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bƛŎƪŜƭπŘƻǇŜŘ [ƛн½Ǌ/ƭс ŀǇǇƭƛŜŘ ƛƴ ŀƭƭπǎƻƭƛŘπǎǘŀǘŜ [ƛπƛƻƴ ōŀǘǘŜǊƛŜǎ 
 

WƻŜƭ /ŀƴƘƻǘƻ /ŀǊŘƻǎƻмΣ DǳƛƭƘŜǊƳŜ !ǊŀǵƧƻмΣ /ŀǊƻƭƛƴŀ CŜǊƴŀƴŘŜǎмΣ WŜƴƴƛŦŜǊ tŀǎǎƻǎ ¢ŜƛȄŜƛǊŀмΣ tat {ŀƭƻƳŞмΣн 
м LƴǘŜǊƴŀǘƛƻƴŀƭ LōŜǊƛŀƴ bŀƴƻǘŜŎƘƴƻƭƻƎȅ [ŀōƻǊŀǘƻǊȅΣ птмрπоол .ǊŀƎŀΣ tƻǊǘǳƎŀƭ 

н ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ǾŜƛǊƻΣ оумлπмфо !ǾŜƛǊƻΣ tƻǊǘǳƎŀƭ 
 

!ƭƭπǎƻƭƛŘπǎǘŀǘŜ ōŀǘǘŜǊƛŜǎ ό!{{.ǎύ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ƛƴƻǊƎŀƴƛŎ ǎƻƭƛŘ ŜƭŜŎǘǊƻƭȅǘŜǎ ŀǊŜ ǿƛŘŜƭȅ ǊŜƎŀǊŘŜŘ ŀǎ 
ǇǊƻƳƛǎƛƴƎ ŎŀƴŘƛŘŀǘŜǎ ŦƻǊ ƴŜȄǘπƎŜƴŜǊŀǘƛƻƴ ŜƴŜǊƎȅπǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ŘǳŜ ǘƻ ǘƘŜƛǊ ǇƻǘŜƴǘƛŀƭ ǘƻ ƻǾŜǊŎƻƳŜ ƪŜȅ 
ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƭƛǉǳƛŘπŜƭŜŎǘǊƻƭȅǘŜ ƭƛǘƘƛǳƳπƛƻƴ ōŀǘǘŜǊƛŜǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǘŜǊƳǎ ƻŦ ǎŀŦŜǘȅ ŀƴŘ ŜƴŜǊƎȅ 
ŘŜƴǎƛǘȅΦ ώмϐ CƻǊ ŀƴ ŜƭŜŎǘǊƻƭȅǘŜ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǾƛŀōƭŜ ŦƻǊ !{{. ŀǇǇƭƛŎŀǘƛƻƴǎΣ ƛǘ Ƴǳǎǘ ǎŀǘƛǎŦȅ ǎŜǾŜǊŀƭ ǎǘǊƛƴƎŜƴǘ 
ǊŜǉǳƛǊŜƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ƘƛƎƘ ƭƛǘƘƛǳƳπƛƻƴ ŎƻƴŘǳŎǘƛǾƛǘȅ όҔмлπо { ŎƳπмύΣ ŜȄǘǊŜƳŜƭȅ ƭƻǿ ŜƭŜŎǘǊƻƴƛŎ ŎƻƴŘǳŎǘƛǾƛǘȅ όғмлπ

ф { ŎƳπмύΣ ŀƴŘ ōǊƻŀŘ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎǘŀōƛƭƛǘȅ ŀƎŀƛƴǎǘ ōƻǘƘ ƘƛƎƘπǾƻƭǘŀƎŜ ŎŀǘƘƻŘŜǎ ŀƴŘ ƭƛǘƘƛǳƳ ƳŜǘŀƭ ŀƴƻŘŜǎΣ 
ǎǇŀƴƴƛƴƎ ŀǘ ƭŜŀǎǘ пΦн ± ǾǎΦ [ƛяκ[ƛΦ ώнϐ !ƳƻƴƎ ǘƘŜ ǾŀǊƛƻǳǎ ŎƭŀǎǎŜǎ ƻŦ ƛƴƻǊƎŀƴƛŎ ǎƻƭƛŘ ŜƭŜŎǘǊƻƭȅǘŜǎΣ ƘŀƭƛŘŜπōŀǎŜŘ ǎƻƭƛŘπ
ǎǘŀǘŜ ŜƭŜŎǘǊƻƭȅǘŜǎ ό{{9ǎύ ƘŀǾŜ ǊŜŎŜƴǘƭȅ ƎŀǊƴŜǊŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘǘŜƴǘƛƻƴ ƻǿƛƴƎ ǘƻ ǘƘŜƛǊ ƛƴǘǊƛƴǎƛŎ ƭƻǿ ŜƭŜŎǘǊƻƴƛŎ 
ŎƻƴŘǳŎǘƛǾƛǘȅΣ ŦŀǾƻǳǊŀōƭŜ ƳŜŎƘŀƴƛŎŀƭ ŘŜŦƻǊƳŀōƛƭƛǘȅΣ ŀƴŘ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ƘƛƎƘ ǊƻƻƳπǘŜƳǇŜǊŀǘǳǊŜ ƛƻƴƛŎ 
ŎƻƴŘǳŎǘƛǾƛǘȅ ǾŀƭǳŜǎ ƛƴ ŎŜǊǘŀƛƴ ŎƻƳǇƻǎƛǘƛƻƴǎΦ ώоϐ 5ŜǎǇƛǘŜ ǘƘŜǎŜ ŀŘǾŀƴǘŀƎŜǎΣ ƴǳƳŜǊƻǳǎ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ƘŀƭƛŘŜ 
{{9ǎ ǊŜƭȅ ƻƴ ǊŀǊŜπŜŀǊǘƘ ǇǊŜŎǳǊǎƻǊǎ ǎǳŎƘ ŀǎ ¸/ƭо ƻǊ Lƴ/ƭоΣ ǿƘƻǎŜ ǎŎŀǊŎƛǘȅ ŀƴŘ ƘƛƎƘ Ŏƻǎǘ ǊŜǎǘǊƛŎǘ ǘƘŜƛǊ ƭŀǊƎŜπǎŎŀƭŜ 
ŘŜǇƭƻȅƳŜƴǘ ƛƴ ŜŎƻƴƻƳƛŎŀƭƭȅ ǾƛŀōƭŜ ŜƴŜǊƎȅπǎǘƻǊŀƎŜ ŘŜǾƛŎŜǎΦ ώоϐ Lƴ ŎƻƴǘǊŀǎǘΣ [ƛн½Ǌ/ƭс ό[½/ύ Ƙŀǎ ŜƳŜǊƎŜŘ ŀǎ ŀ 
ǇǊƻƳƛǎƛƴƎΣ ǊŀǊŜπŜŀǊǘƘπŦǊŜŜ ŀƭǘŜǊƴŀǘƛǾŜΦ {ȅƴǘƘŜǎƛǎŜŘ ŦǊƻƳ ½Ǌ/ƭпΣ ŀ ǊŜƭŀǘƛǾŜƭȅ ŀōǳƴŘŀƴǘ ŀƴŘ ƛƴŜȄǇŜƴǎƛǾŜ ǇǊŜŎǳǊǎƻǊΣ 
[½/ ŜȄƘƛōƛǘǎ ŀƴ ƛƻƴƛŎ ŎƻƴŘǳŎǘƛǾƛǘȅ ƻŦ ϤпΦл Ҏ млπп { ŎƳπмΣ ŀƴ ŜƭŜŎǘǊƻƴƛŎ ŎƻƴŘǳŎǘƛǾƛǘȅ ƻƴ ǘƘŜ ƻǊŘŜǊ ƻŦ млπу { ŎƳπмΣ ŀƴŘ 
ŀ ōǊƻŀŘ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎǘŀōƛƭƛǘȅ ǿƛƴŘƻǿ ǎǇŀƴƴƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мΦтрςпΦнр ± ǾǎΦ [ƛяκ[ƛΦ !ƭǘƘƻǳƎƘ ƛǘǎ ƛƻƴƛŎ 
ŎƻƴŘǳŎǘƛǾƛǘȅ ŀǇǇǊƻŀŎƘŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ ǇǊŀŎǘƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴΣ ŦǳǊǘƘŜǊ ŜƴƘŀƴŎŜƳŜƴǘ ƛǎ ŘŜǎƛǊŀōƭŜ ǘƻ ƳŜŜǘ ƻǊ 
ŜȄŎŜŜŘ ǘƘŜ Ҕмлπо { ŎƳπм ōŜƴŎƘƳŀǊƪΣ ǘȅǇƛŎŀƭƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ƘŀƭƛŘŜ {{9ǎΦ ώпϐ  

