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Synthesis of α-Li8SnP4 Fractioned Sieving Process

Conclusion

With the steady progress of technology, the requirements and demand for efficient and mobile battery

systems for energy storage have also increased enormously in recent decades. Therefore, further

development of lithium-ion batteries (LIBs) has become the focus of research over the last years. One

approach is thereby the use of solid-state electrolytes, building so called all-solid-state batteries (ASSBs),

as they promise higher safety, lifetime, and energy density.[1] In contrast to the electrolytes commonly

used in LIBs, which consist of a single liquid phase, solid-state electrolytes are mostly composed of many

individual particles, thus exhibiting different ionic conduction phenomena.[2] One parameter, to which

often only little attention is paid in current publications, is thereby the particle size of the electrolyte

material, which effectively determines the ratio of interfaces to bulk material in the system, and thus takes

influence on the lithium-ion pathways upon conduction. With this study, we report insights into the

influence of particle size on the lithium-ion conductivity of the novel but already well-characterized phase

α-Li8SnP4,
[3] by dividing the synthesized sample into multiple batches of defined particle sizes using a

fractioned sieving process and subsequent electrochemical impedance spectroscopy. Crystal structure of α-Li8SnP4.

The impedance measurements performed on α-Li8SnP4 reveal a significant influence of particle size on the lithium-ion mobility in the electrolyte,

resulting in decreasing ionic conductivities with decreasing particle size. In the corresponding Nyquist plots, this behavior was manifested by an

increasing size as well as an increased stretching of the semicircular graphs, thus indicating an increasing separation of the portions of inter- and

intraparticle conductivity of the material according to the grain-boundary model. Particle size therefore appears to be a relevant parameter for the

determination of ionic conductivities of solid-state electrolytes. Particularly with regard to the reproducibility of published data, greater attention

should therefore be paid to an exact determination of the particle sizes of the investigated system in future studies.

α-Li8SnP4 was synthesized by a two-step

procedure. After ball-milling of stoichio-

metric amounts of Li, Sn, and P, the powder

mixture was annealed, yielding almost

phase-pure α-Li8SnP4 with impurities of

0.56 w% β-Sn.

Batches of different particle sizes were

obtained by a fractioned sieving process

and subsequently analyzed via SEM.

Impedance Spectroscopy

Li, Sn, P α-Li8SnP4

ball milling 673 K, 72 h

Rietveld refinement of the PXRD of α-Li8SnP4.

Batch Particle Size / μm σLi+ / 10-4 S cm-1

0 > 100 1.38(3)

2 80 - 63 1.22(2)

4 50 - 40 1.15(7)

6 32 - 20 1.03(9)

7 < 20 0.65(6)

Resulting ionic conductivities of the investigated batches.

Nyquist-plots of one impedance measurements of each of

the investigated batches.

SEM images of batches obtained from the sieving process.


