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BATTERY (MATERIALS) RESEARCH @ CHALMERS
- FROM FUNDAMENTALS TO SAFETY TESTS
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Scopus: TITLE-ABS-KEY ( battery OR batteries) AND AFFIL ( Chalmers) AND PUBYEAR >
2011 => 148 documents => 117 documents

by type
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Scopus: TITLE-ABS-KEY ( battery OR batteries) AND AFFIL ( Chalmers) AND PUBYEAR >
2011 => 148 documents => 117 documents

Documents by affiliation

Compare the document counts for up to 15 affiliations
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Nasta generation batterier for hybrid- [Aleksandar [Chalmers Tekniska Hogskola AB, Inst f
37671-1 [och elfordon Matic teknisk Fysik
Effektivare insamling av batterier Per EO Berg |Chalmers Tekniska Hogskola AB, Inst f
37684-1 |med konsumenterna i fokus Bygg- & miljoteknik
Sakrare energilagerlésningar med Patrik Chalmers Tekniska Hogskola AB, Inst f
376851 |fluorfria elektrolyter Johansson  [teknisk Fysik
Haverikonsekvensanalys av E- David Sturk |Autoliv Development AB, G42 Battery &
37711-1 |fordonsbatterier EV Safety
Hydro och pyrokemisk Christian Chalmers Tekniska Hogskola AB,
37714-1 [metallatenvinning fran batterier Ekberg Industriell materialateninning / karnkemi
Li-jonbatterier och celler for Bjoérn Hall Stena Recycling AB
37718-1 [fordonsapplikationer
Hogtemperaturlitiumbatterier (HT- Patrik Chalmers Tekniska Hogskola AB, Inst f
LiB): Fran grundforskning till Johansson  [teknisk Fysik
37722-1 |fordonsimplementering
Aldringsmekanismer & hur man Theresa Volvo Personvagnar AB, Avd 99000
forlanger livet pa batterier i fordon Granérus Electric Propulsion System
37725-1 |och stationdra applikationer
Starkt koncentrerade elektrolyter: Patrik Chalmers Tekniska Hogskola AB
39042-1 [Celloptimering och Grunder Johansson
Energi OCH Effekt: Patrik Chalmers Tekniska Hogskola AB
39045-1 |Hybridsuperkondensatorer Johansson
Ateninning av NiCd och alkaliska Christian Chalmers Tekniska Hogskola AB
39063-1 |batterier Ekberg
Batterier med hog effektsdensitet Patric Lunds universitet, Kemiska institutionen,
genom fasta singeljonledande Jannasch CAS
40474-1 |polymerelektrolyter
Snabbladdning av stora Jens Groot |Volvo Technology AB, Avdelning BF40560
energioptimerade Li-ionceller for
40501-1 |elektriska driviinor
Flexibel och effektiv Martina Chalmers, Karkemi / industriell mate-
hydrometallurgisk ateninning av Li- |[Petranikova |[rialatervinning
B e o N
37670-1 [atomistiska berakningar progr.
Strukturella kompositbatterier for Goran Kungliga Tekniska Hégskolan, Skolan fér |(Bifall
energieffektiva fordon Lindbergh kemivetenskap, Tillampad utanfor
377121 progr.
Systemanalys och hydrometal- Kerstin Kungliga Tekniska Hogskolan, Inst f Bifall
lurgisk teknikutveckling for Forsberg kemiteknik Avd f kemisk apparatteknik utanfor
ateninning av forbrukade NiMH- progr.
37724-1 |batterisystem inom fordonsindustrin
Férstudie av ny batterisensor for Bengt Chalmers Tekniska Hogskola AB Bifall
matning av batteristatus i realtid och [Kasemo utanfor
39049-1 |"on-board" progr.
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. § 400 - > 200 km
z § 200+ 160 km
[¥a)
. 50km 80 km 100km
collector = : S'I-' oee o] collector 0 '_m — I_i . ]
siricts | molocue  stubtus Pb-acid Ni-Cd Ni-MH Li-ion Future Zn-air Li-S  Li-air

LIMO, + C, <« L., MO, +LiC, -0
. Price (USSkWh™) 200 600 900 600 <150 <150 <150 <150
* High cost! | | I .
: Co (41,850 USS/ton) Available Under development  R&D

* Low energy density!
: 200 Wh/kg

* Low safety!
: Thermal runaway Also: Na-ion, Mg, Ca, Al, ....

/' Ppatrik Johansson
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e Sulphur:
TR — 32.06 g/mol & 2.07g/cm3
— Non-toxic, “green” material
— Abundant, cheap (28 USS/ton)
— Theor. Cap.: 1,675 mAh/g

800

Ir> 400 km

600

400! Tod ay

Specific energy (Wh kg™

200|- I 160 km

[ som 30k|‘|‘l100k'|1
0.
F‘b acid N| Cd N| MI-I L| ion

iuture Zn- i! Li-S |.| air

I ion I

Chargs

Price (USS kW h™) 200 600 gool 600 kso <15l3 <150 kiso
e el
Available Under developmen R&D

P. G. Bruce et al. Nature materials 11 (2012) 19-29

Cathode materials for LiB and Li-S

! ]
\ Consimalor
Theoretical Specific Relative Price : o
Capacity Capacity ! it
mAhg! mAhg! !
(mAhg?) (mAhg?) ui. o)
130-140 1

~270 150-160 0.59 ‘

~270 170-180 0.89

148 100-120 0.26

170 140-150 0.37

1675 200-1200 0.006 Suifur cathode

e @ Anode: 2Li => 2Li* + 2e° * Lig: 3,860 mAh/g

* @Cathode: S + 2e- => S* '« S;4:1,675 mAh/g
 Overall: 2L +S =>Li,S => 2567 Wh/kg & 2800 Wh/I
* Cellmax:2.15V * Today: > 350 Wh/kg (cell)

Patrik Johansson
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Operando Confocal Raman Spectro-electrochemistry

e 1MLITFSIin TEGDME:DIOX (1:1)
* Whatman separator

* 60 pL electrolyte/mg.