!ƭƛƻǾŀƭŜƴǘ ǎǳōǎǘƛǘǳǘƛƻƴ Ƙŀǎ ǇǊƻǾŜƴ ǘƻ ōŜ ŀƴ ŜŦŦŜŎǘƛǾŜ ǎǘǊŀǘŜƎȅ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ƛƻƴƛŎ ǘǊŀƴǎǇƻǊǘ ƛƴ ƘŀƭƛŘŜ 
ŜƭŜŎǘǊƻƭȅǘŜǎΦ ώрΣ сϐ wŜǇƭŀŎƛƴƎ ½ǊҌп ǿƛǘƘ ƭƻǿŜǊπǾŀƭŜƴŎŜ Ŏŀǘƛƻƴǎ ƛƴǘǊƻŘǳŎŜǎ ŀŘŘƛǘƛƻƴŀƭ [ƛҌ ǘƻ Ƴŀƛƴǘŀƛƴ ŎƘŀǊƎŜ 
ƴŜǳǘǊŀƭƛǘȅΣ ǘƘŜǊŜōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ƳƻōƛƭŜ ŎƘŀǊƎŜ ŎŀǊǊƛŜǊǎΦ ώсϐ CǳǊǘƘŜǊƳƻǊŜΣ ǎǳŎƘ ǎǳōǎǘƛǘǳǘƛƻƴǎ 
Ŏŀƴ ƛƴŘǳŎŜ ǎǘǊǳŎǘǳǊŀƭ ŘƛǎƻǊŘŜǊΣ ƳƻŘƛŦȅ ƘŀƭƛŘŜπƳŜǘŀƭ ōƻƴŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ǿƛŘŜƴ ǘƘŜ 
ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎǘŀōƛƭƛǘȅ ǿƛƴŘƻǿΦ aƻǘƛǾŀǘŜŘ ōȅ ǘƘŜǎŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎΣ ǘƘƛǎ ǿƻǊƪ ŜȄǇƭƻǊŜǎ bƛπōŀǎŜŘ ŀƭƛƻǾŀƭŜƴǘ 
ǎǳōǎǘƛǘǳǘƛƻƴ ƛƴ [ƛн½Ǌ/ƭсΣ ȅƛŜƭŘƛƴƎ ŎƻƳǇƻǎƛǘƛƻƴǎ ƻŦ ǘƘŜ ŦƻǊƳ [ƛόнҌȄύ½ǊόмπȄύbƛȄ/ƭс όȄ Ґ лΣ лΦлнΣ лΦлрΣ лΦмлύΦ ώрϐ  

¢ƘŜ ǎǳōǎǘƛǘǳǘŜŘ ƳŀǘŜǊƛŀƭǎ ǿŜǊŜ ǎȅƴǘƘŜǎƛǎŜŘ Ǿƛŀ ƳŜŎƘŀƴƻŎƘŜƳƛŎŀƭ ƳƛƭƭƛƴƎ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜǊƳŀƭ 
ŀƴƴŜŀƭƛƴƎΣ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ǳǎƛƴƎ ·πǊŀȅ ŘƛŦŦǊŀŎǘƛƻƴ ό·w5ύΣ wŀƳŀƴ ǎǇŜŎǘǊƻǎŎƻǇȅΣ ŀƴŘ ·πǊŀȅ 
ǇƘƻǘƻŜƭŜŎǘǊƻƴ ǎǇŜŎǘǊƻǎŎƻǇȅ ό·t{ύ ǘƻ ŜƭǳŎƛŘŀǘŜ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŎƘŜƳƛŎŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ŀǊƛǎƛƴƎ ŦǊƻƳ bƛ 
ƛƴŎƻǊǇƻǊŀǘƛƻƴΦ 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ƛƳǇŜŘŀƴŎŜ ǎǇŜŎǘǊƻǎŎƻǇȅ ό9L{ύΣ ŎƘǊƻƴƻŀƳǇŜǊƻƳŜǘǊȅΣ ƭƛƴŜŀǊ ǎǿŜŜǇ ǾƻƭǘŀƳƳŜǘǊȅ 
ό[{±ύΣ ŀƴŘ ŎȅŎƭƛŎ ǾƻƭǘŀƳƳŜǘǊȅ ό/±ύ ǿŜǊŜ ŜƳǇƭƻȅŜŘ ǘƻ ŀǎǎŜǎǎ ƛƻƴƛŎ ŀƴŘ ŜƭŜŎǘǊƻƴƛŎ ǘǊŀƴǎǇƻǊǘ ǇǊƻǇŜǊǘƛŜǎ ŀǎ ǿŜƭƭ ŀǎ 
ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎǘŀōƛƭƛǘȅΦ ώнΣ оΣ рϐ ¢ƘŜ ǎǳōǎǘƛǘǳǘƛƻƴ ǎǘǊŀǘŜƎȅ ŀƭƭƻǿŜŘ ŦƻǊ ŀƴ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ƛƻƴƛŎ ŎƻƴŘǳŎǘƛǾƛǘȅ 
ŦǊƻƳ лΦпл Ƴ{ ŎƳπм ǘƻ лΦтф Ƴ{ ŎƳπмΣ ƘƛƎƘƭƛƎƘǘƛƴƎ ƛǘǎ ǇƻǘŜƴǘƛŀƭΦ 

