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ĤƚƣƖċĦƣ 
ÑőĲШŰŸƻĲũШĤŔŸƣĲůƓũċƣŔŰŊШůĲƣőŸĬШƽċƚШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШ ~9ΥΝΝШƚƨĦőШƣőċƣШƓċƖƣŔĦũĲШ
ůŸƖƓőŸũŸŊǃШƽŸƨũĬШĤĲШůċŰŔƓƨũċƣĲĬЯШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШĦċƣőŸĬĲШŔŰĦƖĲċƚĲĬЯШċŰĬШũŔƣőŔƨůрŔŸŰШ
ĦĲũũƚШŔůƓƖŸƻĲĬШƣŸШőĲũƓШƖĲċĦőШƣőĲШŊŸċũШŸŉШŰĲƣрǍĲƖŸЮШ ~9ΥΝΝЯШĬĲǯŰĲĬШĤǃШċШőŔŊőШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШ
ŸŉШӂΞΜΜШů őоŊШĤƨƣШċШƓŸŸƖШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШċŰĬШƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃЯШƽċƚШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШ
ĲŔƣőĲƖШĬĲǂƣƖċŰШŸƖШƚŸĬŔƨůШċũŊŔŰċƣĲЯШƓƖĲőĲċƣĲĬШċƣШΟΜΜШ҄9ШŉŸƖШΞőШċŰĬШĦċũĦŔŰĲĬШċƣШΥΜΜШ҄9ШƨƚŔŰŊШ
ŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШŸƖШΥΡΜШ҄9ШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШŉŸƖШΞШőШƨŰĬĲƖШ§ΞЮШÑőĲШƖĲƚƨũƣŔŰŊШũċǃĲƖĲĬЯШ
ŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШŔŰĬŔĦċƣĲĬШőŔŊőШũċǃĲƖŔŰŊШċŰĬШũŸƽШůŔǂŔŰŊШŸŉШxŔҼШċŰĬШ ŔΞҼШĦċƣŔŸŰƚШƽŔƣőШŰċŰŸƚĦċũĲШ
ŸĦƣċőĲĬƖċũШċŰĬШƖŸƨŰĬĲĬШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШŸŉШċƻĲƖċŊĲШĬŔċůĲƣĲƖШΣΜΜШƣŸШΝΜΜΜШŰůЮШìőĲŰШĦǃĦũĲĬШƣŸШ
ΠЮΞШéШċƣШΜЮΝШ9ШƖĲƚƨũƣĲĬШŔŰШƚƓĲĦŔǯĦШĦċƓċĦŔƣŔĲƚШċƚШőŔŊőШċƚШΞΠΜШů őоŊШƽŔƣőШĦċƓċĦŔƣǃШŉċĬĲШŸŉШΟΜШ
ů őоŊШŸƻĲƖШΡΜШĦǃĦũĲƚШƽőĲŰШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШŸƖШΝΡΜШů őоŊШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШƽŔƣőШċШ
ĦċƓċĦŔƣǃШŉċĬĲШŸŉШΝΜШů őоŊШŸƻĲƖШΡΜШĦǃĦũĲƚШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰЮШÂũċƣĲШċŰĬШŰċŰŸƽŔƖĲШŰŸƻĲũШ
ůŸƖƓőŸũŸŊŔĲƚШƽĲƖĲШċũƚŸШŸĤƚĲƖƻĲĬШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШƖĲƚƓĲĦƣŔƻĲũǃЮШ
ÉŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШр͑ĦċƖƖċŊĲĲŰċŰШƽĲƖĲШċũƚŸШƨƚĲĬШƣŸШĬŸƓĲШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШċŰĬШƚƨũŉƨƖШ
ƖĲƚƓĲĦƣŔƻĲũǃЮШΝΜӖШ ċрĬŸƓĲĬШċŰĬШΜЮΡӖШÉрĬŸƓĲĬШ ~9ΥΝΝШƽĲƖĲШƻŔċĤũĲЯШĲǂőŔĤŔƣŔŰŊШũċǃĲƖĲĬЯШ
ŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШƚƣƖƨĦƣƨƖĲƚШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲоƚŸĬŔƨůШĦċƖĤŸŰċƣĲШċŰĬШũŔƣőŔƨůШƚƨũŉċƣĲШ
ƚĲĦŸŰĬċƖǃШƓőċƚĲƚШƖĲƚƓĲĦƣŔƻĲũǃЯШċŰĬШĲǂőŔĤŔƣŔŰŊШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШŸŉШŰċŰŸƚĦċũĲЯШŸĦƣċőĲĬƖċũШ
ƓƖŔůċƖǃШƓċƖƣŔĦũĲƚЮШ ŸƻĲũШůŔĦƖŸƽŔƖĲШůŸƖƓőŸũŸŊŔĲƚШƽĲƖĲШċũƚŸШŸĤƚĲƖƻĲĬШƽőĲŰШĤŔŸƣĲůƓũċƣĲĬШƽŔƣőШр͑
ĦċƖƖċŊĲĲŰċŰЮШìőĲŰШĦǃĦũĲĬШƣŸШΠЮΞШéШċƣШΜЮΝШ9ЯШƚƓĲĦŔǯĦШĦċƓċĦŔƣŔĲƚШŸŉШΝΤΜШů őоŊШċŰĬШΝΡΜШů őоŊШ
ƽŔƣőШĦċƓċĦŔƣǃШŉċĬĲШŸŉШΝΜШů őоŊШċŰĬШΠΜШů őоŊШċŉƣĲƖШΡΜШĦǃĦũĲƚШƽĲƖĲШŸĤƚĲƖƻĲĬШƽőĲŰШĬŸƓŔŰŊШƽŔƣőШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШр͑ĦċƖƖċŊĲĲŰċŰЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÖƚŔŰŊШƣőĲШŰŸƻĲũШĤŔŸƣĲůƓũċƣŔŰŊШůĲƣőŸĬЯШ
ŰċŰŸƚĦċũĲШŰŸƻĲũШůŸƖƓőŸũŸŊŔĲƚШĦċŰШĤĲШƚǃŰƣőĲƚŔƚĲĬШċŰĬШ ~9ΥΝΝШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШċŰĬШĦċƓċĦŔƣǃШ
ƖĲƣĲŰƣŔŸŰШŔŰĦƖĲċƚĲĬЯШƽőŔũĲШĦċƣőŸĬĲШƚǃŰƣőĲƚŔƚШŔƚШůŸƖĲШŔŰĲǂƓĲŰƚŔƻĲШċŰĬШƕƨŔĦťĲƖЮ 
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ĦťŰŸƽũĲĬŊĲůĲŰƣƚШ 
fШƽŸƨũĬШũŔťĲШƣŸШƣőċŰťШůǃШƚƨƓĲƖƻŔƚŸƖƚШ?ƖШÅĲĤĲĦĦċШ7ŸƚƣŸŰШċŰĬШ?ƖШ ũŔƚǃŰШ ĲĬŸůċШŉŸƖШƓƖŸƻŔĬŔŰŊШůĲШ
ƽŔƣőШƣőĲШŸƓƓŸƖƣƨŰŔƣǃШƣŸШƚƣƨĬǃШċШÂő?ШċƣШƣőĲШƨŰŔƻĲƖƚŔƣǃШŸŉШÉőĲǭŔĲũĬЯШŉŸƖШƓƖŸƻŔĬŔŰŊШƚƨƓƓŸƖƣШċŰĬШ
ĬŔƖĲĦƣŔŸŰШŔŰШůǃШƣƖċŰƚŔƣŔŸŰШŉƖŸůШċŰШĲŰŊŔŰĲĲƖŔŰŊШůċƚƣĲƖќƚШƚƣƨĬĲŰƣШƣŸШċШůċƣĲƖŔċũƚШċŰĬШĦőĲůŔƚƣƖǃШ
Âő?ШƚƣƨĬĲŰƣЯШċŰĬШŉŸƖШĤĲŔŰŊШƓċƣŔĲŰƣШƽŔƣőШůǃШƚƓĲĦŔǯĦШƚƣǃũĲШŸŉШƽŸƖťЮ 

fШƽŔƚőШƣŸШƣőċŰťШƣőĲШ[ċƖċĬċǃШfŰƚƣŔƣƨƣŔŸŰШŉŸƖШŉƨŰĬŔŰŊШůǃШÂő?ЯШŉŸƖШƓƖŸƻŔĬŔŰŊШŰƨůĲƖŸƨƚШŸƓƓŸƖƣƨŰŔƣŔĲƚШ
ƣŸШƣƖċŔŰШċŰĬШŊƖŸƽШċƚШĤŸƣőШċШƓĲƖƚŸŰШċŰĬШċШƓƖŸŉĲƚƚŔŸŰċũЯШċŰĬШŉŸƖШůċťŔŰŊШŔƣШƓŸƚƚŔĤũĲШƣŸШƚőċƖĲШůǃШ
ƽŸƖťШŔŰШƓũċĦĲƚШċƚШŉċƖШċƽċǃШċƚШ?ƨĤũŔŰШċŰĬШcċƽċŔќŔЮШfШƽŸƨũĬШċũƚŸШũŔťĲШƣŸШƣőċŰťШƣőĲШƖĲƚƣШŸŉШ[ċƖċĬċǃШ
9ŸőŸƖƣШΟШŉŸƖШůċťŔŰŊШŸƨƖШůċŰǃШƣƖċŔŰŔŰŊШĬċǃƚШƚŸШĲŰŢŸǃċĤũĲЮ 

fШƽŸƨũĬШũŔťĲШƣŸШŊŔƻĲШƣőċŰťƚШƣŸШƣőĲШÉƨƚƣċŔŰċĤŔũŔƣǃШ§ǂŔĬĲШÂƖŸĦĲƚƚŔŰŊШ]ƖŸƨƓШċŰĬШċƚƚŸĦŔċƣĲĬШƓĲŸƓũĲШ
ĤŸƣőШƓċƚƣШċŰĬШƓƖĲƚĲŰƣШы7ĲĦĦċШcƨċŰŊЯШòŔŰŔŰŊШxŔЯШÂőċШÑőŔĤƣőŸŰŊЯШ]ĲŸƖŊĲШìŔũƚŸŰЯШÉŔũƻŔŢċШüŔũŔŰƚťċŔƣĲЯШ
ÉƣĲƓőШ~ƨĬĬЯШEŰƖŔƕƨĲШ9ċƚċŰċƚЯШÂŸŸŢċШuƨůċƖŔЯШÉőƨĦőŔШéċŔƚőŰċƻЯШsĲƚƚШ ŰĬƖĲƽƚЯШxċƨƖċШ
ìőĲċƣĦƖŸŉƣЯШ?ċŰŔĲũШ~ċƖƣŔŰЯШċŰĬШ7ċĤċƣƨŰĬĲШ ĬĲĤċǃŸьШŉŸƖШċũũШƣőĲШƽŸŰĬĲƖŉƨũШůĲċũƚШŸƻĲƖШƣőĲШũċƚƣШΠШ
ǃĲċƖƚШċŰĬШŉŸƖШĦƖĲċƣŔŰŊШƚƨĦőШċШƽŸŰĬĲƖŉƨũШċŰĬШƨŰŔƕƨĲШŸǭŔĦĲШƣŸШƽŸƖťШŔŰЮ 

ÑőċŰťШǃŸƨШƣŸШċũũШƣőĲШƚƣċǭШŸŉШƣőĲШÉŔƖШÅŸĤĲƖƣШcċĬǯĲũĬШ7ƨŔũĬŔŰŊЯШÉŸƖĤǃШ9ĲŰƣƖĲЯШċŰĬШÅŸǃĦĲШ?ŔƚĦŸƻĲƖǃШ
9ĲŰƣƖĲШƽőŸШőċƻĲШőĲũƓĲĬШůĲШƽŔƣőШůǃШƽŸƖťШĬƨƖŔŰŊШůǃШƓƖŸŢĲĦƣЮШìŔƣőŸƨƣШǃŸƨƖШťŰŸƽũĲĬŊĲШŸŉШ
ůċƣĲƖŔċũƚШċŰĬШĦőĲůŔƚƣƖǃШfШƽŸƨũĬШőċƻĲШƚƣƖƨŊŊũĲĬШĲƻĲŰШůŸƖĲШƽŔƣőШƣőĲШƣƖċŰƚŔƣŔŸŰШŉƖŸůШĲŰŊŔŰĲĲƖШƣŸШ
ůċƣĲƖŔċũШƚĦŔĲŰƣŔƚƣЮ 

ÑőċŰťШǃŸƨШƣŸШÉőĲǭŔĲũĬШÖŰŔƻĲƖƚŔƣǃШÉƨĤШ ƕƨċШ9ũƨĤШċŰĬШƣőĲШůċŰǃШŉƖŔĲŰĬƚШfШőċƻĲШƓũċǃĲĬШƣċĤũĲƣŸƓШ
ŊċůĲƚШƽŔƣőШыǃŸƨШťŰŸƽШƽőŸШǃŸƨШċƖĲьШŉŸƖШůċťŔŰŊШÉőĲǭŔĲũĬШƚŸШƽĲũĦŸůŔŰŊШċŰĬШƓƖŸƻŔĬŔŰŊШůĲШƣőĲШ
ŸƓƓŸƖƣƨŰŔƣǃШƣŸШőċƻĲШŰƨůĲƖŸƨƚШŰĲƽШċĬƻĲŰƣƨƖĲƚЮ 

[ŔŰċũũǃЯШƣőċŰťƚШƣŸШůǃШƓċƖĲŰƣƚШ?ĲċŰШċŰĬШ ŰŰĲƣƣĲШEůůĲƣƣШŉŸƖШƣőĲŔƖШĦŸŰƣŔŰƨĲĬШƚƨƓƓŸƖƣШċŰĬШũŸƻĲШ
ƽőŔũĲШĬŸŔŰŊШůǃШÂő?ШċŰĬШŔŰШũŔŉĲЯШċŰĬШċШƚƓĲĦŔċũШƣőċŰťШǃŸƨШƣŸШ ůǃШcċůůŸŰĬЯШüŸĲШÉĦċƖũĲƣƣЯШċŰĬШ
ĬċůШcŔŊŊŔŰĤŸƣƣŸůШыƽőŸШĬĲůċŰĬĲĬШfШőċƻĲШċШĬƨĦťШŔŰШůǃШƣőĲƚŔƚЯШƚŸШљĬƨĦťњьШŉŸƖШċũũШƣőĲШũċƨŊőƚЯШ

ƚƨƓƓŸƖƣЯШĦŸǭĲĲШĤƖĲċťƚШċŰĬШŰŔŊőƣƚШŔŰЮ 

 

 

 

 

 

 

 

 

 

 



Π 
 

Contents 
9ŸŰƣĲŰƣƚШŸŉШ[ŔŊƨƖĲƚ ................................ ................................ ................................ ..............  ΝΡ 

Ν xŔƣĲƖċƣƨƖĲШÅĲƻŔĲƽ ................................ ................................ ................................ .......... ΞΟ 

ΝЮΝ  ĲƣШǍĲƖŸШċŰĬШƣőĲШƖŸũĲШŸŉШĲũĲĦƣƖŸĦőĲůŔĦċũШƚƣŸƖċŊĲ ................................ .....................  ΞΟ 

ΝЮΞ 9ĲũũШ9őĲůŔƚƣƖŔĲƚ ................................ ................................ ................................ .... ΞΟ 

ΝЮΞЮΝ xŔƣőŔƨůрŔŸŰШĦĲũũƚ ................................ ................................ ...........................  ΞΠ 

ΝЮΞЮΞ ÉŸĬŔƨůрŔŸŰШĦĲũũƚ ................................ ................................ ...........................  ΞΡ 

ΝЮΞЮΟ xŔƣőŔƨůрƚƨũŉƨƖШыxŔÉьШĦĲũũƚ ................................ ................................ ................  ΞΡ 

ΝЮΞЮΟЮΝ §ƣőĲƖШĦĲũũШĦőĲůŔƚƣƖŔĲƚ ................................ ................................ ...............  ΞΡ 

ΝЮΞЮΠ ?ŔƚĦƨƚƚŔŸŰШŸŉШxŔƣőŔƨůрŔŸŰШ9ĲũũƚШƻƚЮШ ũƣĲƖŰċƣŔƻĲШ9ĲũũШ9őĲůŔƚƣƖŔĲƚ .....................  ΞΡ 

ΝЮΟ 9ċƣőŸĬĲƚ ................................ ................................ ................................ ..............  ΞΣ 

ΝЮΟЮΝ  ŔĦťĲũШ~ċŰŊċŰĲƚĲШ9ŸĤċũƣШ§ǂŔĬĲШы ~9ь ................................ ..........................  ΞΣ 

ΝЮΟЮΝЮΝ  ~9ΥΝΝШĦċƣőŸĬĲ ................................ ................................ ......................  ΞΥ 

ΝЮΟЮΝЮΞ ũƣĲƖŰċƣŔƻĲШƖċƣŔŸƚШŸŉШ ~9ШĦċƣőŸĬĲƚ ................................ ............................  ΞΥ 

ΝЮΟЮΝЮΟ x §ШĦċƣőŸĬĲ ................................ ................................ ............................  ΞΦ 

ΝЮΟЮΞ xŔƣőŔƨůШ9ŸĤċũƣШ ũƨůŔŰŔƨůШ§ǂŔĬĲШы 9 ь ................................ .........................  ΞΦ 

ΝЮΟЮΟ xŔƣőŔƨůШfƖŸŰШÂőŸƚƓőċƣĲШыx[Âь ................................ ................................ ......... ΞΦ 

ΝЮΟЮΠ xŔƣőŔƨůШ9ŸĤċũƣШ§ǂŔĬĲШыx9§ь ................................ ................................ ...........  ΟΜ 

ΝЮΟЮΡ xŔƣőŔƨůШ~ċŰŊċŰĲƚĲШ§ǂŔĬĲШыx~§ь ................................ ................................ ... ΟΝ 

ΝЮΟЮΣ 9ŸůƓċƖŔƚŸŰШŸŉШ ~9ΥΝΝШ9ċƣőŸĬĲШƻƚЮШ ũƣĲƖŰċƣŔƻĲШ9ċƣőŸĬĲШ9őĲůŔƚƣƖŔĲƚ ...........  ΟΞ 

ΝЮΠ ÉǃŰƣőĲƚŔƚ ................................ ................................ ................................ ...............  ΟΟ 

ΝЮΠЮΝ ?ƖǃШÉǃŰƣőĲƚŔƚ ................................ ................................ ................................  ΟΟ 

ΝЮΠЮΝЮΝ ÉŸũŔĬШÉƣċƣĲ ................................ ................................ ................................  ΟΟ 

ΝЮΠЮΝЮΞ ÉŸũŔĬШÉƣċƣĲШтШìĲƣШ9őĲůŔĦċũШÉǃŰƣőĲƚŔƚШcǃĤƖŔĬ ................................ .............  ΟΟ 

ΝЮΠЮΝЮΟ ÉŸũŔĬШÉƣċƣĲШрШÑĲůƓũċƣŔŰŊ ................................ ................................ .............  ΟΠ 

ΝЮΠЮΞ ìĲƣШÉǃŰƣőĲƚŔƚ ................................ ................................ ...............................  ΟΡ 

ΝЮΠЮΞЮΝ ÉŸũрŊĲũ ................................ ................................ ................................ ...... ΟΡ 

ΝЮΠЮΞЮΞ cǃĬƖŸƣőĲƖůċũ ................................ ................................ ...........................  ΟΤ 

ΝЮΠЮΞЮΟ 9ŸрƓƖĲĦŔƓŔƣċƣŔŸŰ ................................ ................................ ........................  ΟΦ 

ΝЮΠЮΞЮΠ ÂĲĦőŔŰŔШ~ĲƣőŸĬ ................................ ................................ .........................  ΠΞ 

ΝЮΠЮΞЮΡ ~ŸũƣĲŰШÉċũƣШÉǃŰƣőĲƚŔƚ ................................ ................................ ................  ΠΟ 

ΝЮΠЮΞЮΣ ÉƓƖċǃШÂǃƖŸũǃƚŔƚ ................................ ................................ ..........................  ΠΟ 

ΝЮΠЮΟ  ŸƻĲũШ7ŔŸƣĲůƓũċƣŔŰŊШ~ĲƣőŸĬ ................................ ................................ ......... ΠΡ 

ΝЮΠЮΟЮΝ ~ĲƣőŸĬ ................................ ................................ ................................ ..... ΠΡ 

ΝЮΠЮΟЮΞ ?ĲǂƣƖċŰШ7ŔŸƣĲůƓũċƣŔŰŊ ................................ ................................ ...............  ΠΡ 

ΝЮΠЮΟЮΟ ÉŸĬŔƨůШ ũŊŔŰċƣĲШ7ŔŸƣĲůƓũċƣŔŰŊ ................................ ................................ .. ΠΥ 



Ρ 
 

ΝЮΠЮΟЮΟЮΝ ÉŸĬŔƨůрĬŸƓĲĬШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚ ................................ .....................  ΡΜ 

ΝЮΠЮΟЮΠ р̓ĦċƖƖċŊĲĲŰċŰШ7ŔŸƣĲůƓũċƣŔŰŊ ................................ ................................ .... ΡΝ 

ΝЮΠЮΟЮΠЮΝ ÉƨũŉƨƖрĬŸƓĲĬШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚ ................................ ........................  ΡΞ 

ΝЮΠЮΟЮΡ §ƣőĲƖШ7ŔŸƣĲůƓũċƣĲƚ ................................ ................................ ...................  ΡΟ 

ΝЮΠЮΠ ƚƚĲƚƚůĲŰƣШŸŉШ7ŔŸƣĲůƓũċƣŔŰŊШƻƚЮШ?ƖǃШċŰĬШìĲƣШÉǃŰƣőĲƚŔƚШ~ĲƣőŸĬƚ ..................  ΡΟ 

ΝЮΡ ŔůƚШċŰĬШ§ĤŢĲĦƣŔƻĲƚ ................................ ................................ ..............................  ΡΡ 

Ξ ~ĲƣőŸĬŸũŸŊǃ ................................ ................................ ................................ .................  ΡΣ 

ΞЮΝ ÂŸƽĬĲƖШÉǃŰƣőĲƚŔƚШůĲƣőŸĬŸũŸŊǃ ................................ ................................ ..............  ΡΣ 

ΞЮΝЮΝ ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΝШтШ~ŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШ
ĤŔŸƣĲůƓũċƣĲƚ ................................ ................................ ................................ ................  ΡΣ 

ΞЮΝЮΞ ÂŸƽĬĲƖШƚǃŰƣőĲƚŔƚШ~ĲƣőŸĬŸũŸŊǃШfƚƚƨĲƚ ................................ ...........................  ΡΥ 

ΞЮΝЮΟ ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΞШтШƣƣĲůƓƣШƣŸШƚŸĬŔƨůШĬŸƓĲШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШ
ĤŔŸƣĲůƓũċƣŔŰŊШċŰĬШƣőĲШƻċƖǃŔŰŊШŸŉШxŔƣőŔƨůрÉŸĬŔƨůШĲƨƣĲĦƣŔĦƚ ................................ ............  ΡΥ 

ΞЮΝЮΠ ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΟШрШÉǃŰƣőĲƚŔƚШċŰĬШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШŸŉШ ~9ΥΝΝШƽŔƣőШƚƨũŉċƣĲШ
ƚĲĦŸŰĬċƖǃШƓőċƚĲШƨƚŔŰŊШƚƨũŉƨƖрĤċƚĲĬШр͑ĦċƖƖċŊĲĲŰċŰ ................................ .......................  ΣΜ 

ΞЮΞ 9ċƣőŸĬĲШċŰċũǃƚŔƚ ................................ ................................ ................................ ... ΣΝ 

ΞЮΞЮΝ ñрƖċǃШ?ŔǭƖċĦƣŔŸŰ ................................ ................................ ............................  ΣΝ 

ΞЮΞЮΝЮΝ ÅŔĲƣƻĲũĬШ ŰċũǃƚŔƚ ................................ ................................ .......................  ΣΠ 

ΞЮΞЮΞ ÉĦċŰŰŔŰŊШEũĲĦƣƖŸŰШ~ŔĦƖŸƚĦŸƓǃ ................................ ................................ ...... ΣΣ 

ΞЮΞЮΞЮΝ EŰĲƖŊǃШĬŔƚƓĲƖƚŔƻĲШñрƖċǃШċŰċũǃƚŔƚ ................................ ................................ . ΣΦ 

ΞЮΞЮΟ ?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃоÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚ .......................  ΣΦ 

ΞЮΟ 9ĲũũШ~ċŰƨŉċĦƣƨƖĲ ................................ ................................ ................................ ... ΤΜ 

ΞЮΠ EũĲĦƣƖŸĦőĲůŔĦċũШÑĲƚƣŔŰŊ ................................ ................................ .........................  ΤΝ 

ΞЮΠЮΝ EũĲĦƣƖŸĦőĲůŔĦċũШÑĲƚƣŔŰŊШ?ċƣċШ ŰċũǃƚŔƚ ................................ ...........................  ΤΞ 

Ο ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΝШтШ~ŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲƚ
 ΤΠ 

ΟЮΝ ŔůƚШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШĤŔŸƣĲůƓũċƣŔŰŊ ................................ ....................  ΤΠ 

ΟЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊ ................................ ..............................  ΤΠ 

ΟЮΞЮΝ ŰċũǃƚŔƚШŸŉШĦŸŰƣƖŸũШ ~9ΥΝΝ ................................ ................................ .......... ΤΠ 

ΟЮΞЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШ?ĲǂƣƖċŰ ................................ ..............................  ΤΡ 

ΟЮΞЮΞЮΝ éċƖŔċƣŔŸŰШŸŉШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ . ΤΡ 

ΟЮΞЮΞЮΞ éċƖŔċƣŔŸŰШŸŉШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ... ΤΣ 

ΟЮΞЮΞЮΟ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ .... ΤΤ 

ΟЮΞЮΞЮΠ éċƖŔċƣŔŸŰШŸŉШĦƖƨĦŔĤũĲШƚŔǍĲШŸŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ .... ΤΦ 

ΟЮΞЮΞЮΡ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ...... ΥΜ 

ΟЮΞЮΟ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲ ................................ ..................  ΥΝ 



Σ 
 

ΟЮΞЮΟЮΝ éċƖŔċƣŔŸŰШŸŉШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ................  ΥΝ 

ΟЮΞЮΟЮΝЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ΥΞ 

ΟЮΞЮΟЮΞ éċƖŔċƣŔŸŰШŸŉШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ................  ΥΟ 

ΟЮΞЮΟЮΞЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ΥΡ 

ΟЮΞЮΠ ?ŔƚĦƨƚƚŔŸŰШŸŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊ ..............................  ΥΣ 

ΟЮΟ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨŰĬĲƖШċŔƖШƻƚЮШŸǂǃŊĲŰ ................................ ..............................  ΥΣ 

ΟЮΟЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШŔŰШċŔƖШċŰĬШŸǂǃŊĲŰШƨƚŔŰŊШĬĲǂƣƖċŰ ................................ ..... ΥΤ 

ΟЮΟЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШŔŰШċŔƖШċŰĬШŸǂǃŊĲŰШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲ ........................  ΥΥ 

ΟЮΟЮΟ ?ŔƚĦƨƚƚŔŸŰШŸŉШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШŔŰШċŔƖШċŰĬШŸǂǃŊĲŰ ................................ ..... ΥΦ 

ΟЮΠ éċƖŔċƣŔŸŰШŔŰШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ ................................ .. ΥΦ 

ΟЮΠЮΝ ìőǃШÂƖĲőĲċƣШŔŰШċŔƖе ................................ ................................ .......................  ΥΦ 

ΟЮΠЮΞ éċƖŔċƣŔŸŰШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰ ... ΥΦ 

ΟЮΠЮΞЮΝ éċƖŔċƣŔŸŰШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰШ
ċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ..............................  ΥΦ 

ΟЮΠЮΞЮΝЮΝ ?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃШы?É9ьШċŰĬШÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚШ
ыÑ] ьШŸŉШ ~9ΥΝΝШĦċũĦŔŰĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ..............................  ΦΝ 

ΟЮΠЮΞЮΝЮΞ cŔŊőШƣĲůƓĲƖċƣƨƖĲШƚƣƨĬǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ΦΞ 

ΟЮΠЮΞЮΝЮΟ ÂŸƚƣрĬƖǃŔŰŊШ ŰċũǃƚŔƚШŸŉШĬŔƚƚŸũƻĲĬШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ...........  ΦΟ 

ΟЮΠЮΞЮΝЮΠ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖĲőĲċƣĲĬШƨƚŔŰŊШċШƖċŰŊĲШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲƚШ
ƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ..... ΦΠ 

ΟЮΠЮΞЮΞ éċƖŔċƣŔŸŰШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰШ
ċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ...............................  ΦΡ 

ΟЮΠЮΞЮΞЮΝ ?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃШы?É9ьШċŰĬШÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚШ
ыÑ] ьШŸŉШ ~9ΥΝΝШĦċũĦŔŰĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................  ΦΤ 

ΟЮΠЮΞЮΞЮΞ cŔŊőШƣĲůƓĲƖċƣƨƖĲШƚƣƨĬǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ΦΥ 

ΟЮΠЮΞЮΞЮΟ ÂŸƚƣрĬƖǃŔŰŊШ ŰċũǃƚŔƚШŸŉШĬŔƚƚŸũƻĲĬШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ............  ΦΦ 

ΟЮΠЮΞЮΞЮΠ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖĲőĲċƣĲĬШƨƚŔŰŊШċШƖċŰŊĲШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲƚШ
ƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ..... ΝΜΜ 

ΟЮΠЮΟ éċƖŔċƣŔŸŰШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲ ΝΜΝ 

ΟЮΠЮΟЮΝ éċƖŔċƣŔŸŰШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ...............  ΝΜΝ 



Τ 
 

ΟЮΠЮΟЮΝЮΝ ?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃШы?É9ьШċŰĬШÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚШ
ыÑ] ьШŸŉШ ~9ΥΝΝШĦċũĦŔŰĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ...............  ΝΜΟ 

ΟЮΠЮΟЮΝЮΞ cŔŊőШƣĲůƓĲƖċƣƨƖĲШƚƣƨĬǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ...............................  ΝΜΠ 

ΟЮΠЮΟЮΝЮΟ ÂŸƚƣрĬƖǃŔŰŊШ ŰċũǃƚŔƚШŸŉШĬŔƚƚŸũƻĲĬШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ
 ΝΜΠ 

ΟЮΠЮΟЮΝЮΠ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖĲőĲċƣĲĬШƨƚŔŰŊШċШƖċŰŊĲШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲƚШ
ƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ......................  ΝΜΡ 

ΟЮΠЮΟЮΞ éċƖŔċƣŔŸŰШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ .................  ΝΜΣ 

ΟЮΠЮΟЮΞЮΝ ?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃШы?É9ьШċŰĬШÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚШ
ыÑ] ьШŸŉШ ~9ΥΝΝШĦċũĦŔŰĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ .................  ΝΜΥ 

ΟЮΠЮΟЮΞЮΞ cŔŊőШƣĲůƓĲƖċƣƨƖĲШƚƣƨĬǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШ
ŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................  ΝΜΦ 

ΟЮΠЮΟЮΞЮΟ ÂŸƚƣрĬƖǃŔŰŊШ ŰċũǃƚŔƚШĬŔƚƚŸũƻĲĬШŔŰШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ
 ΝΝΜ 

ΟЮΠЮΟЮΞЮΠ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖĲőĲċƣĲĬШƨƚŔŰŊШċШƖċŰŊĲШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲƚШ
ƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ........................  ΝΝΜ 

ΟЮΠЮΠ ?ŔƚĦƨƚƚŔŸŰШŸŰШƽőĲŰШƻċƖǃŔŰŊШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ
 ΝΝΞ 

ΟЮΡ éċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ ................................ .... ΝΝΟ 

ΟЮΡЮΝ éċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰ ...... ΝΝΟ 

ΟЮΡЮΝЮΝ éċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШĬĲǂƣƖċŰШċŰĬШƨƚŔŰŊШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ .. ΝΝΟ 

ΟЮΡЮΝЮΞ éċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШ
ŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ .... ΝΝΠ 

ΟЮΡЮΞ éċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ ũŊŔŰċƣĲ
 ΝΝΡ 

ΟЮΡЮΞЮΝ éċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ .....................  ΝΝΡ 

ΟЮΡЮΞЮΞ éċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ .................  ΝΝΣ 

ΟЮΡЮΟ ?ŔƚĦƨƚƚŔŸŰШƽőĲŰШƻċƖǃŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШůċƚƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ . ΝΝΤ 

ΟЮΣ ÉĦċũĲШƨƓШŸŉШƖĲċĦƣċŰƣƚШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ ................................ .. ΝΝΤ 

ΟЮΣЮΝ ÉĦċũĲШƨƓШŸŉШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰ ...... ΝΝΥ 

ΟЮΣЮΝЮΝ ÉĦċũĲШƨƓШŸŉШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ .. ΝΝΥ 

ΟЮΣЮΝЮΝЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШƚĦċũĲĬШƨƓШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ΝΝΦ 



Υ 
 

ΟЮΣЮΞ ÉĦċũĲШƨƓШŸŉШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ..................  ΝΞΜ 

ΟЮΣЮΟ ÉĦċũĲШƨƓШŸŉШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲ
 ΝΞΜ 

ΟЮΣЮΟЮΝ ÉĦċũĲШƨƓШŸŉШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ...............  ΝΞΜ 

ΟЮΣЮΟЮΝЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШƚĦċũĲĬШƨƓШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ...............................  ΝΞΝ 

ΟЮΣЮΟЮΞ ÉĦċũĲШƨƓШŸŉШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ..............  ΝΞΞ 

ΟЮΣЮΟЮΞЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШƚĦċũĲĬШƨƓШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ΝΞΟ 

ΟЮΣЮΠ ?ŔƚĦƨƚƚŔŸŰШƽőĲŰШƚĦċũŔŰŊШƨƓШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ .. ΝΞΠ 

ΟЮΤ 9ĲũũШĦǃĦũŔŰŊШŉŸƖШũŔƣőŔƨůрŔŸŰШĦĲũũƚШƨƚŔŰŊШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШĦċƣőŸĬĲƚ .................  ΝΞΠ 

ΟЮΤЮΝ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƨƚŔŰŊШĦŸůůĲƖĦŔċũШ ~9ΥΝΝШĦċƣőŸĬĲШƓŸƽĬĲƖШĤĲƣƽĲĲŰШΠЮΡШ
éШƣŸШΞЮΥШé ΝΞΠ 

ΟЮΤЮΞ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƨƚŔŰŊШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШĦċƣőŸĬĲШƓŸƽĬĲƖ . ΝΞΣ 

ΟЮΤЮΞЮΝ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƚǃŰƣőĲƚŔƚĲĬШ ~9ΥΝΝШĦċƣőŸĬĲШ
ƓŸƽĲƖ ΝΞΣ 

ΟЮΤЮΞЮΝЮΝ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШ
ĤĲƣƽĲĲŰШΠЮΞШéШтШΟШé ................................ ................................ ..............................  ΝΞΣ 

ΟЮΤЮΞЮΝЮΞ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШ
ĤĲƣƽĲĲŰШΠЮΡШéШтШΞЮΥШé ................................ ................................ ...........................  ΝΞΤ 

ΟЮΤЮΟ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШĦċƣőŸĬĲШ
ƓŸƽĬĲƖ ΝΟΜ 

ΟЮΤЮΟЮΝ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƚǃŰƣőĲƚŔƚĲĬШ ~9ΥΝΝШĦċƣőŸĬĲШ
ƓŸƽĲƖ ΝΟΜ 

ΟЮΤЮΟЮΝЮΝ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚШĤĲƣƽĲĲŰШΠЮΞШéШтШΟШé ................................ ................................ .............  ΝΟΜ 

ΟЮΤЮΟЮΝЮΞ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚШĤĲƣƽĲĲŰШΠЮΡШéШтШΞЮΥШé ................................ ................................ .......... ΝΟΝ 

ΟЮΤЮΟЮΞ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƚǃŰƣőĲƚŔƚĲĬШ ~9ΥΝΝШĦċƣőŸĬĲШ
ƓŸƽĲƖ ΝΟΟ 

ΟЮΤЮΟЮΞЮΝ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚШĤĲƣƽĲĲŰШΠЮΞШéШтШΟШé ................................ ................................ .............  ΝΟΟ 

ΟЮΤЮΟЮΞЮΞ 9ǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚШĤĲƣƽĲĲŰШΠЮΡШéШтШΞЮΥШé ................................ ................................ .......... ΝΟΠ 

ΟЮΤЮΠ EǭĲĦƣƚШŸŉШĦĲũũШůċŰƨŉċĦƣƨƖĲШŸŰШĦĲũũШƓĲƖŉŸƖůċŰĦĲ ................................ .......... ΝΟΣ 

ΟЮΤЮΡ ?ŔƚĦƨƚƚŔŸŰШŸŉШĦǃĦũŔŰŊШŸŉШxŔрŔŸŰШĦĲũũƚШƨƚŔŰŊШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШĦċƣőŸĬĲШ
ƓŸƽĬĲƖ ΝΟΤ 



Φ 
 

ΟЮΥ éċƖŔċƣŔŸŰШŸŉШƣőĲШƖċƣŔŸШŸŉШxŔШƣŸШ ŔЯШ~ŰЯШċŰĬШ9ŸШŔŰШ ~9ΥΝΝ ................................ ......... ΝΟΤ 

ΟЮΥЮΝ ñÅ?ШƽőĲŰШƻċƖǃŔŰŊШƣőĲШƖċƣŔŸШŸŉШxŔШƣŸШ ŔЯШ~ŰЯШċŰĬШ9ŸШŔŰШ ~9ΥΝΝ .......................  ΝΟΥ 

ΟЮΥЮΞ ÉE~ШƽőĲŰШƻċƖǃŔŰŊШƣőĲШƖċƣŔŸШŸŉШxŔШƣŸШ ŔЯШ~ŰЯШċŰĬШ9ŸШŔŰШ ~9ΥΝΝ ......................  ΝΟΥ 

ΟЮΦ ÖƚĲШŸŉШxŔШċũŊŔŰċƣĲШƻƚЮШ ċШċũŊŔŰċƣĲШŔŰШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ ................................ ...... ΝΟΦ 

ΟЮΦЮΝ ÉǃŰƣőĲƚŔƚШŸŉШũŔƣőŔƨůШċũŊŔŰċƣĲ ................................ ................................ ........ ΝΟΦ 

ΟЮΦЮΞ 9ŸůƓċƖŔƚŸŰШŸŉШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШũŔƣőŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШ
ƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ .............................  ΝΠΜ 

ΟЮΦЮΞЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШũŔƣőŔƨůШ
ċũŊŔŰċƣĲШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ............  ΝΠΜ 

ΟЮΦЮΟ 9ŸůƓċƖŔƚŸŰШŸŉШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШũŔƣőŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШ
ƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ...............................  ΝΠΝ 

ΟЮΦЮΟЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШũŔƣőŔƨůШ
ċũŊŔŰċƣĲШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ............  ΝΠΞ 

ΟЮΦЮΠ ?ŔƚĦƨƚƚŔŸŰШŉŸƖШƣőĲШĦŸůƓċƖŔƚŸŰШŸŉШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƻƚЮШũŔƣőŔƨůШċũŊŔŰċƣĲ . ΝΠΞ 

ΟЮΝΜ ?ŔƚĦƨƚƚŔŸŰШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШĤŔŸƣĲůƓũċƣŔŰŊ ................................ ......... ΝΠΟ 

Π ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΞШтШÖƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣŔŰŊШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲШƣŸШŔŰƣƖŸĬƨĦĲШ
ƚŸĬŔƨůШŔŰƣŸШƣőĲШ ~9ΥΝΝШƚƣƖƨĦƣƨƖĲШċŰĬШƣőĲШƻċƖǃŔŰŊШŸŉШxŔƣőŔƨůрÉŸĬŔƨůШĲƨƣĲĦƣŔĦƚ ..................  ΝΠΣ 

ΠЮΝ ŔůƚШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨů ................................ .....................  ΝΠΣ 

ΠЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔЯШƽőĲƖĲШ ċШӀШǂШċŰĬШ
xŔШӀШыΝШтШǂьЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲ................................ ................................ .....................  ΝΠΣ 

ΠЮΞЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ....................  ΝΠΤ 

ΠЮΞЮΝЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШ ċΞ9§ΟШƚĲĦŸŰĬċƖǃШ
ƓőċƚĲШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ...... ΝΠΤ 

ΠЮΞЮΝЮΝЮΝ ÅŔĲƣƻĲũĬШċŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШ ċΞ9§ΟШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШ
ƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШĦċũĦŔŰĲĬШċƣШ
ΥΡΜШ҄9 ΝΠΥ 

ΠЮΞЮΝЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШ ċШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШ
ƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ............................  ΝΠΦ 

ΠЮΞЮΝЮΟ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШ ċШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШ
ƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΞЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ .... ΝΡΜ 

ΠЮΞЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШÂƖĲĦƨƖƚŸƖƚ ................................ ................................ ..................  ΝΡΞ 

ΠЮΞЮΞЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ċрĦŸŰƣċŔŰŔŰŊШ ~9ΥΝΝШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШ
ƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ...............  ΝΡΞ 

ΠЮΞЮΞЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝƽŔƣőШǂ ċΞ§ΞШШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ... ΝΡΟ 

ΠЮΟ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔЯШƽőĲƖĲШ ċШӀШǂШċŰĬШ
xŔШӀШыΝШтШǂьЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƚƨƓƓũĲůĲŰƣĲĬШƽŔƣőШƚŸĬŔƨůШŰŔƣƖċƣĲ ................................  ΝΡΡ 



ΝΜ 
 

ΠЮΟЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ............................  ΝΡΡ 

ΠЮΟЮΝЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШċШƚŸĬŔƨůШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШ
ƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ
 ΝΡΡ 

ΠЮΟЮΝЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШċШƚŸĬŔƨůШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШ
ƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ .........................  ΝΡΣ 

ΠЮΟЮΝЮΟ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШċШƚŸĬŔƨůШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШ
ƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΞЯШƽŔƣőШ
ΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ ................................ ................................ ................................ ..... ΝΡΤ 

ΠЮΟЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲЯШƚŸĬŔƨůШŰŔƣƖċƣĲШċŰĬШċĦĲƣċƣĲШÂƖĲĦƨƖƚŸƖƚ ................................ ...........................  ΝΣΜ 

ΠЮΟЮΞЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШċШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƚĲĦŸŰĬċƖǃШ
ƓőċƚĲШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ..............  ΝΣΜ 

ΠЮΟЮΞЮΞ ÉĦċŰŰŔŰŊШEũĲĦƣƖŸŰШ~ŔĦƖŸƚĦŸƓǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƚĲĦŸŰĬċƖǃШ
ƓőċƚĲШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ .... ΝΣΝ 

ΠЮΠ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔЯШƽőĲƖĲШ ċШӀШǂШċŰĬШ
xŔШӀШыΝШтШǂьЯШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲ ................................ ................................ .... ΝΣΞ 

ΠЮΠЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШĬĲǂƣƖċŰЯШ
ƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ..... ΝΣΞ 

ΠЮΠЮΝЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШ
ƨƚŔŰŊШĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ...........  ΝΣΞ 

ΠЮΠЮΝЮΞ ÉĦċŰŰŔŰŊШEũĲĦƣƖŸŰШ~ŔĦƖŸƚĦŸƓǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШ
ƽŔƣőШxŔШƨƚŔŰŊШĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ . ΝΣΟ 

ΠЮΠЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШĬĲǂƣƖċŰЯШ
ƚŸĬŔƨůШŰŔƣƖċƣĲЯШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ..... ΝΣΠ 

ΠЮΠЮΞЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШ
ƻŔċШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ΝΣΠ 

ΠЮΠЮΞЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШ
ƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ..... ΝΣΡ 

ΠЮΠЮΞЮΟ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШ
ƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШ
ΜЮΝЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ ................................ ................................ .......................  ΝΣΣ 

ΠЮΠЮΞЮΠ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШ
ƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШ ċШƽŔƣőШxŔШƨƚŔŰŊШĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШ
ΜЮΞЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ ................................ ................................ .......................  ΝΣΤ 

ΠЮΠЮΞЮΡ [ƨƖƣőĲƖШĬŔƚĦƨƚƚŔŸŰШŸŉШĦĲũũШĦǃĦũŔŰŊШĬċƣċ ................................ .....................  ΝΣΥ 

ΠЮΠЮΟ ?ŔƚĦƨƚƚŔŸŰШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƻŔċШƣőĲШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШxŔШƽŔƣőШ ċШƽŔƣőШ
ĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲ ................................ ................................ ..........................  ΝΣΦ 

ΠЮΡ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲ ................................ ................................ ................................ ..............  ΝΣΦ 



ΝΝ 
 

ΠЮΡЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШ
ŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ .................  ΝΤΜ 

ΠЮΡЮΝЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƚĲĦŸŰĬċƖǃШ
ƓőċƚĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ..............  ΝΤΜ 

ΠЮΡЮΝЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШƻŔċШƣőĲШ
ċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ΝΤΝ 

ΠЮΡЮΝЮΟ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΝЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ .............  ΝΤΞ 

ΠЮΡЮΝЮΠ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΝЯШƽŔƣőШΠЮΞШƣŸШΟЮΜШéШƖċŰŊĲ .............  ΝΤΠ 

ΠЮΡЮΝЮΡ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΞЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ .............  ΝΤΡ 

ΠЮΡЮΝЮΣ [ƨƖƣőĲƖШĬŔƚĦƨƚƚŔŸŰШŸŉШĦĲũũШĦǃĦũŔŰŊШĬċƣċ ................................ .....................  ΝΤΣ 

ΠЮΡЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШ
ǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ...........  ΝΤΤ 

ΠЮΡЮΞЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШ
ŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ............  ΝΤΤ 

ΠЮΡЮΞЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ
 ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................  ΝΤΥ 

ΠЮΡЮΞЮΟ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΝЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ ...........  ΝΤΦ 

ΠЮΡЮΞЮΠ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШċŰĬШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΝЯШƽŔƣőШΠЮΞШƣŸШΟЮΜШéШƖċŰŊĲ ...........  ΝΥΝ 

ΠЮΡЮΞЮΡ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΞЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ ...........  ΝΥΞ 

ΠЮΡЮΞЮΣ [ƨƖƣőĲƖШĬŔƚĦƨƚƚŔŸŰШŸŉШĦĲũũШĦǃĦũŔŰŊШĬċƣċ ................................ .....................  ΝΥΟ 

ΠЮΣ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШƚƨƓƓũĲůĲŰƣĲĬШƽŔƣőШƚŸĬŔƨůШŰŔƣƖċƣĲ ................................ .........................  ΝΥΠ 

ΠЮΣЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШ
ΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƚƨƓƓũĲůĲŰƣĲĬШƽŔƣőШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ .... ΝΥΠ 

ΠЮΣЮΝЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШ
ƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƚƨƓƓũĲůĲŰƣĲĬШƽŔƣőШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШ
ŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ .... ΝΥΠ 

ΠЮΣЮΝЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШ
xŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................  ΝΥΡ 

ΠЮΣЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШ
ċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƚƨƓƓũĲůĲŰƣĲĬШƽŔƣőШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ..................  ΝΥΣ 



ΝΞ 
 

ΠЮΣЮΞЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ
 ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƚƨƓƓũĲůĲŰƣĲĬШƽŔƣőШƚŸĬŔƨůШŰŔƣƖċƣĲШ
ƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ................................ .........................  ΝΥΣ 

ΠЮΣЮΞЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƓĲƖŸǂŔĬĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ
 ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ .............................  ΝΥΤ 

ΠЮΣЮΟ ?ŔƚĦƨƚƚŔŸŰШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƣőĲШċĬĬŔƣŔŸŰШŸŉШƚŸĬŔƨůЯШƽőĲƖĲШ ċШӀШǂШ
ċŰĬШxŔШӀШΝЯШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲ ................................ ....................  ΝΥΥ 

ΠЮΤ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШ
ĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲ ................................ ................................ .............................  ΝΥΦ 

ΠЮΤЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШ
ǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ..........................  ΝΥΦ 

ΠЮΤЮΝЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШ
ŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ
 ΝΥΦ 

ΠЮΤЮΝЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ
 ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ..............  ΝΦΜ 

ΠЮΤЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШ
ǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ........................  ΝΦΝ 

ΠЮΤЮΞЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШ ŰċũǃƚŔƚШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШ
ŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШċĦĲƣċƣĲШ
ƓƖĲĦƨƖƚŸƖƚ ................................ ................................ ................................ ..............  ΝΦΝ 

ΠЮΤЮΞЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ
 ċШӀШǂШċŰĬШxŔШӀШΝЯШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШШƚŸĬŔƨůШŰŔƣƖċƣĲШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ..............  ΝΦΞ 

ΠЮΤЮΞЮΟ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΝЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ ΝΦΟ 

ΠЮΤЮΞЮΠ 9ĲũũШĦǃĦũŔŰŊШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШƻŔċШċĬĬŔƣŔŸŰШŸŉШ ċШƨƚŔŰŊШ
ĬĲǂƣƖċŰЯШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽőĲƖĲШǂШӀШΜЮΞЯШƽŔƣőШΠЮΡШƣŸШΞЮΥШéШƖċŰŊĲ ΝΦΡ 

ΠЮΤЮΞЮΡ [ƨƖƣőĲƖШĬŔƚĦƨƚƚŔŸŰШŸŉШĦĲũũШĦǃĦũŔŰŊШĬċƣċ ................................ .....................  ΝΦΥ 

ΠЮΥ ?ŔƚĦƨƚƚŔŸŰШŸŉШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШƻŔċШƣőĲШċĬĬŔƣŔŸŰШŸŉШ ċЯШƽőĲƖĲШ ċШӀШǂШċŰĬШxŔШӀШΝЯШ
ƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШШƚŸĬŔƨůШŰŔƣƖċƣĲ ................................ ................................ ....................  ΝΦΦ 

Ρ ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΟШрШÉǃŰƣőĲƚŔƚШċŰĬШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШŸŉШ ~9ΥΝΝШрШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƨƚŔŰŊШƚƨũŉƨƖрĤċƚĲĬШр͑ĦċƖƖċŊĲĲŰċŰ ................................ ................................ ........ ΞΜΝ 

ΡЮΝ ŔůƚШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШрШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƨƚŔŰŊШƚƨũŉƨƖрĤċƚĲĬШр͑
ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣŔŰŊ ................................ ................................ .............................  ΞΜΝ 

ΡЮΞ 9ċũĦŔŰċƣŔŸŰШÑĲůƓĲƖċƣƨƖĲШÉƣƨĬǃШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШтШũŔƣőŔƨůШ
ƚƨũŉċƣĲШĦċƣőŸĬĲƚ ................................ ................................ ................................ .............  ΞΜΝ 

ΡЮΞЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲ ................................ ..........................  ΞΜΞ 

ΡЮΞЮΝЮΝ ÅŔĲƣƻĲũĬШċŰċũǃƚŔƚШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƽőĲŰШĦċũĦŔŰĲĬШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċƣШΥΡΜШ҄9 ................................ ....... ΞΜΟ 



ΝΟ 
 

ΡЮΟ р͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШůċƚƚШŸŉШ
р͑ĦċƖƖċŊĲĲŰċŰ ................................ ................................ ................................ ................  ΞΜΟ 

ΡЮΟЮΝ р͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШ
ůċƚƚШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ................................ ...........................  ΞΜΠ 

ΡЮΟЮΝЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝтШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШůċƚƚШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ....................  ΞΜΠ 

ΡЮΟЮΝЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШůċƚƚШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚ ....................  ΞΜΡ 

ΡЮΟЮΝЮΟ 9ĲũũШ?ċƣċШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖШƚǃŰƣőĲƚŔƚĲĬШ
 ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲƖĲШǂШӀШΜЮΜΜΡШĦǃĦũĲĬШċƣШΜЮΝШ9ШĤĲƣƽĲĲŰШΠЮΡШéШċŰĬШ
ΞЮΥШé ΞΜΤ 

ΡЮΟЮΝЮΠ 9ĲũũШ?ċƣċШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖШƚǃŰƣőĲƚŔƚĲĬШ
 ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲƖĲШǂШӀШΜЮΜΜΡШĦǃĦũĲĬШċƣШΜЮΝШ9ШĤĲƣƽĲĲŰШΠЮΞШéШċŰĬШ
ΟЮΜШé ΞΜΦ 

ΡЮΟЮΝЮΡ [ƨƖƣőĲƖШĬŔƚĦƨƚƚŔŸŰШŸŉШĦĲũũШĦǃĦũŔŰŊШĬċƣċ ................................ .....................  ΞΝΜ 

ΡЮΟЮΞ р͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШ
ůċƚƚШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ................................ ..........................  ΞΝΝ 

ΡЮΟЮΞЮΝ ñрÅċǃШĬŔǭƖċĦƣŔŸŰШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШůċƚƚШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ...................  ΞΝΝ 

ΡЮΟЮΞЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƽőĲŰШƻċƖǃŔŰŊШůċƚƚШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ ...................  ΞΝΞ 

ΡЮΟЮΞЮΟ 9ĲũũШ?ċƣċШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖШƚǃŰƣőĲƚŔƚĲĬШ
 ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲƖĲШǂШӀШΜЮΜΡШĦǃĦũĲĬШċƣШΜЮΝШ9ШĤĲƣƽĲĲŰШΠЮΡШéШċŰĬШΞЮΥШ
é ΞΝΣ 

ΡЮΟЮΞЮΠ 9ĲũũШ?ċƣċШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖШƚǃŰƣőĲƚŔƚĲĬШ
 ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲƖĲШǂШӀШΜЮΜΜΡШĦǃĦũĲĬШċƣШΜЮΝШ9ШĤĲƣƽĲĲŰШΠЮΡШéШċŰĬШ
ΞЮΥШé ΞΝΥ 

ΡЮΟЮΞЮΡ 9ĲũũШ?ċƣċШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĤŔŸƣĲůƓũċƣĲĬШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖШƚǃŰƣőĲƚŔƚĲĬШ
 ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШĦċƣőŸĬĲƚШƽőĲƖĲШǂШӀШΜЮΜΜΡШĦǃĦũĲĬШċƣШΜЮΝШ9ШĤĲƣƽĲĲŰШΠЮΞШéШċŰĬШ
ΟЮΜШé ΞΝΦ 

ΡЮΟЮΞЮΣ [ƨƖƣőĲƖШĬŔƚĦƨƚƚŔŸŰШŸŉШĦĲũũШĦǃĦũŔŰŊШĬċƣċ ................................ .....................  ΞΞΜ 

ΡЮΠ ÉǃŰƣőĲƚŔƚШŸŉШƚƨũŉƨƖрĦŸŰƣċŔŰŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШƚƨũŉċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШ
ĤŔŸƣĲůƓũċƣŔŰŊ ................................ ................................ ................................ .................  ΞΞΝ 

ΡЮΠЮΝ ñрÅċǃШ?ŔǭƖċĦƣŔŸŰШŸŉШƚƨũŉƨƖрĦŸŰƣċŔŰŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШƚƨũŉċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣŔŰŊ ................................ ................................ ....................  ΞΞΝ 

ΡЮΠЮΞ ~ŸƖƓőŸũŸŊǃШŸŉШƚƨũŉƨƖрĦŸŰƣċŔŰŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШƚƨũŉċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣŔŰŊ ................................ ................................ ................................  ΞΞΞ 

ΡЮΡ ?ŔƚĦƨƚƚŔŸŰШŸŉШƚǃŰƣőĲƚŔƚШċŰĬШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШŸŉШ ~9ΥΝΝШтШũŔƣőŔƨůШƚƨũŉċƣĲШ
ĦċƣőŸĬĲƚШƨƚŔŰŊШƚƨũŉƨƖрĤċƚĲĬШр͑ĦċƖƖċŊĲĲŰċŰ ................................ ................................ .... ΞΞΟ 

Σ 9ŸŰĦũƨƚŔŸŰƚ ................................ ................................ ................................ ...............  ΞΞΡ 

Τ [ƨƣƨƖĲШìŸƖť ................................ ................................ ................................ ................  ΞΟΝ 



ΝΠ 
 

Υ ÅĲŉĲƖĲŰĦĲƚ ................................ ................................ ................................ .................  ΞΟΠ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ΝΡ 
 

9ŸŰƣĲŰƣƚШŸŉШ[ŔŊƨƖĲƚ 
 
[ŔŊƨƖĲЮΤЮEũĲĦƣƖŸĦőĲůŔĦċũЮĦĲũũЮĬŔċŊƖċů ΥΦ 
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[ŔŊƨƖĲЮΨЮ§ũŔƻŔŰĲЮƚƣƖƨĦƣƨƖĲЮŸŉЮx[ÂЮĦċƣőŸĬĲЮѕΨΣі ΦΣ 
[ŔŊƨƖĲЮΩЮxċǃĲƖĲĬЮƚƣƖƨĦƣƨƖĲЮŸŉЮx9§ЮĦċƣőŸĬĲЮѕΨΩі ΦΤ 
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[ŔŊƨƖĲЮάЮÉE~ЮŸŉЮ ~9ΩΥΥЮĦċũĦŔŰĲĬЮċƣЮċђЮΪΨΣЮҊ9еЮĤђЮΫΣΣЮҊ9еЮĦђЮΫΥΨЮҊ9еЮĬђЮΫΨΣЮҊ9еЮĲђЮΫΪΨЮҊ9еЮċŰĬЮŉђЮάΣΣЮҊ9 ΦΧ 
[ŔŊƨƖĲЮΤΣЮÉE~ЮŸŉЮx~§ЮőŸũũŸƽЮůŔĦƖŸƚƓőĲƖĲƚЮёũĲŉƣђЮċŰĬЮx~§ЮŰċŰŸƖŸĬƚЮёƖŔŊőƣђЮƚǃŰƣőĲƚŔƚĲĬЮƻŔċЮƣőĲЮƣĲůƓũċƣŔŰŊЮ
ŸŉЮx~§ЮŸŰƣŸЮƓƖĲĦƨƖƚŸƖƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƽĲƣЮĦőĲůŔĦċũЮƚǃŰƣőĲƚŔƚеЮƨƚŔŰŊЮƚŸũŔĬЮƚƣċƣĲЮƚǃŰƣőĲƚŔƚЮѕΨάіѕΩΧі ΦΨ 
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[ŔŊƨƖĲЮΤΥЮÉE~ЮŔůċŊĲƚЮŸŉЮƨŰŔŉŸƖůЮƚƓőĲƖŔĦċũЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮёũĲŉƣђЮċŰĬЮĦƨĤŸŔĬċũЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮёƖŔŊőƣђЮ
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[ŔŊƨƖĲЮΤΧЮÉE~ЮŔůċŊĲЮŸŉЮƚƓőĲƖŔĦċũЮx[ÂЮƓƖŔůċƖǃЮŰċŰŸƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƣőĲЮőǃĬƖŸƣőĲƖůċũЮůĲƣőŸĬЮ
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x9§ЮƚĲĦŸŰĬċƖǃЮƓċƖƣŔĦũĲƚЮŉŸƖůĲĬЮŉƖŸůЮƚƓőĲƖŔĦċũЮ9ŸΦ§ΧЮёƖŔŊőƣђЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƣőĲЮőǃĬƖŸƣőĲƖůċũЮůĲƣőŸĬЮ
ѕΪΨі ΦΫ 
[ŔŊƨƖĲЮΤΩЮÉE~ЮŔůċŊĲЮŸŉЮŸĦƣċőĲĬƖċũЮx~§ЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƣőĲЮőǃĬƖŸƣőĲƖůċũЮůĲƣőŸĬЮѕΪΩі Φά 
[ŔŊƨƖĲЮΤΪЮÉE~ЮŔůċŊĲЮŸŉЮx[ÂЮƖőŸůĤŸŔĬċũЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮĦŸцƓƖĲĦŔƓŔƣċƣŔŸŰЮѕΪΫі ΧΣ 
[ŔŊƨƖĲЮΤΫЮÉE~ЮŔůċŊĲЮŸŉЮƓŸũǃőĲĬƖċũЮx~§ЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮĦŸцƓƖĲĦŔƓŔƣċƣŔŸŰЮѕΪάі ΧΣ 
[ŔŊƨƖĲЮΤάЮÉE~ЮŔůċŊĲЮŸŉЮ ~9ΫΤΤЮƓċƖƣŔĦũĲƚЮŉŸƖůĲĬЮƨƚŔŰŊЮĦŸцƓƖĲĦŔƓŔƣċƣŔŸŰЮѕΩάі ΧΤ 
[ŔŊƨƖĲЮΥΣЮÉE~ЮŔůċŊĲЮŸŉЮ 9 ЮŸĦƣċőĲĬƖċũЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮĦŸцƓƖĲĦŔƓŔƣċƣŔŸŰЮѕΧΩі ΧΤ 
[ŔŊƨƖĲЮΥΤЮÉE~ЮŔůċŊĲƚЮŸŉЮ ~9ΤΤΤЮőĲǂċŊŸŰċũЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮёũĲŉƣђЮċŰĬЮx~§ЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮƽŔƣőЮŰŸЮ
ĬŔƚƣŔŰĦƣЮƚőċƓĲЮёƖŔŊőƣђЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮƣőĲЮÂĲĦőŔŰŔЮůĲƣőŸĬЮѕΫΤіЮѕΫΦі ΧΥ 
[ŔŊƨƖĲЮΥΥЮÉE~ЮŔůċŊĲЮŸŉЮŸĦƣċőĲĬƖċũЮ ~9ΫΤΤЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮůŸũƣĲŰцƚċũƣЮƚǃŰƣőĲƚŔƚЮ
ѕΫΧі ΧΦ 
[ŔŊƨƖĲЮΥΦЮÉE~ЮŔůċŊĲƚЮŸŉЮx[ÂЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƚƓƖċǃЮƓǃƖŸũǃƚŔƚЮċђЮƓƖĲцЮċŰĬЮĤђЮƓŸƚƣЮ
ƚŔŰƣĲƖŔŰŊЮѕΫΩі ΧΧ 
[ŔŊƨƖĲЮΥΧЮÉE~ЮŔůċŊĲƚЮŸŉЮx9§ЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƚƓƖċǃЮƓǃƖŸũǃƚŔƚЮƨƚŔŰŊЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮёũĲŉƣђЮ
ċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮёƖŔŊőƣђЮѕΫΪі ΧΧ 
[ŔŊƨƖĲЮΥΨЮ9őĲũċƣŔŸŰЮŸŉЮÉŔŰŊũĲЮ~ŸŰŸůĲƖЮŸŉЮÉŸĬŔƨůЮ ũŊŔŰċƣĲ ΧΨ 
[ŔŊƨƖĲЮΥΩЮ?ĲǂƣƖċŰЮůŸŰŸůĲƖЮƚƣƖƨĦƣƨƖĲ ΧΩ 
[ŔŊƨƖĲЮΥΪЮ9őĲũċƣŔŸŰЮůĲĦőċŰŔƚůЮŸŉЮĬĲǂƣƖċŰЮѕάΣі ΧΩ 
[ŔŊƨƖĲЮΥΫЮÉE~ЮŔůċŊĲƚЮŸŉЮƚŔũƻĲƖЮƚƓŸŰŊĲЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊЮċƣЮċђЮΥΣΣЮů͙ЮƚĦċũĲЮċŰĬЮĤђЮ
ΥΣЮ͙ůЮƚĦċũĲЮѕάΤі ΧΪ 
[ŔŊƨƖĲЮΥάЮÉE~ЮŔůċŊĲЮŸŉЮ  ~ЮƓũċƣĲцƚőċƓĲĬЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮċƣЮΫΨΣЮҊ9ЮƨƚŔŰŊЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊЮ
ѕάΥі ΧΪ 
[ŔŊƨƖĲЮΦΣЮÉE~ЮŔůċŊĲЮŸŉЮx9~§ЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊЮѕΩΦі ΧΫ 
[ŔŊƨƖĲЮΦΤЮċђЮÉŸĬŔƨůЮ ũŊŔŰċƣĲЮѨEŊŊĤŸǂѨЮůŸĬĲũЮѕάΫіЮċŰĬЮĤђЮёц]цђŰЮċŰĬЮёц~цђŰЮůŸŰŸůĲƖЮƚƣƖƨĦƣƨƖĲƖƚЮѕάάі Χά 
[ŔŊƨƖĲЮΦΥЮÉE~ЮŔůċŊĲƚЮŸŉЮŰċŰŸƽŔƖĲЮůŸƖƓőŸũŸŊŔĲƚЮŉŸƖůĲĬЮŉƖŸůЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮĤŔŸƣĲůƓũċƣŔŰŊЮŉŸƖЮxÉ~§Ю
ёũĲŉƣђЮċŰĬЮò79§ЮёƖŔŊőƣђЮѕάΧіЮѕάΩі ΨΣ 
[ŔŊƨƖĲЮΦΦЮÉE~ЮŔůċŊĲЮŸŉЮĤũŸĦťǃЮò79§ЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮц͗ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊЮѕΤΣΩі ΨΤ 
[ŔŊƨƖĲЮΦΧЮц̙ĦċƖƖċŊĲĲŰċŰЮůŸŰŸůĲƖЮƚƣƖƨĦƣƨƖĲ ΨΥ 
[ŔŊƨƖĲЮΦΨЮ9őĲũċƣŔŸŰЮůĲĦőċŰŔƚůЮŸŉЮц͗ĦċƖƖċŊĲĲŰċŰеЮċĬċƓƣĲĬЮŉƖŸůЮѕΤΣΪі ΨΥ 
[ŔŊƨƖĲЮΦΩЮÉE~ЮŔůċŊĲƚЮŸŉЮò79§ЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮĦőŔƣŸƚċŰЮёũĲŉƣђЮċŰĬЮĦĲũũƨũŸƚĲЮёƖŔŊőƣђЮ
ĤŔŸƣĲůƓũċƣŔŰŊЮѕΤΤΤіЮѕΤΤΥі ΨΦ 
[ŔŊƨƖĲЮΦΪЮ?ŔċŊƖċůЮŸŉЮñцÅċǃЮ?ŔǭƖċĦƣŔŸŰЮѕΤΤΧі ΩΥ 
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[ŔŊƨƖĲЮΦΫЮ?ŔċŊƖċůЮƚőŸƽŔŰŊЮĲůŔƚƚŔŸŰЮŸŉЮĦőċƖċĦƣĲƖŔƚƣŔĦЮñцÅċǃƚЮŸŉЮĦŸƓƓĲƖЮѕΪі ΩΥ 
[ŔŊƨƖĲЮΦάЮéŔƚƨċũЮfũũƨƚƣƖċƣŔŸŰЮŸŉЮ7ƖċŊŊѩƚЮxċƽЮѕΤΤΨі ΩΦ 
[ŔŊƨƖĲЮΧΣЮfůċŊĲƚЮƚőŸƽŔŰŊЮůĲƣőŸĬЮŉŸƖЮĬĲƣĲƖůŔŰŔŰŊЮƖĲƚŸũƨƣŔŸŰЮŸŉЮƚĲƓċƖċƣŔŸŰЮŔŰЮƣƽŔŰЮƓĲċťƚЮċŰĬЮċђЮƣőĲЮ
ƻċƖŔċĤũĲƚЮƨƚĲĬЮƣŸЮĦċũĦƨũċƣĲЮÅƚЮċŰĬЮĤђЮőŸƽЮÅƚЮƖĲũċƣĲƚЮƣŸЮƓĲċťЮŸƻĲƖũċƓЮѕΤΤΪі ΩΧ 
[ŔŊƨƖĲЮΧΤЮÉĦċŰŰŔŰŊЮEũĲĦƣƖŸŰЮ~ŔĦƖŸƚĦŸƓǃЮċђЮÉĦőĲůċƣŔĦЮѕΤΥΣіЮċŰĬЮĤђЮÑǃƓĲƚЮŸŉЮfŰƣĲƖċĦƣŔŸŰƚЮѕΤΥΤі ΩΫ 
[ŔŊƨƖĲЮΧΥЮEǂċůƓũĲЮƓũŸƣƚЮŸŉЮƓŸƣĲŰƣŔċũЮĬŔǭĲƖĲŰĦĲЮƻƚдЮĦċƓċĦŔƣǃЮёũĲŉƣђЮċŰĬЮĬŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƓŸƣĲŰƣŔċũЮ
ĬŔǭĲƖĲŰĦĲЮĦƨƖƻĲЮёƖŔŊőƣђЮѕΤΥΫі ΪΦ 
[ŔŊƨƖĲЮΧΦЮñÅ?ЮŸŉЮĦŸŰƣƖŸũЮ ~9ΫΤΤЮƓŸƽĬĲƖ ΪΨ 
[ŔŊƨƖĲЮΧΧЮÉE~ЮŸŉЮĦŸŰƣƖŸũЮ ~9ΫΤΤЮċђЮƚĲĦŸŰĬċƖǃЮƚƓőĲƖŔĦċũЮƓċƖƣŔĦũĲƚЮċŰĬЮĤђЮƓƖŔůċƖǃЮŔƖƖĲŊƨũċƖũǃЮƓċƖƣŔĦũĲƚ ΪΨ 
[ŔŊƨƖĲЮΧΨЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮċђЮΫΣΣЮҊ9ЮċŰĬЮĤђЮΫΨΣЮҊ9 ΪΩ 
[ŔŊƨƖĲЮΧΩЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮċђЮΫΣΣЮҊ9ЮċŰĬЮĤђЮΫΨΣЮҊ9 ΪΪ 
[ŔŊƨƖĲЮΧΪЮÉE~ЮŸŉЮ ~9ΫΤΤЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮĦċũĦŔŰĲĬЮċƣЮċђЮċŰĬЮĤђЮ
ΫΣΣЮҊ9еЮċŰĬЮĦђЮΫΨΣЮҊ9еЮƽŔƣőЮċђЮĲǂőŔĤŔƣŔŰŊЮŔƖƖĲŊƨũċƖЮƓċƖƣŔĦũĲЮůŸƖƓőŸũŸŊŔĲƚеЮĤђЮĲǂőŔĤŔƣŔŰŊЮƓũċƣĲЮůŸƖƓőŸũŸŊŔĲƚеЮ
ċŰĬЮĦђЮċũƚŸЮĲǂőŔĤŔƣŔŰŊЮŔƖƖĲŊƨũċƖЮƓċƖƣŔĦũĲЮůŸƖƓőŸũŸŊŔĲƚ Ϊά 
[ŔŊƨƖĲЮΧΫЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰеЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖеЮċŰĬЮΤΣӜЮ ċЮċƣЮΫΨΣЮҊ9ЮŔŰЮċђЮÑċũũЮ
9ƖƨĦŔĤũĲЮċŰĬЮĤђЮÉőċũũŸƽЮ9ƖƨĦŔĤũĲ ΫΣ 
[ŔŊƨƖĲЮΧάЮÉE~ЮŸŉЮ ~9ΫΤΤЮŔƖƖĲŊƨũċƖЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮ
ĦċũĦŔŰĲĬЮċƣЮċђЮΫΣΣЮҊ9ЮċŰĬЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮĤђЮΫΨΣЮҊ9 ΫΤ 
[ŔŊƨƖĲЮΨΣЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮċђЮΪΨΣЮҊ9ЮЮĤђЮΫΣΣЮҊ9Ю
ċŰĬЮĦђЮΫΨΣЮҊ9 ΫΥ 
[ŔŊƨƖĲЮΨΤЮÉE~ЮŸŉЮ ~9ΫΤΤЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮĦċũĦŔŰĲĬЮċƣЮ
ċђЮΪΨΣЮҊ9еЮĤђЮΫΣΣЮҊ9еЮċŰĬЮĦђЮΫΨΣЮҊ9 ΫΦ 
[ŔŊƨƖĲЮΨΥЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮċђЮΪΨΣЮҊ9ЮЮĤђЮΫΣΣЮҊ9ЮċŰĬЮ
ĦђЮΫΨΣЮҊ9 ΫΧ 
[ŔŊƨƖĲЮΨΦЮÉE~ЮŸŉЮ ~9ΫΤΤЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮĦċũĦŔŰĲĬЮċƣЮ
ċђЮΪΨΣЮҊ9еЮĤђЮΫΣΣЮҊ9еЮċŰĬЮĦцĬђЮΫΨΣЮҊ9еЮƽŔƣőЮċцĦђЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮƚůŸŸƣőфŸĦƣċőĲĬƖċũЮƓƖŔůċƖǃЮƓċƖƣŔĦũĲƚЮċŰĬЮĬђЮ
ĲǂőŔĤŔƣŔŰŊЮŰċŰŸƽŔƖĲЮůŸƖƓőŸũŸŊŔĲƚ ΫΨ 
[ŔŊƨƖĲЮΨΧЮÉE~ЮŸŉЮ ~9ΫΤΤЮƓċƖƣŔĦũĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΨΣЮҊ9Ю
ƚőŸƽŔŰŊЮċђЮŰċŰŸƽŔƖĲƚЮΤЮĬċǃЮċŉƣĲƖЮĦċũĦŔŰċƣŔŸŰЮċŰĬЮĤђЮƚƨƖŉċĦĲЮŔůƓƨƖŔƣŔĲƚЮΤΣЮĬċǃƚЮċŉƣĲƖЮĦċũĦŔŰċƣŔŸŰ ΫΩ 
[ŔŊƨƖĲЮΨΨЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰеЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖеЮċƣЮΫΨΣЮҊ9ЮŔŰЮċђЮċŔƖЮċŰĬЮĤђЮƨŰĬĲƖЮŸǂǃŊĲŰ
 ΫΪ 
[ŔŊƨƖĲЮΨΩЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲеЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖеЮċƣЮΫΨΣЮҊ9ЮŔŰЮċђЮċŔƖЮċŰĬЮĤђЮƨŰĬĲƖЮ
ŸǂǃŊĲŰ ΫΫ 
[ŔŊƨƖĲЮΨΪЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΨΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮċŰĬЮċђЮΥΣΣЮ
Ҋ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ άΣ 
[ŔŊƨƖĲЮΨΫЮċђЮÂĲċťЮfŰƣĲŰƚŔƣǃЮƖċƣŔŸƚЮŉŸƖЮёΣΣΦђфёΤΣΧђЮƖĲǰĲĦƣŔŸŰƚЮċŰĬЮÅĲƚŸũƨƣŔŸŰЮŸŉЮÅĲǰĲĦƣŔŸŰƚЮŉŸƖЮĤђЮёΣΣΩђфёΣΤΥђЮ
ċŰĬЮĦђЮёΣΤΫђфёΤΤΣђЮƖĲǰĲĦƣŔŸŰƚЮƻƚдЮÂƖĲőĲċƣЮÑĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚ άΤ 
[ŔŊƨƖĲЮΨάЮ?É9фÑ] ЮŉŸƖЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƣŸЮΫΨΣЮҊ9ЮŔŰЮ§ΥЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċЮ
ƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲЮŸŉЮΦΣΣЮҊ9д άΥ 
[ŔŊƨƖĲЮΩΣЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮŔŰЮċŔƖЮċƣЮЮċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮ
ΧΣΣЮҊ9еЮĬђЮΨΣΣЮҊ9еЮĲђЮΩΣΣЮҊ9еЮŉђЮΪΣΣЮҊ9еЮċŰĬЮŊђЮΫΣΣЮҊ9 άΦ 
[ŔŊƨƖĲЮΩΤЮ?ĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖЮƚŸũƨƣŔŸŰЮƓŸƚƣцĬƖǃŔŰŊ άΧ 
[ŔŊƨƖĲЮΩΥЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΨΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮ
ċŰĬЮċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ άΨ 
[ŔŊƨƖĲЮΩΦЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΣΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮċŰĬЮċђЮΥΣΣЮҊ9еЮ
ĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ άΩ 
[ŔŊƨƖĲЮΩΧЮċђЮÂĲċťЮfŰƣĲŰƚŔƣǃЮƖċƣŔŸƚЮŉŸƖЮёΣΣΦђфёΤΣΧђЮƖĲǰĲĦƣŔŸŰƚЮċŰĬЮÅĲƚŸũƨƣŔŸŰЮŸŉЮÅĲǰĲĦƣŔŸŰƚЮŉŸƖЮĤђЮёΣΣΩђфёΣΤΥђЮ
ċŰĬЮĦђЮёΣΤΫђфёΤΤΣђЮƖĲǰĲĦƣŔŸŰƚЮƻƚдЮÂƖĲőĲċƣЮÑĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚ άΪ 
[ŔŊƨƖĲЮΩΨЮ?É9фÑ] ЮŉŸƖЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƣŸЮΫΨΣЮҊ9ЮŔŰЮ§ΥЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċЮ
ƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲЮŸŉЮΦΣΣЮҊ9д άΫ 
[ŔŊƨƖĲЮΩΩЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮŔŰЮċŔƖЮċƣЮЮċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮ
Ҋ9еЮĬђЮΨΣΣЮҊ9еЮĲђЮΩΣΣЮҊ9еЮĲђЮΪΣΣЮҊ9еЮċŰĬЮŊђЮΫΣΣЮҊ9 άά 
[ŔŊƨƖĲЮΩΪЮ?ĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖЮƚŸũƨƣŔŸŰЮƓŸƚƣцĬƖǃŔŰŊ άά 
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[ŔŊƨƖĲЮΩΫЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΣΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮċŰĬЮ
ċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ ΤΣΣ 
[ŔŊƨƖĲЮΩάЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΨΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮċŰĬЮ
ċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ ΤΣΥ 
[ŔŊƨƖĲЮΪΣЮċђЮÂĲċťЮfŰƣĲŰƚŔƣǃЮƖċƣŔŸƚЮŉŸƖЮёΣΣΦђфёΤΣΧђЮƖĲǰĲĦƣŔŸŰƚЮċŰĬЮÅĲƚŸũƨƣŔŸŰЮŸŉЮÅĲǰĲĦƣŔŸŰƚЮŉŸƖЮĤђЮёΣΣΩђфёΣΤΥђЮ
ċŰĬЮĦђЮёΣΤΫђфёΤΤΣђЮƖĲǰĲĦƣŔŸŰƚЮƻƚдЮÂƖĲőĲċƣЮÑĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚ ΤΣΥ 
[ŔŊƨƖĲЮΪΤЮ?É9фÑ] ЮŉŸƖЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƣŸЮΫΨΣЮҊ9ЮŔŰЮ§ΥЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
ċŰĬЮċЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲЮŸŉЮΦΣΣЮҊ9д ΤΣΦ 
[ŔŊƨƖĲЮΪΥЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮŔŰЮċŔƖЮċƣЮЮċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮ
Ҋ9еЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮĦђЮΧΣΣЮҊ9еЮĬђЮΨΣΣЮҊ9еЮĲђЮΩΣΣЮҊ9еЮŉђЮΪΣΣЮҊ9еЮċŰĬЮŊђЮΫΣΣЮҊ9 ΤΣΧ 
[ŔŊƨƖĲЮΪΦЮÉŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖЮƚŸũƨƣŔŸŰЮƓŸƚƣцĬƖǃŔŰŊ ΤΣΨ 
[ŔŊƨƖĲЮΪΧЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΨΣЮҊ9Ю
ĦċũĦŔŰċƣŔŸŰЮċŰĬЮċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ ΤΣΩ 
[ŔŊƨƖĲЮΪΨЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΣΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮċŰĬЮ
ċђЮΥΣΣЮҊ9еЮЮЮЮЮЮЮЮЮЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ ΤΣΪ 
[ŔŊƨƖĲЮΪΩЮċђЮÂĲċťЮfŰƣĲŰƚŔƣǃЮƖċƣŔŸƚЮŉŸƖЮёΣΣΦђфёΤΣΧђЮƖĲǰĲĦƣŔŸŰƚЮċŰĬЮÅĲƚŸũƨƣŔŸŰЮŸŉЮÅĲǰĲĦƣŔŸŰƚЮŉŸƖЮĤђЮёΣΣΩђфёΣΤΥђЮ
ċŰĬЮĦђЮёΣΤΫђфёΤΤΣђЮƖĲǰĲĦƣŔŸŰƚЮƻƚдЮÂƖĲőĲċƣЮÑĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚ ΤΣΫ 
[ŔŊƨƖĲЮΪΪЮ?É9фÑ] ЮŉŸƖЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƣŸЮΫΨΣЮҊ9ЮŔŰЮ§ΥЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮ
ċЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲЮŸŉЮΦΣΣЮҊ9д ΤΣά 
[ŔŊƨƖĲЮΪΫЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮŔŰЮċŔƖЮċƣЮЮċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮ
Ҋ9еЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮĦђЮΧΣΣЮҊ9еЮĬђЮΨΣΣЮҊ9еЮĲђЮΩΣΣЮҊ9еЮŉђЮΪΣΣЮҊ9еЮċŰĬЮŊђЮΫΣΣЮҊ9 ΤΤΣ 
[ŔŊƨƖĲЮΪάЮÉŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖЮƚŸũƨƣŔŸŰЮƓŸƚƣцĬƖǃŔŰŊ ΤΤΣ 
[ŔŊƨƖĲЮΫΣЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċƣЮΫΣΣЮҊ9Ю
ĦċũĦŔŰċƣŔŸŰЮċŰĬЮċђЮΥΣΣЮҊ9еЮĤђЮΦΣΣЮҊ9еЮĦђЮΧΣΣЮҊ9еЮċŰĬЮĬђЮΨΣΣЮҊ9ЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲ ΤΤΥ 
[ŔŊƨƖĲЮΫΤЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮċƣЮΫΨΣЮҊ9ЮŔŰЮŸǂǃŊĲŰЮƽŔƣőЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮŔŰЮċŔƖЮƨƚŔŰŊЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
ċŰĬЮċђЮΣдΨŊЮċŰĬЮĤђЮΣдΥΨŊЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣĲ ΤΤΧ 
[ŔŊƨƖĲЮΫΥЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮċƣЮΫΣΣЮҊ9ЮŔŰЮŸǂǃŊĲŰЮƽŔƣőЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮŔŰЮċŔƖЮƨƚŔŰŊЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
ċŰĬЮċђЮΣдΨŊЮċŰĬЮĤђЮΣдΥΨŊЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣĲ ΤΤΨ 
[ŔŊƨƖĲЮΫΦЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮċƣЮΫΨΣЮҊ9ЮŔŰЮŸǂǃŊĲŰЮƽŔƣőЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮŔŰЮċŔƖЮƨƚŔŰŊЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
ċŰĬЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮċђЮΣдΣΦЮŊеЮĤђЮΣдΤЮŊеЮċŰĬЮĦђЮΣдΥΨŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮĤŔŸƣĲůƓũċƣĲ ΤΤΩ 
[ŔŊƨƖĲЮΫΧЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮċƣЮΫΣΣЮҊ9ЮŔŰЮŸǂǃŊĲŰЮƽŔƣőЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮŔŰЮċŔƖЮƨƚŔŰŊЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
ċŰĬЮċђЮΣдΤЮŊеЮĤђЮΣдΥΨЮŊеЮċŰĬЮĦђЮΣдΨŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮĤŔŸƣĲůƓũċƣĲ ΤΤΪ 
[ŔŊƨƖĲЮΫΨЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮċŰĬЮΫΨΣЮҊ9Ю
ĦċũĦŔŰċƣŔŸŰЮƨƚŔŰŊЮċђЮǂΥЮċŰĬЮĤђЮǂΤЮƓƖĲĦƨƖƚŸƖЮċŰĬЮĤŔŸƣĲůƓũċƣĲЮůċƚƚЮƖĲũċƣŔƻĲЮƣŸЮůċƚƚĲƚЮŸƨƣũŔŰĲĬЮŔŰЮƣőĲЮ
ůĲƣőŸĬ ΤΤά 
[ŔŊƨƖĲЮΫΩЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮΦΣΣЮҊ9ЮƓƖĲőĲċƣеЮċŰĬЮΫΨΣЮ
Ҋ9ЮĦċũĦŔŰċƣŔŸŰЮƨƚŔŰŊЮċђЮǂΥЮċŰĬЮĤђЮǂΤЮƓƖĲĦƨƖƚŸƖЮċŰĬЮĤŔŸƣĲůƓũċƣĲЮůċƚƚЮƖĲũċƣŔƻĲЮƣŸЮůċƚƚĲƚЮŸƨƣũŔŰĲĬЮŔŰЮƣőĲЮ
ůĲƣőŸĬ ΤΥΣ 
[ŔŊƨƖĲЮΫΪЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮċŰĬЮΫΨΣЮ
Ҋ9ЮĦċũĦŔŰċƣŔŸŰЮƨƚŔŰŊЮċђЮǂΥЮċŰĬЮĤђЮǂΤЮƓƖĲĦƨƖƚŸƖЮċŰĬЮĤŔŸƣĲůƓũċƣĲЮůċƚƚЮƖĲũċƣŔƻĲЮƣŸЮůċƚƚĲƚЮŸƨƣũŔŰĲĬЮŔŰЮƣőĲЮ
ůĲƣőŸĬ ΤΥΤ 
[ŔŊƨƖĲЮΫΫЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮΦΣΣЮҊ9ЮƓƖĲőĲċƣеЮ
ċŰĬЮΫΨΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮƨƚŔŰŊЮċђЮǂΥЮċŰĬЮĤђЮǂΤЮƓƖĲĦƨƖƚŸƖЮċŰĬЮĤŔŸƣĲůƓũċƣĲЮůċƚƚ ΤΥΥ 
[ŔŊƨƖĲЮΫάЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮċŰĬЮΫΣΣЮҊ9Ю
ĦċũĦŔŰċƣŔŸŰЮƨƚŔŰŊЮċђЮǂΥЮċŰĬЮĤђЮǂΤЮƓƖĲĦƨƖƚŸƖЮċŰĬЮĤŔŸƣĲůƓũċƣĲЮůċƚƚ ΤΥΦ 
[ŔŊƨƖĲЮάΣЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮΦΣΣЮҊ9ЮƓƖĲőĲċƣеЮ
ċŰĬЮΫΨΣЮҊ9ЮĦċũĦŔŰċƣŔŸŰЮƨƚŔŰŊЮċђЮǂΥЮċŰĬЮĤђЮǂΤЮƓƖĲĦƨƖƚŸƖЮċŰĬЮĤŔŸƣĲůƓũċƣĲЮůċƚƚЮƖĲũċƣŔƻĲЮƣŸЮůċƚƚĲƚЮŸƨƣũŔŰĲĬЮ
ŔŰЮƣőĲЮůĲƣőŸĬ ΤΥΦ 
[ŔŊƨƖĲЮάΤЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮŔђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮĦŸůůĲƖĦŔċũЮ ~9ΫΤΤЮ
9ċƣőŸĬĲЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΥΩ 



