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Abstract : The Prussian blue analogues of Fe,(CN)s and NayFe,(CN)s are prepared by pre-
cipitation method and evaluated the electrochemical characteristics as positive electrode mate-
rials for lithium-ion batteries (LIBs) because of their low cost. Fe;(CN)s shows a low
reversible capacity of 34.6 mAh g, whereas sodium-containing Na,Fe,(CN)s exhibits a
reversible capacity of 107.5 mAhg' when the discharge process proceeds first. When
charging is first carried out to remove sodium in the structure, the reversible capacity of
114.1 mAh g"' is achieved and the cycle performance is further improved. In addition, Na,.
Fes(CN)g is synthesized at 0°C, room temperature (RT), and 60°C, respectively. Regardless
of the synthesis temperature, Na,Fe,(CN)s shows similar initial reversible capacity, but the
crystallite size is formed smaller and improved cycle performance when synthetic temperature
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is lower. The sample synthesized at 0°C shows a reversible capacity of 86.4 mAh g at the
120" cycle and maintains 76.8% of the initial capacity.

Keywords : Prussian Blue Analogue, Precipitation Method, Positive Electrode Materials, Lithium-

Ion Batteries

.M B

et 293 =2 oduRx Bxe] ARE e
gEol o A= FE AAZ7IAMTEH 7]
s B AHAGE UA AR (ESS, Energy
Storage System) -2 FHE o|AHAAEAN 2 &&
Fopb =R Stk ol gk o]xpR| o] Az
X ARREE &Rl FolA TP 2 RS %
Aehe Aol &= EEHo)] Wi B A7t A
grjo] Frt. 71T AMgEo] 2 TR AskE B
297 AbslEoAFE] Nl o] QlLksHES]
FA ol AHeR ALEo] gom, =L oy
A dxe] T gEe] W2 Hjgoz st
A= MEE F=A gk a7= I F7tstar 3l
12

2 AFoMe HolFso] ARtslE j7h=ge] 4
e Fold FAHE W 4T TR &
Z fAH (Prussian blue analogue) & €]F°l& o]}
ARG FFARE A&saAt stk ZeAE E5
THAHE 353 f71E2 o|Fofxl FxA9 dFL
2 F Y Holg& Folo] ZHzt e7lle] AljtskE
o by gzt=e Z23d Ju=E wAYY 729 3
2 Fejo] g FRAE FAATE o]F Fate

2 A8s Hoh 7= Wl EA7F 2esEe] L,
Na', K" 59 €ZT] o]&%H Mg 59 t} o]
= 7F94 A (insertion) ¥ ©2](de-insertion)E 7}
S S o)F Bl tdst TR o2 A
& AFAANZE 7FsAde] HAEHD lom, 53] &F
o2 o|AHAAE FFoE W2 At AL 3L
o} 14-18)

UL 2 FFAE A7) 8t HolgHo = Fe
£ A& GAEgle]l @0] 7Hs e Fe CN)E
gEol2 o|x AL = SEZE HLsaA 34
o

= = =

ole] M71skety 545 FIATI7] fAste] =gk
BEF A 72 ol &Fels Edets
Na,Fe(CN)g& st & 1 P4l 725 94
AZ1A S T, FAME T A Al
WS T2 slo] $EE NaFe(CN)eol 5
& WAt sl TP e d71skeh
548 vek F Sle e dlekstaat skl

2.4 ¥

Fe,(CN)62F NagFey(CN)eS E3 o)A e 2%
S Fote] FASIATEY Fey(CN)ol 3H8S ot
0.1 mole2] FeCl;2} 0.05 mole2] K;(Fe(CN)o)E zHzt
F5HT 50mL Aol g3late] A oR Az
T TFEAE Aol A AL 15w 2
< Xt o] B olE oz E AlH
gto] Slod Fey(CN)E €5 7 AT NaFe(CN)g
|Z2E $Isled | 0.016 mole2] Fe(NO;);9H,0
= S5 200 mlol] £3iA17]22, A0 0.008 mole2]
Na,Fe(CN)e 10H,02} 53 #5F Z7420 0.24 mole
©] CH;COONaZ S5 200 miol $ &3fA1z]
|AE 77 FhEieH, 7 s A F AR
ol 1587 wnkeste] A" EFE oz 9 AFst
o] NaFe)(CN)E F33kth. 28|32, NaFe (CN)6®
FeHAAM = F FEAE A T wtske 3
ol HH2EE o] obd 0°Cet 60°CE H73ted
77y L& XAt e AlEel tiste] FE-
SEM (NOVA nanoSEM 200)& F3&to] izte] 34
< Fopsiglen, XA 3E 24 7](Bruker, D2
PHASER)S &3l F4E A8 #+2E I