¢ƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ bƛπǎǳōǎǘƛǘǳǘŜŘ [½/ ƛƴ ǇǊŀŎǘƛŎŀƭ !{{. ŀǊŎƘƛǘŜŎǘǳǊŜǎΣ ǇŜƭƭŜǘπǘȅǇŜ ǎƻƭƛŘπǎǘŀǘŜ 
ŎŜƭƭǎ ǿŜǊŜ ŎƻƴǎǘǊǳŎǘŜŘ ǳǎƛƴƎ [ƛCŜthп ό[Ctύ ŀǎ ǘƘŜ ŎŀǘƘƻŘŜ ŀƴŘ ƭƛǘƘƛǳƳ ƳŜǘŀƭ ŀǎ ǘƘŜ ŀƴƻŘŜΦ ²ƛǘƘ [½/ ŜƭŜŎǘǊƻƭȅǘŜ 
ƭŀȅŜǊǎ ŦŀōǊƛŎŀǘŜŘ Ǿƛŀ ŘƻŎǘƻǊπōƭŀŘŜ ŎƻŀǘƛƴƎΦ ώтϐ !ƴ ƛƴǘŜƎǊŀǘŜŘ ŦŀōǊƛŎŀǘƛƻƴ ŀǇǇǊƻŀŎƘ ŀƭƭƻǿŜŘ ŦƻǊ ǎȅǎǘŜƳŀǘƛŎ 
ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ [½/πōŀǎŜŘ ŜƭŜŎǘǊƻƭȅǘŜǎ ǿƛǘƘƛƴ Ŧǳƭƭȅ ŀǎǎŜƳōƭŜŘ !{{. 
ŎƻƴŦƛƎǳǊŀǘƛƻƴǎΦ ώтϐ  
 
w9C9w9b/9{  
ώмϐ bŀǘǳǊŜ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ όнлноύ мпΥсфпсΣ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκǎпмпстπлноπпнрмнπȅ 
ώнϐ bŀǘǳǊŜ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ όнлнпύ мрΥроΣ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκǎпмпстπлноπпоуусπф 
ώоϐ bŀǘǳǊŜ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ όнлнмύ мнΥппмлΣ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκǎпмпстπлнмπнпсфтπн  
ώпϐ !ŘǾŀƴŎŜŘ aŀǘŜǊƛŀƭ нлмуΣ олΣ мулолтрΣ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀŘƳŀΦнлмулолтрΦ 
ώрϐ !ŘǾΦ 9ƴŜǊƎȅ aŀǘŜǊΦ нлнмΣ ммΣ нлломфлΣ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎ млΦмллнκŀŜƴƳΦнлнлломфл 
ώсϐ WƻǳǊƴŀƭ ƻŦ tƻǿŜǊ {ƻǳǊŎŜǎ слн όнлнпύ нопопоΣ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧǇƻǿǎƻǳǊΦнлнпΦнопопо 
ώтϐ WƻǳǊƴŀƭ ƻŦ ¢ƘŜ 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ {ƻŎƛŜǘȅΣ нлно мтл мллрлрΣ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммпфκ мфпрπтмммκŀŎŦŘŘм 















 {ŜƭŜŎǘŜŘ  
tƻǎǘŜǊ tƛǘŎƘ  
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The SALAMANDER project aims to develop long-lasting lithium-ion batteries through the integration of 

self-healing functionalities embedded directly in electrodes, triggered by external stimuli on internal sensors. 
The aim is to counteract mechanical fracturing due to repeated volume changes of Si-based anodes with the 
integration of self-healing polymers. Self-healing properties of polymers are typically evaluated in pure polymer 
films, for which the ability to repair a microsized cut is tested (Figure 1). However, in batteries, only a small 
percentage of the electrode can consist of the polymer additive, which completely changes the playing field to 
test the self-healing capabilities. A common understanding on testing self-healing in batteries will help to 
enhance the quality, reliability and lifetime of Li-ion batteries with the use of smart functionalities. Hence, a 
testing matrix is needed to bridge the gap between polymer model systems and functional battery electrodes.1 

In this project, experimentally optimized polymers have been developed with covalent adaptable 
networks (CANs) as self-healing functionality. The polymer is used as coating for Si nanoparticles. Hindered urea 
bonds allow for reversible forming of covalent bonds that may restore electrical connectivity lost during cycling.2 
Extensive structural characterization of the interaction between the Si and the polymer, as well as 
electrochemical characterization are ongoing to understand and optimize the effect of self-healing polymers in 
Si anodes for LIBs. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1. The integration of active materials for LIB (Si nanoparticles) affect the healing capabilities of self-
healing polymers on the microscale. 
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The present study investigates structure-property relationships in xanthan-based biopolymer binders for 
graphitic negative electrodes in lithium-ion batteries. Xanthan gum (XG) variants manifest well-defined molecular 
structures and stable shear-thinning behavior, rendering them optimal for systematic evaluation of binder 
structure effects. The present study analyzes the influence of side chain composition, degree of acetylation and 
pyruvylation, and polymer molecular weight on electrode and paste properties (i.e., adhesion, conductivity, 
rheology, and electrochemical performance). It has been demonstrated that an increased degree of acetylation 
enhances adhesion through improved interaction with the non-polar copper current collector. This effect occurs 
without any alteration in other properties. Conversely, an increase in pyruvylation has been observed to result 
in a reduction in adhesion and conductivity due to its poor compatibility with non-polar components, thereby 
promoting carbon-binder heterogeneity. The presence of larger side groups has been demonstrated to impede 
both adhesion and thixotropy. This phenomenon can be attributed to steric effects, which restrict polymer 
flexibility and prolong paste relaxation. Research has demonstrated a correlation between an increase in polymer 
molecular weight and enhanced shear-thinning behavior and thixotropy. This enhancement leads to a reduction 
in sedimentation and edge effects, although there is a concomitant decrease in conductivity. The findings 
indicate a discernible correlation between the molecular configuration of XG-based biopolymer binders and the 
performance of the electrodes. The insights provided in this study offer design guidelines for optimizing binder 
composition, with the objective of balancing rheological control, adhesion, and conductivity. This, in turn, 
contributes to more efficient electrode processing and improved performance in next-generation lithium-ion 
batteries. 
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Coat-Doping Strategies for Stabilizing Ni-rich Layered Cathodes 
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LiNiO2-based cathodes offer exceptionally high specific capacities for next-generation lithium-ion batteries, yet 
their practical deployment remains limited by structural and interfacial instabilities that emerge during 
electrochemical cycling. Oxygen loss, phase transitions, and surface reconstruction accelerate degradation in Ni-
rich layered oxides, highlighting the need for materials design strategies that simultaneously stabilize both bulk 
structure and surface chemistry. This work, undertaken as part of the Horizon Europe INERRANT project, focuses 
on developing robust Ni-rich single-crystal cathodes through integrated synthetic control and targeted structural 
modification. 
 