ΝΥ 
 

[ŔŊƨƖĲЮάΥЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤЮċŰĬЮΥЮƽŔƣőЮċĦĲƣċƣĲЮċŰĬЮĬĲǂƣƖċŰЮ
ƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮĤĲƣƽĲĲŰЮΧдΥЮċŰĬЮΦдΣЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΥΪ 
[ŔŊƨƖĲЮάΦЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲЮеőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮfђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΧЮƽŔƣőЮċĦĲƣċƣĲЮċŰĬЮĬĲǂƣƖċŰЮ
ƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΦΣ 
[ŔŊƨƖĲЮάΧЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦђЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũЮƽŔƣőЮċĦĲƣċƣĲЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮ
ĦċƣőŸĬĲЮĤĲƣƽĲĲŰЮΧдΥЮċŰĬЮΦдΣЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΦΤ 
[ŔŊƨƖĲЮάΨЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮŔђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮċĦĲƣċƣĲЮċŰĬЮƚŸĬŔƨůЮ
ċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΦΦ 
[ŔŊƨƖĲЮάΩЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦђЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũЮƽŔƣőЮŰŔƣƖċƣĲƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮ
ĦċƣőŸĬĲЮĤĲƣƽĲĲŰЮΧдΥЮċŰĬЮΦдΣЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΦΧ 
[ŔŊƨƖĲЮάΪЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲЮеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮfђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮŰŔƣƖċƣĲЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮ
ƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΦΩ 
[ŔŊƨƖĲЮάΫЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ЮƽŔƣőЮΦΣΣЮҊ9ЮÂƖĲőĲċƣЮċŰĬЮΫΣΣЮҊ9Ю9ċũĦŔŰċƣŔŸŰЮƽŔƣőЮċђЮΣӜеЮĤђЮΤΣӜеЮċŰĬЮĦђЮ
ΤΣΣӜЮxŔЮƖĲũċƣŔƻĲЮƣŸЮƣƖċŰƚŔƣŔŸŰЮůĲƣċũЮůċƚƚ ΤΦΫ 
[ŔŊƨƖĲЮάάЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮΦΣΣЮҊ9ЮÂƖĲőĲċƣЮċŰĬЮΫΣΣЮҊ9Ю9ċũĦŔŰċƣŔŸŰЮƽŔƣőЮċђЮΣӜеЮĤЮċŰĬЮ
ĦђЮΤΣӜеЮċŰĬЮĬђЮΤΣΣӜЮxŔЮƖĲũċƣŔƻĲЮƣŸЮƣƖċŰƚŔƣŔŸŰЮůĲƣċũЮůċƚƚеЮƽŔƣőЮċцĦђЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮůŔĦƖŸƚĦċũĲЮƚĲĦŸŰĬċƖǃЮ
ƓċƖƣŔĦũĲƚЮċŰĬЮĬђЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮŔƖƖĲŊƨũċƖЮƖŸƨŰĬĲĬЮƓċƖƣŔĦũĲƚ ΤΦά 
[ŔŊƨƖĲЮΤΣΣЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮċƣЮΫΨΣЮҊ9ЮƽŔƣőЮċЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮƨƚŔŰŊЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮ
ƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮĤђЮũŔƣőŔƨůЮċũŊŔŰċƣĲЮĤŔŸƣĲůƓũċƣĲ ΤΧΣ 
[ŔŊƨƖĲЮΤΣΤЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮċƣЮΫΨΣЮҊ9ЮƽŔƣőЮċЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮƨƚŔŰŊЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮ
ċђЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮĤђЮũŔƣőŔƨůЮċũŊŔŰċƣĲЮĤŔŸƣĲůƓũċƣĲ ΤΧΤ 
[ŔŊƨƖĲЮΤΣΥЮ9ċũĦŔŰċƣŔŸŰЮŸŉЮ ~9ΫΤΤЮċƣЮΫΣΣЮҊ9ЮƽŔƣőЮċЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮƨƚŔŰŊЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮƚŸĬŔƨůЮ
ċũŊŔŰċƣĲЮċŰĬЮĤђЮũŔƣőŔƨůЮċũŊŔŰċƣĲЮĤŔŸƣĲůƓũċƣĲ ΤΧΤ 
[ŔŊƨƖĲЮΤΣΦЮ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮĦċũĦŔŰĲĬЮċƣЮΫΣΣЮҊ9ЮƽŔƣőЮċЮΦΣΣЮҊ9ЮƓƖĲőĲċƣЮƨƚŔŰŊЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮ
ċђЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮĤђЮũŔƣőŔƨůЮċũŊŔŰċƣĲЮĤŔŸƣĲůƓũċƣĲ ΤΧΥ 
[ŔŊƨƖĲЮΤΣΧЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮ ċЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔΣдά ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ9§ΦђЮċŰĬЮĤђЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§Φђ ΤΧΫ 
[ŔŊƨƖĲЮΤΣΨЮÅŔĲƣƻĲũĬЮċŰċũǃƚŔƚЮŸŉЮ ~9ΫΤΤЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮ ċЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮЮƽőĲƖĲЮ
 ċЮӆЮǂЮċŰĬЮЮЮЮЮЮЮЮЮЮЮЮЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċƚЮƣőĲЮ ċЮĬŸƓċŰƣЮ
ƽőĲƖĲЮǂЮӆЮΣдΥЮЮċŰĬЮĦċũĦŔŰĲĬЮċƣЮΫΨΣЮҊ9 ΤΧά 
[ŔŊƨƖĲЮΤΣΩЮÉE~ЮŸŉЮ ~9ΫΤΤЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮ ċЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ёΤЮшЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮċŰĬЮĲǂőŔĤŔƣƚЮƖŸƨŰĬĲĬЮ
ƓċƖƣŔĦũĲƚЮЮċŰĬЮĤђЮǂЮӆЮΣдΥЮċŰĬЮĲǂőŔĤŔƣƚЮċŰŊƨũċƖЮƓċƖƣŔĦũĲƚ ΤΨΣ 
[ŔŊƨƖĲЮΤΣΪЮE? ñЮŸŉЮ ~9ΫΤΤƽŔƣőЮƚŸĬŔƨůЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮЮ
ƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮ ċЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮёΤЮшЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮ
ƽőĲƖĲЮċђЮЮЮЮЮЮЮЮЮЮЮǂЮӆЮΣдΤЮċŰĬЮĤђЮǂЮӆЮΣдΥ ΤΨΣ 
[ŔŊƨƖĲЮΤΣΫЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũЮƽŔƣőЮŰŔƣƖċƣĲЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮ
ĦċƣőŸĬĲƚЮƽŔƣőЮċЮƚŸĬŔƨůЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤцǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮƽőĲƖĲЮǂЮӆЮΣдΥЮċŰĬЮxŔЮӆЮΣдΫЮ
ĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚеЮĦŸůƓċƖĲĬЮƽŔƣőЮċЮĦĲũũЮƽőĲƖĲЮxŔЮӆЮΤЮċŰĬЮǂЮӆЮΣдΤЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮ
ƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲƚЮёĬеЮĲеЮŉђ ΤΨΥ 
[ŔŊƨƖĲЮΤΣάЮñÅ?ЮŸŉЮЮ ~9ΫΤΤЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ§ΥђЮƽŔƣőЮċЮƚĲĦŸŰĬċƖǃЮǂ ċΥ§ΥЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮЮ
ƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔΣдάђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ§ΥђЮċŰĬЮĤђЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ§Υђ ΤΨΦ 
[ŔŊƨƖĲЮΤΤΣЮÉE~ЮŸŉЮ ~9ΫΤΤЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§Υдǂ ċΥ§ΥђЮċŰĬЮǂ ċΥ§ΥЮЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮ
ƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
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ёxŔΣдά ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨǂ ċΥ§ΥђЮċŰĬЮőċƚЮƣĲƣƖċŊŸŰċũЮċŰĬЮŸĦƣċőĲĬƖċũЮůŸƖƓőŸũŸŊŔĲƚЮĤђЮǂЮӆЮΣдΥЮ
ёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤǂ ċΥ§ΥђЮċŰĬЮőċƚЮċŰЮŔƖƖĲŊƨũċƖЮůŸƖƓőŸũŸŊǃ ΤΨΧ 
[ŔŊƨƖĲЮΤΤΤЮE? ñЮŸŉЮЮ ~9ΫΤΤЮƽŔƣőЮ ċЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§Υдǂ ċΥ§ΥђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮёΤЮшЮǂђеЮ
ƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮǂЮӆЮΣдΥЮċŰĬЮċђЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
xŔΣдΫ ċΣдΥ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤǂ ċΥ§ΥеЮ[ŔŊƨƖĲЮΤΤΣċђЮċŰĬЮĤђЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
xŔΣдΫ ċΣдΥ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤǂ ċΥ9§ΦеЮ[ŔŊƨƖĲЮΤΤΣĤђ ΤΨΧ 
[ŔŊƨƖĲЮΤΤΥЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮċЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮшЮ

ǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮċŰĬЮ
ƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§ΦђЮƨƚŔŰŊЮċђЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮ
ċũŊŔŰċƣĲЮċŰĬЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮċŰĬЮĤђЮƨƚŔŰŊЮǂЮӆЮΣдΥЮƚŸĬŔƨůЮċũŊŔŰċƣĲ ΤΨΩ 
[ŔŊƨƖĲЮΤΤΦЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮċЮƚŸĬŔƨůЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮшЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮ
ӆЮǂЮċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮǂЮӆЮ
ΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§ΦђЮƨƚŔŰŊЮċђЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮċŰĬЮ
ĲǂőĤŔƣŔŰŊЮċŰЮŔƖƖĲŊƨũċƖЮůŸƖƓőŸũŸŊǃЮċŰĬЮĤђЮƨƚŔŰŊЮǂЮӆЮΣдΥЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮĲǂőĤŔŔƣŔŰŊЮċЮůŸƖĲЮƖĲŊƨũċƖЮ
ůŸƖƓőŸũŸŊǃ ΤΨΪ 
[ŔŊƨƖĲЮΤΤΧЮE? ñЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮċЮƚŸĬŔƨůЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮшЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΨǂ ċΥ9§ΦђЮƽőĲƖĲЮ
 ċЮӆЮǂЮċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮǂЮ
ӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§ΦђЮƨƚŔŰŊЮċђЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮё[ŔŊƨƖĲЮ
ΤΤΦċђЮċŰĬЮĤђЮƨƚŔŰŊЮǂЮӆЮΣдΥЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮё[ŔŊƨƖĲЮΤΤΦĤђ ΤΨΪ 
[ŔŊƨƖĲЮΤΤΨЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮŔђЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮŰŔƣƖċƣĲеЮƚŸĬŔƨůЮċũŊŔŰċƣĲеЮċŰĬЮ
ƚŸĬŔƨůЮŰŔƣƖċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮ
éЮŉŸƖЮΨΣЮĦǃĦũĲƚеЮĦŸůƓċƖĲĬЮƽŔƣőЮċЮĦĲũũЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮŸŰũǃЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮǂЮӆЮΣдΥЮёŢеЮťеЮũђ ΤΩΣ 
[ŔŊƨƖĲЮΤΤΩЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮ ċΥ§ΥЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ§ΥђЮƽőĲƖĲЮ ċЮӆЮǂЮ
ċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮǂЮӆЮΣдΥЮ
ёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ§ΥђЮƨƚŔŰŊЮċђЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮċŰĬЮĤђЮƨƚŔŰŊЮǂЮӆЮ
ΣдΥЮƚŸĬŔƨůЮċũŊŔŰċƣĲ ΤΩΤ 
[ŔŊƨƖĲЮΤΤΪЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮ ċΥ§ΥЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ§ΥђЮƽőĲƖĲЮ ċЮӆЮǂЮ
ċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚеЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮǂЮӆЮΣдΥЮ
ёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ§ΥђЮƨƚŔŰŊЮċђЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮǂЮӆЮΣдΤЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮċŰĬЮƽőŔĦőЮ
ĲǂőŔĤŔƣƚЮċŊŊũŸůĲƖċƣĲĬеЮƖŸƨŰĬĲĬЮůƖŸƓőŸũŸŊŔĲƚЮċŰĬЮĤђЮƨƚŔŰŊЮǂЮӆЮΣдΥЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽŔƣőЮŔŰĬŔƻŔĬƨċũЮ
ŸĦƣċőĲĬƖċũЮůŸƖƓőŸũŸŊŔĲƚЮċƖĲЮƓƖĲƚĲŰƣ ΤΩΤ 
[ŔŊƨƖĲЮΤΤΫЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮ ċΥ9§ΦЮЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮ
ǂЮċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔΣдά ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ9§ΦђЮċŰĬЮĤђЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§Φђ ΤΩΦ 
[ŔŊƨƖĲЮΤΤάЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮ
xŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔΣдά ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ9§ΦђЮċŰĬЮĤђЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§Φђ ΤΩΧ 
[ŔŊƨƖĲЮΤΥΣЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮ ċΥ§ΥЮƚĲĦŸŰĬċƖǃЮƓőċƚĲЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ§ΥђЮƽőĲƖĲЮ ċЮӆЮǂЮ
ċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔΣдά ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ§ΥђЮċŰĬЮĤђЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ§Υђ ΤΩΨ 
[ŔŊƨƖĲЮΤΥΤЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮ ċΥ§ΥЮёxŔёΤЮцЮǂђ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ§ΥђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮёΤЮцЮǂђеЮ
ƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮċƚЮƣőĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔΣдά ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ§ΥђЮċŰĬЮĤђЮǂЮӆЮΣдΥЮёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ§ΥђеЮƽŔƣőЮŸĦƣċőĲĬƖċũЮƓƖŔůċƖǃЮ
ƓċƖƣŔĦũĲƚЮőŔŊőũŔŊőƣĲĬЮŔŰЮǃĲũũŸƽ ΤΩΩ 
[ŔŊƨƖĲЮΤΥΥЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦђЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚЮ
ƽŔƣőЮċĦĲƣċƣĲЮċŰĬЮĬĲǂƣƖċŰеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲЮƽőĲƖĲЮǂЮӆЮΣдΤЮ
ёxŔΣдά ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ§Υђ ΤΩΪ 
[ŔŊƨƖĲЮΤΥΦЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΥЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮ
ĦǃĦũĲƚЮƽŔƣőЮċĦĲƣċƣĲЮċŰĬЮĬĲǂƣƖċŰеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲЮƽőĲƖĲЮǂЮӆЮΣдΥЮ
ёxŔΣдΫ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ§Υђ ΤΩΫ 
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[ŔŊƨƖĲЮΤΥΧЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђеЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§ΦђеЮċŰĬЮĦђЮǂЮӆЮΣдΦЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤΨ ċΥ9§Φђе ΤΪΤ 
[ŔŊƨƖĲЮΤΥΨЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђеЮċŰĬЮĲǂőŔĤŔƣƚЮƖŸƨŰĬĲĬЮŔƖƖĲŊƨũċƖЮƓċƖƣŔĦũĲƚеЮĤђЮǂЮӆЮΣдΥЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§ΦђеЮċŰĬЮĲǂőŔĤŔƣƚЮƣĲƣƖċŊŸŰċũфŸĦƣċőĲĬƖċũЮůŸƖƓőŸũŸŊŔĲƚЮċŰĬЮĦђЮǂЮӆЮΣдΦЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤΨ ċΥ9§ΦΤ§ΥђЮƽőŔĦőЮĲǂőŔĤŔƣƚЮŸĦƣċőĲĬƖċũеЮƖŸƨŰĬĲĬеЮċŰĬЮċŊŊũŸůĲƖċƣĲĬЮƓƖŔůċƖǃЮ
ƓċƖƣŔĦũĲƚе ΤΪΥ 
[ŔŊƨƖĲЮΤΥΩЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮŔђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖЮċŰĬЮ
ƚŸĬŔƨůЮċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮ ~9ΫΤΤЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮ
ΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΪΧ 
[ŔŊƨƖĲЮΤΥΪЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΥЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖЮċŰĬЮƚŸĬŔƨůЮ
ċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΣΨ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΥЮċŰĬЮΦЮéЮŉŸƖЮΨΣЮ
ĦǃĦũĲƚ ΤΪΨ 
[ŔŊƨƖĲЮΤΥΫЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΥЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮ
ċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮ
ĦǃĦũĲƚд ΤΪΩ 
[ŔŊƨƖĲЮΤΥάЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђеЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§ΦђеЮċŰĬЮĦђЮǂЮӆЮΣдΦЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤΨ ċΥ9§Φђе ΤΪΪ 
[ŔŊƨƖĲЮΤΦΣЮÉE~ЮŸŉЮ ~9ΫΤΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮ
ċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђеЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮ
ŔƖƖĲŊƨũċƖЮŸĦƣċőĲĬƖċũЮƓċƖƣŔĦũĲƚеЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§ΦђЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮũċƖŊĲƖеЮƖĲŊƨũċƖЮ
ŸĦƣċőĲĬƖċũЮƓċƖƣŔĦũĲƚеЮċŰĬЮĦђЮǂЮӆЮΣдΦЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤΨ ċΥ9§ΦђЮЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮċŊŊũŸůĲƖċƣĲĬЮƖŸƨŰĬЮ
ƓċƖƣŔĦũĲƚ ΤΪά 
[ŔŊƨƖĲЮΤΦΤЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮŔђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮ
ƚŸĬŔƨůЮċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮ
ΥдΫЮéЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤΫΤ 
[ŔŊƨƖĲЮΤΦΥЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΥЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮ
ċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΥЮċŰĬЮΦЮéЮŉŸƖЮΨΣЮ
ĦǃĦũĲƚ ΤΫΥ 
[ŔŊƨƖĲЮΤΦΦЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΥЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖЮċŰĬЮƚŸĬŔƨůЮ
ċũŊŔŰċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮŉŸƖЮΨΣЮ
ĦǃĦũĲƚ ΤΫΦ 
[ŔŊƨƖĲЮΤΦΧЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§Υдǂ ċђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮ
ŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċђеЮĤђЮǂЮ
ӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§Υдǂ ċдΣдΥ ċђеЮċŰĬЮĦђЮǂЮӆЮΣдΦЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΦ ċђе ΤΫΨ 
[ŔŊƨƖĲЮΤΦΨЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§Υдǂ ċђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮΤеЮƚǃŰƣőĲƚŔƚĲĬЮ
ƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΤ ċђеĲǂőŔĤŔƣŔŰŊЮŔƖƖĲŊƨũċƖЮƖŸƨŰĬĲĬЮƓċƖƣŔĦũĲƚЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΥ ċђеЮ
ĲǂőŔĤŔƣŔŰŊЮũċƖŊĲƖЮƖŸƨŰĬĲĬЮƓċƖƣŔĦũĲƚеЮċŰĬЮĦђЮǂЮӆЮΣдΦЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдΣдΦ ċђеĲǂőŔĤŔƣŔŰŊЮũċƖŊĲЮŸĦƣċőĲĬƖċũЮ
ƓċƖƣŔĦũĲƚ ΤΫΩ 
[ŔŊƨƖĲЮΤΦΩЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮƓĲƖŸǂŔĬĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ§ΥђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮΤеЮ
ƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
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ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ§ΥђеЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ§ΥђеЮċŰĬЮĦђЮǂЮӆЮΣдΦЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤΨ ċΥ§Υђе ΤΫΪ 
[ŔŊƨƖĲЮΤΦΪЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮƓĲƖŸǂŔĬĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ§ΥђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮΤеЮ
ƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ§ΥђеЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮŔƖƖĲŊƨũċƖЮŸĦƣċőĲĬƖċũЮƓċƖƣŔĦũĲƚеЮĤђЮǂЮӆЮΣдΥЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ§ΥђЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮũċƖŊĲƖеЮƖĲŊƨũċƖЮŸĦƣċőĲĬƖċũЮƓċƖƣŔĦũĲƚеЮċŰĬЮĦђЮǂЮӆЮΣдΦЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤΨ ċΥ§ΥђеĦŸŰƚŔƚƣŔŰŊЮŸŉЮũċƖŊĲЮŸĦƣċőĲĬƖċũЮƓċƖƣŔĦũĲƚЮƽŔƣőЮċŊŊũŸůĲƖċƣĲĬЮƓƖŔůċƖǃЮ
ƓċƖƣŔĦũĲƚ ΤΫΫ 
[ŔŊƨƖĲЮΤΦΫЮñÅ?ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђЮċŰĬЮЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§Φђ ΤάΣ 
[ŔŊƨƖĲЮΤΦάЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђЮċŰĬЮЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§ΦђЮĦŸŰƚŔƚƣŔŰŊЮŸŉЮƚŸůĲЮ
ŰċŰŸƽŔƖĲЮŊƖŸƽƣőЮёőŔŊőũŔŊőƣĲĬЮŔŰЮƖĲĬђ ΤάΤ 
[ŔŊƨƖĲЮΤΧΣЮñÅ?ЮŸŉЮЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђЮċŰĬЮЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§Φђ ΤάΥ 
[ŔŊƨƖĲЮΤΧΤЮÉE~ЮŸŉЮ ~9ΫΤΤЮƽŔƣőЮƚŸĬŔƨůЮĦċƖĤŸŰċƣĲЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΨ ċΥ9§ΦђЮƽőĲƖĲЮ ċЮӆЮǂЮċŰĬЮxŔЮӆЮ
ΤеЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊеЮċŰĬЮƚŸĬŔƨůЮŰŔƣƖċƣĲЮƽőĲƖĲЮċђЮǂЮӆЮΣдΤЮ
ёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђЮċŰĬЮЮĤђЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§Φђ ΤάΦ 
[ŔŊƨƖĲЮΤΧΥЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮŔђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮċĦĲƣċƣĲеЮĬĲǂƣƖċŰеЮċŰĬЮ
ƚŸĬŔƨůЮŰŔƣƖċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΤЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΣΨ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮ
éЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤάΨ 
[ŔŊƨƖĲЮΤΧΦЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮŔђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮċĦĲƣċƣĲеЮĬĲǂƣƖċŰеЮċŰĬЮ
ƚŸĬŔƨůЮŰŔƣƖċƣĲЮƚǃŰƣőĲƚŔƚĲĬЮĦċƣőŸĬĲƚЮƽőĲƖĲЮǂЮӆЮΣдΥЮёxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂΣдΤ ċΥ9§ΦђЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮ
éЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΤάΫ 
[ŔŊƨƖĲЮΤΧΧЮñÅ?ЮƚőŸƽŔŰŊЮ ~9ΫΤΤшЮũŔƣőŔƨůЮƚƨũŉċƣĲЮĦċƣőŸĬĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮц͗
ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊеЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮŔŰЮŸǂǃŊĲŰЮċƣЮċђЮΪΨΣЮҊ9еЮĤђЮΫΣΣЮҊ9еЮċŰĬЮ
ĦђЮΫΨΣЮҊ9 ΥΣΥ 
[ŔŊƨƖĲЮΤΧΨЮÅŔĲƣƻĲũĬЮċŰċũǃƚŔƚЮŉŸƖЮ ~9ΫΤΤшЮũŔƣőŔƨůЮƚƨũŉċƣĲЮĦċƣőŸĬĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮ
ċŰĬЮц͗ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊеЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮŔŰЮŸǂǃŊĲŰЮΫΨΣЮҊ9 ΥΣΦ 
[ŔŊƨƖĲЮΤΧΩЮñÅ?ЮƚőŸƽŔŰŊЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮǂЮӆЮΣдΣΣΨЮċŰĬЮĤђЮǂЮӆЮΣдΣΪΨЮц͗ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊ ΥΣΨ 
[ŔŊƨƖĲЮΤΧΪЮÉE~ЮƚőŸƽŔŰŊЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮǂЮӆЮΣдΣΣΨЮċŰĬЮĤђЮǂЮӆЮΣдΣΪΨЮц͗ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊ ΥΣΩ 
[ŔŊƨƖĲЮΤΧΫЮE? ñЮŸŉЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮŰŔƣƖċƣĲЮ
ƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮǂЮӆЮΣдΣΣΨЮё[ŔŊƨƖĲЮΤΧΪċђЮċŰĬЮĤђЮǂЮӆЮΣдΣΪΨЮё[ŔŊƨƖĲЮΤΧΪĤђЮц͗ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊ ΥΣΩ 
[ŔŊƨƖĲЮΤΧάЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲЮеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮfђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮ ~9ΫΤΤЮшЮũŔƣőŔƨůЮƚƨũŉċƣĲЮ
ĦċƣőŸĬĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲƚЮċŰĬЮŸŉЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΣΨЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮċƣЮ
ΣдΤЮ9ЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΥΣά 
[ŔŊƨƖĲЮΤΨΣЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦђеЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũЮƽŔƣőЮ ~9ΫΤΤЮшЮũŔƣőŔƨůЮƚƨũŉċƣĲЮĦċƣőŸĬĲƚЮ
ƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮŰŔƣƖċƣĲƚЮċŰĬЮŸŉЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΣΨЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΥЮċŰĬЮΦдΣЮéЮċƣЮΣдΤЮ9ЮŉŸƖЮ
ΨΣЮĦǃĦũĲƚ ΥΤΣ 
[ŔŊƨƖĲЮΤΨΤЮñÅ?ЮƚőŸƽŔŰŊЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮǂЮӆЮΣдΣΣΨЮċŰĬЮĤђЮǂЮӆЮΣдΣΨЮц͗ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊ ΥΤΤ 
[ŔŊƨƖĲЮΤΨΥЮÉE~ЮƚőŸƽŔŰŊЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮǂЮӆЮΣдΣΣΨЮċŰĬЮĤђЮǂЮӆЮΣдΣΨЮц͗ĦċƖƖċŊĲĲŰċŰЮĤŔŸƣĲůƓũċƣŔŰŊ ΥΤΦ 
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[ŔŊƨƖĲЮΤΨΦЮE? ñЮŸŉЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮċђЮǂЮӆЮΣдΣΣΨЮё[ŔŊƨƖĲЮΤΨΥċђЮċŰĬЮĤђЮǂЮӆЮΣдΣΨЮё[ŔŊƨƖĲЮΤΨΥĤђЮц͗ĦċƖƖċŊĲĲŰċŰЮ
ĤŔŸƣĲůƓũċƣŔŰŊ ΥΤΦ 
[ŔŊƨƖĲЮΤΨΧЮÉE~ЮƚőŸƽŔŰŊЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΨЮŉŸƖůŔŰŊЮċђЮůŔĦƖŸƽŔƖĲЮůŸƖƓőŸũŸŊŔĲƚЮċŰĬЮĤђЮ
ŸĦƣċőĲĬƖċũЮůŸƖƓőŸũŸŊŔĲƚ ΥΤΧ 
[ŔŊƨƖĲЮΤΨΨЮE? ñЮƚőŸƽŔŰŊЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΨЮŉŸƖůŔŰŊЮċђЮůŔĦƖŸƽŔƖĲЮё[ŔŊƨƖĲЮΤΨΧċђЮċŰĬЮĤђЮ
ŸĦƣċőĲĬƖċũЮё[ŔŊƨƖĲЮΤΨΧĤђЮůŸƖƓőŸũŸŊŔĲƚ ΥΤΨ 
[ŔŊƨƖĲЮΤΨΩЮñÅ?ЮƚőŸƽŔŰŊЮxŔ ŔΣдΫ~ŰΣдΤ9ŸΣдΤ§ΥдǂxŔΥÉ§ΧЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮΫΨΣЮҊ9еЮƨƚŔŰŊЮ
ċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΨЮŉŸƖůŔŰŊЮċђЮůŔĦƖŸƽŔƖĲЮċŰĬЮĤђЮŸĦƣċőĲĬƖċũЮ
ůŸƖƓőŸũŸŊŔĲƚ ΥΤΩ 
[ŔŊƨƖĲЮΤΨΪЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬеЮŊђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲЮеЮőђеЮ
ċŰĬЮ?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉеЮfђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΦЮƽŔƣőЮ ~9ΫΤΤЮшЮũŔƣőŔƨůЮƚƨũŉċƣĲЮ
ĦċƣőŸĬĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲƚЮċŰĬЮŸŉЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΨЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮċƣЮ
ΣдΤЮ9ЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΥΤΫ 
[ŔŊƨƖĲЮΤΨΫЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΥЮƽŔƣőЮ ~9ΫΤΤЮшЮũŔƣőŔƨůЮƚƨũŉċƣĲЮ
ĦċƣőŸĬĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲƚЮċŰĬЮŸŉЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΣΨЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΨЮċŰĬЮΥдΫЮéЮ
ċƣЮΣдΤЮ9ЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΥΤά 
[ŔŊƨƖĲЮΤΨάЮ9őċƖŊĲцĬŔƚĦőċƖŊĲЮĦǃĦũŔŰŊЮёċеЮĬђеЮ9ǃĦũŔŰŊЮĲǭŔĦŔĲŰĦǃЮċŰĬЮĦőċƖŊĲцĬŔƚĦőċƖŊĲЮĦċƓċĦŔƣŔĲƚЮёĤеЮĲђеЮċŰĬЮ
?ŔǭĲƖĲŰƣŔċũЮĦċƓċĦŔƣǃЮƻƚдЮƻŸũƣċŊĲЮĦƨƖƻĲЮёĦеЮŉђеЮЮŉŸƖЮxŔцŔŸŰЮĦŸŔŰЮĦĲũũƚЮΤцΥЮƽŔƣőЮ ~9ΫΤΤЮшЮũŔƣőŔƨůЮƚƨũŉċƣĲЮ
ĦċƣőŸĬĲƚЮƚǃŰƣőĲƚŔƚĲĬЮƽŔƣőЮċĦĲƣċƣĲƚЮċŰĬЮŸŉЮц͗ĦċƖƖċŊĲĲŰċŰЮƽőĲƖĲЮǂЮӆЮΣдΣΨЮĦǃĦũĲĬЮĤĲƣƽĲĲŰЮΧдΥЮċŰĬЮΦдΣЮéЮċƣЮ
ΣдΤЮ9ЮŉŸƖЮΨΣЮĦǃĦũĲƚ ΥΥΣ 
[ŔŊƨƖĲЮΤΩΣЮñÅ?ЮƚőŸƽŔŰŊЮ ~9ΫΤΤЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƚƨũŉċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮ
ĤŔŸƣĲůƓũċƣŔŰŊЮЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮŔŰЮŸǂǃŊĲŰЮċƣЮΫΨΣЮҊ9 ΥΥΥ 
[ŔŊƨƖĲЮΤΩΤЮÉE~ЮƚőŸƽŔŰŊЮ ~9ΫΤΤЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮƚƨũŉċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮ
ĤŔŸƣĲůƓũċƣŔŰŊеЮƓƖĲőĲċƣĲĬЮċƣЮΦΣΣЮҊ9ЮŔŰЮċŔƖЮċŰĬЮĦċũĦŔŰĲĬЮŔŰЮŸǂǃŊĲŰЮċƣЮΫΨΣЮҊ9 ΥΥΦ 

 
 

 

 

 

 

 

 

 

 

 



ΞΟ 
 

Ν xŔƣĲƖċƣƨƖĲШÅĲƻŔĲƽ 
ΝЮΝ  ĲƣШǍĲƖŸШċŰĬШƣőĲШƖŸũĲШŸŉШĲũĲĦƣƖŸĦőĲůŔĦċũШƚƣŸƖċŊĲ 
ƚШŸŉШΞΜΞΠЯШƣőĲШÖŰŔƣĲĬШ ċƣŔŸŰƚќШEůŔƚƚŔŸŰƚШ]ċƓШÅĲƓŸƖƣШΞΜΞΠШƓƖĲĬŔĦƣƚШċШũŔťĲũǃШŊũŸĤċũШƣĲůƓĲƖċƣƨƖĲШ

ŔŰĦƖĲċƚĲШŸŉШΟЮΝШ҄9ШĤǃШΞΝΜΜШƽŔƣőШƣőĲШĦƨƖƖĲŰƣШĲůŔƚƚŔŸŰƚШƖĲŊƨũċƣŔŸŰƚШŔŰШƓũċĦĲШяΝѐЮШ ƚШŸŉШΞΜΞΟЯШƣőĲШ
ÖŰŔƣĲĬШuŔŰŊĬŸůШŔƚШċШƚŔŊŰŔǯĦċŰƣШƓŸũũƨƣĲƖШƽŔƣőШΟΥΠЮΞШ~ƣ9§ΞĲШŸŉШŊƖĲĲŰőŸƨƚĲШŊċƚĲƚШĲůŔƣƣĲĬШŸƻĲƖШ
ƣőĲШĦċũĲŰĬċƖШǃĲċƖШяΞѐЮШìőŔũĲШċШƖĲĬƨĦƣŔŸŰШŸŉШΡΞЮΤӖШƽőĲŰШĦŸůƓċƖĲĬШƣŸШĲůŔƚƚŔŸŰƚШŔŰШΝΦΦΜШċŰĬШ
ΝΠЮΞӖШũĲƚƚШĲůŔƚƚŔŸŰƚШƣőċŰШŔŰШΞΜΝΦЯШŉƨƖƣőĲƖШƽŸƖťШŔƚШƖĲƕƨŔƖĲĬШƣŸШůċťĲШƣőĲШÖuќƚШΞΜΡΜШŰĲƣШǍĲƖŸШ
ƣċƖŊĲƣШяΟѐЮШ?ƨƖŔŰŊШΞΜΞΟЯШĲůŔƚƚŔŸŰƚШŉƖŸůШĬŸůĲƚƣŔĦШƣƖċŰƚƓŸƖƣШůċĬĲШƨƓШΞΦЮΝӖШŸŉШƣőĲШÖuќƚШƣŸƣċũШ
ŊƖĲĲŰőŸƨƚĲШŊċƚШĲůŔƚƚŔŸŰƚШůċťŔŰŊШŔƣШƣőĲШũċƖŊĲƚƣШĲůŔƣƣŔŰŊШƚĲĦƣŸƖЮШÅĲĬƨĦŔŰŊШŊƖĲĲŰőŸƨƚĲШŊċƚШ
ĲůŔƚƚŔŸŰƚШŉƖŸůШĬŸůĲƚƣŔĦШƣƖċŰƚƓŸƖƣШŔƚШƣőĲƖĲŉŸƖĲШŸŰĲШŸŉШƣőĲШůŸƚƣШĲǭĲĦƣŔƻĲШƽċǃƚШŸŉШƖĲċĦőŔŰŊШŰĲƣШ
ǍĲƖŸЮШ§ŰĲШŸŉШƣőĲШĦƨƖƖĲŰƣũǃШƨƚĲĬШůĲƣőŸĬƚШƣŸШƖĲĬƨĦĲШŊƖĲĲŰőŸƨƚĲШŊċƚШĲůŔƚƚŔŸŰƚШĲůŔƣƣĲĬШĤǃШ
ƣƖċŰƚƓŸƖƣШŔƚШƣőĲШƽŔĬĲƚĦċũĲШƖĲƓũċĦĲůĲŰƣШŸŉШŔŰƣĲƖŰċũШĦŸůĤƨƚƣŔŸŰШĲŰŊŔŰĲШыf9EьШƻĲőŔĦũĲƚШƽŔƣőШ
ĲũĲĦƣƖŔĦШƻĲőŔĦũĲƚШыEéƚьЮШ ƚШŸŉШ§ĦƣŸĤĲƖШΞΜΞΠЯШƣőĲШÖuШŊŸƻĲƖŰůĲŰƣШƓũċŰƚШƣŸШƓőċƚĲШŸƨƣШċũũШŰĲƽШf9EШ
ƻĲőŔĦũĲƚШĤǃШΞΜΟΡШяΠѐШƣŸШőĲũƓШƣŸƽċƖĬƚШƣőĲШΞΜΡΜШŰĲƣШǍĲƖŸШŊŸċũЮШÑőĲƖĲŉŸƖĲЯШċƚШŸŉШΞΜΟΡШċũũШŰĲƽШ
ƓƖŸĬƨĦƣŔŸŰШĦċƖƚШŔŰШƣőĲШÖuШƽŔũũШĤĲШEéƚЮШ 

ΝЮΞ 9ĲũũШ9őĲůŔƚƣƖŔĲƚ 
9ĲũũƚШċƖĲШċШŉŸƖůШŸŉШĲũĲĦƣƖŸĦőĲůŔĦċũШƚƣŸƖċŊĲЮШ9ĲũũƚШƽŸƖťШĤǃШĦŸŰƻĲƖƣŔŰŊШĦőĲůŔĦċũШƓŸƣĲŰƣŔċũШĲŰĲƖŊǃШ
ŔŰƣŸШĲũĲĦƣƖŔĦċũШĲŰĲƖŊǃЯШċŰĬШĦŸŰƚŔƚƣШŸŉШƣƽŸШƣĲƖůŔŰċũƚШтШŸŰĲШƓŸƚŔƣŔƻĲЯШŸŰĲШŰĲŊċƣŔƻĲЯШƣƽŸШĲũĲĦƣƖŸĬĲƚШтШ
ċШƓŸƚŔƣŔƻĲШĦċƣőŸĬĲШċŰĬШċШŰĲŊċƣŔƻĲШċŰŸĬĲЯШċŰĬШċŰШĲũĲĦƣƖŸũǃƣĲШяΡѐЮШìőĲŰШċШĦĲũũШŔƚШĬŔƚĦőċƖŊĲĬШċƣŸůƚШ
ŔŰШƣőĲШĦċƣőŸĬĲШƽŔũũШŔŸŰŔƚĲШċŰĬШƣőĲШŔŸŰƚШĦŸŰĬƨĦƣШŉƖŸůШƣőĲШċŰŸĬĲЯШƣőƖŸƨŊőШƣőĲШĲũĲĦƣƖŸũǃƣĲЯШƣŸШƣőĲШ
ĦċƣőŸĬĲЯШ[ŔŊƨƖĲШΝЮШÑőĲШŉƖĲĲШĲũĲĦƣƖŸŰƚШƓƖŸĬƨĦĲĬШĬƨƖŔŰŊШŔŸŰŔǍċƣŔŸŰШƽŔũũШƣƖċƻĲũШŉƖŸůШƣőĲШŰĲŊċƣŔƻĲШƣŸШ
ƣőĲШƓŸƚŔƣŔƻĲШƣĲƖůŔŰċũШƣőƖŸƨŊőШƽőċƣĲƻĲƖШĦŸŰĬƨĦƣŔƻĲШůċƣƣĲƖШƣőĲШƣĲƖůŔŰċũƚШċƖĲШĦŸŰŰĲĦƣĲĬШƣŸЯШċƣШ
ƽőŔĦőШƓŸŔŰƣШŔŸŰƚШŔŰШƣőĲШĦċƣőŸĬĲШƖĲŊċŔŰШƣőĲШĲũĲĦƣƖŸŰƚЮШìőĲŰШĦőċƖŊĲĬШƣőŔƚШƓƖŸĦĲƚƚШŸĦĦƨƖƚШŔŰШ
ƖĲƻĲƖƚĲЮ 
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Figure 1 Electrochemical cell diagram 



ΞΠ 
 

 ƨůĲƖŸƨƚШĦĲũũШĦőĲůŔƚƣƖŔĲƚШőċƻĲШĤĲĲŰШƖĲƚĲċƖĦőĲĬЯШĲċĦőШƽŔƣőШĬŔǭĲƖĲŰƣШċƓƓũŔĦċƣŔŸŰƚЮШxŔƣőŔƨůрŔŸŰШ
ĦĲũũƚШċƖĲШĦƨƖƖĲŰƣũǃШĲůƓũŸǃĲĬШŔŰШƓŸƖƣċĤũĲШĲũĲĦƣƖŸŰŔĦШĬĲƻŔĦĲƚЯШƓŸƽĲƖШƣŸŸũƚЯШĲũĲĦƣƖŔĦċũШƻĲőŔĦũĲƚЯШċŰĬШ
ċƖĲШĤĲŔŰŊШŔŰƻĲƚƣŔŊċƣĲĬШŉŸƖШƓŸƚƚŔĤũĲШƨƚĲШŔŰШŊƖŔĬШƚƣŸƖċŊĲШяΣѐЮШÉŸĬŔƨůрŔŸŰШĦĲũũƚШċƖĲШĤĲŔŰŊШ
ŔŰƻĲƚƣŔŊċƣĲĬШċƚШƓŸƣĲŰƣŔċũШƖĲƓũċĦĲůĲŰƣƚШŉŸƖШũŔƣőŔƨůрŔŸŰШĦĲũũƚШŔŰШĲũĲĦƣƖŸŰŔĦШĬĲƻŔĦĲƚШċŰĬШEéƚЯШĤƨƣШ
ĬƨĲШƣŸШċШũŸƽĲƖШƻŸũƨůĲƣƖŔĦШĲŰĲƖŊǃШĬĲŰƚŔƣǃШċŰĬШĤĲŔŰŊШĦƨƖƖĲŰƣũǃШΟǂШőĲċƻŔĲƖШƣőċŰШũŔƣőŔƨůШŔŸŰШĦĲũũƚШ
ċƖĲШůċŔŰũǃШĤĲŔŰŊШŔŰƻĲƚƣŔŊċƣĲĬШŉŸƖШƨƚĲШŔŰШƚƨĦőШċƓƓũŔĦċƣŔŸŰƚШċƚШũċƖŊĲШƚĦċũĲШĲŰĲƖŊǃШƚƣŸƖċŊĲЯШŊƖŔĬШ
ĤċĦťƨƓШƚǃƚƣĲůƚЯШċŰĬШůŔĦƖŸŊƖŔĬƚШяΤѐЮШfŰШƣőĲШƓċƚƣШŰŔĦťĲũШůĲƣċũШőǃĬƖŔĬĲШĦĲũũƚШƽĲƖĲШƨƚĲĬШŔŰШƓŸƖƣċĤũĲШ
ĲũĲĦƣƖŸŰŔĦƚШċŰĬШőǃĤƖŔĬШƻĲőŔĦũĲƚШĤƨƣШőċƻĲШƚŔŰĦĲШĤĲĲŰШŸƨƣĦũċƚƚĲĬШяΥѐЯШƽőŔũĲШũŔƣőŔƨůрƚƨũŉƨƖШĦĲũũƚШ
ůĲċŰƽőŔũĲШċƖĲШĤĲŔŰŊШƣċƖŊĲƣĲĬШŉŸƖШƨƚĲШŔŰШƚƓċĦĲЯШċƻŔċƣŔŸŰЯШċŰĬШĬĲŉĲŰĦĲШĬƨĲШƣŸШĤĲŔŰŊШũŔŊőƣШƽĲŔŊőƣШ
яΦѐЮ 

ΝЮΞЮΝ xŔƣőŔƨůрŔŸŰШĦĲũũƚ 
xŔƣőŔƨůрŔŸŰШĦĲũũƚШőċƻĲШŰƨůĲƖŸƨƚШĤĲŰĲǯƣƚШƣőċƣШůċťĲШƣőĲůШċƣƣƖċĦƣŔƻĲШŉŸƖШƨƚĲШŔŰШċƓƓũŔĦċƣŔŸŰШƚƨĦőШ
ċƚШEéƚЮШÑőŔƚШŔŰĦũƨĬĲƚШċШőŔŊőШĦĲũũШƓŸƣĲŰƣŔċũЯШőŔŊőШƻŸũƨůĲƣƖŔĦШĦċƓċĦŔƣǃЯШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШċŰĬШ
ƓŸƽĲƖШĬĲŰƚŔƣǃЯ 

Ш[ŔŊƨƖĲШΞЯШċŰĬШƣőĲШċĤŔũŔƣǃШƣŸШĦǃĦũĲШċƣШċШőŔŊőШĦрƖċƣĲШяΝΜѐЮШШ?ŔƚċĬƻċŰƣċŊĲƚШŔŰĦũƨĬĲШőŔŊőШĦŸƚƣЯШŔƚƚƨĲƚШ
ƽŔƣőШƣőĲШƚƨƓƓũǃШŸŉШƖċƽШůċƣĲƖŔċũƚЯШċŰĬШƚċŉĲƣǃШŔƚƚƨĲƚЮШ§ƻĲƖċũũЯШƣőĲШĤĲŰĲǯƣƚШőċƻĲШĤĲĲŰШƚĲĲŰШƣŸШ
ŸƨƣƽĲŔŊőШƣőĲШŰĲŊċƣŔƻĲƚШƽőŔĦőШőċƻĲШũĲĬШƣŸШċŰШċĬŸƓƣŔŸŰШŸƻĲƖШŸƣőĲƖШĦĲũũШĦőĲůŔƚƣƖŔĲƚЯШƽŔƣőШƣőĲШ
ċĤŔũŔƣǃШŸŉШũŔƣőŔƨůрŔŸŰШĦĲũũƚШƣŸШĤĲШĦǃĦũĲĬШċƣШŸƓĲƖċƣŔŰŊШƻŸũƣċŊĲƚШċĤŸƻĲШΠШéЯШŊƖċƻŔůĲƣƖŔĦШĦċƓċĦŔƣŔĲƚШŸŉШ
ΞΡΜШìőоťŊШċŰĬШƻŸũƨůĲƣƖŔĦШĲŰĲƖŊǃШĬĲŰƚŔƣŔĲƚШŸŉШΣΡΜШìőоxЯШċŰĬШƚƓĲĦŔǯĦШĦċƓċĦŔƣŔĲƚШŸŉШΞΟΜШů őоŊШ
ƽőĲŰШƨƚŔŰŊШőŔŊőШ ŔШĦċƣőŸĬĲƚШяΝΝѐЮШ?ƨĲШƣŸШőŔŊőШĦċƓċĦŔƣŔĲƚШċŰĬШĲŰĲƖŊǃШĬĲŰƚŔƣŔĲƚШċũůŸƚƣШċũũШEéƚШ
ƓƖĲƚĲŰƣũǃШƚŸũĬШŔŰШƣőĲШÖuШċƖĲШƓŸƽĲƖĲĬШĤǃШũŔƣőŔƨůрŔŸŰШĦĲũũƚЮШfůƓƖŸƻŔŰŊШũŔƣőŔƨůрŔŸŰШĦĲũũƚШŔƚШƣőĲƖĲŉŸƖĲШ
ĤĲŰĲǯĦŔċũШƣŸƽċƖĬƚШĲŰƚƨƖŔŰŊШƣőĲШŊŸƻĲƖŰůĲŰƣќƚШΞΜΟΡШƓőċƚĲрŸƨƣШċŰĬШΞΜΡΜШŰĲƣШǍĲƖŸШŊŸċũШяΠѐяΣѐЮШfƣШŔƚШ
ŔŰĬŔĦċƣĲĬШƣőŸƨŊőШƣőċƣШƣőĲШƓŔƓĲũŔŰĲШŉƖŸůШƣőĲШůŔŰŔŰŊШŸŉШůċƣĲƖŔċũƚШƣŸШƓƖŸĬƨĦŔŰŊШĦĲũũƚШőċƚШċШ
ƚŔŊŰŔǯĦċŰƣШĦċƖĤŸŰШŉŸŸƣƓƖŔŰƣШяΝΞѐЯШċŰĬШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƖċƽШůċƣĲƖŔċũƚШŔŰШũŸĦċƣŔŸŰƚШƚƨĦőШċƚШ
9őŔŰċШċŰĬШƣőĲШ ůĲƖŔĦċƚШяΝΟѐШċƖĲШũĲċĬŔŰŊШƖĲƚĲċƖĦőĲƖƚШƣŸШŔŰƻĲƚƣŔŊċƣŔŰŊШŸƣőĲƖШĦĲũũШƣǃƓĲƚЮ 

 

 Figure 2 Comparison of Current Cathode Chemistries [14] 



ΞΡ 
 

ΝЮΞЮΞ ÉŸĬŔƨůрŔŸŰШĦĲũũƚ 
ÉŸĬŔƨůрŔŸŰШĦĲũũƚЯШƽőŔũĲШƖĲċĦőŔŰŊШĦŸůůĲƖĦŔċũŔƚċƣŔŸŰШċŰĬШĤĲŔŰŊШƚĲĲŰШċƚШĤĲŔŰŊШƻĲƖǃШƚŔůŔũċƖШċŰĬШċШ
ƻŔċĤũĲШċũƣĲƖŰċƣŔƻĲШƣŸШũŔƣőŔƨůрŔŸŰШĬƨĲШƣŸШĤĲŔŰŊШƖĲũċƣŔƻĲũǃШŔŰĲǂƓĲŰƚŔƻĲЯШƚŸĬŔƨůШőċƻŔŰŊШŊƖĲċƣĲƖШ
ċƻċŔũċĤŔũŔƣǃЯШƚċŉĲƖЯШċŰĬШŊƖĲĲŰĲƖЯШƚƨǭĲƖƚШŉƖŸůШċШƓŸŸƖĲƖШĲŰĲƖŊǃШĬĲŰƚŔƣǃШċŰĬШĦǃĦũŔŰŊШũŔŉĲШяΝΡѐЮШ9ƨƖƖĲŰƣШ
ƚŸĬŔƨůШŔŸŰШĦĲũũƚШőċƻĲШĲǂőŔĤŔƣĲĬШĦċƓċĦŔƣŔĲƚШŸŉШĤĲƣƽĲĲŰШΝΞΜШċŰĬШΝΠΡШů őоŊШċŰĬШĦċƓċĦŔƣǃШ
ƖĲƣĲŰƣŔŸŰƚШŸŉШĤĲƣƽĲĲŰШΤΜШċŰĬШΥΦӖШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШĦċƣőŸĬĲШƨƚĲĬШƽőŔũĲШċũƚŸШĤĲŔŰŊШĦǃĦũĲĬШċƣШ
ũŸƽĲƖШŸƓĲƖċƣŔŰŊШƓŸƣĲŰƣŔċũƚЯШĤĲũŸƽШΠШéЯШƖĲũċƣŔƻĲШƣŸШũŔƣőŔƨůрŔŸŰШĦĲũũƚШяΝΣѐЮШ ũŸŰŊШƽŔƣőШĲŰĲƖŊǃШ
ĬĲŰƚŔƣŔĲƚШŸŉШĤĲƣƽĲĲŰШΝΟΜШċŰĬШΞΜΜШìőоťŊШċŰĬШũŸƽШĲũĲĦƣƖŸŰŔĦШĦŸŰĬƨĦƣŔƻŔƣǃШƣőŔƚШůċťĲƚШƚŸĬŔƨůрŔŸŰШ
ůŸƖĲШƚƨŔƣċĤũĲШŉŸƖШƚƣċƣŔŸŰċƖǃШĲŰĲƖŊǃШƚƣŸƖċŊĲШƚǃƚƣĲůƚШƖċƣőĲƖШƣőċŰШŉŸƖШŔŰШEéƚЯШőŸƽĲƻĲƖШƨƚĲШŔŰШũŸƽĲƖШ
ƓŸƽĲƖШEéƚШůċǃШĤĲШŉĲċƚŔĤũĲШяΝΤѐЮШìőŔũĲШċũƚŸШĤĲŔŰŊШƣőĲŸƖĲƣŔĦċũũǃШĦőĲċƓĲƖЯШĬƨĲШƣŸШƚƣŔũũШĤĲŔŰŊШŔŰШƣőĲШ
ĲċƖũǃШƓőċƚĲƚШŸŉШĦŸůůĲƖĦŔċũŔƚċƣŔŸŰШƣőĲǃШċƖĲШƚƣŔũũШůŸƖĲШĲǂƓĲŰƚŔƻĲШƓĲƖШťìоőШĦŸůƓċƖĲĬШƣŸШũŔƣőŔƨůр
ŔŸŰЮШ 

ΝЮΞЮΟ xŔƣőŔƨůрƚƨũŉƨƖШыxŔÉьШĦĲũũƚ 
xŔƣőŔƨůрÉƨũƓőƨƖШĦĲũũƚЯШŔŰШĬĲƻĲũŸƓůĲŰƣШƚŔŰĦĲШƣőĲШΞΜΜΜƚЯШĲǂőŔĤŔƣШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШƨƓƽċƖĬƚШŸŉШ
ΟΜΜШìőоťŊШяΝΥѐШċŰĬШƣőĲŸƖĲƣŔĦċũũǃШĤŸċƚƣШċШƻĲƖǃШőŔŊőШƣőĲŸƖĲƣŔĦċũШĦċƓċĦŔƣǃШŸŉШΝΣΤΡШů őоŊЯШċШőŔŊőШ
ċĤƨŰĬċŰĦĲШŸŉШƚƨũŉƨƖЯШċШũŸƽĲƖШƖĲƕƨŔƖĲĬШŸƓĲƖċƣŔŰŊШƻŸũƣċŊĲЯШőŔŊőĲƖШƚċŉĲƣǃЯШũŸƽĲƖШĦŸƚƣЯШċƖĲШ
ĲŰƻŔƖŸŰůĲŰƣċũũǃШŉƖŔĲŰĬũǃЯШċŰĬШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШяΝΦѐЮШÑőĲШƖĲċũŔƣǃШŔƚШőŸƽĲƻĲƖШƣőċƣШũŔƣőŔƨůрƚƨũŉƨƖШ
ĦĲũũƚШĦƨƖƖĲŰƣũǃШőċƻĲШƓŸŸƖШĦǃĦũĲШũŔŉĲЯШũŸƽШĲǭŔĦŔĲŰĦǃЯШċŰĬШƚƣƖƨŊŊũĲШƣŸШƨƣŔũŔƚĲШċĦƣŔƻĲШůċƣĲƖŔċũЮШÑőŔƚШ
ċũŸŰŊШƽŔƣőШƣőċƣШŉċĦƣШƣőċƣШƚƨũŉƨƖШċĦƣƚШċƚШċŰШŔŸŰŔĦШċŰĬШĲũĲĦƣƖŸŰŔĦШŔŰƚƨũċƣŸƖЯШőŔŊőШƻŸũƨůĲШĦőċŰŊĲЯШ
ũŸƚƚШŸŉШċĦƣŔƻĲШůċƣĲƖŔċũЯШƓŸŸƖШĦǃĦũŔŰŊШƚƣċĤŔũŔƣǃШċŰĬШƓċƖċƚŔƣŔĦШƖĲċĦƣŔŸŰƚШƽŔƣőШƣőĲШĦċƣőŸĬĲШůċťĲШ
ĦƨƖƖĲŰƣШũŔƣőŔƨůрƚƨũŉƨƖШĦĲũũƚШŰŸƣШƻŔċĤũĲШяΞΜѐяΞΝѐЮШ ƚШƚƨĦőЯШƚƨũŉƨƖрĬŸƓŔŰŊШĦƨƖƖĲŰƣШƻŔċĤũĲШ
ĦőĲůŔƚƣƖŔĲƚЯШƚƨĦőШċƚШ ~9ΥΝΝЯШůċǃШƓƖŸƻĲШċШƨƚĲŉƨũШŔŰƣĲƖůĲĬŔċƣĲШƚƣĲƓШĤĲƣƽĲĲŰШŔůƓƖŸƻŔŰŊШ
ĲǂŔƚƣŔŰŊШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚШċŰĬШĬĲƻĲũŸƓŔŰŊШũŔƣőŔƨůрƚƨũŉƨƖШĦĲũũƚЮШ 

ΤдΥдΦдΤ §ƣőĲƖЮĦĲũũЮĦőĲůŔƚƣƖŔĲƚ 
7ĲŉŸƖĲШƣőĲШċĬƻĲŰƣШŸŉШũŔƣőŔƨůрŔŸŰЯШŸƣőĲƖШĦĲũũШĦőĲůŔƚƣƖŔĲƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬШƣőĲШŰŸƖůЮШìőŔũĲШĤĲŔŰŊШ
ĦőĲċƓĲƖШċŰĬШƚċŉĲƖЯШŰŔĦťĲũШůĲƣċũрőǃĬƖŔĬĲШőċƚШċШũŸƽĲƖШƓŸƽĲƖШĬĲŰƚŔƣǃШƻƚЮШũŔƣőŔƨůрŔŸŰШĦĲũũƚШċƚШƽĲũũШ
ċƚШőċƻŔŰŊШċШũŸƽĲƖШĬŔƚĦőċƖŊĲШƖċƣĲШċŰĬШŔƚШƚƨƚĦĲƓƣŔĤũĲШƣŸШƣőĲШůĲůŸƖǃШĲǭĲĦƣШяΞΞѐЮШ9ċƓċĦŔƣǃШƻċũƨĲƚШ
ŸŉШƨƓШƣŸШΣΜШů őоŊШƽĲƖĲШƚƣċƣĲĬШƽőŔĦőШŔƚШŰŸШũŸŰŊĲƖШƻŔċĤũĲШŉŸƖШƨƚĲШŔŰШċƓƓũŔĦċƣŔŸŰƚШƚƨĦőШċƚШEéƚШяΥѐЮШ
ŰŔĦťĲũШĦċĬůŔƨůШċũƚŸШƚƨǭĲƖШŉƖŸůШũŸƽШƓŸƽĲƖШĬĲŰƚŔƣǃШċŰĬШĲŰĲƖŊǃШĬĲŰƚŔƣǃШƻƚЮШũŔƣőŔƨůШŔŸŰШĦĲũũƚШċƚШ
ƽĲũũШċƚШĤĲŔŰŊШĲǂƓĲŰƚŔƻĲШċŰĬШƻĲƖǃШĲŰƻŔƖŸŰůĲŰƣċũũǃШĬċůċŊŔŰŊШяΞΟѐШяΞΠѐШяΥѐЮШxĲċĬрċĦŔĬШĤċƣƣĲƖŔĲƚШ
őċƻĲШƚŔůŔũċƖШĬŔƚċĬƻċŰƣċŊĲƚШƽŔƣőШĲŰĲƖŊǃШĬĲŰƚŔƣŔĲƚШŸŉШĤĲƣƽĲĲŰШΟΟШƣŸШΠΞШìőоťŊШċŰĬШΡΜШƣŸШΤΜШìőоxЯШ
ƓŸƽĲƖШĬĲŰƚŔƣŔĲƚШŸŉШΝΥΜШìоťŊЯШċŰĬШċШΟΜΜШĦǃĦũĲШůċǂŔůƨůШũŔŉĲƣŔůĲШяΞΡѐШяΞΠѐЮ 

ƚШŸŉШΞΜΞΠШƣőĲƖĲŉŸƖĲЯШŉŸƖШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШċƓƓũŔĦċƣŔŸŰƚШũŔƣőŔƨůрŔŸŰШƖĲůċŔŰƚШƣőĲШŸƓƣŔůƨůШ
ƚĲũĲĦƣŔŸŰШŉŸƖШƨƚĲƚШƚƨĦőШċƚШEéƚШĬĲƚƓŔƣĲШƖċƓŔĬШċĬƻċŰĦĲůĲŰƣƚШŔŰШƚŸĬŔƨůрŔŸŰШċŰĬШũŔƣőŔƨůрƚƨũŉƨƖШ
ĦĲũũƚЮ 

ΝЮΞЮΠ ?ŔƚĦƨƚƚŔŸŰШŸŉШxŔƣőŔƨůрŔŸŰШ9ĲũũƚШƻƚЮШ ũƣĲƖŰċƣŔƻĲШ9ĲũũШ9őĲůŔƚƣƖŔĲƚ 
ìőĲŰШƚĲũĲĦƣŔŰŊШĦĲũũШĦőĲůŔƚƣƖǃШŸŰĲШƓċƖċůĲƣĲƖШƽċƚШƣŸШĬĲĦŔĬĲШŸŰШƽőĲƣőĲƖШƣŸШŉƨƖƣőĲƖШŸƓƣŔůŔƚĲШ
ĲǂŔƚƣŔŰŊШĦőĲůŔƚƣƖŔĲƚШŸƖШċŔůШƣŸШŉƨƖƣőĲƖШƖĲƚĲċƖĦőШĦőĲůŔƚƣƖŔĲƚШĦƨƖƖĲŰƣũǃШƽŔƣőŔŰШƣőĲШĬĲƻĲũŸƓůĲŰƣШ
ƚƣċŊĲЮШ7ŸƣőШőċƻĲШċĬƻċŰƣċŊĲƚЯШƽŔƣőШĦƨƖƖĲŰƣũǃШƨŰĬĲƖШĬĲƻĲũŸƓůĲŰƣШƚŸĬŔƨůрŔŸŰШĦőĲůŔƚƣƖŔĲƚШĤĲŔŰŊШ
ĦőĲċƓĲƖШċŰĬШůŸƖĲШƚƨƚƣċŔŰċĤũĲШĦŸůƓċƖĲĬШƣŸШĦƨƖƖĲŰƣШũŔƣőŔƨůрŔŸŰШĦőĲůŔƚƣƖŔĲƚШяΝΡѐЯШċŰĬШũŔƣőŔƨůр
ƚƨũŉƨƖШĦĲũũƚШĲǂőŔĤŔƣŔŰŊШĲŰĲƖŊǃШĬĲŰƚŔƣŔĲƚШŸŉШΟΜΜШìőоťŊШċŰĬШƚƓĲĦŔǯĦШĦċƓċĦŔƣŔĲƚШŸŉШΝΣΤΡШů őоŊШŔŰШ
ċĬĬŔƣŔŸŰШƣŸШŔůƓƖŸƻĲĬШƚċŉĲƣǃШċŰĬШũŸƽĲƖШĦŸƚƣƚШяΝΥѐШяΝΦѐЮШìőĲŰШŔƣШĦċůĲШƣŸШĬĲĦŔĬŔŰŊШőŸƽĲƻĲƖЯШ
ŸƓƣŔůŔƚċƣŔŸŰШŸŉШĦƨƖƖĲŰƣШũŔƣőŔƨůрŔŸŰШĦőĲůŔƚƣƖŔĲƚШƽċƚШƚĲũĲĦƣĲĬЮШÅĲċƚŸŰƚШŉŸƖШƣőŔƚШŔŰĦũƨĬĲШƣőċƣШƣőĲШ
ƣŔůĲƚĦċũĲШŉŸƖШŔůƓƖŸƻŔŰŊШŰĲƣШǍĲƖŸШƣĲĦőŰŸũŸŊŔĲƚШŔƚШŊƖŸƽŔŰŊШƚůċũũЯШƽŔƣőШƣőĲШÖuШƣċƖŊĲƣŔŰŊШƣőĲШƓőċƚĲШ



ΞΣ 
 

ŸƨƣШŸŉШf9EƚШċŰĬШŰĲƣШǍĲƖŸШĤǃШΞΜΟΡШċŰĬШΞΜΡΜШƖĲƚƓĲĦƣŔƻĲũǃШяΟѐШяΠѐЯШċŰĬШƣőċƣШċůŸŰŊШƣőĲШĤŔŊŊĲƚƣШ
ĦŸŰĦĲƖŰƚШċůŸŰŊƚƣШĦŸŰƚƨůĲƖƚШċƖĲШĦőċƖŊĲШũŔŉĲоƖċŰŊĲШŔŰШċĬĬŔƣŔŸŰШƣŸШĦŸƚƣШяΞΣѐЯШяΞΤѐЮШfƣШƽċƚШ
ƣőĲƖĲŉŸƖĲШĬĲĦŔĬĲĬШƣŸШƚĲũĲĦƣШċШĦőĲůŔƚƣƖǃШƣőċƣШƽċƚШċĤũĲШƣŸШĤĲШŔůƓƖŸƻĲĬШŔŰШůŔŰŔůċũШƣŔůĲШċŰĬШƣőċƣШ
ċũƖĲċĬǃШƚƣċƖƣĲĬШċƣШċШőŔŊőШƓĲƖŉŸƖůċŰĦĲШĤċƚĲũŔŰĲЮ 

ƚШƚƨĦőЯШĬĲƻĲũŸƓůĲŰƣШŸŉШũŔƣőŔƨůрŔŸŰШĦĲũũƚШƽĲƖĲШĦőŸƚĲŰШĬƨĲШƣŸШċШőŔŊőШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃЯШƨƓШƣŸШ
ΞΟΜШů őоŊШƽőĲŰШƨƚŔŰŊШőŔŊőШ ŔШĦċƣőŸĬĲƚЯШċƚШƽĲũũШċƚШċШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШċũũŸƽŔŰŊШŉŸƖШƨƚĲШŔŰШ
ĦƨƖƖĲŰƣШƓŸƖƣċĤũĲШĲũĲĦƣƖŔĦċũШĬĲƻŔĦĲƚШċŰĬШƻĲőŔĦũĲƚШяΝΝѐЮШÉŸĬŔƨůрŔŸŰШĦĲũũƚЯШƽőŔũĲШŊċŔŰŔŰŊШƣƖċĦƣŔŸŰЯШ
őċƻĲШũŸƽĲƖШĲŰĲƖŊǃШĬĲŰƚŔƣŔĲƚШыΝΟΜШтШΞΜΜШìőоťŊьЯШƚƓĲĦŔǯĦШĦċƓċĦŔƣŔĲƚШыΝΞΜШтШΝΠΡШů őоŊьШċŰĬШċƖĲШ
ůŸƖĲШƚƨŔƣĲĬШƣŸШƚƣċƣŔŸŰċƖǃШĲŰĲƖŊǃШƚƣŸƖċŊĲШƽőŔũĲШũŔƣőŔƨůрƚƨũŉƨƖШŔƚШĦƨƖƖĲŰƣũǃШƣŸŸШĲċƖũǃШŔŰШ
ĬĲƻĲũŸƓůĲŰƣШƣŸШĤĲШƻŔċĤũĲШяΝΣѐЮШ7ŸƣőШƚŸĬŔƨůрŔŸŰШċŰĬШũŔƣőŔƨůрƚƨũŉƨƖШĦĲũũƚШƽőŔũĲШĤĲŔŰŊШĦőĲċƓĲƖШŔŰШ
ƣőĲШŉƨƣƨƖĲШƽŔũũШċũƚŸШĦƨƖƖĲŰƣũǃШőċƻĲШċŰШŔŰĦƖĲċƚĲĬШƓƖŔĦĲШƓĲƖШťìоőШĬƨĲШƣŸШĤĲŔŰŊШŔŰШĬĲƻĲũŸƓůĲŰƣШяΝΤѐЮШ
ìŔƣőШŸũĬĲƖШĦőĲůŔƚƣƖŔĲƚШыũĲċĬрċĦŔĬЯШ ŔШůĲƣċũШőǃĬƖŔĬĲЯШ Ŕр9ĬьШċũƖĲċĬǃШĤĲŔŰŊШŸƨƣƓċĦĲĬШĤǃШũŔƣőŔƨůр
ŔŸŰЯШŔƣШůċťĲƚШũŔƣőŔƨůрŔŸŰШƣőĲШĦƨƖƖĲŰƣШĦőĲůŔƚƣƖǃШŸŉШĦőŸŔĦĲШŉŸƖШƖĲĬƨĦŔŰŊШŊƖĲĲŰőŸƨƚĲШĲůŔƚƚŔŸŰƚШ
яΞΠѐЮШ 

ΝЮΟ 9ċƣőŸĬĲƚ 
ìőĲŰШŔŰƻĲƚƣŔŊċƣŔŰŊШĬŔǭĲƖĲŰƣШƓŸƚŔƣŔƻĲШĲũĲĦƣƖŸĬĲƚЯШŸƖШĦċƣőŸĬĲƚЯШŉŸƖШƨƚĲШŔŰШũŔƣőŔƨůрŔŸŰШĦĲũũƚШĲċĦőШ
ůċƣĲƖŔċũШőċƚШċĬƻċŰƣċŊĲƚШċŰĬШĬŔƚċĬƻċŰƣċŊĲƚЮШfŰШċШũŔƣőŔƨůрŔŸŰШĦĲũũЯШũŔƣőŔƨůШċĦƣƚШċƚШƣőĲШĦőċƖŊĲШ
ĦċƖƖŔĲƖШxŔҼЯШƽőŔĦőШƽőĲŰШĬŔƚĦőċƖŊŔŰŊШĬĲũŔƣőŔċƣĲƚШċƣШƣőĲШŰĲŊċƣŔƻĲШċŰŸĬĲШċŰĬШũŔƣőŔċƣĲƚШċƣШƣőĲШƓŸƚŔƣŔƻĲШ
ĦċƣőŸĬĲЮШ9ŸůůŸŰШůċƣĲƖŔċũƚШŉŸƖШƣőĲШĲũĲĦƣƖŸĬĲƚШċŰĬШƣĲƖůŔŰċũƚШċƖĲШŸƨƣũŔŰĲĬШŔŰШÑċĤũĲШΝа 
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 Lithium Nickel 
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 Silicon (Si)  

 Lithium Cobalt 
Oxide (LCO) 

 Titanium Oxide 
(TiO2) 

 

 Lithium 
Manganese Oxide 
(LMO) 

   

 Nickel Cobalt 
Aluminium Oxide 
(NCA) 

   

Table 1 Outline of possible materials for Lithium-ion cell components 

ΝЮΟЮΝ  ŔĦťĲũШ~ċŰŊċŰĲƚĲШ9ŸĤċũƣШ§ǂŔĬĲШы ~9ь 
 ŔĦťĲũШ~ċŰŊċŰĲƚĲШ9ŸĤċũƣШ§ǂŔĬĲЯШŸƖШ ~9ЯШŔƚШċШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШĦċƣőŸĬĲШƣőċƣШĤŸċƚƣƚШċШőŔŊőШ
ĦċƣőŸĬĲШƓŸƣĲŰƣŔċũШċŰĬШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃЯШƽŔƣőШőŔƚШĦċƣőŸĬĲШĤĲŔŰŊШƚĲĲŰШċƚШċШƚƨĤƚƣŔƣƨƣĲШŉŸƖШőŔŊőШ
ĦŸĤċũƣШĦċƣőŸĬĲƚШƚƨĦőШċƚШũŔƣőŔƨůШĦŸĤċũƣШŸǂŔĬĲЯШŸƖШx9§ЮШÑőŔƚШĦċƣőŸĬĲШŔƚШőŸƽĲƻĲƖШƖĲũċƣŔƻĲũǃШůŸƖĲШ
ĲǂƓĲŰƚŔƻĲЯШƓƖŸŰĲШƣŸШƣőĲƖůċũШĬĲŊƖċĬċƣŔŸŰЯШċŰĬШőċƚШũŸƽШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШĬƨĲШƣŸШŸǂǃŊĲŰШũŸƚƚШ
ĬƨƖŔŰŊШĦǃĦũŔŰŊЮШ~ŸƚƣШĦŸůůĲƖĦŔċũũǃШċƻċŔũċĤũĲШ ~9ШĦŸŰƚŔƚƣƚШŸŉШƓŸũǃĦƖǃƚƣċũũŔŰĲШƚĲĦŸŰĬċƖǃШ
ƓċƖƣŔĦũĲƚШůċĬĲШƨƓШŸŉШŰċŰŸƚĦċũĲШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚЮШÑőŔƚШƖĲƚƨũƣƚШŔŰШũŸƽШƣċƓШĬĲŰƚŔƣǃШĦŸůƓċƖĲĬШƣŸШ
x9§ЯШċŰĬШŔŰǰƨĲŰĦĲƚШĲŰĲƖŊǃШĬĲŰƚŔƣǃЯШĦǃĦũŔŰŊШƚƣċĤŔũŔƣǃШċŰĬШƖċƣĲШĦċƓċĦŔƣǃШяΟΜѐЮШÑőĲШőŔŊőШĲŰĲƖŊǃШ
ĬĲŰƚŔƣǃШŸŉШċƖŸƨŰĬШΟΜΜШìőоťŊШŔƚШċШƚƨŔƣċĤũĲШĦŸůƓƖŸůŔƚĲШŉŸƖШƣőĲШĦċƣőŸĬĲќƚШƚőŸƖƣĦŸůŔŰŊƚЯШőŸƽĲƻĲƖШ



ΞΤ 
 

ŔƣШŔƚШŸĤƚĲƖƻĲĬШƣőċƣШ ~9ШĦċƣőŸĬĲƚШċƖĲШĲǂƣƖĲůĲũǃШƚƨĤŢĲĦƣШƣŸШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШċŰĬШƣőĲШůĲƣőŸĬШ
ŸŉШƚǃŰƣőĲƚŔƚШƨƚĲĬЮШcŔŊőШůŔǂŔŰŊШŸŉШxŔШċŰĬШůĲƣċũШũċǃĲƖƚШċŰĬШƓŸŸƖШƚƣŸŔĦőŔŸůĲƣƖǃШĦŸŰƣƖŸũШůċǃШċũƚŸШ
ŸĦĦƨƖШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШőŔŊőШŰŔĦťĲũШ ~9ШĦċƣőŸĬĲƚШƨŰĬĲƖШƚŸũŔĬШƚƣċƣĲШƚǃŰƣőĲƚŔƚШяΟΝѐЮ 

