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Who are we – “the battery researchers @ Chalmers”? 

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

+ ca. 50 more 
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How do we collaborate? 

Scopus: TITLE-ABS-KEY ( battery  OR  batteries )  AND  AFFIL ( Chalmers )  AND  PUBYEAR  >  
2011  => 148 documents => 117 documents 
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Batterifonden @ Chalmers 
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39049-1
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Chalmers Tekniska Högskola AB Bifall 
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37671-1

Nästa generation batterier för hybrid- 
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Matic
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teknisk Fysik
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metallåtervinning från batterier

Christian 

Ekberg
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Electric Propulsion System
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CMPs’ full chain of battery materials research 

In silico 
design 
In silico 
design 

Synthesis Synthesis Characterisation Characterisation 
Safety 
studies 
Safety 
studies 

Battery 
testing 
Battery 
testing 

Li+ Na+ 

Mg2+ 

Ca2+ 

Al3+ 

Li-S 
Li-O2 

IL 

Recycling… Recycling… 
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LiMOx ＋ C n                Li1-yMOx + LiyCn 

 High cost! 
: Co (41,850 US$/ton) 
 
 Low energy density! 
: 200 Wh/kg 
 
 Low safety! 
: Thermal runaway 

Next generation batteries/battery materials? 

Also: Na-ion, Mg, Ca, Al, …. 



                                                     
      Patrik Johansson 

How do we collaborate? 

	



                                                     
      Patrik Johansson 

“Success stories”: Li-S Batteries 

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

• Sulphur: 

– 32.06 g/mol & 2.07g/cm3 

– Non-toxic, “green” material 

– Abundant, cheap (28 US$/ton) 

– Theor. Cap.: 1,675 mAh/g 

Cathode materials for LiB and Li-S  

Material Theoretical 
Capacity 
(mAhg-1) 

Specific 
Capacity 
(mAhg-1) 

Relative Price 

LiCoO2 275 130-140 1 

Li-NMC ~270 150-160 0.59 

Li-NCA ~270 170-180 0.89 

LiMn2O4 148 100-120 0.26 

LiFePO4 170 140-150 0.37 

S 1675 200-1200 0.006 

• Li(s):  3,860 mAh/g 

• S8(s): 1,675 mAh/g 

• => 2567 Wh/kg & 2800 Wh/l 

• Today: > 350 Wh/kg (cell) 

• @ Anode: 2Li => 2Li+  +  2e- 

• @ Cathode:  S  +  2e-   =>   S2- 

• Overall:     2Li  +  S  => Li2S 

• Cell max: 2.15 V 



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

                                                     

“Success stories”: Li-S Battery Operando Raman 
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Operando Confocal Raman Spectro-electrochemistry 
 

• 1 M LiTFSI in TEGDME:DIOX (1:1) 

• Whatman separator 

• 60 μL electrolyte/mgS 

• Loading 1 mgS/cm2   

• 1(!) C/60 charge/discharge cycle  

• 4 cm-1 resolution, < 10 μm3 spot  

• Spectra collected every 5 min 

• PS identification assisted  
by DFT artificial spectra 
(B3LYP/6-311G*, PCM ε=15) 



                                                     

“Success stories”: Li-S Battery Operando Raman 
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J. Hannauer et al., ChemPhysChem, 2015, 16, 2755-2759. 

=> Two distinct steps:  1) S8
2- and/or S6

2- i.e. “long PS”, 
             2) Li2S precipitation & S3

*– radical formation 
       
   All in several separable bands and nicely reversible  
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E. Jónsson, M. Armand, P. Johansson PTC /EP2012/072858 (2012)  
E. Jónsson, M. Armand, P. Johansson Phys. Chem. Chem. Phys. (2012) 

In silicio design of a new type of anions 

Patented design – ”Mickey-Mouse-like” 

“Success stories”: New Pseudo-delocalized Anions 



“Success stories”: Pseudo-delocalized Anions 
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 Cores: -NR2-, Pyr, Im, Spiro,… 
 “Ligands”: -CO2, -SO3, -O,… 
 Chain length & position 
 NOW! Synthesis => BF 2014-2017 

E. Jónsson, M. Armand, P. Johansson PTC /EP2012/072858 (2012)  
E. Jónsson, M. Armand, P. Johansson Phys. Chem. Chem. Phys. (2012) 
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“Success stories”: HT-LIBs 

Personell:  Dr. Gabriel “Gabi” Oltean, UU => Scania 
   Dr. Nareerat “Bee” Plylahan, Chalmers => CEVT 

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

Full cell HT-LIB LTO anode & LFP cathode - @80°C!  

Cost savings at the vehicle level! 
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The Problem(s): 

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

The Solution(s): 

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

        Li   Na 
El. negativity -3.04 V   -2.71 V 
Price (X2CO3)   3.45 $/kg   0.11 $/kg 
Earth’s crust  20 ppm   23600 ppm 
Where?   70% S. Am   “everywhere” 
Oceans?  0.18 ppm…   (10800 ppm) 
Al corrosion? Yes   No 

“Success stories”: Sodium-ion Batteries 

A. Ponrouch et al., En. & Env. Sci, 2013, 6, 2361 
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The contents above are copyright Volvo Car Corporation. All rights reserved. www.media.volvocars.com 

The Problem(s): 

- The storage adds (useless) weight to the car 
- Safety protection to the battery adds weight 

The Solution(s): 

- Use the storage also for structural load 
- Safe electrolytes – polymer electrolytes 

“Success stories”: Structural Batteries => KOMBATT II 

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

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

“Success stories”: Al-batteries 
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Thank you! 
Questions? 