* Loading 1 mg./cm?

* 1(!) C/60 charge/discharge cycle

a0

b)

Quartz window

Electrode
+ separator + Li’

Screw

Main body

Plunger

Screw

4 cm?resolution, < 10 um?3 spot
* Spectra collected every 5 min

 PSidentification assisted
by DFT artificial spectra
(B3LYP/6-311G*, PCM £=15)

J. Hannauer et al.,
ChemPhysChem, 2015, 16, 2755-2759.

Patrik Johansson
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=> Two distinct steps: 1) S;> and/or S i.e. “long PS”,
2) Li,S precipitation & S,™~ radical formation

All in several separable bands and nicely reversible /‘\

J. Hannauer et al., ChemPhysChem, 2015, 16, 2755-2759. \_/ \

Patrik Johansson



CHALMERS  “§yccess stories”: N

UNIVERSITY OF TECHNOLOGY

6
In silicio design of a new type of anions
Patented design — ”"Mickey-Mouse-like”
5
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AE4 / kImol~! [B3LYP/6-311+G*]

E. Jnsson, M. Armand, P. Johansson PTC /EP2012/072858 (2012)
E. Jonsson, M. Armand, P. Johansson Phys. Chem. Chem. Phys. (2012)

Patrik Johansson
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3 UNITED STATES PATENT AND TRADEMARK OITICE

UNITED §°
United \mm
Adees: OO

IMENT OF COMMERCE
Trademark Office
OR PATENTS

NOTICE OF ALLOWANCE AND FEE(S) DUE
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2] 0 0 o ~2
9}
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dionyimidazolium sulfonatoimidazcliu methyl) -
m imidazolium

E. Jnsson, M. Armand, P. Johansson PTC /EP2012/072858 (2012)
E. Jonsson, M. Armand, P. Johansson Phys. Chem. Chem. Phys. (2012)

Patrik Johansson
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Goal: Develop new electrolytes, cells, and vehicle design for HT-LIB
implementation in hybrid heavy-duty vehicles

Cost savings at the vehicle levell
FUII Ce“ HT'LIB I_TO anOde & LFP CathOde - @8OOCI HT-LiB Cooling and heating system proposal

Personell: Dr. Gabriel “Gabi” Oltean, UU => Scania

Dr. Nareerat “Bee” Plylahan, Chalmers => CEVT

Patrik Johansson
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The Problem(s): The Solution(s):

- Lithium mining is limited & localized
- Lithium corrodes Al => Cu curr. collector
- For large batteries — Li is expensive

- Replace Li-ion with Na-ion — use know-how
- Cheaper & “predictable”

Li Na
El. negativity -3.04V -2.71V 1M NaPFg
i ECo.45:PCo.45:DMCy y
Price (X,CO,) 3.45 S/kg 0.11 S/kg
Earth’s crust 20 ppm 23600 ppm
Where? 70% S. Am “everywhere” &
Oceans? 0.18 ppm... (10800 ppm) r'/
Al corrosion? Yes No ‘ s
/ g | | @

- | o
1ﬁl]]'| [ =]
i 200 Je
o a% :

Hard // Optimized // NVPF
BDU-/ Carbon rolyte ! %
6001 ‘ | z
| e §

A. Ponrouch et al., En. & Env. Sci, 2013, 6, 2361
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The Problem(s): The Solution(s):

- The storage adds (useless) weight to the car - Use the storage also for structural load
- Safety protection to the battery adds weight - Safe electrolytes — polymer electrolytes

The car’s body panels serve as a battery

The latest nanomaterials made of extremely
thin and strong carbon fibre replace the car's
steel body panels and can be used in the car's
roof, doors, bonnet and floor. These panels
also double up as the car's battery.

Expected range is
130 km when the

S doors, roof and bonnet
T \& e are replaced.

The car's weight can be redu-
ced by 15 percent. There is
potential for cutting weight still
further.

Electrons (-)

= The body panels

i z Q:) ¥ Oy F are discharged as
%) ) . ’i' the car's electric
lons (+) 9 J : * T motor is used.
The material can be recharged by %a{ 3 ‘ —
1) harnessing the energy generated when the car brakes "y
2) plugging into the mains electricity grid J

The contents above are copyright Volvo Car Corporation. All rights reserved. www.media.volvocars.com

http://www.youtube.com/watch?v=RM43llrGbXU&feature=relmfu

Patrik Johansson
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Space

2015 BASF Open Innovation Contest on Energy Storage (prize 100.000 €), the only
winning team from Europe, focusing on low cost sustainable energy storage solutions.

Patrik Johansson
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Thank you!
Questions?

/ Patrik Johansson