 ~9ЯШ[ŔŊƨƖĲШΟШяΟΞѐЯШĦŸŰƚŔƚƣƚШŸŉШƣőĲШƚċůĲШũċǃĲƖĲĬШŸǂŔĬĲШƚƣƖƨĦƣƨƖĲШċƚШx9§ШĦċƣőŸĬĲƚШƽŔƣőШ
ċũƣĲƖŰċƣŔŰŊШũċǃĲƖƚШŸŉШũŔƣőŔƨůШċŰĬШƣƖċŰƚŔƣŔŸŰШůĲƣċũƚШыŰŔĦťĲũЯШůċŰŊċŰĲƚĲЯШċŰĬШĦŸĤċũƣьШċŰĬШũċǃĲƖƚШŸŉШ
ŸǂǃŊĲŰШĤĲƣƽĲĲŰШĲċĦőШũċǃĲƖШыŔЮĲЮШxŔр§рÑ~р§ьЮШ ~9ΥΝΝШőċƚШƣőĲШƖőŸůĤŸőĲĬƖċũШƚƓċĦĲШŊƖŸƨƓШÅσůЯШ
ƽőĲƖĲШċӀĤоӀĦШċŰĬШ͈Ӏ͉ӀΦΜШ҄ШċŰĬШШ͊ӀΝΞΜШ҄ЮШéċũĲŰĦĲШƚƣċƣĲƚШŸŉШőŔŊőШ ŔШ ~9ШĦŸŰƚŔƚƣШŸŉШ ŔΞҼШċŰĬШ ŔΟҼЯШ
~ŰΠҼЯШċŰĬШ9ŸΟҼШƽőĲŰШƣőĲШĦċƣőŸĬĲШŔƚШŉƨũũǃШũŔƣőŔċƣĲĬШяΟΟѐЮШ 

 

Figure 3 Layered structure of NMC cathode [32] 

ÑőĲШőŔŊőШĦċƓċĦŔƣǃШŸŉШ ~9ШŔƚШċШƖĲƚƨũƣШŸŉШƣőĲШƚőŔŉƣŔŰŊШƻċũĲŰĦĲШƚƣċƣĲƚШŸŉШ ŔЯШƽŔƣőШ ŔΞҼШƚőŔŉƣŔŰŊШƣŸШ ŔΟҼШ
ċŰĬШ ŔΟҼШƣŸШ ŔΠҼШĬƨƖŔŰŊШĬŔƚĦőċƖŊĲШċƚШƖĲĬŸǂШŸĦĦƨƖƚЮШìőĲŰШĦőċƖŊŔŰŊЯШƣőĲШƖĲƻĲƖƚĲШŸĦĦƨƖƚШċƚШ ŔΠҼШ
ƚőŔŉƣƚШƣŸШ ŔΟҼШċŰĬШ ŔΟҼШƚőŔŉƣƚШƣŸШ ŔΞҼЮШ?ĲŊƖċĬċƣŔŸŰШŸŉШƣőĲШ ~9ШŸĦĦƨƖƚШĬƨƖŔŰŊШƣőŔƚШƖĲĬŸǂШƓƖŸĦĲƚƚШ
ƽőĲƖĲШ ŔΠҼШůċǃШċũƚŸШƚőŔŉƣШƣŸШ ŔΞҼШċŰĬШŉŸƖůШŰŔĦťĲũШŸǂŔĬĲШы Ŕ§ьШяΟΠѐЮШ 

ÉƣċĤŔũŔƣǃШŸŉШƣőĲШ ~9ШĦċƣőŸĬĲШŔƚШĬƨĲШƣŸШƣőĲШƓƖĲƚĲŰĦĲШŸŉШůċŰŊċŰĲƚĲЯШƽŔƣőШċШũŸƽШƓƖŸƓŸƖƣŔŸŰШŸŉШ
ůċŰŊċŰĲƚĲШŔŰШ ~9ШũĲċĬŔŰŊШƣŸШőŔŊőШĬĲŊƖċĬċƣŔŸŰЮШìőĲŰШƖĲĬŸǂШŸĦĦƨƖƚШ~ŰΟҼШƚőŔŉƣƚШƣŸШ~ŰΠҼШ
ƣƖċŰƚŉĲƖƖŔŰŊШĲũĲĦƣƖŸŰƚШƣŸШ ŔΞҼШяΟΟѐШÑőŔƚШŰŸƣШŸŰũǃШĦċƨƚĲƚШƣőĲШĬŔǭĲƖĲŰĦĲШŔŰШ ŔШƻċũĲŰĦĲШƚƣċƣĲƚШ
ĤĲƣƽĲĲŰШ ŔΞҼШċŰĬШ ŔΟҼШĤƨƣШċũƚŸШƣőĲШċůŸƨŰƣШŸŉШ ŔΟҼШƣőċƣШŔƚШċĤũĲШƣŸШƚőŔŉƣШƣŸШ ŔΠҼШĬƨƖŔŰŊШĬŔƚĦőċƖŊĲЮШШ
xĲƚƚШ ŔΠҼШŔƚШƣőĲŰШċƻċŔũċĤũĲШƣŸШƚőŔŉƣШƣŸШ ŔΞҼЯШƖĲƚƨũƣŔŰŊШŔŰШũĲƚƚШ Ŕ§ШċŰĬШũĲƚƚШĬĲŊƖċĬċƣŔŸŰШŸŉШƣőĲШ ~9Ш
ĦċƣőŸĬĲЮ 

ÑŸŸШőŔŊőШċШƓƖŸƓŸƖƣŔŸŰШŸŉШůċŰŊċŰĲƚĲШƽŔũũШƖĲƚƨũƣШŔŰШƚŔŊŰŔǯĦċŰƣШĦċƓċĦŔƣǃШũŸƚƚШċƚШċШőŔŊőШƓƖŸƓŸƖƣŔŸŰШŸŉШ
~ŰΟҼШŉŸƖůƚШċШƚƓŔŰĲũШƚƣƖƨĦƣƨƖĲШƽőĲƖĲШ~ŰШŔŰőċĤŔƣƚШΝΣĬШŸĦƣċőĲĬƖċũШƚŔƣĲƚШċŰĬШũŔƣőŔƨůШŔŰőċĤŔƣƚШΥċШ
ƣĲƣƖċŊŸŰċũШƚŔƣĲƚШяΟΡѐЮШìőŔũĲШůŸƖĲШƚƣċĤũĲШŸŰũǃШŸŰĲШũŔƣőŔƨůШŔŸŰШƣŸШĲƻĲƖǃШƣƽŸШůċŰŊċŰĲƚĲШƚŔƣĲƚШĦċŰШ
ĬĲũŔƣőŔċƣĲШƖĲƚƨũƣŔŰŊШŔŰШƓŸŸƖĲƖШĦċƓċĦŔƣǃШĦŸůƓċƖĲĬШƣŸШũċǃĲƖĲĬШŸǂŔĬĲШƚƣƖƨĦƣƨƖĲƚЮШ 

 ~9ШĦċƣőŸĬĲƚШĦŸůĲШŔŰШċШƖċŰŊĲШŸŉШƖċƣŔŸƚЯШŔŰĦũƨĬŔŰŊШ ~9ΝΝΝЯШ ~9ΡΟΞЯШ ~9ΣΞΞЯШċŰĬШ ~9ΥΝΝЮШ
ìŔƣőШ ~9ШĦċƣőŸĬĲƚШƣőĲШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШŔŰĦƖĲċƚĲƚШƽŔƣőШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШŰŔĦťĲũШŔŰШƣőĲШ
ƚƣƖƨĦƣƨƖĲЯШ[ŔŊƨƖĲШΠЯШċƣШƣőĲШĦŸƚƣШŸŉШũŸƽĲƖШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰЮШÑőŸƨŊőШ ~9ШĦċƣőŸĬĲƚШċƖĲШċĤũĲШƣŸШĤĲШ
ĦǃĦũĲĬШƨƓШƣŸШΠЮΡШéЯШċŰǃШĦǃĦũŔŰŊШċĤŸƻĲШΠЮΟШéШƽŔũũШċũƚŸШƖĲƚƨũƣШŔŰШũŸƽĲƖШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШĬƨĲШƣŸШ
ĬĲĦƖĲċƚĲƚШŔŰШƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃШĦċƨƚĲĬШĤǃШƚŔŊŰŔǯĦċŰƣШĬĲũŔƣőŔċƣŔŸŰШċŰĬШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШŸǂǃŊĲŰШ
ŔŰШƣőĲШĲũĲĦƣƖŸũǃƣĲШĬƨĲШƣŸШƖĲċĦƣŔŸŰƚШƽŔƣőШ ŔΠҼШŔŸŰƚШяΟΣѐЮШ ~9ШƽŔƣőШőŔŊőĲƖШƓƖŸƓŸƖƣŔŸŰƚШŸŉШŰŔĦťĲũШċƖĲШ
ċũƚŸШůŸƖĲШċƣƣƖċĦƣŔƻĲШĬƨĲШƣŸШċШƚůċũũĲƖШƓƖŸƓŸƖƣŔŸŰШŸŰШĦŸĤċũƣЯШċŰШĲũĲůĲŰƣШƚŸůĲШƽŔƚőШƣŸШƓőċƚĲШŸƨƣШ
ĬƨĲШƣŸШƣőĲШĲƣőŔĦƚШƚƨƖƖŸƨŰĬŔŰŊШŔƣƚШůŔŰŔŰŊШƣőċƣШŔŰĦũƨĬĲШĦőŔũĬШũċĤŸƨƖШċŰĬШĲŰƻŔƖŸŰůĲŰƣċũШĬċůċŊĲШ
яΞΡѐЮШ 
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Figure 4 Specific capacities of NMC111, 532, 622, and 811 cathodes [37] 

ΤдΦдΤдΤ  ~9ΫΤΤЮĦċƣőŸĬĲ 
 ~9ΥΝΝШыxŔ ŔΜЮΥ~ŰΜЮΝ9ŸΜЮΝ§ΞьШŔƚШċШĦċƣőŸĬĲШƽőĲƖĲШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШ ŔШŔƚШůƨĦőШŊƖĲċƣĲƖШƣőċŰШƣőċƣШ
ŸŉШ~ŰШċŰĬШ9ŸШĦŸůĤŔŰĲĬШċŰĬШƽċƚШĬĲƻĲũŸƓĲĬШƣŸШůċǂŔůŔƚĲШƣőĲШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШŸŉШ ~9ШĦċƣőŸĬĲƚШ
яΟΥѐЮШ ~9ΥΝΝШőċƚШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШċŰĬШőŔŊőШƖĲƻĲƖƚŔĤũĲШĦċƓċĦŔƣǃШŸŉШΝΤΡШƣŸШΝΦΜШů őоŊШċƚШċШ
ƖĲƚƨũƣШŸŉШƣőĲШőŔŊőШƓƖŸƓŸƖƣŔŸŰШŸŉШŰŔĦťĲũШċƚШƽĲũũШċƚШŔƣƚШũŸƽШƓƖŸƓŸƖƣŔŸŰШŸŉШĦŸĤċũƣЯШƽőŔũĲШƣőĲШƚůċũũШ
ƓƖŸƓŸƖƣŔŸŰШŸŉШůċŰŊċŰĲƚĲШƽċƚШċũƚŸШƚĲĲŰШċƚШƚŔŊŰŔǯĦċŰƣШŉŸƖШŔůƓƖŸƻĲĬШƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃЮШÑőĲШ
ĦċƣőŸĬĲШƽċƚШċũƚŸШƚĲĲŰШċƚШőċƻŔŰŊШƣőĲШůŸƚƣШƚĦŸƓĲШŉŸƖШŔůƓƖŸƻŔŰŊШĦǃĦũŔŰŊШũŔŉĲШċŰĬШƖĲĬƨĦŔŰŊШĦŸƚƣШ
ƽőŔũĲШůċŔŰƣċŔŰŔŰŊШőŔŊőШĲŰĲƖŊǃШĬĲŰƚŔƣǃШċŰĬШĦċƓċĦŔƣǃЮШÉǃŰƣőĲƚŔƚШŸŉШőŔŊőШŰŔĦťĲũШ ~9ШĦċƣőŸĬĲƚШ
ƨƚŔŰŊШƚŸũŔĬШƚƣċƣĲШůċǃШƓƖŸƻĲШĬŔǭŔĦƨũƣШőŸƽĲƻĲƖЯШƽŔƣőШůŔǂŔŰŊШŸŉШxŔШċŰĬШůĲƣċũШũċǃĲƖƚШċŰĬШƓŸŸƖШ
ƚƣŸŔĦőŔŸůĲƣƖǃШĦŸŰƣƖŸũШĤĲŔŰŊШĦŸůƓƖŸůŔƚĲĬШяΟΝѐЮ 

ΤдΦдΤдΥ ũƣĲƖŰċƣŔƻĲЮƖċƣŔŸƚЮŸŉЮ ~9ЮĦċƣőŸĬĲƚ 
 ~9ΝΝΝШŔƚШċШĦċƣőŸĬĲШƽŔƣőШĲƕƨċũШƓƖŸƓŸƖƣŔŸŰƚШŸŉШ ŔЯШ~ŰЯШċŰĬШ9ŸЮШ ~9ΝΝΝШőċƚШƣőĲШũŸƽĲƚƣШƚƓĲĦŔǯĦШ
ĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШ ~9ШĦċƣőŸĬĲƚШċƣШċƖŸƨŰĬШΝΡΡШů őоŊШċŰĬШƽőŔũĲШƚƣŔũũШƨƚĲĬШŔŰШċƓƓũŔĦċƣŔŸŰƚШ
ŉŸƖШĬĲƻŔĦĲƚШƣőċƣШƖĲƕƨŔƖĲШũŸƽĲƖШĦċƓċĦŔƣŔĲƚШċƖĲШĤĲŔŰŊШƖĲƓũċĦĲĬШƽŔƣőШ ~9ШĦċƣőŸĬĲƚШƽŔƣőШőŔŊőĲƖШ
ƓƖŸƓŸƖƣŔŸŰƚШŸŉШ ŔШƚƨĦőШċƚШ ~9ΡΟΞШċŰĬШ ~9ΣΞΞШяΟΣѐЮШ~ŔǂŔŰŊШŸŉШĦċƣŔŸŰƚШċŰĬШůĲƣċũƚШĬŔƚƚŸũƻŔŰŊШ
ŔŰƣŸШƣőĲШĲũĲĦƣƖŸũǃƣĲШũĲċĬƚШƣŸШŉƨƖƣőĲƖШĦǃĦũŔŰŊШƓƖŸĤũĲůƚШċŰĬШĦŸůƓŸƨŰĬƚШƣőĲШƖĲũċƣŔƻĲũǃШũŸƽШƚƓĲĦŔǯĦШ
ĦċƓċĦŔƣǃШяΟΦѐЮШ ~9ΡΟΞШƖĲƓƖĲƚĲŰƣШƣőĲШůŸƚƣШĲƕƨċũШĦŸůƓƖŸůŔƚĲШĤĲƣƽĲĲŰШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШċŰĬШ
ƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃШƽőĲŰШƨƚŔŰŊШ ~9ШĦċƣőŸĬĲƚЯШĲǂőŔĤŔƣŔŰŊШċШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШ
ĤĲƣƽĲĲŰШΝΣΜШċŰĬШΝΤΜШů őоŊШċŰĬШũŸŰŊШũŔŉĲƣŔůĲШƚƣċĤŔũŔƣǃШяΠΜѐЮШ?ĲƚƓŔƣĲШċŰШŔůƓƖŸƻĲůĲŰƣШŔŰШĲŰĲƖŊǃШ
ĬĲŰƚŔƣǃШċŰĬШƖċƣĲШĦċƓċĤŔũŔƣǃШŸƻĲƖШ ~9ΝΝΝЯШ ~9ΡΟΞШĲǂƓĲƖŔĲŰĦĲĬШŊƖĲċƣĲƖШĦċƓċĦŔƣǃШŉċĬĲШƣőċŰШ
 ~9ΝΝΝШяΠΝѐЮШ9ŸůůĲƖĦŔċũШ ~9ΡΟΞШŔƚШƓŸũǃĦƖǃƚƣċũũŔŰĲШĦŸŰƚŔƚƣŔŰŊШŸŉШůŔĦƖŸƚĦċũĲШƚĲĦŸŰĬċƖǃШ
ƓċƖƣŔĦũĲƚШċŰĬШċŊŊũŸůĲƖċƣĲĬШŰċŰŸƚĦċũĲШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШƽŔƣőШċŰǃШĦŸůůĲƖĦŔċũШƚŔŰŊũĲШĦƖǃƚƣċũШ
 ~9ΡΟΞШĦŸŰƚŔƚƣƚШŸŉШůŔĦƖŸƚĦċũĲШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚЮШ ~9ΣΞΞШƖĲƓƖĲƚĲŰƣƚШƣőĲШƓŸŔŰƣШƽőĲƖĲШƣőĲШ
ƓƖŸƓŸƖƣŔŸŰШŸŉШ ŔШŔŰШ ~9ШŔƚШŊƖĲċƣĲƖШƣőċŰШƣőċƣШŸŉШ~ŰШċŰĬШ9ŸШĦŸůĤŔŰĲĬШċŰĬШŔƚШƚĲũĲĦƣĲĬШĬƨĲШƣŸШ
őċƻŔŰŊШĤŸƣőШőŔŊőШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШƽőŔũĲШƚƣŔũũШƖĲƣċŔŰŔŰŊШƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃШяΠΞѐЮШÑőĲШőŔŊőШ
ĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШċƖŸƨŰĬШΝΤΜШů őоŊШяΠΟѐШŔƚШĬƨĲШƣŸШƣőĲШőŔŊőШƖċƣŔŸШŸŉШ ŔЯШőŸƽĲƻĲƖШƣőĲШőŔŊőШ
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ƓƖŸƓŸƖƣŔŸŰШŸŉШ ŔШċũƚŸШƖĲƚƨũƣƚШŔŰШũŸƽĲƖШĦǃĦũŔŰŊШƚƣċĤŔũŔƣǃШċƚШċШƖĲƚƨũƣШŸŉШ ŔΠҼШŔŸŰШůŔǂŔŰŊШŔŰƣŸШxŔШƚŔƣĲƚШ
ĬƨƖŔŰŊШĦőċƖŊŔŰŊШċŰĬШƓċƖċƚŔƣĲШƖĲċĦƣŔŸŰƚШƽŔƣőШƣőĲШĲũĲĦƣƖŸũǃƣĲЮШÑőĲШƖĲůċŔŰŔŰŊШƓƖŸƓŸƖƣŔŸŰШŸŉШ~ŰΠҼШ
ŔŸŰƚШŔůƓƖŸƻĲƚШƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃЯШőŸƽĲƻĲƖШƣőĲШũŸƽĲƖШƓƖŸƓŸƖƣŔŸŰШƖĲƚƨũƣƚШŔŰШũĲƚƚШƚƣƖƨĦƣƨƖċũШ
ƚƣċĤŔũŔƣǃШƣőċŰШ ~9ШĦċƣőŸĬĲƚШƽŔƣőШőŔŊőĲƖШƓƖŸƓŸƖƣŔŸŰƚШŸŉШ~ŰЮШ 

ΤдΦдΤдΦ x §ЮĦċƣőŸĬĲ 
xŔƣőŔƨůШŰŔĦťĲũШŸǂŔĬĲШыx §ьШĦċƣőŸĬĲƚШċƖĲШƣőĲШŰĲǂƣШƚƣĲƓШŔŰШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШ ~9ШĦċƣőŸĬĲƚЮШÑőĲШ
ĦċƣőŸĬĲƚШŔƚШċƓƓĲċũŔŰŊШƣŸШƣőĲШĤċƣƣĲƖǃШŔŰĬƨƚƣƖǃШĬƨĲШƣŸШƣőĲШĲũŔůŔŰċƣŔŸŰШŸŉШĦŸĤċũƣШċŰĬШƣőŔƚШƓŸƣĲŰƣŔċũШ
ƖĲĬƨĦƣŔŸŰШŔŰШƓƖŔĦĲШяΠΠѐЮШÑőĲШĦċƣőŸĬĲШċũƚŸШĤŸċƚƣƚШƻĲƖǃШőŔŊőШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШŸŉШŸƻĲƖШ
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Figure 5 Olivine structure of LFP cathode [50] 
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Figure 6 Layered structure of LCO cathode [56] 

 

Figure 7 Potentials of charge carriers in lithium-ion electrodes [57] 
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Figure 8 a) Spinel structure of LMO cathode and b) oxygen sub-lattice [60] 
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ŸƓƣŔůŔƚĲĬШĬƨĲШƣŸШŔƣƚШőŔŊőШƖĲƻĲƖƚŔĤũĲШĦċƓċĦŔƣǃШċŰĬШũŸƽШƓƖŸƓŸƖƣŔŸŰШŸŉШĦŸĤċũƣЮШÑőŔƚШŔƚШĬŸŰĲШƽŔƣőШƣőĲШ
ċŔůШƣőċƣШċШőŔŊőĲƖШĦőċƖŊĲШũŔŉĲоƖċŰŊĲШċŰĬШůŸƖĲШĲŰƻŔƖŸŰůĲŰƣċũũǃШŉƖŔĲŰĬũǃШĦċƣőŸĬĲШƽŔũũШŔŰĦƖĲċƚĲШƣőĲШ
ƨƓƣċťĲШŔŰШŰĲƣШǍĲƖŸШƣĲĦőŰŸũŸŊŔĲƚШĤǃШĦŸŰƚƨůĲƖƚШяΞΣѐЯШяΞΤѐЮШìőŔũĲШŔƣШŔƚШċũƚŸШőŸƓĲĬШƣőċƣШŉƨƖƣőĲƖШ
ŸƓƣŔůŔƚċƣŔŸŰШŸŉШ ~9ΥΝΝШƽŔũũШŉƨƖƣőĲƖШŔŰĦƖĲċƚĲШƣőĲШƚĦŸƓĲШŉŸƖШx §ШƣŸШĤĲШĬĲƻĲũŸƓĲĬШŔŰШŉƨƣƨƖĲШƚƨĦőШ



ΟΟ 
 

ƣőċƣШŰŔĦťĲũШƽŔũũШĤĲШŉƨƖƣőĲƖШŔŰĦƖĲċƚĲĬШƣŸШŔŰĦƖĲċƚĲШĦċƓċĦŔƣǃШƽőŔũĲШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШĦŸĤċũƣШƽŔũũШĤĲШ
ĬĲĦƖĲċƚĲĬЮШ 

ΝЮΠ ÉǃŰƣőĲƚŔƚ 

ΝЮΠЮΝ ?ƖǃШÉǃŰƣőĲƚŔƚ 
ΤдΧдΤдΤ ÉŸũŔĬЮÉƣċƣĲ 
ÉǃŰƣőĲƚŔƚШŸŉШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚШċƖĲШƓƖĲĬŸůŔŰċŰƣũǃШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШĤċƣĦőШƚŸũŔĬШƚƣċƣĲШ
ƚǃŰƣőĲƚŔƚЮШÉŸũŔĬШƚƣċƣĲШŔƚШċШƖĲũċƣŔƻĲũǃШƚŔůƓũĲШůĲƣőŸĬШċũũŸƽŔŰŊШŉŸƖШĲċƚǃШƚǃŰƣőĲƚŔƚШŸŉШĦċƣőŸĬĲƚШ
ƨƚƨċũũǃШƖĲƕƨŔƖŔŰŊШŸŰũǃШŸŰĲШƚƣĲƓШċŰĬШƖĲƕƨŔƖŔŰŊШŰŸШĲǂƓĲŰƚŔƻĲШŸƖШƚŸƓőŔƚƣŔĦċƣĲĬШĲƕƨŔƓůĲŰƣШяΣΞѐЮШÑőĲШ
ůĲƣőŸĬШĬŸĲƚШƖĲƕƨŔƖĲШƚŔŊŰŔǯĦċŰƣШůĲĦőċŰŔĦċũШůŔǂŔŰŊШċŰĬШũŸŰŊШƚǃŰƣőĲƚŔƚШƣŔůĲƚШƣŸШĲŰƚƨƖĲШ
őŸůŸŊĲŰĲŔƣǃШċŰĬШċШĦŸůƓũĲƣĲШƖĲċĦƣŔŸŰЯШƽŔƣőШƣŸƣċũШƚǃŰƣőĲƚŔƚШƣŔůĲƚШŔŰĦũƨĬŔŰŊШőĲċĬŔŰŊЯШ
ĬĲĦċƖĤŸŰŔǍŔŰŊЯШőĲċƣŔŰŊЯШċŰĬШċŰŰĲċũŔŰŊШƣŸƣċũũŔŰŊШΝΞΜШőŸƨƖƚШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШũŔƣőŔƨůШĦŸĤċũƣШ
ůċŰŊċŰĲƚĲШŸǂŔĬĲШыx9~§ьШяΣΟѐЮШ[ċŔũƨƖĲШƣŸШĬŸШƣőŔƚШƖĲƚƨũƣƚШŔŰШƖĲċĦƣŔŸŰШĤŸƨŰĬċƖŔĲƚШƣőċƣШƖĲƚƨũƣШŔŰШċŰШ
ŔŰőŸůŸŊĲŰĲŸƨƚШǯŰċũШƓƖŸĬƨĦƣЮШ 

ìőĲŰШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШx[ÂЯШċШƣƽŸрƚƣĲƓШőĲċƣŔŰŊШƓƖŸĦĲƚƚШƽőĲƖĲĤǃШċШŊƖŸƨŰĬШůŔǂƣƨƖĲШŸŉШŔƖŸŰШыŔŔьШ
ċĦĲƣċƣĲШŸƖШŔƖŸŰШыŔŔьШŸǂċũċƣĲЯШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŸƖШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲЯШċŰĬШċůůŸŰŔƨůШƓőŸƚƓőċƣĲШŔƚШ
ĬĲĦŸůƓŸƚĲĬШċƣШĤĲƣƽĲĲŰШΟΜΜШ҄9ШċŰĬШΠΜΜШ҄9ЯШƖĲŊƖŸƨŰĬЯШċŰĬШĦċũĦŔŰĲĬШċƣШĤĲƣƽĲĲŰШΠΜΜШ҄9ШƣŸШΥΜΜШ
҄9ШŉŸƖШΝΜШƣŸШΞΠШőШƨŰĬĲƖШ ƖШŸƖШ ΞШяΠΦѐЮШÂċƖƣŔċũũǃШċƚШċШƖĲƚƨũƣШŸŉШƣőĲШũŸŰŊШĦċũĦŔŰċƣŔŸŰШƣŔůĲƚШ
ƨŰĦŸŰƣƖŸũũċĤũĲШƓċƖƣŔĦũĲШŊƖŸƽƣőШċŰĬШċŊŊũŸůĲƖċƣŔŸŰШċƖĲШƖĲƓŸƖƣĲĬШƖĲƚƨũƣŔŰŊШŔŰШũċƖŊĲƖШƓċƖƣŔĦũĲШ
ůŸƖƓőŸũŸŊŔĲƚЯШƽŔƣőШƣőĲШƓƨƖŔƣǃШŸŉШƣőĲШx[ÂШĦċƣőŸĬĲШċũƚŸШĤĲŔŰŊШĬĲƓĲŰĬĲŰƣШŸŰШƓċƖƣŔĦũĲШŊƖŸƽƣőШ
ƓċƖċůĲƣĲƖƚШƚƨĦőШċƚШĦċũĦŔŰċƣŔŸŰШƣŔůĲШċŰĬШƣĲůƓĲƖċƣƨƖĲЮ 

ΤдΧдΤдΥ ÉŸũŔĬЮÉƣċƣĲЮшЮìĲƣЮ9őĲůŔĦċũЮÉǃŰƣőĲƚŔƚЮcǃĤƖŔĬ 
ШШőǃĤƖŔĬШŸŉШƚŸũŔĬрƚƣċƣĲШċŰĬШƽĲƣШĦőĲůŔĦċũШƚǃŰƣőĲƚŔƚШĦċŰШċũƚŸШĤĲШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШx9§ШċŰĬШ
x §ШĦċƣőŸĬĲƚШƽŔƣőШƚƣŸŔĦőŔŸůĲƣƖŔĦШċůŸƨŰƣƚШŸŉШŰŔĦťĲũШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲЯШĦŸĤċũƣШċĦĲƣċƣĲШ
ƣĲƣƖċőǃĬƖċƣĲЯШċŰĬШũŔƣőŔƨůШċĦĲƣċƣĲШĬŔőǃĬƖċƣĲШĤĲŔŰŊШĬŔƚƚŸũƻĲĬШċŰĬШůŔǂĲĬШŔŰШΥΜШ҄9ШĬŔƚƣŔũũĲĬШƽċƣĲƖШ
ыƽőĲƖĲШx9§ШƨƚĲƚШŸŰũǃШũŔƣőŔƨůШċŰĬШĦŸĤċũƣШċĦĲƣċƣĲШőǃĬƖċƣĲƚШċŰĬШx §ШƨƚĲƚШŸŰũǃШũŔƣőŔƨůШċŰĬШŰŔĦťĲũШ
ċĦĲƣċƣĲШőǃĬƖċƣĲƚьШяΟΝѐЮШÑőĲШƓŸƽĬĲƖƚШċƖĲШƣőĲŰШƓƖĲőĲċƣĲĬШŔŰШċШƣƨĤĲШŉƨƖŰċĦĲШƨŰĬĲƖШ§ΞШŉŸƖШΝΜШőЯШƽŔƣőШ
x9§ШĤĲŔŰŊШŉŸƖůĲĬШĤǃШƓƖĲőĲċƣŔŰŊШċƣШΟΜΜШ҄9ШŉŸũũŸƽĲĬШĤǃШƚŔŰƣĲƖŔŰŊШċƣШΥΞΡШ҄9ШċŰĬШx §ШĤĲŔŰŊШ
ƓƖĲőĲċƣĲĬШċƣШΠΜΜШ҄9ШĤĲŉŸƖĲШĤĲŔŰŊШƚŔŰƣĲƖĲĬШċƣШΤΤΡШ҄9ЮШÉŔŰƣĲƖŔŰŊШƣŸШƣőĲШŸƨƣũŔŰĲĬШƣĲůƓĲƖċƣƨƖĲƚШ
ƓƖŸĬƨĦĲƚШũċǃĲƖĲĬШƚƣƖƨĦƣƨƖĲƚШŸŉШx9§ШċŰĬШx §ЯШőŸƽĲƻĲƖШƖĲĬƨĦƣŔŸŰƚШŔŰШƚŔŰƣĲƖŔŰŊШƣĲůƓĲƖċƣƨƖĲШ
ũĲċĬƚШƣŸШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШĬŔǭĲƖĲŰƣШƓőċƚĲƚЮШìőĲŰШőĲċƣŔŰŊШx9§ШƣŸШΤΞΡШ҄9ШċШƚƓŔŰĲũШƚƣƖƨĦƣƨƖĲШŔƚШ
ŉŸƖůĲĬЯШƽőŔũĲШőĲċƣŔŰŊШx §ШƣŸШΡΣΡШ҄9ШƖĲƚƨũƣƚШŔŰШΡΜӖШŸŉШƣőĲШƚƣƖƨĦƣƨƖĲШĦŸŰƚŔƚƣŔŰŊШŸŉШƖŸĦťШƚċũƣШŰŔĦťĲũШ
ŸǂŔĬĲЮШÑőŔƚШőŔŊőũŔŊőƣƚШőŸƽШƚǃŰƣőĲƚŔƚШŸŉШőŔŊőШŰŔĦťĲũШ ~9ШċŰĬШx9§ШĦċƣőŸĬĲƚШƨƚŔŰŊШƚŸũŔĬШƚƣċƣĲШůċǃШ
ƓƖŸƻĲШĬŔǭŔĦƨũƣЯШƽŔƣőШůŔǂŔŰŊШŸŉШxŔШċŰĬШůĲƣċũШũċǃĲƖƚШċŰĬШƓŸŸƖШƚƣŸŔĦőŔŸůĲƣƖǃШĦŸŰƣƖŸũШŔŰШċĬĬŔƣŔŸŰШƣŸШ
ƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƨŰƽċŰƣĲĬШƚƣƖƨĦƣƨƖĲƚШċŰĬШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲƚШĤĲŔŰŊШƓƖĲƚĲŰƣШĬĲƓĲŰĬĲŰƣШŸŰШ
ƚǃŰƣőĲƚŔƚШƣĲůƓĲƖċƣƨƖĲШяΟΝѐЮ 

ШƚŔůŔũċƖШőǃĤƖŔĬШŸŉШƚŸũŔĬШƚƣċƣĲШċŰĬШƽĲƣШĦőĲůŔĦċũШƚǃŰƣőĲƚŔƚШĦċŰШĤĲШĲůƓũŸǃĲĬШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ
 ~9ΣΞΞШяΠΞѐЮШÂƖĲĦƨƖƚŸƖƚШĬƖŔĲĬШŸƻĲƖŰŔŊőƣШċƣШΥΜШ҄9ШċƖĲШŊƖŸƨŰĬШƽŔƣőШũŔƣőŔƨůШŰŔƣƖċƣĲШċƣШ
ƚƣŸŔĦőŔŸůĲƣƖŔĦШċůŸƨŰƣƚЯШƓƖĲőĲċƣĲĬШċƣШΠΡΜШ҄9ШŉŸƖШΡШőШŔŰШċŔƖЯШŊƖŸƨŰĬЯШċŰĬШĦċũĦŔŰĲĬШċƣШΡΡΜШ҄9ШŉŸƖШΟШ
őЯШΤΜΜШ҄9ШŉŸƖШΟőЯШċŰĬШΤΡΜШƣŸШΦΜΜШ҄9ШŉŸƖШΝΞШőШƨŰĬĲƖШ§ΞЯШ[ŔŊƨƖĲШΦЮШìőŔũĲШƚŸũŔĬрƚƣċƣĲШŔƚШĲůƓũŸǃĲĬШŉŸƖШ
ƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΣΞΞЯШƣőĲШƓƖĲĦƨƖƚŸƖƚШċƖĲШŉŸƖůĲĬШƨƚŔŰŊШċШƽĲƣШĦőĲůŔĦċũШƚǃŰƣőĲƚŔƚШƖĲċĦƣŔŸŰЯШ
ƽŔƣőШŰŔĦťĲũШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲЯШůċŰŊċŰĲƚĲШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲЯШċŰĬШĦŸĤċũƣШċĦĲƣċƣĲШ
ƣĲƣƖċőǃĬƖċƣĲШċƖĲШĬŔƚƚŸũƻĲĬШŔŰШċШΝаΝШůŔǂƣƨƖĲШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖШċŰĬШĲƣőǃũĲŰĲШŊũǃĦŸũЮШìőŔũĲШůŔǂŔŰŊШ
ĦŸŰƣŔŰƨŸƨƚũǃШĦĲƣǃũƣƖŔůĲƣőǃũШċůůŸŰŔƨůШĤƖŸůŔĬĲШŔƚШċĬĬĲĬШƣŸШƣőĲШƖĲƚƨũƣŔŰŊШƚŸũƨƣŔŸŰШŉŸũũŸƽĲĬШĤǃШ
ŸǂċũŔĦШċĦŔĬЯШĤĲŉŸƖĲШƣőĲШƚŸũƨƣŔŸŰШƽċƚШőĲċƣĲĬШċƣШΞΜΜШ҄9ШŉŸƖШΣШƣŸШΝΥШőШŔŰШċШÑĲǰŸŰрũŔŰĲĬШƚƣċŔŰũĲƚƚШƚƣĲĲũШ



ΟΠ 
 

ƓƖĲĦƨƖƚŸƖЮШÉǃŰƣőĲƚŔƚШƖĲƚƨũƣƚШŔŰШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШƽŔƣőШŰŸШĬŔƚƣŔŰĦƣШůŸƖƓőŸũŸŊǃШĤƨƣШŰċŰŸƚĦċũĲШ
ċƻĲƖċŊĲШƓċƖƣŔĦũĲШƚŔǍĲШċŰĬШĦƖǃƚƣċũũŔŰŔƣǃШƣőċƣШŔŰĦƖĲċƚĲƚШċƚШċŰŰĲċũŔŰŊШƣĲůƓĲƖċƣƨƖĲШŔƚШŔŰĦƖĲċƚĲĬЯШ
ƽőŔũĲШƣőĲШĦċƣőŸĬĲШĲǂőŔĤŔƣƚШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШŸŉШĤĲƣƽĲĲŰШΝΤΜШċŰĬШΝΥΟШů őоŊШċƣШ
ΜЮΞШ9ШƽŔƣőШΦΜӖШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰЮ 

 

Figure 9 SEM of NMC622 calcined at a) 750 °C, b) 800 °C, c) 825 °C, d) 850 °C, e) 875 °C, and f) 900 °C 

ΤдΧдΤдΦ ÉŸũŔĬЮÉƣċƣĲЮцЮÑĲůƓũċƣŔŰŊ 
ШƽċǃШŸŉШůċŰŔƓƨũċƣŔŰŊШůŸƖƓőŸũŸŊǃШƨƚŔŰŊШƚŸũŔĬШƚƣċƣĲШƚǃŰƣőĲƚŔƚШŔƚШĤǃШƨƚĲШŸŉШċШƓƖĲĦƨƖƚŸƖШƣőċƣШőċƚШ

ƨŰĬĲƖŊŸŰĲШƽĲƣШĦőĲůŔĦċũШƚǃŰƣőĲƚŔƚШƣŸШŉŸƖůШċШƚƓĲĦŔǯĦШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШŸŰШƽőŔĦőШƣőĲШĦċƣőŸĬĲШ
ƓċƖƣŔĦũĲƚШċƖĲШċĤũĲШƣŸШŊƖŸƽЯШŔЮĲЮШċШƣĲůƓũċƣĲЮШШ 

ÉĲĦŸŰĬċƖǃШƓċƖƣŔĦũĲƚШƽŔƣőШƣőĲШůŸƖƓőŸũŸŊǃШŸŉШőŸũũŸƽШůŔĦƖŸƚƓőĲƖĲƚШċŰĬШĦŸŰƚŔƚƣŔŰŊШŸŉШ
ċŊŊũŸůĲƖċƣĲĬШƓƖŔůċƖǃШŸĦƣċőĲĬƖċũШƓċƖƣŔĦũĲƚШĦċŰШĤĲШŉŸƖůĲĬШƻŔċШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƚƓŔŰĲũШx~§ШƨƚŔŰŊШ
ƚŸũŔĬШƚƣċƣĲШƚǃŰƣőĲƚŔƚШяΡΦѐЮШÑőŔƚШŔƚШċĦőŔĲƻĲĬШĤǃШƣőĲШůŔǂŔŰŊШŸŉШƚƣŸŔĦőŔŸůĲƣƖŔĦШċůŸƨŰƣƚШŸŉШ~Ű§ΞШƽŔƣőШ
ũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШůŸŰŸőǃĬƖċƣĲШċƣШΥΜШ҄9ШŸŉШƽőŔĦőШċƖĲШĦċũĦŔŰĲĬШċƣШΤΡΜШ҄9ШŉŸƖШΝΥШőЮШÑőĲШƖĲƚƨũƣŔŰŊШ
őŸũũŸƽШůŔĦƖŸƚƓőĲƖĲƚШĲǂőŔĤŔƣШċŰШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΝΟШů őоŊШƽőĲŰШĦǃĦũĲĬШċƣШ
ΜЮΡШ9ШƽŔƣőШĦċƓċĦŔƣǃШŉċĬĲШŸŉШΝΣЮΥӖШŸƻĲƖШΝΜΜШĦǃĦũĲƚЮШ?ĲƚƓŔƣĲШƣőŔƚЯШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШ~Ű§ΞШ
ƓƖĲĦƨƖƚŸƖШƖĲƕƨŔƖĲƚШƚŔŊŰŔǯĦċŰƣШƓƖĲƓċƖċƣŔŸŰШŔŰШŸƖĬĲƖШƣŸШŉŸƖůШůŔĦƖŸШƚƓőĲƖŔĦċũШůŸƖƓőŸũŸŊŔĲƚЯШ[ŔŊƨƖĲШ
ΝΜШыũĲŉƣьЯШƖĲƕƨŔƖŔŰŊШċШƓƖĲĦŔƓŔƣċƣŔŸŰШƖĲċĦƣŔŸŰШĤĲƣƽĲĲŰШůċŰŊċŰĲƚĲШƚƨũŉċƣĲШůŸŰŸőǃĬƖċƣĲШċŰĬШ
ċůůŸŰŔƨůШĤŔĦċƖĤŸŰċƣĲШċŰĬШůƨũƣŔƓũĲШƽċƚőŔŰŊШċŰĬШǯũƣĲƖŔŰŊШƚƣĲƓƚЮШÉőŸƨũĬШƣőŔƚШƓƖĲƓċƖċƣŔŸŰШŰŸƣШ
ĤĲШĬŸŰĲШůŔĦƖŸƚƓőĲƖĲƚШċƖĲШŰŸƣШŉŸƖůĲĬШƽŔƣőШŸŰũǃШŸĦƣċőĲĬƖċũШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШĤĲŔŰŊШƚǃŰƣőĲƚŔƚĲĬЮ 

ШƚŔůŔũċƖШůĲƣőŸĬШŔƚШŸĤƚĲƖƻĲĬШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШx~§ШŰċŰŸƖŸĬƚЯШ[ŔŊƨƖĲШΝΜШыƖŔŊőƣьЮШÑőĲШƖĲċĦƣŔŸŰШ
ŸŉШċШůċŰŊċŰĲƚĲШƓƖĲĦƨƖƚŸƖШċŰĬШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШůŸŰŸőǃĬƖċƣĲШĤǃШĬŔƚƓĲƖƚċũШŔŰШΟШůũШċŰőǃĬƖŸƨƚШ
ċũĦŸőŸũЯШŊƖŔŰĬŔŰŊШŉŸƖШƚĲƻĲƖċũШőŸƨƖƚЯШĬƖǃŔŰŊШċƣШƖŸŸůШƣĲůƓĲƖċƣƨƖĲЯШċŰĬШƚŔŰƣĲƖŔŰŊШċƣШΤΜΜШ҄9ШŉŸƖШΝΜШőШ
ŔŰШċШůƨǭũĲШŉƨƖŰċĦĲШяΣΠѐЮШìőŔũĲШƚőŸƽŔŰŊШċŰШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΟΝШů őоŊШċƣШΜЮΝШ
9ШƽŔƣőШůŔŰŔůċũШĦċƓċĦŔƣǃШŉċĬĲШŸŉШΦΟӖШŸŉШŸƖŔŊŔŰċũШĦċƓċĦŔƣǃЯШƣőĲШůċŰŊċŰĲƚĲШƓƖĲĦƨƖƚŸƖЯШŔŰШƣőŔƚШĦċƚĲШ



ΟΡ 
 

р͊~Ű§§cШŰċŰŸƖŸĬƚЯШċŊċŔŰШƖĲƕƨŔƖĲƚШƚŔŊŰŔǯĦċŰƣШƓƖĲƓċƖċƣŔŸŰШƣőŔƚШƣŔůĲШƨƚŔŰŊШƣőĲШőǃĬƖŸƣőĲƖůċũШ
ƓƖŸĦĲƚƚШƣŸШƓƖŸĬƨĦĲШĬŔƚƣŔŰĦƣШůŸƖƓőŸũŸŊŔĲƚЮШ 

ìőŔũĲШƖĲũŔċĤũĲЯШƣőĲШƚŔůƓũŔĦŔƣǃШŸŉШƣőĲШƚŸũŔĬрƚƣċƣĲШůĲƣőŸĬШċũũŸƽƚШŉŸƖШũŔƣƣũĲШǯŰĲШƣƨŰŔŰŊШŸŉШƣőĲШƓƖŸĬƨĦƣШ
ƽŔƣőŸƨƣШƚŔŊŰŔǯĦċŰƣШƓƖĲрƓƖĲƓċƖċƣŔŸŰШŸŉШƖĲċĦƣċŰƣƚШċŰĬШƖĲƕƨŔƖĲƚШũŸŰŊШƚǃŰƣőĲƚŔƚШƣŔůĲƚШƣŸШŉŸƖůШ
őŸůŸŊĲŰŸƨƚШƓƖŸĬƨĦƣƚЮШ~ċŰŔƓƨũċƣŔŸŰШŸŉШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊŔĲƚШŸŉƣĲŰШƖĲƕƨŔƖĲƚШċШƚĲĦŸŰĬЯШŸŉƣĲŰШ
ƽĲƣрƚǃŰƣőĲƚŔƚШƓƖŸĦĲƚƚШƣŸШƓƖŸĬƨĦĲШƣőĲШĬĲƚŔƖĲƚШůŸƖƓőŸũŸŊŔĲƚЮШ ƚШƚƨĦőШƣőĲƚĲШƽĲƣШƚǃŰƣőĲƚŔƚШ
ůĲƣőŸĬƚШċƖĲШŔŰƻĲƚƣŔŊċƣĲĬШċƚШƚƣċŰĬрċũŸŰĲШůĲƣőŸĬƚШƣŸШĲƻċũƨċƣĲШƣőĲŔƖШƻŔċĤŔũŔƣǃЮ 

ΝЮΠЮΞ ìĲƣШÉǃŰƣőĲƚŔƚ 
ΤдΧдΥдΤ ÉŸũцŊĲũ 
ìĲƣШĦőĲůŔĦċũШƚǃŰƣőĲƚŔƚЯШĬŔƻŔĬĲĬШŔŰƣŸШĬŔǭĲƖĲŰƣШƚǃŰƣőĲƚŔƚШƣĲĦőŰŔƕƨĲƚЯШŔƚШċũƚŸШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШ
 ~9ШĦċƣőŸĬĲƚШƽŔƣőШƻċƖǃŔŰŊШĬĲŊƖĲĲƚШŸŉШƚƨĦĦĲƚƚЮШÉŸũрŊĲũШƚǃŰƣőĲƚŔƚШŔƚШċШůĲƣőŸĬШƽőĲƖĲШċШƚŸũШ
ыƚŸũƨƣŔŸŰьШŔƚШƓƖŸĬƨĦĲĬШĤǃШőǃĬƖŸũǃƚŔƚШċŰĬШĦŸŰĬĲŰƚċƣŔŸŰШƖĲċĦƣŔŸŰƚЯШĤĲŉŸƖĲШƣőĲШƚŸũƨƣŔŸŰШŔƚШƖĲċĦƣĲĬШ
ŔŰƣŸШċШŊĲũШċŰĬШőĲċƣĲĬШяΣΡѐЮШìőĲŰШƨƚĲĬШƣŸШŉŸƖůШx[ÂШĦċƣőŸĬĲƚШƣőĲШƚŸũрŊĲũШůĲƣőŸĬШƖĲƚƨũƣƚШŔŰШ
ĦċƣőŸĬĲƚШŸŉШƖĲƻĲƖƚŔĤũĲШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШŸŉШΝΡΜШů őоŊШċƣШΜЮΞШ9ШċŰĬШΜЮΡШ9ШƽŔƣőШŰĲŊũŔŊŔĤũĲШĦċƓċĦŔƣǃШ
ŉċĬĲШŸƻĲƖШƣőĲШǯƖƚƣШΞΜШĦǃĦũĲƚЯШяΣΣѐЯШċŰĬШũċƖŊĲШљĦőĲƚƚрũŔťĲњШƚƣƖƨĦƣƨƖĲƚШŸŉШũċƖŊĲЯШƓŸƖŸƨƚШ
ċŊŊũŸůĲƖċƣŔŸŰƚШŸŉШƚƨĤрůŔĦƖŸƚĦċũĲШƓċƖƣŔĦũĲƚЯШ[ŔŊƨƖĲШΝΝЮШÉƨĦőШĦċƣőŸĬĲƚШċƖĲШŉŸƖůĲĬШĤǃШůŔǂŔŰŊШƣƽŸШ
ƚĲƓċƖċƣĲШƚŸũƨƣŔŸŰƚбШfƖŸŰШыŔŔŔьШĦŔƣƖċƣĲШĬŔƚƚŸũƻĲĬШŔŰШΣΜШ҄9ШƽċƣĲƖШċŰĬШċШƚŸũƨƣŔŸŰШŸŉШĲƕƨċũШƓċƖƣƚШũŔƣőŔƨůШ
ƓőŸƚƓőċƣĲШċŰĬШƓőŸƚƓőŸƖŔĦШċĦŔĬЮШ§ŰĦĲШůŔǂĲĬШƣőĲШƚŸũƨƣŔŸŰШŔƚШĬƖŔĲĬШċƣШΣΜШ҄9ШŉŸƖШΞΠШőЯШŊƖŸƨŰĬЯШċŰĬШ
ƣőĲШƖĲƚƨũƣŔŰŊШǂĲƖŸŊĲũШőĲċƣĲĬШŔŰШċƖŊŸŰШċƣШΤΜΜШ҄9ШŉŸƖШΝΜШőЮШìőŔũĲШċШƖĲũċƣŔƻĲũǃШƚŔůƓũĲЯШƣőĲƖĲШċƓƓĲċƖƚШ
ƣŸШĤĲШũŔƣƣũĲШĦŸŰƣƖŸũШŸŉШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШƨƚŔŰŊШƣőŔƚШůĲƣőŸĬЮ 

 

Figure 11 ÉE~ЮŸŉЮџ9őĲƚƚ-ũŔťĲѠЮƚƣƖƨĦƣƨƖĲЮŸŉЮxŔ[ĲÂ§4/C synthesised using sol-gel synthesis [66] 

Figure 10 SEM of LMO hollow microspheres (left) and LMO nanorods (right) synthesised via the templating of 
LMO onto precursors synthesised using wet chemical synthesis, using solid state synthesis [59][64] 
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7ǃШĬŔƚƚŸũƻŔŰŊШƚƣŸŔĦőŔŸůĲƣƖŔĦШċůŸƨŰƣШŸŉШũŔƣőŔƨůШċĦĲƣċƣĲШċŰĬШůċŰŊċŰĲƚĲШċĦĲƣċƣĲШŔŰШĬŔƚƣŔũũĲĬШ
ƽċƣĲƖШċũŸŰŊШƽŔƣőШĬŔƚƚŸũƻŔŰŊШĤĲőĲŰŔĦШċĦŔĬШƚĲƓċƖċƣĲũǃШŔŰШőĲċƣĲĬШĲƣőǃũШċũĦŸőŸũШċƚШċШĦőĲũċƣŔŰŊШċŊĲŰƣЯШ
x~§ШĦċŰШĤĲШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƚŸũрŊĲũШƚǃŰƣőĲƚŔƚШяΣΤѐЮШÑőĲШƣƽŸШƚŸũƨƣŔŸŰƚШċƖĲШůŔǂĲĬШƣŸŊĲƣőĲƖШċŰĬШ
ĦċũĦŔŰĲĬШċƣШΥΡΜШ҄9ШŉŸƖШΣШőЮШÑőŔƚШůĲƣőŸĬШƖĲƚƨũƣƚШŔŰШƨŰŔŉŸƖůШƚƓőĲƖŔĦċũШŊƖċŔŰƚШŸŉШΡΜΜШŰůШċƻĲƖċŊĲШ
ƓċƖƣŔĦũĲШĬŔċůĲƣĲƖЯШ[ŔŊƨƖĲШΝΞШыũĲŉƣьЯШƽŔƣőШƣőĲШĦċƣőŸĬĲШĲǂőŔĤŔƣŔŰŊШċШƚƓĲĦŔǯĦШŔŰŔƣŔċũШĬŔƚĦőċƖŊĲШ
ĦċƓċĦŔƣǃШŸŉШΝΟΜШů őоŊШċŰĬШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШŸŉШΥΥӖШŸƻĲƖШΝΜШĦǃĦũĲƚЮШ ШůŸƖĲШĦƨĤŸŔĬċũШ
ůŸƖƓőŸũŸŊǃЯШ[ŔŊƨƖĲШΝΞШыƖŔŊőƣьЯШĦċŰШĤĲШŉŸƖůĲĬШĤǃШĦŸůĤŔŰŔŰŊШũŔƣőŔƨůШċĦĲƣċƣĲШċŰĬШůċŰŊċŰĲƚĲШ
ċĦĲƣċƣĲШĬŔƚƚŸũƻĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖШċŰĬШĦŸůĤŔŰŔŰŊШƽŔƣőШőĲċƣĲĬШĲƣőċŰŸũШяΣΥѐЮШ ŉƣĲƖШůŔǂŔŰŊШƣőĲШƣƽŸШ
ƚŸũƨƣŔŸŰƚШΝ~ШũċƨƖŔĦШċĦŔĬШŔƚШċĬĬĲĬШĬƖŸƓƽŔƚĲШċƚШċШĦőĲũċƣŔŸŰШċŊĲŰƣШƨŰĬĲƖШőĲċƣŔŰŊШċŰĬШƚƣŔƖƖŔŰŊШƽŔƣőШ
ƣőĲШƚŸũƨƣŔŸŰШĤĲŔŰŊШőĲċƣĲĬШƨŰƣŔũШċШŊĲũШƽċƚШŸĤƣċŔŰĲĬЯШċƣШƽőŔĦőШƓŸŔŰƣШƣőĲШŊĲũШŔƚШĬƖŔĲĬШċƣШΝΝΜШ҄9Ш
ŸƻĲƖŰŔŊőƣШċŰĬШĦċũĦŔŰċƣĲĬШċƣШΥΡΜШ҄9ШŸƻĲƖŰŔŊőƣЮШÑőŔƚШƖĲƚƨũƣƚШŔŰШċŰШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШ
ĦċƓċĦŔƣǃШŸŉШΝΞΠШů őоŊШƽŔƣőШċШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШŸŉШΥΟӖШŸƻĲƖШΝΜШĦǃĦũĲƚЯШċƚШƽĲũũШċƚШůŔĦƖŸƚĦċũĲШ
ĦƨĤŔĦШůŸƖƓőŸũŸŊŔĲƚЮ 

 

Figure 12 SEM images of uniform spherical primary particles (left) and cuboidal primary particles (right) LMO [67][68] 

[ŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШяΣΦѐШũŔƣőŔƨůШŰŔƣƖċƣĲЯШŰŔĦťĲũШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲЯШůċŰŊċŰĲƚĲШŰŔƣƖċƣĲШ
ƣĲƣƖċőǃĬƖċƣĲЯШċŰĬШĦŸĤċũƣШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲШċƖĲШĬŔƚƚŸũƻĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖШċŰĬШůŔǂĲĬШƽŔƣőШċШ
ƚĲƓċƖċƣĲШƚŸũƨƣŔŸŰШŸŉШĦŔƣƖŔĦШċĦŔĬЯШċũƚŸШĬŔƚƚŸũƻĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖЮШÑőĲШƚŸũШŔƚШƓƖŸĬƨĦĲĬШĤǃШůŔǂŔŰŊШ
ƣőĲШƣƽŸШƚŸũƨƣŔŸŰƚШƣŸŊĲƣőĲƖЯШƽŔƣőШƣőĲШƓcШůċŔŰƣċŔŰĲĬШċƣШΤЮΜШƨƚŔŰŊШċůůŸŰŔċЮШÑőĲШŊĲũШŔƚШƓƖŸĬƨĦĲĬШ
ĤǃШƚƣŔƖƖŔŰŊШƣőĲШƚŸũШċŰĬШĲƻċƓŸƖċƣŔŰŊШċƣШΥΜШ҄9ЯШĤĲŉŸƖĲШĤĲŔŰŊШĬƖŔĲĬЯШċŰŰĲċũĲĬШċƣШΠΥΜШ҄9ШŉŸƖШΡШőШŔŰШċŔƖШ
ċŰĬШĦċũĦŔŰĲĬШċƣШΤΡΜШ҄9ШŉŸƖШΝΡШőЮШÑőŔƚШůĲƣőŸĬШũĲċĬƚШƣŸШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШŰċŰŸƚĦċũĲЯШċŊŊũŸůĲƖċƣĲĬШ
ƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШĤĲƣƽĲĲŰШΞΜΜШċŰĬШΠΜΜШŰůЯШ[ŔŊƨƖĲШΝΟЯШƽŔƣőШƣőĲШĦċƣőŸĬĲƚШĲǂőŔĤŔƣŔŰŊШċŰШŔŰŔƣŔċũШ
ƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΞΜΜШů őоŊШƽŔƣőШΦΝӖШĦŸũƨůĤŔĦШĲǭŔĦŔĲŰĦǃШƽőĲŰШĦǃĦũĲĬШċƣШΜЮΝШ9Ш
ċŰĬШċШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШŸŉШΥΦӖШċŉƣĲƖШΡΜШĦǃĦũĲƚШƽőĲŰШĦǃĦũĲĬШċƣШΜЮΡШ9ЮШ 
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Figure 13 SEM image of nanoscale NMC811 primary particles synthesised using sol-gel [69] 

ÉŸũрŊĲũШŔƚШĤĲŰĲǯĦŔċũШŉŸƖШĲŰƚƨƖŔŰŊШŊŸŸĬШƚƣŸŔĦőŔŸůĲƣƖǃШċŰĬШőŔŊőШőŸůŸŊĲŰĲŔƣǃШŔŰШƚǃŰƣőĲƚŔƚĲĬШ
ůċƣĲƖŔċũƚШƽőŔũĲШƖĲƕƨŔƖĲĬШƚőŸƖƣĲƖШƚǃŰƣőĲƚŔƚШƣŔůĲƚШƣőċŰШƚŸũŔĬрƚƣċƣĲЮШÑőŔƚШůĲƣőŸĬШůċǃШŉċĦĲШ
ĦŸůƓũĲǂŔƣŔĲƚШƽőĲŰШċƣƣĲůƓƣŔŰŊШƣŸШƚĦċũĲШƨƓШőŸƽĲƻĲƖЯШƽŔƣőШƣőĲШŊĲũШĬƖǃŔŰŊШŰŸŰШőŸůŸŊĲŰŸƨƚũǃШĲƻĲŰШ
ƨŰĬĲƖШƚƣŔƖƖŔŰŊЮ 

ΤдΧдΥдΥ cǃĬƖŸƣőĲƖůċũ 
cǃĬƖŸƣőĲƖůċũШŔƚШċŰШċũƣĲƖŰċƣŔƻĲШƽĲƣШĦőĲůŔĦċũШƚǃŰƣőĲƚŔƚШůĲƣőŸĬШŔŰƻŸũƻŔŰŊШƖĲċĦƣŔŰŊШċŰШċƕƨĲŸƨƚШ
ƚŸũƨƣŔŸŰШŔŰШċШĦũŸƚĲĬШƖĲċĦƣŔŸŰШƻĲƚƚĲũШċŰĬШƣőĲŰШőĲċƣŔŰŊШƨŰĬĲƖШőŔŊőШƓƖĲƚƚƨƖĲШċŰĬШƣĲůƓĲƖċƣƨƖĲШяΤΜѐЮШ
ÑőŔƚШůĲƣőŸĬШŔƚШƨƚĲŉƨũШŉŸƖШƖĲċĦƣŔŰŊШƚƨĤƚƣċŰĦĲƚШƣőċƣШőċƻĲШƓŸŸƖШƚŸũƨĤŔũŔƣǃШŸƖШċƖĲШŔŰƚŸũƨĤũĲШƨŰĬĲƖШ
ċƣůŸƚƓőĲƖŔĦШĦŸŰĬŔƣŔŸŰƚЯШƽŔƣőШƣőĲШůĲƣőŸĬШċũƚŸШƓƖŸƻŔĬŔŰŊШƣőĲШĦŸŰĬŔƣŔŸŰƚШƣŸШŊƖŸƽШċШƻċƖŔĲƣǃШŸŉШ
ĬŔǭĲƖĲŰƣШƓƖŔůċƖǃШċŰĬШƚĲĦŸŰĬċƖǃШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊŔĲƚЮШx[ÂШŔƚШċĤũĲШƣŸШĤĲШƚǃŰƣőĲƚŔƚĲĬШƻŔċШƣőĲШ
őǃĬƖŸƣőĲƖůċũШůĲƣőŸĬШĤǃШůŔǂŔŰŊШŔƖŸŰЯШũŔƣőŔƨůЯШċŰĬШƓőŸƚƓőŸƖƨƚШƓƖĲĦƨƖƚŸƖƚШŔŰШċШΟаΝаΝШ
ƚƣŸŔĦőŔŸůĲƣƖŔĦШƖċƣŔŸШыŉŸƖШƣőŔƚШĦċƚĲШfƖŸŰШƚƨũŉċƣĲШőĲƓƣċőǃĬƖċƣĲЯШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲЯШċŰĬШƓőŸƚƓőŸƖŔĦШ
ċĦŔĬШŔƚШƨƚĲĬьШяΤΝѐЮШÉƨŊċƖШċŰĬШĦċƖĤŸŰШŰċŰŸƣƨĤĲƚШƽĲƖĲШċĬĬĲĬШƣŸШƣőĲШƖĲƚƨũƣŔŰŊШŊĲũШƣŸШůŔŰŔůŔƚĲШ
ŸǂŔĬċƣŔŸŰШċŰĬШŔůƓƖŸƻĲШĦŸŰĬƨĦƣŔƻŔƣǃШƖĲƚƓĲĦƣŔƻĲũǃЯШĤĲŉŸƖĲШƣőĲШŊĲũШŔƚШƚĲċũĲĬШċŰĬШőĲċƣĲĬШċƣШΝΡΜШƣŸШ
ΞΞΜШ҄9ШŉŸƖШΡШőШŔŰШċŰШċƨƣŸĦũċƻĲШċŰĬШĬƖŔĲĬШƨŰĬĲƖШƻċĦƨƨůШċƣШΣΜШ҄9ШŉŸƖШΟШőЮШÑőŔƚШůĲƣőŸĬШƓƖŸĬƨĦĲĬШċШ
ĦċƣőŸĬĲШƽŔƣőШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΣΜШůőоŊШċƣШΜЮΟШ9ШƽŔƣőШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШ
ĤĲŔŰŊШƖĲĦŸƖĬĲĬШċƣШΥΣӖШŸƻĲƖШΡΜШĦǃĦũĲƚЮШÑőĲШőǃĬƖŸƣőĲƖůċũШůĲƣőŸĬШƽċƚШċũƚŸШŉŸƨŰĬШƣŸШƓƖŸĬƨĦĲШ
ƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШƽŔƣőШƚƓőĲƖŔĦċũШůŸƖƓőŸũŸŊŔĲƚШċŰĬШŰċŰŸƚĦċũĲШĬŔċůĲƣĲƖƚШŸŉШĤĲƣƽĲĲŰШΣΜШċŰĬШΟΞΜШ
ŰůЯШ[ŔŊƨƖĲШΝΠЯШƣőŸƨŊőШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƚǃŰƣőĲƚŔƚШĦŸŰĬŔƣŔŸŰƚШƚŔŊŰŔǯĦċŰƣШċŊŊũŸůĲƖċƣŔŸŰШŸŉШ
ƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШĦċŰШŸĦĦƨƖШяΤΞѐЮШ 
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Figure 14 SEM image of spherical LFP primary nanoparticles synthesised using the hydrothermal method [72] 

ÑőĲШőǃĬƖŸƣőĲƖůċũШůĲƣőŸĬШċũƚŸШċũũŸƽƚШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШx9§ШŉƖŸůШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ9ŸΟ§ΠЯШƽŔƣőШ
ůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШċũũŸƽŔŰŊШŉŸƖШƣőĲШůċŰŔƓƨũċƣŔŸŰШŸŉШĤŸƣőШĦƨĤŔĦШċŰĬШƚƓőĲƖŔĦċũШůŸƖƓőŸũŸŊŔĲƚЮШ
9ƨĤŔĦШ9ŸΟ§ΠШŔƚШŉŸƖůĲĬШĤǃШƣőĲШĬŔƚƚŸũƨƣŔŸŰШŸŉШĦŸĤċũƣШċĦĲƣċƣĲЯШƨƖĲċЯШċŰĬШƣƖŔĲƣőċŰŸũċůŔŰĲШŔŰШ
ĬĲŔŸŰŔƚĲĬШƽċƣĲƖШŉŸũũŸƽĲĬШĤǃШƚƣŔƖƖŔŰŊШŉŸƖШΝШőШċŰĬШƣőĲŰШőĲċƣŔŰŊШŔŰШċШÑĲǰŸŰрũŔŰĲĬШƚƣċŔŰũĲƚƚШƚƣĲĲũШ
ċƨƣŸĦũċƻĲШċƣШΝΣΜШ҄9ШŉŸƖШΝΞШőШяΤΟѐЮШÑőĲШƖĲƚƨũƣŔŰŊШƓŸƽĬĲƖШŔƚШǯũƣĲƖĲĬШċŰĬШƽċƚőĲĬШŔŰШĬĲŔŸŰŔƚĲĬШƽċƣĲƖШ
ċŰĬШĲƣőċŰŸũШĤĲŉŸƖĲШĤĲŔŰŊШĬƖŔĲĬШċƣШΝΝΜШ҄9ШŉŸƖШΟШőШċŰĬШĦċũĦŔŰĲĬШŔŰШċШůƨǭũĲШŉƨƖŰċĦĲШċƣШΣΜΜШ҄9ШŉŸƖШΝΜШ
őЮШÉƓőĲƖŔĦċũШ9ŸΟ§ΠШŔƚШƚǃŰƣőĲƚŔƚĲĬШŔŰШůƨĦőШƣőĲШƚċůĲШƽċǃШƽŔƣőШƣőĲШĲǂĦĲƓƣŔŸŰШŸŉШƨƚŔŰŊШĦŸĤċũƣШ
ĦőũŸƖŔĬĲШőĲǂċőǃĬƖċƣĲШċŰĬШƨƖĲċШĬŔƚƚŸũƻĲĬШċŰĬШůŔǂĲĬШŔŰШĬĲŔŸŰŔƚĲĬШƽċƣĲƖШċŰĬШŊũǃĦĲƖŸũШċŰĬШƣőĲŰШ
őĲċƣŔŰŊШŔŰШƣőĲШƚċůĲШÑĲǰŸŰрũŔŰĲĬШƚƣċŔŰũĲƚƚШƚƣĲĲũШċƨƣŸĦũċƻĲШċŰĬШőĲċƣĲĬШċƣШΝΞΜШ҄9ШŉŸƖШΝΞőШяΤΠѐЮШũũШ
ŸƣőĲƖШőĲċƣŔŰŊШƓƖŸĦĲƚƚĲƚШċƖĲШƣőĲŰШŔĬĲŰƣŔĦċũЮШÑŸШŉŸƖůШx9§ЯШ9ŸΟ§ΠШŔƚШŊƖŸƨŰĬШƽŔƣőШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШ
ċŰĬШĦċũĦŔŰĲĬШŔŰШċŔƖШċƣШΥΡΜШ҄9ШŉŸƖШΝΞШőШяΤΡѐЮШÑőĲШƣƽŸШƽċǃƚШŸŉШƚǃŰƣőĲƚŔƚŔŰŊШx9§ШŉŸƖůШůŔĦƖŸƚĦċũĲШ
ƚƓőĲƖŔĦċũШċŰĬШĦƨĤŔĦШƚĲĦŸŰĬċƖǃШƓċƖƣŔĦũĲƚШċƣШĤŸƣőШƣőĲШ9ŸΟ§ΠШċŰĬШx9§ШƚƣċŊĲƚЯШ[ŔŊƨƖĲШΝΡЯШƽőŔũĲШ
ƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШċƖĲШőŔŊőũǃШċŊŊũŸůĲƖċƣĲĬШƽŔƣőШũŔƣƣũĲШĬŔƚƣŔŰĦƣШƚőċƓĲƚЮШfŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШ
ĦċƓċĦŔƣŔĲƚШŉŸƖШΜЮΤШ9ШċƖĲШƚőŸƽŰШƣŸШĤĲШΝΡΤШċŰĬШΝΡΠШů őоŊШŉŸƖШĦƨĤŔĦШċŰĬШƚƓőĲƖŔĦċũШůŸƖƓőŸũŸŊǃШ
ƓŸƽĬĲƖƚШƖĲƚƓĲĦƣŔƻĲũǃШƖĲũċƣŔƻĲШƣŸШċШƣőĲŸƖĲƣŔĦċũШĦċƓċĦŔƣǃШŸŉШΞΤΠШů őоŊШяΡΟѐЯШƽŔƣőШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШ
ċŉƣĲƖШΝΜΜШĦǃĦũĲƚШŸŉШΦΞӖШċŰĬШΦΜӖЮШìőŔũĲШƣőŔƚШůĲƣőŸĬШĲǂőŔĤŔƣƚШőŔŊőШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũЯШŔƣШ
ƖĲƚƨũƣƚШŔŰШċШĦċƣőŸĬĲШƽŔƣőШƓŸŸƖШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШƖĲũċƣŔƻĲШƣŸШƣőĲŸƖĲƣŔĦċũШĦċƓċĦŔƣǃЮШ 

Ш  

Figure 15 SEM images of Cubic LCO secondary particles formed from cubic Co3O4 (left) and spherical LCO secondary 
particles formed from spherical Co3O4 (right) synthesised using the hydrothermal method [75] 



ΟΦ 
 

cǃĬƖŸƣőĲƖůċũШƖĲċĦƣŔŸŰƚШŸŉƣĲŰШƖĲƚƨũƣШŔŰШĤĲƣƣĲƖШŰƨĦũĲċƣŔŸŰШĦŸŰƣƖŸũШŸŉШƓċƖƣŔĦũĲƚЯШċШůŸƖĲШƨŰŔŉŸƖůШ
ƓċƖƣŔĦũĲШĬŔƚƣƖŔĤƨƣŔŸŰЯШũŸƽĲƖШĲŰĲƖŊǃШƨƚċŊĲШĬƨƖŔŰŊШƚǃŰƣőĲƚŔƚЯШċŰĬШőŔŊőĲƖШƓƨƖŔƣǃШĦŸůƓŸƨŰĬƚШяΡΥѐЮШ
ÑőŔƚШŔƚШĬĲůŸŰƚƣƖċƣĲĬШƽőĲŰШx~§ШŔƚШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШŸŰĲрƚƣĲƓШőǃĬƖŸƣőĲƖůċũШƚǃŰƣőĲƚŔƚШƽőĲƖĲШ
ũŔƣőŔƨůШċĦĲƣċƣĲШĬŔőǃĬƖċƣĲШċŰĬШůċŰŊċŰĲƚĲШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲЯШċƖĲШĬŔƚƚŸũƻĲĬШŔŰШƚŸũƨƣŔŸŰШƽŔƣőШ
ĬŔċůůŸŰŔƨůШƓőŸƚƓőċƣĲШĤĲŔŰŊШċĬĬĲĬШĬƖŸƓƽŔƚĲШċŰĬШƣőĲŰШƓŸƣċƚƚŔƨůШůċŰŊċŰċƣĲШċŰĬШƣőĲŰШ
ƓŸƣċƚƚŔƨůШőǃĬƖŸǂŔĬĲШċĬĬĲĬШƨŰĬĲƖШƚƣŔƖƖŔŰŊШяΤΣѐЮШÑőĲШůŔǂƣƨƖĲШŔƚШƣőĲŰШċĬĬĲĬШƣŸШċШÑĲǰŸŰрũŔŰĲĬШ
ċƨƣŸĦũċƻĲШƽőĲƖĲШŔƣШŔƚШőĲċƣĲĬШċƣШΞΜΜШ҄9ШŉŸƖШΤΞШőШċŰĬШĬƖŔĲĬШċƣШΝΜΜШ҄9ШŔŰШċŔƖШŉŸƖШΞΠШőЮШÂƖŔůċƖǃШ
ƓċƖƣŔĦũĲƚШċƖĲШŉŸƖůĲĬШƽŔƣőШŸĦƣċőĲĬƖċũШŰċŰŸƚĦċũĲШůŸƖƓőŸũŸŊŔĲƚЯШ[ŔŊƨƖĲШΝΣЯШΣΤΡШŰůШċƻĲƖċŊĲШ
ƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШċŰĬШċШŰċƖƖŸƽШƚŔǍĲШĬŔƚƣƖŔĤƨƣŔŸŰЯШŸŉШƽőŔĦőШĲǂőŔĤŔƣШċŰШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШ
ĦċƓċĦŔƣǃШŸŉШΝΝΣШů őоŊШƽŔƣőШŸŰũǃШΞЮΟӖШĦċƓċĦŔƣǃШŉċĬĲЮШ 

 

Figure 16 SEM image of octahedral LMO synthesised using the hydrothermal method [76] 

ÑőŔƚШůĲƣőŸĬЯШƽőŔũĲШċũũŸƽŔŰŊШŉŸƖШĦŸŰƣƖŸũШŸŉШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШċŰĬШőċƻŔŰŊШƖĲũċƣŔƻĲũǃШƕƨŔĦťĲƖШ
ƚǃŰƣőĲƚŔƚШƣŔůĲƚЯШċũƚŸШƖĲƕƨŔƖĲƚШƚƓĲĦŔċũŔƚƣШĲƕƨŔƓůĲŰƣШŔŰШƣőĲШŉŸƖůШŸŉШċШőŔŊőШƓƖĲƚƚƨƖĲШĦƖƨĦŔĤũĲШ
ƽőŔĦőШŔŰĦƖĲċƚĲƚШƣőĲШĦŸƚƣШŸŉШƚǃŰƣőĲƚŔƚЮ 

ΤдΧдΥдΦ 9ŸцƓƖĲĦŔƓŔƣċƣŔŸŰЮ 
9ŸрƓƖĲĦŔƓŔƣċƣŔŸŰШяΤΤѐШƨƚĲƚШċШůŔǂŔŰŊШŸŉШƖĲċĦƣċŰƣШůċƣĲƖŔċũƚШĬŔƚƚŸũƻĲĬШŔŰШƚŸũƻĲŰƣШċŰĬШċШĤċƚĲШċĬĬĲĬШ
ĬƖŸƓШĤǃШĬƖŸƓШŔŰШŸƖĬĲƖШƣŸШƓƖŸĬƨĦĲШċШƓƖĲĦŔƓŔƣċƣĲЮШÑőĲШƓƖĲĦŔƓŔƣċƣĲШŔƚШƽċƚőĲĬШċŰĬШĬƖŔĲĬШĤĲŉŸƖĲШĤĲŔŰŊШ
ċŰŰĲċũĲĬШċƣШőŔŊőШƣĲůƓĲƖċƣƨƖĲƚЮШ 

x[ÂШůċǃШĤĲШŉŸƖůĲĬШƨƚŔŰŊШƣőĲШĦŸрƓƖĲĦŔƓŔƣċƣŔŸŰШůĲƣőŸĬШĤǃШƣőĲШċĬĬŔƣŔŸŰШċŰĬШƚƣŔƖƖŔŰŊШŸŉШċƕƨĲŸƨƚШ
ƚŸũƨƣŔŸŰƚШŸŉШƚƣŸŔĦőŔŸůĲƣƖŔĦШċůŸƨŰƣƚШŸŉШũŔƣőŔƨůШƓőŸƚƓőċƣĲШċŰĬШŔƖŸŰШыŔŔьШƓőŸƚƓőċƣĲШƽőŔũĲШ
ĦŸŰƣƖŸũũŔŰŊШƣőĲШƓcШяΤΥѐЮШÑőĲШƖĲƚƨũƣŔŰŊШƓƖĲĦŔƓŔƣċƣĲШŔƚШǯũƣĲƖĲĬШċŰĬШƽċƚőĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖШċŰĬШ
ĬƖŔĲĬШƨŰĬĲƖШ ΞШĤĲŉŸƖĲШĤĲŔŰŊШőĲċƣĲĬШƣŸШĤĲƣƽĲĲŰШΣΡΜШċŰĬШΥΜΜШ҄9ШƨŰĬĲƖШ ΞШŉŸƖШΝΞШőЮШÑőĲШ
ůŸƖƓőŸũŸŊǃШĤĲŉŸƖĲШƣőĲШĬƖǃŔŰŊШƓőċƚĲШċŰĬШċŉƣĲƖШőĲċƣŔŰŊШƨŰĬĲƖШ ΞШĦŸŰƚŔƚƣƚШŸŉШůŔĦƖŸƚĦċũĲШǰċƣЯШ
ƖőŸůĤŸŔĬċũШƓċƖƣŔĦũĲƚЯШ[ŔŊƨƖĲШΝΤЯШƽőŔũĲШĲũĲĦƣƖŸĦőĲůŔĦċũШƣĲƚƣŔŰŊШƽőĲŰШĦǃĦũĲĬШċƣШċШĦрƖċƣĲШŸŉШ9оΞΜШ
ƖĲƻĲċũƚШċШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΡΜШů őоŊШƽŔƣőШůŔŰŔůċũШĦċƓċĦŔƣǃШŉċĬĲЮ 
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Figure 17 SEM image of LFP rhomboidal particles synthesised using co-precipitation [78] 

ÑőĲШĦŸрƓƖĲĦŔƓŔƣċƣŔŸŰШŸŉШx~§ШĦċŰШĤĲШĬŸŰĲШĤǃШĬŔƚƚŸũƻŔŰŊШůċŰŊċŰĲƚĲШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲШċŰĬШ
ũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШůŸŰŸőǃĬƖċƣĲШƚĲƓċƖċƣĲũǃШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖШƽŔƣőШÂE]ΞΜΜΜΜШĬŔƚƚŸũƻĲĬШŔŰШĲċĦőШ
ƚŸũƨƣŔŸŰШċƚШċШƚƨƖŉċĦƣċŰƣШяΤΦѐЮШÑőĲШůċŰŊċŰĲƚĲШƚŸũƨƣŔŸŰШƨŰĬĲƖŊŸĲƚШƨũƣƖċƚŸŰŔĦШŔƖƖċĬŔċƣŔŸŰШŉŸƖШΜЮΡШőШ
ĤĲŉŸƖĲШĬŔƚƚŸũƻĲĬШƚŸĬŔƨůШőǃĬƖŸǂŔĬĲШŔƚШċĬĬĲĬШĬƖŸƓƽŔƚĲШċŰĬШƣőĲШƚŸũƨƣŔŸŰШŔƚШċŊĲĬШŸƻĲƖŰŔŊőƣЯШċŰĬШ
ƚƨĦƣŔŸŰШǯũƣƖċƣŔŸŰШŔƚШƨŰĬĲƖŊŸŰĲШƣŸШŸĤƣċŔŰШċШƓƖĲĦŔƓŔƣċƣĲЮШÑőŔƚШŔƚШƣőĲŰШċĬĬĲĬШƣŸШƣőĲШũŔƣőŔƨůШƚŸũƨƣŔŸŰЯШ
ůŔǂĲĬШƨŰĬĲƖШƨũƣƖċƚŸŰŔĦШƚƣŔƖƖŔŰŊШŉŸƖШΜЮΡШőЯШĲƻċƓŸƖċƣĲĬШċƣШΥΡШ҄9ШŔŰШċШƽċƣĲƖШĤċƣőШĤĲŉŸƖĲШĤĲŔŰŊШ
ƓƖĲőĲċƣĲĬШċƣШΡΜΜШ҄9ШŉŸƖШΣШőШċŰĬШĦċũĦŔŰĲĬШċƣШΤΡΜШ҄9ШŉŸƖШΞΜШőШŔŰШċШůƨǭũĲШŉƨƖŰċĦĲЮШÑőĲШƖĲƚƨũƣŔŰŊШ
ůŸƖƓőŸũŸŊǃШŔƚШƣőċƣШŸŉШƓŸũǃőĲĬƖċũШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚЯШ[ŔŊƨƖĲШΝΥЯШŸŉШƽőŔĦőШċƖĲШċŊŊũŸůĲƖċƣĲĬШ
ƣŸŊĲƣőĲƖЯШƽŔƣőШƣőĲШĦċƣőŸĬĲШĲǂőŔĤŔƣŔŰŊШċŰШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΦΡШů őоŊШƽŔƣőШċШ
ĦŸũƨůĤŔĦШĲǭŔĦŔĲŰĦǃШŸŉШΥΠӖЮШ 