Optimized synthesis of single crystal Ni-rich LiNiO2-based cathodes provides the foundation for developing a 
coat-doping strategy that simultaneously addresses bulk and surface degradation. In this approach, carefully 
selected substitution elements are introduced to stabilize the layered crystal structure while promoting the 
formation of a protective surface. Through judicious cation and anion substitution, structural pillaring within the 
bulk is combined with enhanced surface stability, supporting the formation of more robust cathodes with 
improved cycling stability.  
 
Advanced characterization, including X-ray diffraction computed tomography and newly developed operando 
muon spectroscopy methods, provide insights into structural heterogeneity and lithium transport during cycling. 
These results contribute to the rational design of stable Ni-rich cathodes for next-generation Li-ion batteries. 
 
The authors acknowledge funding from the European Union's Horizon Europe research and innovation 
programme under Grant Agreement No. 101147457 (INERRANT), and the involvement in No. 101104022 
(Battery 2030 CSA3). 
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Aqueous processing of Ni-rich layered oxide active materials for positive electrodes, while attractive with 
regard to its ecological and economic footprint, possesses multiple obstacles not encountered when 
using state-of-the-art methods. One is found in the structural changes at the active materials’ surface caused by 
the interaction with water. This study explores the mechanism of interaction of H2O on such materials via use of 
D2O in production and comparison to a state-of-the-art reference. The materials, electrode pastes, and positive 
electrodes were prepared with H2O or D2O and characterized with regard to their physical and chemical 
properties, combined with microscopy and thermal analysis. D2O and H2O exhibited similar behavior in most 
metrics, and expected differences were seen in others, e.g. concerning viscosity or pH/pD (higher for D2O in both 
cases). EGA-MS indicated analogous decomposition of electrodes processed with H2O and D2O, with any water 
detected not stemming from processing in aqueous solution, but rather from surface residues of the active 
material, such as LiOH. Furthermore, the D2O-processed sample showed a diverging signal from its H2O-
processed counterpart, indicating further penetration of deuterium into the layered 
active material’s structure beyond surficial interactions. The findings offer a clear mechanistic insight into 
the effect; aqueous processing has on this class of positive electrode materials and thus contributes to greater 
understanding of the hurdles to be overcome to facilitate commercial viability for aqueously processed Ni-rich 
layered oxide material-based positive electrodes. Furthermore, they show the use of D2O as a tracking agent 
when investigating the effect of water on active materials.  
 

 
Figure 1: Schematic of the mechanism of lithium replacement by protons / deuterium atoms in NMC 
particles upon contact with water, showing the gaps in the lattice caused by water penetrating into 

the bulk material. 
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Surface Modification and Electrolyte Additives 

 
Guinevere A. Giffin1,2, Jens Timmermann2, Eugen Khitro1, Bastian Fett2, Jan Sprenger1, Michael Hofmann2,  

Maik Finze1 
1 Institute of Inorganic Chemistry, Institute for Sustainable Chemistry & Catalysis with Boron (ICB), University of 

Würzburg, Am Hubland, 97072 Würzburg, Germany 
2 Fraunhofer R&D Center for Electromobility, Fraunhofer Institute for Silicate Research ISC, Neunerplatz 2, 97082 

Würzburg, Germany 
 

Lithium-ion batteries are a vital part of the transition to renewable energies and electrified 
transportation. To achieve higher cell energy densities, Ni-rich layered oxides with capacities above 200 mAh g-
1 and average voltages above 3.7 V are of particular interest. However, high nickel contents (above 80%) make 
the cathode active materials (CAM) susceptible to a variety of degradation phenomena, including phase 
transitions from the layered to a rock-salt structure, electrolyte decomposition at the electrode interface, particle 
cracking with subsequent contact loss, and transition metal dissolution followed by deposition on the anode.  

Within Battery 2030+ umbrella project INERRANT, University College Dublin, Fraunhofer Institute for 
Silicate Research ISC and Julius-Maximilians-Universität Würzburg are bringing together multiple strategies to 
stabilize high-nickel cathode chemistries. Each partner addresses a different but synergetic aspect to improve 
the structural and surface stability (formation of a robust CEI) to minimize degradation of the CAM and to 
improve cell safety.  

Fraunhofer ISC and the University of Würzburg are working together to design both surface 
modification/coatings based on phosphorus compounds which can be applied ex-situ to the CAM before 
electrode fabrication. Julius-Maximilians-Universität Würzburg is developed phosphorus-based electrolyte 
additives to stabilize the cathode-electrolyte interphase formation during cycling. This contribution will 
demonstrate the results of each strategy individually along which the first studies on potential synergetic effects 
derived from combining strategies. 
 
