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NasZr,Si,PO,, Ceramic Electrolytesfor Na-ion Battery:
Preparation Using Spray-drying Method and Its Property

LI Wenkai, ZHAO Ning, BI Zhijie, GUO Xiangxin

(College of Physical Sciences, Qingdao University, Qingdao 266071, China)

Abstract: Na-ion batteries, which currently use flammable and explosive organic electrolytes, now urgently need
to develop high performance sodium ion solid electrolyte to realize more safe and practical application. Na;Zr,Si,POy,
is one of the most promising solid sodium electrolytes for its wide electrochemical window, high mechanical strength,
superior air stability and high ionic conductivity. But its inhomogeneous mixing of the ceramic particles with the
binders causing much more pores in the green bodies makes it difficult to obtain high-density and high-conductivity
ceramic electrolytes after sintering. Herein, the spray drying method was used to enable Na;Zr,Si,PO,, particles
uniformly coated with binders and granulated into spherical secondary ones. The as-prepared normal distributed
particles can effectively contact each other and reduce porosity of ceramic green body. After sintering, Na;Zr,Si,PO;,

ceramic pellets via the spray drying show relative density of 97.5% and ionic conductivity of 6.96x10* S-cm™" at
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room temperature. In contrast, the relative density and room-temperature ionic-conductivity of Na;Zr,Si,PO,, ceramic

pellets prepared without the spray-drying are only 88.1% and 4.94x10* S-cm ', respectively.

Key words: solid electrolyte; spray-drying method; density; ionic conductivity; Na;Zr,Si,PO,,
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XIFE AT YA b, FRATIEA CuKa, &N 40 kV,
BN 40 mA, HREZEA 2 (°)/min, FHIIEHE 260=
10°~80° ., 3K A $31 4 Fo ¥ 485 (SEM, Hitachi, S-4800)
FE 5 HL 7 B 43082 (TEM, JEOL, JEM-2100F )%} £ i
RITESBEAT 44, JEHFTECE R EDX P47 70
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3000A-DX)ll 1A i 1 FEL AL = BR T HE (ELS), Wl 450
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Tablel Key parametersof NASICON-type materialsfor different sintering method

Srgletf}f:ég Composition ten?;:;:;llrrlf C Sm:émg Time/h  pepive/®%  o/(Sem™)  EJ/eV Ref.
CSP Naj »56Mgo.128Z11 872S1,PO 2 140 None 1 82.9 0.41x10™* [19]
FH-CSP  Na3Zr,Si,POy, 375 NaOH 3 93 2.2x107 0.32 [24]
LPS Na;Zr,Si,PO, 1150 NaF 24 - 1.7x1073 0.28 [25]
LPS Na;Zr,Si,PO, 900 Na;BO; 10 93 1.4x107 - [26]
LPS Na;Zr,Si,PO , 1175 Na;SiOs 10 93 1.45x107° - [27]
SPS Naj 4711 6S¢0.4S1,PO1, 1100 KOH,q 0.1 95 9.3x107* - [28]
SPS Na;Zr,Si,PO, 1210 None 0.5 97.0 1.7x1073 0.28 [29]
MWS Na;Zr,Si,PO, 850 None 0.5 96 2.5x107 0.31 [23]
CS Na;Zr,Si,PO, 1250 None 16 71.4 1.7x107* 0.36 [20]
CS Na; 1 Zr; 9Gag 1 Si,PO, 1250 None 16 86.5 1.06x107 0.29 [20]
CS Na;Zr,Si,PO |, 1200 None 24 87.6 6.7x107* 0.353 [21]
CS Naj 3Zr; 7Lag 3S1,PO1, 1200 None 24 99.6 3.4x107° 0.291 [21]
CS Na;Zr,Si,PO, 1250 None - 84.02 2.17x107%  0.407 [18]
0,-CS Naj 4Zr| 9Zng 1Si 2Py 012 1250 None - 99.46 5.27x107° 0.285 [18]
CS Na;Zr,Si,PO, 1250 None 6 88.1 4.94x107 0.34  This work
SD-CS Na3Zr,Si,PO, 1250 None 6 97.5 6.96x107 0.32 This work