 

Figure 18 SEM image of polyhedral LMO primary particles synthesised using co-precipitation [79] 

 ~9ΥΝΝШĦċŰШĤĲШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШĦŸрƓƖĲĦŔƓŔƣċƣŔŸŰШĤǃШĬŔƚƚŸũƻŔŰŊШċШƚƣŸŔĦőŔŸůĲƣƖŔĦШċůŸƨŰƣШŸŉШ
ŰŔĦťĲũШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲЯШůċŰŊċŰĲƚĲШŰŔƣƖċƣĲШƣĲƣƖċőǃĬƖċƣĲЯШċŰĬШĦŸĤċũƣШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲШŔŰШ
ĬŔƚƣŔũũĲĬШƽċƣĲƖШċŰĬШċĬĬĲĬШƚũŸƽũǃШŔŰƣŸШċШƖĲċĦƣŸƖШƨŰĬĲƖШƚƣŔƖƖŔŰŊШċƣШΡΜШ҄9ШċŰĬШΣΡΜШƖƓůШƽŔƣőШċШ
ƚĲƓċƖċƣĲШƚŸũƨƣŔŸŰШŸŉШƚŸĬŔƨůШĦċƖĤŸŰċƣĲШĬŔƚƚŸũƻĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖШяΣΦѐЮШ ůůŸŰŔċШƚŸũƨƣŔŸŰШƽċƚШ
ċĬĬĲĬШƣŸШĦŸŰƣƖŸũШƣőĲШƓcШċƣШΤЮΡШĤĲŉŸƖĲШċŊŔŰŊШŉŸƖШΝΞШőШƣŸШƓƖŸĬƨĦĲШŰŔĦťĲũШůċŰŊċŰĲƚĲШĦŸĤċũƣШ
ĦċƖĤŸŰċƣĲШы ŔΜЮΥ~ŰΜЮΝ9ŸΜЮΝ9§ΟьЮШÑőĲШĦċƖĤŸŰċƣĲШŔƚШǯũƣĲƖĲĬШċŰĬШƽċƚőĲĬЯШĬƖŔĲĬШċƣШΥΜШ҄9ШШŉŸƖШΝΞШőШ
ƨŰĬĲƖШċШƻċĦƨƨůЯШůŔǂĲĬШƽŔƣőШũŔƣőŔƨůШŰŔƣƖċƣĲШŔŰШċШƓĲƚƣũĲШċŰĬШůŸƖƣċƖЯШċŰŰĲċũĲĬШċƣШΠΥΜШ҄9ШŉŸƖШΡШőШŔŰШ
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ċŔƖШċŰĬШĦċũĦŔŰĲĬШċƣШΤΡΜШ҄9ШƨŰĬĲƖШŸǂǃŊĲŰШŉŸƖШΝΡШőЮШÑőŔƚШƖĲƚƨũƣƚШŔŰШŰċŰŸƚĦċũĲЯШċŊŊũŸůĲƖċƣĲĬШ
ƓċƖƣŔĦũĲƚЯШ[ŔŊƨƖĲШΝΦЯШĤĲƣƽĲĲŰШΞΜΜШċŰĬШΠΜΜШŰůШŔŰШĬŔċůĲƣĲƖЮШìőĲŰШĦǃĦũĲĬШŔŰШċШũŔƣőŔƨůрŔŸŰШĦĲũũШƣőĲШ
ĦċƣőŸĬĲШĲǂőŔĤŔƣƚШċŰШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΦΡШů őоŊШċƣШΜЮΝШ9ШƽŔƣőШĦċƓċĦŔƣǃШ
ƖĲƣĲŰƣŔŸŰШŸŉШΥΡӖШċƣШΜЮΡШ9ШċŉƣĲƖШΡΜШĦǃĦũĲƚЮШ ~9ΡΟΞШĦċŰШĤĲШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШċШƚŔůŔũċƖШůĲƣőŸĬШ
ƽőĲƖĲĤǃШŰŔĦťĲũШƚƨũŉċƣĲШőĲǂċőǃĬƖċƣĲЯШůċŰŊċŰĲƚĲШƚƨũŉċƣĲШůŸŰŸőǃĬƖċƣĲЯШĦŸĤċũƣШƚƨũŉċƣĲШ
őĲǂċőǃĬƖċƣĲЯШƚŸĬŔƨůШőǃĬƖŸǂŔĬĲЯШċůůŸŰŔƨůШőǃĬƖŸǂŔĬĲШċƖĲШƓƖĲƓċƖĲĬШŔŰШĬĲŔŸŰŔƚĲĬШƽċƣĲƖЯШĬƖŔĲĬЯШ
ċŰĬШŊƖŸƨŰĬШƽŔƣőШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШĤĲŉŸƖĲШĤĲŔŰŊШőĲċƣĲĬШĤĲƣƽĲĲŰШΦΟΜШċŰĬШΝΜΞΜШ҄9ШŉŸƖШΝΞШőШŔŰШċШ
ĤŸǂШŉƨƖŰċĦĲШяΠΜѐЮШÑőŔƚШŉŸƖůƚШċŊŊũŸůĲƖċƣŔŸŰƚШŸŉШΣΜΜШŰůШċƻĲƖċŊĲШĬŔċůĲƣĲƖШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШƽŔƣőШ
ŰŸШĬŔƚƣŔŰĦƣШƚŔǍĲШċŰĬШƚŸůĲШƨŰƖĲċĦƣĲĬШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŔŰĬŔĦċƣŔŰŊШŔŰőŸůŸŊĲŰĲŔƣǃЯШƽŔƣőШċШ
ůċǂŔůƨůШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΣΤШů őоŊШċŰĬШĦċƓċĦŔƣǃШŉċĬĲШŸŉШΝΞӖЮШ 

 

Figure 19 SEM image of NMC811 particles formed using co-precipitation [69] 

ШƚŔůŔũċƖШĦċƣőŸĬĲШƣŸШ ~9ЯШ 9 ШĦċƣőŸĬĲƚШĦċŰШċũƚŸШĤĲШŉŸƖůĲĬШĤǃШĦŸрƓƖĲĦŔƓŔƣċƣŔŸŰШĤǃШƓƨůƓŔŰŊШċШ
ƚƣŸŔĦőŔŸůĲƣƖŔĦШƚŸũƨƣŔŸŰШШŸŉШŰŔĦťĲũШƚƨũŉċƣĲШőĲǂċőǃĬƖċƣĲЯШĦŸĤċũƣШƚƨũŉċƣĲШőĲƓƣċőǃĬƖċƣĲЯШċŰĬШ
ċũƨůŔŰŔƨůШƚƨũŉċƣĲШŸĦƣċĬĲĦċőǃĬƖċƣĲШŔŰƣŸШċШĦŸŰƣŔŰƨŸƨƚũǃШƚƣŔƖƖĲĬШƣċŰťШƖĲċĦƣŸƖШяΠΣѐЮШÑőĲШƓcШŔƚШťĲƓƣШ
ċƣШΝΝЮΠШĤǃШƓƨůƓŔŰŊШŔŰШƚŸĬŔƨůШőǃĬƖŸǂŔĬĲШċŰĬШċůůŸŰŔƨůШőǃĬƖŸǂŔĬĲШĤĲŉŸƖĲШƣőĲШƓƖĲĦŔƓŔƣċƣĲШŔƚШ
ǯũƣĲƖĲĬШċŰĬШƽċƚőĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖЯШĬƖŔĲĬШƨŰĬĲƖШċШƻċĦƨƨůШċƣШΝΞΜШ҄9ШŉŸƖШΝΞШőЯШůŔǂĲĬШƽŔƣőШ
ũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШůŸŰŸőǃĬƖċƣĲЯШƓƖĲőĲċƣĲĬШċƣШΠΡΜШ҄9ШŉŸƖШΣШőЯШċŰĬШĦċũĦŔŰĲĬШċƣШΤΥΜШ҄9ШŉŸƖШΝΞШőЮШÑőĲШ
ƖĲƚƨũƣŔŰŊШĦċƣőŸĬĲШƓŸƽĬĲƖШĦŸŰƚŔƚƣƚШŸŉШŰċŰŸƚĦċũĲЯШƚůŸŸƣőЯШƻċŊƨĲũǃШŸĦƣċőĲĬƖċũШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚЯШ
[ŔŊƨƖĲШΞΜЯШƽŔƣőШƣőĲШĦċƣőŸĬĲШĲǂőŔĤŔƣŔŰŊШċŰШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΤΟШů őоŊШƽŔƣőШċŰШ
ΥΦӖШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШċŉƣĲƖШΝΝΜШĦǃĦũĲƚШƽőĲŰШĦǃĦũĲĬШċƣШΝ9ЮШ 

 

Figure 20 SEM image of NCA octahedral primary particles synthesised using co-precipitation [46] 

9ŸрƓƖĲĦŔƓŔƣċƣŔŸŰШċũũŸƽƚШŉŸƖШƚŔŊŰŔǯĦċŰƣШĦŸŰƣƖŸũШŸŉШƣőĲШǯŰċũШƓƖŸĬƨĦƣЯШŔŰĦũƨĬŔŰŊШůŸƖƓőŸũŸŊŔĦċũШ
ĦŸŰƣƖŸũШƣŸШƓƖŸĬƨĦĲШŰċŰŸƚĦċũĲШƓċƖƣŔĦũĲƚЮШÑőĲШůĲƣőŸĬШőŸƽĲƻĲƖШƖĲƕƨŔƖĲƚШƚŔŊŰŔǯĦċŰƣШĦŸŰƣƖŸũШŸƻĲƖШ
ƓcШƽőŔĦőШƖĲƕƨŔƖĲƚШċĬĬŔƣŔŸŰċũШĤċƚĲƚШċĤŸƻĲШƣőĲШƖĲċĦƣċŰƣƚШŉŸƖШƣőĲШƖĲċĦƣŔŸŰШƣŸШŸĦĦƨƖЮШÑőĲШůĲƣőŸĬШ



ΠΞ 
 

ċũƚŸШƖĲƕƨŔƖĲƚШůƨũƣŔƓũĲШƚƣĲƓƚШŔŰĦũƨĬĲШƣőĲШĬƖŸƓрĤǃрĬƖŸƓШċĬĬŔƣŔŸŰШŸŉШƖĲċĦƣċŰƣƚШċŰĬШƣőĲШƽċƚőŔŰŊШŸŉШ
ƣőĲШƓƖĲĦŔƓŔƣċƣĲЯШċƚШƽĲũũШċƚШċШƚǃŰƣőĲƚŔƚШƣŔůĲШƽőŔĦőЯШƽőŔũĲШũĲƚƚШƣőċŰШƚŸũŔĬрƚƣċƣĲЯШŔƚШƚƣŔũũШƚŔŊŰŔǯĦċŰƣШ
ŔŰШũĲŰŊƣőЮШ 

ΤдΧдΥдΧ ÂĲĦőŔŰŔЮ~ĲƣőŸĬ 
ÑőĲШÂĲĦőŔŰŔШůĲƣőŸĬШŔƚШċũƚŸШċШƻŔċĤũĲШƚǃŰƣőĲƚŔƚШůĲƣőŸĬШŉŸƖШƓƖŸĬƨĦƣŔŸŰШŸŉШőŔŊőШŰŔĦťĲũШĦċƣőŸĬĲƚЮШ
ÑőĲШůĲƣőŸĬШƽŸƖťƚШĤǃШƨƚŔŰŊШőǃĬƖŸǂǃĦċƖĤŸǂǃũŔĦШċĦŔĬЯШŰŸƖůċũũǃШĦŔƣƖŔĦШċĦŔĬЯШċƚШċШůĲƣċũШĦċƣŔŸŰШ
ĦőĲũċƣŔŰŊШċŊĲŰƣШяΥΜѐЮШÉǃŰƣőĲƚŔƚШŸŉШ ~9ΝΝΝШƨƚŔŰŊШũŔƣőŔƨůШŰŔƣƖċƣĲЯШůċŰŊċŰĲƚĲШŰŔƣƖċƣĲЯШŰŔĦťĲũШ
ŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲЯШċŰĬШĦŸĤċũƣШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲШċŰĬШĬŔƚƚŸũƻŔŰŊШƣőĲШƖĲċĦƣċŰƣƚШŔŰШĬĲŔŸŰŔƚĲĬШ
ƽċƣĲƖШяΥΝѐЮШÑőĲШƚŸũƨƣŔŸŰШŔƚШċĬĬĲĬШĬƖŸƓƽŔƚĲШƣŸШċШƚŸũƨƣŔŸŰШŸŉШĦƖŔƣŔĦШċĦŔĬШċŰĬШĲƣőǃũĲŰĲШŊũǃĦŸũШƽőĲƖĲШ
ƣőĲШůĲƣċũШĦċƣŔŸŰƚШƽŔũũШĦőĲũċƣĲШƣŸШƣőĲШĦƖŔƣŔĦШċĦŔĬЮШÑőĲШƚŸũƨƣŔŸŰШŔƚШƣőĲŰШĬƖŔĲĬЯШŊƖŸƨŰĬЯШƓƖĲƚƚĲĬШŔŰƣŸШ
ƓĲũũĲƣƚЯШċŰĬШőĲċƣĲĬШċƣШΠΜΜШ҄9ШŉŸƖШΠШőШċŰĬШĦċũĦŔŰĲĬШċƣШĤĲƣƽĲĲŰШΤΜΜШċŰĬШΝΜΜΜШ҄9ШŉŸƖШΝΞШőШƽŔƣőШŸŰũǃШ
ƣőĲШƚċůƓũĲƚШőĲċƣĲĬШĤĲƣƽĲĲŰШΥΜΜШċŰĬШΝΜΜΜШ҄9ШƓƖŸĬƨĦŔŰŊШ ~9ΝΝΝЮШÖŰŔŉŸƖůЯШŰċŰŸƚĦċũĲШ
őĲǂċŊŸŰċũШƓċƖƣŔĦũĲƚШċƖĲШŉŸƖůĲĬЯШ[ŔŊƨƖĲШΞΝШыũĲŉƣьЯШċŰĬШċƚШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШŔŰĦƖĲċƚĲĬШ
ƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШŔŰĦƖĲċƚĲƚШŉƖŸůШΝΜΜШƣŸШΞΜΜШŰůШċƣШΥΜΜШ҄9ШƣŸШΞΜΜΜШƣŸШΟΜΜΜШŰůШċƣШΝΜΜΜШ҄9ЮШ
ÉƓĲĦŔǯĦШŔŰŔƣŔċũШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШƖċŰŊĲШŉƖŸůШΝΤΡШƣŸШΝΥΝШů őоŊШШƽőĲŰШĦǃĦũĲĬШċƣШ9оΞΜШƽŔƣőШ
ĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰƚШċĤŸƻĲШΦΜӖШƽőĲŰШĦǃĦũĲĬШċƣШΝШ9ЮШEċƖũǃШċƣƣĲůƓƣƚШƣŸШƚǃŰƣőĲƚŔƚĲШx §ШƽĲƖĲШċũƚŸШ
ċĦőŔĲƻĲĬШƨƚŔŰŊШƣőĲШÂĲĦőŔŰŔШůĲƣőŸĬЯШƽőĲƖĲĤǃШũŔƣőŔƨůШŰŔƣƖċƣĲШċŰĬШŰŔĦťĲũШŰŔƣƖċƣĲШƽĲƖĲШĬŔƚƚŸũƻĲĬШŔŰШ
ĬĲŔŸŰŔƚĲĬШƽċƣĲƖЯШĦƖŔƣŔĦШċĦŔĬЯШċŰĬШĲƣőǃũĲŰĲШŊũǃĦŸũЯШĬƖŔĲĬШŔŰƣŸШċШŊĲũЯШċŰĬШĦċũĦŔŰĲĬШĤĲƣƽĲĲŰШΠΜΜШċŰĬШ
ΥΜΜШ҄9ШƨŰĬĲƖШ§ΞШяΥΞѐЮШ 

x~§ШƚƓŔŰĲũƚЯШxŔ~ŰΞ§ΠЯШőċƻĲШċũƚŸШĤĲĲŰШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƣőĲШÂĲĦőŔŰŔШůĲƣőŸĬШяΥΟѐЮШШ
ƚƣŸŔĦőŔŸůĲƣƖŔĦШƖċƣŔŸШŸŉШũŔƣőŔƨůШŰŔƣƖċƣĲШċŰĬШůċŰŊċŰĲƚĲШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲШƽċƚШĬŔƚƚŸũƻĲĬШŔŰШċШΝаΠШ
ƖċƣŔŸШŸŉШĦƖŔƣŔĦШċĦŔĬШċŰĬШĲƣőǃũĲŰĲШŊũǃĦŸũШċŰĬШőĲċƣĲĬШƣŸШΦΜШ҄9ШŉŸƖШΞΜШůŔŰƚЯШƨŰĬĲƖƽĲŰƣШĲƚƣĲƖŔǯĦċƣŔŸŰШ
ċƣШΝΠΜШ҄9ЯШċŰĬШƣőĲŰШĬƖŔĲĬШƨŰĬĲƖШƻċĦƨƨůШċƣШΝΥΜШ҄9ШĤĲŉŸƖĲШĤĲŔŰŊШĦċũĦŔŰĲĬШċƣШΞΡΜШƣŸШΥΜΜШ҄9ЮШÑőŔƚШ
ƖĲƚƨũƣƚШŔŰШũŸŸƚĲũǃШċŊŊũŸůĲƖċƣĲĬШƓċƖƣŔĦũĲƚШƽŔƣőШŰŸШĬŔƚƣŔŰĦƣШůŸƖƓőŸũŸŊǃШċŰĬШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖƚШ
ĤĲƣƽĲĲŰШΞΜΜШċŰĬШΡΜΜШŰůЯШ[ŔŊƨƖĲШΞΝШыƖŔŊőƣьЯШƽőŔũĲШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŔƚШŸĤƚĲƖƻĲĬШ
ƣŸШĤĲШΝΠΜШů őоŊШĦċƓċĦŔƣǃШŉċĬĲШŸŉШΝΝӖШċŉƣĲƖШΝΜШĦǃĦũĲƚШƽőĲŰШĦċũĦŔŰĲĬШċƣШΥΜΜШ҄9ЮШ 

 

Figure 21 SEM images of NMC111 hexagonal primary particles (left) and LMO primary particles with no distinct shape 
(right) synthesised with the Pechini method [81] [83] 



ΠΟ 
 

ÖƚĲШŸŉШƣőĲШÂĲĦőŔŰŔШůĲƣőŸĬШċũũŸƽƚШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШŰċŰŸƚĦċũĲШůŸƖƓőŸũŸŊŔĲƚШċŰĬШƖĲƕƨŔƖĲƚШũĲƚƚШ
őĲċƣŔŰŊШƣŔůĲШƣőċŰШƚŸũŔĬрƚƣċƣĲЮШÑőŔƚШůĲƣőŸĬШŔƚШőŸƽĲƻĲƖШƻĲƖǃШƣŔůĲШĦŸŰƚƨůŔŰŊШŔŰШƓċƖƣШĬƨĲШƣŸШċĬĬŔŰŊШ
ƣőĲШƖĲċĦƣċŰƣШƚŸũƨƣŔŸŰШĬƖŸƓƽŔƚĲШƽőŔĦőШċũƚŸШƓƖŸĬƨĦĲƚШƚĦċũĲрƨƓШŔƚƚƨĲƚЮ 

ΤдΧдΥдΨ ~ŸũƣĲŰЮÉċũƣЮÉǃŰƣőĲƚŔƚ 
~ŸũƣĲŰШƚċũƣШƚǃŰƣőĲƚŔƚШШŔƚШċШůĲƣőŸĬШƽőĲƖĲĤǃШƓƖĲĦƨƖƚŸƖШƚċũƣƚЯШƚŸůĲƣŔůĲƚШĬŔƚƚŸũƻĲĬШƽŔƣőШċШƣƖċĦĲШ
ċůŸƨŰƣШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖЯШċƖĲШůŔǂĲĬоŊƖŸƨŰĬШċŰĬШőĲċƣĲĬШƨŰƣŔũШůĲũƣŔŰŊШĤĲŉŸƖĲШĤĲŔŰŊШƽċƚőĲĬШċŰĬШ
ǯũƣĲƖĲĬШяΤΤѐЮШ ~9ΝΝΝШůċǃШĤĲШƚǃŰƣőĲƚŔƚĲĬШĤǃШƣőŔƚШůĲƣőŸĬЯШƽőĲƖĲШƚŸĬŔƨůШőǃĬƖŸǂŔĬĲШŔƚШċĬĬĲĬШ
ĬƖŸƓƽŔƚĲШƣŸШċШƚŸũƨƣŔŸŰШŸŉШŰŔĦťĲũШƚƨũŉċƣĲШőĲǂċőǃĬƖċƣĲЯШůċŰŊċŰĲƚĲШƚƨũŉċƣĲШůŸŰŸőǃĬƖċƣĲЯШċŰĬШ
ĦŸĤċũƣШƚƨũŉċƣĲШőĲƓƣċőǃĬƖċƣĲШƽőŔũĲШƚƣŔƖƖŔŰŊШяΥΠѐЮШÑőĲШƓƖĲĦŔƓŔƣċƣĲШŔƚШǯũƣĲƖĲĬШċŰĬШƽċƚőĲĬШŔŰШĬŔƚƣŔũũĲĬШ
ƽċƣĲƖЯШĬƖŔĲĬШċƣШΣΡШ҄9ЯШůŔǂĲĬШƽŔƣőШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШůŸŰŸőǃĬƖċƣĲЯШċŰĬШƓũċĦĲĬШŔŰШċŰШċũƨůŔŰŔƨůШ
ŸǂŔĬĲШĦƖƨĦŔĤũĲШƽőĲƖĲШŔƣШŔƚШőĲċƣĲĬШƣŸШΝΜΜΜШ҄9ШŉŸƖШΝΜШőШċŰĬШƣőĲŰШƖĲĬƨĦĲĬШƣŸШΠΜΜШ҄9ШĤĲŉŸƖĲШĤĲŔŰŊШ
ƽċƚőĲĬЮШ[ƖŸůШƣőŔƚШƚǃŰƣőĲƚŔƚШůĲƣőŸĬШůŔĦƖŸƚĦċũĲШŸĦƣċőĲĬƖċũШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚШƽŔƣőШċƻĲƖċŊĲШ
ƓċƖƣŔĦũĲШĬŔċůĲƣĲƖƚШŸŉШΟЮΠШů͓ШċŰĬШŰŸШċŊŊũŸůĲƖċƣŔŸŰШċƖĲШŉŸƖůĲĬЯШ[ŔŊƨƖĲШΞΞЯШŸŉШƽőŔĦőШĲǂőŔĤŔƣШċШ
ůċǂŔůƨůШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΣΜШů őоŊЮ 

 

Figure 22 SEM image of octahedral NMC811 primary particles synthesised using molten-salt synthesis [84] 

ÉƨĦőШċШůĲƣőŸĬЯШƚŔůŔũċƖũǃШƣŸШƚŸũŔĬрƚƣċƣĲЯШƖĲƕƨŔƖĲƚШċШũċƖŊĲШċůŸƨŰƣШŸŉШŊƖŔŰĬŔŰŊШċŰĬоŸƖШċШőŔŊőШ
ůċǂŔůƨůШƚǃŰƣőĲƚŔƚШƣĲůƓĲƖċƣƨƖĲШƣőċƣШŔŰĦƖĲċƚĲƚШƣőĲШĦŸƚƣШŸŉШƚǃŰƣőĲƚŔƚЮШÑőĲШƻċƖŔċƣŔŸŰШŸŉШőĲċƣŔŰŊШ
ĦŸŰĬŔƣŔŸŰƚШŔŰШċĬĬŔƣŔŸŰШƣŸШƣőĲШƖċƣŔŸШŸŉШƖĲċĦƣċŰƣƚШůċǃШĤĲШƨƚĲĬШƣŸШċũƣĲƖШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШċŰĬШ
ƚŔǍĲЯШƚŸůĲƣőŔŰŊШŰŸƣШƓŸƚƚŔĤũĲШƽŔƣőШƚŸũŔĬШƚƣċƣĲЮШ ƚШƣőĲШŰċůĲШŔůƓũŔĲƚЯШƣőŔƚШůĲƣőŸĬШċũƚŸШƖĲƕƨŔƖĲƚШ
őĲċƣŔŰŊШƖĲċĦƣċŰƣƚШĤĲǃŸŰĬШƣőĲŔƖШůĲũƣŔŰŊШƓŸŔŰƣЯШůċťŔŰŊШƣőĲШƖĲċĦƣŔŸŰШƚŸůĲƽőċƣШĬĲƓĲŰĬĲŰƣШŸŰШƣőĲШ
ƖĲċĦƣċŰƣƚШůĲũƣŔŰŊШƓŸŔŰƣШċŰĬШƖĲƕƨŔƖŔŰŊШƖĲċĦƣŔŸŰШƣĲůƓĲƖċƣƨƖĲƚШŉŸƖШƚċũƣƚШƽŔƣőШőŔŊőĲƖШůĲũƣŔŰŊШƓŸŔŰƣƚЮ 

ΤдΧдΥдΩ ÉƓƖċǃЮÂǃƖŸũǃƚŔƚ 
ÉƓƖċǃШƓǃƖŸũǃƚŔƚШŔƚШċШůĲƣőŸĬШƣőċƣШůċǃШĤĲШĲůƓũŸǃĲĬШŉŸƖШƣőĲШĦŸŰƣƖŸũШŸŉШƓċƖƣŔĦũĲШƚŔǍĲШяΥΡѐЮШÑŸШ
ƚǃŰƣőĲƚŔƚШ ~9ШƓƖĲƓċƖĲĬШċƕƨĲŸƨƚШƚŸũƨƣŔŸŰШŸŉШƓŸƽĬĲƖШƖĲċĦƣċŰƣƚЯШċŰĬШĦƖŔƣŔĦШċĦŔĬШċŰĬШĲƣőǃũĲŰĲШ
ŊũǃĦŸũШƣŸШĦŸŰƣƖŸũШůŸƖƓőŸũŸŊǃЯШċƖĲШƓƨůƓĲĬШƣőƖŸƨŊőШċШŰĲĤƨũŔǍĲƖШƨŰĬĲƖШċШǰŸƽШŸŉШŸǂǃŊĲŰЮШ?ƖŸƓũĲƣƚШ
ŉƖŸůШƣőĲШŰĲĤƨũŔǍĲƖШƽĲƖĲШŸĤƣċŔŰĲĬШƨƚŔŰŊШċШĬĲƻŔĦĲШƣŸШĦŸũũĲĦƣШĦőċƖŊĲĬШƓċƖƣŔĦũĲƚШŔŰШċШΣΜΜШ҄9ШŉƨƖŰċĦĲЯШ
ƽŔƣőШċШƚĲĦŸŰĬШőĲċƣШƣƖĲċƣůĲŰƣШƚƣĲƓШċƣШΥΜΜШ҄9ШŉŸƖШΞΜШőШĬŸŰĲШƚĲƓċƖċƣĲũǃЮШ 

ìőĲŰШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШx[ÂШĦċƣőŸĬĲШƓŸƽĬĲƖШяΥΣѐЯШƚƣŸŔĦőŔŸůĲƣƖŔĦШċůŸƨŰƣƚШŸŉШũŔƣőŔƨůШċĦĲƣċƣĲШ
ůŸŰŸőǃĬƖċƣĲЯШŔƖŸŰШыŔŔьШĦőũŸƖŔĬĲШƣĲƣƖċőǃĬƖċƣĲЯШċŰĬШƓőŸƚƓőŸƖŔĦШċĦŔĬШċƖĲШĬŔƚƚŸũƻĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖШ
ƽŔƣőШőǃĬƖŸĦőũŸƖŔĦШċĦŔĬШƣŸШĦŸŰƣƖŸũШƓcЮШ9ƖŔƣŔĦШċĦŔĬШůċǃШċũƚŸШĤĲШċĬĬĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШċŰШx[Âо9Ш
ĦŸůƓŸƚŔƣĲЮШÑőĲШƚŸũƨƣŔŸŰШŔƚШċƣŸůŔƚĲĬШċƣШċШŉƖĲƕƨĲŰĦǃШŸŉШΝЮΤШ~cǍШƨƚŔŰŊШċŰШƨũƣƖċƚŸŰŔĦШŰĲĤƨũŔƚĲƖШċŰĬШ
ƣőĲШƚƓƖċǃШĬƖŸƓũĲƣƚШċƖĲШĦċƖƖŔĲĬШƨŰĬĲƖШƣőĲШǰŸƽШŸŉШ ΞШċƣШċШǰŸƽШƖċƣĲШΝШĬůΟоůŔŰШƣŸШċШƖĲċĦƣŸƖШőĲċƣĲĬШ



ΠΠ 
 

ĤĲƣƽĲĲŰШΡΜΜШċŰĬШΥΜΜШ҄9ЮШ[ƨƖƣőĲƖШƚŔŰƣĲƖŔŰŊШŔƚШƣőĲŰШĬŸŰĲШċƣШĤĲƣƽĲĲŰШΡΜΜШċŰĬШΥΜΜШ҄9ШŉŸƖШΠШőШŔŰШ ΞШ
ƽŔƣőШΟӖШcΞЮШÑőĲШůŸƖƓőŸũŸŊǃШŸŉШƣőĲШƓċƖƣŔĦũĲƚШŔƚШŸĤƚĲƖƻĲĬШƣŸШĦőċŰŊĲШĬƨƖŔŰŊШƚŔŰƣĲƖŔŰŊШŉƖŸůШ
ƚƓőĲƖŔĦċũШůŸƖƓőŸũŸŊŔĲƚШŉŸƖůĲĬШƓƖĲрƚŔŰƣĲƖŔŰŊШƣŸШůŸƖĲШŔƖƖĲŊƨũċƖШƓċƖƣŔĦũĲƚШŉŸƖůĲĬШƓŸƚƣШƚŔŰƣĲƖŔŰŊЯШ
[ŔŊƨƖĲШΞΟЮШfŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШŉŸƖШx[ÂШċŰĬШx[Âо9ШĦŸůƓŸƚŔƣĲШċƖĲШΝΜΜШċŰĬШΝΠΜШ
ů őоŊШƽŔƣőШůŔŰŔůċũШĦċƓċĦŔƣǃШŉċĬĲШċŉƣĲƖШΡΜШĦǃĦũĲƚШƽőĲŰШĦǃĦũĲĬШċƣШΜЮΡШ9Ю 

Ш  

Figure 23 SEM images of LFP primary particles synthesised using spray pyrolysis a) pre- and b) post sintering [86] 

ũƚŸШĤĲŔŰŊШċĤũĲШƣŸШĤĲШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШx9§ЯШĦŸĤċũƣШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲШċŰĬШũŔƣőŔƨůШŰŔƣƖċƣĲЯШŸƖШ
ĦŸĤċũƣШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲШċŰĬШũŔƣőŔƨůШċĦĲƣċƣĲШĬŔőǃĬƖċƣĲЯШŔƚШĬŔƚƚŸũƻĲĬШŔŰШĬĲŔŸŰŔƚĲĬШƽċƣĲƖШċƣШ
ƚƣŸŔĦőŔŸůĲƣƖŔĦШƖċƣŔŸƚШяΥΤѐЮШÑőĲШƓƖĲĦƨƖƚŸƖШƚŸũƨƣŔŸŰШƽċƚШċƣŸůŔƚĲĬШƨƚŔŰŊШċШƕƨċƖƣǍШŰĲĤƨũŔƚĲƖЯШĤĲŉŸƖĲШ
ĤĲŔŰŊШƻċƓŸƨƖŔƚĲĬШċƣШΠΜΜШ҄9ШƨŰĬĲƖШċШǰŸƽШŸŉШ ΞШŔŰШċШƚƣċŔŰũĲƚƚШƚƣĲĲũШƓƖĲőĲċƣŔŰŊШƚĲĦƣŔŸŰЮШÑőĲШ
ƖĲƚƨũƣŔŰŊШĬƖŔĲĬШĬƖŸƓũĲƣƚШċƖĲШőĲċƣŔŰŊШŔŰШċШƕƨċƖƣǍШƣƨĤĲШŉƨƖŰċĦĲШċƣШĤĲƣƽĲĲŰШΣΜΜШċŰĬШΝΜΜΜШ҄9ШĤĲŉŸƖĲШ
ĤĲŔŰŊШƕƨĲŰĦőĲĬШƨŰĬĲƖШċШΟΜШxоůŔŰШċŔƖШǰŸƽШċŰĬШŉƨƖƣőĲƖШċŰŰĲċũĲĬШƨŰĬĲƖШċŰШċŔƖШǰŸƽШƣŸШůċŰŔƓƨũċƣĲШ
ƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃЮШx9§ШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШŉŸƖůШůŔĦƖŸƚĦċũĲШƚĲĦŸŰĬċƖǃШ
ƓċƖƣŔĦũĲƚШƽőŔũĲШƚĲĦŸŰĬċƖǃШƓċƖƣŔĦũĲƚШŉŸƖůĲĬШƨƚŔŰŊШċĦĲƣċƣĲƚШőċƻĲШŔƖƖĲŊƨũċƖШƚőċƓŔŰŊЯШ[ŔŊƨƖĲШΞΠЮШ
9ċƣőŸĬĲƚШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШŰŔƣƖċƣĲƚШĲǂőŔĤŔƣШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΝΤΥШů őоŊШċƣШ
ΜЮΝШ9ШƽŔƣőШĦċƓċĦŔƣǃШŉċĬĲШŸŉШŸŰũǃШΡӖШŸŉШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃЯШƽőŔũĲШċĦĲƣċƣĲШƚǃŰƣőĲƚŔƚĲĬШ
ƓċƖƣŔĦũĲƚШĲǂőŔĤŔƣШƚƓĲĦŔǯĦШŔŰŔƣŔċũШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШŸŉШΝΟΡШċŰĬШΝΟΣШů őоŊШċƣШΜЮΝШ9ЮШ 

Ш  

Figure 24 SEM images of LCO particles synthesised using spray pyrolysis using nitrate precursors (left) and acetate 
precursors (right) [87] 

ÑőŔƚШƣĲĦőŰŔƕƨĲЯШůŸƖĲШƚŸШƣőċŰШŸƣőĲƖШƖĲƻŔĲƽĲĬШůĲƣőŸĬƚЯШċũũŸƽƚШŉŸƖШƓƖĲĦŔƚĲШĦŸŰƣƖŸũШŸŉШƓċƖƣŔĦũĲШ
ůŸƖƓőŸũŸŊǃШĬŸƽŰШƣŸШƣőĲШƚƨĤрůŔĦƖŸŰШũĲƻĲũЮШÑŸШĬŸШƣőŔƚШƚƓƖċǃШƓǃƖŸũǃƚŔƚШƖĲƕƨŔƖĲƚШƚƓĲĦŔǯĦШ
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ĲƕƨŔƓůĲŰƣШċŰĬШċĬĬŔƣŔŸŰċũШƖĲċĦƣċŰƣƚШƣŸШĦŸŰƣƖŸũШƣőĲШƓċƖƣŔĦũĲШƚőċƓĲШƽőŔũĲШċũƚŸШƖĲƕƨŔƖŔŰŊШũŸŰŊШ
ƚǃŰƣőĲƚŔƚШƣŔůĲƚШŉŸƖШőĲċƣШƣƖĲċƣůĲŰƣƚЮШÑőŔƚШċůŸƨŰƣƚШƣŸШƣőŔƚШĤĲŔŰŊШċШĦŸƚƣũǃЯШŔŉШĲǭĲĦƣŔƻĲЯШůĲƣőŸĬЮ 

ΝЮΠЮΟ  ŸƻĲũШ7ŔŸƣĲůƓũċƣŔŰŊШ~ĲƣőŸĬ 
ΤдΧдΦдΤ ~ĲƣőŸĬ 
7ŔŸƣĲůƓũċƣŔŰŊШŔƚШċШƖĲũċƣŔƻĲũǃШŰĲƽШċŰĬШŰŸƻĲũШƽĲƣШĦőĲůŔĦċũШƚǃŰƣőĲƚŔƚШůĲƣőŸĬШƣőċƣШƨƚĲƚШũŸŰŊрĦőċŔŰШ
ŸƖŊċŰŔĦШůŸũĲĦƨũĲƚШċƚШĦőĲũċƣŔŰŊШċŊĲŰƣЯШƚŔůŔũċƖШƣŸШƣőĲШƖŸũĲШŸŉШĦŔƣƖŔĦШċĦŔĬШŔŰШƣőĲШÂĲĦőŔŰŔШůĲƣőŸĬШ
яΥΥѐЮШ?ŔƚƚŸũƨƣŔŸŰШŸŉШƣőĲШĤŔŸƣĲůƓũċƣĲШŔƚШĬŸŰĲШŔŰШƣċŰĬĲůШƽŔƣőШƣőĲШĬŔƚƚŸũƨƣŔŸŰШŸŉШƣőĲШƖĲċĦƣċŰƣƚШċŰĬШ
ƣőĲŰШĦŸůĤŔŰĲĬШƨŰĬĲƖШƚƣŔƖƖŔŰŊШĤĲŉŸƖĲШĤĲŔŰŊШĬƖŔĲĬШċŰĬШĦċũĦŔŰĲĬЮШÑőĲШĬŔƚƚŸũƨƣŔŸŰЯШůŔǂŔŰŊЯШċŰĬШ
ĬƖǃŔŰŊШŸŉШƣőĲШƖĲċĦƣċŰƣƚШƽŔƣőШƣőĲШĤŔŸƣĲůƓũċƣĲƚШƓƖŸĬƨĦĲƚШċШůĲƣċũрũŔŊċŰĬШĤŔŰĬŔŰŊШƖĲċĦƣŔŸŰШƽőĲƖĲШ
ŰĲŊċƣŔƻĲũǃШĦőċƖŊĲĬШĦőĲũċƣŔŸŰШƚŔƣĲƚЯШŸƖШũŔŊċŰĬƚЯШċũŸŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШĦőċŔŰШċƖĲШƚƨĤƚƣŔƣƨƣĲĬШŉŸƖШ
ƓŸƚŔƣŔƻĲШůĲƣċũШĦċƣŔŸŰƚШŉƖŸůШƣőĲШƖĲċĦƣċŰƣƚЯШŉŸƖůŔŰŊШċШĦŸŸƖĬŔŰċƣĲШĤŸŰĬШċŰĬШƓƖŸĬƨĦŔŰŊШċШĦőĲũċƣĲЯШ
ċŰШĲǂċůƓũĲШŸŉШƽőŔĦőШŔƚШŸƨƣũŔŰĲĬШŔŰШ[ŔŊƨƖĲШΞΡЮШÑőŔƚШĦőĲũċƣĲШƖĲĬƨĦĲƚШƖĲċĦƣŔŸŰШƓċƣőƽċǃƚШĤĲƣƽĲĲŰШ
ůĲƣċũШŔŸŰƚШŸŰĦĲШƣőĲШĤŔŸƣĲůƓũċƣĲШŔƚШĤƨƖŰĲĬШŸǭШĬƨƖŔŰŊШĦċũĦŔŰċƣŔŸŰЯШ[ŔŊƨƖĲШΟΝЯШċŰĬШƖĲĬƨĦĲƚШƣőĲШ
ƓŸƚƚŔĤŔũŔƣǃШŸŉШƖĲĦƖǃƚƣċũũŔƚċƣŔŸŰШŸŉШƣőĲШƖĲċĦƣċŰƣƚШċƣШũŸƽĲƖШƚǃŰƣőĲƚŔƚШƣĲůƓĲƖċƣƨƖĲƚЮ 

7ŔŸƣĲůƓũċƣŔŰŊШĲŰƚƨƖĲƚШċШőŸůŸŊĲŰŸƨƚШƖĲċĦƣŔŸŰШċƚШċШƖĲƚƨũƣШŸŉШƣőĲШůŔǂŔŰŊШċŰĬШĬŔƚƚŸũƨƣŔŸŰШŸŉШ
ƖĲċĦƣċŰƣƚЯШƽőŔĦőШƖĲĬƨĦĲƚШƣőĲШĲǭĲĦƣƚШŸŉШƖĲċĦƣŔŸŰШĤŸƨŰĬċƖŔĲƚШċŰĬШƖĲĬƨĦĲƚШƣőĲШƚǃŰƣőĲƚŔƚШƣŔůĲШ
ƖĲƕƨŔƖĲĬШŉŸƖШĦċũĦŔŰċƣŔŸŰШƣŸШŸĦĦƨƖЮШ?ŔǭĲƖĲŰƣШĤŔŸƣĲůƓũċƣĲƚШċƖĲШċũƚŸШŸĤƚĲƖƻĲĬШƣŸШőċƻĲШĬŔǭĲƖĲŰƣШ
ĦőĲũċƣŔŸŰШůĲƣőŸĬƚЯШċŰĬШƚŸШĤǃШĦŸŰƣƖŸũũŔŰŊШƣőĲШƣǃƓĲШċŰĬШůċƚƚШŸŉШĤŔŸƣĲůƓũċƣĲШċƚШƽĲũũШċƚШƣőĲШ
ƚǃŰƣőĲƚŔƚШĦŸŰĬŔƣŔŸŰƚЯШǯŰĲШƣƨŰŔŰŊШŸŉШƣőĲШǯŰċũШƓƖŸĬƨĦƣШŔŰĦũƨĬŔŰŊШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШĦċŰШĤĲШ
ĬŸŰĲЮШÉƨĦőШĦŸŰƣƖŸũШŸŉШƓċƖƣŔĦũĲƚШůċǃШċũũŸƽШŔůƓƖŸƻĲůĲŰƣƚШŔŰШĦċƣőŸĬĲƚШƚƨĦőШċƚШ ~9ΥΝΝЮ 

ΤдΧдΦдΥ ?ĲǂƣƖċŰЮ7ŔŸƣĲůƓũċƣŔŰŊ 
ÑőĲШċůŸƨŰƣШŸŉШĤŔŸƣĲůƓũċƣĲƚШċƻċŔũċĤũĲШŉŸƖШƨƚĲШŔŰШĦőĲũċƣŔŸŰШŔƚШċƚШƻċƖŔĲĬШċƚШƣőĲШċůŸƨŰƣШŸŉШũŸŰŊр
ĦőċŔŰШŸƖŊċŰŔĦШůŸũĲĦƨũĲƚШƣőċƣШĦċŰШĤĲШŸĤƣċŔŰĲĬШŔŰШŰċƣƨƖĲЮШ§ŰĲШƚƨĦőШĤŔŸƣĲůƓũċƣĲШċũƖĲċĬǃШƽŔĬĲũǃШ
ƨƚĲĬШŔƚШĬĲǂƣƖċŰЮШ?ĲǂƣƖċŰЯШ[ŔŊƨƖĲШΞΣЯШŔƚШċШũŸŰŊрĦőċŔŰШƓŸũǃƚċĦĦőċƖŔĬĲШƓƖŸĬƨĦĲĬШċƚШċШĤǃрƓƖŸĬƨĦƣШŸŉШ
ƨƚŔŰŊШĤċĦƣĲƖŔċШƣŸШĬŔŊĲƚƣШŊũƨĦŸƚĲЮШÑőĲШŸƖŊċŰŔĦШůŸũĲĦƨũĲШƣĲŰĬƚШƣŸШĤĲШŔĬĲŰƣŔǯċĤũĲШĤǃШΝаΣШŊũƨĦŸƚŔĬĲШ
ũŔŰťƚЯШőŸƽĲƻĲƖШŔƣШĦċŰШĦŸůĲШŔŰШůċŰǃШĬĲƖŔƻċƣŔƻĲƚШƽŔƣőШƓuċШƻċũƨĲƚШŸŉШĤĲƣƽĲĲŰШΡЮΟШċŰĬШΤЮΠШШяΥΦѐЮШ
ìőĲŰШĬŔƚƚŸũƻĲĬШċũŸŰŊƚŔĬĲШůĲƣċũШĦċƣŔŸŰƚШƣőĲШĦőĲũċƣŔŸŰШůĲĦőċŰŔƚůШŸŉШƣőĲШĬĲǂƣƖċŰШƖĲƚƨũƣƚШŔŰШ
ĬĲǂƣƖċŰШĦőċŔŰƚШĤĲŔŰŊШƣċŰŊũĲĬШċƖŸƨŰĬШĲċĦőШŸƣőĲƖЯШ[ŔŊƨƖĲШΞΤЯШĦƖĲċƣŔŰŊШƓŸĦťĲƣƚШŔŰШƽőŔĦőШůĲƣċũШŔŸŰƚШ
ǯƣШċŰĬШĤŸŰĬШĬĲǂƣƖċŰШĦőċŔŰƚШƣŸŊĲƣőĲƖШƚŔůŔũċƖũǃШƣŸШőǃĬƖŸŊĲŰШĤŸŰĬŔŰŊШяΦΜѐЮШ 
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Figure 25 Chelation of Single Monomer of Sodium Alginate 
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Figure 26 Dextran monomer structure  

 

Figure 27 Chelation mechanism of dextran [90] 

fŰŔƣŔċũШƖĲƚĲċƖĦőШƨŰĬĲƖƣċťĲŰШƨƚŔŰŊШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣŔŰŊШƣŸШŉŸƖůШůċĦƖŸƓŸƖŸƨƚШůĲƣċũũŔĦШŸƖШůĲƣċũШ
ŸǂŔĬĲШƚƓŸŰŊĲƚЯШƚƓĲĦŔǯĦċũũǃШĦŸƓƓĲƖрŸǂŔĬĲШĦŸŰƣċŔŰŔŰŊШƚŔũƻĲƖШƚƓŸŰŊĲƚЯШƓƖŸƻĲĬШƣőċƣШĬĲǂƣƖċŰШĦŸƨũĬШ
ĤĲШƨƚĲĬШċƚШċШĦőĲũċƣŔŰŊШċŊĲŰƣШƣŸШŉŸƖůШƚƓŸŰŊĲШůċĦƖŸƚĦċũĲШůŸƖƓőŸũŸŊŔĲƚШŔŰШůĲƣċũƚШċŰĬШůĲƣċũШ
ŸǂŔĬĲƚШяΦΝѐЮШìőĲŰШƚŔũƻĲƖШŰŔƣƖċƣĲШƽċƚШĬŔƚƚŸũƻĲĬШŔŰШĬŔƚƣŔũũĲĬШƽċƣĲƖШċŰĬШůŔǂĲĬШƽŔƣőШĬĲǂƣƖċŰЯШĤĲŉŸƖĲШ
ĬƖǃŔŰŊШċƣШƖŸŸůШƣĲůƓĲƖċƣƨƖĲШċŰĬШőĲċƣŔŰŊШċƣШΡΞΜШ҄9ШŉŸƖШΝШőШċШƚŔũƻĲƖШƚƓŸŰŊĲШƽċƚШŉŸƖůĲĬЯШ[ŔŊƨƖĲШΞΥЮШ
9ŸƓƓĲƖШŸǂŔĬĲШĦŸƨũĬШĤĲШċĬĬĲĬШĤǃШċĬĬŔŰŊШĦŸƓƓĲƖШŰŔƣƖċƣĲШőĲůŔƓĲŰƣċőǃĬƖċƣĲШƣŸШƣőĲШƚŔũƻĲƖШƚƓŸŰŊĲЯШ
ĬƖǃŔŰŊШŉŸƖШŸŰĲШĬċǃЯШċŰĬШőĲċƣŔŰŊШċƣШΥΜΜШ҄9ШŉŸƖШΜЮΡШőЮШÑőĲШƖĲƚƨũƣŔŰŊШƚƓŸŰŊĲШƽċƚШċШůċĦƖŸƚƣƖƨĦƣƨƖĲШ
ƽŔƣőШċŰШŸƓĲŰШŉƖċůĲƽŸƖťШŸŉШŔŰƣĲƖĦŸŰŰĲĦƣŔŰŊШƚŔũƻĲƖШċŰĬШĦŸƓƓĲƖШŸǂŔĬĲШƖŸĬƚШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШċŰШ
ŔŰĲǂƓĲŰƚŔƻĲШċŰĬШƖĲũċƣŔƻĲũǃШĲŰƻŔƖŸŰůĲŰƣċũũǃШŉƖŔĲŰĬũǃШůĲƣőŸĬШƣőċƣШőċƚШċШƽŔĬĲШƚĦŸƓĲШŉŸƖШƚĦċũĲрƨƓШ
ŉŸƖШŔŰĬƨƚƣƖǃЮШ[ŸũũŸƽŔŰŊШƣőŔƚШƚƨĦĦĲƚƚŉƨũШċƓƓũŔĦċƣŔŸŰШŸŉШĬĲǂƣƖċŰЯШŔƣШőċƚШĤĲĲŰШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШ
ƚŸĬŔƨůШŰŔĦťĲũШůċŰŊċŰĲƚĲШы  ~ьШĦċƣőŸĬĲƚШяΦΞѐЯШx9~§ШĦċƣőŸĬĲƚШяΣΟѐЯШċŰĬШǃƣƣƖŔƨůШĤċƖŔƨůШ
ĦŸƓƓĲƖШŸǂŔĬĲШыò79§ьШƚƨƓĲƖĦŸŰĬƨĦƣŸƖƚШяΦΟѐЮШ 
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Figure 28 ÉE~ЮŔůċŊĲƚЮŸŉЮƚŔũƻĲƖЮƚƓŸŰŊĲЮƚǃŰƣőĲƚŔƚĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮĤŔŸƣĲůƓũċƣŔŰŊЮċƣЮċђЮΥΣΣЮ͙ůЮƚĦċũĲЮċŰĬЮĤђЮΥΣЮ͙ůЮ
scale [91] 

  ~ШяΦΞѐШŉŸƖůĲĬШƨƚŔŰŊШĬĲǂƣƖċŰШƽċƚШƚǃŰƣőĲƚŔƚĲĬШĤǃШůŔǂŔŰŊШċШƚƣŸŔĦőŔŸůĲƣƖŔĦШƚŸũƨƣŔŸŰШŸŉШ
ƓƖĲĦƨƖƚŸƖШƚċũƣƚШċŰĬШƣőĲШĤŔŸƣĲůƓũċƣĲШĬŔƚƚŸũƻĲĬШŔŰШƽċƣĲƖШċŰĬШŰŔƣƖŔĦШċĦŔĬЯШĬƖǃŔŰŊШċƣШΦΜШ҄9ЯШċŰĬШ
ĦċũĦŔŰŔŰŊШċƣШĲŔƣőĲƖШΡΡΜЯШΣΡΜЯШΤΡΜЯШŸƖШΥΡΜШ҄9ШŉŸƖШΞЯШΡЯШŸƖШΝΞШőЮШÖƚŔŰŊШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣŔŰŊЯШƓċƖƣŔĦũĲШ
ƚŔǍĲШŔŰĦƖĲċƚĲĬШƽŔƣőШċŰШŔŰĦƖĲċƚĲШŔŰШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШċŰĬШƓũċƣĲрũŔťĲШůŸƖƓőŸũŸŊŔĲƚШƽĲƖĲШ
ŉŸƖůĲĬШƽőĲŰШĦċũĦŔŰĲĬШċƣШŸƖШċĤŸƻĲШΤΡΜШ҄9ЮШ ƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖƚШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊШŰĲƻĲƖШ
ĲǂĦĲĲĬĲĬШΣΜΜШŰůШƖĲŊċƖĬũĲƚƚШŸŉШƚǃŰƣőĲƚŔƚШĦŸŰĬŔƣŔŸŰƚЯШƽőĲƖĲċƚШ  ~ШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƚŸũŔĬШ
ƚƣċƣĲШċƣШΥΡΜШ҄9ШŉŸƖШΝΞШőШőċĬШċŰШċƻĲƖċŊĲШƓċƖƣŔĦũĲШƚŔǍĲШŸŉШΝΤΠΜШŰůЮШÂċƖƣŔĦũĲƚШŉŸƖůĲĬШƨƚŔŰŊШĬĲǂƣƖċŰШ
ċƣШŸƖШċĤŸƻĲШΤΡΜШ҄9ШƽĲƖĲШƚőŸƽŰШƣŸШőċƻĲШŔůƓƖŸƻĲĬШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШƣőċŰШƣőŸƚĲШ
ĦċũĦŔŰĲĬШĤĲũŸƽШΤΡΜШ҄9ШĬĲƚƓŔƣĲШőċƻŔŰŊШċƻĲƖċŊĲШũċƖŊĲƖШƓċƖƣŔĦũĲШƽŔĬƣőƚШĬƨĲШƣŸШƣőĲШũċƖŊĲƖШƚƨƖŉċĦĲШ
ċƖĲċШŸŉШƣőĲШƓũċƣĲШůŸƖƓőŸũŸŊǃЯШ[ŔŊƨƖĲШΞΦЮ 

 

Figure 29 SEM image of NNM plate-shaped particles synthesised at 850 °C using dextran biotemplating [92] 

x9~§ШяΣΟѐШŔƚШŉŸƖůĲĬШŔŰШċШƚŔůŔũċƖШƽċǃШĤǃШĬŔƚƚŸũƻŔŰŊШċŰĬШůŔǂŔŰŊШƚƣŸŔĦőŔŸůĲƣƖŔĦШůċƚƚĲƚШŸŉШ
ƖĲċĦƣċŰƣƚШċŰĬШĬĲǂƣƖċŰШŔŰШƽċƣĲƖЯШĬƖǃŔŰŊШċƣШΥΜШ҄9ШċŰĬШĦċũĦŔŰŔŰŊШċƣШΡΡΜШ҄9ШŉŸƖШΞШőЮШÑőĲШůĲƣőŸĬШ
ƓƖŸĬƨĦĲĬШŔƖƖĲŊƨũċƖШƚƓőĲƖŔĦċũШƓċƖƣŔĦũĲƚШƽŔƣőШċŰШċƻĲƖċŊĲШĬŔċůĲƣĲƖШŸŉШΝΥΜШŰůЯШ[ŔŊƨƖĲШΟΜЮШ ŸШƓũċƣĲШ
ůŸƖƓőŸũŸŊŔĲƚШƽĲƖĲШŉŸƖůĲĬШƨƚŔŰŊШƣőĲШΡΡΜШ҄9ШƚŔůŔũċƖũǃШƣŸШƽőĲŰШŉŸƖůŔŰŊШ  ~ЯШőŔŊőũŔŊőƣŔŰŊШƣőĲШ
ƚŔŊŰŔǯĦċŰĦĲШŸŉШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŉŸƖШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰЮШ 
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Figure 30 SEM image of LCMO particles synthesised using dextran biotemplating [63] 

ò79§ШяΦΟѐШŉŸƖůĲĬШƨƚŔŰŊШĬĲǂƣƖċŰШŔƚШƚǃŰƣőĲƚŔƚĲĬШůƨĦőШŔŰШƣőĲШƚċůĲШƽċǃШĤǃШĬŔƚƚŸũƻŔŰŊШĬĲǂƣƖċŰШƽŔƣőШ
ƓƖĲĦƨƖƚŸƖШƚċũƣƚШŔŰШƚŸũƨƣŔŸŰЯШĬƖǃŔŰŊШċƣШƖŸŸůШƣĲůƓĲƖċƣƨƖĲЯШċŰĬШĦċũĦŔŰĲĬШċƣШΦΞΜШ҄9ШŉŸƖШΞШőЮШ7ǃШ
ƚǃŰƣőĲƚŔƚŔŰŊШƨƚŔŰŊШĬĲǂƣƖċŰШƓċƖƣŔĦũĲƚШƽŔƣőШċƻĲƖċŊĲШĬŔċůĲƣĲƖШŸŉШΡΜΜШŰůЯШƻƚЮШΝΜΜΜШƣŸШΡΜΜΜШŰůШƽőĲŰШ
ƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƚŸũрŊĲũЯШƽĲƖĲШŉŸƖůĲĬШƽŔƣőШċШƖċŰŊĲШŸŉШůŸƖƓőŸũŸŊŔĲƚЮШÑőŔƚШĦŸůƓċƖŔƚŸŰШ
őŔŊőũŔŊőƣƚШőŸƽШĬĲǂƣƖċŰШůċǃШĤĲШƨƚĲĬШƣŸШĦŸŰƣƖŸũШƓċƖƣŔĦũĲШƚŔǍĲШċŰĬШŉŸƖůШŰċŰŸƚĦċũĲШƓċƖƣŔĦũĲƚШƻĲƖƚƨƚШ
ŸƣőĲƖШƚǃŰƣőĲƚŔƚШůĲƣőŸĬƚЮШ 

ΤдΧдΦдΦ ÉŸĬŔƨůЮ ũŊŔŰċƣĲЮ7ŔŸƣĲůƓũċƣŔŰŊ 
ÉŸĬŔƨůШċũŊŔŰċƣĲШŔƚШċŰШŸƖŊċŰŔĦШƓŸũǃƚċĦĦőċƖŔĬĲШĲǂƣƖċĦƣĲĬШŉƖŸůШĤƖŸƽŰШċũŊċĲЮШÑőĲШƚŸĬŔƨůШċũŊŔŰċƣĲШ
ƓŸũǃůĲƖШĦőċŔŰШĦŸŰƚŔƚƣƚШŸŉШƓŸũǃŊƨũƨƖŸŰċƣĲШыр]рьŰШċŰĬШƓŸũǃůċŰŰƨƖŸŰċƣĲШыр~рьŰШůŸŰŸůĲƖƚЯШ[ŔŊƨƖĲШ
ΟΝЯШƽőĲƖĲШƣőĲШƖċƣŔŸШŸŉШƣőĲШŰƨůĤĲƖШŸŉШ]ШċŰĬШ~ШůŸŰŸůĲƖƚШŔƚШĬĲƓĲŰĬĲŰƣШŸŰШƣőĲШƚĲċƽĲĲĬШƣőĲШ
ĤŔŸƣĲůƓũċƣĲШŔƚШĲǂƣƖċĦƣĲĬШŉƖŸůШċŰĬШĲǭĲĦƣƚШƣőĲШǯŰċũШůŸƖƓőŸũŸŊǃШŸŉШƣőĲШƚǃŰƣőĲƚŔƚĲĬШƓċƖƣŔĦũĲƚШяΦΠѐЮШ
ÑőĲШƖċƣŔŸШŸŉШ]ШċŰĬШ~ШůŸŰŸůĲƖƚШċũƚŸШċǭĲĦƣƚШƣőĲШƓuċШƻċũƨĲЯШƽŔƣőШƣőĲШƓuċШŸŉШƚŸĬŔƨůШċũŊŔŰċƣĲШ
ƖċŰŊŔŰŊШŉƖŸůШΟЮΟШƣŸШΟЮΣШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƖċƣŔŸШŸŉШůŸŰŸůĲƖƚШяΦΡѐЮШÖƚĲШŸŉШċШőŔŊőĲƖШƓƖŸƓŸƖƣŔŸŰШŸŉШ]Ш
ůŸŰŸůĲƖƚШƖĲƚƨũƣƚШŔŰШůĲƣċũШĦċƣŔŸŰƚШĦőĲũċƣŔŰŊШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШћĲŊŊрĤŸǂќШůŸĬĲũШƽőĲƖĲĤǃШũŔŊċŰĬƚШ
ċƖĲШƚƨĤƚƣŔƣƨƣĲĬШŉŸƖШůĲƣċũШĦċƣŔŸŰƚШċũŸŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШĦőċŔŰƚЯШƽŔƣőШƣőĲШĤŔŸƣĲůƓũċƣĲШĦőċŔŰƚШ
ŉŸƖůŔŰŊШƚƣƖƨĦƣƨƖĲƚШċƖŸƨŰĬШƣőĲШŔŸŰƚШŔŰШċŰШĲŊŊрĤŸǂрũŔťĲШƚőċƓĲЮШÑőŔƚШůĲĦőċŰŔƚůШċŰĬШƓƖŸƓŸƖƣŔŸŰШŸŉШ
]ШůŸŰŸůĲƖƚШůċǃШũĲċĬШƣŸШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШŰċŰŸƽŔƖĲШůŸƖƓőŸũŸŊŔĲƚШċƚШőċƚШĤĲĲŰШŸĤƚĲƖƻĲĬШƽőĲŰШ
ƚǃŰƣőĲƚŔƚŔŰŊШò79§ШяΦΣѐШƽőŔũĲШċШőŔŊőĲƖШƓƖŸƓŸƖƣŔŸŰШŸŉШ~ШůŸŰŸůĲƖƚШƖĲƚƨũƣƚШŔŰШũŔƣƣũĲШĦŸŰƣƖŸũШŸƻĲƖШ
ƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃЮШ ċŰŸƽŔƖĲШůŸƖƓőŸũŸŊŔĲƚШċƖĲШĤĲŰĲǯĦŔċũШĬƨĲШƣŸШőċƻŔŰŊШċШőŔŊőШƚƨƖŉċĦĲШċƖĲċШƻƚШ
ƻŸũƨůĲШŉŸƖШũŔƣőŔƨůШŔŰƣĲƖĦċũċƣŔŸŰЯШőŔŊőШċůŸƨŰƣШŸŉШĦŸŰƣċĦƣШƽŔƣőШƣőĲШĲũĲĦƣƖŸũǃƣĲЯШċŰĬШőŔŊőШŔŸŰŔĦШ
ĦŸŰĬƨĦƣŔƻŔƣǃШŸŉШxŔҼШŔŸŰƚШċũŸŰŊШƣőĲШũĲŰŊƣőШŸŉШƣőĲШŰċŰŸƽŔƖĲƚШяΦΤѐЮ 
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Figure 31 a) Sodium Alginate "Eggbox" model [98] and b) (-G-)n and (-M-)n monomer structurers [99] 

ÉŸĬŔƨůШċũŊŔŰċƣĲШőċƚШƓƖĲƻŔŸƨƚũǃШĤĲĲŰШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШũċŰƣőċŰƨůШƚƣƖŸŰƣŔƨůШůċŰŊċŰĲƚĲШŸǂŔĬĲШ
ыxÉ~§ьШяΦΠѐШċŰĬШò79§ШяΦΣѐЮШxÉ~§ШƽċƚШƚǃŰƣőĲƚŔƚĲĬШĤǃШůŔǂŔŰŊШxċЯШÉƖЯШċŰĬШ~ŰШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖШ
ƚċũƣƚШĬŔƚƚŸũƻĲĬШŔŰШĬĲŔŸŰŔǍĲĬШƽċƣĲƖШċŰĬШċƕƨĲŸƨƚШƚŸĬŔƨůШċũŊŔŰċƣĲШĤĲŉŸƖĲШĬƖǃŔŰŊШċƣШΠΜШ҄9ШŉŸƖШΞΠШőШ
ċŰĬШĦċũĦŔŰŔŰŊШċƣШΦΜΜШ҄9ШŉŸƖШΞШőЮШÑőĲШƖĲƚƨũƣŔŰŊШxÉ~§ШƓƖŸĬƨĦƣШőċĬШċШŰċŰŸƽŔƖĲШůŸƖƓőŸũŸŊǃШŸŉШ
ƨŰŔŉŸƖůШƣőŔĦťŰĲƚƚШƣőċƣШƖċĬŔċƣĲƚШŸƨƣШċŰŔƚŸƣƖŸƓŔĦċũũǃШŉƖŸůШŔƖƖĲŊƨũċƖũǃШƚőċƓĲĬШĦĲŰƣƖċũШƓċƖƣŔĦũĲƚЯШ
[ŔŊƨƖĲШΟΞШыũĲŉƣьЮШÑőŔƚШĦĲŰƣƖċũШƓċƖƣŔĦũĲШŔƚШƚŔŊŰŔǯĦċŰƣШƣŸШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШŰċŰŸƽŔƖĲШċƚШŔƣШŔƚШƣőĲШ
ŰƨĦũĲċƣĲĬШљƚĲĲĬњШŉƖŸůШƽőŔĦőШƣőĲШŰċŰŸƽŔƖĲШŊƖŸƽƚЯШƽŔƣőШƣőĲШŔƖƖĲŊƨũċƖШƓċƖƣŔĦũĲШĤĲŔŰŊШċШƚŸũŔĬШ
ƚƨĤƚƣƖċƣĲШŸŰШƽőŔĦőШċШũŔƕƨŔĬШŸƖШůŸũƣĲŰШxÉ~§ШƓőċƚĲШŊƖŸƽƚШŔŰƣŸШċШŰċŰŸƽŔƖĲШċũŸŰŊШċШƚŔŰŊũĲШ
ĬŔůĲŰƚŔŸŰЮШìőĲŰШƚŸĬŔƨůШŔƚШƖĲůŸƻĲĬШŉƖŸůШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШċůůŸŰŔƨůШċũŊŔŰċƣĲШƨƚĲĬШ
ŔŰƚƣĲċĬЯШŰċŰŸƓċƖƣŔĦũĲƚШċƖĲШŉŸƖůĲĬШŔŰƚƣĲċĬШŸŉШŰċŰŸƽŔƖĲƚЯШőŔŊőũŔŊőƣŔŰŊШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШƚŸĬŔƨůШ
ŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШŰċŰŸƽŔƖĲƚЮ 

ò79§ШůċǃШĤĲШŉŸƖůĲĬШĤǃШůŔǂŔŰŊШċШƓƖĲƓƖĲƓċƖĲĬШƚŸũƨƣŔŸŰШŸŉШǃƣƣƖŔƨůШŸǂŔĬĲЯШĤċƖŔƨůШċĦĲƣċƣĲЯШċŰĬШ
ĦŸƓƓĲƖШċĦĲƣċƣĲШƽŔƣőШċШőŸƣШƚŸũƨƣŔŸŰШŸŉШƚŸĬŔƨůШċũŊŔŰċƣĲШĤĲŉŸƖĲШĬƖǃŔŰŊШċƣШΠΜШ҄9ЯШĦċũĦŔŰŔŰŊШŉŸƖШΞШőШċƣШ
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Figure 32 SEM images of nanowire morphologies formed from sodium alginate biotemplating for LSMO (left) and 
YBCO (right) [94] [96] 
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ƚƣƖƨĦƣƨƖĲШőĲũĬШƣŸŊĲƣőĲƖШĤǃШŔŰƣĲƖůŸũĲĦƨũċƖШƖĲċĦƣŔŸŰƚШċŰĬШƣőĲШůĲƣċũШĦċƣŔŸŰƚЮ 

ò79§ШůċǃШĤĲШŉŸƖůĲĬШƨƚŔŰŊШр͑ĦċƖƖċŊĲĲŰċŰШĤǃШĬŔƚƚŸũƻŔŰŊШǃƣƣƖŔƨůЯШĤċƖŔƨůЯШċŰĬШĦŸƓƓĲƖШŰŔƣƖċƣĲШŔŰШ
ĬĲŔŸŰŔǍĲĬШƽċƣĲƖШĤĲŉŸƖĲШůŔǂŔŰŊШƽŔƣőШċШƚĲƓċƖċƣĲШƚŸũƨƣŔŸŰШŸŉШĤŔŸƣĲůƓũċƣĲШĬŔƚƚŸũƻĲĬШŔŰШőŸƣШƽċƣĲƖЯШ
ĬƖǃŔŰŊЯШċŰĬШĦċũĦŔŰĲĬШċƣШΦΞΜШ҄9ШŉŸƖШΞőШяΝΜΣѐЮШÖƚĲШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƖĲƚƨũƣƚШŔŰШċШĤũŸĦťǃЯШƖĲƣŔĦƨũċƣĲĬШ
ůŸƖƓőŸũŸŊǃЯШ[ŔŊƨƖĲШΟΟЯШőŸƽĲƻĲƖШƣŸŸШőŔŊőШċШƖċƣŔŸШĤŔŸƣĲůƓũċƣĲШůċǃШƖĲƚƨũƣШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ
ĤċƖŔƨůШƚƨũƓőċƣĲЯШċŰШŔůƓƨƖŔƣǃШƓőċƚĲШƣőċƣШŰĲŊċƣŔƻĲШĲǭĲĦƣƚШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШò79§ЮШ?ƨƖŔŰŊШ
ƚǃŰƣőĲƚŔƚШĤċƖŔƨůШƚƨũƓőċƣĲШĬŸĲƚШŰŸƣШůĲũƣЯШƖĲůŸƻŔŰŊШĤċƖŔƨůШŔŸŰƚШŉƖŸůШƣőĲШƖĲċĦƣŔŸŰШċŰĬШũĲċĬŔŰŊШ
ƣŸШĬŔǭĲƖĲŰƣШƚƣŸŔĦőŔŸůĲƣƖŔĲƚШŸŉШò79§Ю 

 

Figure 33 SEM image of blocky YBCO particles synthesised using -͗carrageenan biotemplating [106] 
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Figure 34 ̙ -carrageenan monomer structure 

 

Figure 35 9őĲũċƣŔŸŰЮůĲĦőċŰŔƚůЮŸŉЮ͗-carrageenan, adapted from [107] 

ΝЮΠЮΟЮΠЮΝ ÉƨũŉƨƖрĬŸƓĲĬШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚ 
ШőŔŊőĲƖШƖċƣŔŸШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШĦŸƨũĬШĤĲШƨƣŔũŔǍĲĬШƣŸШƚƨũƓőƨƖрĬŸƓĲШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚЮШÉƨũƓőƨƖр

ĬŸƓĲĬШũŔƣőŔƨůШŰŔĦťĲũШŸǂŔĬĲЯШũŔƣőŔƨůШŰŔĦťĲũШŸǂǃƚƨũƓőŔĬĲЯШŔƚШƚǃŰƣőĲƚŔƚĲĬШĤǃШůŔǂŔŰŊШũŔƣőŔƨůШċŰĬШ
ŰŔĦťĲũШċĦĲƣċƣĲШĬŔƚƚŸũƻĲĬШŔŰШĬĲŔŸŰŔǍĲĬШƽċƣĲƖШƽŔƣőШċĬŔƓŔĦШċĦŔĬШċŰĬШĬƖŔĲĬШċƣШΤΜШтШΥΜШ҄9ШŉŸƖШΡШőШяΝΜΥѐЮШ
ÑőĲШƖĲƚƨũƣŔŰŊШŊĲũШŔƚШůŔǂĲĬШƽŔƣőШƚƨũƓőƨƖШƓŸƽĲƖƚЯШŊƖŸƨŰĬЯШőĲċƣĲĬШċƣШΠΡΜШ҄9ШΝΜШőШŔŰШċŔƖШċŰĬШƨŰĬĲƖШ
ŸǂǃŊĲŰШċƣШΤΡΜШ҄9ШŉŸƖШΝΠШőЮШÅĲĦƣċŰŊƨũċƖШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊŔĲƚШĤĲƣƽĲĲŰШΡΜΜШċŰĬШΝΜΜΜШŰůШŔŰШ
ĬŔċůĲƣĲƖШċƖĲШƓƖŸĬƨĦĲĬЮШìőĲŰШƨƚĲĬШŔŰШċШũŔƣőŔƨůрŔŸŰШĦĲũũЯШĦĲũũƚШĲǂőŔĤŔƣШċШĬĲĦƖĲċƚĲĬШŔŰŔƣŔċũШ
ĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШƻƚЮШĦŸŰƣƖŸũШũŔƣőŔƨůШŰŔĦťĲũШŸǂŔĬĲШĦĲũũƚЯШΝΠΜШů őоŊШƻƚЮШΝΣΜШů őоŊЯШĤƨƣШőċƚШċШ
ůƨĦőШŊƖĲċƣĲƖШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШƽŔƣőШΦΟӖШƖĲƣĲŰƣŔŸŰШċŉƣĲƖШΥΡШĦǃĦũĲƚШƻƚЮШΥΝӖШċŉƣĲƖШΠΡШĦǃĦũĲƚЮШƚШ
ĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШŔƚШċШƚŔŊŰŔǯĦċŰƣШƓƖŸĤũĲůШƽŔƣőШőŔŊőШŰŔĦťĲũШĦċƣőŸĬĲƚЯШƚƨũƓőƨƖШĬŸƓŔŰŊШůċǃШĤĲШ
ĤĲŰĲǯĦŔċũШƣŸШĦċƣőŸĬĲШƓĲƖŉŸƖůċŰĦĲЮ 

cŔŊőШŰŔĦťĲũШ ~9ШĦċƣőŸĬĲƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШƚƨũŉċƣĲШƓőċƚĲƚШőċƻĲШċũƚŸШĤĲĲŰШƓƖŸĬƨĦĲĬЯШƽŔƣőШ
ŰŔĦťĲũЯШůċŰŊċŰĲƚĲЯШċŰĬШĦŸĤċũƣШƚƨũŉċƣĲШőǃĬƖċƣĲƚШċŰĬШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШőǃĬƖċƣĲШĤĲŔŰŊШƨƚĲĬШŔŰШċШ
ĦŸрƓƖĲĦŔƓŔƣċƣŔŸŰШƖĲċĦƣŔŸŰШƽŔƣőШċůůŸŰŔċШůŸŰŸőǃĬƖċƣĲШċŰĬШċůůŸŰŔƨůШƚƨũŉċƣĲШċƚШċШĬŸƓċŰƣШƣŸШ
ŉŸƖůШ ~9ШƽŔƣőШċШƚƨũŉċƣĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШяΝΜΦѐЮШÑőĲШƽĲŔŊőƣШƖċƣŔŸƚШŸŉШċůůŸŰŔƨůШƚƨũŉċƣĲШƨƚĲĬШ
ƽĲƖĲШĤĲƣƽĲĲŰШΜЮΡШċŰĬШΝЮΞӖЯШƽŔƣőШƣőĲШƖĲƚƨũƣŔŰŊШĦċƣőŸĬĲƚШĲǂőŔĤŔƣŔŰŊШŰċŰŸƚĦċũĲШĦƨĤŸŔĬċũШ
ůŸƖƓőŸũŸŊŔĲƚШƣőċƣШƚũŔŊőƣũǃШĬĲĦƖĲċƚĲШŔŰШƚŔǍĲШċƚШċůůŸŰŔƨůШƚƨũŉċƣĲШŔƚШċĬĬĲĬЮШìőĲŰШĦǃĦũĲĬШċƣШΜЮΞШ

xŔҼЯШ ŔΞҼЯШ~ŰΞҼЯШ9ŸΞҼ 
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9ЯШĦċƣőŸĬĲƚШĲǂőŔĤŔƣШċШůċǂŔůƨůШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШŸŉШΝΦΣШů őоŊШƽŔƣőШĦċƓċĦŔƣǃШ
ƖĲƣĲŰƣŔŸŰШċƚШőŔŊőШċƚШΥΝӖЯШŔŰĬŔĦċƣŔŰŊШŔůƓƖŸƻĲĬШĦǃĦũŔŰŊШƚƣċĤŔũŔƣǃШċƚШƣőĲШƖĲƚƨũƣШŸŉШƣőĲШƚƨũŉċƣĲШƓőċƚĲЮШ 

ÉƨũŉċƣĲШĬŸƓŔŰŊШőċƚШċũƚŸШĤĲĲŰШċƣƣĲůƓƣĲĬШŸŰШx §ШĦċƣőŸĬĲƚЯШƽŔƣőШŰŔĦťĲũШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲЯШ
ũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŸƖШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШůŸŰŸőǃĬƖċƣĲЯШċŰĬШċůůŸŰŔƨůШƚƨũŉċƣĲШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШ
ƣőĲШőŔŊőШ ŔШĦċƣőŸĬĲШƽŔƣőШċШƚƨũŉċƣĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШŔŰШĲŔƣőĲƖШċШƚŸũŔĬШƚƣċƣĲШŸƖШĦŸрƓƖĲĦŔƓŔƣċƣŔŸŰШ
ƖĲċĦƣŔŸŰШяΝΝΜѐЮШìőĲŰШċŰċũǃƚĲĬШƚƨũŉƨƖШƽċƚШĤŸƣőШŔŰƣĲŊƖċƣĲĬШŔŰƣŸШƣőĲШx §ШƚƣƖƨĦƣƨƖĲШċŰĬШŉŸƖůĲĬШċШ
ƚĲĦŸŰĬċƖǃШũŔƣőŔƨůШƚƨũŉċƣĲШƓőċƚĲШƽŔƣőШƚŸũŔĬШƚƣċƣĲШċŰĬШĦŸрƓƖĲĦŔƓŔƣċƣŔŸŰШƚǃŰƣőĲƚŔƚĲĬШĦċƣőŸĬĲƚШ
ĲǂőŔĤŔƣŔŰŊШůŔĦƖŸƚĦċũĲШŔƖƖĲŊƨũċƖШċŰĬШŰċŰŸƚĦċũĲШŸĦƣċőĲĬƖċũШƓċƖƣŔĦũĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШìőĲŰШƚŸũŔĬр
ƚƣċƣĲШƚǃŰƣőĲƚŔƚĲĬШx §ШĦċƣőŸĬĲƚШƽĲƖĲШĦǃĦũĲĬШċƣШΜЮΝШ9Шx §рƚƨũŉċƣĲШĦċƣőŸĬĲƚШĲǂőŔĤŔƣĲĬШċŰШŔŰŔƣŔċũШ
ƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШŸŉШΞΜΟШů őоŊШƻƚЮШΝΤΣШů őоŊШŉŸƖШƨŰĬŸƓĲĬШĦċƣőŸĬĲƚШċŰĬШċШĦċƓċĦŔƣǃШ
ƖĲƣĲŰƣŔŸŰШŸŉШΥΠӖШƻƚЮШΤΠӖШċŉƣĲƖШΝΜΜШĦǃĦũĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ9ŸрƓƖĲĦŔƓŔƣċƣŔŸŰШƚǃŰƣőĲƚŔƚĲĬШĦċƣőŸĬĲƚШ
ĲǂőŔĤŔƣĲĬШŔŰŔƣŔċũШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШŉŸƖШƚƨũŉċƣĲШƓőċƚĲрĦŸŰƣċŔŰŔŰŊШċŰĬШƨŰĬŸƓĲĬШx §ШŸŉШ
ΞΠΡШů őоŊШċŰĬШΞΞΟШů őоŊШƽŔƣőШΥΟӖШċŰĬШΥΝӖШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШċŉƣĲƖШΝΜΜШĦǃĦũĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮ 

ΤдΧдΦдΨ §ƣőĲƖЮ7ŔŸƣĲůƓũċƣĲƚ 
§ƣőĲƖШĤŔŸƣĲůƓũċƣĲƚШƽĲƖĲШŔŰŔƣŔċũũǃШŔŰƻĲƚƣŔŊċƣĲĬШĤƨƣШŰŸƣШƓƨƖƚƨĲĬШĬƨĲШƣŸШƣŔůĲШĦŸŰƚƣƖċŔŰƣƚЮШ9őŔƣŸƚċŰШ
ŔƚШċШƚƨŊċƖШĬĲƖŔƻĲĬШŉƖŸůШƣőĲШƚőĲũũƚШŸŉШĦƖƨƚƣċĦĲċŰƚШƣőċƣШŉŸƖůĲĬШċŰŔƚŸƣƖŸƓŔĦШĦƖǃƚƣċũũŔƣĲƚЯШŸƖШůŔĦƖŸр
ƚĦċũĲШƽŔƖĲƚЯШ[ŔŊƨƖĲШΟΣШыũĲŉƣьЯШƽőĲŰШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШò79§ШяΝΝΝѐЮШ9ĲũũƨũŸƚĲЯШċťċЮШ ƻŔĦĲũЯШƽċƚШ
ċũƚŸШƨƚĲĬШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШò79§ШŉŸƖůŔŰŊШĦƨĤŸŔĬċũШůŸƖƓőŸũŸŊŔĲƚЯШ[ŔŊƨƖĲШΟΣШыƖŔŊőƣьЯШĤƨƣШ
ƖĲƕƨŔƖĲĬШΝрĲƣőǃũрΟрůĲƣőǃũŔůŔĬċǍŸũŔƨůШċĦĲƣċƣĲШƣŸШĤĲШĬŔƚƚŸũƻĲĬШяΝΝΞѐЮШ§ƣőĲƖШĤŔŸƣĲůƓũċƣĲƚШƚƨĦőШ
ċƚШĦŸƣƣŸŰЯШƽŸŸĬЯШċŰĬШƓŸũũĲŰШƽĲƖĲШŔŰƻĲƚƣŔŊċƣĲĬШĤƨƣШůċŔŰũǃШċǭĲĦƣĲĬШůŸƖƓőŸũŸŊǃШċƣШƣőĲШůċĦƖŸШ
ƚĦċũĲШƽőĲŰШƨƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШx9§ШяΝΝΟѐЮ  