The authors acknowledge funding from the European Union's Horizon Europe research and innovation 
programme under Grant Agreement No. 101147457 (INERRANT), and the involvement in No. 101104022 
(Battery 2030 CSA3). 
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w9/h±9w¸ !b5 t¦wLCL/!¢Lhb hC /h.![¢ {¦[C!¢9 
I9t¢!I¸5w!¢9 Cwha t¸wL¢9π59wL±95 {9/hb5!w¸ a!¢9wL![{ 

 
aŜǊǾŜ wƻȊŀ YǳǊǳǀȊ tǸǘǸƴмΣ 9ƳǊŜ 4ƤǘŀƪмΣ ¸ǳǎǳŦ ¢ǳƴŎŜƭмΣ {Ŝƭƛƴ aŜƭƛƘŀ  Ŝƴм 

м5ŜǇŀǊǘƳŜƴǘ ƻŦ wŜǎŜŀǊŎƘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘΣ 9ǘƛ .ŀƪƤǊ /ƻΦ LƴŎΦ aŀȊƤŘŀƐƤ tƭŀƴǘ ς 9ǘƛ DǸōǊŜΣ aŀǊŘƛƴΣ ¢ǳǊƪŜȅ 
 

¢ƘŜ ǊŀǇƛŘ ŜȄǇŀƴǎƛƻƴ ƻŦ ƭƛǘƘƛǳƳπƛƻƴ ό[ƛπƛƻƴύ ōŀǘǘŜǊȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŘǊƛǾŜƴ ōȅ ǘƘŜ Ǝƭƻōŀƭ ŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴΣ 
Ƙŀǎ ƭŜŘ ǘƻ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ŘŜƳŀƴŘ ŦƻǊ ŎǊƛǘƛŎŀƭ ŎŀǘƘƻŘŜ ƳŜǘŀƭǎ ǎǳŎƘ ŀǎ ŎƻōŀƭǘΣ ƭƛǘƘƛǳƳΣ ƳŀƴƎŀƴŜǎŜΣ ŀƴŘ 
ƴƛŎƪŜƭΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǎŜŎǳǊƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ǊŜƭƛŀōƭŜ ƳŜǘŀƭ ǎǳǇǇƭƛŜǎ ŦǊƻƳ ǎŜŎƻƴŘŀǊȅ Ǌŀǿ ƳŀǘŜǊƛŀƭ ǎƻǳǊŎŜǎ Ƙŀǎ 
ōŜŎƻƳŜ ŀ ǎǘǊŀǘŜƎƛŎ ǇǊƛƻǊƛǘȅΦ tȅǊƛǘŜ ƻǊŜΣ ŎƻƳƳƻƴƭȅ ƎŜƴŜǊŀǘŜŘ ŀǎ ŀ ōȅπǇǊƻŘǳŎǘ ƻŦ ƎƻƭŘΣ ŎƻǇǇŜǊΣ ŀƴŘ ƴƛŎƪŜƭ ƳƛƴƛƴƎΣ 
ǊŜǇǊŜǎŜƴǘǎ ŀ ƭƻǿπŎƻǎǘ ŀƴŘ ŀōǳƴŘŀƴǘ ǎŜŎƻƴŘŀǊȅ ǊŜǎƻǳǊŎŜ ǿƛǘƘ ŎƻƴǎƛŘŜǊŀōƭŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ Ŏƻōŀƭǘ ǊŜŎƻǾŜǊȅ ŀƴŘ 
ƛƴǘŜƎǊŀǘƛƻƴ ƛƴǘƻ ǘƘŜ ōŀǘǘŜǊȅ Ǌŀǿ ƳŀǘŜǊƛŀƭ ǎǳǇǇƭȅ ŎƘŀƛƴΦ 

 
¢ƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ƘƛƎƘπǇǳǊƛǘȅ Ŏƻōŀƭǘ όLLύ ǎǳƭŦŀǘŜ ƘŜǇǘŀƘȅŘǊŀǘŜ ό/ƻ{hјϊтIіhύΣ ŀ ƪŜȅ ǇǊŜŎǳǊǎƻǊ ŦƻǊ ƭƛǘƘƛǳƳπ

ƛƻƴ ōŀǘǘŜǊȅ ŎŀǘƘƻŘŜ ƳŀǘŜǊƛŀƭǎΣ ǊŜǉǳƛǊŜǎ ǘƘŜ ŜŦŦƛŎƛŜƴǘ ǊŜƳƻǾŀƭ ƻŦ ƳŜǘŀƭƭƛŎ ƛƳǇǳǊƛǘƛŜǎ ǇǊƛƻǊ ǘƻ ŎǊȅǎǘŀƭƭƛȊŀǘƛƻƴΦ Lƴ ǘƘƛǎ 
ǎǘǳŘȅΣ ŀ ƳǳƭǘƛπǎǘŜǇ ǇǳǊƛŦƛŎŀǘƛƻƴ ǇǊƻŎŜǎǎ ŎƻƳōƛƴƛƴƎ ƛƻƴ ŜȄŎƘŀƴƎŜΣ ǎƻƭǾŜƴǘ ŜȄǘǊŀŎǘƛƻƴΣ ŀƴŘ ŎƻƴǘǊƻƭƭŜŘ ŜǾŀǇƻǊŀǘƛƻƴ 
ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǘƻ ǊŜƳƻǾŜ ŎŀŘƳƛǳƳ ό/Řчяύ ŀƴŘ ƳŀƴƎŀƴŜǎŜ όaƴчяύ ƛƳǇǳǊƛǝŜǎ ŦǊƻƳ ŀƴ ŀŎƛŘƛŎ Ŏƻōŀƭǘ ǎǳƭŦŀǘŜ 
ǎƻƭǳǘƛƻƴΦ /ŀŘƳƛǳƳ ǿŀǎ ǎŜƭŜŎǘƛǾŜƭȅ ǊŜƳƻǾŜŘ ǳǎƛƴƎ ƛƻƴ ŜȄŎƘŀƴƎŜ ǊŜǎƛƴΣ ǿƘƛƭŜ ƳŀƴƎŀƴŜǎŜ ǿŀǎ ŜȄǘǊŀŎǘŜŘ ǳǎƛƴƎ Řƛπ
нπŜǘƘȅƭƘŜȄȅƭǇƘƻǎǇƘƻǊƛŎ ŀŎƛŘ ό5н9It!ύ ŀǘ ŀƴ ƻǇǘƛƳƛȊŜŘ ǇI ǘƻ ŜƴǎǳǊŜ ƘƛƎƘ ǎŜƭŜŎǘƛǾƛǘȅΦ 

 
CƻƭƭƻǿƛƴƎ ǇǳǊƛŦƛŎŀǘƛƻƴΣ /ƻ{hјϊтIіh ŎǊȅǎǘŀƭǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ŜǾŀǇƻǊŀǘƛƻƴ ǳƴŘŜǊ ŎƻƴǘǊƻƭƭŜŘ 

