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In the last decade, Environmental Transmission Electron Microscopy (ETEM) has become a 
best reliable tool for studying materials at the nanoscale in almost operando conditions. 
Spectacular technological improvements have been made for both dedicated ETEMs and E-
cells [1], enabling today to follow a chemical reaction under gas and in temperature down to 
the atomic level. One possible way of improving the applicability of ETEM is to perform 
simultaneous nano-tomography and situ experiments, in order to get a complete 3D picture of 
the evolution of the object subject to phase transformations, shape changes under reactive 
conditions. The case of oxidation of soot in contact with a catalyst, i.e. Yttria-Stabilized Zirconia 
(YSZ) is used here to demonstrate the power of this joined approach according to the development 
of Fast Tomography, a prerequisite for capturing stable configurations of any evolving object. 
 
The system studied here consists in model soot aggregates (Printex U) mixed in tight contact 
(using a ball-mortar) with Yttria-Stabilized Zirconia (YSZ) large nanoparticles, a well-known 
oxygen ionic conductor active for soot oxidation thanks to its bulk oxygen mobility. This 
system is of a great societal impact referring to the quality of air since such particulate matter 
is the deadliest form of air pollution; it is notably an output of Diesel engine vehicles, which 
particle filters in the exhaust pipes intend to limit according to more and more severe regulations 
in many countries [2]. Typical kinetics studies were already in ETEM on a similar system 
(carbon back on ceria [3]) but only in 2D, which may lead to artefacts in their interpretation. 
The idea is to measure at different temperatures and times the decrease of the soot during its 
combustion at the contact of the catalyst, then deduce from the speeds of burning the activation 
energy of the process. Clearly, the gradual decrease of the soot volume cannot be accurately 
measured from 2D projections only, which are moreover not appropriate to ascertain the quality 
of contact between the soot and the catalysts. Accordingly, 3D analyses by in situ tomography 
is required for unambiguous determinations. Electron tomography results under environmental 
conditions is shown in fig 1. 
 
various 3D acquisitions have been analyzed to identify a soot granulate properly in contact with 
a zirconia grain from the complex agglomerate depicted in figure SM1. Then, plots have been 
made of the evolution of its volume vs time (fig. 2) from which the burning speeds were 
deduced at different temperatures. These results are rationalized under the form of the expected 
Arrhenius law for thermally activated processes. This allows the activation energy for the 
oxidation of soot in contact with YSZ to be measured to 127 kJ/mole, in very good agreement 
with the apparent activation energy extracted during initial steps of isothermal oxidation 
experiments of the same soot/YSZ mixture between 370 and 410°C (140 kJ/mole [4]). 
Consistently, similar values are reported in the literature, such as (indicatively): 148 kJ/mole 
for soot burnt alone ex-situ but measured in TEM [5], 133 kJ/mole for soot on ceria in ETEM 
[3]. 



 

Figure 1: a): typical soot-YSZ aggregate at imaged at 400°C under 1.7 mbar of O2; b-c) 3D 
models reconstructed at 550°C after 3 treatments and tomographic analyses during 20 minutes 
at 475, 500 and 525°C: b) at 0 minute, c) after 20 minutes. 
 

 
Figure 2: a) analysis of a columnar soot particle (arrows in figure SM1) in close contact with 
zirconia and followed at different temperatures (results are shown only at 550°C here). Squares 
show the evolution of its section which remains roughly constant, whereas circles show its 
volume decrease vs. time. This curve is reasonably described as a straight line, the slope of 
which gives the velocity of burning vburning at 550°C. b): Arrhenius plot of vburning vs. the inverse 
of the temperature allowing the activation energy of the process to be measured (127 kJ/mole). 
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