Ш  

Figure 36 SEM images of YBCO particles synthesised using chitosan (left) and cellulose (right) biotemplating [111] 
[112] 
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ŔŰƣƖŸĬƨĦƣŔŸŰШŸŉШċШƚĲĦŸŰĬċƖǃШƓőċƚĲШяΝΜΞѐШяΝΜΦѐЮШìőŔũĲШŸƣőĲƖШĤŔŸƣĲůƓũċƣĲƚШċƖĲШċƻċŔũċĤũĲЯШƚƨĦőШċƚШ
ĦőŔƣŸƚċŰЯШĦŸƣƣŸŰЯШƽŸŸĬЯШċŰĬШƓŸũũĲŰШяΝΝΝѐШяΝΝΟѐЯШĬĲǂƣƖċŰЯШƚŸĬŔƨůШċũŊŔŰċƣĲЯШċŰĬШр͑ĦċƖƖċŊĲĲŰċŰШƽŔũũШ
ĤĲШƣőĲШƣőƖĲĲШĤŔŸƣĲůƓũċƣĲƚШŔŰƻĲƚƣŔŊċƣĲĬШƚƨĦőШƣőċƣШƣőĲШƚĦŸƓĲШŸŉШƣőĲШƓƖŸŢĲĦƣШĬŸĲƚШŰŸƣШĲǂĦĲĲĬШƣőĲШ
ƣŔůĲШċŰĬШƖĲƚŸƨƖĦĲƚШċũũŸĦċƣĲĬШċŰĬШĲċĦőШĤŔŸƣĲůƓũċƣĲШĦċŰШĤĲШŊŔƻĲŰШƚƨǭŔĦŔĲŰƣШċŰĬШċƓƓƖŸƓƖŔċƣĲШ
ƣŔůĲШŉŸƖШŔŰƻĲƚƣŔŊċƣŔŸŰЮ 



ΡΡ 
 

ΝЮΡ ŔůƚШċŰĬШ§ĤŢĲĦƣŔƻĲƚ 
ìŔƣőШƣőĲШĦĲũũШċŰĬШĦċƣőŸĬĲШĦőĲůŔƚƣƖǃШċŰĬШƚǃŰƣőĲƚŔƚШůĲƣőŸĬШŸƨƣũŔŰĲĬЯШƣőĲШůċŔŰШċŔůШŸŉШƣőŔƚШƣőĲƚŔƚШ
ŔƚШƣŸШŔůƓƖŸƻĲШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШ ~9ΥΝΝШĦċƣőŸĬĲШƻŔċШƣőĲШƨƚĲШŸŉШƣőĲШŰŸƻĲũШĤŔŸƣĲůƓũċƣŔŰŊШ
ƚǃŰƣőĲƚŔƚШůĲƣőŸĬШċŰĬШƣőĲШċƚƚŸĦŔċƣĲĬШůċŰŔƓƨũċƣŔŸŰШŸŉШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊŔĲƚЮШ7ǃШƨƚŔŰŊШĬĲǂƣƖċŰЯШ
ƚŸĬŔƨůШċũŊŔŰċƣĲЯШċŰĬШр͑ĦċƖƖċŊĲĲŰċŰШċƚШĤŔŸƣĲůƓũċƣĲƚЯШĲċĦőШĤŔŸƣĲůƓũċƣĲШƽŔũũШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШŉŸƖШ
ƣőĲŔƖШĲǭĲĦƣŔƻĲŰĲƚƚШŔŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШċŰĬШőŸƽШƣőĲǃШċũƣĲƖШƣőĲШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃЯШƽŔƣőШ
ŉƨƖƣőĲƖШŸƓƣŔůŔƚċƣŔŸŰШŸŉШƣőĲШƚǃŰƣőĲƚŔƚШůĲƣőŸĬШƨŰĬĲƖƣċťĲŰШĤǃШĦőċŰŊŔŰŊШƓƖĲĦƨƖƚŸƖƚЯШƚǃŰƣőĲƚŔƚШ
ƣŔůĲƚШċŰĬШƣĲůƓĲƖċƣƨƖĲƚШƽŔƣőШƣőĲШŊŸċũШŸŉШŉƨƖƣőĲƖШŔůƓƖŸƻŔŰŊШƣőĲШƓőċƚĲШƓƨƖŔƣǃШŸŉШƣőĲШ ~9ΥΝΝЮ 

ÑőŔƚШŸƓƣŔůŔƚċƣŔŸŰШƽŔũũШĤĲШĬŸŰĲШŰŸƣШŸŰũǃШƣŸШċƣƣĲůƓƣШƣŸШŸƓƣŔůŔƚĲШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШ ~9ΥΝΝЯШĤƨƣШ
ċũƚŸШƣŸШůċŰŔƓƨũċƣĲШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШƚƨĦőШƣőċƣШĬŔƚƣŔŰĦƣШůŸƖƓőŸũŸŊŔĲƚШƚƨĦőШċƚШƓũċƣĲƚШŸƖШ
ŰċŰŸƽŔƖĲƚШůċǃШĤĲШŉŸƖůĲĬЮШÑőŔƚШŔƚШƚŸШƣőċƣШŔƣШĦċŰШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШƽőĲƣőĲƖШƣőĲШĬŔƚƣŔŰĦƣШ
ůŸƖƓőŸũŸŊŔĲƚШůċǃШŔůƓƖŸƻĲШŰŸƣШŸŰũǃШƣőĲШċũƖĲċĬǃШőŔŊőШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШŸŉШƣőĲШ ~9ΥΝΝШĤƨƣШċũƚŸШ
ƣőĲШƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃШċŰĬШĦǃĦũċĤŔũŔƣǃШŸŉШƣőĲШĦċƣőŸĬĲЮШ§ŰĦĲШ ~9ΥΝΝШŔƚШƚǃŰƣőĲƚŔƚĲĬЯШ
ŔŰƻĲƚƣŔŊċƣŔŸŰƚШŔŰƣŸШƣőĲШƚĦċũŔŰŊШƨƓШŸŉШƣőĲШŰŸƻĲũШĤŔŸƣĲůƓũċƣŔŰŊШůĲƣőŸĬШƽŔũũШĤĲШĬŸŰĲШƽŔƣőШƣőĲШŊŸċũШ
ŸŉШƓƖŸĬƨĦŔŰŊШũŔƣőŔƨůрŔŸŰШĦĲũũƚШĦŸŰƣċŔŰŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲĬШĦċƣőŸĬĲƚЯШŔŰШŸƖĬĲƖШƣŸШƚƣƨĬǃШċŰǃШ
ƓŸƣĲŰƣŔċũШŔůƓƖŸƻĲůĲŰƣƚШŔŰШƓĲƖŉŸƖůċŰĦĲШĲŔƣőĲƖШŔŰШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШŸƖШĦǃĦũċĤŔũŔƣǃЮ 

ÉŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШр͑ĦċƖƖċŊĲĲŰċŰШƽŔũũШċũƚŸШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШċƚШċШƓŸƣĲŰƣŔċũШĬŸƓċŰƣШċŰĬШŔŰШƣőĲШ
ƚǃŰƣőĲƚŔƚШŸŉШċШƚƨũŉċƣĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШƖĲƚƓĲĦƣŔƻĲũǃЯШƽŔƣőШĲċĦőШĤŔŸƣĲůƓũċƣĲШĦŸŰƣċŔŰŔŰŊШƚŸĬŔƨůШ
ċŰĬШƚƨũŉƨƖШƖĲƚƓĲĦƣŔƻĲũǃЮШfƣШƽŔũũШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШċƚШƣŸШƽőĲƣőĲƖШƚŸĬŔƨůШĬŸƓĲĬШŸƖШƚƨũŉċƣĲШƓőċƚĲр
ĦŸŰƣċŔŰŔŰŊШ ~9ΥΝΝШĦċƣőŸĬĲƚШċƖĲШċĤũĲШƣŸШĤĲШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƣőĲШƖĲƚƓĲĦƣŔƻĲШĤŔŸƣĲůƓũċƣĲШċŰĬШ
ƽőĲƣőĲƖШƚƨĦőШƚǃŰƣőĲƚĲƚШũĲċĬƚШƣŸШċŰǃШŸĤƚĲƖƻĲĬШůŸƖƓőŸũŸŊŔĦċũШĦőċŰŊĲƚШŸƖШƓĲƖŉŸƖůċŰĦĲШ
ŔŰĦƖĲċƚĲƚШƽőĲŰШĦǃĦũŔŰŊЮШ ũũШƣőŔƚШŔƚШĬŸŰĲШƽŔƣőШƣőĲШċŔůШƣőċƣШ ~9ΥΝΝШƽŔũũШőŔŊőĲƖШƚƓĲĦŔǯĦШĦċƓċĦŔƣǃШ
ċŰĬШŊƖĲċƣĲƖШĦǃĦũċĤŔũŔƣǃШƽŔũũШĤĲШċĤũĲШƣŸШĤĲШƓƖŸĬƨĦĲĬШƨƚŔŰŊШċШƚŔůƓũĲƖЯШƕƨŔĦťĲƖЯШĦőĲċƓĲƖЯШůŸƖĲШ
ĲǭŔĦŔĲŰƣЯШċŰĬШŊƖĲĲŰĲƖШŰŸƻĲũШĤŔŸƣĲůƓũċƣŔŰŊШůĲƣőŸĬШƣőċƣШƽŔũũШŔŰĦƖĲċƚĲШƣőĲШƨƓƣċťĲШŸŉШŊƖĲĲŰШ
ƣĲĦőŰŸũŸŊŔĲƚШƚƨĦőШċƚШEéƚШƽŔƣőШƣőĲШőŸƓĲШŸŉШƖĲċĦőŔŰŊШŰĲƣШǍĲƖŸЮ 

 

 

 

 

 

 

 

 

 

 

 

 



ΡΣ 
 

Ξ ~ĲƣőŸĬŸũŸŊǃ 
ΞЮΝ ÂŸƽĬĲƖШÉǃŰƣőĲƚŔƚШůĲƣőŸĬŸũŸŊǃШ 

ΞЮΝЮΝ ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΝШтШ~ŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲƚ 

ÑŸШƚǃŰƣőĲƚŔƚĲШxŔ ŔΜЮΥ~ŰΜЮΝ9ŸΜЮΝ§ΞШƣőĲШĤŔŸƣĲůƓũċƣĲШůĲƣőŸĬШŸƨƣũŔŰĲĬШŔŰШĦőċƓƣĲƖШΝШƽċƚШƨƚĲĬЮШÑőĲШ
ůĲƣċũШƓƖĲĦƨƖƚŸƖШƚċũƣƚШƨƚĲĬШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШĦċƣőŸĬĲШƓŸƽĬĲƖШċƖĲШĲŔƣőĲƖШċĦĲƣċƣĲШőǃĬƖċƣĲƚЯШ
ŰŔƣƖċƣĲШőǃĬƖċƣĲƚЯШŸƖШƚƨũŉċƣĲШőǃĬƖċƣĲƚЯШċŰĬШƽŔƣőШƣőĲШĲǂĦĲƓƣŔŸŰШŸŉШƚŸĬŔƨůШŰŔƣƖċƣĲЯШы ċ §ΟЯШÉŔŊůċШ
ũĬƖŔĦőЯШӄΦΦЮΜьШƨƚĲĬШŔŰШċŰШċƣƣĲůƓƣШƣŸШƚŸĬŔƨůШĬŸƓĲШ ~9ΥΝΝЯШċũũШůĲƣċũШƓƖĲĦƨƖƚŸƖШƚċũƣƚШĬŔƚƚŸũƻĲĬШ

ƣŸŊĲƣőĲƖШƽŔũũШőċƻĲШƣőĲШƚċůĲШċŰŔŸŰШŊƖŸƨƓШƽŔƣőŔŰШƣőĲШƚċůƓũĲЮШxŔƣőŔƨůЯШŰŔĦťĲũЯШůċŰŊċŰĲƚĲЯШċŰĬШ
ĦŸĤċũƣШƓƖĲĦƨƖƚŸƖШƚċũƣƚШƽĲƖĲШƽĲŔŊőĲĬШŸƨƣШŔŰƣŸШċШΡΜШůũШċũƨůŔŰċШĦƖƨĦŔĤũĲШƨŰĬĲƖШċƣůŸƚƓőĲƖŔĦШ
ƓƖĲƚƚƨƖĲШċŰĬШƖŸŸůШƣĲůƓĲƖċƣƨƖĲШċƣШċШƚƣŸŔĦőŔŸůĲƣƖŔĦШƖċƣŔŸШŸŉШΝΜаΥаΝаΝШŸƖШΞЮΡЯШΞЯШΜЮΞΡЯШċŰĬШΜЮΞΡШ
ůůŸũШŸŉШxŔЯШ ŔЯШ~ŰЯШċŰĬШ9ŸШƓƖĲĦƨƖƚŸƖШƚċũƣШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШƓƖĲĦƨƖƚŸƖШƚċũƣƚШƽĲƖĲШƣőĲŰШĬŔƚƚŸũƻĲĬШ
ŔŰШċШƚƣċƣĲĬШƻŸũƨůĲШŸŉШƖŸŸůШƣĲůƓĲƖċƣƨƖĲШĬŔƚƣŔũũĲĬШƽċƣĲƖШċŰĬШůŔǂĲĬШƨŰƣŔũШŉƨũũǃШĬŔƚƚŸũƻĲĬЯШƽŔƣőШƣőĲШ
ƖċƣŔŸШŸŉШƣőĲШůċƚƚШŸŉШƓƖĲĦƨƖƚŸƖƚШƚċũƣƚШƣŸШƻŸũƨůĲШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖШĤĲŔŰŊШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШƣőĲШ
ƻŸũƨůĲШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖШƖĲƕƨŔƖĲĬШŉŸƖШƣőĲШƓƖĲĦƨƖƚŸƖШƚċũƣƚШƣŸШŉƨũũǃШĬŔƚƚŸũƻĲШŔŰШƣőĲШĬŔƚƣŔũũĲĬШƽċƣĲƖЮШ
ÑőĲШůċƚƚĲƚШŸŉШĲċĦőШƓƖĲĦƨƖƚŸƖШƚċũƣƚШƽőĲŰШƨƚŔŰŊШċĦĲƣċƣĲШŸƖШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШŔƚШŸƨƣũŔŰĲĬШċƚШƚƨĦőШ
ƽŔƣőШƣőĲШůċƚƚĲƚШƚƨůůċƖŔƚĲĬШŔŰШÑċĤũĲШΞа 

ĦĲƣċƣĲ 

¶ ΜЮΞΡΡΝШŊШũŔƣőŔƨůШċĦĲƣċƣĲШĬŔőǃĬƖċƣĲШыxŔ9cΟ9§§ЮΞcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШ7ŔŸñƣƖċьЯШΜЮΠΦΤΤШŊШ
ŰŔĦťĲũШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲШы Ŕы9cΟ9§§ьΞЮΠcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШӄΦΦЮΜӖьЯШΜЮΜΣΝΟШŊШ
ůċŰŊċŰĲƚĲШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲШы~Űы9cΟ9§§ьΞЮΠcΞ§ЯШÑőĲƖůŸǯƚőĲƖЯШ~ŰШΞΞӖьЯШΜЮΜΣΞΟШŊШ
ĦŸĤċũƣШċĦĲƣċƣĲШƣĲƣƖċőǃĬƖċƣĲШы9Ÿы9cΟ9§§ьΞЮΠcΞ§ЯШÑőĲƖůŸǯƚőĲƖЯШӄΦΥӖьЯШΝΜШůũШĬŔƚƣŔũũĲĬШ
ƽċƣĲƖШċƣШƖŸŸůШƣĲůƓĲƖċƣƨƖĲЮ 

 ŔƣƖċƣĲ 

¶ ΜЮΝΤΞΠШŊШũŔƣőŔƨůШŰŔƣƖċƣĲШыxŔ §ΟЯШÉŔŊůċШ ũĬƖŔĦőЯШ7ŔŸƨũƣƖċЯШӄΦΦЮΜӖьЯШΜЮΡΥΝΣШŊШŰŔĦťĲũШŰŔƣƖċƣĲШ
őĲǂċőǃĬƖċƣĲШы Ŕы §ΟьΞЮΣcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШӄΦΦЮΦΦΦӖьЯШΜЮΜΠΠΤШŊШůċŰŊċŰĲƚĲШŰŔƣƖċƣĲШ
őǃĬƖċƣĲШы~Űы §ΟьΞЮǂcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШӄΦΥЮΜӖьЯШΜЮΜΤΞΤШŊШĦŸĤċũƣШŰŔƣƖċƣĲШőĲǂċőǃĬƖċƣĲШ
ы9Ÿы §ΟьΞЮΣcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШӄΦΥҼӖьЯШΡШůũШĬŔƚƣŔũũĲĬШƽċƣĲƖШċƣШƖŸŸůШƣĲůƓĲƖċƣƨƖĲЮ 

 Acetate Hydrate  Nitrate Hydrate  
Lithium (g) 0.2551 0.1724 
Nickel (g) 0.4977 0.5816 
Manganese (g) 0.0613 0.0447 
Cobalt (g) 0.0623 0.0727 
Distilled water (ml) 10 5 

Table 2 Masses of acetate and nitrate precursors used 

ĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċƖĲШƨƚĲĬШĬƨĲШƣŸШĤĲŔŰŊШƖĲũċƣŔƻĲũǃШŔŰĲǂƓĲŰƚŔƻĲЯШƚċŉĲЯШĲċƚǃШƣŸШőċŰĬũĲЯШċŰĬШ
ƖĲƕƨŔƖĲШŰŸШƚƓĲĦŔċũШƚƣŸƖċŊĲШĦŸŰĬŔƣŔŸŰƚЮШÑőĲŔƖШŔŰƻĲƚƣŔŊċƣŔŸŰШŔƚШŔůƓŸƖƣċŰƣШƣŸШĬĲƣĲƖůŔŰĲШƣőĲŔƖШƻŔċĤŔũŔƣǃШ
ċƚШċШƚċŉĲШċŰĬШŔŰĲǂƓĲŰƚŔƻĲШŸƓƣŔŸŰЯШĲƚƓĲĦŔċũũǃШƽőĲŰШƚĦċũŔŰŊШƨƓЯШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШƽŔƣőШ
ĤŔŸƣĲůƓũċƣĲƚЮШ ŔƣƖċƣĲƚШċƖĲШůŸƖĲШĲǂƓĲŰƚŔƻĲШċŰĬШċƖĲШůŸƖĲШőċƖůŉƨũЯШůċťŔŰŊШƣőĲůШůŸƖĲШƨŰƚċŉĲШƣŸШ
őċŰĬũĲЯШċŰĬШƚŸůĲШƖĲƕƨŔƖĲШƚƓĲĦŔċũШƚƣŸƖċŊĲШĦŸŰĬŔƣŔŸŰƚШы~ċŰŊċŰĲƚĲШŰŔƣƖċƣĲШőǃĬƖċƣĲШƽŔũũШůĲũƣШċĤŸƻĲШ
ΞΣШ҄9ШċŰĬШƚŸШƖĲƕƨŔƖĲƚШƚƣŸƖċŊĲШŔŰШċШĬĲƚŔĦĦċƣŸƖШĬƨƖŔŰŊШƚƨůůĲƖьЮШÂƖĲƻŔŸƨƚШũŔƣĲƖċƣƨƖĲШяΣΦѐяΥΜѐШőċƚШ



ΡΤ 
 

ƓƖŸƻĲŰШƣőĲŔƖШƨƚĲШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ШĦċƣőŸĬĲƚШċŰĬШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŰċŰŸƚĦċũĲШƓċƖƣŔĦũĲƚЯШ
őŸƽĲƻĲƖЮШ 

ÑőĲШĤŔŸƣĲůƓũċƣĲШŔƚШĬŔƚƚŸũƻĲĬШŔŰШċШƚĲƓċƖċƣĲШΡΜШůũШċũƨůŔŰċШĦƖƨĦŔĤũĲЮШ?ĲǂƣƖċŰШыŉƖŸůШxĲƨĦŸŰŸƚƣŸĦШ
ƚƚƓЮШ~ƖШӀШӈШΣЯΜΜΜЯШы9ΣcΝΜ§ΡьŰЯШÉŔŊůċШ ũĬƖŔĦőьШĦċŰШĤĲШĬŔƚƚŸũƻĲĬШĦŸůƓũĲƣĲũǃШĤǃШƚƣŔƖƖŔŰŊШ
ĦŸŰƣŔŰƨŸƨƚũǃШŔŰШƖŸŸůрƣĲůƓĲƖċƣƨƖĲШĬŔƚƣŔũũĲĬШƽċƣĲƖШċƣШċШƖċƣŔŸШŸŉШΜЮΡШŊШŸŉШĤŔŸƣĲůƓũċƣĲШƣŸШΝΜШůũШŸŉШ
ƽċƣĲƖЮШÉŸĬŔƨůШċũŊŔŰċƣĲШыы9ΣcΤ§Τьы9ΣcΤ§Τь7 ċЯШÑőĲƖůŸǯƚőĲƖЯШċũŊŔŰŔĦШċĦŔĬШƚŸĬŔƨůШƚċũƣЯШőŔŊőШ
ƻŔƚĦŸƚŔƣǃШƓŸƽĬĲƖьШċŰĬШр͑ĦċƖƖċŊĲĲŰċŰШыÉŔŊůċШ ũĬƖŔĦőЯШƚƨũŉċƣĲĬШƓũċŰƣШƓŸũǃƚċĦĦőċƖŔĬĲьШċƖĲШ
ĬŔƚƚŸũƻĲĬШĦŸůƓũĲƣĲũǃШĤǃШƚƣŔƖƖŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШŔŰШΥΡШ҄9ШĬŔƚƣŔũũĲĬШƽċƣĲƖШőĲċƣĲĬШŸŰШċШőŸƣШƓũċƣĲШċƣШ
ċШƖċƣŔŸШŸŉШΜЮΝШŊШŸŉШĤŔŸƣĲůƓũċƣĲШƣŸШΝΜШůũШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖЮШÑőĲШƖċƣŔŸƚШŸŉШůċƚƚШŸŉШĤŔŸƣĲůƓũċƣĲШƣŸШ
ƻŸũƨůĲШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖШƽĲƖĲШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШƣőĲШƻŸũƨůĲШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖШƖĲƕƨŔƖĲĬШƣŸШŉƨũũǃШ
ĬŔƚƚŸũƻĲШƣőĲШƽĲŔŊőĲĬШůċƚƚШŸŉШĤŔŸƣĲůƓũċƣĲЯШċŰĬШċШƚƨůůċƖǃШŸŉШƣőĲƚĲШůĲƣőŸĬƚШŔƚШŸƨƣũŔŰĲĬШŔŰШÑċĤũĲШ
ΟЮ 

Biotemplate  Solvent  Biotemplate  to solvent ratio (g/ml)  
Dextran Water, room 

temperature 
0.5/10 

Sodium Alginate Water, 85 °C 0.1/10 
-̓carrageenan Water, 85 °C 0.1/10 

Table 3 Methods of and associated mass and volume ratios of dissolution for biotemplates 

§ŰĦĲШĤŸƣőШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШƣőĲШůĲƣċũШƓƖĲĦƨƖƚŸƖШƚċũƣƚШőċƻĲШĤĲĲŰШƚĲƓċƖċƣĲũǃШĬŔƚƚŸũƻĲĬЯШƣőĲШ
ůĲƣċũШƓƖĲĦƨƖƚŸƖШƚċũƣШƚŸũƨƣŔŸŰШŔƚШċĬĬĲĬШƣŸШƣőĲШĤŔŸƣĲůƓũċƣĲШƚŸũƨƣŔŸŰЮШΡШůũШŸŉШĲǂĦĲƚƚШƖŸŸůр
ƣĲůƓĲƖċƣƨƖĲШĬŔƚƣŔũũĲĬШƽċƣĲƖШŔƚШċĬĬĲĬШƣŸШƣőĲШĦƖƨĦŔĤũĲШƓƖĲƻŔŸƨƚũǃШĦŸŰƣċŔŰŔŰŊШƣőĲШůĲƣċũШƓƖĲĦƨƖƚŸƖШ
ƚċũƣШƚŸũƨƣŔŸŰШƣŸШĬŔƚƚŸũƻĲШċŰǃШƖĲůċŔŰŔŰŊШƨŰĬŔƚƚŸũƻĲĬШƚċũƣƚШĤĲŉŸƖĲШĤĲŔŰŊШċĬĬĲĬШƣŸШƣőĲШĤŔŸƣĲůƓũċƣĲШ
ƚŸũƨƣŔŸŰЮШÑőĲШĦŸůĤŔŰĲĬШƚŸũƨƣŔŸŰШŔƚШůŔǂĲĬШƨŰƣŔũШŉƨũũǃШĦŸůĤŔŰĲĬШĤĲŉŸƖĲШĤĲŔŰŊШƓũċĦĲĬШŔŰƣŸШċŰШΥΡШ9҄Ш
ĬƖǃŔŰŊШŉƨƖŰċĦĲШŉŸƖШċШůŔŰŔůƨůШŸŉШΞΠШőŸƨƖƚШŸƖШƨŰƣŔũШŉƨũũǃШĲƻċƓŸƖċƣĲĬЮШ 

§ŰĦĲШŉƨũũǃШĲƻċƓŸƖċƣĲĬЯШƓŸƽĬĲƖƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċƖĲШŊƖŸƨŰĬШŔŰШċŰШċŊċƣĲШ
ƓĲƚƣũĲШċŰĬШůŸƖƣċƖШŔŰШŸƖĬĲƖШƣŸШŔŰĦƖĲċƚĲШƣőĲШƚƨƖŉċĦĲШċƖĲċШŸŉШƣőĲШƓċƖƣŔĦũĲƚШċŰĬШƖĲĬƨĦĲШƖĲċĦƣŔŸŰШ
ĤŸƨŰĬċƖŔĲƚШĬƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШƓőċƚĲЮШ ĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċƖĲШƨŰċĤũĲШƣŸШĤĲШŊƖŸƨŰĬШċƣШƣőŔƚШƚƣċŊĲШ
ċƚШƣőĲШƖĲƚƨũƣŔŰŊШĬƖŔĲĬШƚċůƓũĲШŔƚШƣŸŸШőċƖĬШċŰĬШŔƚШƚƣƨĦťШƣŸШƣőĲШĦƖƨĦŔĤũĲЮШ ŰǃШċƣƣĲůƓƣƚШƣŸШƖĲůŸƻĲШŔƣШ
ŉƖŸůШƣőĲШĦƖƨĦŔĤũĲШƖĲƕƨŔƖĲШĦőŔƓƓŔŰŊШŔƣШċƽċǃШƽőŔĦőШůċǃШĬċůċŊĲШƣőĲШĦƖƨĦŔĤũĲШċŰĬШũĲċĬШƣŸШũŸƚƚШŸŉШ
ůċƚƚШŸŉШƣőĲШƚċůƓũĲЮШfŰƚƣĲċĬЯШƣőĲШƚċůƓũĲШŔƚШŊƖŸƨŰĬШċŉƣĲƖШƣőĲШƓƖĲőĲċƣШƚƣċŊĲЮШ 

ÑőĲШƓŸƽĬĲƖШŔƚШƓƖĲőĲċƣĲĬШċƣШΟΜΜШ9҄ШŔŰШċШĤŸǂШŉƨƖŰċĦĲШŔŰШċŔƖШƽŔƣőШċŰШŔŰĦƖĲċƚŔŰŊШċŰĬШĬĲĦƖĲċƚŔŰŊШ
ƖċůƓШƖċƣĲШŸŉШΝШ9҄оůŔŰШċŰĬШċШĬƽĲũũШƣŔůĲШŸŉШΞШőЮШ~ċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲƚШŸŉШΞΜΜЯШΠΜΜЯШΡΜΜЯШŸƖШΣΜΜШ
9҄ЯШċƚШƽĲũũШċƚШƖċůƓШƖċƣĲƚШŸŉШƨƓШƣŸШΝΜШ9҄оůŔŰШċŰĬШĬƽĲũũШƣŔůĲƚШŸŉШΣШőШůċǃШċũƚŸШĤĲШƨƚĲĬШƣŸШ
ŔŰƻĲƚƣŔŊċƣĲШƻċƖŔċƣŔŸŰƚШŔŰШƣőĲШĦċƣőŸĬĲШƓŸƽĬĲƖШĦċƨƚĲĬШĤǃШƣőĲШƓƖĲőĲċƣШƓőċƚĲЮШ?ƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШ
ƓőċƚĲШƣőĲШĦőĲũċƣŔŸŰШŸŉШůĲƣċũШŔŸŰƚШŸŰƣŸШƣőĲШĤŔŸƣĲůƓũċƣĲШƖĲĬƨĦĲƚШƣőĲШĦőċŰĦĲШŸŉШƖĲĦƖǃƚƣċũũŔƚċƣŔŸŰШ
ŔŰƣŸШƨŰƽċŰƣĲĬШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲƚШċƣШũŸƽĲƖШƣĲůƓĲƖċƣƨƖĲƚШƨŰƣŔũШƣőĲШĤŔŸƣĲůƓũċƣĲШŔƚШĤƨƖŰƣШŸǭЯШ
ƖĲƚƨũƣŔŰŊШŔŰШƚůċũũШƓċƖƣŔĦũĲШƚŔǍĲƚЮШÉőŸƖƣĲƖШƖĲċĦƣŔŸŰШƓċƣőƽċǃƚШċƖĲШċũƚŸШŉŸƖůĲĬШċƚШċШƖĲƚƨũƣШŸŉШƣőĲШ
ĦőĲũċƣŔŸŰШŸŉШůĲƣċũШŔŸŰƚШċũŸŰŊШƣőĲШŔŰƣĲƖƣƽŔŰĲĬШĤŔŸƣĲůƓũċƣĲШĦőċŔŰƚШƣőċƣШƖĲĬƨĦĲШƣĲůƓĲƖċƣƨƖĲШċŰĬШ
ĬƽĲũũШƣŔůĲШƖĲƕƨŔƖĲůĲŰƣƚШĬƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШƓőċƚĲЮШ 

§ŰĦĲШƖĲůŸƻĲĬШŉƖŸůШƣőĲШĤŸǂШŉƨƖŰċĦĲЯШƣőĲШƓŸƽĬĲƖШŔƚШŊƖŸƨŰĬШŔŰШċŰШċŊċƣĲШƓĲƚƣũĲШċŰĬШůŸƖƣċƖШыċŊċŔŰШ
ŔŉШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚьШƣŸШċŊċŔŰШĲŰƚƨƖĲШũċƖŊĲШƓċƖƣŔĦũĲШƚƨƖŉċĦĲШċƖĲċЯШŔŰĦƖĲċƚĲШőŸůŸŊĲŰĲŔƣǃШŸŉШ
ƣőĲШƓŸƽĬĲƖЯШċŰĬШƖĲĬƨĦĲШƖĲċĦƣŔŸŰШĤŸƨŰĬċƖŔĲƚЮШÑőĲШƓŸƽĬĲƖШŔƚШƣőĲŰШĦċũĦŔŰĲĬШŔŰШċШƣƨĤĲШŉƨƖŰċĦĲШ
ƨŰĬĲƖШŸǂǃŊĲŰШċƣШĲŔƣőĲƖШΥΜΜШŸƖШΥΡΜШ9҄ШŉŸƖШƚċůƓũĲƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ ŰШŔŰĦƖĲċƚŔŰŊШċŰĬШĬĲĦƖĲċƚŔŰŊШƖċůƓШƖċƣĲШŸŉШΝШ9҄оůŔŰШċŰĬШΡШ
҄9оůŔŰШƖĲƚƓĲĦƣŔƻĲũǃЯШċƚШƽĲũũШċƚШċШΞШőШĬƽĲũũШƣŔůĲШċŰĬШċŰШŸǂǃŊĲŰШƖĲŊƨũċƣŸƖШƓƖĲƚƚƨƖĲШċŰĬШǰŸƽШƖċƣĲШ



ΡΥ 
 

ŸŉШΝШĤċƖШыƖĲũċƣŔƻĲШƣŸШċƣůŸƚƓőĲƖĲьШċŰĬШΝШũоůŔŰШƖĲƚƓĲĦƣŔƻĲũǃШċƖĲШƨƚĲĬЮШÅċůƓШƖċƣĲƚШůċǃШċŊċŔŰШƖċŰŊĲШ
ƨƓШƣŸШΝΜШ҄9оůŔŰШċŰĬШĬƽĲũũШƣŔůĲƚШƨƓШƣŸШΣШőШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƚċůƓũĲШĤĲŔŰŊШŔŰƻĲƚƣŔŊċƣĲĬЮШ 

ΞЮΝЮΞ ÂŸƽĬĲƖШƚǃŰƣőĲƚŔƚШ~ĲƣőŸĬŸũŸŊǃШfƚƚƨĲƚШ 
 ŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖрƓƖŸĬƨĦĲĬШƚċůƓũĲƚШċƖĲШŊƖŸƨŰĬШĤĲŉŸƖĲШƣőĲШƓƖĲőĲċƣШƚƣċŊĲЯШƽőŔũĲШƚċůƓũĲƚШ
ƓƖŸĬƨĦĲĬШƽŔƣőШċĦĲƣċƣĲƚШċƖĲШŔŰŔƣŔċũũǃШŊƖŸƨŰĬШċŉƣĲƖШƣőĲШƓƖĲőĲċƣШƓőċƚĲЮШÑőĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШŔƚШĬƨĲШƣŸШ
ƣőĲШĬƖŔĲĬШƚċůƓũĲШƓƖŸĬƨĦĲĬШƨƚŔŰŊШŰŔƣƖċƣĲƚШőċƻŔŰŊШƚŸŉƣЯШƓŸƖŸƨƚЯШƓċƖƣŔĦũĲШċŊŊũŸůĲƖċƣŔŸŰƚШƣőċƣШĦċŰШ
ĤĲШĲċƚŔũǃШŊƖŸƨŰĬЯШƽőŔũĲШƚċůƓũĲƚШůċĬĲШƽŔƣőШċĦĲƣċƣĲƚШƓƖŸĬƨĦĲШċШőċƖĬШƚƨƖŉċĦĲШƨƓŸŰШĬƖǃŔŰŊШƣőċƣШ
ĦċŰŰŸƣШĤĲШƖĲůŸƻĲĬШŉƖŸůШƣőĲШĦƖƨĦŔĤũĲШƨŰƣŔũШƓƖĲőĲċƣĲĬЮ 

ÑőĲШƓƖĲőĲċƣШƓőċƚĲШŔƚШƓĲƖŉŸƖůĲĬШŔŰШċШĤŸǂШŉƨƖŰċĦĲШŔŰШċŔƖШĬƨĲШƣŸШƣőĲШũċƖŊĲШĲůŔƚƚŔŸŰШŸŉШŊċƚШŸĤƚĲƖƻĲĬШ
ċƣШΝΣΜШ9҄ЮШìőĲŰШƓƖĲőĲċƣŔŰŊШŔƚШĬŸŰĲШŔŰШċШƚĲċũĲĬШƣƨĤĲШŉƨƖŰċĦĲШƨŰĬĲƖШŸǂǃŊĲŰЯШƣőŔƚШĲůŔƚƚŔŸŰШŸŉШŊċƚШ
ŔƚШũċƖŊĲШĲŰŸƨŊőШƣŸШĲŔƣőĲƖШƖĲůŸƻĲШƣőĲШŔŰũĲƣШŊċƚШƻċũƻĲШŉƖŸůШƣőĲШƣƨĤĲЯШŸƖШƣƖċŰƚƓŸƖƣШƚŸůĲШŸŉШƣőĲШ
ƓŸƽĬĲƖШƚċůƓũĲШŔŰƣŸШƣőĲШŸƨƣũĲƣШŸŉШƣőĲШƣƨĤĲШŉƨƖŰċĦĲЮШÑőŔƚШŊċƚШŔƚШũŔťĲũǃШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШũċƖŊĲШ
ċůŸƨŰƣƚШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲШĬƨĲШƣŸШƣőĲШũċƖŊĲШċůŸƨŰƣƚШŸŉШĦċƖĤŸŰШƓƖĲƚĲŰƣШŔŰШƣőĲШĤŔŸƣĲůƓũċƣĲЯШċŰĬШ
ŔŰШƣőĲШĦċƚĲШŸŉШƽőĲƖĲШċĦĲƣċƣĲШƚċũƣƚШċƖĲШƨƚĲĬЯШƣőĲШƓƖĲĦƨƖƚŸƖЮШÑőĲƖĲŉŸƖĲЯШŔƣШŔƚШŰŸƣШƻŔċĤũĲШƣŸШƓƖĲőĲċƣШ
ƣőĲШƚċůƓũĲШƨŰĬĲƖШċШƚĲċũĲĬШċƣůŸƚƓőĲƖĲЮ 

ШƚŔůŔũċƖЯШĤƨƣШůŸƖĲШƻŔŸũĲŰƣЯШŊċƚШĲůŔƚƚŔŸŰШĦċŰШĤĲШŸĤƚĲƖƻĲĬШĬƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШƓőċƚĲШƽőĲŰШƨƚŔŰŊШ
ċШĤŸǂШŉƨƖŰċĦĲШŔŰШċŔƖЯШŉŸƖШċШƚċůƓũĲШƨƚŔŰŊШƣőĲШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚЮШÑőĲШ
ĲůŔƚƚŔŸŰШŸŉШŊċƚШƽőĲŰШƨƚŔŰŊШƣőŔƚШĦŸůĤŔŰċƣŔŸŰШŸŉШĤŔŸƣĲůƓũċƣĲШċŰĬШƓƖĲĦƨƖƚŸƖƚШŔƚШũċƖŊĲШĲŰŸƨŊőШƣŸШ
ĦċƨƚĲШƣőĲШƓŸƽĬĲƖШƣŸШĲǂŔƣШƣőĲШĦƖƨĦŔĤũĲШƚƨĦőШƣőċƣШƣőĲШċůŸƨŰƣШũĲŉƣШŔŰШƣőĲШċũƨůŔŰċШĦƖƨĦŔĤũĲШŔƚШŰŸƣШ
ĲŰŸƨŊőШƣŸШƽċƖƖċŰƣШĦŸŰƣŔŰƨŔŰŊШƣőĲШƚǃŰƣőĲƚŔƚЯШƽŔƣőШŸŰũǃШĲŰŸƨŊőШƣŸШĬŸШƓŸƚƣрƚǃŰƣőĲƚŔƚШċŰċũǃƚŔƚШыŔŰШ
ƣőŔƚШĦċƚĲШñÅ?ШċŰĬШÉE~ьШƖĲůċŔŰŔŰŊЮШÑőŔƚШŔƚШũŔťĲũǃШĬƨĲШƣŸШƣőĲШĦŸůĤŔŰċƣŔŸŰШŸŉШƚůċũũĲƖШƓċƖƣŔĦũĲШƚŔǍĲШ
ƽőĲŰШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШũċƖŊĲШċůŸƨŰƣШŸŉШĦċƖĤŸŰШŉƖŸůШƣőĲШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲШŉŸƖůŔŰŊШ
ċШũċƖŊĲШċůŸƨŰƣШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲЮШ ƣƣĲůƓƣƚШƣŸШƓũċĦĲШċШũŔĬШŸŰШƣőĲШĦƖƨĦŔĤũĲШőċƻĲШċũƚŸШŉċŔũĲĬШƽŔƣőШ
ƣőĲШũŔĬШĬĲƓŸƚŔƣĲĬШŰĲǂƣШƣŸШƣőĲШĦƖƨĦŔĤũĲЮШ ƚШƣőĲШċůŸƨŰƣШŸŉШƓŸƽĬĲƖШƖĲůċŔŰŔŰŊШŔƚШŰŸƣШĲŰŸƨŊőШƣŸШ
ƓƖŸĬƨĦĲШċШĦċƣőŸĬĲЯШĦċƣőŸĬĲШƓŸƽĬĲƖƚШƓƖŸĬƨĦĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШőċƻĲШŰŸƣШ
ĤĲĲŰШŉŸƖůĲĬШŔŰƣŸШĦĲũũƚЮ 

ÂŸƚƣрƚǃŰƣőĲƚŔƚЯШŸŰĦĲШƖĲůŸƻĲĬШŉƖŸůШƣőĲШƣƨĤĲШŉƨƖŰċĦĲШƣőĲШƓŸƽĬĲƖШŔƚШŊƖŸƨŰĬШŸŰĦĲШůŸƖĲШŔŰШċŰШ
ċŊċƣĲШƓĲƚƣũĲШċŰĬШůŸƖƣċƖШƚƨĦőШƣőċƣШŔƣШĦċŰШĤĲШċŰċũǃƚĲĬШƨƚŔŰŊШñÅ?ШŸƖШÉE~ШŸƖШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШċШ
ĦĲũũЮШÑőĲШƚċůƓũĲШŔƚШƣőĲŰШƚƣŸƖĲĬШŔŰШċШƚĲċũĲĬШΡШůũШŊũċƚƚШƻŔċũШŔŰШċШĬĲƚŔĦĦċƣŸƖШůċŔŰƣċŔŰĲĬШċƣШƖŸŸůШ
ƣĲůƓĲƖċƣƨƖĲШċŰĬШċШőƨůŔĬŔƣǃШӃШΝΜӖЮШfŉШĤĲŔŰŊШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШċШĦĲũũЯШƣőĲШƻŔċũШũŔĬШŔƚШƖĲƓũċĦĲĬШĤǃШ
ƓĲƖŉŸƖċƣĲĬШċũƨůŔŰŔƨůШŉŸŔũШċŰĬШƚƣŸƖĲĬШŔŰШċШƻċĦƨƨůШŸƻĲŰШƨŰĬĲƖШƻċĦƨƨůШċƣШΥΜШ҄9Ю 

ΞЮΝЮΟ ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΞШтШƣƣĲůƓƣШƣŸШƚŸĬŔƨůШĬŸƓĲШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣŔŰŊШċŰĬШƣőĲШƻċƖǃŔŰŊШŸŉШxŔƣőŔƨůрÉŸĬŔƨůШĲƨƣĲĦƣŔĦƚ 

fŰШĦőċƓƣĲƖШΠЯШƚŸĬŔƨůШċũŊŔŰċƣĲШŔƚШƓƖŔůċƖǃШƨƚĲĬШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШƓŸƚƚŔĤŔũŔƣǃШŸŉШƚŸĬŔƨůШĬŸƓŔŰŊШ
ƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊЮШfŰШŸƖĬĲƖШƣŸШċĦőŔĲƻĲШƣőŔƚЯШƣőĲШůċƚƚШŸŉШƚŸĬŔƨůШċũŊŔŰċƣĲШŔƚШŔŰĦƖĲċƚĲĬШċŰĬШƣőĲШ
ƓƖŸƓŸƖƣŔŸŰШŸŉШũŔƣőŔƨůШƓƖĲĦƨƖƚŸƖƚШƖĲĬƨĦĲĬШċĦĦŸƖĬŔŰŊũǃШƚƨĦőШƣőċƣШ ċШӀШǂШċŰĬШxŔШӀШыΝШтШǂьШƽőĲƖĲĤǃШ
xŔыΝШрШǂь ċǂ ŔΜЮΥ~ŰΜЮΝ9ŸΜЮΝ§ΞЮШÑőĲШůċƚƚĲƚШƣŸШċƣƣĲůƓƣШƣŸШƚǃŰƣőĲƚŔƚĲШ ċрĬŸƓĲĬШ ~9ΥΝΝШċƖĲШ
ƚƨůůċƖŔƚĲĬШŔŰШÑċĤũĲШΠЯШƚőŸƽŔŰŊШƣőĲШƖĲƕƨŔƖĲĬШĦőċŰŊĲƚШŔŰШůċƚƚĲƚШŉŸƖШũŔƣőŔƨůШƓƖĲĦƨƖƚŸƖƚШċŰĬШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċĦĦŸƖĬŔŰŊũǃЮШ 

 

 

 



ΡΦ 
 

 Acetate Hydrate  Nitrate Hydrate  
Lithium, x = 0.1 (g) 0.2296 0.1552 
Lithium, x = 0.2 (g) 0.2041 0.1379 
Sodium alginate, x = 
0.1 (g) 

0.1 0.1 

Sodium alginate, x = 
0.2 (g) 

0.25 0.25 

Nickel (g) 0.4977 0.5816 
Manganese (g) 0.0613 0.0447 
Cobalt (g) 0.0623 0.0727 
Distilled water (ml) 10 5 

Table 4 Masses of metal precursor salts used in the attempted synthesis of sodium-doped NMC811 via substitution 
of lithium (Li(1 - x)NaxNi0.8Mn0.1Co0.1O2) using sodium alginate  

ƚШƓċƖƣШŸŉШƣőĲШŔŰƻĲƚƣŔŊċƣŔŸŰШŔŰƣŸШƚŸĬŔƨůШĬŸƓŔŰŊЯШċШĬŔǭĲƖĲŰƣШƚŸĬŔƨůШĬŸƓċŰƣШƽŔũũШĤĲШĦŸůƓċƖĲĬШ
ċŊċŔŰƚƣШƚŸĬŔƨůШċũŊŔŰċƣĲЮШÉŸĬŔƨůШŰŔƣƖċƣĲШƽŔũũШċũƚŸШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШċƚШƣŸШƽőĲƣőĲƖШŔƣШĦċŰШĤĲШƨƚĲĬШ
ċũŸŰŊƚŔĬĲШƣőĲШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲШƣŸШĲǭĲĦƣŔƻĲũǃШĬŸƓĲШ ~9ΥΝΝЮШÑőĲШċůŸƨŰƣШŸŉШƚŸĬŔƨůШ
ĬŸƓŔŰŊШŔƚШůċŔŰƣċŔŰĲĬШƚƨĦőШƣőċƣШǂШӀШΜЮΞЯШƽŔƣőШƣőĲШĦċƣőŸĬĲШĬŸƓĲĬШƽŔƣőШΝΜΜӖШĤŔŸƣĲůƓũċƣĲШċŰĬШƣőĲŰШ
ċШΡΜаΡΜШƖċƣŔŸШŸŉШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲЯШÑċĤũĲШΡЮШ 

 X = 0.2, 1:0 Sodium alginate: 
sodium nitrate 

X = 0.2, 0.5:0.5 Sodium alginate: 
sodium nitrate 

Lithium acetate 
dihydrate/Lithium nitrate 
(g) 

0.2041/0.1379 0.2041/0.1379 

Sodium alginate (g) 0.25 0.1 
Sodium nitrate (g) 0 0.0213 

Table 5 Masses of metal precursor salts used in the attempted synthesis of Na-doped NMC811 via substitution of 
lithium (Li(1 - x)NaxNi0.8Mn0.1Co0.1O2) using sodium alginate and sodium nitrate  

fŰШċĬĬŔƣŔŸŰШƣŸШĬŸƓŔŰŊШƽőĲŰШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċƚШċШĤŔŸƣĲůƓũċƣĲЯШ ċрĬŸƓŔŰŊШƽőĲŰШ
ĤŔŸƣĲůƓũċƣŔŰŊШƽŔƣőШĬĲǂƣƖċŰШŔƚШċũƚŸШŔŰƻĲƚƣŔŊċƣĲĬЮШ ƚШŰŸШƚŔŊŰŔǯĦċŰƣШƓƖŸƓŸƖƣŔŸŰШŸŉШƚŸĬŔƨůШŔƚШ
ƓƖĲƚĲŰƣШƽŔƣőŔŰШƣőĲШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲЯШƚŸĬŔƨůШŰŔƣƖċƣĲШŔƚШƨƚĲĬШċƚШƣőĲШƓƖŔůċƖǃШĬŸƓċŰƣШƚƨĦőШƣőċƣШ
ǂШӀШΜЮΝШċŰĬШΜЮΞЯШÑċĤũĲШΣЮШÑőŔƚШŔƚШƣŸШĦŸůƓċƖĲШċŰǃШƚƨĦĦĲƚƚŉƨũũǃШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲĬШ
 ~9ΥΝΝШċŊċŔŰƚƣШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲĬШ ċрĬŸƓĲĬШ ~9ΥΝΝШŔŰШŸƖĬĲƖШƣŸШĬŔƚĦĲƖŰШŔŉШƚŸĬŔƨůШĤĲŔŰŊШ
ƓċƖƣШŸŉШƣőĲШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲШőċƚШċШƚŔŊŰŔǯĦċŰƣШĲǭĲĦƣШƻƚЮШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣŔŰŊШċŰĬШ
ƚŸĬŔƨůШŰŔƣƖċƣĲШĬŸƓŔŰŊЮ 

 X = 0.1 X = 0.2 
Lithium acetate dihydrate/Lithium nitrate (g) 0.2296/0.1552 0.2041/0.1379 
Dextran (g) 0.25 0.25 
Sodium nitrate (g) 0.0213 0.0425 

Table 6 Masses of metal precursor salts used in the attempted synthesis of Na-doped NMC811 via substitution of 
lithium (Li(1 - x)NaxNi0.8Mn0.1Co0.1O2) when using dextran as a biotemplate and using sodium nitrate  

ÑőĲШǯŰċũШĲǂƓĲƖŔůĲŰƣƚШŔŰƣŸШƣőĲШƚŸĬŔƨůрĬŸƓŔŰŊШŸŉШ ~9ΥΝΝШƽŔũũШŔŰƻŸũƻĲШċĬĬŔŰŊШƚŸĬŔƨůШƣŸШċШŉƨũũШ
 ~9ΥΝΝЯШƚƨĦőШƣőċƣШ ċШӀШǂШċŰĬШxŔШӀШΝШыxŔΝ ċǂ ŔΜЮΥ~ŰΜЮΝ9ŸΜЮΝ§ΞьШŔŰƚƣĲċĬШŸŉШƚƨĤƚƣŔƣƨƣŔŰŊШũŔƣőŔƨůШŉŸƖШ
ƚŸĬŔƨůЮШÑőŔƚШŔƚШƣŸШĬĲĬƨĦĲШƽőĲƣőĲƖШ ~9ΥΝΝШĦċŰШƚƣŔũũШĤĲШĲǭĲĦƣŔƻĲũǃШĬŸƓĲĬШƽŔƣőШƚŸĬŔƨůШƽŔƣőŸƨƣШ
ƣőĲШƖĲůŸƻċũШŸŉШũŔƣőŔƨůШŔŰШŸƖĬĲƖШƣŸШůċŔŰƣċŔŰШƣőĲШŉƨũũШċůŸƨŰƣШŸŉШũŔƣőŔƨůШŉŸƖШũŔƣőŔċƣŔŸŰШƣŸШŸĦĦƨƖШƽőŔũĲШ
ƚƣŔũũШŊċŔŰŔŰŊШċŰǃШĤĲŰĲǯƣƚШŉƖŸůШƚŸĬŔƨůШĬŸƓŔŰŊЮШÑőĲШƚċůĲШŔŰƻĲƚƣŔŊċƣŔŸŰƚЯШĬŸƓŔŰŊШƽŔƣőШƚŸĬŔƨůШ
ċũŊŔŰċƣĲЯШĬŸƓŔŰŊШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШƚŸĬŔƨůШŰŔƣƖċƣĲЯШċŰĬШĬŸƓŔŰŊШƽŔƣőШƚŸĬŔƨůШŰŔƣƖċƣĲШƽőĲŰШ
ƨƚŔŰŊШĬĲǂƣƖċŰШċƖĲШƨŰĬĲƖƣċťĲŰШƨƚŔŰŊШƣőĲШċĬĬŔƣŔŸŰШŸŉШƚŸĬŔƨůШƽŔƣőŸƨƣШƣőĲШƖĲůŸƻċũШŸŉШũŔƣőŔƨůШ



ΣΜ 
 

ŔŰƚƣĲċĬШŸŉШƚƨĤƚƣŔƣƨƣŔŰŊШũŔƣőŔƨůШŉŸƖШƚŸĬŔƨůШƽŔƣőШƣőĲШůċƚƚĲƚШŸŉШĤŔŸƣĲůƓũċƣĲЯШƓƖĲĦƨƖƚŸƖƚЯШċŰĬШ
ĬŸƓċŰƣƚЯШŸƨƣũŔŰĲĬШŔŰШÑċĤũĲШΤШƣŸШÑċĤũĲШΦЯШĤĲŔŰŊШƚŔůŔũċƖШƽŔƣőШƣőĲШĲǂĦĲƓƣŔŸŰШŸŉШƣőĲШůċƚƚШŸŉШũŔƣőŔƨůШ
ƓƖĲĦƨƖƚŸƖШƨƚĲĬЮ 

 Acetate Hydrate  Nitrate Hydrate  
Lithium (g) 0.2551 0.1724 
Nickel (g) 0.4977 0.5816 
Manganese (g) 0.0613 0.0447 
Cobalt (g) 0.0623 0.0727 
Sodium alginate, x = 
0.1 (g) 

0.1 0.1 

Sodium alginate, x = 
0.2 (g) 

0.25 0.25 

Distilled water (ml) 10 5 
Table 7 Masses of metal precursor salts used in the attempted synthesis of Na-doped NMC811 via addition of 
sodium (Li1NaxNi0.8Mn0.1Co0.1O2) using sodium alginate and sodium nitrate  

 X = 0.1 X = 0.2 X = 0.3 
Sodium alginate (g) 0.1 0.1 0.1 
Sodium nitrate (g) 0 0.0213 0.0425 

Table 8 Masses of metal precursor salts used in the attempted synthesis of Na-doped NMC811 via addition of 
sodium  (Li( NaxNi0.8Mn0.1Co0.1O2) using sodium alginate and sodium nitrate  

 X = 0.1 X = 0.2 
Dextran (g) 0.25 0.25 
Sodium nitrate (g) 0.0213 0.0425 

Table 9 Masses of metal precursor salts used in the attempted synthesis of Na-doped NMC811 via addition of 
sodium  (Li( NaxNi0.8Mn0.1Co0.1O2) when using dextran as a biotemplate and using sodium nitrate as a dopant 

ΞЮΝЮΠ ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΟШрШÉǃŰƣőĲƚŔƚШċŰĬШůŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШŸŉШ ~9ΥΝΝШ
ƽŔƣőШƚƨũŉċƣĲШƚĲĦŸŰĬċƖǃШƓőċƚĲШƨƚŔŰŊШƚƨũŉƨƖрĤċƚĲĬШр͑ĦċƖƖċŊĲĲŰċŰ 

ìőĲŰШƨƚŔŰŊШр͑ĦċƖƖċŊĲĲŰċŰШċƚШċШĤŔŸƣĲůƓũċƣĲШƣőĲШůċƚƚĲƚШŸŉШƓƖĲĦƨƖƚŸƖƚШƨƚĲĬЯШÑċĤũĲШΝΜЯШĬŔǭĲƖШ
ŉƖŸůШƽőĲŰШƨƚŔŰŊШŸƣőĲƖШĤŔŸƣĲůƓũċƣĲƚЮШìőĲŰШƨƚŔŰŊШр͑ĦċƖƖċŊĲĲŰċŰШƣőĲШƖċƣŔŸШŸŉШůċƚƚĲƚШĤĲƣƽĲĲŰШ
ƣőĲШůĲƣċũШƓƖĲĦƨƖƚŸƖШƚċũƣƚШċŰĬШĤŔŸƣĲůƓũċƣĲШŔƚШĬĲƖŔƻĲĬШŉƖŸůШƽŸƖťШƨƚŔŰŊШр͑ĦċƖƖċŊĲĲŰċŰШƣŸШ
ƚǃŰƣőĲƚŔƚĲШò79§ШяΝΜΣѐЯШċŰĬШċƚШƚƨĦőШƣőĲШůċƚƚĲƚШŸŉШƣőĲШůĲƣċũШƓƖĲĦƨƖƚŸƖШƚċũƣƚШċƖĲШƻċƖŔĲĬШƖĲũċƣŔƻĲШ
ƣŸШΜЮΝШŊШŸŉШĤŔŸƣĲůƓũċƣĲШƚƨĦőШƣőċƣШƣőĲШƚċůĲШƖċƣŔŸШŸŉШůĲƣċũШƓƖĲĦƨƖƚŸƖƚШƣŸШĤŔŸƣĲůƓũċƣĲШŔƚШċƓƓũŔĲĬШċƚШ
ƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШò79§ШƨƚŔŰŊШƣőĲШőŔŊőĲƖШůċƚƚШŸŉШĤŔŸƣĲůƓũċƣĲЮШ 

 Acetate Hydrate  Nitrate Hydrate  
Lithium (g) 0.2551 0.1158 
Nickel (g) 0.04977 0.3722 
Manganese (g) 0.0613 0.0286 
Cobalt (g) 0.0623 0.0466 
-͑carrageenan (g) 0.1 0.1 

Distilled water (ml) 10 5 
Table 10 ÅĲċĦƣċŰƣЮůċƚƚĲƚЮŉŸƖЮƚǃŰƣőĲƚŔƚŔŰŊЮ ~9ΫΤΤЮƨƚŔŰŊЮċĦĲƣċƣĲЮŸƖЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚЮċŰĬЮ͗-carrageenan 

ìőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШò79§ШƨƚŔŰŊШċШőŔŊőШƖċƣŔŸШŸŉШр͑ĦċƖƖċŊĲĲŰċŰШƣŸШƓƖĲĦƨƖƚŸƖШƚċũƣƚШ7ċƖŔƨůШƚƨũŉċƣĲЯШ
7ċÉ§ΠЯШŔƚШŉŸƖůĲĬШċƚШċŰШŔůƓƨƖŔƣǃШƓőċƚĲЮШfƣШŔƚШƣőĲŸƖŔƚĲĬШƽőĲŰШр͑ĦċƖƖċŊĲĲŰċŰШŔƚШƨƚĲĬШŔŰШƣőĲШ
ƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƚƨũŉƨƖШŔŰШƣőĲШĤŔŸƣĲůƓũċƣĲШƽŔũũШĲŔƣőĲƖШĤĲШŔŰƣĲŊƖċƣĲĬШŔŰƣŸШƣőĲШ ~9ΥΝΝШ
ƚƣƖƨĦƣƨƖĲШŸƖШƣőċƣШċШƚŔůŔũċƖШƓƖŸĦĲƚƚШƣŸШƣőċƣШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШò79§ШƽŔũũШŸĦĦƨƖШċŰĬШũŔƣőŔƨůШ
ƚƨũŉċƣĲЯШxŔΞÉ§ΠЯШƽŔũũШĤĲШŉŸƖůĲĬШċƚШċŰШŔůƓƨƖŔƣǃШƓőċƚĲЮШ7ǃШƨƚŔŰŊШр͑ĦċƖƖċŊĲĲŰċŰШċŰĬШĦŸŰƣƖŸũũŔŰŊШƣőĲШ



ΣΝ 
 

ƖċƣŔŸШĤĲƣƽĲĲŰШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШůĲƣċũШƓƖĲĦƨƖƚŸƖШƚċũƣƚЯШŔƣШŔƚШƣőĲШċŔůШƣŸШĤĲШċĤũĲШƣŸШĦŸŰƣƖŸũШƣőĲШ
ċůŸƨŰƣШŸŉШxŔΞÉ§ΠШĤĲŔŰŊШƓƖŸĬƨĦĲĬШƚƨĦőШƣőċƣШ ~9ΥΝΝШŔƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШċШƚĲĦŸŰĬċƖǃШƚƨũŉċƣĲШ
ƓőċƚĲШƣőċƣШŔůƓƖŸƻĲƚШĦċƓċĦŔƣǃШƖĲƣĲŰƣŔŸŰШŸŉШƣőĲШĦċƣőŸĬĲШĬƨƖŔŰŊШĦǃĦũŔŰŊЮ 

fŰШċĬĬŔƣŔŸŰШƣŸШƣőĲШƨƚĲШŸŉШр͑ĦċƖƖċŊĲĲŰċŰЯШƚƨũŉċƣĲШƓƖĲĦƨƖƚŸƖƚШċƖĲШŔŰƻĲƚƣŔŊċƣĲĬШċƚШċŰШċũƣĲƖŰċƣŔƻĲШƽċǃШ
ŸŉШŉŸƖůŔŰŊШƚƨũŉċƣĲШƚĲĦŸŰĬċƖǃШƓőċƚĲƚШŔŰШ ~9ΥΝΝЮШÑőĲШůċƚƚĲƚШŸŉШƚƨũŉċƣĲШƓƖĲĦƨƖƚŸƖƚШƨƚĲĬЯШ
ƚƨůůċƖŔƚĲĬШŔŰШÑċĤũĲШΝΝЯШċƖĲШΜЮΟΝΦΦШŊШũŔƣőŔƨůШƚƨũŉċƣĲШůŸŰŸőǃĬƖċƣĲШыxŔΞÉ§ΠЮcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШ
ӄΦΦЮΜӖьЯШΜЮΡΞΡΤШŊШŰŔĦťĲũШƚƨũŉċƣĲШőĲƓƣċőǃĬƖċƣĲШы ŔÉ§ΠЮΤcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШӄΦΦЮΜӖьЯШΜЮΜΠΞΠШŊШ
ůċŰŊċŰĲƚĲШƚƨũŉċƣĲШőǃĬƖċƣĲШы~ŰÉ§ΠЮǂcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШӄΦΦЮΜӖьЯШΜЮΜΤΜΟШŊШĦŸĤċũƣШƚƨũŉċƣĲШ
őĲƓƣċőǃĬƖċƣĲШы9ŸÉ§ΠЮΤcΞ§ЯШÉŔŊůċШ ũĬƖŔĦőЯШӄΦΦӖьШĤĲŔŰŊШĬŔƚƚŸũƻĲĬШŔŰШΝΜШůũШĬŔƚƣŔũũĲĬШƽċƣĲƖШċƣШ
ƖŸŸůШƣĲůƓĲƖċƣƨƖĲЮШÉŸĬŔƨůШċũŊŔŰċƣĲШƨƚŔŰŊШċШůċƚƚШŸŉШΜЮΝШŊШŔƚШƚĲũĲĦƣĲĬШċƚШƣőĲШĤŔŸƣĲůƓũċƣĲШĬƨĲШƣŸШ
ŔƣƚШƚŔůŔũċƖŔƣŔĲƚШƣŸШр͑ĦċƖƖċŊĲĲŰċŰЮ 

Reactant Mass /Volume 
Lithium Sulfate monohydrate (g) 0.3199 
Nickel Sulfate heptahydrate (g) 0.5257 
Manganese Sulfate hydrate (g) 0.0423 
Cobalt Sulfate heptahydrate (g) 0.0703 
Sodium Alginate (g) 0.1 
Distilled water (ml) 10 

Table 11 Reactant masses for synthesising NMC811 using sulfate precursors and sodium alginate 

ΞЮΞ 9ċƣőŸĬĲШċŰċũǃƚŔƚ 

ΞЮΞЮΝ ñрƖċǃШ?ŔǭƖċĦƣŔŸŰ 
ñрƖċǃШ?ŔǭƖċĦƣŔŸŰШыñÅ?ьШŔƚШċШŰŸŰрĬĲƚƣƖƨĦƣŔƻĲШċŰċũǃƣŔĦċũШƣĲĦőŰŔƕƨĲШƣőċƣШŉŸƖШƣőĲШƓƨƖƓŸƚĲƚШŸŉШƣőŔƚШ
ƓƖŸŢĲĦƣШŔƚШƨƚĲĬШƣŸШċŰċũǃƚĲШƣőĲШƓőċƚĲƚЯШĦƖǃƚƣċũШƚƣƖƨĦƣƨƖĲЯШċŰĬШĦƖǃƚƣċũШŸƖŔĲŰƣċƣŔŸŰШŸŉШƓŸƽĬĲƖШ
ƚċůƓũĲƚЮШÑőĲШñÅ?ШŔŰƚƣƖƨůĲŰƣШƨƚĲĬШŔŰШƣőĲШċŰċũǃƚŔƚШŸŉШƚċůƓũĲƚШŔŰШƣőŔƚШƓƖŸŢĲĦƣШŔƚШƓƖŔůċƖŔũǃШƣőĲШ
ÂċŰċũǃƣŔĦċũШ ĲƖŔƚЯШƽŔƣőШƚŸůĲШċŰċũǃƚŔƚШċũƚŸШĤĲŔŰŊШĬŸŰĲШƨƚŔŰŊШƣőĲШÂċŰċũǃƣŔĦċũШñÂĲƖƣШċŰĬШ7ƖƨťĲƖШ?ΞЮШ
ñÅ?ШĲůƓũŸǃƚШƣőĲШƨƚĲШŸŉШñрƖċǃƚШĲůŔƣƣĲĬШĤǃШċШƚŸƨƖĦĲЯШ[ŔŊƨƖĲШΟΤЯШŔŰШƣőŔƚШĦċƚĲШċШĦŸƓƓĲƖШƚŸƨƖĦĲЯШ
ƽőŔĦőШŔƚШĬŔǭƖċĦƣĲĬШŉƖŸůШƣőĲШƚƨƖŉċĦĲШŸŉШƣőĲШƓŸƽĬĲƖШċŰĬШƖĲĦĲŔƻĲĬШĤǃШċШĬĲƣĲĦƣŸƖЮШñрƖċǃƚШċƖĲШ
ƓƖŸĬƨĦĲĬШĤǃШǯƖŔŰŊШŉƖĲĲШĲũĲĦƣƖŸŰƚШŉƖŸůШċŰШĲũĲĦƣƖŸŰШŊƨŰШċŰĬШċĦĦĲũĲƖċƣŔŰŊШƣőĲůШċĦƖŸƚƚШċШƓŸƣĲŰƣŔċũШ
ĬŔǭĲƖĲŰĦĲЮШΝƚШĲũĲĦƣƖŸŰƚШƽŔƣőŔŰШƣőĲШĦŸƓƓĲƖШƚŸƨƖĦĲШċƖĲШĲǂĦŔƣĲĬШĤǃШċŰШŔŰƣĲƖċĦƣŔŸŰШƽŔƣőШƣőĲШ
ċĦĦĲũĲƖċƣĲĬШŉƖĲĲШĲũĲĦƣƖŸŰƚШċƖĲШĲůŔƣƣĲĬШŉƖŸůШƣőĲШĲũĲĦƣƖŸŰШƚőĲũũЮШΞƓШĲũĲĦƣƖŸŰƚШċƖĲШƣőĲŰШĬĲрĲǂĦŔƣĲĬШ
ƣŸШƣőĲШΝƚШĲŰĲƖŊǃШƚőĲũũШċŰĬШĲůŔƣШƣőĲШĲǂĦĲƚƚШĲŰĲƖŊǃШŔŰШƣőĲШŉŸƖůШŸŉШñрƖċǃƚЯШ[ŔŊƨƖĲШΟΥЮШÉƨĦőШñрƖċǃƚШ
ċƖĲШŸŉШƽċƻĲũĲŰŊƣőƚШƨŰŔƕƨĲШƣŸШƣőĲШĲũĲĦƣƖŸŰŔĦШƣƖċŰƚŔƣŔŸŰƚЯШƽŔƣőШƽċƻĲũĲŰŊƣőƚШŸŉШΝЮΡΠΜΣШ2ШċŰĬШ
ΝЮΡΠΠΠШ2ШŉŸƖШĦŸƓƓĲƖШu͈ΝШċŰĬШu͈ΞШĲůŔƚƚŔŸŰƚШƖĲƚƓĲĦƣŔƻĲũǃЮШΟƓШĲũĲĦƣƖŸŰƚШůċǃШċũƚŸШĬĲĲǂĦŔƣĲШƣŸШƣőĲШ
ΝƚШƚőĲũũШċŰĬШĲůŔƣШ̓Ш͉ƖċĬŔċƣŔŸŰШƽŔƣőШƽċƻĲũĲŰŊƣőШΝЮΟΦΞШ2ЮШ 
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Figure 37 Diagram of X-Ray Diffraction [114] 

 

 

 

ÂƖŸĬƨĦĲĬШñрƖċǃƚШċƖĲШĬŔƖĲĦƣĲĬШƣŸƽċƖĬƚШƣőĲШƚċůƓũĲШĤĲŔŰŊШċŰċũǃƚĲĬШċƣШċŰШċŰŊũĲШŸŉШŔŰĦŔĬĲŰĦĲЯШЮ̑Ш
ÖƓŸŰШƣőĲШñрƖċǃƚШŔŰƣĲƖċĦƣŔŰŊШƽŔƣőШƣőĲШƚċůƓũĲЯШƣőĲШñрƖċǃƚШċƖĲШĲŔƣőĲƖШċĤƚŸƖĤĲĬШĤǃШƣőĲШƚċůƓũĲШŸƖШ
ƖĲǰĲĦƣĲĬЯШƽŔƣőШƣőĲШƖĲǰĲĦƣĲĬШñрƖċǃƚШĤĲŔŰŊШƖĲǰĲĦƣĲĬШċƣШċŰШċŰŊũĲШĲƕƨċũШƣŸШƣőĲШċŰŊũĲШŸŉШŔŰĦŔĬĲŰĦĲЯШ
[ŔŊƨƖĲШΟΦЮШñрƖċǃƚШƽŔũũШƣƖċƻĲũШĬŔǭĲƖĲŰƣШĬŔƚƣċŰĦĲƚШĬĲƓĲŰĬŔŰŊШŸŰШƽőŔĦőШƓũċŰĲШƣőĲǃШŔŰƣĲƖċĦƣШƽŔƣőШċŰĬШ
ċƖĲШƖĲǰĲĦƣĲĬШŸǭШŸŉЮШ?ŔǭƖċĦƣŔŸŰШŸĦĦƨƖƚШƽőĲŰШƣƽŸШŸƖШůŸƖĲШñрƖċǃƚШƽőŔĦőШőċƻĲШƣƖċƻĲũũĲĬШĬŔǭĲƖĲŰƣШ
ĬŔƚƣċŰĦĲƚШċŰĬШŔŰƣĲƖċĦƣĲĬШƽŔƣőШĬŔǭĲƖĲŰƣШƓũċŰĲƚШŔŰƣĲƖċĦƣШƽŔƣőШĲċĦőШŸƣőĲƖЮШ?ŔǭƖċĦƣĲĬШñрƖċǃƚШůċǃШ
ƨŰĬĲƖŊŸШĦŸŰƚƣƖƨĦƣŔƻĲШŸƖШĬĲƚƣƖƨĦƣŔƻĲШŔŰƣĲƖŉĲƖĲŰĦĲШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣőĲШƓũċŰĲƚШ

Figure 38 Diagram showing emission of characteristic X-Rays of copper [7] 
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ċŰĬШƣőĲШĬŔƚƣċŰĦĲƚШƣőĲШñрƖċǃƚШőċƻĲШƣƖċƻĲũũĲĬЯШыEƕЮШΝьЯШƽŔƣőШƚƨĦőШŔŰƣĲƖŉĲƖĲŰĦĲШĤĲŔŰŊШĬĲǯŰĲĬШĤǃШ
7ƖċŊŊќƚШũċƽа 

 

ὲ‗ ςὨίὭὲῸ 

(Eq.  1) 

[ŔŊƨƖĲШΟΦШƚőŸƽƚШƣőŔƚШƖĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШƻŔƚƨċũũǃЯШƽőĲƖĲШŰШŔƚШċШƓŸƚŔƣŔƻĲШŔŰƣĲŊĲƖЯШШ͘ŔƚШƣőĲШ
ƽċƻĲũĲŰŊƣőШŸŉШƣőĲШñрƖċǃƚЯШĬШŔƚШƣőĲШƚƓċĦŔŰŊШĤĲƣƽĲĲŰШƣőĲШċƣŸůŔĦШƓũċŰĲƚЯШċŰĬШШ̗ŔƚШƣőĲШċŰŊũĲШŸŉШ
ŔŰĦŔĬĲŰĦĲоƖĲǰĲĦƣŔŸŰШŸŉШƣőĲШñрƖċǃШƣŸШƣőĲШƚċůƓũĲЮШ 

 

Figure 39 Visual Illustration of Bragg's Law [115] 

 

9ŸŰƚƣƖƨĦƣŔƻĲШŔŰƣĲƖŉĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣƽŸШŸƖШůŸƖĲШñрƖċǃƚШŸĦĦƨƖƚШƽőĲƖĲШƣőĲШĲǂƣƖċШĬŔƚƣċŰĦĲШƣƖċƻĲũũĲĬШ
ĤǃШƣőĲШċĬĬŔƣŔŸŰШñрƖċǃƚШƨƓőŸũĬƚШ7ƖċŊŊќƚШxċƽЯШƽőĲƖĲШƣőĲШĬŔƚƣċŰĦĲШ97ЮӂЮ7?ШŔƚШĲƕƨċũШƣŸШΥĬƚŔŰШ̗ċŰĬШ
ƚŸШċŰШŔŰƣĲŊĲƖШŸŉШƣőĲШƽċƻĲũĲŰŊƣőЯШŰ͘ЮШìőĲŰШƣőŔƚШƖĲũċƣŔŸŰƚőŔƓШŔƚШƨƓőĲũĬШñрƖċǃƚШůċǃШŔŰƣĲƖċĦƣШƽŔƣőШ
ƣőĲШĬĲƣĲĦƣŸƖЮШÉőŸƨũĬШƣőĲШĲǂƣƖċШĬŔƚƣċŰĦĲШƣƖċƻĲũũĲĬШĤǃШƣőĲШñрƖċǃЯШ97ЮӂЮ7?ЯШŰŸƣШĤĲШĲƕƨċũШƣŸШΥĬƚŔŰЯ̗Ш
ĬĲƚƣƖƨĦƣŔƻĲШŔŰƣĲƖŉĲƖĲŰĦĲШƽŔũũШŸĦĦƨƖШĬƨĲШƣŸШƣőĲШñрƖċǃƚШĤĲŔŰŊШŸƨƣШŸŉШƓőċƚĲШċŰĬШñрƖċǃƚШƽŔũũШĦċŰĦĲũШ
ĲċĦőШŸƣőĲƖШŸƨƣЮШÑőĲШƖĲƚƨũƣŔŰŊШñрƖċǃƚШĬĲƣĲĦƣĲĬШċƚШċШƖĲƚƨũƣШŸŉШƣőĲШĦŸŰƚƣƖƨĦƣŔƻĲШŔŰƣĲƖŉĲƖĲŰĦĲШƽŔũũШ
ŉŸƖůШċŰШñÅ?ШƓċƣƣĲƖŰШƽŔƣőШΞ̑ШƓũŸƣƣĲĬШċŊċŔŰƚƣШŔŰƣĲŰƚŔƣǃШŸŉШñрƖċǃƚШĬĲƣĲĦƣĲĬЮШEċĦőШŔŰĬŔƻŔĬƨċũШƓĲċťШ
ŸŰШƣőĲШñÅ?ШƓċƣƣĲƖŰШƖĲƓƖĲƚĲŰƣƚШċШĬŔǭĲƖĲŰƣШĦƖǃƚƣċũũŸŊƖċƓőŔĦШƓũċŰĲШĬĲŰŸƣĲĬШĤǃШĬŔǭĲƖĲŰƣШ~ŔũũĲƖШ
ŔŰĬŔĦĲƚЯШŸƖШőťũШĦŸŸƖĬŔŰċƣĲƚЯШƓƖŸƻŔĬĲĬШƣőĲШŔŰƣĲŰƚŔƣǃШŸŉШĬĲƣĲĦƣĲĬШñрƖċǃƚШŔƚШőŔŊőШĲŰŸƨŊőЮШÂƖŸƻŔĬĲĬШŔƣШ
ŔƚШŰŸƣШċůŸƖƓőŸƨƚШыĬŸĲƚШŰŸƣШőċƻĲШċШĦƖǃƚƣċũũŔŰĲШƚƣƖƨĦƣƨƖĲьШĲċĦőШĦƖǃƚƣċũШƚƣƖƨĦƣƨƖĲШőċƚШċШĬŔƚƣŔŰĦƣШ
ƓċƣƣĲƖŰШŸŉШƓĲċťƚШŸŉШƻċƖǃŔŰŊШŔŰƣĲŰƚŔƣŔĲƚШċŰĬШċŰŊũĲƚШŸŉШŔŰĦŔĬĲŰĦĲЯШƽőŔĦőШĦċŰШĤĲШĦŸůƓċƖĲĬШċŊċŔŰƚƣШ
ĲǂŔƚƣŔŰŊШĬċƣċШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƓőċƚĲƚШŸŉШƣőĲШċŰċũǃƚĲĬШƚċůƓũĲЮШШ 

fŉШƣőŔƚШŔŰƣĲŰƚŔƣǃШŔƚШŰŸƣШőŔŊőШĲŰŸƨŊőЯШƓĲċťƚШůċǃШĤĲШũŸƚƣШŔŰШĤċĦťŊƖŸƨŰĬШŰŸŔƚĲШŸƖШůĲƖŊĲШŔŰƣŸШũċƖŊĲƖШ
ƓĲċťƚЮШ ШŰŔĦťĲũШǯũƣĲƖШůċǃШĤĲШĲůƓũŸǃĲĬШƽőĲŰШƨƚŔŰŊШċШ9ƨШƚŸƨƖĦĲШƣŸШƖĲĬƨĦĲШƣőĲШċƓƓĲċƖċŰĦĲШŸŉШ
ƣƽŔŰШƓĲċťƚЯШŸƖШƓĲċťШƚƓũŔƣƣŔŰŊЯШŸĦĦƨƖƖŔŰŊШĬƨƖŔŰŊШñÅ?ЮШÑƽŔŰШƓĲċťƚШċƖĲШƣőĲШƖĲƚƨũƣШŸŉШċьШuШ͈ċŰĬШuШ͉
ƖċĬŔċƣŔŸŰШŸƖШĤьШu͈ΝШċŰĬШu͈ ΞШƖċĬŔċƣŔŸŰЮШÑƽŔŰШƓĲċťƚШċƚШċШƖĲƚƨũƣШŸŉШu͈ ШċŰĬШu͉ШůċǃШĤĲШƖĲůŸƻĲĬШĤǃШ
ƨƚŔŰŊШċШ ŔШǯũƣĲƖШƣŸШĤũŸĦťШu͉ШƖċĬŔċƣŔŸŰЮ 
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ìőĲŰШċŰċũǃƚŔŰŊШƚċůƓũĲƚШƽŔƣőШŰŔĦťĲũЯШůċŰŊċŰĲƚĲШŸƖШĦŸĤċũƣШŔŰЯШĲũĲůĲŰƣƚШƨƚĲĬШƽŔĬĲũǃШƽŔƣőŔŰШƣőŔƚШ
ƓƖŸŢĲĦƣЯШċШũŸƽШǰƨŸƖĲƚĦĲŰƣШůŸĬĲШůƨƚƣШċũƚŸШĤĲШƨƚĲĬШƣŸШƖĲĬƨĦĲШƣőĲШĲǭĲĦƣШŸŉШǰƨŸƖĲƚĦĲŰĦĲЮШ
[ũƨŸƖĲƚĦĲŰĦĲШŔƚШƣőĲШĲůŔƚƚŔŸŰШŸŉШĦőċƖċĦƣĲƖŔƚƣŔĦШñрƖċǃƚШĤǃШƣőĲШƚċůƓũĲШĤĲŔŰŊШċŰċũǃƚĲĬЯШŔŰШċĬĬŔƣŔŸŰШ
ƣŸШƣőĲШñрƖċǃƚШĤĲŔŰŊШƖĲǰĲĦƣĲĬЯШċŰĬШĬƨĲШƣŸШ ŔЯШ~ŰЯШċŰĬШ9ŸШĤĲŔŰŊШƚŔůŔũċƖШŔŰШƚŔǍĲШƣŸШ9ƨШƣőĲШĲůŔƣƣĲĬШ
ĦőċƖċĦƣĲƖŔƚƣŔĦШñрƖċǃƚШċƖĲШƚŔůŔũċƖШŔŰШĲŰĲƖŊǃШƣŸШƣőĲШĦőċƖċĦƣĲƖŔƚƣŔĦШñрƖċǃƚШŸŉШƣőĲШ9ƨШƚŸƨƖĦĲЮШÑőŔƚШ
ƖĲƚƨũƣƚШŔŰШŉƨƖƣőĲƖШĤċĦťŊƖŸƨŰĬШƓĲċťƚШċŰĬШƖĲƕƨŔƖĲƚШċШũŸƽШǰƨŸƖĲƚĦĲŰĦĲШůŸĬĲШŔŰШŸƖĬĲƖШƣŸШƖĲĬƨĦĲШ
ƣőĲШŔŰƣĲŰƚŔƣǃШŸŉШĤċĦťŊƖŸƨŰĬШƖċĬŔċƣŔŸŰШĤǃШŔŰĦƖĲċƚŔŰŊШƣőĲШůŔŰŔůƨůШƣőƖĲƚőŸũĬШċƣШƽőŔĦőШĲŰĲƖŊǃШůċǃШ
ĤĲШĬĲƣĲĦƣĲĬЮШ7ǃШƨƚŔŰŊШũŸƽШǰƨŸƖĲƚĦĲŰĦĲШůŸĬĲЯШĦőċƖċĦƣĲƖŔƚƣŔĦШ ŔЯШ~ŰЯШċŰĬШ9ŸШñрƖċǃƚШĬŸШŰŸƣШůĲĲƣШ
ƣőĲШůŔŰŔůƨůШŔŰƣĲŰƚŔƣǃШƣŸШĤĲШĬĲƣĲĦƣĲĬШċŰĬШƚŸШƣőŔƚШƖĲĬƨĦĲƚШƣőĲШŰŸŔƚĲШŸŉШƣőĲШĤċĦťŊƖŸƨŰĬШ
ƖċĬŔċƣŔŸŰЮ 

ìőĲŰШċŰċũǃƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШñÅ?ЯШĦĲƖƣċŔŰШĦőċƖċĦƣĲƖŔƚƣŔĦШƓĲċťƚШőĲũƓШĬĲŰŸƣĲШƽőĲƣőĲƖШƣőĲШ
 ~9ΥΝΝШŔƚШũċǃĲƖĲĬШċŰĬШŸƖŊċŰŔƚĲĬЯШŸƖШĬŔƚŸƖŊċŰŔƚĲĬЮШxċǃĲƖĲĬЯШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШőċƚШċũƣĲƖŔŰŊШ
ũċǃĲƖƚШŸŉШũŔƣőŔƨůШċŰĬШƣƖċŰƚŔƣŔŸŰШůĲƣċũШċƣŸůƚШċŰĬШŔƚШőŔŊőũŔŊőƣĲĬШĤǃШċШũċƖŊĲШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШĤĲƣƽĲĲŰШ
ƣőĲШыΜΜΟьШċŰĬШыΝΜΠьШƖĲǰĲĦƣŔŸŰƚЯШċŰĬШƚƣƖŸŰŊЯШĬŔƚƣŔŰĦƣШƣƽŔŰШƓĲċťƚШċƣШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШ
ƖĲǰĲĦƣŔŸŰƚЮШ?ŔƚŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШƽŔũũШőċƻĲШůŔǂŔŰŊШŸŉШũŔƣőŔƨůШċŰĬШƣƖċŰƚŔƣŔŸŰШůĲƣċũШċƣŸůƚШ
ĤĲƣƽĲĲŰШƣőĲШũċǃĲƖƚШċŰĬШƣőĲШŊƖĲċƣĲƖШƣőĲШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШƣőĲШŊƖĲċƣĲƖШƣőĲШůŔǂШŸŉШċƣŸůƚШĤĲƣƽĲĲŰШƣőĲШ
ũċǃĲƖƚЮШfŰĦƖĲċƚĲĬШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШŔƚШĬĲŰŸƣĲĬШĤǃШċШũŸƽĲƖШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШĤĲƣƽĲĲŰШыΜΜΟьШċŰĬШыΝΜΠьШ
ƖĲǰĲĦƣŔŸŰƚЯШċŰĬШũĲƚƚШĬŔƚƣŔŰĦƣШƣƽŔŰШƓĲċťƚШċƣШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƖĲǰĲĦƣŔŸŰƚЮШ 

cŸƽШĬŔƚƣŔŰĦƣШƣőĲШƣƽŔŰШƓĲċťƚШċƖĲШċƣШƣőĲШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƖĲǰĲĦƣŔŸŰƚШĦċŰШĤĲШĦċũĦƨũċƣĲĬШ
ƕƨċŰƣŔƣċƣŔƻĲũǃШĤǃШĬĲƣĲƖůŔŰŔŰŊШƣőĲШƖĲƚŸũƨƣŔŸŰШŸŉШƚĲƓċƖċƣŔŸŰШŸŉШƣőĲШƣƽŔŰШƓĲċťƚШяΝΝΣѐЮШÑőĲШƖĲƚŸũƨƣŔŸŰШ
ŸŉШƚĲƓċƖċƣŔŸŰЯШÅƚЯШŔƚШƓƖŔůċƖŔũǃШƨƚĲĬШŔŰШĦőƖŸůċƣŸŊƖċƓőǃШőŸƽĲƻĲƖШĦċŰШĤĲШċũƚŸШƨƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШ
őŸƽШƽĲũũШƚĲƓċƖċƣĲĬШƣƽŔŰШƓĲċťƚШċƖĲШŔŰШñÅ?ШƓċƣƣĲƖŰƚЮШÅĲƚŸũƨƣŔŸŰШŸŉШƚĲƓċƖċƣŔŸŰШĦċŰШĤĲШĦċũĦƨũċƣĲĬШ
ĤǃШƣċťŔŰŊШƣőĲШĬŔǭĲƖĲŰĦĲШŔŰШƣőĲШΥ̗ШƻċũƨĲƚШŸŉШƣőĲШƣƽŸШƓĲċťƚЯШƣÅΥЮшЮƣÅΤЯШ[ŔŊƨƖĲШΠΜċЯШċŰĬШĬŔƻŔĬŔŰŊШĤǃШ
ƣőĲШċƻĲƖċŊĲШŸŉШƣőĲШƽŔĬƣőШŸŉШƣőĲШƣƽŸШƓĲċťƚЯШёƽΤЮӂЮƽΥђфΥЯШ[ŔŊƨƖĲШΠΜĤЯШċƚШƓĲƖШШыEƕЮШШΞьЮШÑőŔƚШƽŔũũШƖĲƚƨũƣШ
ŔŰШċШƻċũƨĲШŸŉШĤĲƣƽĲĲŰШΜШċŰĬШΝЮΡЯШƽőĲƖĲШΜШŔƚШċШƚŔŰŊũĲШƓĲċťШċŰĬШΝЮΡШŔƚШƣƽŸШƚĲƓċƖċƣĲШƣƽŔŰШƓĲċťƚШƽŔƣőШ
ċũůŸƚƣШŰŸШŸƻĲƖũċƓЮШ 
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Figure 40 Images showing method for determining resolution of separation in twin peaks and a) the variables used to 
calculate Rs and b) how Rs relates to peak overlap [117] 

ΥдΥдΤдΤ ÅŔĲƣƻĲũĬЮ ŰċũǃƚŔƚ 
ÅŔĲƣƻĲũĬШċŰċũǃƚŔƚШůċǃШĤĲШĲůƓũŸǃĲĬШƓŸƚƣШñÅ?ШŔŰШŸƖĬĲƖШƣŸШƖĲǯŰĲШƣőĲШĦƖǃƚƣċũШƚƣƖƨĦƣƨƖĲШŸŉШƣőĲШ
ċŰċũǃƚĲĬШƚċůƓũĲШƣŸШĬĲƣĲƖůŔŰĲШƻċƖŔċƣŔŸŰШŔŰШƚƣƖƨĦƣƨƖĲШĤĲƣƽĲĲŰШƣőĲШƚċůƓũĲШċŰĬШƣőĲШťŰŸƽŰШ
ƖĲŉĲƖĲŰĦĲĬШůċƣĲƖŔċũШƓċƣƣĲƖŰƚЮШÑőŔƚШƣĲĦőŰŔƕƨĲШŔƚШƨƚĲŉƨũШƽőĲŰШĦŸůƓċƖŔŰŊШƚƣƖƨĦƣƨƖĲƚШƽŔƣőШĬŔǭĲƖĲŰƣШ

ċь Ĥь 



ΣΡ 
 

ƓƖŸƓŸƖƣŔŸŰƚШŸŉШċƣŸůƚЯШċĬĬŔƣŔŸŰċũШƓőċƚĲƚЯШŸƖШĬŔǭĲƖĲŰƣШƚƣƖƨĦƣƨƖċũШŸƖŔĲŰƣċƣŔŸŰƚЯШċŰĬШĦċŰШƚőŸƽШ
ƻċƖŔċƣŔŸŰƚШŔŰШĦőċƖċĦƣĲƖŔƚƣŔĦƚШƚƨĦőШċƚШƨŰŔƣШĦĲũũШĬŔůĲŰƚŔŸŰƚЯШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШĲũĲůĲŰƣƚЯШċŰĬШċƣŸůŔĦШ
ƚƓċĦŔŰŊЮШÅŔĲƣƻĲũĬШċŰċũǃƚŔƚШĦċŰШĤĲШƨŰĬĲƖƣċťĲŰШƨƚŔŰŊШċШŰƨůĤĲƖШŸŉШƓƖŸŊƖċůƚЯШŔŰĦũƨĬŔŰŊШ]ĲŰĲƖċũШ
ÉƣƖƨĦƣƨƖĲШ ŰċũǃƚŔƚШÉǃƚƣĲůЯШ]É ÉЯШŸƖШ~ċũƻĲƖŰШÂċŰċũǃƣŔĦċũќƚШcŔŊőƚĦŸƖĲЮШ[ŸƖШƣőŔƚШƓƖŸŢĲĦƣШ]É ÉрũũШŔƚШ
ƓƖŔůċƖŔũǃШƨƚĲĬШĬƨĲШƣŸШƣőĲШƓƖŸŊƖċůШƚƣŔũũШĤĲŔŰŊШƚƨƓƓŸƖƣĲĬШƽŔƣőШƨƓĬċƣĲƚШċŰĬШĬƨĲШƣŸШĲǂƓĲƖƣŔƚĲШŉƖŸůШ
ƚƣċǭШŔŰШƣőĲШÖŰŔƻĲƖƚŔƣǃШŸŉШÉőĲǭŔĲũĬШŔŰĦũƨĬŔŰŊШxĲƽŔƚШ§ƽĲŰЮШ 

ÅŔĲƣƻĲũĬШŔƚШƨŰĬĲƖƣċťĲŰШĤǃШċƣƣĲůƓƣŔŰŊШƣŸШǯƣШƓőċƚĲШĬċƣċЯШƖĲĦŸƖĬĲĬШĦƖǃƚƣċũũŸŊƖċƓőǃШĬċƣċШǯũĲЯШŸƖШ9f[Ш
ǯũĲЯШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШ9ƖǃƚƣċũũŸŊƖċƓőǃШ§ƓĲŰШ?ċƣċĤċƚĲШяΝΝΥѐШƣŸШƓŸƽĬĲƖШñÅ?ШĬċƣċШŉƖŸůШƣőĲШ
ƚċůƓũĲЯШŔŰШƣőŔƚШĦċƚĲШ ~9ΥΝΝШƓŸƽĬĲƖШĬċƣċШŉƖŸůШƣőĲШÂċŰċũǃƣŔĦċũШ ĲƖŔƚЯШÂőċƚĲШĬċƣċШŉŸƖШƣőŔƚШƚƣƨĬǃШ
ŔƚШƣőĲШĦƖǃƚƣċũũŸŊƖċƓőǃШ9f[ШǯũĲШŉŸƖШőŔŊőШŰŔĦťĲũШ ~9ΥΝΝШƽŔƣőШůŔŰŔůċũШůŔǂŔŰŊШŸŉШƣőĲШũŔƣőŔƨůШċŰĬШ
ƣƖċŰƚŔƣŔŸŰШůĲƣċũШũċǃĲƖƚШы9§?Шf?ШΝΡΞΜΤΥΦШяΝΝΦѐьЮШìőĲŰШŔůƓŸƖƣŔŰŊШƓőċƚĲШĬċƣċЯШċĬĬŔƣŔŸŰċũШĬċƣċШ
ŉƖŸůШƣőĲШƓőċƚĲШĬċƣċШůƨƚƣШĤĲШċĬĬĲĬШůċŰƨċũũǃШċŰĬШŔŰĦũƨĬĲƚШƣőĲШƚƓċĦĲШŊƖŸƨƓЯШƨŰŔƣШĦĲũũШ
ĬŔůĲŰƚŔŸŰƚЯШĦĲũũШƻŸũƨůĲЯШċŰĬШƣőĲШŔŰŔƣŔċũШċƣŸůШĬċƣċЯШŸƨƣũŔŰĲĬШŔŰШÑċĤũĲШΝΞЮШ?ƨĲШƣŸШƣőĲШƚŔůŔũċƖŔƣŔĲƚШ
ĤĲƣƽĲĲŰШ fЯШ~ŰЯШċŰĬШ9ŸЯШŔƣШŔƚШċƚƚƨůĲĬШƽőĲŰШƨƚŔŰŊШ ~9ШƓőċƚĲШĬċƣċШƣőċƣШ~ŰШċŰĬШ9ŸШċƖĲШ ŔЮШ 

¶ ÉƓċĦĲШ]ƖŸƨƓаШÅрΟůШыċӀĤӁĦЯШ͈Ӏ͉ Ӂь͊ 
¶ ċШӀШĤШӀШΞЮΥΣΠΡШ2 
¶ ĦШӀШΝΠЮΝΣΝШ2 
¶ Ш͈ӀШ͉ШӀШΦΜШ ҄
¶ Ш͊ӀШΝΞΜШ ҄
¶ 9ĲũũШéŸũƨůĲШӀШΝΜΜЮΣΞΦШ2Ο 

Ato
m 

Elemen
t 

X 
coordinat
e 

Y 
coordinat
e 

Z 
coordinat
e 

Fractio
n 

Site 
Symmetr
y 

Multipl
e 

Thermal 
Parameters
, Uiso 

Li1 Li 0 0 0 1.0 -3m 3 0.01 
Li2 Li 0 0 0.5 0 -3m 3 0.01 
Ni1 Ni 0 0 0 0 -3m 3 0.01 
Ni2 Ni 0 0 0.5 1.0 -3m 3 0.01 
O O 0 0 0.25 1.0 3m 6 0.01 

Table 12 NMC811 (CID ID 1520789) Atomic Data for Rietveld Analysis [119] 

ÂŸƽĬĲƖШĬċƣċЯШ ~9ΥΝΝШĬċƣċШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШÂċŰċũǃƣŔĦċũШ ĲƖŔƚШƽőŔĦőШƣőĲШƓőċƚĲШĬċƣċШƽŔũũШĤĲШ
ǯƣƣĲĬШċŊċŔŰƚƣЯШċŰĬШƣőĲШŔŰƚƣƖƨůĲŰƣШƓċƖċůĲƣĲƖШǯũĲЯШŉŸƖШƣőŔƚШĦċƚĲШƣőĲШƓċƖċůĲƣĲƖШǯũĲШŉŸƖШƣőĲШ
ÂċŰċũǃƣŔĦċũШ ĲƖŔƚЯШŔƚШċũƚŸШƨƓũŸċĬĲĬЮШÑőĲШĤċĦťŊƖŸƨŰĬШŉƨŰĦƣŔŸŰШŔƚШċũƚŸШƚĲƣШƣŸШ9őĲĤǃƚĦőĲƻрΝШƽŔƣőШΣШ
ĬĲŊƖĲĲƚШŸŉШŉƖĲĲĬŸůШƽőŔĦőШŊŔƻĲƚШċШĦŸůƓƖŸůŔƚĲШĤĲƣƽĲĲŰШƣőĲШċĦĦƨƖċĦǃШċŰĬШĦŸůƓƨƣċƣŔŸŰċũШƓŸƽĲƖШ
ƖĲƕƨŔƖĲĬШŸŉШƣőĲШƖĲǯŰĲůĲŰƣЮШìőĲŰШƣőĲШƖĲǯŰĲůĲŰƣШƓƖŸĦĲƚƚШŔƚШĤĲŊƨŰШƣőĲШŔŰŔƣŔċũШƖĲǯŰĲůĲŰƣШƽŔũũШ
ŸŉƣĲŰШĤĲШċШƓŸŸƖШǯƣШĤĲƣƽĲĲŰШƣőĲШƓŸƽĬĲƖШċŰĬШƓőċƚĲШĬċƣċЮШìőĲŰШƖĲǯŰŔŰŊШƓĲċťƚЯШĤċĦťŊƖŸƨŰĬШ
ŉƨŰĦƣŔŸŰЯШŔŰƚƣƖƨůĲŰƣШƓċƖċůĲƣĲƖƚШċŰĬШƚċůƓũĲШƓċƖċůĲƣĲƖƚЯШċŰĬШƓőċƚĲШƓċƖċůĲƣĲƖƚЮШÑőĲƚĲШ
ƓċƖċůĲƣĲƖƚШůċǃШĤĲШƨƚĲĬШƣŸШƖĲǯŰĲШƓĲċťШŔŰƣĲŰƚŔƣǃЯШƚőċƓĲЯШċŰĬШƓŸƚŔƣŔŸŰЮ 

¶ ÑőĲШĤċĦťŊƖŸƨŰĬШůċǃШĤĲШƖĲǯŰĲĬШĤǃШǯƖƚƣШƖĲǯŰŔŰŊШƣőĲШĤċĦťŊƖŸƨŰĬШŉƨŰĦƣŔŸŰШƣŸШċƣƣĲůƓƣШƣŸШ
ƖĲǯŰĲШƣőĲШĤċĦťŊƖŸƨŰĬШŰŸŔƚĲЮШ 
 

¶ ÉċůƓũĲШƓċƖċůĲƣĲƖƚЯШƚƨĦőШċƚШőŔƚƣŸŊƖċůШƚĦċũĲШŉċĦƣŸƖЯШƚċůƓũĲШĬŔƚƓũċĦĲůĲŰƣЯШċŰĬШƚċůƓũĲШ
ƣƖċŰƚƓċƖĲŰĦǃШůċǃШĤĲШƖĲǯŰĲĬШŔŉШƣőĲƖĲШŔƚШƚŔŊŰŔǯĦċŰƣШĬŔǭĲƖĲŰĦĲƚШŔŰШƚĦċũĲШĤĲƣƽĲĲŰШƓŸƽĬĲƖШ
ĬċƣċШċŰĬШƓőċƚĲШĬċƣċЮШÑőŔƚШƽŸƨũĬШĤĲШƣőĲШĦċƚĲШŔŉШŸŰĲШĬċƣċШƚĲƣШƽċƚШċŰċũǃƚĲĬШƨƚŔŰŊШċШ
ŊƖĲċƣĲƖШĦŸƨŰƣоƚĲĦŸŰĬШƖĲƚƨũƣŔŰŊШŔŰШċШƓċƣƣĲƖŰШƽŔƣőШċШŊƖĲċƣĲƖШŸƻĲƖċũũШŔŰƣĲŰƚŔƣǃЮ 
 



ΣΣ 
 

¶ fŰƚƣƖƨůĲŰƣШƓċƖċůĲƣĲƖƚШůċǃШĤĲШĤƖŸċĬũǃШƚƓũŔƣШŔŰƣŸШŊċƨƚƚŔċŰШċŰĬШxŸƖĲŰƣǍŔċŰШƓċƖċůĲƣĲƖƚШ
ċŰĬШċƖĲШƨƚĲĬШƣŸШƖĲǯŰĲШƓĲċťШƚőċƓĲЮШìőŔũĲШĤŸƣőШċƖĲШƨƚĲĬШŔŰШƣċŰĬĲůШƣŸШĬĲƚĦƖŔĤĲШƓĲċťШ
ƚőċƓĲЯШƣőĲǃШċƖĲШĬĲǯŰĲĬШĤǃШĬŔǭĲƖĲŰƣШĲƕƨċƣŔŸŰƚЮШ]ċƨƚƚŔċŰШƓĲċťƚШƣĲŰĬШƣŸШĤĲШƚőċƖƓĲƖШċŰĬШ
ŰċƖƖŸƽĲƖШƽŔƣőШċШőŔŊőĲƖШŔŰƣĲŰƚŔƣǃШċŰĬШċƖĲШĬĲǯŰĲĬШċƚШƽőĲƖĲШЮŔƚШƣőĲШƓĲċťШƚĦċũŔŰŊШŉƨŰĦƣŔŸŰЯШ
ĤЮŔƚШƓĲċťШƓŸƚŔƣŔŸŰЯШċŰĬШĦЮƖĲũċƣĲƚШƣŸШƣőĲШƓĲċťШƽŔĬƣőЯШыEƕЮШШΟьЮ 
 

Ὃὼ ὃὩὼὴ
ὼ ὦ

ςὧ
 

(Eq.  3) 

xŸƖĲŰƣǍŔċŰШƓĲċťƚШƣĲŰĬШƣŸƽċƖĬƚШƽŔĬĲƖШƓĲċťƚШƽŔƣőШċШũŸƽĲƖШŔŰƣĲŰƚŔƣǃШċŰĬШċƖĲШĬĲǯŰĲĬШċƚШ
ƽőĲƖĲШǂΣШŔƚШƣőĲШƓĲċťШƓŸƚŔƣŔŸŰШċŰĬШЮ͐ŔƚШƣőĲШŉƨũũШƽŔĬƣőШċƣШőċũŉШůċǂŔůƨůЯШыEƕЮШШΠьЯШċŰĬШċƚШ
ƚƨĦőЯШƓĲċťШƚőċƓĲШůċǃШĤĲШƖĲǯŰĲĬШĤǃШƖĲǯŰŔŰŊШŊċƨƚƚŔċŰШыÖЯШéЯШċŰĬШìШƓċƖċůĲƣĲƖƚьШċŰĬШ
xŸƖĲŰƣǍŔċŰШыñЯШòЯШċŰĬШüШƓċƖċůĲƣĲƖƚьШƓċƖċůĲƣĲƖƚЮ 
 

ὒὼ  
ρ

“

ρ
ς
‎

ὼ ὼ
ρ
ς
‎

 

(Eq.  4) 

¶ ÖŰŔƣШĦĲũũШƓċƖċůĲƣĲƖƚШůċǃШĤĲШƖĲǯŰĲĬШŔŰШŸƖĬĲƖШƣŸШƖĲǯŰĲШƓĲċťШƓŸƚŔƣŔŸŰƚШŸŉШƣőĲШƓőċƚĲШĬċƣċЮШ
ÂĲċťШƓŸƚŔƣŔŸŰШŔƚШƖĲũċƣĲĬШƣŸШƣőĲШƨŰŔƣШĦĲũũШĦŸŰƚƣċŰƣƚШыċЯШĤЯШĦЯШ͈ЯШ͉ЯШ͊ьШċŰĬШƚŸШĤĲШƖĲǯŰŔŰŊШƣőĲШ
ƨŰŔƣШĦĲũũШĦŸŰƚƣċŰƣƚШƓĲċťШƓŸƚŔƣŔŸŰƚШůċǃШĤĲШċĦĦƨƖċƣĲũǃШĬĲǯŰĲĬЮ 
 

¶ [ŔŰċũũǃШƓĲċťШŔŰƣĲŰƚŔƣǃШůċǃШĤĲШƖĲǯŰĲĬШĤǃШƖĲǯŰŔŰŊШƣőĲШċƣŸůŔĦШƓŸƚŔƣŔŸŰƚЯШƚŔƣĲШŉƖċĦƣŔŸŰƚЯШċŰĬШ
ƣőĲƖůċũШƓċƖċůĲƣĲƖƚШĬĲǯŰĲĬШŔŰШÑċĤũĲШΝΞЮШ7ǃШƖĲǯŰŔŰŊШŉŸƖШĬŔǭĲƖĲŰƣШċƣŸůƚШŔŰШƣőĲШƚƣƖƨĦƣƨƖĲЯШ
ƖĲũċƣŔƻĲШƓĲċťШŔŰƣĲŰƚŔƣŔĲƚШůċǃШĤĲШƖĲǯŰĲĬЮШÑőŔƚШŔƚШŔůƓŸƖƣċŰƣШŉŸƖШƓőċƚĲШŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШƣőĲШ
 ~9ШƽőĲƖĲШƣőĲШƖċƣŔŸШĤĲƣƽĲĲŰШƓĲċťШŔŰƣĲŰƚŔƣŔĲƚШŔƚШċŰШŔůƓŸƖƣċŰƣШŔĬĲŰƣŔǯĲƖШŸŉШƣőĲШƖċƣŔŸШŸŉШ
ĬŔǭĲƖĲŰƣШĲũĲůĲŰƣƚШƽŔƣőŔŰШƣőĲШĦƖǃƚƣċũШƚƣƖƨĦƣƨƖĲЮ 
 

ÉƨĦőШƖĲǯŰĲůĲŰƣƚШůƨƚƣШĤĲШĬŸŰĲШƽŔƣőШƣőĲШƨŰĬĲƖƚƣċŰĬŔŰŊШƣőċƣШƣőĲШ]É ÉШffШƚŸŉƣƽċƖĲШůċǃШŊĲŰĲƖċƣĲШ
ŰƨůĤĲƖƚШĬƨƖŔŰŊШƖĲǯŰĲůĲŰƣШƣőċƣШċƖĲШŰŸƣШƓŸƚƚŔĤũĲШŔŰШƣőĲШƖĲċũШƽŸƖũĬЮШÑőĲƖĲŉŸƖĲЯШċŉƣĲƖШĲċĦőШ
ƖĲǯŰĲůĲŰƣШċШĦőĲĦťШůƨƚƣШĤĲШĬŸŰĲШƣŸШĲŰƚƨƖĲШċũũШƻċũƨĲƚШċƖĲШƚƣŔũũШƖĲċũŔƚƣŔĦЮШÑőĲШƓċƣƣĲƖŰƚШůċǃШĤĲШ
ĦŸŰƚŔĬĲƖĲĬШƣŸШĤĲШƖĲǯŰĲĬШƽőĲŰШĤŸƣőШƓċƣƣĲƖŰƚШƻŔƚƨċũũǃШũŔŰĲШƨƓЮШÑőĲШ͞ΞШƻċũƨĲШůċǃШĤĲШƨƚĲĬШċƚШċШ
ƚőŸƖƣőċŰĬШŉŸƖШċШŊŸŸĬШǯƣЯШƽŔƣőШƣőĲШǯƣШĤĲŔŰŊШĦŸŰƚŔĬĲƖĲĬШĤĲƣƣĲƖШċƚШƣőĲШƻċũƨĲШċƓƓƖŸċĦőĲƚШΜШĤƨƣШůċǃШ
ƚƣŔũũШƓƖŸĬƨĦĲШċШƚƣƖƨĦƣƨƖĲШƣőċƣШŔƚШŰŸƣШƓőǃƚŔĦċũũǃШƓŸƚƚŔĤũĲШŸƖШĬŸĲƚШŰŸƣШǯƣШċƚШƽĲũũШċƚШƣőĲШƻċũƨĲШ
ƚƨŊŊĲƚƣƚЮШ§ŰĦĲШǯƣƣĲĬЯШƣőĲШƖĲǯŰĲĬШƓċƖċůĲƣĲƖƚЯШƚƨĦőШċƚШƨŰŔƣШĦĲũũШƻċũƨĲƚЯШƚŔƣĲШŉƖċĦƣŔŸŰƚЯШċŰĬШ
ċƣŸůŔĦШƓŸƚŔƣŔŸŰƚШůċǃШĤĲШƨƚĲĬШŊċŔŰШŔŰƚŔŊőƣШŔŰƣŸШƣőĲШĦƖǃƚƣċũũŔŰĲШƚƣƖƨĦƣƨƖĲШċŰĬШůċťĲƨƓШŸŉШƣőĲШ
ƓŸƽĬĲƖШĬċƣċЮШÑőŔƚШŔƚШƣőĲƖĲŉŸƖĲШċШƻċũƨċĤũĲШƣŸŸũШƽőĲŰШċŰċũǃƚŔŰŊШĦƖǃƚƣċũũŔŰĲШƓŸƽĬĲƖƚЮ 

ΞЮΞЮΞ ÉĦċŰŰŔŰŊШEũĲĦƣƖŸŰШ~ŔĦƖŸƚĦŸƓǃ 
ÉĦċŰŰŔŰŊШĲũĲĦƣƖŸŰШůŔĦƖŸƚĦŸƓǃЯШÉE~ЯШŔƚШċŰШċŰċũǃƣŔĦċũШůĲƣőŸĬШŉŸƖШŔůċŊŔŰŊШƚċůƓũĲƚЯШƽŔƣőШŔƣШ
ĬŔǭĲƖŔŰŊШŉƖŸůШƣƖċĬŔƣŔŸŰċũШũŔŊőƣрĤċƚĲĬШůŔĦƖŸƚĦŸƓǃШĤǃШƨƚŔŰŊШĲũĲĦƣƖŸŰƚШċƚШċŰШŔůċŊŔŰŊШƚŸƨƖĦĲШ
ŔŰƚƣĲċĬШŸŉШũŔŊőƣЮШÑőŔƚШċũũŸƽƚШÉE~ШƣŸШƓƖŸĬƨĦĲĬШőŔŊőШƕƨċũŔƣǃШŔůċŊĲƚШƽŔƣőШőŔŊőĲƖШũĲƻĲũƚШŸŉШ
ůċŊŰŔǯĦċƣŔŸŰШƣőċŰШƣƖċĬŔƣŔŸŰċũШũŔŊőƣрĤċƚĲĬШůŔĦƖŸƚĦŸƓǃШĬƨĲШƣŸШĲũĲĦƣƖŸŰƚШőċƻŔŰŊШċШƚŔŊŰŔǯĦċŰƣũǃШ
ƚůċũũĲƖШƽċƻĲũĲŰŊƣőШƣőċŰШƻŔƚŔĤũĲШũŔŊőƣШыӈΝΜрΝΜШůШƻƚЮШΝΜрΤШůьЯШƽŔƣőШƣőĲШĬŸƽŰƚŔĬĲШĤĲŔŰŊШƣőċƣШŔůċŊĲƚШ
ůƨƚƣШĤĲШƣċťĲŰШƨŰĬĲƖШċШƻċĦƨƨůШƣŸШĲŰƚƨƖĲШĲũĲĦƣƖŸŰƚШőċƻĲШƚƨǭŔĦŔĲŰƣШůĲċŰШŉƖĲĲШƓċƣőШũĲŰŊƣőШƣŸШ



ΣΤ 
 

ƖĲċĦőШƣőĲШƚċůƓũĲШƚƨƖŉċĦĲЮШÉċůƓũĲƚШċƖĲШƓũċĦĲĬШŸŰШċШĦċƖĤŸŰШĬŔƚĦШы ŊċƖШÉĦŔĲŰƣŔǯĦЯШΝΞЮΡůůьШŸŰШċШ
ůĲƣċũШƚƣƨĤЯШċŰĬШƣőĲШůŔĦƖŸƚĦŸƓĲШƓƖŔůċƖŔũǃШƨƚĲĬШƣŸШƣċťĲШŔůċŊĲƚШŔŰШƣőŔƚШƓƖŸŢĲĦƣШŔƚШƣőĲШ[EfШfŰƚƓĲĦƣШ[ЮШ
EũĲĦƣƖŸŰƚШċƖĲШŊĲŰĲƖċƣĲĬШƨƚŔŰŊШċŰШĲũĲĦƣƖŸŰШŊƨŰЯШ[ŔŊƨƖĲШΠΝċЯШƽőĲƖĲШċШƚŸƨƖĦĲШŸŉШĲŔƣőĲƖШƣƨŰŊƚƣĲŰШŸƖШ
ƚŸũŔĬШƚƣċƣĲШũċŰƣőċŰƨůШőĲǂċĤŸƖŔĬĲШŔƚШĲǂĦŔƣĲĬШċŰĬШĬĲĲǂĦŔƣĲĬШĤǃШċŰШċƓƓũŔĲĬШƻŸũƣċŊĲШċĦƖŸƚƚШƣőĲШ
ƚŸƨƖĦĲЯШĲůŔƣƣŔŰŊШŉƖĲĲЯШŸƖШƓƖŔůċƖǃЯШĲũĲĦƣƖŸŰƚШƣőċƣШċƖĲШċĦĦĲũĲƖċƣĲĬШċĦƖŸƚƚШċШƓŸƣĲŰƣŔċũШĬŔǭĲƖĲŰĦĲЮШ Ш
ǯĲũĬШĲůŔƚƚŔŸŰШŊƨŰШůċǃШċũƚŸШĤĲШĲůƓũŸǃĲĬЯШƽőĲƖĲĤǃШƣƨŰŊƚƣĲŰШĦŸŸũĲĬШƨƚŔŰŊШũŔƕƨŔĬШŰŔƣƖŸŊĲŰШĲůŔƣƚШ
ƓƖŔůċƖǃШĲũĲĦƣƖŸŰƚШŔŰШċШĦŸũƨůŰШŉƖŸůШċШƚŔŰŊũĲШƓŸŔŰƣЮШÑőŔƚШċũũŸƽƚШőŔŊőĲƖШƖĲƚŸũƨƣŔŸŰШŔůċŊĲƚШƣŸШĤĲШ
ƣċťĲŰШċШůƨĦőШũŸƽĲƖШƚĦċũĲƚЯШŔŰĦũƨĬŔŰŊШŰċŰŸƚĦċũĲЮШ 

§ŰĦĲШċĦĦĲũĲƖċƣĲĬШƣőĲШƓƖŔůċƖǃШĲũĲĦƣƖŸŰƚШċƖĲШŉŸĦƨƚĲĬШƣőƖŸƨŊőШċШĦŸŰĬĲŰƚĲƖШũĲŰƚЯШ[ŔŊƨƖĲШΠΝĤЯШ
ƽőŔĦőШĬĲǯŰĲƚШƣőĲШƚŔǍĲШŸŉШƣőĲШĲũĲĦƣƖŸŰШĤĲċůШċŰĬШƣőĲŰШŉŸĦƨƚĲĬШƣőƖŸƨŊőШċŰШŸĤŢĲĦƣŔƻĲШũĲŰƚЮШ
~ŸĬŔŉǃŔŰŊШƣőĲШĦŸŰĬĲŰƚĲƖШũĲŰƚШƽŔũũШċǭĲĦƣШƣőĲШƖĲƚŸũƨƣŔŸŰШŸŉШƣőĲШǯŰċũШŔůċŊĲШƽőŔũĲШċũƣĲƖŔŰŊШƣőĲШ
ŸĤŢĲĦƣŔƻĲШũĲŰƚШċũũŸƽƚШŉŸƖШƣőĲШůċŊŰŔǯĦċƣŔŸŰШċŰĬШŉŸĦƨƚШŸŉШƣőĲШǯŰċũШŔůċŊĲШƣŸШĤĲШƻċƖŔĲĬЮШÂƖŔůċƖǃШ
ĲũĲĦƣƖŸŰƚШƣőĲŰШŔŰƣĲƖċĦƣШƽŔƣőШƣőĲШƚċůƓũĲШċŰĬШĲǂőŔĤŔƣШĬŔǭĲƖĲŰƣШĤĲőċƻŔŸƨƖƚШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƣǃƓĲШ
ŸŉШŔŰƣĲƖċĦƣŔŸŰШŸĦĦƨƖƖŔŰŊЯШ[ŔŊƨƖĲШΠΝЮШÉĲĦŸŰĬċƖǃШĲũĲĦƣƖŸŰƚШċƖĲШƣőĲШƖĲƚƨũƣШŸŉШŔŰƣĲƖċĦƣŔŸŰƚШĤĲƣƽĲĲŰШ
ƣőĲШƓƖŔůċƖǃШĲũĲĦƣƖŸŰƚШċŰĬШŸƨƣĲƖШƚőĲũũШĲũĲĦƣƖŸŰƚЮШìőĲŰШƓƖŔůċƖǃШĲũĲĦƣƖŸŰƚШŔŰƣĲƖċĦƣШƽŔƣőШċƣŸůƚШċƣШ
ŸƖШŰĲċƖШƣőĲШƚƨƖŉċĦĲШŸŉШƣőĲШƚċůƓũĲЯШƣőĲǃШůċǃШĲǂĦŔƣĲШŸƨƣĲƖШƚőĲũũШĲũĲĦƣƖŸŰƚШĬƨƖŔŰŊШċŰШŔŰĲũċƚƣŔĦШ
ĦŸũũŔƚŔŸŰЮШÑőĲШŸƨƣĲƖШƚőĲũũШĲũĲĦƣƖŸŰШůċǃШŊċŔŰШĲŰŸƨŊőШĲŰĲƖŊǃШƣŸШũĲċƻĲШƣőĲШƚƨƖŉċĦĲЮШÉĲĦŸŰĬċƖǃШ
ĲũĲĦƣƖŸŰƚШůċǃШĤĲШƓŔĦťĲĬШƨƓШĤǃШċШĬĲƣĲĦƣŸƖШċŰĬШƣőĲŔƖШĬĲƣĲĦƣŔŸŰШŔƚШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШċŰШŔůċŊĲШŸŉШƣőĲШ
ƚƨƖŉċĦĲШŸŉШƣőĲШƚċůƓũĲЮШÉőŸƨũĬШċШƚĲĦŸŰĬċƖǃШĲũĲĦƣƖŸŰШĤĲШĲůŔƣƣĲĬШŉƖŸůШċШũŸƽĲƖШĲŰĲƖŊǃШũĲƻĲũЯШċŰШ
ŸƨƣĲƖШƚőĲũũШĲũĲĦƣƖŸŰШƽŔũũШĬĲрĲǂĦŔƣĲШċŰĬШĲůŔƣШĦőċƖċĦƣĲƖŔƚƣŔĦШñрƖċǃƚЮШ 

7ċĦťШƚĦċƣƣĲƖĲĬШĲũĲĦƣƖŸŰƚШċƖĲШƣőĲШƓƖŸĬƨĦƣШŸŉШĲũċƚƣŔĦШƚĦċƣƣĲƖŔŰŊШĤĲƣƽĲĲŰШƓƖŔůċƖǃШĲũĲĦƣƖŸŰƚШċŰĬШ
ƣőĲШċƣŸůŔĦШŰƨĦũĲŔЮШfŰƚƣĲċĬШŸŉШĦŸũũŔĬŔŰŊШƽŔƣőШċŰШĲũĲĦƣƖŸŰШŔŰШƣőĲШĲŰĲƖŊǃШƚőĲũũЯШƣőĲШƓƖŔůċƖǃШĲũĲĦƣƖŸŰШ
ƽŔũũШƣƖċƻĲũШĦũŸƚĲШƣŸШƣőĲШŰƨĦũĲŔШĤĲŉŸƖĲШĤĲŔŰŊШƖĲǰĲĦƣĲĬШŸƨƣШŸŉШƣőĲШċƣŸůЮШ7ċĦťШƚĦċƣƣĲƖĲĬШĲũĲĦƣƖŸŰƚШ
ċƖĲШċĤũĲШƣŸШĤĲШĬĲƣĲĦƣĲĬШĤǃШċШƚĲƓċƖċƣĲШĬĲƣĲĦƣŸƖЯШůċĬĲШŸŉШċШƚŔũŔĦŸŰШƚƨƓĲƖĦŸŰĬƨĦƣŸƖЯШƽőŔĦőШċũũŸƽƚШ
ŉŸƖШċŰШŔůċŊĲШƣŸШĤĲШƓƖŸĬƨĦĲĬШƣőċƣШĦŸůƓŸƚŔƣŔŸŰШŸŉШƣőĲШƚċůƓũĲЮШ 
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Figure 41 Scanning Electron Microscopy a) Schematic [120] and b) Types of Interactions [121] 

fŰĬŔƻŔĬƨċũШƓċƖƣŔĦũĲƚШƽĲƖĲШůĲċƚƨƖĲĬШƨƚŔŰŊШfůċŊĲsЯШċШƓƖŸŊƖċůШƣőċƣШċũũŸƽƚШŉŸƖШƣőĲШċŰċũǃƚŔƚШŸŉШÉE~Ш
ŔůċŊĲƚЮШÖƚŔŰŊШfůċŊĲsЯШċŰШċƻĲƖċŊĲШƓċƖƣŔĦũĲШƚŔǍĲШĦċŰШĤĲШĦċũĦƨũċƣĲĬШĤǃШƣċťŔŰŊШċŰШċƻĲƖċŊĲШŸŉШƣőĲШ
ĬŔċůĲƣĲƖƚШŸŉШċШƖċŰŊĲШŸŉШƓċƖƣŔĦũĲƚШŔŰШƣőĲШÉE~ШŔůċŊĲЮШ ШƖĲŉĲƖĲŰĦĲШƚĦċũĲШŸŉШΜЮΜΡΡШƓŔǂĲũƚоŰůШŔƚШƚĲƣШĤǃШ
ĬƖċƽŔŰŊШċШũŔŰĲШŸŉШĲƕƨċũШũĲŰŊƣőШƣŸШƣőĲШƚĦċũĲШĤċƖЯШċŰĬШƣőĲŰШċƚƚŔŊŰŔŰŊШƣőĲШũŔŰĲШċШĬŔƚƣċŰĦĲШƻċũƨĲШĲƕƨċũШ
ƣŸШƣőĲШĬŔƚƣċŰĦĲШƚƣċƣĲĬШŸŰШƣőĲШƚĦċũĲЮШÖƚŔŰŊШƣőŔƚШƚĦċũĲЯШċŰǃШŰĲƽШũŔŰĲƚШĬƖċƽŰШƽŔƣőШĤĲШċƚƚŔŊŰĲĬШċШ
ũĲŰŊƣőШƻċũƨĲШƖĲũċƣŔƻĲШƣŸШƣőŔƚШƚĦċũĲЮШÑőĲШċƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШŸŉШċШƖċŰŊĲШŸŉШƓċƖƣŔĦũĲƚШŔƚШ
ĬĲƣĲƖůŔŰĲĬШĤǃШĬƖċƽŔŰŊШũŔŰĲƚШċĦƖŸƚƚШƣőĲШƽŔĬƣőƚШŸŉШƣőĲШƓċƖƣŔĦũĲƚШċŰĬШƖĲĦŸƖĬŔŰŊШƣőĲШƻċũƨĲƚШĤĲŉŸƖĲШ
ƣċťŔŰŊШƣőĲШċƻĲƖċŊĲЮШÉƨĦőШĬŔċůĲƣĲƖƚШĦċŰШĤĲШƖĲĦŸƖĬĲĬШƣŸШƣőĲШŰĲċƖĲƚƣШƽőŸũĲШŰċŰŸůĲƣƖĲШĲŰƚƨƖŔŰŊШ
ċŰШĲƖƖŸƖШƻċũƨĲШŸŉШҼорШΝШŰůЮШìőŔũĲШĬƖċƽŔŰŊШĬŔƚƣċŰĦĲШũŔŰĲƚШĤĲШőċŰĬШŔƚШċШƚũŸƽĲƖШůĲƣőŸĬШƣőŔƚШŔƚШůŸƖĲШ
ċĦĦƨƖċƣĲШƨƚŔŰŊШfůċŊĲsќƚШŔŰĤƨŔũƣШƓċƖƣŔĦũĲШċŰċũǃƚĲƖЯШċƚШƣőŔƚШƓƖŸŊƖċůШŔƚШƖĲũŔċŰƣШŸŰШƣőĲШĦŸŰƣƖċƚƣШŸŉШƣőĲШ
ŔůċŊĲШƣŸШĬĲƣĲƖůŔŰĲШƽőċƣШŔƚШċШƓċƖƣŔĦũĲЮШÑőĲШŔůċŊĲƚШŸĤƣċŔŰĲĬШƨƚŔŰŊШÉE~ШŸŉШ ~9ΥΝΝШŔŰШƣőŔƚШƓƖŸŢĲĦƣШ
ĦŸŰƚŔƚƣƚШŸŉШƓċƖƣŔĦũĲƚШŊƖŸƨƓĲĬШƣŸŊĲƣőĲƖШŔŰШƣŸŸШőŔŊőШċШĬĲŰƚŔƣǃШƣŸШĤĲШċŰċũǃƚĲĬШĦŸůƓƨƣċƣŔŸŰċũũǃШċŰĬШ

ċь 

Ĥь 
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ƚŸШůƨƚƣШĤĲШĬŸŰĲШĤǃШőċŰĬЮШcƨůċŰШĲƖƖŸƖШőŸƽĲƻĲƖШůċǃШũĲċĬШƣőŔƚШĲƖƖŸƖШƻċũƨĲШƣŸШĤĲĦŸůĲШŊƖĲċƣĲƖЮШ
ÑőŔƚШůċǃШũĲċĬШƣŸШƣőĲШƓƖŸŊƖċůШůŔƚŔĬĲŰƣŔŉǃŔŰŊШƓċƖƣŔĦũĲƚЯШŔĬĲŰƣŔŉǃŔŰŊШĤũċŰťШƚƓċĦĲШċƚШƓċƖƣŔĦũĲƚЯШŸƖШ
ƣċťŔŰŊШůĲċƚƨƖĲůĲŰƣƚШŔŰĦŸƖƖĲĦƣũǃЮ 

ΥдΥдΥдΤ EŰĲƖŊǃЮĬŔƚƓĲƖƚŔƻĲЮñцƖċǃЮċŰċũǃƚŔƚ 
EŰĲƖŊǃШĬŔƚƓĲƖƚŔƻĲШñрƖċǃШċŰċũǃƚŔƚЯШŸƖШE?ñЯШůċǃШċũƚŸШĤĲШĲůƓũŸǃĲĬШċƚШċŰШċŰċũǃƚŔƚШůĲƣőŸĬШƽőĲŰШ
ƨƚŔŰŊШÉE~ЮШE?ñШŔƚШůċŔŰũǃШƨƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШĦŸůƓŸƚŔƣŔŸŰШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШĬŔǭĲƖĲŰƣШ
ĲũĲůĲŰƣƚШŸŉШċШƚċůƓũĲЯШċŰĬШƽŸƖťƚШĤǃШƣőĲШĲǂĦŔƣċƣŔŸŰШŸŉШũŸƽĲƖШƚőĲũũШĲũĲĦƣƖŸŰƚШƖĲƚƨũƣƚШŔŰШƣőĲШ
ĲůŔƚƚŔŸŰШŸŉШċШƚĲĦŸŰĬċƖǃШĲũĲĦƣƖŸŰЮШ ШőŔŊőĲƖШƚőĲũũШĲũĲĦƣƖŸŰШƽŔũũШƣőĲŰШĬĲрĲǂĦŔƣĲШƣŸШǯũũШƣőĲШŊċƓЯШ
ƖĲƚƨũƣŔŰŊШŔŰШƣőĲШĲůŔƚƚŔŸŰШŸŉШċШĦőċƖċĦƣĲƖŔƚƣŔĦШñрƖċǃЮШÑőĲШĲŰĲƖŊǃШŸŉШƣőĲШĲůŔƣƣĲĬШñрƖċǃШŔƚШƨŰŔƕƨĲШƣŸШ
ƣőĲШĲũĲůĲŰƣШċŰĬШƣƖċŰƚŔƣŔŸŰШŉƖŸůШƽőŔĦőШŔƣШƽċƚШĲůŔƣƣĲĬЯШċŰĬШċũŸŰŊШƽŔƣőШƣőĲШŔŰƣĲŰƚŔƣǃШŸŉШñрƖċǃƚШĦċŰШ
ĤĲШĦŸũũĲĦƣĲĬШĤǃШċШĬĲƣĲĦƣŸƖШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШĦŸůƓŸƚŔƣŔŸŰШċŰĬШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШĬŔǭĲƖĲŰƣШ
ĲũĲůĲŰƣƚШŸŉШċШƚċůƓũĲЮШÑőŔƚШŔƚШƓƖŸƻŔĬĲĬШƣőċƣШƣőĲШĲŰĲƖŊǃШŸŉШƣőĲШĲũĲĦƣƖŸŰƚШĲůŔƣƣĲĬШŉƖŸůШƣőĲШÉE~Ш
ƚŸƨƖĦĲШŔƚШƚƨǭŔĦŔĲŰƣШƣŸШƓƖŸĬƨĦĲШĦőċƖċĦƣĲƖŔƚƣŔĦШñрƖċǃƚШŉƖŸůШƣőĲШƚċůƓũĲШċƣŸůƚЮШ[ŸƖШ ~9ΥΝΝЯШċŰШ
ċĦĦĲũĲƖċƣŔŰŊШƻŸũƣċŊĲШŸŉШΞΜШťéШŔƚШƖĲƕƨŔƖĲĬШƣŸШŉƨũũǃШůċƓШƣőĲШƖċŰŊĲШŸŉШĦőċƖċĦƣĲƖŔƚƣŔĦШñрƖċǃƚШĲůŔƣƣĲĬЮШ 

ΞЮΞЮΟ ?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃоÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚ 
?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃШы?É9ьШċŰĬШÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚШыÑ] ьШċƖĲШċŰċũǃƣŔĦċũШ
ƣĲĦőŰŔƕƨĲƚШŉŸƖШůĲċƚƨƖŔŰŊШƣőĲШĲŰĲƖŊǃШǰŸƽШċŰĬШůċƚƚШĦőċŰŊĲШƖĲƚƓĲĦƣŔƻĲũǃШŸŉШċШƚċůƓũĲШŸƻĲƖШƣŔůĲШ
ċƚШŔƣШŔƚШőĲċƣĲĬШŸƖШĦŸŸũĲĬЮШ[ŸƖШƣőŔƚШƓƖŸŢĲĦƣШƣőŔƚШċŰċũǃƚŔƚШŔƚШĬŸŰĲШƨƚŔŰŊШċШÑ ШfŰƚƣƖƨůĲŰƣƚШìċƣĲƖƚШ
?ŔƚĦŸƻĲƖǃШÉ?ÑШΣΡΜЮШ ШůċǂŔůƨůШŸŉШΞΜΜШůŊШŸŉШƓƖĲőĲċƣĲĬШƚċůƓũĲШŔƚШƽĲŔŊőĲĬШŸƨƣШŔŰƣŸШċШĦƖƨĦŔĤũĲШ
ċŰĬШƓũċĦĲĬШŔŰƣŸШƣőĲШÉ?ÑШċŊċŔŰƚƣШċŰШĲůƓƣǃШĦŸŰƣƖŸũШĦƖƨĦŔĤũĲЮШÑőĲШƚċůƓũĲШŔƚШƓƖĲőĲċƣĲĬШĬƨĲШƣŸШőŔŊőШ
ċůŸƨŰƣƚШŸŉШŊċƚШĲůŔƚƚŔŸŰƚШċƣШΝΡΜШяΝΞΞѐШŸƖШΞΝΞШ9҄ШяΝΞΟѐШШƽőŔĦőШůċǃШĦċƨƚĲШĬċůċŊĲШƣŸШƣőĲШÉ?ÑЮШfŰШ
ŸƖĬĲƖШƣŸШƖĲƓũŔĦċƣĲШƣőĲШƚǃŰƣőĲƚŔƚШĦŸŰĬŔƣŔŸŰƚЯШƣőĲШÉ?ÑШŔƚШċĤũĲШƣŸШĤĲШĦŸŰŰĲĦƣĲĬШƣŸШŊċƚЯШƽőĲƖĲШŔŰШƣőŔƚШ
ĦċƚĲШƣőĲШÉ?ÑШŔƚШĦŸŰŰĲĦƣĲĬШƣŸШŸǂǃŊĲŰШƣŸШƚŔůƨũċƣĲШƣőĲШĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚШŸŉШƣőĲШƣƨĤĲШ
ŉƨƖŰċĦĲШƽőĲŰШƨƚŔŰŊШ§ΞЮШ 

?É9оÑ] ШƽċƚШĬŸŰĲШĤǃШőĲċƣŔŰŊШƣőĲШƚċůƓũĲШƨŰĬĲƖШŸǂǃŊĲŰШċŰĬШƣŸШċШůċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲШŸŉШШШШШ
ΥΡΜШ9҄ШċƣШċШΝΜШ9҄оůŔŰШƖċůƓЯШƽŔƣőШċШĬƽĲũũШƣŔůĲШŸŉШΝШőШĤĲŉŸƖĲШĤĲŔŰŊШƖċůƓĲĬШĬŸƽŰШċƣШΝΜШ҄9оůŔŰШƣŸШ
ƖŸŸůШƣĲůƓĲƖċƣƨƖĲЮШÑőĲШƖċůƓШƨƓЯШĬƽĲũũШƣŔůĲЯШċŰĬШƖċůƓШĬŸƽŰШċƖĲШĬĲŰŸƣĲĬШĤǃШĤũƨĲЯШŊƖĲĲŰЯШċŰĬШƖĲĬШ
ũŔŰĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ 

?ƨƖŔŰŊШőĲċƣŔŰŊШŰŸƖůċũŔƚĲĬШőĲċƣШǰŸƽЯШìоŊЯШċŰĬШƖĲũċƣŔƻĲШůċƚƚШыƽőĲŰШĦŸůƓċƖĲĬШƣŸШƣőĲШŔŰŔƣŔċũШůċƚƚШ
ċƣШƣőĲШĤĲŊŔŰŰŔŰŊШŸŉШőĲċƣŔŰŊьЯӖЯШċƖĲШƓũŸƣƣĲĬШċŊċŔŰƚƣШƣőĲШƓƖŸŊƖċůШƣĲůƓĲƖċƣƨƖĲЯШ҄9ЮШ ŸƖůċũŔƚĲĬШ
őĲċƣШǰŸƽШċŰĬШƖĲũċƣŔƻĲШůċƚƚШċƖĲШŔŰĬŔĦċƣĲĬШƨƚŔŰŊШƚŸũŔĬШċŰĬШĬċƚőĲĬШũŔŰĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ ŸƖůċũŔƚĲĬШ
őĲċƣШǰŸƽЯШыEƕЮШΞьЯШůċǃШĲŔƣőĲƖШĤĲШƓŸƚŔƣŔƻĲЯШƖĲƓƖĲƚĲŰƣŔŰŊШċŰШĲǂŸƣőĲƖůŔĦШƖĲċĦƣŔŸŰЯШŸƖШŰĲŊċƣŔƻĲЯШ
ĬĲŰŸƣŔŰŊШċŰШĲŰĬŸƣőĲƖůŔĦШƖĲċĦƣŔŸŰЯШċŰĬШŔƚШĦċũĦƨũċƣĲĬШƨƚŔŰŊШƣőĲШƚċůƓũĲШőĲċƣШĦċƓċĦŔƣǃЯШ9ƓЯШ
őĲċƣŔŰŊШƖċƣĲШŔŰШ҄9ШƓĲƖШůŔŰЯШĬÑфĬƣЯШċŰĬШƣőĲШĦċũŔĤƖċƣŔŸŰШĦŸŰƚƣċŰƣЯШuа 
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(Eq.  5) 

ÑőŔƚШċũũŸƽƚШŉŸƖШƣőĲШċŰċũǃƚŔƚШŸŉШƣőĲШőĲċƣШǰŸƽШŸŉШƣőĲШƚċůƓũĲЯШĲŔƣőĲƖШĲǂŸƣőĲƖůŔĦШŸƖШĲŰĬŸƣőĲƖůŔĦЯШ
ƽőŔũĲШƖĲũċƣŔƻĲШůċƚƚШŔƚШƚŔůƓũĲШƖĲĦŸƖĬĲĬШĤǃШƽĲŔŊőŔŰŊШƣőĲШůċƚƚШŸŉШƣőĲШƚċůƓũĲЮШ ŸƖůċũŔƚĲĬШőĲċƣШ
ǰŸƽШĦċŰШĤĲШƨƚĲĬШƣŸШŔĬĲŰƣŔŉǃШĬŔǭĲƖĲŰƣШƓőċƚĲƚШŸƖШůċƣĲƖŔċũƚШĬƨƖŔŰŊШƣőĲШƖĲċĦƣŔŸŰШяΝΞΠѐШĤǃШŔĬĲŰƣŔŉǃŔŰŊШ
ƣőĲШƣĲůƓĲƖċƣƨƖĲШƓŸŔŰƣƚШŸŉШƓőċƚĲШƣƖċŰƚŔƣŔŸŰЯШƽőŔũĲШÑ] ШĦċŰШƓƖŸƻŔĬĲШŔŰŉŸƖůċƣŔŸŰШŸŰШƣőĲƖůċũШ
ƚƣċĤŔũŔƣǃШċŰĬШƽőĲŰШĦŸůĤŔŰĲĬШƽŔƣőШ?É9ШĦċŰШƓƖŸƻŔĬĲШŉƨƖƣőĲƖШĲƻŔĬĲŰĦĲШŸŉШƓőċƚĲШƣƖċŰƚŔƣŔŸŰƚШƨƚŔŰŊШ
ŔŰĦƖĲċƚĲƚШŸƖШĬĲĦƖĲċƚĲƚШШŔŰШƣőĲШƖċƣĲШŸŉШƖĲũċƣŔƻĲШůċƚƚЮ 



ΤΜ 
 

ÑőĲШċĬƻċŰƣċŊĲƚШŸŉШƨƚŔŰŊШ?É9ШċŰĬШÑ] ШŔƚШƣőċƣШĤŸƣőШŸŰũǃШƖĲƕƨŔƖĲШċШƚůċũũШůċƚƚШŸŉШƚċůƓũĲШŉŸƖШ
ċŰċũǃƚŔƚШƣŸШƣċťĲШƓũċĦĲШċŰĬШƖĲƕƨŔƖĲƚШůŔŰŔůċũШƓƖĲƓċƖċƣŔŸŰЯШƣőĲƖĲШċũƚŸШĤĲŔŰŊШƓƖĲĦŔƚĲШƣĲůƓĲƖċƣƨƖĲШ
ĦŸŰƣƖŸũЮШìőĲŰШĬŸŔŰŊШ?É9ЯШŰŸƖůċũŔƚĲĬШőĲċƣШǰŸƽШĦċŰШŊŔƻĲШċĦĦƨƖċƣĲШůĲċƚƨƖĲůĲŰƣƚШŸŉШƓőċƚĲШ
ƣƖċŰƚŔƣŔŸŰƚШċŰĬШőĲċƣШĦċƓċĦŔƣŔĲƚШƽőŔũĲШċũƚŸШĤĲŔŰŊШƚĲŰƚŔƣŔƻĲШĲŰŸƨŊőШƣŸШƖĲĦŸƖĬШƚůċũũШŸƖШƽĲċťШƓőċƚĲШ
ƣƖċŰƚŔƣŔŸŰƚЮШìőĲŰШƨƚŔŰŊШÑ] ШĤŸƣőШƕƨċũŔƣċƣŔƻĲШċŰĬШƕƨċŰƣŔƣċƣŔƻĲШċŰċũǃƚŔƚШŔƚШċƻċŔũċĤũĲШƽŔƣőШ
ĬĲƣĲĦƣŔŸŰШŸŉШůƨũƣŔƓũĲШĲƻĲŰƣƚШƽőĲƖĲШůċƚƚШŔƚШũŸƚƚШŉƖŸůШĤŸƣőШƓőǃƚŔĦċũШċŰĬШĦőĲůŔĦċũШĦőċŰŊĲƚШŔŰШ
ůċƣĲƖŔċũШƓŸƚƚŔĤũĲЮШ?ŔƚċĬƻċŰƣċŊĲƚШŸŉШĤŸƣőШċŰċũǃƚŔƚШƣĲĦőŰŔƕƨĲƚШŔƚШƣőċƣШƣőĲǃШċƖĲШĬĲƚƣƖƨĦƣŔƻĲШ
ƣĲĦőŰŔƕƨĲƚЯШƽŔƣőШċŰǃШƚċůƓũĲШĤĲŔŰŊШƨŰċĤũĲШƣŸШĤĲШƨƚĲĬШċŉƣĲƖШċŰċũǃƚŔƚЯШƽőŔũĲШĬŔƚċĬƻċŰƣċŊĲƚШŉŸƖШ
?É9ШċƖĲШƣőċƣШƣőĲШůċƚƚШŸŉШƣőĲШƚċůƓũĲШőċƚШƣŸШƖĲůċŔŰШĦŸŰƚƣċŰƣЯШůĲċŰŔŰŊШċŰǃШƖĲċĦƣŔŸŰƚШĦŸŰƣċŔŰŔŰŊШ
ĲƻċƓŸƖċƣŔŸŰШŸƖШƚƨĤũŔůċƣŔŸŰШƓőċƚĲƚШċƖĲШŰŸƣШċĦĦƨƖċƣĲЯШċŰĬШƣőċƣШċĦĦƨƖċƣĲШĬċƣċШŔƚШŰŸƣШċĤũĲШƣŸШĤĲШ
ŸĤƣċŔŰĲĬШƽőĲŰШċШƖĲċĦƣŔŸŰШĲƻĲŰƣЯШƚƨĦőШċƚШĬĲĦŸůƓŸƚŔƣŔŸŰЯШŸĦĦƨƖƚШċƣШƣőĲШƚċůĲШƣĲůƓĲƖċƣƨƖĲШċƚШċШ
ƓőċƚĲШĦőċŰŊĲШƚƨĦőШċƚШůĲũƣŔŰŊЮ 

ΞЮΟ 9ĲũũШ~ċŰƨŉċĦƣƨƖĲ 
ÂŸƽĬĲƖƚШƓƖŸĬƨĦĲĬШĤǃШĦċũĦŔŰċƣŔŸŰШƨŰĬĲƖШŸǂǃŊĲŰШƽĲƖĲШċĤũĲШƣŸШĤĲШƚǃŰƣőĲƚŔƚĲĬШŔŰƣŸШĦċƣőŸĬĲƚШŉŸƖШ
ƨƚĲШŔŰШũŔƣőŔƨůрŔŸŰШĦŸŔŰШĦĲũũƚШŔŰШũŔŰĲШƽŔƣőШ ċƣŔŸŰċũШÂőǃƚŔĦƚШxċĤŸƖċƣŸƖǃШы ÂxьШůĲƣőŸĬŸũŸŊǃШяΝΞΡѐЮШ
ÑőĲШƓŸƽĬĲƖЯШŸƖШċĦƣŔƻĲШůċƣĲƖŔċũЯШŔƚШƽĲŔŊőĲĬШŸƨƣШŸŰШċШĤċũċŰĦĲШƚĲƓċƖċƣĲũǃШ9ċƖĤŸŰШ7ũċĦťШы~ÑfШ9ŸƖƓЯШ
ÑŔůŔĦċũШƚƨƓĲƖШ9ΣΡьШШƓŸƽĬĲƖШċŰĬШƓŸũǃƻŔŰǃũŔĬĲŰĲШĬŔǰƨŸƖŔĬĲЯШŸƖШÂé?[Шы9cΞ[ΞЯШ~ÑfШ9ŸƖƓЯШcÉéΦΜΜЯШ
ӄΦΦЮΡьШċƣШċШƖċƣŔŸШŸŉШΦΜаΡаΡЮШÑőĲШċĦƣŔƻĲШůċƣĲƖŔċũШċŰĬШĦċƖĤŸŰШĤũċĦťШċƖĲШĦŸůĤŔŰĲĬШƣŸŊĲƣőĲƖШŔŰШċШ
ŊũċƚƚШƻŔċũШċŰĬШƣőĲШÂé?[ШŔƚШƣƖċŰƚŉĲƖƖĲĬШŔŰƣŸШċШƓũċŰĲƣċƖǃШůŔǂĲƖШыÑőŔŰťǃШ~ŔǂĲƖьШƓŸƣЮШ ũũШċƖĲШ
ƣƖċŰƚŉĲƖƖĲĬШŔŰƣŸШċШŊũŸƻĲĤŸǂШƨŰĬĲƖШċƖŊŸŰЯШƽőĲƖĲШƣőĲШċĦƣŔƻĲШůċƣĲƖŔċũШċŰĬШĦċƖĤŸŰШĤũċĦťШċƖĲШŊƖŸƨŰĬШ
ŔŰШċŰШċŊċƣĲШƓĲƚƣũĲШċŰĬШůŸƖƣċƖШŉŸƖШΝΡШůŔŰƨƣĲƚЮШfŰШƓċƖċũũĲũЯШΝрůĲƣőǃũрΞрÂǃƖƖŸũŔĬŔŰŸŰĲЯШŸƖШ ~ÂШы 

9ΡcΦ §ЯШÉŔŊůċШ ũĬƖŔĦőЯШΦΦЮΡӖьШŔƚШċĬĬĲĬШƣŸШƣőĲШÂé?[ШƨƚŔŰŊШċШƚǃƖŔŰŊĲШċƣШċШƖċƣŔŸШŸŉШΜЮΡШůũШŸŉШ ~ÂШ
ƓĲƖШΜЮΠШŊШŸŉШĦŸůĤŔŰĲĬШċĦƣŔƻĲШůċƣĲƖŔċũЯШĦċƖĤŸŰШĤũċĦťЯШċŰĬШÂé?[ЮШÑőĲШ ~ÂоÂé?[ШůŔǂƣƨƖĲШŔƚШ
ƓƖĲůŔǂĲĬШŔŰШƣőĲШƓũċŰĲƣċƖǃШÑőŔŰťǃШůŔǂƣƨƖĲШċƣШΡШƖĲƓĲƣŔƣŔŸŰƚШŸŉШΞШůŔŰƨƣĲƚШŸŉШůŔǂŔŰŊШċƣШΞΜΜΜШƖƓůШċŰĬШ
ΟΜШƚĲĦŸŰĬƚШŸŉШĬĲŉŸċůŔŰŊШċƣШΞΞΜΜШƖƓůЮШÑőĲШċĦƣŔƻĲШůċƣĲƖŔċũоĦċƖĤŸŰШĤũċĦťШůŔǂƣƨƖĲШŔƚШƣőĲŰШ
ĦŸůĤŔŰĲĬШŔŰƣŸШƣőĲШÑőŔŰťǃШƓŸƣШƽŔƣőШƣőĲШƓƖĲůŔǂĲĬШ ~ÂоÂé?[ШƨŰĬĲƖШċƖŊŸŰШċũŸŰŊШƽŔƣőШċŰШċĬĬŔƣŔŸŰċũШ
ΜЮΡШůũШ ~ÂШƓĲƖШΜЮΠШŊШŸŉШċĦƣŔƻĲШůċƣĲƖŔċũоĦċƖĤŸŰШĤũċĦťоÂé?[ЮШÑőĲШƚĲċũĲĬШÑőŔŰťǃШƓŸƣШŔƚШƣőĲŰШůŔǂĲĬШ
ċŊċŔŰЯШƣőŔƚШƣŔůĲШŉŸƖШΞШƖĲƓĲƣŔƣŔŸŰƚШŸŉШΡШůŔŰƨƣĲƚШċƣШΝΜΜΜƖƓůЯШΡШůŔŰƨƣĲƚШċƣШΝΡΜΜƖƓůЯШċŰĬШΝΜШ
ůŔŰƨƣĲƚШċƣШΞΜΜΜШƖƓůЯШĤĲŉŸƖĲШĬĲŉŸċůŔŰŊШċƣШΞΞΜΜƖƓůШŉŸƖШΞΜШůŔŰƨƣĲƚЮШ 

ÑőĲШƚũƨƖƖǃШŔƚШƣőĲŰШĦŸċƣĲĬШŸŰƣŸШĦċƖĤŸŰрĦŸƻĲƖĲĬШċũƨůŔŰŔƨůШŉŸŔũШċƣШċШƣőŔĦťŰĲƚƚШŸŉШΜЮΞШůůШƨƚŔŰŊШċШ
ĬƖċƽĬŸƽŰШƣċĤũĲШċŰĬШċШĬŸĦƣŸƖШĤũċĬĲШŔŰƚŔĬĲШċШŉƨůĲШőŸŸĬЯШŔŰШũŔŰĲШƽŔƣőШ ÂxШƓƖŸƣŸĦŸũШяΝΞΡѐЮШÑőĲШ
ĬƖċƽĬŸƽŰШƣċĤũĲШŔƚШĦŸŰŰĲĦƣĲĬШƣŸШċШƓƨůƓЯШċũũŸƽŔŰŊШƣőĲШŉŸŔũШƣŸШĤĲШƚƨĦťĲĬШƣŸШƣőĲШĬƖċƽĬŸƽŰШƣċĤũĲШ
ĬƨƖŔŰŊШƣőĲШĬƖċƽĬŸƽŰЯШċŰĬШċШőĲċƣŔŰŊШĲũĲůĲŰƣШċũũŸƽŔŰŊШƣőĲШƚũƨƖƖǃШƣŸШĤĲШĬƖŔĲĬШƽŔƣőŸƨƣШƖĲůŸƻŔŰŊШ
ŉƖŸůШƣőĲШĬƖċƽĬŸƽŰШƣċĤũĲШŸƖШƣőĲШŉƨůĲШőŸŸĬЮШÑőĲШƚũƨƖƖǃШŔƚШĬƖŔĲĬШŸŰШƣőĲШĬƖċƽĬŸƽŰШƣċĤũĲШŉŸƖШċШ
ůŔŰŔůƨůШŸŉШΞШőŸƨƖƚШыƓƖŸƻŔĬĲĬШƣőŔĦťŰĲƚƚШŔƚШΜЮΞůůьШċƣШΝΞΜШ9҄ШĤĲŉŸƖĲШĤĲŔŰŊШƽƖċƓƓĲĬШŔŰШ
ċũƨůŔŰŔƨůШŉŸŔũШċŰĬШƚƣŸƖĲĬШŔŰШċШƻċĦƨƨůШŸƻĲŰШċƣШΥΜШ9҄Ю 

ŉƣĲƖШĤĲŔŰŊШĬƖŔĲĬШŸƻĲƖŰŔŊőƣШŔŰШƣőĲШĬƖǃŔŰŊШŸƻĲŰШƣőĲШĦċƣőŸĬĲШŔƚШĦċũĲŰĬċƖĲĬЮШÑőĲШĦċƣőŸĬĲШŔƚШĦŸƻĲƖĲĬШ
ĤǃШΜЮΞůůШƣőŔĦťШљìőċƣůċŰњШĦĲũũƨũŸƚĲШǯũƣĲƖШƓċƓĲƖШċŰĬШƣőĲШƣőŔĦťŰĲƚƚШŸŉШƣőĲШĦċƣőŸĬĲШċŰĬШ
ìőċƣůċŰШƓċƓĲƖШĤĲŉŸƖĲШĦċũĲŰĬċƖŔŰŊШŔƚШƖĲĦŸƖĬĲĬШĤǃШůĲċƚƨƖŔŰŊШċƣШƣőƖĲĲШĬŔǭĲƖĲŰƣШƓŸŔŰƣƚШƨƚŔŰŊШċШ
ůŔĦƖŸůĲƣĲƖЮШ ŉƣĲƖШƣőĲШċƻĲƖċŊĲШŸŉШƣőĲШůĲċƚƨƖĲůĲŰƣƚШŔƚШƣċťĲŰЯШƣőĲШĦċƣőŸĬĲШċŰĬШìőċƣůċŰШƓċƓĲƖШ
ŔƚШƚċŰĬƽŔĦőĲĬШĤĲƣƽĲĲŰШƣƽŸШƚőĲĲƣƚШтШĲŔƣőĲƖШċũƨůŔŰŔƨůЯШũċůŔŰċƣĲЯШŸƖШƓũċƚƣŔĦШƚőĲĲƣШтШċŰĬШ
ĦċũĲŰĬċƖĲĬШċƣШŔŰƣĲƖƻċũƚШŸŉШΜЮΜΞШůůШЯШĤĲŊŔŰŰŔŰŊШċƣШƣőĲШĦŸũũĲĦƣŔƻĲШƣőŔĦťŰĲƚƚШŸŉШƣőĲШƚőĲĲƣƚЮШ[ŸƖШ
ĲċĦőШƣőŔĦťŰĲƚƚШŔŰƣĲƖƻċũШƣőĲШĦċƣőŸĬĲШŔƚШƓċƚƚĲĬШƣőƖŸƨŊőШƣőƖĲĲШƣŔůĲƚШĤĲŉŸƖĲШĤĲŔŰŊШǰŔƓƓĲĬШŸƻĲƖШċŰĬШ
ĤĲŔŰŊШƓċƚƚĲĬШƣőƖŸƨŊőШċШŉƨƖƣőĲƖШƣőƖĲĲШƣŔůĲƚЮШ9ċũĲŰĬċƖŔŰŊШƚƣŸƓƚШƽőĲŰШĲŔƣőĲƖШΥΜӖШŸŉШƣőĲШƓƖĲр
ĦċũĲŰĬċƖŔŰŊШƣőŔĦťŰĲƚƚШŔƚШƖĲċĦőĲĬЯШƣőĲШĦċƣőŸĬĲШőċƚШĤĲĲŰШĦċũĲŰĬċƖĲĬШĤǃШċШƣőŔĦťŰĲƚƚШŸŉШΜЮΝШůůШ



ΤΝ 
 

ҼорШΜЮΜΞШůůЯШŸƖШƽőĲŰШƣőĲШĦċƣőŸĬĲШƚƨƖŉċĦĲШĤĲŊŔŰƚШƣŸШĤĲĦŸůĲШĬƨũũЮШ9ċũĲŰĬċƖŔŰŊШĤĲǃŸŰĬШƣőŔƚШƽŔũũШ
ƖĲƚƨũƣШŔŰШƣőĲШĦċƣőŸĬĲШĤĲŔŰŊШƚőŔŰǃЯШĤƨůƓǃЯШċŰĬШƣĲċƖŔŰŊЯШŔƖƖĲƓċƖċĤũǃШĬċůċŊŔŰŊШƣőĲШĦċƣőŸĬĲЮШ 

9ċƣőŸĬĲШĬŔƚĦƚШċƖĲШƣőĲŰШƓƨŰĦőĲĬШċƣШċШĬŔċůĲƣĲƖШŸŉШΝΞЮΡůůШƨƚŔŰŊШċŰШĲũĲĦƣƖŸĬĲШƓƨŰĦőШċŰĬШĤĲŔŰŊШ
ĦŸƻĲƖĲĬШĤǃШΜЮΞůůШƣőŔĦťШìőċƣůċŰШƓċƓĲƖЮШEċĦőШĦċƣőŸĬĲШĬŔƚĦШŔƚШƽĲŔŊőĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШůċƚƚШ
ŸŉШƣőĲШċĦƣŔƻĲШůċƣĲƖŔċũЯШůċĦƣеШƽőĲƖĲШůċĦƣЮŔƚШċШŉƨŰĦƣŔŸŰШŸŉШƣőĲШůċƚƚШŸŉШƣőĲШĦċƣőŸĬĲЯШůĦċƣőЯШƣőĲШůċƚƚШ
ŸŉШƣőĲШċũƨůŔŰŔƨůШŉŸŔũЯШůŉŸŔũЯШċŰĬШƖċƣŔŸШŸŉШƣőĲШůċƚƚШċĦƣŔƻĲШůċƣĲƖŔċũШƣŸШƣőĲШůċƚƚШŸŉШƣőĲШƚũƨƖƖǃЯШыEƕЮШΟьЮШ
ÖŰũĲƚƚШƚƣċƣĲĬШŸƣőĲƖƽŔƚĲШůĦċƣőШŔƚШƖĲĦŸƖĬĲĬШĤǃШƽĲŔŊőŔŰŊШƣőĲШĦċƣőŸĬĲШĬŔƚĦШŸŰШċŰШĲũĲĦƣƖŸŰŔĦШĤċũċŰĦĲШ
ƓŸƚƣШĤĲŔŰŊШƖĲůŸƻĲĬШŉƖŸůШƣőĲШĲũĲĦƣƖŸĬĲШƓƨŰĦőЮШůŉŸŔũШŔƚШΜЮΜΜΡШŊЯШĦċũĦƨũċƣĲĬШĤǃШƽĲŔŊőŔŰŊШ
ċũƨůŔŰŔƨůШŉŸŔũШŸŉШΜЮΞШůůШƣőŔĦťШċŰĬШΝΞЮΡШůůШŔŰШĬŔċůĲƣĲƖЮШÑőĲШƖċƣŔŸШŸŉШƣőĲШůċƚƚШċĦƣŔƻĲШůċƣĲƖŔċũШƣŸШ
ƣőĲШůċƚƚШŸŉШƣőĲШƚũƨƖƖǃШƨŰũĲƚƚШƚƣċƣĲĬШŸƣőĲƖƽŔƚĲШŔƚШΜЮΦШыΦΜаΡаΡШċĦƣŔƻĲШůċƣĲƖŔċũШƣŸШÂé?[ШƣŸШĦċƖĤŸŰШ
ĤũċĦťьЯШŔŰШũŔŰĲШƽŔƣőШ ÂxШƓƖŸƣŸĦŸũШяΝΞΡѐЮШ 

ά ὶὥὸὭέ έὪ ὥὧὸὭὺὩ άὥὸὩὶὭὥὰᶻά ά  

(Eq.  6) 

ÑőĲШĦċƣőŸĬĲШĬŔƚĦƚШċƖĲШƣőĲŰШƣƖċŰƚŉĲƖƖĲĬШŔŰƣŸШċŰШċƖŊŸŰШǯũũĲĬШŊũŸƻĲĤŸǂШċŰĬШċƚƚĲůĤũĲĬШŔŰƣŸШũŔƣőŔƨůр
ŔŸŰШ9ÅΞΜΟΞШĦŸŔŰШĦĲũũƚЮШÑőĲШĦŸŔŰШĦĲũũШŔƚШċƚƚĲůĤũĲĬШŔŰШƣőĲШŉŸũũŸƽŔŰŊШŸƖĬĲƖа 

¶ ũƨůŔŰŔƨůШ9ÅΞΜΟΞШĦŸŔŰШĦĲũũШĤŸƣƣŸůШĦċƚŔŰŊ 
¶ ũƨůŔŰŔƨůШĦŸŔŰШĦĲũũШƚƓƖŔŰŊ 
¶ ũƨůŔŰŔƨůШĦŸŔŰШĦĲũũШƚƓċĦĲƖ 
¶ ΝΞЮΡШůůШĬŔċůĲƣĲƖШũŔƣőŔƨůШůĲƣċũШĬŔƚĦШыxŔЯШÂŔрuĲůЯШΦΦЮΦӖьШĤŸƣőШƚŔĬĲƚШĤƖƨƚőĲĬШƽŔƣőШ
ƣŸŸƣőĤƖƨƚőШƣŸШƖĲůŸƻĲШŸǂŔĬċƣŔŸŰШũċǃĲƖЮ 

¶ [ŔĤƖĲŊũċƚƚШƚĲƓċƖċƣŸƖШ 
¶ ΝΜΜШx͓ШcĲǂċǰƨŸƖŸƓőŸƚƓőċƣĲШƚŸũƨƣŔŸŰШыxŔÂ[ΣШŔŰШΝЮΜШ~ШΝаΝШ?~9аE9ЯШÉŔŊůċШ ũĬƖŔĦőьШ
ċƓƓũŔĲĬШƨƚŔŰŊШΝΜΜШx͓Ш]ŔũƚŸŰШƓŔƓĲƣƣĲЮ 