ŎƻƴŘƛǘƛƻƴǎΣ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜǊƳŀƭ ŘŜƎǊŀŘŀǘƛƻƴ ŀƴŘ ǳƴŘŜǎƛǊŜŘ ǇƘŀǎŜ ŦƻǊƳŀǘƛƻƴΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ŎǊȅǎǘŀƭǎ ǿŜǊŜ 
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ L/tπh9{ ŀƴŘ ·w5 ŀƴŀƭȅǎŜǎΣ ŎƻƴŦƛǊƳƛƴƎ ǘƘŜƛǊ ƘƛƎƘ ǇǳǊƛǘȅ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅΦ ¢ƘŜ ǇǊƻǇƻǎŜŘ 
ŀǇǇǊƻŀŎƘ ŘŜƳƻƴǎǘǊŀǘŜǎ ŀƴ ŜŦŦŜŎǘƛǾŜ ǊƻǳǘŜ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ōŀǘǘŜǊȅπƎǊŀŘŜ Ŏƻōŀƭǘ ǎǳƭŦŀǘŜ ŦǊƻƳ ǎŜŎƻƴŘŀǊȅ ǊŜǎƻǳǊŎŜǎΣ 
ǎǳǇǇƻǊǘƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ƳŀǘŜǊƛŀƭ ǎǳǇǇƭȅ ŦƻǊ ŀŘǾŀƴŎŜŘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŀǇǇƭƛŎŀǘƛƻƴǎΦ 

 
 

 
 
CƛƎǳǊŜ мΦ .ƭƻŎƪ Ŧƭƻǿ ŘƛŀƎǊŀƳ ƻŦ ǊŜŎƻǾŜǊȅ ŀƴŘ ǇǳǊƛŦƛŎŀǘƛƻƴ ǇŀǘƘǿŀȅ ǘƻ ǎȅƴǘƘŜǎƛǎ ƻŦ Ŏƻōŀƭǘ ǎǳƭŦŀǘŜ 

ƘŜǇǘŀƘȅŘǊŀǘŜ ŎǊȅǎǘŀƭǎ 
 
¢Ƙƛǎ {ǘǳŘȅ ōȅ 9ǘƛ DǳōǊŜ ό9ǘƛ .ŀƪƤǊ LƴŎύ ǿŀǎ ŦǳƴŘŜŘ ōȅ ǘƘŜ IƻǊƛȊƻƴ 9ǳǊƻǇŜ tǊƻƎǊŀƳƳŜ ǳƴŘŜǊ !ƎǊŜŜƳŜƴǘ 

bƻΦ млммотттмΣ !Ŏǘƛƻƴ ŜƴǘƛǘƭŜŘ ά{ǳǎǘŀƛƴŀōƭŜ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ wŜŘǳŎƛƴƎ 9ǳǊƻǇŜΩǎ ōŀǘǘŜǊȅ Ǌŀǿ aŀǘŜǊƛŀƭ{ 
ŘŜǇŜƴŘŜƴŎŜέΣ ƻǊ ά{¢w9!a{έΦ 
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The choice of the reference electrode can be crucial for electrochemical measurements. Its main 
requirements are a stable half-cell potential as well as a low reactivity towards the electrolyte. While different 
approaches have been made for non-aqueous batteries including Li metal, but also partially delithiated Li4Ti5O12 
(LTO) and LiFePO4 (LFP)[1], Ag|AgCl reference electrodes are mainly used for aqueous energy storage systems. 
While Ag|AgCl reference electrodes usually deliver a stable potential and leakless options for the use in organic 
or hybrid electrolytes are commercially available, their geometry is often designed for cells with large amounts 
of electrolyte and adaptation into other cell systems can be difficult and lead to lager error margins (e.g. up to 
±20 mV for leakless Ag|AgCl reference electrodes were reported [2]). This can be especially relevant for 
operando cells, which often have limited variability regarding space, why in these cases often quasi-reference 
electrodes such as Ag wires are used[3], which can suffer from limited reproducibility[4]. 

In this study we focused on the evaluation of different alternative reference electrode materials which 
allow for a more versatile electrode setup and application in different cell types. Their suitability for aqueous 
imide-based electrolytes with different concentrations including highly concentrated electrolytes are tested 
using different internal redox couples. The tested materials include activated carbon (AC)[5], as well as partially 
delithiated LFP[6], showing a stable potential over time and a great versatility regarding shape, allowing their 
application in different cell formats. 
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Degradation Pathways in High-Voltage Layered Sodium-Ion
Cathodes

Haidong Liu1,2, Yongchun Li1
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High-voltage layered sodium-ion battery (SIB) cathodes are attractive for next-generation battery
technologies because they can deliver high energy density through combined cationic and anionic redox activity.
However, their degradation mechanisms remain controversial, which hinders the rational design of durable
cathode materials. Here, we show that the dominant degradation pathway is not fixed, but strongly depends on
the applied cycling current.

Using a compositionally controlled series of Sc-, Sc-Ti-, and Sc-Ti-B-doped O3-type layered oxides, we
combine various advanced characterizations, such as operando X-ray diffraction, X-ray absorption spectroscopy,
resonant inelastic X-ray scattering, electron microscopy, and theoretical calculations to identify two distinct
degradation mechanisms. At low current, oxygen redox remains active and degradation is mainly associated with
oxygen-loss-induced instability. At high current, oxygen redox becomes kinetically suppressed and degradation
is governed primarily by structural evolution through simplified phase-transition pathways.

These results reconcile previously conflicting interpretations of degradation in high-voltage layered
sodium cathodes by establishing a current-dependent mechanistic guideline. The work shows that degradation
pathways must be evaluated under realistic operating conditions rather than inferred from a single cycling mode.
These findings clarify how operating conditions influence cathode degradation and provide a basis for designing
high-voltage sodium-ion cathodes with improved durability.

Figure 1. Schematic comparison of the relative contributions of structural evolution and oxygen-
redox-related degradation in layered sodium-ion cathodes under different cycling conditions.
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Lithium-ion batteries (LIBs) offer high energy density, low self-discharge, and decreasing production 
costs, but their performance and lifetime are often limited by local inhomogeneities, including non-uniform 
current distribution and concentration gradients. Electrode morphology strongly influences these effects, yet it 
is frequently oversimplified in conventional models because resolving realistic pore-scale geometries is 
computationally expensive. 

This work builds a rigorous link between microscopic transport physics and macroscopic battery-scale 
modelling by applying homogenization via multiple-scale expansion to a lithium-ion cell [1]. Starting from pore-
scale governing equations for mass and charge transport in the electrolyte and solid phases, we derive an 
upscaled macroscopic formulation in which the complex microstructure is replaced by effective transport 
properties. The approach exploits scale separation between a characteristic macroscopic length L (electrode/cell 
scale) and a microscopic length l (particle/pore scale). Under the common condition L�( l, the homogenized 
model is significantly faster than pore-resolved simulations while introducing a controlled approximation error 
of order O(l/L). 

