe510, electrode (left), magnified TEM image showing the
nanoparticles on the CNTs (middle), and capacity vs cycle plot comparing the nanoporous and
the 3D cathodes (right) [3].
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NOVEL SOLID POLYMER ELECTROLYTES FOR LARGE AND SMALL
LI-BATTERY APPLICATIONS

Bing Sun, Chao Xu, Jonas Mindemark, Tim Bowden, Daniel Brandell

Department of Chemistry — J‘:ng.'.'rrfﬁm Laboratory, Uppsala University, Box 538, 75121 Uppsala,
Sweden. Email: Daniel. Brandell@ kemi.uw.se

Solid Polymer Electrolytes (SPEs) for Li-batteries has in recent vears experienced somewhat of a
renaissance. Since their discovery in the 1970s, this class of material has been targeted for a
number of different energy relevant applications due to the mechanical flexibility, their overall
stability and their chemical inertness, which is highly beneficial as compared to their liquid
counterparts. These materials could for example work well in systems utilizing the Li-metal
electrode. However, their intrinsic room temperature ionic conductivity is too low for most
applications, for example portable electronics. Improving the room-temperature ion conductivity
of SPEs for lithium-ion polymer batteries (LIPB) has therefore been a research target for decades.
The possible solutions include adding plasticizers or nano-particles, and polymer modifications
such as side-chains or co-polymers to promote material flexibility and suppress crystallinity.
Nevertheless, the 1onic conductivities of SPEs are generally too low for most applications, and
commercial devices use gels or liguids carbonates in combination with an inert separator.
However, these suffer from side-reactions which limit the thermodynamic stability of the system
and constitute a safety issue.

The recent increasing interest in SPEs has several origins. One example is the development of
very small 3-dimensional microbatteries (3DMBs) [1], which generally requires solid state
electrolytes. Here, the combined flexibility and mechanical strength of the polymer can be highly
advantageous. Another example is batteries where room-temperature operation is less of a
necessity, and where elevated temperature operation can be advantageous, which can be realized
in some battery vehicle applications. At temperatures =60 “C, SPEs generally have acceptable
conductivities, but are still not associated with the rapid ageing experienced in liquid electrolyte
sysfems.

This presentation will address some critical issues regarding SPE development. It will be
discussed how monomer functionalization can contribute to improved contacts at the
electrode/electrolyte interface, which will improve battery performance [2], and how
electropolymerization can be used to tailor ultra-thin SPE coatings onto 3DMB electrodes.
Furthermore, advantages of exploring novel polymer host systems, alternative to the conventional
polyvethers, will be addressed by the example of poly(trimethylene carbonate) (PTMC) [3].
Finally, the hygroscopic properties of conventional SPEs and their influence on the Solid
Electrolyte Interphace (SEI) layer formation will be explored by results from X-ray Photoelectron
Spectroscopy (XPS).

[1]1 M. Valvo, M. Roberts, G. Oltean, B. Sun, D. Rehnlund, D. Brandell, L. Nyholm, T.
Gustafsson, K. Edstrom, J. Mater. Chem. A, 1 {2013) 928 1.

[2] B. Sun, I.-¥. Liao, S. Tan, T. Bowden, D. Brandell,_J. Power Souwrces, 238 (2013) 435,
[3] B. Sun, J. Mindemark K. Edstriim, D. Brandell, Solid State fonics (2013).
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(WHERE) HAS UPPSALA’S BATTERY RESEARCH MADE A DIFFERENCE?

Josh THOMAS

The a&ingsirﬁm Advanced Battery Centre, Department of Chemistry, gngs!rﬁm Laboratory,
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“Modern” battery research began in Uppsala in the late 1970s
and was flavoured strongly by the dormnant discipline of its \
founders: crystallography. The first 10 years thus involved V= in ol
“structural studhes of relevant batiery matenals”. Our very first
activity (ca. 1976) had notably Nordic connections — as part of
the notoripus Anglo-Danish Advanced Battery Project -
mvolving Harwell{UK) and ERL, Odense(DK). The major
focus was the Na/S-battery, and our contnbution involved
structural and MD studies of the (even today) fascmating /" -
alurmina farmily of materals. At some point 1n the early 1980s, our research focus then shifted
almost overmight with the promise of the Li-polymer battery, facilitated by the advent of
“polymer electrolytes™. The pivotal point 1n our research came with gur development of the
“coffee-bag” cell for in situ XRD studies of structural changes occurring on Li inserbon 1nto
electrode materals [Gustafsson ef al. Electrochim. Acta: 37 (19923 1639]. Our work contributed
to the development of today’s “rocking-chair”™ Li-ion battery — and crystallographers had become
solid-state electrochermsts! A piece of work which well 1llustrates this transibion 15 Bergstrom et
al., S5 110 (1998) 179 — see higure, where a “coffee-bag” cell immersed 1n a heated sand-bath
under cycling was successively removed for in situ XPD analysis 1n transmission mode.
However, the cell also contained small single-crystals (of V0,30 embedded in the cathode. These
could be removed at successive stages 1n the lithiabon process for accurate single-crystal XRD
studies. A fascinabng picture emerged of sequenhal superlathee cell formabon during La
nsertion; even the changes in V pxidabon-state could be pinpointed in the structure. A flow of
simnlarly exciting studies has been steadlly maintained over the years: anode Li-insertion
processes, XPS/PES analyses of the 5El-laver, development of new electrode matenals and
battery concepts (3D-MBs!) — often accompanied by definitive MD- and DFT-based theorehcal
calculabions to help us understand the in-cell behavipur of Li-ion battery materals. My talk will
try to exemplify as many of these studies as time allows. 1 will also endeavour ko indicate where
1 feel our work can perhaps have made a more lasing contribution.

Heated Snd-rerh
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