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We are transforming a transmission electron microscope (TEM) into a generic high-temperature 

electrochemical workstation for solid oxide electrolysis and fuel cell (SOEC/SOFC) materials. We focus on 

the combination of TEM and electrochemical impedance spectroscopy (EIS). EIS is today one of the most 

powerful characterization methods for distinguishing electrochemical resistances for different processes 

(electronic conductivity, ionic conductivity, gas diffusion, catalytic reactions etc.) [1]. 

SOEC and SOFC are a promising technologies for efficient green energy storage by conversion of electrical 

energy to chemical energy by SOEC and back to electrical energy by SOFC [2]. SOECs and SOFCs operate 

in reactive gasses (O2, H2O, CO2) at high temperatures, typically ≥ 800°C), which makes it challenging to 

study them via in situ TEM. In addition, SOECs are composed of hard and brittle ceramics and can be difficult 

to thin for electron transparency and manipulate without breaking. However, post mortem electron microscopy 

does not give direct insight into time, temperature and electrical potential dependencies of cell degradation, 

and in situ characterization is therefore needed. 

Here we present different approaches for designing high-temperature electrochemical TEM experiments. In 

one study, we are model SOEC/SOFCs composed of materials commonly used in state-of-the-art 

SOEC/SOFCs. The cells are prepared by pulsed laser deposition (PLD). In another study the samples are 

electrospun gadolinia-doped ceria (CGO) nanofibers representing electrode and electrolyte materials in an 

SOEC/SOFC. 

For the experiments, an ETEM is used in combination with custom-made and commercial heating/biasing 

TEM holders and a potentiostat and impedance analyzer for measuring I-V response as well as EIS data. 

Observations include segregation and grain formation, accelerate as a function of temperature, and is promoted 

by the presence of O2. Structural degradations are observed both as a response to heating and applied 

polarization. 

 
Figure 1. Fig. 1: Illustration of one approach for high-temperature electrochemical TEM 
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