The equations are cast in dimensionless form to identify relevant Péclet and Damköhler regimes and to 
define conditions for homogenization. Effective parameters are then obtained by solving closure problems on a 
periodic unit cell representative of the electrode morphology, yielding effective diffusivity and electrical 
conductivity for both liquid and solid phases and naturally accounting for porosity and tortuosity. For graphitic 
anodes, where particle anisotropy can affect transport pathways, the microstructure can be generated using 
flattened ellipsoidal particles informed by experimental particle size distributions and SEM-derived aspect ratios, 
providing a more realistic alternative to spherical particles. 

The resulting homogenized model is implemented and verified against a fully resolved 4D pore-scale 
simulation on the corresponding reconstructed microstructure. Figure 1 briefly illustrates the general workflow 
of this project. The homogenized formulation reproduces the main pore-scale trends with substantially reduced 
computational time and resources, enabling rapid parametric studies of morphology and operating conditions. 
Overall, homogenization provides a fast yet predictive framework for LIB simulations, supporting BMS 
implementation and fast in-line prediction for state-of-charge monitoring. 

 

Figure 1. Workflow of the comparison between homogenized model and pore scale model. 
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The global rise in energy consumption has driven research towards safer, more efficient energy storage systems. 
The commonly employed Li-ion batteries are prone to safety risks due to flammable liquid organic solvents, 
which can evaporate or leak and pose hazards in case of a short circuit. Deep eutectic solvents (DES) are a 
relatively new family of solvents with room temperature molten salt behaviour and several advantageous 
characteristics in the context of Li-ion batteries electrolytes. Their low vapour pressure and non-flammability, as 
well as good electrochemical performances, render them interesting candidates for application in contact with 
Li metal [1]. In this work, a DES composed of trifluoroacetamide (TFA) and lithium bis(trifluoromethanesulfonyl) 
imide (LiTFSI) is prepared and thoroughly characterized. A gel polymer electrolyte (GPE) is subsequently 
developed with the focus on the up-scalability of the GPE production. The polymeric matrix, composed of 
polyethylene glycol diacrylate (PEGDA) and pentaerythritol tetrakis(3-mercaptopropionate) (T4), is crosslinked 
via thiol-ene polymerization directly in the DES solution, demonstrating a fast, cheap and easy reaction. The thiol-
ene mechanism, moreover, avoids the sensitivity towards O2 of the otherwise commonly employed UV-mediated 
radical polymerization and enables the crosslinking reaction to be carried out in a dryroom [2]. The precursor 
solution is deposited directly on the surface of the investigated cathodes and irradiated with 10 W UV light to 
obtain a GPE with excellent interfacial contact. The calendering of the cathodes is investigated to assess the 
dependence of the electrochemical performances of the crosslinked GPE on the different cathodes surface 
morphologies. Moreover, the addition of 10% of a mixture of ethylene carbonate and diethyl carbonate in the 
DES (DES10) considerably improves the electrochemical performances of the GPEs, increasing the ionic 
conductivity from 6.36·10-4 S cm-1 to 1.25·10-3 S cm-1 at room temperature and enabling a long lifetime of 220 
cycles with a high specific capacity of 164 mAh g-1 when cycling in a Li||LFP cell at 1C and at room temperature. 

 
This publication is part of the project PNRR-NGEU which has received funding from the MUR �t DM 352/2022. 
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The increasing penetration of distributed renewable energy sources introduces new operational 
challenges for power systems, particularly regarding flexibility, stability, and efficient market participation. 
Virtual Power Plants (VPPs) have emerged as a promising approach to aggregate distributed energy resources 
such as generation, energy storage systems, and controllable loads, enabling their coordinated operation as a 
single flexible entity [1,2].  

This work presents the development of a large-scale VPP framework in Portugal within the Plano de 
Recuperação e Resiliência (PRR) project, where batteries play a central role in enabling flexibility and market 
participation. The proposed architecture integrates photovoltaic generation assets, battery energy storage 
systems (BESS), and distributed monitoring infrastructure through an IoT-based communication platform and 
cloud computing environment. Real-time measurements from energy and environmental sensors are aggregated 
to support forecasting and optimization processes. Figure 1 illustrates the conceptual architecture of the VPP 
developed in the project, highlighting the interaction between distributed assets, communication infrastructure, 
and the centralized management system. The operational strategy of the VPP is formulated as a mixed-integer 
linear programming (MILP) optimization problem that schedules generation, consumption, and storage 
resources with a 15-minute granularity. The algorithm aims to minimize operational costs while enabling 
participation in the Iberian electricity market (MIBEL), particularly the day-ahead market.  

Beyond the technological implementation, the project also addresses regulatory challenges associated 
with the deployment of VPPs in Portugal, where current legislation mainly focuses on energy communities. By 
demonstrating the technical and operational feasibility of geographically distributed VPPs, this work contributes 
to the discussion on regulatory evolution and highlights the role of battery systems as key enablers for future 
decentralized energy systems.  

 

 
Figure 1. Conceptual architecture of the Virtual Power Plant  
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Nowadays, lithium-ion batteries (LIBs) are the most widely used and reliable energy storage technology, 
but they also have drawbacks that hinder their ability to meet the rising demand for energy storage devices. 
Consequently, the study and development of alternative post-lithium-ion technologies is of crucial importance 
to make them commercially viable in the future. Among these systems, lithium-sulphur batteries (Li-S) are one 
of the most interesting due to the high theoretical specific capacity of sulphur (1672 mAh g�t1). However, the 
practical application of Li-S is still strongly limited by some issues, such as the sluggish sulphur redox kinetics and 
the so-called shuttle effect, which is caused by the diffusion of soluble lithium polysulphides formed during cell 
discharge. [1] To solve this problems, different materials capable of binding the soluble polysulphide species 
formed during cell discharge and catalysing their reduction reactions have been proposed as both sulphur host 
and catalytic additives. Among them, metal sulphides are a very promising class of materials thanks to their 
higher electronic conductivity as compared to oxides, together with their affinity and catalytic activity towards 
sulphurised species. [2] 

The present work aims at studying metal sulphides as potential catalysts for sulphur reduction reactions, 
exploiting a microwave-assisted hydrothermal synthesis approach. Water is a green and eco-friendly solvent and 
can be easily separated from the obtained metal sulphides since they have very low solubility product constants 
and quickly precipitate in the reaction media once formed. The use of microwaves, instead, shortens the required 
reaction time by providing a homogeneous temperature distribution throughout the whole reaction media, 
which minimises the formation of thermal gradients, reduces the formation of unwanted phases, and enhances 
the process reproducibility. Moreover, the obtained products are characterised by high purity and crystallinity, 
and a fine control of their particle size and morphology is possible [3]. In particular, three different metal 
sulphides, tin, manganese and zinc-based, were synthesized using metal acetates or chlorides and thiourea as 
precursors and characterised by means of both physico-chemical and electrochemical techniques. The main 
objective was to study their structural and morphological properties together with their affinity, interaction and 
catalytic activity towards lithium polysulphide species. Then, the effect of these metal sulphides on cell 
performance was evaluated by implementing them in the cathode formulation at coin cell level. Different 
approaches have been evaluated, from the simple addition of the catalysts during the electrode preparation to 
their mixing with the carbon matrix used as sulphur host prior to sulphur infiltration. 

