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Prussian blue analogues attract significant

. . . : Prussian blue analogues Na,Fe]Fe(CN)gl,
attention as positive electrode materials for sodium S T
and potassium ion batteries because they have a  [M2(CN);I™ vacancy

: : , : s%2aNe T /
three-dimensional open crystal structure in which VPR g
sodium and potassium ions can be inserted (8 o %) _Coordinated
reversibly and electrochemically. The material {d. . 4 RED  water o

. . . . ; Fo- K, Mn[Fe(CN) ],
design of Prussian blue analogues is achieved by o B - N T

: co . b . M Interstitial |, _ W/ [M2(CN);J" vacancy
varying the transition metal species, type and f)? o (R §7 water ) oo
content of alkali metals, amount of crystal water, @é&é}f@
number of anion vacancies, and particle size.Inthis |~ 1 . :
account, we review the developments of Prussian
blue analogues as sodium and potassium insertion materials mainly by introducing our previous
studies.
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Figure 1. Crystal structures of PBAs: (a) AoM1[M2(CN)s], where A is a mobile metal, and M1
and M2 are transition metals, and (b) A2M1[M2(CN)e] structures; the blue and pink octahedra

represent M1Ns and M2Cs, while the yellow spheres represent mobile metals. (c) Crystal

structure including anion vacant domain. (a), (b) Reproduced with permission from ref 4.

Copyright 2020 American Chemical Society.
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Figure 2. Charge-discharge curves of (a)
NaNiHCF, (b) NaCoHCF, (¢) NaMnHCF, and (d)
NaFeHCF in Na half cell filed with 1 M
NaPFe/EC:DEC. Reproduced with permission
from ref 10. Copyright 2018 Elsevier Ltd.
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Figure 3. Synchrotron XRD patterns and curves fitted using Rietveld refinement of (a) c-
NaFeHCF, (b) m-NaFeHCF, and (c) r-NaFeHCF. SEM images of (d) c-, (€) m-, (f) r- NaFeHCFs.
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Figure 4. Charge-discharge curves of (a) ¢c-
NaFeHCF, (b) m-NaFeHCEF, (c) r-NaFeHCF, and
(d) their cycle performance in Na half cell filled
with 1 M NaPFe¢/EC:DEC.
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change of m- and r-NaFeHCF during charge
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Figure 6. (a) Galvanostatic discharge curves of LiIMnHCF, NaMnHCF, KMnHCF, NaFeHCF,

and KFeHCF in nonaqueous Li, Na, and K cells, respectively. Reproduced with permission

from ref 4. Copyright 2020 American Chemical Society. (b) Capacity retention of dehydrated
NaMnHCF and KMnHCF in Na and K cells, respectively. (c) Volume change of MnHCF
during Na and K insertion/extraction. (d) Rate performance of NaMnHCF and KMnHCF in

Na and K cell, respectively.
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Figure 7a—c (2 SEM f£%7~7". S-KMnHCF
13K 100 nm D/ NSRRI THERL S TVOD D
[ZXFL, L-BELONIE-KMnHCF (349 1.5 um & 10

Table 1. Chemical composition, primary particle size, and secondary particle size of the KMnHCF

samples.
Sample Chemical composition Primary Secondary particle
name particle [pm] (D50) in NMP [pm]
S-KMnHCF Ki94Mn[Fe(CN)s]i.o 0.28H20 0.1-0.3 1.58
L- KMnHCF K s4aMn[Fe(CN)sJo.99mo.01 0.18H20 1-5 2.89
IE- KMnHCF  Nao.10Ki1.ssMn[Fe(CN)s Jo.ssto.15* 0.92H20 1-5 347
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Figure 7. SEM images of (a) S-, (b) L-, (c) IE-KMnHCFs. (d) Initial charge-discharge curves of
S-, L-, and IE-FKMnHCFs and (e) their cycle performance. (f) Variations of discharge capacity

charged at 0.1 C (15.5 mA g*') and discharged at different discharge current density. The initial

charge of L-KMnHCF was conducted with constant current-constant voltage charge (4.3 V for
40 h). Reproduced with permission from ref 26. Copyright 2021 Wiley-VCH.
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Figure 8. (a) GITT curves and calculated diffusion coefficient at the second discharge process. The open

and filled plot symbols represent the diffusion coefficient for two-phase and solid-solution regions,

respectively. (b) Migration energy barriers of the K* ion diffusion in the models of KMnHCF structures.

Estimated migration paths in (c) anion vacancy-free and (d) anion defective domains of a potassiated

phase. Reproduced with permission from ref 26. Copyright 2021 Wiley-VCH.
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