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X PEAT T (X-ray diffraction, XRD) T4
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M #% (scanning electron microscope, SEM) H F
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B S AR AR b, AR T A R S
T BRI 70 mg 224 EF HAE 10 mm 1R
fik ik /i (poly-ether-ether-ketone, PEEK) [&] #4 £
Hrf, 7£ 300 MPa ) TR, B s A9 i
EAEIFE TR AL, %57 w2, IR
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AR Brook, UEEH 1IN 4. 5 —Jy i, ASCh
MR XRD B 3% B W 2% 5 11 5 16 85 24| 177 2Na
NMR &4 R P4 Na {55 (E 3(a)), IR
MEKS A U NagOBr, I, A5 A 57 5 M s SCRkfGE
) P2/m BpthH 2 [ B 29 NayOBr I, , K254
WA Z G454 3Na NMR 25 Bk — 48,

3.2 WETHSE

WFFE R WIRE il ) Ak B 5 2008 FL 5 23 0
EREZ, A3 NagOBr I, , 1B HL 550
xR 100 °C R Z )5, B S BT
7. NagOBrq 51y 5 ¥ He AR A B E08 XS L an
1A, S S L TR B S R AR,

%% 1 Na3OBrU_5IO,5 E@E*ﬂﬂﬁ?ﬂ@%fﬁ
Table 1. Density of hot- and cold-pressed
NazOBr 51 5.
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0.5, 0.7) FESL A9 XRD &3 -5 Sk 19 S 858k m™ ft.
(a) (b)

NazOBrg 71o.3
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=]
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33.3° 38.7°
NazOBrgslo.7 I
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Bl 1 (a) ARLHIRE5 4K NagOBr I,

20/(%)

. (z=0.3,0.5,0.7) KM B XRD K%, (b) B (a) B9JRHBHOCE

Fig. 1. (a) The X-ray diffraction (XRD) patterns of synthezied anti-perovskites NazOBrJ; , (z = 0.3, 0.5, 0.7); (b) local zoom

of Fig. (a).
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A5t ¥ Hs AR VR i 5 1% %85 R 430 o 2,11 i
2.55 g/cm?, BUR 53510 69% Fl 83%, 1% WA
FEREARHERE S SR L. nIEl 2(a) 1A 2(b) PR,
it SEM Xt NagOBr 51, 5 HL i 50 /2 FE AR A
AT LSS, AT LA Y, R Z 5 i H A o
i HAT T AL SO () R T2 4

22 e B BT 0 A He FR A I3 R AR AN () e
TRE R SER, THRAKX T

o=L/(SR),

o- BT HFE, B Sem

L-FEf 0T IR BE, BA7: e

S-FELR IR TR, B em?;

R-Nyquist fHZ&HBHPUE, B0 Q.

 2(c) A NayOBr 5l 5 FEASEEE T #) Nyg-
uist 114k, FF i BT RE G IR T = g s, 25464
Ak T R B E AN 2 Frg). K] 2(d) ) T
BATEHE) logo 55 1000/ T %R R #h<k, 3184
Hff IS LRE. FTLVE L, R T S mighn, AR+
SRR EIHE . ERE B EE), X AT EIH
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c
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N
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0 1 1 1 1
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E 2

T TR IR AR RS HEIN, BEA]T Nat i
AL HOR, 5 TSR E 0.7 1, MORHYE T
LSRRI A R P A D) A AR T T
PRV IR T AR A5 2 A L.

# 2 NagOBrJ,_, (z=0.3,0.5,0.7) BTFHFHK
Table 2. Tonic conductivity of NazOBrJI, , (z =
0.3, 0.5, 0.7).
) BFHSHE/ Sem!
I/ °C
NazOBro7lp;  NagOBrgslys  NazOBrgsly s
130 1.67 x 10 — —
110 8.96 x 104 1.32 x 10 5.55 x 103
100 4.50 x 104 6.56 x 104 1.47 x 1073
80 9.73 x 10° 2.01 x 104 3.93 x 104
60 1.22 x 107 6.78 x 107 2.05 x 10
40 — 1.06 x 10° —
=R 4
3.3 AEIREHERIE

[ NMR, FUR A R XRD F FHFIE A AR
AR E RS ROBEHL. HTE FRSR
MR 8, NagOBrq 51, 7 A k28 31 42 5 o B

20 pm

T/C
1 110 80 60 40
L (d)
_ok
A

sl A
T 0.39 eV
g
)
wn —4r
~
S 0.69 eV
2 5t

0.83 eV
B Na3;OBryrlos
—6F @ NagOBrgslos
A N2;OBrgslor
_7 1 1 1 1 1 1 1 1
24 25 26 27 28 29 3.0 31 32 33
1000/T/K -1