¶  ~9ΥΝΝШĦċƣőŸĬĲШĬŔƚĦЯШƚũƨƖƖǃШƚŔĬĲШŉċĦŔŰŊШĬŸƽŰ 
¶ ũƨůŔŰŔƨůШ9ÅΞΜΟΞШĦŸŔŰШĦĲũũШƣŸƓШĦċƚŔŰŊ 

ÑőĲШƖĲƚƨũƣŔŰŊШĦĲũũШŔƚШĦƖŔůƓĲĬШƨŰĬĲƖШΠШĤċƖШƖĲũċƣŔƻĲШƓƖĲƚƚƨƖĲШŉŸƖШċШůŔŰŔůƨůШŸŉШΣШƚĲĦŸŰĬƚШĤĲŉŸƖĲШ
ĤĲŔŰŊШƖĲůŸƻĲĬШŉƖŸůШƣőĲШŊũŸƻĲĤŸǂЮШ 

ΞЮΠ EũĲĦƣƖŸĦőĲůŔĦċũШÑĲƚƣŔŰŊ 
9ĲũũƚШƽĲƖĲШƣƖċŰƚŉĲƖƖĲĬШŸŰƣŸШċШ ĲƽċƖĲШ7ÑÉрΠΜΜΜШÉĲƖŔĲƚШĤċƣƣĲƖǃШƣĲƚƣĲƖШƚŔƣƨċƣĲĬШŔŰШċШĦƨƚƣŸůШ[?~Ш
ĦũŔůċƣŔĦШĦőċůĤĲƖШƚĲƣШƣŸШΞΡШ9҄ЮШÑőĲШĦĲũũШŔƚШƓũċĦĲĬШŔŰШċШĦƖŸĦŸĬŔũĲШĦũŔƓШĦŸŰŰĲĦƣŸƖЯШŔƚШƽƖċƓƓĲĬШŔŰШ
ĲũĲĦƣƖŔĦШƣċƓĲШƣŸШŔŰőŔĤŔƣШƚőŸƖƣШĦŔƖĦƨŔƣŔŰŊЯШċŰĬШƽƖċƓƓĲĬШŔŰШċШũċĤĲũũĲĬШƓũċƚƣŔĦШĤċŊШƣŸШċũũŸƽШĲċƚǃШ
ŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШƣőĲШĦĲũũШĤĲŔŰŊШċŰċũǃƚĲĬЯШƓƖŸƻŔĬĲШŉƨƖƣőĲƖШƓƖŸƣĲĦƣŔŰŊШċŊċŔŰƚƣШƚőŸƖƣШĦŔƖĦƨŔƣŔŰŊЯШċŰĬШ
ĦċƣĦőШċŰǃШũĲċťŔŰŊШĲũĲĦƣƖŸũǃƣĲШƨŰĬĲƖШƣőĲШĲǂƣƖĲůĲũǃШƨŰũŔťĲũǃШƚĦĲŰċƖŔŸШƣőĲШĦĲũũШŔƚШĬċůċŊĲĬЮШ 

EũĲĦƣƖŸĦőĲůŔĦċũШƣĲƚƣŔŰŊШŸŉШƣőĲШĦĲũũШŔƚШċĦőŔĲƻĲĬШĤǃШƣőĲШĤċƣƣĲƖǃШƣĲƚƣĲƖШċƓƓũǃŔŰŊШċШĦƨƖƖĲŰƣШċĦƖŸƚƚШƣőĲШ
ĦĲũũШĬƨƖŔŰŊШћĦǃĦũŔŰŊќЮШìőŔũĲШƣőĲШĦĲũũШŔƚШĦŸŰŰĲĦƣĲĬШƣŸШƣőĲШĤċƣƣĲƖǃШƣĲƚƣĲƖШċШƚŔŊŰċũШŉĲĲĬƚШĤċĦťШĦĲũũШ
ŔŰŉŸƖůċƣŔŸŰЯШƚƨĦőШċƚШƓŸƣĲŰƣŔċũШĬŔǭĲƖĲŰĦĲЯШċƣШċШƚĲƣШŉƖĲƕƨĲŰĦǃШƽőŔĦőШŔƚШċĤũĲШƣŸШĤĲШƖĲĦŸƖĬĲĬШĤǃШċŰШ
ċĦĦŸůƓċŰǃŔŰŊШƓƖŸŊƖċůЮШÑőĲШĦĲũũШƨŰĬĲƖŊŸĲƚШċŰШŔŰŔƣŔċũШΠШőШƖĲƚƣШƓĲƖŔŸĬЯШċũũŸƽŔŰŊШƣőĲШĦĲũũШƣŸШƖĲƚƣШ
ĤĲŉŸƖĲШĦǃĦũŔŰŊШƚƨĦőШƣőċƣШƣőĲƖĲШŔƚШŉƨũũШĬŔƚƓĲƖƚŔŸŰШŸŉШƣőĲШĲũĲĦƣƖŸũǃƣĲШƣőƖŸƨŊőШƣőĲШǯĤƖĲŊũċƚƚШ
ƚĲƓċƖċƣŸƖЮШÑőĲШĦĲũũШŔƚШƣőĲŰШĦǃĦũĲĬШƨƚŔŰŊШĦŸŰƚƣċŰƣШĦƨƖƖĲŰƣШтШĦŸŰƚƣċŰƣШƻŸũƣċŊĲШы999éьШĦőċƖŊŔŰŊШ
ƽőĲƖĲШƣőĲШĦĲũũШŔƚШŔŰŔƣŔċũũǃШĦőċƖŊĲĬШƨŰĬĲƖШċШƚƣċƣĲĬШĦŸŰƚƣċŰƣШĦƨƖƖĲŰƣШƨŰƣŔũШċШƚƣċƣĲĬШƻŸũƣċŊĲШŔƚШ
ƖĲċĦőĲĬШяΝΞΣѐЮШìőĲŰШƣőĲШƚƣċƣĲĬШƻŸũƣċŊĲШŔƚШƖĲċĦőĲĬШƣőĲШĦőċƖŊŔŰŊШĦőċŰŊĲƚШƣŸШĦŸŰƚƣċŰƣШƻŸũƣċŊĲШŔŰШ
ŸƖĬĲƖШƣŸШƓƖĲƻĲŰƣШŸƻĲƖĦőċƖŊŔŰŊЯШƽőĲƖĲШƣőĲШƚƣċƣĲĬШƻŸũƣċŊĲШŔƚШċƓƓũŔĲĬШċĦƖŸƚƚШƣőĲШĦĲũũШƽőŔũĲШƣőĲШ
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ĦƨƖƖĲŰƣШĬĲĦƖĲċƚĲƚШƨŰƣŔũШċШƚĲƣШƣŔůĲШŸƖШĦƨƖƖĲŰƣШũŔůŔƣШŔƚШƖĲċĦőĲĬЮШÑőĲШĦĲũũШŔƚШċũũŸƽĲĬШċШΡШőШƖĲƚƣШĤĲŉŸƖĲШ
ƨŰĬĲƖŊŸŔŰŊШċШĦŸŰƚƣċŰƣШĦƨƖƖĲŰƣШы99ьШĬŔƚĦőċƖŊĲШƽőĲƖĲШƣőĲШĦĲũũШŔƚШĬŔƚĦőċƖŊĲĬШċƣШċШƚĲƣШĦƨƖƖĲŰƣШĬŸƽŰШ
ƣŸШċШƚƣċƣĲĬШƻŸũƣċŊĲЮШ[ŸũũŸƽŔŰŊШƣőŔƚЯШƣőĲШĦĲũũШŔƚШƖĲƚƣĲĬШċŊċŔŰШŉŸƖШΡШőШĤĲŉŸƖĲШƣőĲШĦĲũũШƨŰĬĲƖŊŸĲƚШ
999éШċŊċŔŰШƽŔƣőШƣőĲШĦǃĦũĲШƖĲƓĲċƣŔŰŊШƨŰƣŔũШƣőĲШĦĲũũШőċƚШĲŔƣőĲƖШĦǃĦũĲĬШŉŸƖШċШŊŔƻĲŰШŰƨůĤĲƖШŸŉШĦǃĦũĲƚШ
ŸƖШƣőĲШĦĲũũШőċƚШŉċŔũĲĬЮШ 

ÅĲƕƨŔƖĲĬШƓċƖċůĲƣĲƖƚШŉŸƖШƣőĲШĦĲũũШċŰċũǃƚŔƚШċƖĲШƣőĲШůċƚƚШŸŉШċĦƣŔƻĲШůċƣĲƖŔċũЯШůċĦƣЯШыEƕЮШΟьШċŰĬШ
ƚƓĲĦŔǯĦШĦċƓċĦŔƣǃЯШÄЯШŔŰШů őŊрΝШыEƕЮШΠьЯШƽőĲƖĲШÄШŔƚШċШŉƨŰĦƣŔŸŰШŸŉШƣőĲЮƻċũċŰĦĲШƚƣċƣĲШŸŉШƣőĲШĦőċƖŊĲШ
ĦċƖƖŔĲƖШŸŉШƣőĲШũŔƣőŔƨůШŔŸŰШĦĲũũЯШŰЯШƽőĲƖĲШŔŰШƣőŔƚШĦċƚĲШƣőĲШƻċũċŰĦĲШƚƣċƣĲШŸŉШxŔҼШŔƚШҼΝЯШƣőĲШ[ċƖċĬċǃШ
ĦŸŰƚƣċŰƣШŔŰШ9ůŸũрΝЯШ[ЯШƣőĲШůŸũċƖШůċƚƚШŸŉШċĦƣŔƻĲШůċƣĲƖŔċũШŔŰШŊůŸũрΝЯШ~ƖЯШĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШƖċƣŔŸШ
ċŰĬШċƣŸůŔĦШůċƚƚĲƚШŸŉШxŔЯШ ŔЯШ~ŰЯШ9ŸЯШ§ЯШċŰĬШċŰǃШŸƣőĲƖШĲũĲĦƣƖŸĦőĲůŔĦċũũǃШċĦƣŔƻĲШĬŸƓċŰƣШċƣŸůƚШ
ƽŔƣőŔŰШƣőĲШċĦƣŔƻĲШůċƣĲƖŔċũЯШċŰĬШΟΣΜΜЯШĤĲŔŰŊШĲƕƨċũШƣŸШƣőĲШŰƨůĤĲƖШŸŉШƚĲĦŸŰĬƚШŔŰШċŰШőŸƨƖЮШ7ŸƣőШůċĦƣЮШ
ċŰĬШÄЮċƖĲШŔŰƓƨƣШċƚШƻċƖŔċĤũĲƚШĤĲŉŸƖĲШƣőĲШĦĲũũШĤĲŊŔŰƚШĦǃĦũŔŰŊЮ 
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(Eq.  7) 

9ĲũũƚШċƖĲШĦǃĦũĲĬШŉŸƖШΡΜШĦǃĦũĲƚЯШĬŔƚĦőċƖŊŔŰŊШċƣШΜЮΝШ9ШĤĲƣƽĲĲŰШĲŔƣőĲƖШΠЮΡШéШċŰĬШΞЮΥШéШŸƖШΠЮΞéШċŰĬШΟШ
éЯШċŰĬШĦőċƖŊŔŰŊШċƣШΜЮΝШ9ШĤĲƣƽĲĲŰШĲŔƣőĲƖШΞЮΥШéШċŰĬШΠЮΡШéШŸƖШΟШéШċŰĬШΠЮΞШéЯШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШ
ĦǃĦũŔŰŊШƓƖŸŊƖċůШƚĲũĲĦƣĲĬЮШÑőĲШƖċŰŊĲШΠЮΞШéШƣŸШΟШéШƽċƚШƚĲũĲĦƣĲĬШĬƨĲШƣŸШƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШƚƣċŰĬċƖĬШ
ƽŸƖťŔŰŊШƻŸũƣċŊĲШƖċŰŊĲШƨŰĬĲƖШƽőŔĦőШůŸƚƣШxŔрŔŸŰШĦĲũũƚШƽŔũũШĤĲШŸƓĲƖċƣĲĬЯШƽőŔũĲШƣőĲШƖċŰŊĲШΠЮΡШéШƣŸШ
ΞЮΥШéШŔƚШƣőĲШůċǂŔůƨůШċŰĬШůŔŰŔůƨůШƚċŉĲШƻŸũƣċŊĲƚШƨŰĬĲƖШƽőŔĦőШŔƣШŔƚШƓŸƚƚŔĤũĲШŉŸƖШƣőĲШxŔрŔŸŰШĦĲũũƚШ
ƣŸШŸƓĲƖċƣĲЮШÑőĲШƻŸũƣċŊĲШƖċŰŊĲШĤĲƣƽĲĲŰШΠЮΞШéШċŰĬШΠЮΡШéШŔƚШĲƚƓĲĦŔċũũǃШŔůƓŸƖƣċŰƣШƣŸШƣĲƚƣШċƚШŔƣШŔƚШ
ƽőĲƖĲШƣőĲШũŔƣőŔƨůШĦċƣőŸĬĲШƚƣƖƨĦƣƨƖĲШŔƚШůŸƚƣũǃШũŔťĲũǃШƣŸШĤƖĲċťШĬŸƽŰШĬƨĲШƣŸШƣőĲШƓőċƚĲШƣƖċŰƚŔƣŔŸŰШŸŉШ
cΞШƣŸШcΟШƽőĲŰШĦőċƖŊŔŰŊШċŰĬШcΟШƣŸШcΞШƽőĲŰШĬŔƚĦőċƖŊŔŰŊШяΝΞΤѐЮШÑőŔƚШƓőċƚĲШĦőċŰŊĲШŔƚШƖĲƚƓŸŰƚŔĤũĲШ
ŉŸƖШƚƣƖƨĦƣƨƖċũШŔŰƚƣċĤŔũŔƣǃШŔŰШőŔŊőШŰŔĦťĲũШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚЯШċŰĬШċƚШƚƨĦőШŔƣШŔƚШŔůƓŸƖƣċŰƣШƣŸШƣĲƚƣШ
ĦĲũũƚШŔŰШƣőŔƚШőŔŊőĲƖШƻŸũƣċŊĲШƖċŰŊĲШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣŸШƣőĲШŉƨũũĲƚƣШĲǂƣĲŰƣШőŸƽШĤŔŸƣĲůƓũċƣŔŰŊШůċǃШ
ŔůƓċĦƣШĦǃĦũŔŰŊШƚƣċĤŔũŔƣǃЮШ9ǃĦũŔŰŊШċŰċũǃƚŔƚШŔƚШĬŸŰĲШƣŸШŸĤƣċŔŰШŉŸũũŸƽŔŰŊШĬċƣċа 

¶ ÉƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃЯШů őоŊ 
¶ ÉƓĲĦŔǯĦШĦőċƖŊĲШĦċƓċĦŔƣǃЯШů őоŊ 
¶ 9ǃĦũŔŰŊШĲǭŔĦŔĲŰĦǃЯӖ 
¶ ?ŔǭĲƖĲŰƣŔċũШĦċƓċĦŔƣǃЯШů őоŊоé 

ΞЮΠЮΝ EũĲĦƣƖŸĦőĲůŔĦċũШÑĲƚƣŔŰŊШ?ċƣċШ ŰċũǃƚŔƚ 
9ĲũũШĦǃĦũŔŰŊШĬċƣċШůċǃШĤĲШƚċƻĲĬШċƚШĲŔƣőĲƖШċŰШ ? ñШŸƖШEǂĦĲũШǯũĲЮШ[ŸƖШĲċƚĲШŸŉШċŰċũǃƚŔƚЯШÂǃƣőŸŰШΟШ
ĦŸĬĲШƽƖŔƣƣĲŰШĤǃШ]ĲŸƖŊĲШsЮШìŔũƚŸŰШŔŰШsƨƓǃƣĲƖШŔƚШƨƚĲĬШƣŸШŉŸƖůċƣШĦǃĦũŔŰŊШĬċƣċШŉƖŸůШEǂĦĲũШǯũĲƚШŔŰƣŸШ
ÂǃƣőŸŰШ9ŸĬĲШƚŸШƣőċƣШƣőĲШƖċƽШĬċƣċШůċǃШĤĲШƨƚĲĬШƣŸШŊĲŰĲƖċƣĲШƓũŸƣƚШƣőċƣШĦċŰШĤĲШċŰċũǃƚĲĬЮШÂũŸƣƚШċƖĲШ
ŊĲŰĲƖċƣĲĬШĤǃШǯƖƚƣШƣƖċŰƚŉĲƖƖŔŰŊШƣőĲШEǂĦĲũШǯũĲШŔŰƣŸШÂǃƣőŸŰШĦŸĬĲШĤǃШĦŸŰƻĲƖƣŔŰŊШŔƣШƣŸШƣőĲШљÉƣƖŔŰŊњШĬċƣċШ
ŉŸƖůċƣЮШÑőĲШŉŸũũŸƽŔŰŊШĦŸũƨůŰƚШŸŉШĬċƣċШċƖĲШƣőĲŰШĦŸŰƻĲƖƣĲĬШŔŰƣŸШċƖƖċǃƚШƚŸШƣőĲǃШůċǃШĤĲШƓũŸƣƣĲĬШ
ċŊċŔŰƚƣШĲċĦőШŸƣőĲƖа 

¶ 9ǃĦũĲШ ƨůĤĲƖ 
¶ ÉƣĲƓШыĬĲŰŸƣĲƚШƽőĲƣőĲƖШƣőĲШĦĲũũШŔƚШĤĲŔŰŊШĦőċƖŊĲĬШŸƖШĬŔƚĦőċƖŊĲĬь 
¶ éŸũƣċŊĲЯШé 
¶ 9őċƖŊĲШÉƓĲĦŔǯĦШ9ċƓċĦŔƣǃЯШů őоŊ 
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¶ ?ŔƚĦőċƖŊĲШÉƓĲĦŔǯĦШ9ċƓċĦŔƣǃЯШů őоŊ 
¶ ÉƓĲĦŔǯĦШ?ŔǭĲƖĲŰƣŔċũШ9ċƓċĦŔƣǃЯШů őоŊоé 

ÑőĲШǯƖƚƣШƓũŸƣЯШ[ŔŊƨƖĲШΠΞШыũĲŉƣьЯШŔƚШċШƓŸƣĲŰƣŔċũШĬŔǭĲƖĲŰƣШċŊċŔŰƚƣШĦċƓċĦŔƣǃШƓũŸƣЯШƽőŔĦőШċũũŸƽƚШŉŸƖШƣőĲШ
ċŰċũǃƚŔƚШŸŉШĦőċƖŊĲШċŰĬШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣŔĲƚШŉŸƖШƣőĲШƣŸƣċũШŰƨůĤĲƖШŸŉШĦǃĦũĲƚЯШċƚШƽĲũũШċƚШĦċƓċĦŔƣǃШ
ƖĲƣĲŰƣŔŸŰШĬƨƖŔŰŊШĦǃĦũŔŰŊЯШċŰĬШċŰǃШƓŸƣĲŰƣŔċũШƓőċƚĲƚШĦőċŰŊĲƚШŸƖШƚƣƖƨĦƣƨƖċũШƣƖċŰƚŉŸƖůċƣŔŸŰƚШƣőĲШ
ĦċƣőŸĬĲШƨŰĬĲƖŊŸĲƚЮШ[ƖŸůШŉƨƖƣőĲƖШċŰċũǃƚĲƚШŸŉШƣőĲШƓũŸƣЯШƓũċƣĲċƨƚШŔŰШƣőĲШĦƨƖƻĲШŔŰĬŔĦċƣĲШĬŔǭĲƖĲŰƣШ
ƓőċƚĲШƣƖċŰƚŔƣŔŸŰƚШŔŰШƣőĲШĲũĲĦƣƖŸĬĲШƽőŔũĲШƚũŸƓĲĬШƚĲĦƣŔŸŰƚШċũũŸƽƚШŉŸƖШƣőĲШŔŰŉĲƖĲŰĦĲШŸŉШƣőĲШťŔŰĲƣŔĦƚШ
ċŰĬШƖĲƚŔƚƣŔƻŔƣǃШŸŉШƣőĲШƖĲċĦƣŔŸŰШяΝΞΥѐЮ 

ÑőĲШƚĲĦŸŰĬШƓũŸƣЯШ[ŔŊƨƖĲШΠΞШыƖŔŊőƣьШƣŸШĤĲШƓƖŸĬƨĦĲĬШŔƚШċШĬŔǭĲƖĲŰƣŔċũШĦċƓċĦŔƣǃШƓũŸƣЯШƽőĲƖĲШ
ĬŔǭĲƖĲŰƣŔċũШĦċƓċĦŔƣǃШŔƚШƓũŸƣƣĲĬШċŊċŔŰƚƣШƓŸƣĲŰƣŔċũШĬŔǭĲƖĲŰĦĲШŉŸƖШƣőĲШƣŸƣċũШŰƨůĤĲƖШŸŉШĦǃĦũĲƚЮШ

ŰċũǃƚŔŰŊШƣőŔƚШƓũŸƣШőĲũƓƚШƣŸШŔĬĲŰƣŔŉǃШƓőċƚĲШĦőċŰŊĲƚШĬƨƖŔŰŊШĦǃĦũĲƚЯШċƚШƽĲũũШċƚШƣőĲШĲǭŔĦŔĲŰĦǃШŸŉШƣőĲШ
ƖĲƻĲƖƚŔĤŔũŔƣǃШŸŉШƣőĲШĦőċƖŊĲоĬŔƚĦőċƖŊĲШĦǃĦũĲШċŰĬШċŰǃШƚŔŊŰƚШŸŉШĦċƣőŸĬĲШĬĲŊƖċĬċƣŔŸŰЮШÑőŔƚШƓũŸƣШĦċŰШ
ĤĲШċŰċũǃƚĲĬШŔŰШƣċŰĬĲůШƣŸШƣőĲШƓŸƣĲŰƣŔċũШĬŔǭĲƖĲŰĦĲШƻƚЮШĦċƓċĦŔƣǃШƓũŸƣЯШƽŔƣőШƣőĲШƓĲċťƚШŔŰШƣőĲШ
ĬŔǭĲƖĲŰƣŔċũШĦċƓċĦŔƣǃШƓũŸƣШŔŰĬŔĦċƣŔŰŊШƓőċƚĲШƣƖċŰƚŔƣŔŸŰƚШƣőċƣШċƓƓĲċƖШċƚШƓũċƣĲċƨƚШŔŰШƣőĲШƓŸƣĲŰƣŔċũШ
ĬŔǭĲƖĲŰĦĲШƻƚЮШĦċƓċĦŔƣǃШƓũŸƣШяΝΞΥѐЮШÉőŔŉƣƚШŔŰШƣőĲШƓĲċťƚШĦǃĦũĲрĤǃрĦǃĦũĲШĦċŰШċũƚŸШĤĲШċŰċũǃƚĲĬШŔŰШ
ŸƖĬĲƖШƣŸШĬĲƣĲƖůŔŰĲШƓŸƣĲŰƣŔċũШĬĲŊƖċĬċƣŔŸŰЮ 

 

 

 

 

 

 

Figure 42 Example plots of potential difference vs. capacity (left) and differential capacity vs. potential 
difference curve (right) [128] 



ΤΠ 
 

Ο ÅĲƚƨũƣƚШƚĲĦƣŔŸŰШΝШтШ~ŸƖƓőŸũŸŊŔĦċũШĦŸŰƣƖŸũШƨƚŔŰŊШ
ĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲƚ 

ΟЮΝ ŔůƚШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШĤŔŸƣĲůƓũċƣŔŰŊ 
ÑőĲШƓƖŔůċƖǃШċŔůШŸŉШƖĲƚƨũƣƚШĦőċƓƣĲƖШΝШŔƚШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƻŔċĤŔũŔƣǃШŸŉШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊШƣŸШ
ƓƖŸĬƨĦĲШ ~9ΥΝΝШċŰĬШƣŸШĬĲƣĲƖůŔŰĲШƽőċƣШĤĲŰĲǯƣƚШƣőĲƖĲШůċǃШĤĲШŉŸƖШƨƚŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣĲШ
ƣĲĦőŰŔƕƨĲШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШőŔŊőШŰŔĦťĲũШũŔƣőŔƨůрŔŸŰШĦċƣőŸĬĲƚЮШfƣШŔƚШċũƚŸШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШ
ƓŸƣĲŰƣŔċũШŔŰШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊШƣŸШůċŰŔƓƨũċƣĲШƣőĲШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝЯШƽőċƣШ
ƓċƖƣŔĦũĲШƚőċƓĲƚШůċǃШĤĲШŉŸƖůĲĬЯШċŰĬШőŸƽШĤĲŰĲǯĦŔċũШƣőĲǃШůċǃШĤĲШƽőĲŰШ ~9ΥΝΝШŔƚШƨƚĲĬШċƚШċШ
ĦċƣőŸĬĲЮШ?ĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШċƖĲШƚĲũĲĦƣĲĬШċƚШƣőĲШĤŔŸƣĲůƓũċƣĲƚШĬƨĲШƣŸШƓƖĲƻŔŸƨƚШ
ĲƻŔĬĲŰĦĲШŸŉШŉŸƖůŔŰŊШƓũċƣĲШċŰĬШŰċŰŸƽŔƖĲШůŸƖƓőŸũŸŊŔĲƚШƖĲƚƓĲĦƣŔƻĲũǃЯШċƚШƽĲũũШċƚШƓƖĲƻŔŸƨƚШƖĲƚĲċƖĦőШ
ƚƨŊŊĲƚƣŔŰŊШƨƚŔŰŊШƣőĲƚĲШĤŔŸƣĲůƓũċƣĲƚШƣŸШŉŸƖůШċШƻċƖŔĲƣǃШŸŉШĬŔǭĲƖĲŰƣШĦőĲůŔƚƣƖŔĲƚШőċƚШũċƖŊĲũǃШĤĲĲŰШ
ƚƨĦĦĲƚƚŉƨũЮШÉĲĦŸŰĬċƖǃШċŔůƚШŔŰĦũƨĬĲШĬĲƣĲƖůŔŰŔŰŊШƽőċƣШĦŸŰĬŔƣŔŸŰƚШƚƨĦőШċƚШƓƖĲőĲċƣШċŰĬШ
ĦċũĦŔŰċƣŔŸŰШůċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲЯШƚǃŰƣőĲƚŔƚШċƣůŸƚƓőĲƖĲЯШċŰĬШƖĲũċƣŔƻĲШůċƚƚĲƚШŸŉШĤŔŸƣĲůƓũċƣĲШ
ƣŸШƓƖĲĦƨƖƚŸƖШůĲƣċũШƚċũƣƚШċƖĲШůŸƚƣШŸƓƣŔůċũЮШÑőŔƚШŔƚШŔŰШċĬĬŔƣŔŸŰШƣŸШĲƻċũƨċƣŔŰŊШƣőĲШƓŸƚƚŔĤŔũŔƣǃШŸŉШ
ƚĦċũĲрƨƓШċŰĬШƚǃŰƣőĲƚŔƚШŸŉШũŔƣőŔƨůрŔŸŰШĦĲũũƚШƨƚŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣŔŰŊШƣĲĦőŰŔƕƨĲЯШƽŔƣőШƣőĲШƨũƣŔůċƣĲШ
ŊŸċũШŸŉШĤŔŸƣĲůƓũċƣŔŰŊШĤĲŔŰŊШƨƚĲĬШċƚШċШƚƨĤƚƣŔƣƨƣĲШŉŸƖШƚŸũŔĬрƚƣċƣĲШƚǃŰƣőĲƚŔƚЮ 

ΟЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊШ 

ΟЮΞЮΝ ŰċũǃƚŔƚШŸŉШĦŸŰƣƖŸũШ ~9ΥΝΝ 
7ĲŉŸƖĲШƚǃŰƣőĲƚŔƚŔŰŊШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝЯШĦŸůůĲƖĦŔċũШ ~9ΥΝΝШыxŔ ŔΜЮΥ~ŰΜЮΝ9ŸΜЮΝ§ΞЯШÂŔрuĲůьШ
ŔƚШċŰċũǃƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШċШĦŸŰƣƖŸũЮШìőĲŰШċŰċũǃƚĲĬШƨƚŔŰŊШñÅ?ЯШ[ŔŊƨƖĲШΠΟЯШƣĲũũƣċũĲШƚŔŊŰƚШŸŉШ
ũċǃĲƖĲĬЯШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШċƖĲШŸĤƚĲƖƻĲĬЮШ]ŸŸĬШƓĲċťШƚƓũŔƣƣŔŰŊШċƣШƓĲċťƚШыΜΜΣьоыΜΝΞьШċŰĬШ
ыΜΝΥьоыΝΝΜьШŔŰĬŔĦċƣĲШċШƽĲũũШũċǃĲƖĲĬШƚƣƖƨĦƣƨƖĲШяΝΞΦѐЯШƽőŔũĲШċШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШĤĲƣƽĲĲŰШƓĲċťƚШċƣШ
ыΜΜΟьШċŰĬШыΝΜΠьШŸŉШΝЮΣΥШőŔŊőũŔŊőƣƚШũŸƽШůŔǂŔŰŊШŸŉШxŔҼШċŰĬШ ŔΞҼШĦċƣŔŸŰƚШċĦƖŸƚƚШ ŔШċŰĬШxŔШƚŔƣĲƚШыƽőĲƖĲШ
ӃΝЮΞШŔƚШĦŸŰƚŔĬĲƖĲĬШċШőŔŊőШũĲƻĲũШŸŉШĦċƣŔŸŰШůŔǂŔŰŊШяΝΟΜѐьЮШìőĲŰШċŰċũǃƚĲĬШƨƚŔŰŊШÉE~ШƚƓőĲƖŔĦċũШ
ůŔĦƖŸƚĦċũĲШƚĲĦŸŰĬċƖǃШƓċƖƣŔĦũĲƚЯШ[ŔŊƨƖĲШΠΠċЯШĦŸŰƚŔƚƣŔŰŊШŸŉШŔƖƖĲŊƨũċƖШŰċŰŸƚĦċũĲШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚЯШ
[ŔŊƨƖĲШΠΠĤЯШŸŉШċƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШŸŉШΠΜΜШŰůШċƖĲШŸĤƚĲƖƻĲĬЮШÑőŔƚШƓƖŸƻŔĬĲƚШċШĤċƚĲũŔŰĲШƣŸШ
ƽőŔĦőШĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝШĦċŰШĤĲШċŰċũǃƚĲĬЮ 

 



ΤΡ 
 

 

Figure 43 XRD of control NMC811 powder 

 

 

Figure 44 SEM of control NMC811 a) secondary spherical particles and b) primary irregularly particles 

ΟЮΞЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШ?ĲǂƣƖċŰ 
ÑőĲШǯƖƚƣШƚƣċŊĲШŸŉШŔŰƻĲƚƣŔŊċƣŔŰŊШƽőĲƣőĲƖШ ~9ΥΝΝШŔƚШċĤũĲШƣŸШĤĲШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊШŔƚШ
ƣŸШĬĲƣĲƖůŔŰĲШƣőĲШůŔŰŔůƨůШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŉŸƖШĲċĦőШĤŔŸƣĲůƓũċƣĲШċŰĬШƓƖĲĦƨƖƚŸƖШ
ыċĦĲƣċƣĲШŸƖШŰŔƣƖċƣĲьШĦŸůĤŔŰċƣŔŸŰЮШ?ĲǂƣƖċŰЯШċƚШůĲŰƣŔŸŰĲĬШŔŰШΝЮΠЮΟЮΞШċШƓŸũǃƚċĦĦőċƖŔĬĲШĬĲƖŔƻĲĬШ
ŉƖŸůШŊũƨĦŸƚĲЮШƽċƚШŔŰƻĲƚƣŔŊċƣĲĬШǯƖƚƣШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШƣőĲШůċƚƚĲƚШĲƚƣċĤũŔƚőĲĬШŔŰШƣőĲШ
ůĲƣőŸĬƚЯШÑċĤũĲШΟЮШ ШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŸŉШΥΡΜШ9҄ШƽċƚШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШƣőĲШĦċũĦŔŰċƣŔŸŰШ
ƣĲůƓĲƖċƣƨƖĲШƨƚĲĬШŉŸƖШƚŸũŔĬШƚƣċƣĲШƚǃŰƣőĲƚŔƚЯШƽŔƣőШċШΡΜΜШ9҄ШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШыċШƓċƖċůĲƣĲƖШƣőċƣШ
ƽŔũũШĤĲШƖĲǯŰĲĬШũċƣĲƖШŔŰШƣőĲШĦőċƓƣĲƖьЮШÑőĲШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШƽċƚШƣőĲШƖĲĬƨĦĲĬШŔŰĦƖĲůĲŰƣċũũǃШ
ƨŰƣŔũШĲƻŔĬĲŰĦĲШƚƨŊŊĲƚƣĲĬШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШƽċƚШŰŸШũŸŰŊĲƖШĤĲŔŰŊШƚǃŰƣőĲƚŔƚĲĬЮШ 

ΦдΥдΥдΤ éċƖŔċƣŔŸŰЮŸŉЮĦċũĦŔŰċƣŔŸŰЮƣĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚ 
[ŔŊƨƖĲШΠΡШőŔŊőũŔŊőƣƚШőŸƽШƻċƖŔċƣŔŸŰШŸŉШƣőĲШůċǂŔůƨůШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШĦċŰШŊƖĲċƣũǃШċǭĲĦƣШ
ƣőĲШǯŰċũШƓƖŸĬƨĦƣШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝЯШĲƻĲŰШƽőĲŰШċĬŢƨƚƣĲĬШĤǃШŔŰĦƖĲůĲŰƣƚШċƚШƚůċũũШċƚШΡΜШ
9҄ЮШìőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰШƽŔƣőШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШĦċũĦŔŰŔŰŊШċƣШΥΜΜШ҄9ШċŰĬШΥΡΜШ҄9ЯШƣőĲШƖċƣŔŸШ
ĤĲƣƽĲĲŰШƣőĲШƓĲċťШŔŰƣĲŰƚŔƣŔĲƚШċƣШыΜΜΟьШċŰĬШыΝΜΠьШƖĲǰĲĦƣŔŸŰƚШŔƚШΝЮΡΠШċŰĬШΝЮΡΡШƖĲƚƓĲĦƣŔƻĲũǃЮШ
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cŸƽĲƻĲƖЯШƽőĲŰШĦŸůƓċƖŔŰŊШƣőĲШƓĲċťƚШċƣШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƖĲǰĲĦƣŔŸŰƚЯШƣƽŔŰШƓĲċťƚЯШŸƖШ
ƓĲċťШƚƓũŔƣƣŔŰŊЯШċƖĲШƚőŸƽŰШƣŸШĤĲШƚũŔŊőƣũǃШůŸƖĲШƓƖŸŰŸƨŰĦĲĬШƽőĲŰШĦċũĦŔŰĲĬШċƣШΥΡΜШ҄9ЯШĲƚƓĲĦŔċũũǃШċƣШ
ыΜΜΣьоыΜΝΞьЮШÑőŔƚШƚőŸƽƚШƣőċƣШƣőĲƖĲШŔƚШƚũŔŊőƣũǃШůŸƖĲШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШŔŰШƣőĲШ ~9ΥΝΝШĦċũĦŔŰĲĬШċƣШ
ΥΜΜШ҄9ЯШċŰĬШƚŸШĦċũĦŔŰċƣŔŸŰШċƣШΥΡΜШ҄9ШŔƚШĤĲƣƣĲƖШŉŸƖШƓƖŸĬƨĦŔŰŊШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝЮШÑőĲШůŸƖĲШ
ƓƖŸŰŸƨŰĦĲĬШƓĲċťШƚƓũŔƣƣŔŰŊШċƣШΥΡΜШ҄9ШŔƚШċŰШŔŰĬŔĦċƣŸƖШŸŉШĤĲƣƣĲƖШĬĲǯŰĲĬШũċǃĲƖŔŰŊШŸŉШƣőĲШƚƣƖƨĦƣƨƖĲШ
яΝΞΦѐЯШƽŔƣőШċШũċǃĲƖĲĬШƚƣƖƨĦƣƨƖĲШċũũŸƽŔŰŊШŉŸƖШůŸƖĲШƚŔƣĲƚШŉŸƖШũŔƣőŔƨůШƣŸШŔŰƣĲƖĦċũċƣĲШċƚШƽĲũũШċƚШ
ƓƖŸƻŔĬŔŰŊШƓċƣőƽċǃƚШŉŸƖШũŔƣőŔƨůШŔŸŰƚШƣŸШĦŸŰĬƨĦƣШƣőƖŸƨŊőШƣőĲШĦċƣőŸĬĲЮШÑőĲШƚũŔŊőƣũǃШőŔŊőĲƖШƓĲċťШ
ŔŰƣĲŰƚŔƣǃШƖċƣŔŸШŔƚШƚŔŊŰŔǯĦċŰƣШċƚШŔƣШŊŔƻĲƚШċŰШŔŰĬŔĦċƣŔŸŰШŸŉШƣőĲШċůŸƨŰƣШŸŉШŰŔĦťĲũШŔŰШũŔƣőŔƨůШƚŔƣĲƚШċŰĬШ
ƻŔĦĲШƻĲƖƚċШяΝΟΜѐЯШƽŔƣőШċШƻċũƨĲШŸŉШũĲƚƚШƣőċŰШΝЮΞШŔƚШĦŸŰƚŔĬĲƖĲĬШċШőŔŊőШũĲƻĲũШŸŉШůŔǂŔŰŊЮШÑőĲШőŔŊőĲƖШ
ƖċƣŔŸШƽőĲŰШĦċũĦŔŰŔŰŊШċƣШΥΡΜШ9҄ШƚőŸƽƚШƣőĲƖĲШŔƚШũĲƚƚШůŔǂŔŰŊШŸŉШƣőĲШũŔƣőŔƨůШċŰĬШŰŔĦťĲũШƚŔƣĲƚЯШƽőŔĦőШŔƚШ
ŉƨƖƣőĲƖШĲƻŔĬĲŰĦĲШŸŉШĤĲƣƣĲƖШĬĲǯŰĲĬШũċǃĲƖƚШŔŰШƣőĲШΥΡΜШ҄9ШƚċůƓũĲЮШcŸƽĲƻĲƖЯШƣőĲƖĲШŔƚШƚƣŔũũШ
ĬŔƚŸƖŊċŰŔƚċƣŔŸŰШŔŰШ ~9ΥΝΝШĦċũĦŔŰĲĬШċƣШĤŸƣőШƣĲůƓĲƖċƣƨƖĲƚШĬƨĲШƣŸШƣőĲШƖċƣŔŸШĤĲƣƽĲĲŰШыΜΜΟьШċŰĬШ
ыΝΜΠьШƓĲċťƚШĤĲŔŰŊШĤĲũŸƽШΝЮΣЯШƽőĲƖĲШċŰǃШƻċũƨĲШĤĲũŸƽШΝЮΣШŔƚШċŰШŔŰĬŔĦċƣŸƖШŸŉШůŔǂŔŰŊШŸŉШxŔШċŰĬШ ŔШ
ƚŔƣĲƚЯШċŰĬШƣőĲШƽĲċťШƓĲċťШƚƓũŔƣƣŔŰŊШƽőĲŰШĦċũĦŔŰĲĬШċƣШĤŸƣőШƣĲůƓĲƖċƣƨƖĲƚЮШ 

§ŰĲШƓŸƚƚŔĤũĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШŔƚШƣőĲШőŔŊőШċůŸƨŰƣШŸŉШĦċƖĤŸŰШƓƖĲƚĲŰƣШŔŰШĤŸƣőШƣőĲШĬĲǂƣƖċŰШċŰĬШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚЮШ?ƨƖŔŰŊШƓƖĲőĲċƣЯШŔƚШŔƣШŸĤƚĲƖƻĲĬШƣőċƣШĤĲƣƽĲĲŰШΝΡΜШ҄9ШċŰĬШΞΜΜШ҄9ШċШũċƖŊĲШ
ƻŸũƨůĲШŸŉШŊċƚШŔƚШĲůŔƣƣĲĬШŉƖŸůШƣőĲШĦƖƨĦŔĤũĲЮШÑőŔƚШŔƚШŸĤƚĲƖƻĲĬШƽőĲŰШċƣƣĲůƓƣŔŰŊШƣŸШƓƖĲőĲċƣШƣőĲШ
ƚċůƓũĲШŔŰШċШƚĲċũĲĬШƣƨĤĲШŉƨƖŰċĦĲШċƚШŸƓƓŸƚĲĬШƣŸШċШĤŸǂШŉƨƖŰċĦĲЯШƽőĲƖĲШĬƨƖŔŰŊШƣőŔƚШƣĲůƓĲƖċƣƨƖĲШ
ƖċŰŊĲШċШũċƖŊĲШĲŰŸƨŊőШƻŸũƨůĲШŸŉШŊċƚШŔƚШƓƖŸĬƨĦĲĬШƣŸШŉŸƖĦŔĤũǃШƖĲůŸƻĲШƣőĲШŢƨĤŔũĲĲШĦũŔƓƚШťĲĲƓŔŰŊШƣőĲШ
ƣƨĤĲШƚĲċũĲĬШŸƖШĲǂƓĲũШƓŸƽĬĲƖШƣŸƽċƖĬƚШƣőĲШŔŰũĲƣШŸƖШŸƨƣũĲƣЮШÑőŔƚШŔƚШŔŰШũŔŰĲШƽŔƣőШĲƻŔĬĲŰĦĲШƣőċƣШƚƣċƣĲƚШ
ƣőĲШǯƖƚƣШƚƣċŊĲШŸŉШƣőĲƖůċũШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШĤŸƨŰĬШĬĲǂƣƖċŰШŸĦĦƨƖƚШċƣШΝΡΜШ҄9ШяΝΞΞѐЮШÑőŔƚШƣőĲƖůċũШ
ĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШĤŸƨŰĬШĬĲǂƣƖċŰШƖĲƚƨũƣƚШŔŰШĦċƖĤŸŰШŉƖŸůШƣőĲШĤŸƨŰĬШĬĲǂƣƖċŰШĤĲŔŰŊШŉƖĲĲĬШƨƓШ
ƖĲċĦƣŔŰŊШƽŔƣőШŸǂǃŊĲŰШŔŰШƣőĲШċƣůŸƚƓőĲƖĲШƣŸШŉŸƖůШĦċƖĤŸŰШĬŔŸǂŔĬĲЮШÑőĲШƚǃŰƣőĲƚŔƚШŸŉШ9§ΞШċŰĬШƣőĲШ
ƚƨĤƚĲƕƨĲŰƣШƖĲĬƨĦƣŔŸŰШŸŉШŸǂǃŊĲŰШƣŸШƚǃŰƣőĲƚŔƚĲШƣőĲШĦċƖĤŸŰШĬŔŸǂŔĬĲШċŰĬШũċƣĲƖШƣőĲШ ~9ΥΝΝШƖĲƚƨũƣƚШ
ŔŰШċШƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲШŰŸƣШĬŔƚƚŔůŔũċƖШƣŸШƣőĲШĦŸŰĬŔƣŔŸŰƚШŉŸƖШŔŰĦŸůƓũĲƣĲШĦŸůĤƨƚƣŔŸŰЮШÑőŔƚШ
ƖĲĬƨĦĲƚШƣőĲШċůŸƨŰƣШŸŉШŸǂǃŊĲŰШċƻċŔũċĤũĲШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШŔŰƣĲƖůĲĬŔċƣĲШůĲƣċũШŸǂŔĬĲЯШŔŰШƣőŔƚШ
ĦċƚĲШċШőŔŊőШŰŔĦťĲũШũŔƣőŔƨůШ ~9ЯШƖĲƚƨũƣŔŰŊШŔŰШũĲƚƚШŸǂǃŊĲŰШŔŰШƣőĲШǯŰċũШ ~9ΥΝΝШƓƖŸĬƨĦƣШċŰĬШċШ
ƓŸŸƖĲƖШċŰĬШůŸƖĲШĬŔƚŸƖŊċŰŔƚĲĬШĦƖǃƚƣċũũŔŰĲШƚƣƖƨĦƣƨƖĲЮ 

 

Figure 45 Calcination of NMC811 using dextran and acetate precursors at a) 800 °C and b) 850 °C 

ΦдΥдΥдΥ éċƖŔċƣŔŸŰЮŸŉЮĦċũĦŔŰċƣŔŸŰЮƣĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚ 
ШƓƖĲĦƨƖƚŸƖШƽŔƣőШċШũŸƽĲƖШĦċƖĤŸŰШĦŸŰƣĲŰƣШƣőċŰШċĦĲƣċƣĲƚШůċǃШĤĲШƖĲƕƨŔƖĲĬШƣŸШƖĲĬƨĦĲШƣőĲШĲǭĲĦƣƚШŸŉШ

9§ΞШŸŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝЮШ ŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚЯШƽőŔũĲШůŸƖĲШőċƖůŉƨũШƣőċŰШċĦĲƣċƣĲШ
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ΤΤ 
 

ƓƖĲĦƨƖƚŸƖƚЯШůċǃШĤĲШċШƚƨŔƣċĤũĲШċũƣĲƖŰċƣŔƻĲЮШ ~9ΥΝΝШŔƚШĦċũĦŔŰĲĬШċƣШΥΜΜШċŰĬШΥΡΜШ9҄ШƽŔƣőШċШΡΜΜШ9҄Ш
ċƚШċШĬŔƖĲĦƣШċŊċŔŰƚƣШƽőĲŰШ ~9ΥΝΝШŔƚШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШċĦĲƣċƣĲƚЮШ 

[ŔŊƨƖĲШΠΣШƚőŸƽƚШƣőĲШñÅ?ШƓċƣƣĲƖŰƚШŉŸƖШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚЯШ
ĦċũĦŔŰĲĬШċƣШΥΜΜШ҄9ШċŰĬШΥΡΜШ҄9ШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸƚШĤĲƣƽĲĲŰШыΜΜΟьШċŰĬШыΝΜΠьШ
ƖĲǰĲĦƣŔŸŰƚШŔƚШΝЮΡΤШċŰĬШΝЮΥΠШƖĲƚƓĲĦƣŔƻĲũǃЯШċŰĬШĤŸƣőШƓċƣƣĲƖŰƚШƚőŸƽШĬŔƚƣŔŰĦƣШƣƽŔŰШƓĲċťƚШċƣШ
ƖĲǰĲĦƣŔŸŰƚШŸŉШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƽŔƣőШƣőĲШƚċůƓũĲШĦċũĦŔŰĲĬШċƣШΥΡΜШ҄9ШőċƻŔŰŊШƚŔŊŰŔǯĦċŰƣũǃШ
ůŸƖĲШĬŔƚƣŔŰĦƣШƣƽŔŰШƓĲċťƚШċŰĬШċШőŔŊőĲƖШыΜΜΟьоыΝΜΠьШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШƣőċŰШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШ
ƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚЮШìőĲŰШĦŸůƓċƖŔŰŊШ ~9ΥΝΝШƚċůƓũĲƚШƓƖŸĬƨĦĲĬШƨƚŔŰŊШĤŸƣőШċĦĲƣċƣĲШċŰĬШ
ŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽŔƣőШƣőĲШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲЯШċШƚċůƓũĲШĦċũĦŔŰĲĬШċƣШΥΜΜШ҄9ШƨƚŔŰŊШŰŔƣƖċƣĲƚШőċƚШ
ċШĦŸůƓċƖċĤũĲШƓċƣƣĲƖŰЯШċŰĬШƚŸШĦŸůƓċƖċĤũĲШŸƖŊċŰŔƚċƣŔŸŰЯШƣŸШċШƚċůƓũĲШĦċũĦŔŰĲĬШċƣШΥΡΜШ҄9ШƨƚŔŰŊШ
ċĦĲƣċƣĲƚЮШ~ĲċŰƽőŔũĲШċШƚċůƓũĲШĦċũĦŔŰĲĬШċƣШΥΡΜШ҄9ШƨƚŔŰŊШŰŔƣƖċƣĲƚШŔƚШƚŔŊŰŔǯĦċŰƣũǃШůŸƖĲШŸƖŊċŰŔƚĲĬШ
ƣőċŰШċŰǃШċĦĲƣċƣĲШƚċůƓũĲШƚǃŰƣőĲƚŔƚĲĬШƣőƨƚШŉċƖЮШ 

ШőŔŊőĲƖШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШƖĲƕƨŔƖĲĬШƣŸШƓƖŸĬƨĦĲШƣőĲШƚċůĲШũĲƻĲũШŸŉШŸƖŊċŰŔƚċƣŔŸŰШŔŰШƣőĲШ
ĦƖǃƚƣċũũŔŰĲШƚƣƖƨĦƣƨƖĲШƽőĲŰШƨƚŔŰŊШċĦĲƣċƣĲƚШƻƚЮШƽőĲŰШƨƚŔŰŊШŰŔƣƖċƣĲƚЮШ ШőŔŊőĲƖШĦċũĦŔŰċƣŔŸŰШŔƚШ
ƖĲƕƨŔƖĲĬШŉŸƖШċĦĲƣċƣĲƚШĬƨĲШƣŸШƣőĲШőŔŊőĲƖШċůŸƨŰƣШŸŉШĦċƖĤŸŰШƓƖĲƚĲŰƣШŔŰШƣőĲШƖĲċĦƣċŰƣƚШƽőĲŰШƨƚŔŰŊШċШ
ĦŸůĤŔŰċƣŔŸŰШŸŉШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲƚШƣőċŰШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲƚЯШƽőŔĦőШƖĲƚƨũƣƚШŔŰШƣőĲШ
ƣőĲƖůċũШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШċШŊƖĲċƣĲƖШċůŸƨŰƣШŸŉШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШƓƖĲĦƨƖƚŸƖШŔŰƣŸШċШƖĲĬƨĦŔŰŊШ
9§ΞШċƣůŸƚƓőĲƖĲЮШÑőŔƚШŸĦĦƨƖƚШċƚШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШƓƖĲĦƨƖƚŸƖШĬĲĦŸůƓŸƚĲШƣŸШŉƖĲĲШƨƓШĦċƖĤŸŰШ
ƽőŔĦőШƖĲċĦƣƚШƽŔƣőШƣőĲШŸǂǃŊĲŰШċƣůŸƚƓőĲƖĲЮШÑőŔƚШũĲċƻĲƚШũĲƚƚШŸǂǃŊĲŰШċƻċŔũċĤũĲШƣŸШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШ
ŔŰƣŸШƣőĲШ ~9ШƚƣƖƨĦƣƨƖĲШƽőĲŰШƨƚŔŰŊШċĦĲƣċƣĲƚШĦŸůƓċƖĲĬШƣŸШƨƚŔŰŊШŰŔƣƖċƣĲƚШċƣШƣőĲШƚċůĲШ
ƣĲůƓĲƖċƣƨƖĲЮШ ƚШ9§ΞШĤĲŊŔŰƚШƣŸШƣőĲƖůċũШĬĲĦŸůƓŸƚĲШċƖŸƨŰĬШΤΜΜШ҄9ШяΝΟΝѐЯШċШőŔŊőĲƖШĦċũĦŔŰċƣŔŸŰШ
ƣĲůƓĲƖċƣƨƖĲШŔƚШƣőĲƖĲŉŸƖĲШƖĲƕƨŔƖĲĬШƣŸШĲǂƣƖċĦƣШŸǂǃŊĲŰШŉƖŸůШ9§ΞШċŰĬШŔŰĦŸƖƓŸƖċƣĲШŔƣШŔŰƣŸШƣőĲШ ~9Ш
ƚƣƖƨĦƣƨƖĲШƽőĲŰШƨƚŔŰŊШċĦĲƣċƣĲƚЯШőĲŰĦĲШƣőĲШΥΡΜШ҄9ШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲЮШÑőŔƚШőŔŊőũŔŊőƣƚШƣőĲШ
ƚŔŊŰŔǯĦċŰĦĲШŸŉШƣőĲШĲǭĲĦƣШŸŉШĦċƖĤŸŰШĦŸŰƣĲŰƣШŔŰШƣőĲШƖĲċĦƣŔŸŰШċŰĬШőŸƽШůƨĦőШĦċƖĤŸŰШĦċŰШċǭĲĦƣШƣőĲШ
ŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШǯŰċũШ ~9ΥΝΝШƓƖŸĬƨĦƣЮШ 

 

Figure 46 Calcination of NMC811 using dextran and nitrate precursors at a) 800 °C and b) 850 °C 

ΦдΥдΥдΦ ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮƓƖŸĬƨĦĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚ 
ÑőĲШůŸƖƓőŸũŸŊŔĲƚШŸŰШƣőĲШ ~9ΥΝΝШƚċůƓũĲƚШĦċũĦŔŰĲĬШċƣШΥΜΜШ9҄ШċŰĬШΥΡΜШ9҄ШƽőŔũĲШƚŔůŔũċƖШŔŰШƚőċƓĲШ
őċƻĲШƚŔŊŰŔǯĦċŰƣШƚŔǍĲШĬŔǭĲƖĲŰĦĲƚЮШfŰĬŔƻŔĬƨċũШƓċƖƣŔĦũĲƚШƽĲƖĲШůĲċƚƨƖĲĬШƨƚŔŰŊШfůċŊĲsЯШƽőĲƖĲШċШ
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ĲƕƨċũШƣŸШƣőĲШƚĦċũĲШĤċƖЮШÖƚŔŰŊШƣőŔƚШƚĦċũĲЯШƣőĲШċƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШŔƚШĬĲƣĲƖůŔŰĲĬШĤǃШ
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ƖĲĦŸƖĬŔŰŊШƣőĲШĬŔċůĲƣĲƖƚШŸŉШċШƖċŰŊĲШŸŉШƓċƖƣŔĦũĲƚШŉƖŸůШƣőĲШŔůċŊĲЮШÉƨĦőШĬŔċůĲƣĲƖƚШĦċŰШĤĲШƖĲĦŸƖĬĲĬШ
ƣŸШƣőĲШŰĲċƖĲƚƣШƽőŸũĲШŰċŰŸůĲƣƖĲШĲŰƚƨƖŔŰŊШċŰШĲƖƖŸƖШƻċũƨĲШŸŉШҼорШΝШŰůЮШìőĲŰШĦŸůƓċƖŔŰŊШƓċƖƣŔĦũĲШ
ůŸƖƓőŸũŸŊŔĲƚШŔŰШ[ŔŊƨƖĲШΠΤШыċьШċŰĬШыĦьЯШůŸƖƓőŸũŸŊŔĲƚШĦċũĦŔŰĲĬШċƣШƣőĲШĬŔǭĲƖĲŰƣШƣĲůƓĲƖċƣƨƖĲƚШƚőŸƽШ
ƚŔůŔũċƖЯШŔƖƖĲŊƨũċƖШůŸƖƓőŸũŸŊŔĲƚЯШőŸƽĲƻĲƖШƓċƖƣŔĦũĲƚШĦċũĦŔŰĲĬШċƣШΥΜΜШ9҄ШőċƻĲШċШƚůċũũĲƖШƓƖŔůċƖǃШ
ƓċƖƣŔĦũĲШƚŔǍĲЯШċƻĲƖċŊŔŰŊШƖŸƨŊőũǃШΟΜΜШŰůШŔŰШĬŔċůĲƣĲƖЯШƣőċŰШƣőŸƚĲШƚǃŰƣőĲƚŔƚĲĬШċƣШΥΡΜШ9҄ЯШƽőŔĦőШ
ċƻĲƖċŊĲШƖŸƨŊőũǃШΣΜΜШŰůШŔŰШĬŔċůĲƣĲƖЮШÑőŔƚШŔŰĦƖĲċƚĲШŔŰШƣőĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШċƣШőŔŊőĲƖШĦċũĦŔŰċƣŔŸŰШ
ƣĲůƓĲƖċƣƨƖĲƚШŔƚШĬƨĲШƣŸШƣőĲШőŔŊőĲƖШƣĲůƓĲƖċƣƨƖĲШŔƣƚĲũŉШċŰĬШŔŰĦƖĲċƚĲШŔŰШƣŔůĲШƣŸШƖċůƓШƣŸШƣőĲШ
ůċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲШċũũŸƽƚШŉŸƖШůŸƖĲШĲŰĲƖŊǃШċŰĬШƣŔůĲШŉŸƖШƣőĲШƓċƖƣŔĦũĲƚШƣŸШŊƖŸƽШяΦΞѐЮШ ƚШƚƨĦőШċШ
ũŸƽĲƖШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШĤĲŰĲǯĦŔċũШƣŸШůċŔŰƣċŔŰШċШƚůċũũĲƖШƓċƖƣŔĦũĲШƚŔǍĲЮ 

 ŸƻĲũШůŸƖƓőŸũŸŊŔĲƚШĦċŰШċũƚŸШĤĲШŸĤƚĲƖƻĲĬШƽőĲŰШ ~9ΥΝΝШŔƚШĦċũĦŔŰĲĬШċƣШΥΜΜШ9҄ЮШÂũċƣĲШ
ůŸƖƓőŸũŸŊŔĲƚЯШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΠΤШыĤьЯШċƖĲШŉŸƨŰĬШŔŰШŔƚŸũċƣĲĬШĦũƨƚƣĲƖƚШŔŰШŉĲƽШŔŰƚƣċŰĦĲƚШŔŰШƣőĲШ
 ~9ΥΝΝЮШÑőŔƚШőŔŊőũŔŊőƣƚШƚŸůĲШŔŰőŸůŸŊĲŰĲŔƣǃШŔŰШƣőĲШ ~9ΥΝΝЮШÉƨĦőШċШůŸƖƓőŸũŸŊǃШůċǃШĤĲШ
ĤĲŰĲǯĦŔċũũǃШŔŉШŔƣШĦċŰШĤĲШƖĲƓũŔĦċƣĲĬШĬƨĲШƣŸШċШũċƖŊĲШƚƨƖŉċĦĲШċƖĲċШċŰĬШőŔŊőШĦŸŰĬƨĦƣŔƻŔƣǃШċĦƖŸƚƚШƣőĲШ
ĦƖŸƚƚрƚĲĦƣŔŸŰШŸŉШƣőĲШƓũċƣĲШĤƨƣШŔƚШƨŰũŔťĲũǃШƣŸШĤĲШƖĲƓũŔĦċƣĲĬШċƣШůċƚƚШƚĦċũĲШŔŰШũċǃĲƖĲĬШ ~9ΥΝΝЮШ
fŰŔƣŔċũШƖĲƚƨũƣƚШƚőŸƽШũċǃĲƖĲĬШ ~9ΥΝΝЯШƚƓĲĦŔǯĦċũũǃШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲƚЯШƖĲƕƨŔƖĲƚШċШ
ůŔŰŔůƨůШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŸŉШΥΡΜШ9҄ШƣŸШŉŸƖůШċŰШŸƖŊċŰŔƚĲĬЯШũċǃĲƖĲĬШƚƣƖƨĦƣƨƖĲЯШƽőĲƖĲċƚШ
ƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƓũċƣĲШůŸƖƓőŸũŸŊŔĲƚШċƓƓĲċƖƚШƣŸШŸĦĦƨƖШċƣШŸƖШĤĲũŸƽШΥΜΜШ9҄ШƽőĲƖĲШƣőĲШũċǃĲƖŔŰŊШŸŉШ
 ~9ΥΝΝШŔƚШŰŸƣШŉƨũũǃШŉŸƖůĲĬЮШ[ƨƖƣőĲƖůŸƖĲЯШƣőĲШƓƖĲƚĲŰĦĲШŸŉШċШƚůċũũШŰƨůĤĲƖШŸŉШƓũċƣĲƚШċŰĬШŰŸƣШ
ƽŔĬĲƚƓƖĲċĬШƓũċƣĲШůŸƖƓőŸũŸŊŔĲƚШċĦƖŸƚƚШƣőĲШĲŰƣŔƖĲШƚċůƓũĲШŔƚШƓƖŸŸŉШŸŉШŔŰőŸůŸŊĲŰĲŔƣǃШċĦƖŸƚƚШƣőĲШ
ƚċůƓũĲЮШ ƚШƚƨĦőШŔƣШċƓƓĲċƖƚШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƓũċƣĲШůŸƖƓőŸũŸŊŔĲƚШŔƚШŰŸƣШĦŸůƓċƣŔĤũĲШƽŔƣőШƣőĲШ
ƚǃŰƣőĲƚŔƚШŸŉШũċǃĲƖĲĬШ ~9ΥΝΝЮШ 



ΤΦ 
 

ΦдΥдΥдΧ éċƖŔċƣŔŸŰЮŸŉЮĦƖƨĦŔĤũĲЮƚŔǍĲЮŸŰЮƣőĲЮƚǃŰƣőĲƚŔƚЮŸŉЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮċĦĲƣċƣĲЮ
ƓƖĲĦƨƖƚŸƖƚ 

ÑőĲШĲǭĲĦƣШŸŉШƣőĲШ9§ΞШċƣůŸƚƓőĲƖĲШĬŸĲƚШŰŸƣШƚĲĲůШƣŸШĤĲШċǭĲĦƣĲĬШĤǃШĦƖƨĦŔĤũĲШƚŔǍĲШĲŔƣőĲƖЮШ[ŔŊƨƖĲШΠΥШ
ƚőŸƽƚШƣőĲШñÅ?ШƓċƣƣĲƖŰƚШŉŸƖШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċƣШΥΡΜШ
9҄ШƽŔƣőШΝΜӖШ ċЮШ?ĲƚƓŔƣĲШĤĲŔŰŊШƓƖĲőĲċƣĲĬШŔŰШċШƣċũũШċŰĬШƚőċũũŸƽШĦƖƨĦŔĤũĲШƖĲƚƓĲĦƣŔƻĲũǃЯШƣőĲƖĲШŔƚШ
ũŔƣƣũĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШñÅ?ШƓċƣƣĲƖŰƚЯШƽŔƣőШċШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШĤĲƣƽĲĲŰШыΜΜΟьШċŰĬШыΝΜΠьШ
ƖĲǰĲĦƣŔŸŰƚШŸŉШΝЮΜΣШċŰĬШΝЮΝΡШƖĲƚƓĲĦƣŔƻĲũǃШċŰĬШŰŸШĬŔƚƣŔŰĦƣШƣƽŔŰШƓĲċťƚШċƣШыΜΜΣьоыΜΝΞьШċŰĬШ
ыΜΝΥьоыΝΝΜьШƖĲǰĲĦƣŔŸŰƚШƽőĲŰШƚǃŰƣőĲƚŔƚĲĬШŔŰШĲŔƣőĲƖШĦƖƨĦŔĤũĲЮШÑőŔƚШőŔŰƣƚШƣőċƣШƣőĲШ9§ΞШċƣůŸƚƓőĲƖĲШ
őċƚШċШƚŔŊŰŔǯĦċŰƣШĲǭĲĦƣШŸŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƖĲŊċƖĬũĲƚƚШŸŉШƣőĲШĬĲƓƣőШŸŉШƣőĲШĦƖƨĦŔĤũĲШĤĲŔŰŊШ
ƨƚĲĬЮШÑőĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШŔƚШƣőċƣШċьШ9§ΞШŔƚШĬĲŰƚĲƖШƣőċŰШċŔƖШċŰĬШĤьШőŔŰƣƚШƣőċƣШƣőĲШċůŸƨŰƣШŸŉШ9§ΞШ
ƓƖŸĬƨĦĲĬШĤǃШƣőĲШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШŔƚШƚƨĦőШƣőċƣШƣőĲШƚċůƓũĲШŔƚШőĲċƣĲĬШŔŰШĦċƖĤŸŰШ
ĬŔŸǂŔĬĲШƖĲŊċƖĬũĲƚƚШŸŉШƣőĲШƚƨƖŉċĦĲШċƖĲċШŸƖШƻŸũƨůĲШŸŉШƣőĲШĦƖƨĦŔĤũĲЯШĲƚƚĲŰƣŔċũũǃШĦƖĲċƣŔŰŊШƣőĲШƚċůĲШ
ƖĲċĦƣŔŸŰШĦŸŰĬŔƣŔŸŰƚЮШ 
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Figure 47 SEM of NMC811 particles synthesised with dextran and acetate precursors, calcined at a) and b) 800 °C, and c) 850 
°C, with a) exhibiting irregular particle morphologies, b) exhibiting plate morphologies, and c) also exhibiting irregular particle 
morphologies 
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Figure 48 Calcination of NMC811 using dextran, acetate precursor, and 10% Na at 850 °C in a) Tall Crucible and b) 
Shallow Crucible 

ΦдΥдΥдΨ ~ŸƖƓőŸũŸŊǃЮŸŉЮ ~9ΫΤΤЮƓƖŸĬƨĦĲĬЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚ 
ÉƨĦőШċƚШƽőĲŰШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚЯШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƚőŸƽШ
ƚŔůŔũċƖШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊŔĲƚШĤƨƣШĬŔǭĲƖĲŰƣШƓċƖƣŔĦũĲШƚŔǍĲƚШĤĲƣƽĲĲŰШƚċůƓũĲƚШĦċũĦŔŰĲĬШċƣШΥΜΜШ9҄Ш
ċŰĬШΥΡΜШ9҄ШƖĲƚƓĲĦƣŔƻĲũǃЮШìőŔũĲШƚƣŔũũШŔƖƖĲŊƨũċƖЯШƓċƖƣŔĦũĲƚШƓƖŸĬƨĦĲĬШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċƖĲШ
ŸĤƚĲƖƻĲĬШƣŸШĤĲШũĲƚƚШƖŸƨŰĬĲĬШƣőċŰШƣőĲŔƖШċĦĲƣċƣĲШƓƖŸĬƨĦĲĬШĦŸƨŰƣĲƖƓċƖƣƚЯШċƚШƽĲũũШċƚШƚũŔŊőƣũǃШũċƖŊĲƖШ
ŔŰШĬŔċůĲƣĲƖЮШ ƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШŔƚШŸĤƣċŔŰĲĬШƨƚŔŰŊШƣőĲШƚċůĲШċŰċũǃƣŔĦċũШƣĲĦőŰŔƕƨĲШŔŰШ
fůċŊĲsШċƚШƽőĲŰШƨƚŔŰŊШċĦĲƣċƣĲƚЯШ[ŔŊƨƖĲШΠΤЮШ ƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖƚШƽőĲŰШĦċũĦŔŰĲĬШċƣШΥΜΜШ9҄Ш
ċŰĬШΥΡΜШ9҄ЯШ[ŔŊƨƖĲШΠΦШċьШċŰĬШĤьШƖĲƚƓĲĦƣŔƻĲũǃЯШċƖĲШΤΜΜШŰůШċŰĬШΝΞΜΜШŰůЮШÂċƖƣŔĦũĲƚШĦċũĦŔŰĲĬШċƣШΥΜΜШ
9҄ШċƖĲШƚƣŔũũШŸĤƚĲƖƻĲĬШƣŸШőċƻĲШƚůċũũĲƖШĬŔċůĲƣĲƖШƓċƖƣŔĦũĲƚШĦċũĦŔŰĲĬШċƣШΥΡΜШ9҄ШƽŔƣőШĲƻŔĬĲŰĦĲШ
ƚƨŊŊĲƚƣŔŰŊШƣőċƣШƖĲŊċƖĬũĲƚƚШŸŉШƣőĲШƓƖĲĦƨƖƚŸƖШƨƚĲĬШƓċƖƣŔĦũĲШƚŔǍĲШŔƚШŊƖĲċƣĲƖШƽőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШċƣШ
őŔŊőĲƖШƣĲůƓĲƖċƣƨƖĲƚШяΦΞѐЮШÅĲċƚŸŰƚШŉŸƖШƣőŔƚШċƖĲШċьШƣőĲШƓċƖƣŔĦũĲƚШőċƻĲШůŸƖĲШĲŰĲƖŊǃШƣŸШŊƖŸƽШċŰĬШĤьШ
ƓċƖƣŔĦũĲƚШőċƻĲШċШũŸŰŊĲƖШŸƻĲƖċũũШƚǃŰƣőĲƚŔƚШƣŔůĲШƽőĲŰШƨƚŔŰŊШƣőĲШƚċůĲШƖċůƓШƖċƣĲШĤƨƣШċШőŔŊőĲƖШ
ƚǃŰƣőĲƚŔƚШƣĲůƓĲƖċƣƨƖĲШċƚШůŸƖĲШƣŔůĲШŔƚШƖĲƕƨŔƖĲĬШƣŸШƖĲċĦőШƣőĲШůċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲЯШċũũŸƽŔŰŊШŉŸƖШ
ůŸƖĲШƣŔůĲШċƣШőŔŊőШƣĲůƓĲƖċƣƨƖĲƚШŉŸƖШƣőĲШƓċƖƣŔĦũĲƚШƣŸШŊƖŸƽЮШ 

xċƖŊĲƖШċƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖƚШċƖĲШĬĲƣƖŔůĲŰƣċũШƣŸШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШĦċƣőŸĬĲШċƚШŔƣШ
ƖĲĬƨĦĲƚШƣőĲШŸƻĲƖċũũШƚƨƖŉċĦĲШċƖĲċШŸŉШƣőĲШĦċƣőŸĬĲЯШċũũŸƽŔŰŊШũĲƚƚШċƖĲċШŉŸƖШƣőĲШũŔƣőŔƨůШƣŸШŔŰƣĲƖĦċũċƣĲЮШ
ÂƖĲƻŔŸƨƚШĲƻŔĬĲŰĦĲШőċƚШƚőŸƽŰШƣőċƣШŉŸƖШ ~9ΥΝΝШĦċƣőŸĬĲƚШċШũċƖŊĲƖШƓċƖƣŔĦũĲШƚŔǍĲШũĲċĬƚШƣŸШċШũŸƽĲƖШ
ƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃШяΝΟΞѐЮШШ ~9ΥΝΝШƚőŸƨũĬШƣőĲƖĲŉŸƖĲШĤĲШƚǃŰƣőĲƚŔƚĲĬШċƣШƣőĲШũŸƽĲƚƣШ
ƓŸƚƚŔĤũĲШƣĲůƓĲƖċƣƨƖĲШыŔЮĲЮШΥΜΜШ9҄ШŰŔƣƖċƣĲƚШŔŰƚƣĲċĬШŸŉШΥΡΜШ9҄ьШƣŸШůŔŰŔůŔƚĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШċŰĬШ
ŔŰĦƖĲċƚĲШƓċƖƣŔĦũĲШƚƨƖŉċĦĲШċƖĲċШċŰĬШƓŸƚƚŔĤũĲШƚƓĲĦŔǯĦШĬŔƚĦőċƖŊĲШĦċƓċĦŔƣǃЯШƽőŔũĲШƚƣŔũũШƚǃŰƣőĲƚŔƚĲĬШ
ũċǃĲƖĲĬШ ~9ΥΝΝЮШ 
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Figure 49 SEM of NMC811 irregular primary particles synthesised with dextran and nitrate precursors, calcined at a) 
800 °C and                   b) 850 °C 

ΟЮΞЮΟ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲ 
ÉŸĬŔƨůШċũŊŔŰċƣĲШŔƚШŔŰƻĲƚƣŔŊċƣĲĬШċƚШċŰШċũƣĲƖŰċƣŔƻĲШĤŔŸƣĲůƓũċƣĲШƣŸШĬĲǂƣƖċŰЮШ7ĲŔŰŊШĬĲƖŔƻĲĬШŉƖŸůШċШ
ĬŔǭĲƖĲŰƣШƚŸƨƖĦĲШыċũŊċĲШŔŰƚƣĲċĬШŸŉШƚƨŊċƖьШċŰĬШƣőċƣШŔƣШŔƚШťŰŸƽŰШƣŸШċŔĬШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШĬŔǭĲƖĲŰƣШ
ůŸƖƓőŸũŸŊŔĲƚШƣőċŰШƣőŸƚĲШƓƖŸĬƨĦĲĬШĤǃШĬĲǂƣƖċŰШыŰċŰŸƽŔƖĲƚШŔŰƚƣĲċĬШŸŉШƓũċƣĲƚьШяΦΠѐШůċťĲШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċŰШŔĬĲċũШċũƣĲƖŰċƣŔƻĲШŉŸƖШĬĲǂƣƖċŰЮШ ƚШƽŔƣőШŔŰƻĲƚƣŔŊċƣŔŰŊШĬĲǂƣƖċŰЯШƣőĲШůŔŰŔůƨůШĦċũĦŔŰċƣŔŸŰШ
ƣĲůƓĲƖċƣƨƖĲШŉŸƖШŉŸƖůŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШĤŸƣőШċĦĲƣċƣĲƚШċŰĬШŰŔƣƖċƣĲƚШŔƚШǯƖƚƣШĲƚƣċĤũŔƚőĲĬШĤǃШ
ĦċũĦŔŰŔŰŊШċƣШΥΡΜШ9҄ШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШƖĲĬƨĦŔŰŊШƣőĲШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШ
ŔŰĦƖĲůĲŰƣċũũǃШƨŰƣŔũШ ~9ΥΝΝШŔƚШŰŸШũŸŰŊĲƖШŉŸƖůĲĬЮШ~ċƚƚĲƚШƨƚĲĬШċƖĲШƣőŸƚĲШŔŰШΞЮΝЮΝШŉƖŸůШƣőĲШ
ůĲƣőŸĬƚШĦőċƓƣĲƖШƽŔƣőШċШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШŸŉШΡΜΜШ9҄ЮШ 

ΦдΥдΦдΤ éċƖŔċƣŔŸŰЮŸŉЮĦċũĦŔŰċƣŔŸŰЮƣĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮċĦĲƣċƣĲЮƓƖĲĦƨƖƚŸƖƚ 
ñÅ?ШƚőŸƽƚШőŸƽШƽőĲŰШĦċũĦŔŰĲĬШċƣШΤΡΜШ9҄ЯШΥΜΜШ9҄ЯШċŰĬШΥΡΜШ9҄ЯШ[ŔŊƨƖĲШΡΜċЯШĤЯШċŰĬШĦШƖĲƚƓĲĦƣŔƻĲũǃЯШ
 ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƽŔũũШƚőŸƽШƚŔŊŰŔǯĦċŰƣШ
ĬŔƚŸƖŊċŰŔƚċƣŔŸŰШƽőĲŰШĦċũĦŔŰĲĬШċƣШΤΡΜШ9҄ЯШƚŸůĲШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШƽőĲŰШĦċũĦŔŰĲĬШΥΜΜШ9҄ЯШċŰĬШũŔƣƣũĲШ
ĬŔƚŸƖŊċŰŔƚċƣŔŸŰШƽőĲŰШĦċũĦŔŰĲĬШċƣШΥΡΜ9҄ЮШÑőĲШƖċƣŔŸШĤĲƣƽĲĲŰШƓĲċťƚШċƣШыΜΜΟьШċŰĬШыΝΜΠьШƖĲǰĲĦƣŔŸŰƚШ
ċƖĲШΝЮΞЯШΝЮΟЯШċŰĬШΝЮΡШŉŸƖШΤΡΜШ9҄ЯШΥΜΜШ9҄ЯШċŰĬШΥΡΜШ҄9ШĦċũĦŔŰċƣŔŸŰШƖĲƚƓĲĦƣŔƻĲũǃШыƚƨůůċƖŔƚĲĬШŔŰШ
ÑċĤũĲШΝΟЯШƽőĲƖĲШӃШΝЮΞШŔƚШĦŸŰƚŔĬĲƖĲĬШƣŸШĤĲШċШőŔŊőШũĲƻĲũШŸŉШxŔо ŔШƚŔƣĲШůŔǂŔŰŊШяΝΟΜѐьЮШÂĲċťШƚƓũŔƣƣŔŰŊШċƣШ
ыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƖĲǰĲĦƣŔŸŰƚШƖĲƚƓĲĦƣŔƻĲũǃШőċƻĲШċШƖĲƚŸũƨƣŔŸŰШŸŉШƚĲƓċƖċƣŔŸŰШƻċũƨĲЯШÅƚЯШŸŉШ
ΜЮΠΠШċŰĬШΜЮΞΞШŉŸƖШΤΡΜШ9҄ШĦċũĦŔŰċƣŔŸŰЯШΜЮΡШċŰĬШΜЮΟΤШċƣШΥΜΜШ9҄ШĦċũĦŔŰċƣŔŸŰЯШċŰĬШΜЮΣΦШċŰĬШΜЮΥΜШċƣШ
ΥΡΜШ9҄ШĦċũĦŔŰċƣŔŸŰШċƚШĦċũĦƨũċƣĲĬШƨƚŔŰŊШыEƕЮШШΞьШŔŰШΞЮΞЮΝШŔŰĬŔĦċƣŔŰŊШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШũċǃĲƖƚШ
ƽőĲŰШĦċũĦŔŰŔŰŊШċƣШΤΡΜоΥΜΜШ9҄ШĤƨƣШŸƖŊċŰŔƚĲĬШũċǃĲƖƚШċƣШΥΡΜШ9҄ШċƚШƣőĲШÅƚШƻċũƨĲШċƓƓƖŸċĦőĲƚШΝЮШÑőĲШ
ƖĲƕƨŔƖĲůĲŰƣШŉŸƖШċŰШΥΡΜШ9҄ШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŉŸƖШċŰШŸƖŊċŰŔƚĲĬШũċǃĲƖĲĬШ ~9ΥΝΝШƚƣƖƨĦƣƨƖĲШ
ŔƚШċŊċŔŰШĬƨĲШƣŸШƣőĲШőŔŊőШċůŸƨŰƣШŸŉШĦċƖĤŸŰШƓƖĲƚĲŰƣШŔŰШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬЯШƣŸШƚŸůĲШĲǂƣĲŰƣЯШ
ƚŸĬŔƨůШċũŊŔŰċƣĲЮШ ƚШƽŔƣőШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰЯШƣőĲШƚŸĬŔƨůШċũŊŔŰċƣĲШĦőċŔŰШƣőĲƖůċũШĬĲĦŸůƓŸƚĲƚЯШ
ƣőŔƚШƣŔůĲШċƣШΞΝΞШ9҄ШяΝΞΟѐШċŰĬШċũŸŰŊШƽŔƣőШƣőĲШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШƣőĲШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШƖĲƚƨũƣƚШŔŰШ
ƣőĲШŉŸƖůċƣŔŸŰШŸŉШċШƖĲĬƨĦŔŰŊШ9§ΞШċƣůŸƚƓőĲƖĲШĬƨĲШƣŸШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШƓƖĲĦƨƖƚŸƖШ
ĬĲĦŸůƓŸƚŔŰŊШċŰĬШŉƖĲĲŔŰŊШƨƓШĦċƖĤŸŰШƣŸШƖĲċĦƣШƽŔƣőШƣőĲШŸǂǃŊĲŰШċƣůŸƚƓőĲƖĲЯШƽőŔĦőШƨƚĲƚШƨƓШƣőĲШ
ċƻċŔũċĤũĲШŸǂǃŊĲŰЯШċũũŸƽŔŰŊШũĲƚƚШ§ΞШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШ ~9ΥΝΝШƚƣƖƨĦƣƨƖĲЮШ ƚШƚƨĦőШƣőĲШΥΡΜШ9҄Ш
ŔƚШƖĲƕƨŔƖĲĬШƣŸШĬĲĦŸůƓŸƚĲШƣőĲШ9§ΞШƣŸШŉƖĲĲШƨƓШůŸƖĲШŸǂǃŊĲŰШŉŸƖШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШ ~9ΥΝΝШ
ƚƣƖƨĦƣƨƖĲЮ 
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Figure 50 Calcination of NMC811 using sodium alginate and acetate precursors at a) 750 °C  b) 800 °C and c) 850 °C 

Temperature, °C (003)/(104) Intensity 
ratio (I(003)/(104)), abs 
units 

Resolution of 
(006)/(012) 
reflections, Rs 

Resolution of 
(018)/(110) 
reflections, Rs 

750 1.2 0.44 0.22 
800 1.3 0.60 0.37 
850 1.5 0.69 0.80 

Table 13 Comparison of organisation of layered NMC811 when synthesising with sodium alginate and acetate 
precursors 

ΟЮΞЮΟЮΝЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ 
ìőĲŰШŸĤƚĲƖƻĲĬШƨƚŔŰŊШÉE~ЯШƓċƖƣŔĦũĲƚШƓƖŸĬƨĦĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШŔŰШƣőĲƚĲШƚċůƓũĲƚШƽŔƣőШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċƖĲШŸĤƚĲƖƻĲĬШƣŸШőċƻĲШċШũċƖŊĲƖШƚŔǍĲШĬŔƚƣƖŔĤƨƣŔŸŰШƣőċŰШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШ
ĦŸŰƚŔƚƣШŸŉШŔƖƖĲŊƨũċƖЯШŸĦƣċőĲĬƖċũрƚőċƓĲĬШƓċƖƣŔĦũĲƚЮШ ƚШƽŔƣőШƽőĲŰШƨƚŔŰŊШƣőĲШĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲЯШ
ƓċƖƣŔĦũĲШƚŔǍĲШŔŰĦƖĲċƚĲƚШƽŔƣőШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲЯШƽŔƣőШċŰШċƻĲƖċŊĲШĬŔċůĲƣĲƖШŸŉШΠΜΜШŰůШŉŸƖШ
ĦċũĦŔŰċƣŔŸŰШċƣШΤΡΜШ9҄ЯШ[ŔŊƨƖĲШΡΝШċьЯШΞΜΜШŰůШŉŸƖШƚůċũũĲƖШƓċƖƣŔĦũĲƚШċŰĬШΣΜΜШŰůШŉŸƖШũċƖŊĲƖШƓċƖƣŔĦũĲƚШ
ƽőĲŰШĦċũĦŔŰĲĬШċƣШΥΜΜШ9҄ЯШ[ŔŊƨƖĲШΡΝШĤьЯШċŰĬШŉŸƖШƓċƖƣŔĦũĲƚШĦċũĦŔŰĲĬШċƣШΥΡΜШ9҄ЯШ[ŔŊƨƖĲШΡΝШĦьЯШċŰШ
ċƻĲƖċŊĲШĬŔċůĲƣĲƖШŊƖĲċƣĲƖШƣőċŰШΝШů͓ЮШ 

ÑőĲШŸĦƣċőĲĬƖċũШůŸƖƓőŸũŸŊŔĲƚШċƖĲШċШƖĲƚƨũƣШŸŉШƣőĲШƨƚĲШŸŉШƚŸĬŔƨůШċũŊŔŰċƣĲШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ
 ~9ΥΝΝЯШƽŔƣőШŸĦƣċőĲĬƖċũШƓċƖƣŔĦũĲƚШŰŸƣШĤĲŔŰŊШƚǃŰƣőĲƚŔƚĲĬШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰЮШ ƚШƽŔƣőШĬĲǂƣƖċŰШ
őŸƽĲƻĲƖЯШƣőĲШŔŰĦƖĲċƚĲШŔŰШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШċƚШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШŔŰĦƖĲċƚĲĬШŔƚШĬƨĲШƣŸШƣőĲШ
ƓċƖƣŔĦũĲƚШőċƻŔŰŊШůŸƖĲШĲŰĲƖŊǃШċŰĬШůŸƖĲШƣŔůĲШƣŸШŊƖŸƽШĬƨĲШƣŸШƣőĲШőŔŊőĲƖШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШ
ċŰĬШƣőĲШŔŰĦƖĲċƚĲШŔŰШƖċůƓШƣŔůĲШƖĲƕƨŔƖĲĬШƣŸШƖĲċĦőШƣőĲШůċǂŔůƨůШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШяΦΞѐЮШÑőĲШ
ŔŰĦƖĲċƚĲШŔŰШƓċƖƣŔĦũĲШƚŔǍĲШĬŔƚƣƖŔĤƨƣŔŸŰШƓŸŔŰƣƚШƣŸШċŰШŔŰĦƖĲċƚĲШŔŰШŔŰőŸůŸŊĲŰĲŔƣǃШƽőĲŰШƨƚŔŰŊШƚŸĬŔƨůШ
ċũŊŔŰċƣĲШċƚШƣőĲШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШŔŰĦƖĲċƚĲĬЮШ 
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ΦдΥдΦдΥ éċƖŔċƣŔŸŰЮŸŉЮĦċũĦŔŰċƣŔŸŰЮƣĲůƓĲƖċƣƨƖĲЮƨƚŔŰŊЮƚŸĬŔƨůЮċũŊŔŰċƣĲЮċŰĬЮŰŔƣƖċƣĲЮƓƖĲĦƨƖƚŸƖƚ 
ìőĲŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƽŔƣőШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚЯШƣőĲШĦċũĦŔŰċƣŔŸŰШ
ƣĲůƓĲƖċƣƨƖĲШĦċŰШċŊċŔŰШĤĲШƖĲĬƨĦĲĬЯШċƚШƚőŸƽŰШĤǃШ[ŔŊƨƖĲШΡΞЮШÂĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸƚЯШƚƨůůċƖŔƚĲĬШŔŰШ
ΞЮΞЮΝЯШШŉŸƖШыΜΜΟьШċŰĬШыΝΜΠьШƖĲǰĲĦƣŔŸŰƚШƚőŸƽШΝЮΡΡЯШΝЮΣΥЯШċŰĬШΝЮΡШŉŸƖШΤΡΜШ9҄ЯШΥΜΜШ҄9ЯШċŰĬШΥΡΜШ9҄Ш
ĦċũĦŔŰċƣŔŸŰЯШÑċĤũĲШΝΠЯШƽŔƣőШċũũШƚċůƓũĲƚШƚőŸƽŔŰŊШƣƽŔŰШƓĲċťƚШċƣШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШ
ƖĲǰĲĦƣŔŸŰƚЯШĤƨƣШƽŔƣőШƣőĲШƚċůƓũĲШĦċũĦŔŰĲĬШċƣШΤΡΜШ҄9ШőċƻŔŰŊШÅƚШƻċũƨĲƚШŸŉШΜЮΡΣШċŰĬШΜЮΣΞЯШΥΜΜШ҄9Ш
őċƻŔŰŊШÅƚШƻċũƨĲƚШŸŉШΜЮΤΝШċŰĬШΜЮΦΞЯШċŰĬШΥΡΜШ҄9ШőċƻŔŰŊШÅƚШƻċũƨĲƚШŸŉШΜЮΦΠШċŰĬШΜЮΣΣЮШ ƚШƚƨĦőШƣőĲШ
ƚċůƓũĲƚШĦċũĦŔŰĲĬШċƣШΥΜΜШċŰĬШΥΡΜШ҄9ШőċƻĲШƣőĲШůŸƚƣШĬĲǯŰĲĬШƣƽŔŰШƓĲċťƚоƓĲċťШƚƓũŔƣƣŔŰŊШƽŔƣőШÅƚШ
ƻċũƨĲƚШċƓƓƖŸċĦőŔŰŊШΝЯШċŰĬШƣőĲШƚċůƓũĲШĦċũĦŔŰĲĬШċƣШΤΡΜШ҄9ШőċƚШƣőĲШũĲċƚƣШĬĲǯŰĲĬШƣƽŔŰШƓĲċťƚЮШÑőĲШ
ƖĲĬƨĦƣŔŸŰШŔŰШƖĲƕƨŔƖĲĬШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШċŊċŔŰШĬƨĲШƣŸШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШĦċƖĤŸŰШŔŰШƣőĲШ
ŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШƖĲĬƨĦƣŔŸŰШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ9§ΞШĬƨĲШƣŸШŸŰũǃШƣőĲШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШƣőĲШ
ĤŔŸƣĲůƓũċƣĲШŉƖĲĲŔŰŊШƨƓШĦċƖĤŸŰЮШÑőŔƚШůĲċŰƚШƣőĲƖĲШŔƚШũĲƚƚШĦċƖĤŸŰШƣŸШƖĲċĦƣШƽŔƣőШƣőĲШŸǂǃŊĲŰШ
ċƣůŸƚƓőĲƖĲШƖĲƚƨũƣŔŰŊШŔŰШũĲƚƚШĦċƖĤŸŰШĬŔŸǂŔĬĲШċŰĬШƚŸШċШũĲƚƚШƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲЮШÑőŔƚШŉƖĲĲƚШƨƓШ
ůŸƖĲШŸǂǃŊĲŰШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƖĲƚƨũƣŔŰŊШŔŰШŊƖĲċƣĲƖШŸƖŊċŰŔƚċƣŔŸŰШċƣШƣőĲШ
ċŉŸƖĲůĲŰƣŔŸŰĲĬШũŸƽĲƖШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲЮШÑőĲШŔŰĦƖĲċƚĲĬШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШŔŰШƣőĲШΥΡΜШ9҄Ш
ĦċũĦŔŰĲĬШƚċůƓũĲШůċǃШċũƚŸШĤĲШĬƨĲШƣŸШƣőĲШĬĲƣĲƖŔŸƖċƣŔŸŰШŸŉШƣőĲШƚċůƓũĲШċƣШőŔŊőĲƖШƣĲůƓĲƖċƣƨƖĲƚШċƚШ
ƣőĲШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШĤĲŊŔŰƚШƣŸШĤƖĲċťШĬŸƽŰЮШÅĲŊċƖĬũĲƚƚЯШƽőŔũĲШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸƚШĤĲƣƽĲĲŰШ

Figure 51 SEM of NMC811 particles synthesised with sodium alginate and acetate precursors, calcined at a) 750 
°C, b) 800 °C, and c) 850 °C 
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9҄ШŔƚШƚƨǭŔĦŔĲŰƣШƣŸШƓƖŸĬƨĦĲШŸƖŊċŰŔƚĲĬШũċǃĲƖĲĬШ ~9ΥΝΝЮ 

 

Figure 52 Calcination of NMC811 using sodium alginate and nitrate precursors at a) 750 °C  b) 800 °C and c) 850 °C 

Temperature, °C (003)/(104) Intensity 
ratio (I(003)/(104)), abs units 

Resolution of 
(006)/(012) 
reflections, Rs 

Resolution of 
(018)/(110) 
reflections, Rs 

750 1.55 0.56 0.62 
800 1.68 0.71 0.92 
850 1.5 0.94 0.66 

Table 14 Comparison of organisation of layered NMC811 when synthesising with sodium alginate and nitrate 
precursors 

ĦƖŸƚƚШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĤŸƣőШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲЯШŔƣШŔƚШċƓƓċƖĲŰƣШƣőċƣШĬƨĲШƣŸШ
ƣőĲШŔŰĦƖĲċƚĲĬШĦċƖĤŸŰШĦŸŰƣĲŰƣШċŰĬШƓƖŸĬƨĦƣŔŸŰШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲЯШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƽŔƣőШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШŰĲĲĬШƣŸШĤĲШĦċũĦŔŰĲĬШċƣШΥΡΜШ9҄ЯШƽőŔũĲШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƽŔƣőШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚШŰĲĲĬШŸŰũǃШĤĲШĦċũĦŔŰĲĬШċƣШΥΜΜШ9҄ШƣŸШƓƖŸĬƨĦƣШċШƚƣƖƨĦƣƨƖĲШƽŔƣőШƚŔůŔũċƖШũĲƻĲũƚШŸŉШ
ŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШĦƖǃƚƣċũШƚƣƖƨĦƣƨƖĲЮШÑőŔƚШŔƚШŔŰШƓċƖƣШĬƨĲШƣŸШƣőĲШŉŸƖůċƣŔŸŰШŸŉШċШƖĲĬƨĦŔŰŊШĦċƖĤŸŰШ
ĬŔŸǂŔĬĲШċƣůŸƚƓőĲƖĲШŉŸƖůĲĬШƽőĲŰШƣőĲШĤŔŸƣĲůƓũċƣĲШƨŰĬĲƖŊŸĲƚШĬĲĦŸůƓŸƚŔƣŔŸŰШĬƨƖŔŰŊШőĲċƣŔŰŊШ
ċŰĬШƣőĲШƖĲƚƨũƣŔŰŊШĦċƖĤŸŰШƖĲċĦƣƚШƽŔƣőШŸǂǃŊĲŰШŔŰШƣőĲШċƣůŸƚƓőĲƖĲШƣŸШŉŸƖůШ9§ΞЮШÑőĲШŉŸƖůċƣŔŸŰШŸŉШ
ƣőŔƚШƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲШůĲċŰƚШũĲƚƚШŸǂǃŊĲŰШŔƚШċƻċŔũċĤũĲШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШċŰĬШ
ũĲċĬƚШƣŸШċШůŸƖĲШĬŔƚŸƖŊċŰŔƚĲĬШƚƣƖƨĦƣƨƖĲШĦŸŰƣċŔŰŔŰŊШũĲƚƚШŸǂǃŊĲŰЮШìőĲŰШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚЯШ
ċШŊƖĲċƣĲƖШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШƖĲƕƨŔƖĲĬШƣŸШĬĲĦŸůƓŸƚĲШƣőĲШĦċƖĤŸŰШĬŔŸǂŔĬĲЯШŸŉШƽőŔĦőШĤĲŊŔŰƚШ
ƣŸШƣőĲƖůċũũǃШĬĲĦŸůƓŸƚĲШċƣШΤΜΜШ҄9ШяΝΟΝѐЯШŔŰШŸƖĬĲƖШƣŸШŉƖĲĲШƨƓШŸǂǃŊĲŰШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШůŸƖĲШ
ŸƖŊċŰŔƚĲĬЯШũċǃĲƖĲĬШ ~9ΥΝΝЮ 
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ΟЮΞЮΟЮΞЮΝ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖŸĬƨĦĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШ 
ìőĲŰШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽŔƣőШƣőĲШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲШƣőĲШƖċŰŊĲШŸŉШƓċƖƣŔĦũĲШ
ĬŔċůĲƣĲƖШƻċƖŔĲƚШƽŔƣőШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШƽŔƣőШċШůŔǂШŸŉШŸĦƣċőĲĬƖċũШċŰĬШƚůŸŸƣőЯШƖŸƨŰĬШ
ƓċƖƣŔĦũĲƚШĤĲŔŰŊШƚǃŰƣőĲƚŔƚĲĬЯШċƚШŸĤƚĲƖƻĲĬШŔŰШ[ŔŊƨƖĲШΡΟЮШ ƣШΤΡΜШ9҄ШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲЯШ[ŔŊƨƖĲШ
ΡΟШċьЯШċŰШċƻĲƖċŊĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШŸŉШΠΡΜШŰůШŔƚШĲƚƣŔůċƣĲĬШƽŔƣőШƚůċũũШőċŰĬŉƨũШŸŉШŸƨƣũŔĲƖШƓċƖƣŔĦũĲƚШ
ƓƖĲƚĲŰƣШƽőĲƖĲШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШĲǂĦĲĲĬƚШΝΜΜΜШŰůЮШ ƣШΥΜΜШ9҄ШċŰĬШΥΡΜШ9҄ШĦċũĦŔŰċƣŔŸŰШ
ƣĲůƓĲƖċƣƨƖĲЯШ[ŔŊƨƖĲШΡΟШĤьШċŰĬШĦьШƖĲƚƓĲĦƣŔƻĲũǃЯШƣőĲƖĲШċƖĲШƓċƖƣŔĦũĲƚШƽŔƣőШĬŔċůĲƣĲƖƚШŸŉШΦΜΜШŰůШċŰĬШ
ΝΜΜΜШŰůШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőŔƚШŸĤƚĲƖƻċƣŔŸŰШőŔŊőũŔŊőƣƚШőŸƽШƣőĲШŔŰĦƖĲċƚĲШŔŰШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШƽŔƣőШ
ĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШƚůċũũĲƖШƽőĲŰШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƻƚЮШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШŔŰШƣőĲШ
ƓƖĲƚĲŰĦĲШŸŉШċШƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲЮШÑőŔƚШŔƚШƚƨƓƓŸƖƣĲĬШĤǃШƓƖĲƻŔŸƨƚШĲƻŔĬĲŰĦĲШƚƨŊŊĲƚƣŔŰŊШ
ĦőĲůŔƚƣƖŔĲƚШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШĤŔŸƣĲůƓũċƣĲƚШƚƨĦőШċƚШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШƽŔũũШŸŉƣĲŰШ
ƚǃŰƣőĲƚŔƚĲШŰċŰŸƚĦċũĲШƓċƖƣŔĦũĲƚШяΦΟѐЯШяΝΟΟѐЮШ 

ũƚŸШŸĤƚĲƖƻĲĬШƽőĲŰШƨƚŔŰŊШċШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŸŉШΥΡΜШ9҄ШŔƚШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШũŸŰŊЯШƣőŔŰШ
ŰċŰŸƽŔƖĲШƓċƖƣŔĦũĲƚШƖċĬŔċƣŔŰŊШŸƨƣƽċƖĬƚШŉƖŸůШċШƚŔŰŊũĲШċŊŊũŸůĲƖċƣŔŸŰШŸŉШƓċƖƣŔĦũĲƚЯШ[ŔŊƨƖĲШΡΠċЮШÑőŔƚШ
ŔƚШċШőŔŊőĲƖШůċŊŰŔǯĦċƣŔŸŰШŔůċŊĲШŸŉШŰċŰŸƽŔƖĲƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡΟĦЮШìőŔũĲШŰċŰŸƽŔƖĲШůŸƖƓőŸũŸŊŔĲƚШ
ůċǃШĤĲШċШĤĲŰĲǯĦŔċũũǃШůŸƖƓőŸũŸŊǃШƣŸШĤĲШƓƖĲƚĲŰƣШŔŰШ ~9ΥΝΝШĬƨĲШƣŸШŔƣƚШőŔŊőШŔŸŰŔĦШĦŸŰĬƨĦƣŔƻŔƣǃЯШ
őŔŊőШƚƨƖŉċĦĲШċƖĲċШŉŸƖШũŔƣőŔƨůШŔŰƣĲƖĦċũċƣŔŸŰЯШċŰĬШŔůƓƖŸƻĲĬШƚƣƖƨĦƣƨƖċũШƚƣċĤŔũŔƣǃЯШƣőŔƚШůŸƖƓőŸũŸŊǃШŔƚШ
ŸŰũǃШŸĤƚĲƖƻĲĬШŔŰШŔƚŸũċƣĲĬШċƖĲċƚШċŰĬШċƖĲШƓŸƚƚŔĤũǃШŉŸƖůĲĬШŸŉШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŔůƓƨƖŔƣŔĲƚЮШÑőŔƚШŔƚШ

Figure 53 SEM of NMC811 particles synthesised with sodium alginate and nitrate precursors, calcined at a) 750 
°C, b) 800 °C, and c-d) 850 °C, with a-c) consisting of smooth/octahedral primary particles and d) exhibiting 
nanowire morphologies 
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ƚƨƓƓŸƖƣĲĬШĤǃШ[ŔŊƨƖĲШΡΠĤЯШƽőŔĦőШƚőŸƽƚШŉƨǍǍǃШƽŔƖĲрũŔťĲШůŸƖƓőŸũŸŊŔĲƚШŉŸƖůŔŰŊШŸŰШƣőĲШƚƨƖŉċĦĲШŸŉШ
ƣőĲШƓċƖƣŔĦũĲƚШΦШĬċǃƚШċŉƣĲƖШŰċŰŸƽŔƖĲƚШŔŰШ[ŔŊƨƖĲШΡΠċШƽĲƖĲШŸĤƚĲƖƻĲĬЮШ ƚШũŔƣőŔƨůШŔŰШƣőĲШĦċƣőŸĬĲШ
ƓŸƽĬĲƖШƖĲċĦƣƚШƽŔƣőШ9§ΞШŔŰШƣőĲШċƣůŸƚƓőĲƖĲЯШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŔƚШťŰŸƽŰШƣŸШŉŸƖůШŸŰШƣőĲШƚƨƖŉċĦĲШŸŉШ
 ~9ШĦċƣőŸĬĲƚЯШƽŔƣőШƣőŔƚШƖĲċĦƣŔŸŰШĤĲŔŰŊШŸĤƚĲƖƻĲĬШƣőĲШůŸƚƣШŸŰШ ~9ΥΝΝШĦċƣőŸĬĲƚШяΝΟΠѐЮШÑőŔƚШ
ŸĦĦƨƖƚШĲƻĲŰШƽőĲŰШƣőĲШƚċůƓũĲШŔƚШƚƣŸƖĲĬШŔŰШċШĬĲƚŔĦĦċƣŸƖШċŰĬШƚŸШĦċŰŰŸƣШĤĲШċƣƣƖŔĤƨƣĲĬШƣŸШőƨůŔĬŔƣǃЮШ
ìĲШĦċŰШƣőĲƖĲŉŸƖĲШċƚƚƨůĲШƣőċƣШƣőĲШŰċŰŸƽŔƖĲШŉŸƖůĲĬШƽŔƣőŔŰШƣőĲШ ~9ΥΝΝЯШ[ŔŊƨƖĲШΡΠċЯШƚċůƓũĲШ
ůċǃШċũƚŸШĤĲШŉŸƖůĲĬШŸŉШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŔůƓƨƖŔƣŔĲƚЮШ 

 

Figure 54 SEM of NMC811 particles synthesised with sodium alginate and nitrate precursors at 850 °C showing a) 
nanowires 1 day after calcination and b) surface impurities 10 days after calcination 

ΟЮΞЮΠ ?ŔƚĦƨƚƚŔŸŰШŸŰШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨƚŔŰŊШĤŔŸƣĲůƓũċƣŔŰŊ 
fŰŔƣŔċũШŔŰƻĲƚƣŔŊċƣŔŸŰƚШŔŰƣŸШĤŔŸƣĲůƓũċƣŔŰŊШƽŔƣőШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШőċƚШƚőŸƽŰШƣőċƣШ
ƚǃŰƣőĲƚŔƚШŸŉШũċǃĲƖĲĬШ ~9ΥΝΝШŔƚШƻŔċĤũĲШƨƚŔŰŊШƣőĲШĤŔŸƣĲůƓũċƣŔŰŊШƣĲĦőŰŔƕƨĲЮШ ~9ΥΝΝШŔƚШċĤũĲШƣŸШĤĲШ
ƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШĲŔƣőĲƖШĬĲǂƣƖċŰШŸƖШƚŸĬŔƨůШċũŊŔŰċƣĲШĤǃШĦċũĦŔŰŔŰŊШċƣШΥΜΜШ9҄ШƽőĲŰШƨƚŔŰŊШŰŔƣƖċƣĲƚШ
ċŰĬШΥΡΜШ9҄ШƨƚŔŰŊШċĦĲƣċƣĲƚЮШxŸƽĲƖШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲƚШƖĲƚƨũƣƚШŔŰШċШůŸƖĲШĬŔƚŸƖŊċŰŔƚĲĬШ
 ~9ΥΝΝШĬƨĲШƣŸШƣőĲШůŔǂŔŰŊШŸŉШũŔƣőŔƨůШċŰĬШƣƖċŰƚŔƣŔŸŰШůĲƣċũШũċǃĲƖƚШċŰĬШĬƨĲШƣŸШxŔҼШċŰĬШ ŔΞҼШůŔǂŔŰŊШŔŰШ
 ŔШċŰĬШxŔШƚŔƣĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШEƻŔĬĲŰĦĲШŸŉШŰŸƻĲũШůŸƖƓőŸũŸŊǃШŉŸƖůċƣŔŸŰƚШċƖĲШċũƚŸШŸĤƚĲƖƻĲĬЯШƣőŸƨŊőШ
őċƻĲШŰŸƣШĤĲĲŰШċĤũĲШƣŸШĤĲШƖĲƓƖŸĬƨĦĲĬЮШÂũċƣĲƚШůŸƖƓőŸũŸŊŔĲƚШċƖĲШŸĤƚĲƖƻĲĬШĤǃШĦċũĦŔŰŔŰŊШƨƚŔŰŊШ
ĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚШċƣШΥΜΜШ9҄ШƽŔƣőШŰċŰŸƽŔƖĲƚШĤĲŔŰŊШŉŸƖůĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШ
ċŰĬШŰŔƣƖċƣĲƚШċƣШΥΡΜШ9҄ЮШÂċƖƣŔĦũĲƚШƽŔƣőШŸĦƣċőĲĬƖċũШůŸƖƓőŸũŸŊŔĲƚШċƖĲШŉŸƖůĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШ
őŸƽĲƻĲƖЯШƽŔƣőШĬĲǂƣƖċŰШŉŸƖůŔŰŊШŔƖƖĲŊƨũċƖШĤƨƣШƖŸƨŰĬĲĬШƓċƖƣŔĦũĲƚЮШ ũũШĦŸůĤŔŰċƣŔŸŰƚШŸŉШĤŔŸƣĲůƓũċƣĲШ
ċŰĬШƓƖĲĦƨƖƚŸƖƚШċƖĲШċĤũĲШƣŸШƚǃŰƣőĲƚŔƚĲШŰċŰŸƚĦċũĲШƓċƖƣŔĦũĲƚЯШƽŔƣőШƓċƖƣŔĦũĲƚШŉŸƖůĲĬШƨƚŔŰŊШċĦĲƣċƣĲƚШ
ĤĲŔŰŊШƚůċũũĲƖШƣőċŰШƣőŸƚĲШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШŰŔƣƖċƣĲƚШċŰĬШƓċƖƣŔĦũĲШĬŔċůĲƣĲƖШŔŰĦƖĲċƚŔŰŊШƽŔƣőШ
ĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲЮШ ƚШƚƨĦőЯШƓƖĲĦƨƖƚŸƖШŔƚШŸĤƚĲƖƻĲĬШƣŸШċǭĲĦƣШƓċƖƣŔĦũĲШƚŔǍĲШůŸƖĲШċŰĬШ
ĤŔŸƣĲůƓũċƣĲШőċƚШċШŊƖĲċƣĲƖШĲǭĲĦƣШŸŰШƓċƖƣŔĦũĲШƚőċƓĲЯШƽŔƣőШċШũŸƽĲƖШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШ
ƖĲƚƨũƣŔŰŊШŔŰШƚůċũũĲƖШƓƖŔůċƖǃШƓċƖƣŔĦũĲƚЮ 

 

ΟЮΟ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШƨŰĬĲƖШċŔƖШƻƚЮШŸǂǃŊĲŰ 
ƚШƖĲŉĲƖĲŰĦĲĬШŔŰШΟЮΞЯШƣőĲШċƣůŸƚƓőĲƖĲШƨŰĬĲƖШƽőŔĦőШũċǃĲƖĲĬШ ~9ΥΝΝШfƚШċŰШŔůƓŸƖƣċŰƣШƻċƖŔċĤũĲШƣŸШ

ĦŸŰƣƖŸũЮШfŉШċŰШŔŰĦƖĲċƚĲШŔŰШĦċƖĤŸŰШĬŔŸǂŔĬĲШĬƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШƚƣċŊĲШũĲċĬƚШƣŸШċШůŸƖĲШĬŔƚŸƖŊċŰŔƚĲĬШ
ƚƣƖƨĦƣƨƖĲЯШċƚШŸǂǃŊĲŰШƖĲƕƨŔƖĲĬШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШċŰШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШƖĲċĦƣƚШƽŔƣőШĦċƖĤŸŰШ
ŉƖĲĲĬШƨƓШŉƖŸůШƣőĲШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШƣőĲШĤŔŸƣĲůƓũċƣĲШƣŸШŉŸƖůШċШƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲЯШŔƣШƽŸƨũĬШ
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ΥΤ 
 

ƚƣċŰĬШƣŸШƖĲċƚŸŰШƣőċƣШƚǃŰƣőĲƚŔƚŔŰŊШ ~9ΥΝΝШƨŰĬĲƖШċШĬŔǭĲƖĲŰƣШŊċƚШƽŸƨũĬШċũƚŸШƻċƖǃШƣőĲШ
ŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШũċǃĲƖĲĬШƚƣƖƨĦƣƨƖĲЮШÂƖĲƻŔŸƨƚШĲƻŔĬĲŰĦĲШƚƨƓƓŸƖƣƚШƣőċƣШċШůŸƖĲШŸǂŔĬŔƚŔŰŊШ
ċƣůŸƚƓőĲƖĲШŔƚШƖĲĦŸůůĲŰĬĲĬШŉŸƖШƣőĲШĦċũĦŔŰċƣŔŸŰШŸŉШũċǃĲƖĲĬШ ~9ШяΝΟΟѐШÑőŔƚШŔƚШƣŸШƓƖĲƻĲŰƣШƣőĲШ
ůŔǂŔŰŊШŸŉШ ŔΞҼШŔŸŰƚШƣŸШxŔШƚŔƣĲƚШċŰĬШxŔҼШŔŸŰƚШƣŸШ ŔШƚŔƣĲƚШĤƨƣШċũƚŸШƓƖŸƻŔĬĲƚШůŸƖĲШŸǂǃŊĲŰШƣŸШĤĲШ
ċƻċŔũċĤũĲШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШ ~9ШƚƣƖƨĦƣƨƖĲЮШШĦŸůƓċƖŔƚŸŰШŸŰШĦċũĦŔŰŔŰŊШ ~9ΥΝΝШƨŰĬĲƖШċŔƖШ
ċŰĬШŸǂǃŊĲŰШċŉƣĲƖШƣőĲШƓƖĲőĲċƣШƚƣċŊĲШƽċƚШƓĲƖŉŸƖůĲĬШƨƚŔŰŊШċШƣƨĤĲШŉƨƖŰċĦĲШƽŔƣőШĤŸƣőШĬĲǂƣƖċŰШċŰĬШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШĤŔŸƣĲůƓũċƣĲƚЯШőĲċƣĲĬШƣŸШΥΜΜШ9҄ШƽőĲŰШƨƚŔŰŊШŰŔƣƖċƣĲШƓƖĲĦƨƖƚŸƖƚШċŰĬШƣŸШΥΡΜШ9҄Ш
ƽőĲŰШƨƚŔŰŊШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚЮШÑőŔƚШƽċƚШŸŰũǃШĬŸŰĲШƓŸƚƣШƓƖĲőĲċƣШĬƨĲШƣŸШƓƖĲƚƚƨƖĲШƓƖŸĬƨĦĲĬШĤǃШ
ƣőĲШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШĤŸŰĬĲĬШĬĲǂƣƖċŰШċŰĬШƚŸĬŔƨůШċũŊŔŰċƣĲШŔŰƣŸШĦċƖĤŸŰШĬŔŸǂŔĬĲШċƣШΝΡΜШċŰĬШΞΝΞШ
9҄ШƖĲƚƓĲĦƣŔƻĲũǃШũĲċĬŔŰŊШƣŸШƓŸƣĲŰƣŔċũШĬċůċŊĲШŸŰШƚĲċũĲĬШƣƨĤĲШŉƨƖŰċĦĲƚШċŰĬШƚŸШĤĲŔŰŊШŰŸƣШŉĲċƚŔĤũĲШ
ƽŔƣőШƣőĲШĲƕƨŔƓůĲŰƣШċƻċŔũċĤũĲЮШÑőŔƚШőċƚШċũƖĲċĬǃШĤĲĲŰШƚĲĲŰШƽőĲŰШƨƚŔŰŊШĬĲǂƣƖċŰШċŰĬШŰŔƣƖċƣĲШ
ƓƖĲĦƨƖƚŸƖƚЯШƽőĲƖĲШƣőĲШĲůŔƚƚŔŸŰШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲШőċƚШĤĲĲŰШĲŰŸƨŊőШƣŸШƖĲůŸƻĲШƣőĲШũŔĬШŉƖŸůШƣőĲШ
ĦƖƨĦŔĤũĲЮШ 

ΟЮΟЮΝ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШŔŰШċŔƖШċŰĬШŸǂǃŊĲŰШƨƚŔŰŊШĬĲǂƣƖċŰ 
ìőĲŰШĦċũĦŔŰĲĬШƨŰĬĲƖШċŔƖШċŰĬШŸǂǃŊĲŰШƨƚŔŰŊШƣőĲШƚċůĲШƓƖĲĦƨƖƚŸƖƚЯШĤŔŸƣĲůƓũċƣĲƚЯШċŰĬШĦċũĦŔŰċƣŔŸŰШ
ƣĲůƓĲƖċƣƨƖĲЯШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƨŰĬĲƖШŸǂǃŊĲŰШőċƚШċШůŸƖĲШŸƖŊċŰŔƚĲĬШƚƣƖƨĦƣƨƖĲШƽőĲŰШƨƚŔŰŊШ
ĬĲǂƣƖċŰШċƚШċШĤŔŸƣĲůƓũċƣĲЮШÑőŔƚШŔƚШĬĲŰŸƣĲĬШŔŰШ[ŔŊƨƖĲШΡΡШĤǃШċШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШĤĲƣƽĲĲŰШ
ƖĲǰĲĦƣŔŸŰƚШыΜΜΟьШċŰĬШыΝΜΠьШŸŉШΝЮΠΠШƽőĲŰШƚǃŰƣőĲƚŔƚĲĬШŔŰШċŔƖШƻƚЮШΝЮΡΟШƨŰĬĲƖШŸǂǃŊĲŰЯШƽőĲƖĲШӂШΝЮΞШŔƚШ
ƣőĲШůŔŰŔůƨůШƖĲƕƨŔƖĲĬШƻċũƨĲШŉŸƖШƖĲĬƨĦĲĬШůŔǂŔŰŊШŸŉШƣőĲШxŔШċŰĬШ ŔШƚŔƣĲƚЯШċŰĬШŊƖĲċƣĲƖШƓĲċťШƚƓũŔƣƣŔŰŊШ
ċƣШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƽőĲŰШĦċũĦŔŰĲĬШƨŰĬĲƖШŸǂǃŊĲŰШƻƚЮШĤĲŔŰŊШĦċũĦŔŰĲĬШŔŰШċŔƖЮШÑőĲШƖĲĬƨĦĲĬШ
ŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШċŔƖШƚǃŰƣőĲƚŔƚĲĬШ ~9ΥΝΝШŔƚШũŔťĲũǃШĬƨĲШƣŸШƖĲĬƨĦŔŰŊШĲǭĲĦƣШŸŉШƣőĲШĦċƖĤŸŰШĬŔŸǂŔĬĲШ
ċƣůŸƚƓőĲƖĲЯШŸŉШƽőŔĦőШŔƚШŉŸƖůĲĬШĤǃШƣőĲШĤƖĲċťŔŰŊШĬŸƽŰШŸŉШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШƣőĲШƖĲƚƨũƣŔŰŊШ
ĦċƖĤŸŰШƖĲċĦƣŔŰŊШƽŔƣőШŸǂǃŊĲŰШŔŰШƣőĲШċŔƖЮШÉƨĦőШċШƖĲĬƨĦŔŰŊШĦċƖĤŸŰШĬŔŸǂŔĬĲШĲŰƻŔƖŸŰůĲŰƣШƽŸƨũĬШĤĲШ
ŉŸƖůĲĬШŉƖŸůШŔŰШƣőĲШċŔƖШŸǂǃŊĲŰШƖĲƕƨŔƖĲĬШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝЯШƽŔƣőШũĲƚƚШŸǂǃŊĲŰШŔŰШƣőĲШ
 ~9ΥΝΝШƚƣƖƨĦƣƨƖĲШƖĲƚƨũƣŔŰŊШŔŰШŊƖĲċƣĲƖШĬŔƚŸƖŊċŰŔƚċƣŔŸŰЮШÑőĲШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƨŰĬĲƖШŸǂǃŊĲŰШ
ƽċƚШĦċũĦŔŰĲĬШŔŰШċŰШŸǂŔĬŔƚŔŰŊШċƣůŸƚƓőĲƖĲЮШÑőĲШůŸƖĲШŸǂŔĬŔƚŔŰŊШċƣůŸƚƓőĲƖĲШƣőĲƖĲŉŸƖĲШŉƖĲĲƚШƨƓШ
ůŸƖĲШŸǂǃŊĲŰШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲШ ~9ΥΝΝШƚƣƖƨĦƣƨƖĲШċŰĬШƖĲĬƨĦŔŰŊШƣőĲШůŔǂŔŰŊШŸŉШ ŔΞҼШċŰĬШxŔҼШШ
ŔŰƣŸШxŔШċŰĬШ ŔШƚŔƣĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ 

 

Figure 55 Calcination of NMC811 using dextran, acetate precursor, at 850 °C in a) air and b) under oxygen 
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ΟЮΟЮΞ ÉǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШŔŰШċŔƖШċŰĬШŸǂǃŊĲŰШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲ 
ÑőĲШĲǭĲĦƣШŸŉШċƣůŸƚƓőĲƖĲШŸŰШƣőĲШƚǃŰƣőĲƚŔƚŔŰŊШŸŉШ ~9ΥΝΝШƽőĲŰШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШŔƚШůŸƖĲШ
ƚŔŊŰŔǯĦċŰƣЯШőŸƽĲƻĲƖЮШÑőĲШñÅ?ШƓċƣƣĲƖŰШŉŸƖШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƨƚŔŰŊШƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШ
ċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚЯШċŰĬШĦċũĦŔŰĲĬШċƣШΥΡΜШ9҄ШŔŰШċŔƖЯШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡΣЯШƚőŸƽƚШũŔƣƣũĲШĲƻŔĬĲŰĦĲШŸŉШ
ƓĲċťШƚƓũŔƣƣŔŰŊШċƣШыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƖĲǰĲĦƣŔŸŰƚШċŰĬШċШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШĤĲƣƽĲĲŰШ
ƖĲǰĲĦƣŔŸŰƚШыΜΜΟьШċŰĬШΝЮΜΠШŸŉШŸŰũǃШΝЮΜΟЯШƽőĲƖĲШӃШΝЮΞШŔŰĬŔĦċƣĲƚШƚŔŊŰŔǯĦċŰƣШůŔǂŔŰŊШŸŉШƣőĲШxŔШċŰĬШ ŔШ
ƚŔƣĲƚЮШÑőŔƚШőŔŊőũŔŊőƣƚШƚŔŊŰŔǯĦċŰƣШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШƽŔƣőŔŰШƣőĲШ ~9ΥΝΝШƽőĲƖĲĤǃШŔŰƚƣĲċĬШŸŉШċШũċǃĲƖĲĬШ
ƚƣƖƨĦƣƨƖĲШƣőĲШƚƣƖƨĦƣƨƖĲШŸŉШƣőĲШ ~9ΥΝΝШĤĲŊŔŰƚШƣŸШŉŸƖůШċШĬŔƚŸƖŊċŰŔƚĲĬШƖŸĦťШƚċũƣШƚƣƖƨĦƣƨƖĲЮШ
~ĲċŰƽőŔũĲЯШƣőĲШñÅ?ШƓċƣƣĲƖŰШŉŸƖШ ~9ΥΝΝШĦċũĦŔŰĲĬШƨŰĬĲƖШŸǂǃŊĲŰШƚőŸƽƚШƚƣƖŸŰŊШƣƽŔŰШƓĲċťƚШċƣШ
ыΜΜΣьоыΜΝΞьШċŰĬШыΜΝΥьоыΝΝΜьШƖĲǰĲĦƣŔŸŰƚШċŰĬШċШƓĲċťШŔŰƣĲŰƚŔƣǃШƖċƣŔŸШĤĲƣƽĲĲŰШыΜΜΟьШċŰĬШыΝΜΠьШ
ƖĲǰĲĦƣŔŸŰƚШŸŉШΝЮΡЮШ 

ÑőŔƚШőŔŊőũŔŊőƣƚШċŰШŸƖŊċŰŔƚĲĬЯШũċǃĲƖĲĬШƚƣƖƨĦƣƨƖĲШƽőĲŰШĦċũĦŔŰĲĬШƨŰĬĲƖШŸǂǃŊĲŰШƻƚЮШċŔƖШċŰĬШ
ƖĲŔŰŉŸƖĦĲƚШƣőĲШƚŔŊŰŔǯĦċŰĦĲШŸŉШĦċũĦŔŰċƣŔŸŰШƨŰĬĲƖШċŰШŸǂŔĬŔƚŔŰŊШċƣůŸƚƓőĲƖĲШŔŰƚƣĲċĬШŸŉШċШƖĲĬƨĦŔŰŊШ
ċŔƖШŸƖШĦċƖĤŸŰШĬŔŸǂŔĬĲШċƣůŸƚƓőĲƖĲЮШ ШĦċƖĤŸŰШĬŔŸǂŔĬĲШċƣůŸƚƓőĲƖĲШŔƚШŉŸƖůĲĬШĤǃШƣőĲШĤƖĲċťĬŸƽŰШŸŉШ
ƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШƣőĲШƖĲƚƨũƣŔŰŊШƖĲċĦƣŔŸŰШŸŉШĦċƖĤŸŰШŉƖŸůШƣőĲШĤŔŸƣĲůƓũċƣĲШƽŔƣőШƣőĲШŸǂǃŊĲŰШŔŰШƣőĲШ
ċƣůŸƚƓőĲƖĲЮШìőĲŰШĦċƖĤŸŰШĬŔŸǂŔĬĲШŉŸƖůƚШƽőĲŰШƨƚŔŰŊШċŔƖЯШċШƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲШċƚШŸǂǃŊĲŰШŔƚШ
ƖĲůŸƻĲĬШŉƖŸůШƣőĲШċƣůŸƚƓőĲƖĲШƣŸШŉŸƖůШĦċƖĤŸŰШĬŔŸǂŔĬĲШũĲċƻŔŰŊШũĲƚƚШŸǂǃŊĲŰШƣŸШƚǃŰƣőĲƚŔƚĲШŔŰƣŸШ
 ~9ΥΝΝЯШƖĲƚƨũƣŔŰŊШŔŰШċШůŸƖĲШĬŔƚŸƖŊċŰŔƚĲĬШƚƣƖƨĦƣƨƖĲЮШìőĲŰШƨƚŔŰŊШċŰШŸǂǃŊĲŰШċƣůŸƚƓőĲƖĲШƣőŔƚШ
ŉŸƖůċƣŔŸŰШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲШƽŔũũШŰŸƣШŰĲĦĲƚƚċƖŔũǃШũĲċĬШƣŸШċШƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲШĬƨĲШƣŸШƣőĲШ
ŊƖĲċƣĲƖШċůŸƨŰƣШŸŉШŸǂǃŊĲŰШƓƖĲƚĲŰƣЯШũĲċƻŔŰŊШĲŰŸƨŊőШŸǂǃŊĲŰШƓƖĲƚĲŰƣШƚƨĦőШƣőċƣШƣőĲƖĲШŔƚШƚƨǭŔĦŔĲŰƣШ
ŸǂǃŊĲŰШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШċŰШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШƚƣƖƨĦƣƨƖĲЮШ ƚШƚƨĦőЯШƣőĲШŸǂŔĬŔƚŔŰŊШċƣůŸƚƓőĲƖĲШ
ŔƚШŔůƓŸƖƣċŰƣШŉŸƖШƣőĲШŉƖĲĲŔŰŊШƨƓШŸŉШŸǂǃŊĲŰШƣŸШĤĲШċƻċŔũċĤũĲШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШċŰĬШƣŸШ
ƖĲĬƨĦĲШƣőĲШůŔǂŔŰŊШŸŉШxŔҼШċŰĬШ ŔΞҼШŔŰƣŸШ ŔШċŰĬШxŔШƚŔƣĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ 

ÑőĲШƚŔŊŰŔǯĦċŰƣШĬŔǭĲƖĲŰĦĲƚШĤĲƣƽĲĲŰШƣőĲШŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШƚƣƖƨĦƣƨƖĲШƽőĲŰШĤŔŸƣĲůƓũċƣŔŰŊШƽŔƣőШ
ƚŸĬŔƨůШċũŊŔŰċƣĲШċŰĬШĬĲǂƣƖċŰШůċǃШŰŸƣШĤĲШċĦĦŸƨŰƣĲĬШŉŸƖШŢƨƚƣШĤǃШĦċũĦŔŰċƣŔŸŰШċƣůŸƚƓőĲƖĲШĤƨƣШĤǃШ
ŸƣőĲƖШƻċƖŔċĤũĲƚЮШÂƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШŸƖШƖĲũċƣŔƻĲШůċƚƚШŸŉШƣőĲШĤŔŸƣĲůƓũċƣĲШƣŸШƣőĲШůċƚƚШŸŉШ
ƓƖĲĦƨƖƚŸƖШůċƣĲƖŔċũƚШůċǃШċũƚŸШċũƣĲƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝЯШƽőŔĦőШċƖĲШĦŸƻĲƖĲĬШŔŰШƚĲĦƣŔŸŰƚШΟЮΠШ
ċŰĬШΟЮΡШƖĲƚƓĲĦƣŔƻĲũǃЮШ 

 

Figure 56 Calcination of NMC811 using sodium alginate, acetate precursor, at 850 °C in a) air and b) under oxygen 
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ΟЮΟЮΟ ?ŔƚĦƨƚƚŔŸŰШŸŉШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШŔŰШċŔƖШċŰĬШŸǂǃŊĲŰ 
fŰШƚƨůůċƖǃЯШĦċũĦŔŰċƣŔŸŰШƨŰĬĲƖШċŰШŸǂǃŊĲŰШċƣůŸƚƓőĲƖĲШŔƚШċШƖĲƕƨŔƖĲůĲŰƣШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ
ũċǃĲƖĲĬШ ~9ΥΝΝШƖĲŊċƖĬũĲƚƚШŸŉШƽőĲƣőĲƖШĬĲǂƣƖċŰШŸƖШƚŸĬŔƨůШċũŊŔŰċƣĲШŔƚШƨƚĲĬЮШяΝΟΟѐЮШ ШůŸƖĲШ
ŸǂŔĬŔƚŔŰŊШċƣůŸƚƓőĲƖĲШŔƚШƖĲƕƨŔƖĲĬШƣŸШũŔůŔƣШƣőĲШůŔǂŔŰŊШŸŉШxŔҼШċŰĬШ ŔΞҼШŔŸŰƚШŔŰƣŸШ ŔШċŰĬШxŔШƚŔƣĲƚШ
ƖĲƚƓĲĦƣŔƻĲũǃШċŰĬШŔůƓƖŸƻĲШũċǃĲƖŔŰŊШŸŉШƣőĲШǯŰċũШ ~9ΥΝΝШƓƖŸĬƨĦƣЮШÖƚĲШŸŉШċŔƖШŸŰũǃШƽŔũũШƖĲƚƨũƣШŔŰШ
 ~9ΥΝΝШĤĲŔŰŊШƚǃŰƣőĲƚŔƚĲĬШŔŰШċШůŸƖĲШƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲШƽőŔĦőШƽŔũũШĦċƨƚĲШƚŔŊŰŔǯĦċŰƣШůŔǂŔŰŊШ
ŸŉШxŔШċŰĬШ ŔШƚŔƣĲƚШċƚШƽĲũũШċƚШƓŸŸƖШũċǃĲƖŔŰŊШŸŉШ ~9ΥΝΝЮ 

ΟЮΠ éċƖŔċƣŔŸŰШŔŰШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝ 
éċƖǃŔŰŊШƣőĲШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШĬƨƖŔŰŊШƚǃŰƣőĲƚŔƚШŔƚШċШƚŔŊŰŔǯĦċŰƣШƻċƖŔċĤũĲШŔŰШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ
ĤŔŸƣĲůƓũċƣĲĬШ ~9ΥΝΝЮШÑőĲШĦŸůƓŸƨŰĬЯШƽőŔĦőШŔƚШŉŸƖůĲĬШĬƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШƚƣċŊĲЯШċŰĬШƚŸШƣőĲШ
ĦŸůƓŸƨŰĬШċƣШƽőŔĦőШĦċũĦŔŰċƣŔŸŰШŔƚШĬŸŰĲШŸŰЯШĦċŰШċǭĲĦƣШƣőĲШŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШ ~9ΥΝΝШƚƣƖƨĦƣƨƖĲШ
ƓŸƚƣШĦċũĦŔŰċƣŔŸŰЮШ[ŸƖШƣőĲШůċŰŔƓƨũċƣŔŸŰШŸŉШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃЯШƣőĲШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲƚШŉŸƖůĲĬШ
ĬƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШƚƣċŊĲШĦċŰШŊƖĲċƣũǃШċǭĲĦƣШƽőċƣШƓċƖƣŔĦũĲШŔƚШŉŸƖůĲĬШƽőĲŰШĦċũĦŔŰĲĬШŔŰƣŸШ ~9ΥΝΝЮШ
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Figure 57 Calcination of NMC811 using dextran and acetate precursors at 850 °C calcination and a) 200 °C, b) 300 °C, 
c) 400 °C, and d) 500 °C preheat temperature 

Preheat Temperature, °C (003)/(104) Intensity ratio 
(I(003)/(104)), abs units 

Resolution of 
(006)/(012) 
reflections, Rs 

Resolution of 
(018)/(110) 
reflections, Rs 

200 1.55 0.71 0.52 
300 1.51 0.55 0.48 
400 1.38 0.37 0.21 
500 1.7 0.48 0.35 

Table 15 Comparison of organisation of layered NMC811 when  preheat temperatures using dextran and acetate 
precursors 
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Figure 58 a) Peak Intensity ratios for (003)/(104) reflections and Resolution of Reflections for b) (006)/(012) and c) 
(018)/(110) reflections vs. Preheat Temperature using dextran and acetate precursors 
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ċƣШΞΜΜШ9҄ШŔƚШŸƓƣŔůƨůШőŸƽĲƻĲƖШċƚШŔƣШƽŔũũШőċƻĲШċШũŸƽĲƖШƚǃŰƣőĲƚŔƚШƣŔůĲШċŰĬШũĲƚƚШĲŰĲƖŊǃШƨƚċŊĲШ
ĬƨƖŔŰŊШƚǃŰƣőĲƚŔƚЮШ 

ΟЮΠЮΞЮΝЮΝ ?ŔǭĲƖĲŰƣŔċũШÉĦċŰŰŔŰŊШ9ċũŸƖŔůĲƣƖǃШы?É9ьШċŰĬШÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚШыÑ] ьШŸŉШ
 ~9ΥΝΝШĦċũĦŔŰĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ 

?ŔǭĲƖĲŰƣŔċũШƚĦċŰŰŔŰŊШĦċũŸƖŔůĲƣƖǃШы?É9ьШċŰĬШÑőĲƖůŸŊƖċƻŔůĲƣƖŔĦШ ŰċũǃƚŔƚШыÑ] ьШƽċƚШƓĲƖŉŸƖůĲĬШ
ŸŰШċШƚċůƓũĲШƓƖĲőĲċƣĲĬШŔŰШċŔƖШƣŸШΟΜΜШ9҄ЯШ[ŔŊƨƖĲШΡΦЮШÑőĲШĤũƨĲЯШŊƖĲĲŰЯШċŰĬШƖĲĬШƚŸũŔĬШũŔŰĲƚШƚőŸƽШƣőĲШ
ŰŸƖůċũŔƚĲĬШőĲċƣШǰŸƽШĬƨƖŔŰŊШƖċůƓШƨƓЯШĬƽĲũũЯШċŰĬШƖċůƓШĬŸƽŰШƖĲƚƓĲĦƣŔƻĲũǃШƽőŔũĲШƣőĲШĬċƚőĲĬШĤũƨĲЯШ
ŊƖĲĲŰЯШċŰĬШƖĲĬШũŔŰĲƚШƖĲƓƖĲƚĲŰƣШƣőĲШƓĲƖĦĲŰƣċŊĲШƽĲŔŊőƣШŸŉШƣőĲШƚċůƓũĲШĬƨƖŔŰŊШƖċůƓШƨƓЯШĬƽĲũũЯШċŰĬШ
ƖċůƓШĬŸƽŰЮШÑőĲШƓũŸƣШĦċŰШĤĲШĬŔǭĲƖĲŰƣŔċƣĲĬШŔŰƣŸШƣőƖĲĲШůċŔŰШƚĲĦƣŔŸŰƚШяΝΟΤѐЯШƽőĲƖĲШĤĲƣƽĲĲŰШΞΜШ
ċŰĬШƖŸƨŊőũǃШΟΜΜШ9҄ШċŰШĲǂŸƣőĲƖůŔĦШƖĲċĦƣŔŸŰШŸĦĦƨƖƚШƽőĲƖĲĤǃШƽċƣĲƖШŔƚШƖĲũĲċƚĲĬШŉƖŸůШƣőĲШƚƨƖŉċĦĲШ
ŸŉШƣőĲШƚċůƓũĲШċƚШƣőĲШĦċũĦŔŰċƣŔŸŰШƣĲůƓĲƖċƣƨƖĲШŔƚШƖċůƓĲĬШƨƓШċŰĬШƣőĲШƚċůƓũĲШŔƚШĬƖŔĲĬШċŉƣĲƖШĤĲŔŰŊШ
ĲǂƓŸƚĲĬШƣŸШċƣůŸƚƓőĲƖŔĦШőƨůŔĬŔƣǃЯШƽŔƣőШƣőĲШƽċƣĲƖШũŔťĲũǃШĤĲŔŰŊШĲƻċƓŸƖċƣĲĬШŸǭШċƚШƣőĲШƓĲƖĦĲŰƣċŊĲШ
ƚċůƓũĲШƽĲŔŊőƣШĬĲĦƖĲċƚĲƚШŉƖŸůШΝΜΜШƣŸШΦΜӖЮШ 

ыċь 

ыĤь 
ыĦь 



ΦΞ 
 

7ĲƣƽĲĲŰШΟΜΜШċŰĬШΡΜΜШ9҄ШċŰШĲǂŸƣőĲƖůŔĦШŸǂŔĬċƣŔŸŰШƖĲċĦƣŔŸŰШŸĦĦƨƖƚЯШċŰĬШċШũċƖŊĲШċůŸƨŰƣШŸŉШ
ƣőĲƖůċũШĲŰĲƖŊǃШŔƚШĲůŔƣƣĲĬШƖĲƚƨũƣŔŰŊШŔŰШċШőĲċƣШǰŸƽШƓĲċťШŸŉШΝΡШìоŊЮШ ƣШƣőŔƚШƚƣċŊĲШƣőĲШ ~9Ш
őǃĬƖŸǂŔĬĲШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲШŔƚШŸǂŔĬŔƚĲĬШŔŰƣŸШċШĬŔƚŸƖŊċŰŔƚĲĬШ ~9ШŸǂŔĬĲШƓőċƚĲЯШƖĲũĲċƚŔŰŊШ
őǃĬƖŸŊĲŰШċƚШŔƣШŔƚШĲůŔƣƣĲĬШĬƨƖŔŰŊШƣőĲШŸǂŔĬċƣŔŸŰШƖĲċĦƣŔŸŰЮШÑőŔƚШƖĲƚƨũƣƚШŔŰШċШƓĲƖĦĲŰƣċŊĲШƽĲŔŊőƣШũŸƚƚШ
ŉƖŸůШΦΜШƣŸШΤΡӖЮШÑőĲШǯŰċũШƚƣċŊĲШŉƖŸůШΡΜΜШƣŸШΥΡΜШ9҄ШŔƚШċŰШĲŰĬŸƣőĲƖůŔĦШƖĲċĦƣŔŸŰШŔŰШƽőŔĦőШċШƚůċũũШ
ċůŸƨŰƣШŸŉШŸǂǃŊĲŰШŔƚШƖĲũĲċƚĲĬШŉƖŸůШƣőĲШƚċůƓũĲЯШƖĲƚƨũƣŔŰŊШŔŰШċШǯŰċũШƽĲŔŊőƣШŸŉШΣΡӖШŸŉШƣőĲШŔŰŔƣŔċũШ
ƽĲŔŊőƣШĤĲŉŸƖĲШƣőĲШƖĲċĦƣŔŸŰЮШ ƚШƣőĲШƣĲůƓĲƖċƣƨƖĲШŔƚШƖĲĬƨĦĲĬЯШċШƚůċũũШŔŰĦƖĲċƚĲШŔŰШƽĲŔŊőƣШŔƚШ
ƖĲĦŸƖĬĲĬШċƚШƣőĲШƚċůƓũĲШċĤƚŸƖĤƚШŸǂǃŊĲŰШŉƖŸůШƣőĲШċƣůŸƚƓőĲƖĲЮ 

fƣШŔƚШŸĤƚĲƖƻĲĬШƣőċƣШƽŔƣőШƣőĲШĲǂĦĲƓƣŔŸŰШŸŉШƣőĲШƖĲũĲċƚĲШŸŉШƽċƣĲƖШƨƓШƣŸШΟΜΜШ9҄ШċŰĬШƣőĲШƖĲũĲċƚĲШŸŉШ
ŸǂǃŊĲŰШĤĲƣƽĲĲŰШΡΜΜШċŰĬШΥΡΜШ9҄ЯШƣőĲƖĲШŔƚШŸŰĲШůċŢŸƖШƖĲċĦƣŔŸŰШċŰĬШƓőċƚĲШĦőċŰŊĲШƽőŔĦőШŔƚШƣőĲШ
ŸǂŔĬċƣŔŸŰШŸŉШ ~9ШőǃĬƖŸǂŔĬĲШŔŰƣŸШƣőĲШĬŔƚŸƖŊċŰŔƚĲĬШ ~9ШŸǂŔĬĲЮШfƣШĦċŰШƣőĲƖĲŉŸƖĲШĤĲШċƚƚƨůĲĬШƣőċƣШ
ċьШƣőĲШ ~9ШőǃĬƖŸǂŔĬĲШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲШƽċƚШŉŸƖůĲĬШĬƨƖŔŰŊШƣőĲШƓƖĲőĲċƣШƚƣċŊĲШċŰĬШƣőċƣШĤьШƣőĲƖĲШ
ŔƚШŰŸШƚĲĦŸŰĬċƖǃШƖĲċĦƣŔŸŰШċŉƣĲƖШƣőĲШŸǂŔĬċƣŔŸŰШŸŉШƣőĲШőǃĬƖŸǂŔĬĲШƓőċƚĲЮШ 

 

 

Figure 59 DSC/TGA for NMC811 calcined to 850 °C in O2 using dextran and acetate precursors and a preheat 
temperature of 300 °C.  

ΟЮΠЮΞЮΝЮΞ cŔŊőШƣĲůƓĲƖċƣƨƖĲШƚƣƨĬǃШŸŉШ ~9ΥΝΝШƚǃŰƣőĲƚŔƚĲĬШƽŔƣőШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ 
ÑőĲШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲƚШŸŉШƣőĲШĦċũĦŔŰċƣŔŸŰШŸŉШ ~9ΥΝΝШŔŰШċŔƖШƚőŸƽƚШƣőĲШƣƖċŰƚŉŸƖůċƣŔŸŰШŸŉШƣőĲШ
ƓƖĲĦƨƖƚŸƖШċŰĬШĤŔŸƣĲůƓũċƣŔŰŊШƚŸũƨƣŔŸŰШŉƖŸůШĤĲŔŰŊШůċŢŸƖŔƣǃШċůŸƖƓőŸƨƚШċƣШΞΜΜШ9҄ЯШ[ŔŊƨƖĲШΣΜċЯШƣŸШ
ĬŔƚŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШċƣШΥΜΜШ9҄ЯШ[ŔŊƨƖĲШΣΜŊЮШыĬŔƚŸƖŊċŰŔƚĲĬШĬƨĲШƣŸШƣőĲШĦċũĦŔŰċƣŔŸŰШŔŰШċŔƖШċƚШ
ŸƓƓŸƚĲĬШƣŸШċŰШŸǂŔĬŔƚŔŰŊШċƣůŸƚƓőĲƖĲШŉŸƖШƣőŔƚШƚƣƨĬǃьЮШÂĲċťƚШċƣШΝΟШ҄ċŰĬШΝΥ҄ШċƣШΞΜΜШ҄9ШőŔŊőũŔŊőƣШ
ƚŸůĲШĦƖǃƚƣċũũŔƚċƣŔŸŰШŔŰШƣőĲШŸƻĲƖċũũШċůŸƖƓőŸƨƚШůċƣĲƖŔċũЯШũŔťĲũǃШƣőĲШƖĲĦƖǃƚƣċũũŔƚċƣŔŸŰШŸŉШƨŰĦőĲũċƣĲĬШ
ůĲƣċũШŔŸŰƚЮШÑőĲШŔŰŔƣŔċũШƚǃŰƣőĲƚŔƚШŸŉШċŰШ ~9ШőǃĬƖŸǂŔĬĲШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲШĦċŰШĤĲШŸĤƚĲƖƻĲĬШƽőĲŰШ
őĲċƣĲĬШƣŸШΟΜΜШ҄9ЯШ[ŔŊƨƖĲШΣΜĤЯШċƚШƣőĲШĤŔŸƣĲůƓũċƣĲШŔƚШĤƖŸťĲŰШĬŸƽŰШċŰĬШƣőĲШůĲƣċũШŔŸŰƚШċƖĲШ

Lithium_NMC811_Oxygen_RE(1)

Exo Up



ΦΟ 
 

ƣőĲŸƖŔƚĲĬШƣŸШƚǃŰƣőĲƚŔƚĲШƽŔƣőШƣőĲШőǃĬƖŸǂŔĬĲШŉƨŰĦƣŔŸŰċũШŊƖŸƨƓƚЮШ ƣШΟΜΜШ҄9ШƓĲċťƚШĬĲŰŸƣŔŰŊШ
ĬŔƚŸƖŊċŰŔƚĲĬШ ~9ШŸǂŔĬĲШĦċŰШĤĲШŸĤƚĲƖƻĲĬШċƚШƣőĲШ ~9ШőǃĬƖŸǂŔĬĲШĤĲŊŔŰƚШƣŸШŸǂŔĬŔƚĲШяΝΟΣѐШċƚШƽĲũũШ
ċƚШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШċƚШċШƚĲĦŸŰĬċƖǃШƓőċƚĲШяΝΟΠѐЮШ ƣШΠΜΜШ҄9Ш[ŔŊƨƖĲШΣΜĦШƣőĲШ
ĲŰƣŔƖĲШ ~9ШőǃĬƖŸǂŔĬĲШƓőċƚĲШőċƚШŸǂŔĬŔƚĲĬШƣŸШĬŔƚŸƖŊċŰŔƚĲĬШ ~9ШŸǂŔĬĲЮШ ƚШƣőĲШƣĲůƓĲƖċƣƨƖĲШ
ŔŰĦƖĲċƚĲƚШƣŸШΤΜΜШ҄9ЯШ[ŔŊƨƖĲШΣΜŉЯШƣőĲШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШċŰĬШċŰǃШ9§ΞШĬĲĦŸůƓŸƚĲƚЯШƽŔƣőШƣőĲШŰĲƽũǃШ
ċƻċŔũċĤũĲШũŔƣőŔƨůШĤĲŔŰŊШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƣőĲШĬŔƚŸƖŊċŰŔƚĲĬШ ~9ШƓőċƚĲЮ 

ÑőĲШcŔŊőШƣĲůƓĲƖċƣƨƖĲШƚƣƨĬǃШőŔŊőũŔŊőƣƚШƣőĲШƚŔŊŰŔǯĦċŰĦĲШŸŉШƣőĲШ ~9ШőǃĬƖŸǂŔĬĲШċŰĬШŸǂŔĬĲШ
ŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲƚШċƚШƽĲũũШċƚШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŔůƓƨƖŔƣǃШƓőċƚĲƚШƽŔƣőŔŰШƣőĲШĤŔŸƣĲůƓũċƣŔŰŊШ
ƓƖŸĦĲƚƚЯШƽŔƣőШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШƣőĲƚĲШƓőċƚĲƚШĤĲŔŰŊШƚŔŊŰŔǯĦċŰƣШƣŸШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШ ~9ΥΝΝШċŰĬШ
ƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊŔĲƚЮШÉƨĦőШůŸƖƓőŸũŸŊŔĲƚШƖĲƕƨŔƖĲШĤŸƣőШůŸũƣĲŰШũŔƣőŔƨůШĦċƖĤŸŰċƣĲЯШƽőŔĦőШ
ĬĲŊƖċĬĲƚШċƣШΤΞΟШ҄9ЯШċŰĬШƣőĲШƚŸũŔĬШ ~9ШŸǂŔĬĲШƣŸШċĦƣШċƚШċШƚƨĤƚƣƖċƣĲЮШìŔƣőŸƨƣШƣőĲƚĲШƣƽŸШƓőċƚĲƚЯШ
ŰċŰŸƚĦċũĲШ ~9ΥΝΝШċŰĬШċŰǃШŰŸƻĲũШůŸƖƓőŸũŸŊŔĲƚШƚĲĲŰШƽŔƣőŔŰШƣőĲШƚƣƖƨĦƣƨƖĲШĦŸƨũĬШŰŸƣШĤĲШ
ċĦőŔĲƻĲĬЮШÑőĲШƖĲċƚŸŰШƽőǃШƓƖĲőĲċƣŔŰŊШŔƚШƚĲũĲĦƣĲĬШċƣШĤĲƣƽĲĲŰШΞΜΜШċŰĬШΟΜΜШ҄9ШŔƚШŔŰШƓċƖƣШĬƨĲШƣŸШƣőĲШ
ƚǃŰƣőĲƚŔƚШŸŉШƣőĲШŔŰƣĲƖůĲĬŔċƣĲШőǃĬƖŸǂŔĬĲШċŰĬШĦċƖĤŸŰċƣĲШƓőċƚĲƚЯШƽőŔĦőШċƖĲШĲƚƚĲŰƣŔċũШƣŸШƣőĲШ
ƚǃŰƣőĲƚŔƚШŸŉШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШƽőĲŰШƣőĲШ ~9ШŸǂŔĬĲШƓőċƚĲШŔƚШĦċũĦŔŰĲĬШƨŰĬĲƖШŸǂǃŊĲŰЮШ 

ΟЮΠЮΞЮΝЮΟ ÂŸƚƣрĬƖǃŔŰŊШ ŰċũǃƚŔƚШŸŉШĬŔƚƚŸũƻĲĬШĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ 
ÑőĲШƚċůƓũĲШŔƚШċũƚŸШċŰċũǃƚĲĬШĤĲƣƽĲĲŰШƣőĲШĬƖǃŔŰŊШċŰĬШƓƖĲőĲċƣШƚƣċŊĲƚЮШìőŔũĲШůŸƚƣũǃШċůŸƖƓőŸƨƚЯШ
[ŔŊƨƖĲШΣΝШƚőŸƽƚШƣőƖĲĲШƓĲċťƚШċƣШΝΞЯШΝΠЯШċŰĬШΝΦШ҄ЯШƽŔƣőШƚŸůĲШũŸƽШŔŰƣĲŰƚŔƣǃШƽŔĬĲШƓĲċťƚШċƣШΞΡЯШΠΜЯШ
ċŰĬШΣΜШ҄ЮШÑőĲƚĲШƓĲċťƚШƖĲƓƖĲƚĲŰƣШŰŔĦťĲũШőǃĬƖŸǂŔĬĲЯШċŰĬШċƖĲШƣőĲŸƖŔƚĲĬШƣŸШĤĲШƚǃŰƣőĲƚŔƚĲĬШŉƖŸůШƣőĲШ
ƖĲċĦƣŔŸŰШĤĲƣƽĲĲŰШŰŔĦťĲũШŔŸŰƚШċŰĬШőǃĬƖŸǂŔĬĲШŉƨŰĦƣŔŸŰċũШŊƖŸƨƓƚШƨƓŸŰШƣőĲШĤƖĲċťĬŸƽŰШŸŉШƣőĲШ
ĬĲǂƣƖċŰШĤŔŸƣĲůƓũċƣĲШƨŰĬĲƖШőĲċƣŔŰŊЯШŉƖŸůШƨŰĦőĲũċƣĲĬШ ŔШŔŸŰƚШċŰĬШőŔŊőũŔŊőƣƚШŔŰőŸůŸŊĲŰĲŔƣǃШ
ƽŔƣőŔŰШƣőĲШƚċůƓũĲШċƚШĲċƖũǃШċƚШƣőĲШĬƖǃŔŰŊШƓőċƚĲЯШƽŔƣőШŉƨũũШĦőĲũċƣŔŸŰШŸŉШƣőĲШĤŔŸƣĲůƓũċƣĲШċŰĬШ
ƓƖĲĦƨƖƚŸƖƚШŰŸƣШŸĦĦƨƖƖŔŰŊЮШ ŰǃШċƣƣĲůƓƣШƣŸШŔŰĦƖĲċƚĲШƣőĲШċůŸƨŰƣШŸŉШĤŔŸƣĲůƓũċƣĲШƣŸШĲŰƚƨƖĲШŉƨũũШ
ĦőĲũċƣŔŸŰШƽŸƨũĬШƖĲƚƨũƣШŔŰШĲǂĦĲƚƚШĦċƖĤŸŰЯШƽőŔĦőШƽŸƨũĬШĦċƨƚĲШċŰШŔŰĦƖĲċƚĲШŔŰШƣőĲШċůŸƨŰƣШŸŉШ9§ΞШ
ċƚШƣőĲШĤŔŸƣĲůƓũċƣĲШĤƖĲċťƚШĬŸƽŰШċŰĬШŉƖĲĲƚШƨƓШĦċƖĤŸŰШƣŸШƖĲċĦƣШƽŔƣőШƣőĲШŸǂǃŊĲŰШċƣůŸƚƓőĲƖĲЮШÑőŔƚШ
ċƚШċШƖĲƚƨũƣШƽŸƨũĬШůĲċŰШũĲƚƚШŸǂǃŊĲŰШƣŸШƖĲċĦƣШƽŔƣőШůĲƣċũШŔŸŰƚШƣŸШŉŸƖůШ ~9ΥΝΝШċŰĬШƽŸƨũĬШƖĲƚƨũƣШŔŰШ
ŊƖĲċƣĲƖШĬŔƚŸƖŊċŰŔƚċƣŔŸŰШċƚШċШƖĲƚƨũƣШŸŉШƓŸŸƖШƚƣŸŔĦőŔŸůĲƣƖǃШŸŉШƣőĲШĦċƣőŸĬĲЮШÉĲĦƣŔŸŰШΝЮΠЮΟШĦŸƻĲƖƚШ
ůŸƖĲШŔŰШĬĲƓƣőШőŸƽШƣőĲШƻċƖŔċƣŔŸŰШŸŉШĤŔŸƣĲůƓũċƣĲШůċƚƚШċǭĲĦƣƚШƣőĲШŸƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШǯŰċũШ
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Figure 60 Calcination of NMC811 using dextran and acetate precursors in air at  a) 200 °C, b) 300 °C, c) 400 °C, d) 500 °C, e) 600 
°C, f) 700 °C, and g) 800 °C 



ΦΠ 
 

 ~9ΥΝΝШƓƖŸĬƨĦƣШĤƨƣШŊĲŰĲƖċũũǃЯШċƚШƓƖĲƻŔŸƨƚШĬŔƚĦƨƚƚĲĬЯШƣőŔƚШƽŸƨũĬШŰŸƣШŸŰũǃШĦƖĲċƣĲШċШůŸƖĲШ
ƖĲĬƨĦŔŰŊШċƣůŸƚƓőĲƖĲШũĲċĬŔŰŊШƣŸШŊƖĲċƣĲƖШůŔǂŔŰŊШŸŉШxŔҼШċŰĬШ ŔΞҼШŔŸŰƚШŔŰƣŸШ ŔШċŰĬШxŔШƚŔƣĲƚШ
ƖĲƚƓĲĦƣŔƻĲũǃШĤƨƣШƽŸƨũĬШċũƚŸШƨƚĲШƨƓШŸǂǃŊĲŰШƓƖĲƻŔŸƨƚũǃШċƻċŔũċĤũĲШŉŸƖШƣőĲШƚǃŰƣőĲƚŔƚШŸŉШũċǃĲƖĲĬШ
 ~9ΥΝΝЮШ ƚШƚƨĦőШċŰШŔŰĦƖĲċƚĲШŔŰШƣőĲШƖĲũċƣŔƻĲШůċƚƚШŸŉШĤŔŸƣĲůƓũċƣĲШũĲċĬƚШƣŸШŊƖĲċƣĲƖШ
ĬŔƚŸƖŊċŰŔƚċƣŔŸŰШŔŰШƣőĲШǯŰċũШ ~9ΥΝΝШƓƖŸĬƨĦƣШċŰĬШŔŰĦƖĲċƚĲШċŰШŔŰШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШŔůƓƨƖŔƣŔĲƚЮШ 

[ŔǂŔŰŊШƣőŔƚШƽŸƨũĬШƖĲƕƨŔƖĲШċШƚŔŊŰŔǯĦċŰƣШŔŰĦƖĲċƚĲШŔŰШƚǃŰƣőĲƚŔƚШƣĲůƓĲƖċƣƨƖĲШƣŸШƖĲĦƣŔŉǃШĬƨĲШƣŸШƣőĲШ
őŔŊőĲƖШĦċƖĤŸŰШĦŸŰƣĲŰƣЮШcŸƽĲƻĲƖЯШŊŔƻĲŰШŸƖŊċŰŔƚĲĬШ ~9ΥΝΝШĦċŰШċũƖĲċĬǃШĤĲШƚǃŰƣőĲƚŔƚĲĬШċƣШΥΡΜШ
҄9ЯШőŔŊőũŔŊőƣĲĬШƓƖĲƻŔŸƨƚũǃШŔŰШ[ŔŊƨƖĲШΠΡЯШċŰĬШĬƨĲШƣŸШƣőĲШőǃĬƖŸǂŔĬĲШƓőċƚĲШĬĲŊƖċĬŔŰŊШċƣШΟΜΜШ҄9ШƽŔƣőШ
ƣőĲШƚǃŰƣőĲƚŔƚШŸŉШШŰŔĦťĲũШŸǂŔĬĲЯШŔƣШƽŸƨũĬШŰŸƣШĤĲШƓƖċĦƣŔĦċũШƣŸШŔŰĦƖĲċƚĲШƣőĲШůċƚƚШŸŉШƖĲċĦƣċŰƣƚШŸƖШ
ƚǃŰƣőĲƚŔƚШƣĲůƓĲƖċƣƨƖĲЮШ 

 

Figure 61 Dextran and acetate precursor solution post-drying 

 

ΟЮΠЮΞЮΝЮΠ ~ŸƖƓőŸũŸŊǃШŸŉШ ~9ΥΝΝШƓƖĲőĲċƣĲĬШƨƚŔŰŊШċШƖċŰŊĲШŸŉШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲƚШƨƚŔŰŊШ
ĬĲǂƣƖċŰШċŰĬШċĦĲƣċƣĲШƓƖĲĦƨƖƚŸƖƚ 

[ŔŊƨƖĲШΣΞШŔŰĬŔĦċƣĲƚШőŸƽШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШůċǃШƻċƖǃШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШŔŰШċĬĬŔƣŔŸŰШƣŸШ
ĦƖǃƚƣċũũŔŰĲШƚƣƖƨĦƣƨƖĲЮШ ƚШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШŔƚШŔŰĦƖĲċƚĲĬШŉƖŸůШΞΜΜШƣŸШΡΜΜШ9҄ШċƻĲƖċŊĲШƓċƖƣŔĦũĲШ
ĬŔċůĲƣĲƖШĬĲĦƖĲċƚĲƚШŉƖŸůШΠΜΜШŰůШċƣШΞΜΜШ9҄ЯШƣŸШΟΜΜШŰůШċƣШΟΜΜШ9҄ЯШĤĲŉŸƖĲШŔŰĦƖĲċƚŔŰŊШƣŸШΠΜΜШŰůШċƣШ
ΡΜΜШ9҄ЮШ]ŔƻĲŰШƣőċƣШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШƣőĲШĤŔŸƣĲůƓũċƣĲШŸŰũǃШĤĲŊŔŰƚШċƣШΝΡΜШ9҄ЯШƣőĲШũċƖŊĲƖШƓċƖƣŔĦũĲШ
ĬŔċůĲƣĲƖƚШċƣШΞΜΜШ9҄ШĦċŰШĤĲШŔŰŉĲƖƖĲĬШƣŸШĤĲШĬƨĲШƣŸШĤŔŸƣĲůƓũċƣĲĬШůĲƣċũШŔŸŰƚШƣőċƣШőċƻĲШŰŸƣШǃĲƣШ
ĬĲĦŸůƓŸƚĲĬЮШÑőĲШƖĲċƚŸŰШŉŸƖШƣőĲШŔŰĦƖĲċƚĲШŔŰШƓċƖƣŔĦũĲШƚŔǍĲШċƚШƣőĲШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШ
ċƓƓƖŸċĦőĲƚШΡΜΜШ9҄ШŔƚШĬƨĲШƣŸШċШũŸŰŊĲƖШƚǃŰƣőĲƚŔƚШƣŔůĲШċŰĬШőŔŊőĲƖШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲЯШċũũŸƽŔŰŊШ
ƣőĲШƓċƖƣŔĦũĲƚШŸŉШƣőĲШŔŰƣĲƖůĲĬŔċƣĲШƓőċƚĲƚШůŸƖĲШĲŰĲƖŊǃШċŰĬШƣŔůĲШƣŸШŊƖŸƽШяΦΞѐЮШÂċƖƣŔĦũĲƚШċƣШΞΜΜШ9҄Ш
ċƖĲШŔƖƖĲŊƨũċƖũǃШƚőċƓĲĬШƽŔƣőШċШůŔǂШŸŉШƚůċũũĲƖШƖŸƨŰĬĲĬШċŰĬШũċƖŊĲƖШŸĦƣċőĲĬƖċũШƓċƖƣŔĦũĲШƚőċƓĲƚЯШ
ƽőŔũĲШċƚШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШŔƚШŔŰĦƖĲċƚĲĬШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШƣĲŰĬƚШƣŸШċШůŸƖĲШƖŸƨŰĬĲĬШ
ƓċƖƣŔĦũĲШƚőċƓĲЮШ ƣШċШƓƖĲőĲċƣШŸŉШΟΜΜШ9҄ШŸƖШċĤŸƻĲЯШƣőĲƖĲШŔƚШũŔƣƣũĲШƻċƖŔċƣŔŸŰШŔŰШƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШ
ŸŰĦĲШƣőĲШƓċƖƣŔĦũĲƚШőċƻĲШƨŰĬĲƖŊŸŰĲШĦċũĦŔŰċƣŔŸŰШċƣШΥΡΜШ9҄ЯШƽŔƣőШċũũШŸŉШƣőĲШƓċƖƣŔĦũĲƚШĤĲŔŰŊШ
ċŊŊũŸůĲƖċƣĲĬЯШƖŸƨŊőũǃШƖŸƨŰĬĲĬШŔŰШƚőċƓĲЯШƽŔƣőШċШΟΜΜШƣŸШΠΜΜШŰůШċƻĲƖċŊĲШĬŔċůĲƣĲƖЮШìŔƣőШƣőĲШ
ĲǂĦĲƓƣŔŸŰШŸŉШƣőĲШΞΜΜШ9҄ШƓƖĲőĲċƣЯШƣőĲƖĲШŔƚШũŔƣƣũĲШĤĲŰĲǯƣШŔŰШƻċƖǃŔŰŊШƣőĲШƓƖĲőĲċƣШƣĲůƓĲƖċƣƨƖĲШƣŸШċũƣĲƖШ
ƓċƖƣŔĦũĲШůŸƖƓőŸũŸŊǃШŉŸƖШƣőĲШĦŸůĤŔŰċƣŔŸŰШŸŉШċĦĲƣċƣĲƚШċŰĬШĬĲǂƣƖċŰЮ 
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Figure 62 Morphology of NMC811 calcined using dextran and acetate precursors at 850 °C calcination and a) 200 °C, 
b) 300 °C, c) 400 °C, and d) 500 °C preheat temperature 

ΦдΧдΥдΥ éċƖŔċƣŔŸŰЮŸŉЮƓƖĲőĲċƣЮƣĲůƓĲƖċƣƨƖĲЮƽőĲŰЮƚǃŰƣőĲƚŔƚŔŰŊЮ ~9ΫΤΤЮƨƚŔŰŊЮĬĲǂƣƖċŰЮċŰĬЮŰŔƣƖċƣĲЮ
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