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Abstract

This study aims to explore the effects of NbB: doping at varying concentrations on the performance of
LLZTO (Lie.7sLasZr1.75Tao.25012) solid-state electrolytes. The results demonstrate that appropriate NbB:
doping significantly improves the microstructure and electrochemical properties of LLZTO. Through
the ball milling method, NbBz was incorporated into LLZTO, and the sample with 1% NbB: doping sin-
tered at 1150°C for 2 hours exhibited optimal electrochemical performance, achieving aroom-temper-

ature ionic conductivity of 8.16 x 10-* S-cm~! and the lowest impedance of 210 Q. Further analysis re-
vealed that NbB: doping optimizes lithium-ion migration pathways, enhances interfacial stability, im-
proves grain boundary fusion, and reduces failure rates during sintering. X-ray diffraction (XRD) and
scanning electron microscopy (SEM) analyses confirmed the uniform distribution of NbB: within the
LLZTO lattice and grain boundaries, with no significant alteration to the main crystalline phase and
maintained structural stability. XPS analysis mainly reveals the chemical states of Nb and B elements
in LLZTO samples doped with 5% NbB: and their potential relationship with material properties. The
mixed valence state helps to enhance ion conductivity and improve interface stability. Electrochemical
tests indicated that NbBz-doped LLZTO ceramic samples exhibit excellent cycling stability, particularly
the 1% doped sample, which demonstrated low polarization voltage, near-100% Coulombic efficiency,
and significantly improved battery cycle life.
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Figure 1. (a) Arrhenius diagrams of LLZTO materials with different doping levels (1%~3% NbB:2) in the temperature range
of 30°C to 80°C (b) Variable temperature AC impedance test spectra of 1% NbB2 LZTO solid electrolyte (c) Variable temper-
ature AC impedance test spectra of 2% NbB2 LZTO solid electrolyte (d) Variable temperature AC impedance test spectra of
3% NbB2 LZTO solid electrolyte
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Figure 2. (a) Nyquist plot of NbB2-LLZTO solid electrolyte at sintering temperature of 1100°C (b) Nyquist plot of NbB2-
LLZTO solid electrolyte at sintering temperature of 1150°C (c) Nyquist plot of NbB2-LLZTO solid electrolyte at sintering
temperature of 1200°C (d) Conductivity plot of NbB2-LLZTO solid electrolyte at different doping concentrations
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Figure 3. Impedance comparison of NbB2-LLZTO solid electrolytes with different sintering times
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Figure 4. (a) XRD patterns of LLZTO solid electrolytes doped with NbB:2 at different doping concentrations (b) XRD patterns
of LLZTO solid electrolytes doped with NbB; at different temperatures under the same doping concentration
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Figure 5. (a) SEM image of LLZTO solid electrolyte doped with 1% NbB:2 (b) 2% NbB:2 (c) 3% NbB: (d) 4% NbB: (e) and
5% NbB:2
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Figure 6. EDS image of LLZTO solid electrolyte doped with 1% NbB:
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Figure 7. XPS spectra of 5% NbB2 doped LLZTO solid electrolyte
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Figure 8. Rate performance curve of 1% NbB2 doped LLZTO
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Figure 9. (a) 70 th charge discharge curve of LLZTO full cell doped with 1% NbB: at 0.2 C rate (b) Long cycle discharge
specific capacity and Coulomb efficiency curve of LLZTO full cell doped with 1% NbB2 at 0.2 C rate
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