W (a) ¥ A (b) $4E 7 1 il 45 75 2119 NagOBrg 51y 5 B A7 5T A (1 SEM &5 (c) AN AR R A5 19 #4 & NagOBro 51o5 H 1Y

Nyquist ik ; (d) NagOBr,l,_, (z = 0.3, 0.5, 0.7) i logo 5 1000, T % iz fii £&
Fig. 2. SEM images of (a) cold-pressed and (b) hot-pressed NasOBr ;15 solid electrolyte pellets; (¢) Nyquist plots of hot-pressed
Na3OBr 51, 5 measured at different temperatures; (d) logo versus 1000/ T plots for NagOBr,I; , (z = 0.3, 0.5, 0.7).
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W, P AR AR S 4. &l 3(b) Fir
7N, TR 25 °C EFFE 100 C Had AR, AREE
XRD Bl OrFE—3, A SR 5 AR A )
Bl R, SR NagOBry sl 5 #0545 4 8 A AH
(P2/m =3 [a)#) 20, [HJ& NazOBrg 51 FEA K XRD
P v A XA 31 37 DG AR PE R 5 e g A3 S
W B 20 R HE I NagOBrg 51, 9 7 75 #H S 55 4k
W45 . 5 XRD 45 £ A 5, B 3(a)NMR i
BNa {55 /N, 7F NagOBr sl &2 /DH AN
[[] %) Na fii, 5 NagOBr i) —2( 2, ] Na;OBr
F1 NagOBry 51, 7 FRXIFREEHE. iR TR, 10 —
12 ppm A5 5 B AR X 58 BE Uk 55, IF 104K 6 I ) i
B, XA T 5 Na§ 8O0 R 9 Na £ 7281k, 534,
T XRD Ki1&, NagOBr fl NagOBr 51, 5 73 7l 14
J& R WA —> Na v 1577 FH OB Bk 2544 R
A=A Na 7 By B AR 23 [A) 3 20 G s 25 L g R
NagOBr, I, , k25 Fg FIXF FR 1k 4 52 2, T B o
LS FIFSE E56IA NagOBr 1, B RPRE B il S A
S, R TR A TR AR 251 L S R Bl I AR AL AL
M, USRS SRE, THERRE AR

Intensity

20 15 10 5 0 -5
Chemical shift/ppm

(b)
>
:
‘B
=]
e 50 C
=1
:
25 °C

25 3I0 3I5 4I0 4I5 5IO 5I5 GIO 6I5 70
20/(°)

Kl 3 NayOBrguly, ZEAFIRE TR (a) WG

(b)XRD [

Fig. 3. (a) Solid state »Na NMR spectra and (b) XRD pat-

terns of NazOBr( 3], ; at different temperature.
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6] 725 L A O ) e 26 A oy Y 80 T 265 L b v
I, K B 40 S S k™ i B - [ 2 F i I g P 8 1
A HL A IRGE 8 0. NagOBr, I, BB 7§
RN N S e e P A A R A A E R O R
(40—80 °C B FHL S HRHZLEHE T 10 S-em™?),
PRI, 38 2k 20 % Na-Na 4k H 3t Fl TiS, 4 e v
TE 50 °C 2 T AT, PEAL X 40 42 B AR 2k
AR AE [ 2540 L g MERE .o = 0.3 B, BERES T
HL R, © = 0.7 BF, AR T SR B AR
O3 5 KBS LB 18, HE8E NayOBrg 5l 5 1F
Sy 1 25 FL A 0T 20 2 [ S L. R T NagOBrg 51 5
SERNPEEL 2 Na/NagOBrg 51, 5/Na % F i, it 74 BH
PrAbE A, WA 4(a) FioR. 1% 8B AL2E R RE IR AN
B4 T SO (S AT R T BRI, T ST TR A
X — [l A RO . AR TAERY 2 H 12 1A
NagOBr 51 5 1A 175 H e 5 1 FL A4 e RE, PRIt
It B VR AAAB M L A o/ R R ST, DN e
HBHBT. Qi 4(b) Fias, WA s B ks, Xt
PR MR BB R, AnIEl 4(c) B, 78 Na JUFR
SIS AR v X R R L B MR A A A LA 2R
HY B 0.05 mA-cm™2 34013 0.5 mA-cm™2
i, bR RERR B 1T, RN AR IS, £
FEL AR SOG40 4 TR 1) LA 2 R PR AE AT NagOBr 5
Lo VF by [ 285 W i Jo 20 2 76 43901 L TiS, Fll Na-Sn
B EAERIE TR EZSE I, RIS A BT
VR A T P A IO /PR BT, RELHBLAE 50 °C, 0.1 C
fR T BT, WINE ik W K e 50 C iz
A5 2R 7 V80N 3 T R R i I )23 BB AT 4(a) B
7, [ 2B H R 4R TR LR 45 4R 190 mAh-g !,
e HEE TiS, MELS I, 7626 10 Bl)S, jiki
A R FFAE 127 mAh-g !, B4R IR, Nag
OBr 51,5 #AH RAF ik 2=t RE, WEHH A A 78
[P S A Tt O A g . R Tt AR e ] RE TR T
[ 25 FEL i I 5 FELAORA R ) 5 2 1) L ek, AE i FRL
RS, A RE R s T R p S R R
AR AR AL, H AT H A T A R R SN
TR HERE T O A ST SR AR e ol [ S o i
J B T SRR T AR AR R B, (R SR AL R
S LA ) SRS AVR BEL e 1 [T 285 L fE I /3% P e
TfT, &3 7 T BRI SR AT Ak .
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SPECIAL TOPIC—Fundamental physics problems in all solid state batteries