The obtained results showed the different behaviours of the metal sulphides in polysulphides anchoring 
and conversion, and in Li2S deposition process. In full cell studies, instead, the simple addition of the catalyst 
during electrode preparation led to poor performances due to their bad distribution within the carbon/sulphur 
composite and, thus, an insufficient interaction with the active material. In contrast, the sulphides mixing with 
carbonaceous phase before the melt diffusion of sulphur in the material revealed delivered good results in terms 
of rate capability tests and galvanostatic cycling, laying the foundations for further studies which include a better 
understanding of the catalytic mechanisms through in operando Raman spectroscopy, the direct synthesis of 
catalysts on sulphur host materials to enhance homogeneity and electronic conductivity and the tailoring of 
catalyst properties exploiting the peculiar features of different metals. 
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MODELING THE LIMITED MASS TRASPORT OF POLYSULFIDES TO 
UNDERSTAND CAPACITY LOSS DURING CHARGE AND DISCHARGE 

Tommaso Filippo Lupatelli,  
Politecnico di Torino, DENERG 

 
In the latest years lithium�tsulfur (Li�tS) batteries have emerged as a promising alternative to conventional 
lithium-ion batteries due to their potential for significantly higher energy density and lower material costs[1]. 
However, despite their advantages, Li�t S batteries face several challenges to be commercialized, especially rapid 
capacity fade and complex reaction mechanisms. To address these issues and optimize battery performance, 
continuum modeling has become an essential, enabling a deeper understanding of the key physicochemical 
processes occurring within the battery. Major concern have been placed on irreversible phenomena such as 
shuttling, however the intrinsic nature of lithium sulfur batteries leads also to reversible capacity loss that limits 
their performances, especially at higher current[2]. Polysulfides during cycling are constantly driven towards and 
backwards the porous cathode due to concentration gradient and migration. The kinetic mismatch between mass 
transport and electrochemical activity is responsible for the so called reversible losses. The electrochemical 
model presented is a 1D homogeneous model developed in COMSOL Multiphysics 6.2, based on the porous 
electrode theory, using Nernst-Plank equation to describe the mass transport of dissolved species. The purpose 
of the model is to understand the impact of Li+ diffusivity on both reversible and irreversible losses, and so in 
which direction we should look forward. 
 

 
 
 

 
Figure 1. Specific capacity/Coulumbic efficiency vs number cycles. 
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Understanding Precipitation of Iron Phosphate from Chloride 
Containing Battery Leachate  
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Acid leaching of black mass is inevitably the first hydrometallurgical step in battery recycling, which in the case 
of LFP black mass, leads to highly acidic solutions containing the low value metal Fe³+, in our case as chlorides. 
Treating such streams and recovering battery grade precursor materials is important to enable circular process. 
It will address the growing supply demand for battery materials amid Europe's push for domestic critical raw 
material.  �/�Œ�}�v���‰�Z�}�•�‰�Z���š�����~�&���W�K�	�•��precipitation from this leachate is a key step �(�}�Œ���Œ�����Ç���o�]�v�P���>�]�&���W�K�	���~�>�&�W�•�������š�Z�}������
materials, but obtaining it as a single, clean phase from leached solution is challenging as coprecipitation happens 
in presence of other cations. In this work, we studied the �&���W�K�	���‰�Œ�����]�‰�]�š���š�]�}�v���(�Œ�}�u�����Z�o�}�Œ�]�����æbased LFP leachates 
containing approx. 2000ppm Fe�ù��, 150ppm Li��, 70ppm Al�ù��, and 5000ppm PO�	�ù��, with a focus on how phosphate, 
lithium and aluminum concentrations influence impurity formation. We adjust the pH of leachate using LiOH, 
NaOH and NH�	OH solution added in a semi-continuous manner in the leachate in the range 1.0�t2.0 and also 
diluted the leachate with water to change metal concentrations without adding extra cations. X�æray diffraction 
analysis shows that, in concentrated solutions, increasing pH leads to the co�æprecipitation of Lithium iron 
phosphate (Li��Fe��(PO�	)��), sodium iron phosphate (Na��Fe��(PO�	)���•  and aluminum phosphate (AlPO�	) together with 
the desired FePO�	. Dilution with water, however, significantly suppresses these impurity phases and favors the 
formation of pure FePO�	. This approach creates a challenge, as it dilutes the Li+ ions in the effluent stream, 
complicating its recovery in the downstream processing stages. These observations suggest that high Li�� 
concentration stabilizes lithium�ærich iron phosphate phases, while Al�ù�� strongly competes for phosphate to form 
AlPO�	. By systematically varying Li+, Al3+ and PO4�ù�� concentrations via controlled dilution and base addition, we 
aim to find concentration�tpH range �Á�Z���Œ�����]�u�‰�µ�Œ�]�š�Ç���‰�Œ�����]�‰�]�š���š�]�}�v���]�•���u�]�v�]�u�]�Ì���������v�����&���W�K�	���‰�µ�Œ�]�š�Ç���]�•���u���Æ�]�u�]�Ì�����X��
This work will provides an understanding that will help to select appropriate step after leaching, based on 
leachate composition for producing battery�ægrade FePO�	 from chloride�æleached LFP stream without the 
impurities as part of EU-Revitalise project.  
 

 
 

Figure 1. (a) Schematic of Process, XRD of (b) FePO4 precipitate from water dilution (c) AlPO4 
(impurity) and FePO4 precipitate from water dilution (d) Na3Fe2(PO4)3 and Li3Fe2(PO4)3 precipitate 

from NaOH addition (e) Li3Fe2(PO4)3, and FePO4 precipitation by LiOH addition. 
 
 

 






















































