A71818H4] A5rke flet A=E A=A
Fe,(CN)s2t NaFey(CN)s S22} =479l 7128
(Super P) L& #H}RIEQl PVAF (polyvinylidene
fluoride)S 70:15:159] Y2 &1jel NMP (N-
methyl-2-pyrrolidone)s 37 &3t3le] EHE|2 A=
gt & ol& FAAS Al foil ]9 baker bladeE
ol-gate] wdsiAl st =2 120°CNA 10
w7 %3 Zo & ZYAE S eI, olF
273 11 mm®] AXE AREsle] ddsle] 502 AL
At
158k Adss Hrislr] 918 2032 =ZJAAE&
g MEARE ol22 7kA7F AYR HEE +
)

-

9,

z

o

1o

=2
A At Az oA EEehe v
o] Zyjz=addl FE(Celgard, C2400)S A-&319C
o, AT SEELdS ARERlt dadere
1 M LiPFs 92 EC (ethylene carbonate)?} EMC
(ethyl methyl carbonate)’} 3:7¢] FoH|2 &E3d &
o] ImeA ARgSIST) AR Aol AHe Hrle

il

2 rlo



A73)ekE)A], A 239, A 13, 2020 13

WonATech AF2] WBCS 3000 712 AMg-8l30
), 29 H7Rks 25°ColA 2.0~4.0 V (vs. Li/Li*)¢)
APEAZ 10mA g'o] FAFE ARS8t Rasisl
Th Fex(CN)e®t NaFeCN)eoll thate] @A W&
Z183te] 2 FS WA A (lithiation firstyd}ar FH
S ATk T3 NaFe(CN)eo] A-tolle S8
wx gste] 2 e AFS WA EEl(de-
sodiation first)A|Z] Fofl Alo]E = A A3
LS WAHT NaFe)(CN)y AREY] Tistelx
e WA WeYgk Foll Afo]FS Y3t

ofy

3

My

o9 g

Fe)(CN)s2F NaFey(CN)g HHoll tdk FE-SEM ARzl
I XA - A#E Fig. 190 eI g2l
A FE Fey(CN)62t NaFer(CN)el YAk2719t &
‘42 FE-SEM2Z 3RIE= 79 Uu|g 7] o
ske] 2R A719] L 1AYAE B3] JEE 7t
23 YATE XA F-EA) o F FH AR
7F BF EEE BE5E o] glo] £d3 Ut v
HS AU UATEY ok 17.5%] 9Rlee 7P s
A719] (200) -3l i3l Gaussian TFE I
g3k $of o]F Bl AxIFE Ak, SAlOl
Scherrer 21§38t Ao Z7|E AXFSIAH.
Fex(CN)e= A4l (cubic)d] +25 AUl o,

FANE o8] P ZelAgk BT fARIY

(c)

5

P, Na,Fe,(CN),
z

‘w

[

o

£

Fez(CN)6

10 2‘0 3‘0 4‘0 5’0 6‘0 70
20 / degree
Fig. 1. (a, b) SEM images (20,000 times) and (c) X-ray
diffraction patterns of Fe,(CN)s and Na,Fe,(CN)g.
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Fig. 2. The galvanostatic charge/discharge voltage profiles
from the (a) Li/Fey(CN)s half cell and (b, ¢) Li/
Na,Fe,(CN); half cell: (b) discharge first (lithiation first)
and (c) charge first (de-sodiation first).
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Fig. 3. Cycle performances from the Li/Fe,(CN)s and Li/
Na,Fe,(CN)g half cells.
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Fig. 4. SEM images (20,000 times) of the Na,Fe,(CN),
powders according to the synthetic temperature: (a) 0°C,
(b) RT, and (c) 60°C.
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Fig. 5. X-ray diffraction patterns of the Na,Fe,(CN)s
powders according to the synthetic temperature (0°C, RT,
and 60°C).
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