Facile synthesis and electrochemical properties of Na-rich
anti-perovskite solid electrolytes”

Peng Lin-FengV?  Zeng Zi-QiY  Sun Yu-Long!
Jia Huan-Huan V3  Xie Jia Vf

1) (Hubei Electric Power Security and High Efficiency Key Laboratory, State Key Laboratory of Advanced
Electromagnetic Engineering and Technology, School of Electrical and Electronic Engineering, Huazhong
University of Science and Technology, Wuhan 430074, China)

2) (School of Physics, Huazhong University of Science and Technology, Wuhan 430074, China)

3) (School of Materials Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)
( Received 31 July 2020; revised manuscript received 5 October 2020 )

Abstract

All-solid-state sodium batteries are promising candidates in energy storage applications due to their high
safety and low cost. A suitable solid electrolyte is a key component for high-performance all-solid-state sodium
battery. Current inorganic solid electrolytes mainly include oxide- and sulfide-based electrolytes. However, the
oxide-based electrolytes require to be sinetred above 1000 °C for high ionic conductivity, and most sulfide-based
electrolytes can react with H,O torelease toxic HyS gas. These features will hinder the practical application of
all-solid-state sodium batteries. In recent years, novel sodium ionic conductors have appeared successively.
Among them, anti-perovskite type of Li/Na ionic conductor has received a lot of attention because of its high
ionic conductivity and flexible structure design. Nevertheless, the synthesis of Na-rich anti-perovskite
NazOBr,l; , (0 < x < 1) is complex, the ionic conductivity at room temperature is relatively low, and its
electrochemical properties remain unknown. Here in this work, the phase-pure Na-rich anti-perovskite
Na3OBr,I; _, is synthesized by a facile synthesis way. The X-ray diffraction patterns show that the anti-
perovskite structure without any impurity phase is obtained. Alternating-current (AC) impedance spectrum is
used for measuring ionic conductivity of electrolyte pellets after thermally being treated at around 100 C. The
Na3OBr 3] 7 exhibits an ionic conductivity of 1.47 x 103 S/cm at 100 “C. Unfortunately, the ionic conductivity
experiences a sharp drop with the decrease of temperature, which may be related to the change of structural
symmetry and Na sites in the structure revealed by solid state 2*Na NMR. In particular, the ionic conductivities
of NazOBr,l,_, demonstrate the potential applications at medium temperature (40— 80 °C in which the ionic
conductivity of NazOBr,I; . is close to or higher than 10* S/cm) for all-solid-state sodium battery. Therefore,
the compatibility against Na metal and the electrochemical performance in all-solid-state batteries have been
evaluated. Since NazOBr,l;_, is not “Na-philic”, the resistance in impedance of the Na/NazOBr 51, 5/Na is very
high. However, after modifying the interface by ionic liquid, the NajOBrsl;5 exhibits good compatibility
against Na metal and tiny ionic liquid also leads to high initial discharge specific capacity of 190 mAh/g and
excellent cycling stability (around 127 mAh/g after 10 cycles) in the TiS,/NasOBrj;I)5/Na-Sn solid-state
battery. The capacity decay maybe results from the inferior interfacial contact between the solid electrolyte and
the electrode materials because the electrode materials in this system experience large volume change during
cycling. The successful operation in solid-state sodium batteries indicates that the Naj;OBr,l,_, is feasible to be
used as a sodium solid electrolyte, which is of great importance for practical application of Na-rich anti-
perovskite solid electrolytes.
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