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1. LiMPO 4 (M = Fe, Mn, Co)
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2. LiFe1-yMnyPO4
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3. Hydrothermal synthesis of Li(Fe,Mn,Co)PO 4
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4. Morphology of the obtained LiFe 1-yMnyPO4

• "����	��
���	����
��
��	
�������	�

����	�����
��
;) )<
�
��#�
 ����

• ����&	��
=
 ')�9)) �



5. GCPL study of Li 1-xFe1-yMnyPO4
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6. GCPL study of Li 1-xFe1-yMnyPO4

More recent results obtained using better synthetic route confirm previous data:
LiFe0.5Mn0.5PO4 exhibits better capacity retention at high rates of discharge
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7. PITT processing
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8. PITT results
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9. Operando XRPD
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10. E-x curves for Li 1-xFe0.5Mn0.5PO4
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11. Possible explanation of the asymmetry in Li 1-xFe0.5Mn0.5PO4
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Drozhzhin, O.A. et al., Electrochimica Acta, 2016. v. 191,p. 149-157 



12. Another examples of the asymmetry between charg e/discharge

LiFePO4

Charge/discharge C/5

Charge/discharge 2C

Li3V2(PO4)3

Charge to LiV2(PO4)3

Charge to V2(PO4)3

H. C. Shin et al., Electrochem. Commun. 10 (2008) 536–540
X. Rui et al., J. Power Sources 258 (2014) 19-38



Operando X-ray diffraction:
Peaks are shifting within the whole region 0<x<1 in 
Lix(Fe1/3Mn1/3Co1/3)PO4

13. Olivine-type Li(Fe 1/3Mn1/3Co1/3)PO4: extended solid solution region



Evolution of (211)/(020) olivine peaks at discharge:

14. Olivine-type Li(Fe 1/3Mn1/3Co1/3)PO4: extended solid solution region

����������	 
� ������� 	��� �����������

��/	12 � ,�*- ',)
%��&# �.�	��	�

��012 �   - *))
%��&# 1���M
N���	��	�
	��	��
���
0 9� �0 �� � ���#	

���+�	
���#	� 0 ������+���

��4�12 � *- ())
%��&# �	�$
����M
��#�
�����#	
�
������	 �	�	�� �

��������

�+��#
����#	��������#	


���� ��� �	 ��� 
� ��� �� � �.�3 �4��5��6� 7��/ ���#�������#	
	�	�����$�	�
	�#�
 0
��J/ � �

�0"�M
+�	�
��+�$



15. Operando Mössbauer spectroscopy: LiFePO 4

LiFePO4, C/20 charge/discharge rate. Exposure ~ 30 min



16. Operando Mössbauer spectroscopy: LiFePO 4



17. Operando Mössbauer spectroscopy: LiFePO 4 vs. LiFe 0.5Mn0.5PO4
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18. Na2MPO4F
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19. Na2FePO4F: solvothermal synthesis
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Pbcn, a=5.2297(2) Å, b = 13.8304(6) Å, c = 11.7931(5) Å



20. (Na,Li) 2FePO4F: Li + vs. Na+ cycling

Dchem and the single-phase mechanism contribution are higher for the Li+

(de)intercalation better rate capability in Li-ion cell



21. Na2FePO4F: first charge (Na + deintercalation) in Li-ion and Na-ion cells
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22. Na2FePO4F: first charge (Na + deintercalation) by PITT

Li-ion: solid-solution character of the i-t transients; 
Na-ion: two-phase



23. Na2FePO4F: first charge (Na + deintercalation) by operando XRPD 

The same materials, the same 
process, the same current, the 
same temperature etc.

But :
Different mechanisms
Different intermediate phases

(200)/(133)/(104) peaks (s.g. Pbcn)
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24. Na2FePO4F: EDX after charge and soaking in different cells
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Half of the all Na ions left the phase only at 50% SOC in Li-ion cell: Li 0.5NaFePO4F instead of 
Na1.5FePO4F.
Full-charged: almost complete Na+ removal from the structure, Li 0.91Na0.09FePO4F instead of 
NaFePO4F. Such deep exchange could not be performed even after soaking the electrodes in 30-fold 
excess of electrolyte during 1 week. 



25. (Na,Li) 1.5FePO4F: crystal structure refinement

Switching between electrochemically active alkali
metal positions. In the Na-ion cell the majority of the
Na cations are extracted from the position Na2,
whereas in the Li-ion cell this position remains
active only for the chemical Li for Na substitution,
but the Na cations are removed from the position
Na1, which has previously been considered
electrochemically inactive
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