CS: conventional sintering; SD: spray drying; O,-CS: conventional sintering in pure oxygen; CSP: cold sintering process; FH-CSP:
fused hydroxide cold sintering process; MWS: microwave sintering; LPS: liquid-phase sintering; SPS: spark plasma sintering
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B 1 AFERE RS T NayZr,Si,PO, ¥4 XRD Kl i
Fig. 1 XRD patterns of Na;Zr,Si,PO;, powder sintered at
different temperatures
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NZSP FIURLRL AR 1 28 1 2 U6 55 58 2, 1j BH 1 55 45
JE IRRERLAS AT B AR, IX 5 K] 2(a,b)SEM ¢
BORISE RIEAR—F. BAl, WEE TS 1Rk
AT M 2 IR 25 73 AT, 1K MORL BE 44 C vT LA 2L
HiHRE R () B i, PRARIRAR I FLER R . ik 2 fr
N, TR AR A 1Y NasZ,Si, PO, ARSI B N
83.01%, M2 Tk i %% 1) NasZr,Si, PO MR AR S
[EiRm R 89.12%. [ it — BRI NasZrSi,PO»
SR T 42 ot ) s B0 R L S R R, X R
AR 2 T AR 2K NasZnSi,PO,, Mg % Fr itk AT
W THT L B0 I R R S R

2 EHURA (@M% TS NasZr,SiPOy, MUk (b~c)
SEM i, BLR W % T 15 NayZr,Si,POy, UKL K 1H (1] TEM
B (d)

Fig. 2 SEM images of Na;Zr,Si,PO;, particle after conven-
tional mixing (a) and spray drying (b-c), and TEM image (d) of
Na3Zr,Si,PO;, particle surface after spray drying
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25t size: 2.306 um
x
g 200 K4 CS-NZSP(a)Hl SD-CS-NZSP(b) Fii& F Wi ) SEM &
g 15} FrRISEIE P (c), LR (b) TG 2 43 A Bl (d~g)
5 10 Fig. 4 SEM images of slice sections for CS-NZSP (a) and
&~ i SD-CS-NZSP (b), corresponding photographs (c) and elemental
5t mapping images (d-g) of SD-CS-NZSP
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B3 WOBKLEEAGAS MR B )5 NasZrySi,PO(NZSP)AI
W55 %5 T4 J5 NayZr,Si;PO o (SD-NZSP)FURLHL 1 43 i il £k
Fig. 3 Na;3Zr,Si,PO,; particle size profiles of conventional
mixing (NZSP) and spraying drying (SD-NZSP) measured by
laser particle analyzer
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FrWT A s A 35, A HILCE RENILSR .
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HER Na 5 P AarDLAMELegsid 24 Na 5 P 1%
K.
2.2 NagZr,S,POLERHMEE

S0 8 3 R K AR R E - NasZr,SiPOy, B &
Fr g R N T B R T S NasZn Si,PO L,
Wi s v BUR FE e, TR R R 4 SR 36 S 0,
o B SO0 0 Bt b 7 SR AN SR B S ik 2 fn
71N [R5 485 1 R LT 8] 50 53 PR — B N T 98
SE G I R X B A R R, SEES oA —
ol o) £ J7 R A5 B 1 M B8 R B B R AT B0 RS
o MR 4 PRSI EE vk, SR W b g ik
132 ) CS-NZSP P & Fr 805 B2 N 88.1%, 5 3CHik[21]
B EREAR . RABE FESED
SD-CS-NZSP P& Jr £ FE ] LA E] 97.5%, X2
H 1T R 0 HBe 452 4E T TG R B ARG O Rk B 1)
i E, B E T SR AROE 1 A e 45 7 VR A 2 1

R 2 NagZr,Si,PO, EfEBEEREE., MERRESHEHEENESHESER
Table2 Sintering parametersand density measurement parameter s and measurement
results of NagZr,Si,PO;, solid electrolyte green bodies and ceramic sheet

Sample  Processtemp./CTime/h  m/g  punano/(gCm ™) Mubmerged/8  Preat/(86M ™) Prncorticat(&7¢M ) Pretive/ %
GB - - 0.2902 0.785 0.2056 2.693 3.244 83.01
SD-GB - — 0.2880 0.785 0.2098 2.891 3.244 89.12
CS-NZSP 1250 6 02672 0.785 0.1938 2.858 3.244 88.10
SD-CS-NZSP 1250 6 0.2644 0.785 0.1988 3.164 3.244 97.53
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Table3 Elemental analysis of NasZr ,Si,PO;, ceramic
slice section by spray drying/%

Element OK NaK SiK PK ZrL
Atomic percentage 60.10 15.09 994 5.06 9.81
Weight percentage 36.43 13.13 10.59 594 3391

&4 CSNZSP# SD-CSNZSPHZERBEFTHEER
Table4 lonic conductivity of CS-NZSP and
SD-CS-NZSP at room temperature

Sample op/(S-em™) O'gb/(S~cm’l) o/(S-em™) E/eV
CS-NZSP 1.28x107°  8.03x107™*  4.94x10™* 0.34
SD-CS-NZSP  1.64x107°  1.21x107° 6.96x10* 0.32
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