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Fig. 1. (color online) (a) XRD patterns of LATP
powders crystallized at 800, 850 and 900 °C for 4 h
by sol-gel method; (b) XRD patterns of LATP film
recrystallized at 900, 950 and 1000 °C for 5 h by tape

casting.
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Fig. 2. (color online) Impedance spectra measured at

25 °C for LATP film sintered at various temperature,
with enlarge figure of high frequency part in top left.
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Fig. 3. (color online) Water Permeation test of LATP
film and LATP-epoxy film.
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Fig. 4. (color online) (a) Nyquist plots of LATP
film and LATP-epoxy film at 25 °C, with the equiva-
lent circuit in bottom right; (b) temperature depended
Impedance spectra for LATP-epoxy, vary from 20 °C
to 80 °C and corresponding bulk impedance, grain

boundary impedance.
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o Ap AR AT R 7, T 90 S0 R, kg
IR 25 2 H AL I 3E i log(owe ) 5 1000/ T
P, AR s I A R AR R E, BRI AT O

W HE B, = —slope - 1000k - logy(exp(1)) =
—slope-0.1985 eV (1 eV ~ 96 kJ - mol~1). K5 N
A g SO AT JS LATP A5 LATP-epoxy H i
Arrhenius ¥, LATP Jr (3G BE E, = 0.36 ¢V
(34.4 kJ-mol™!), LATP-epoxy H TG LfE B, =
0.34 eV (32.6 kJ-mol™1), &M Al 5 i 1k e 2 A
A

10! T T T
* LATP
= LATP-epoxy
X
T 100
=
9
n
~
&
3
S
EB 10-1F
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LATP-epoxy: logy =—1.7132+44.760
10-2 * * * * * *
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1000-T-1/K-!
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Fig. 5. Arrhenius plot of total conductivity for LATP
film and LATP-epoxy film.
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epoxy F Wil # EDX Je % B MIESE; (d) LATP-epoxy A Witk 1) EDX B &
Fig. 6. (color online ) (a) TEM image of LATP film polycrystal powder prepared by sol-gel method;

(b) fracture surface topography of LATP-epoxy film; (c) cross-sectional view, EDX mapping and (d) EDX

patterns of fracture surface of LATP-epoxy film.
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LATP &k R~ R 28090k, IRILFERAE 2
T 5 B0 5 I e g 2 1) 4% 1) LATP oy oK vy 3 BR B
12 h, A ] DAFEUAE I 159 31 56 21 1) LATP 25
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FFER

4 % @
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1950 °C H 45 5 5, LATP A &6 & kL R ~F B
KEBHEWOKRAE BHAE %, o T H S5
Pi. RIS, SRARIE LS & LATP Fr, 5 ke 2k
K45 70 5 A0 5 N B AL E I8, PRIFIE RS
AW AT S) . FEAMB N LATP F 38, Mifi B %
ke 7K e HHESHN335x107*S-cm . itk

AEN0.34 eV, FIXT X 93.0% B — g K
Ae 10 LATP-epoxy [E 25 HL#)H Fr, vl DME N &R
B FH B PR A A Rl Y b R .

0 R OK 2 W B 2 2R R P 28 A S EE AR 2
0 R SESCH EER G I SR AL S B, A H A =R T
HB T FM AR AR F3s W A i A e e - A
S I RE P TR NG T RO B, BT RS B A
ASCARR IR X B S ) R 8 A 43 4 P T S P B M 5
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Abstract

The Lii.4Alp.4Ti1.6(PO4)s (LATP) nanocrystal powder is synthesized by citric acid assisted sol-gel method. The
LATP powder is crystalized at 850 °C for 4 h, and the X-ray diffraction patterns show that the NASICON structure is
obtained without any impurity phase. The LATP films are prepared by tape casting method through using as-synthesized
LATP powder and subsequently recrystalized at various temperatures for 5 h. The impedance spectra of LATP film
recrystalized at various temperatures indicate that the film sintered at 950 °C has the highest lithium ionic conductivity.
Meanwhile, it is demonstrated that no impurity exists in LATP film recrystalizated at 950 °C, and its lattice parameters
are a = b = 8.50236 A and ¢ = 20.82379 A. The high-purity LATP-epoxy films are prepared by modification with epoxy
resin. The water permeation test proves that the LATP-epoxy film can prevent water from penetrating for 15 d, which
indicates that epoxy resin fills the holes in LATP film. The fracture surface topography of LATP-epoxy film shows its
dense structure with grain sizes from nano-scale to micro-scale. The energy dispersive X-ray spectrometer mapping of the
fracture of LATP-epoxy film indicates that the carbon elements are uniformly distributed in grain boundary, which means
that epoxy resin is soaked into LATP film. The relative density of 89.5% is obtained for LATP film, which is increased to
93.0% for LATP-epoxy (the nominal density is around 2.9624 g/cm?®). The difference in relative density between LATP
film and LATP-epoxy film indicates that the epoxy resin is immersed in LATP film already. The total, bulk, and grain
boundary lithium ionic conductivities for the LATP film at 25 °C are 8.70 x 107% S-cm™!, 2.63 x 1072 S-cm ™! and
1.30 x 1072 S - cm ™!, respectively. The total, bulk, and grain boundary lithium ionic conductivities for the LATP-epoxy
film at 25 °C are 3.35 x 107* S-cm™!, 1.84 x 1072 S- em ™! and 4.09 x 10™* S - cm ™!, respectively. The decrease in the
total conductivity of the LATP-epoxy film may be caused by the increase in its grain boundary resistance and its exposure

to the atmosphere during modification with epoxy resin. The high lithium ionic conductivity for both LATP film and
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LATP-epoxy contributes to homogeneous mixture at sol-gel process and the decreasing of grain boundary impedance for
this special structure. The activation energies for LATP film and LATP-epoxy film are 0.36 eV and 0.34 eV, respectively,
based on Arrhenius equation. The water-impermeable high lithium ion conducting solid electrolyte of LATP modified

with epoxy resin is likely to be used as protective film for lithium metal electrode of novel high energy density batteries.

Keywords: Lij 4Aly 4Ti; 6(POy4)3 solid electrolyte, epoxy resin modified, tape casting
PACS: 82.45.Xy, 82.33.Pt, 82.45.Gj, 66.30.H- DOTI: 10.7498/aps.66.188201
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