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Testa et al. comprehensively analyze the aviation engine-emitted soot aerosol particles to understand 
their ice nucleation ability at cirrus cloud temperatures. Overall, the experiments were well-designed, 
and the results support their conclusions. Moreover, this study can fill the knowledge gap in the indirect 
climate effects of soot emitted from aviation engines, which might be an unignore source of soot at high 
altitudes. I only have some minor comments and questions that can help improve the manuscript. Thus, 
I recommend publishing it with minor revisions. Please see my comments below: 

We thank Reviewer 2 for their comments and respond to questions and concerns individually below.  

Minor comments: 

R2C1: Could the authors comment on how high-altitude ambient conditions might affect the results 
since the experiments were conducted at the ground level? 

The ice nucleation experiments were designed to mimic the atmospheric conditions, i.e., T and RHw 
relevant to ice nucleation, and represent by definition high-altitude conditions. The presence of high-
altitude background aerosols (dust, haze droplets) would likely reduce the aviation soot AF due to more 
water vapor competition; this has been explored with air parcel model in Kärcher et al. (2021) and Kärcher 
et al. (2023) and the quantification of this effect at global scale is planned for future modeling paper using 
the results of this work.  

Then, as mentioned in R1C3 and R1C4, the morphology of the soot primary particles (their size and 
overlap) is fixed in the combustor. Temperature and pressure in the combustor are high (~2000 K and tens 
of bar, respectively, Dakhel et al., 2007; Starik, 2007) and largely driven by the engine design and thrust, 
hence uncorrelated to the ambient conditions. Yet, due to coagulation in the aerosol reservoir, aggregates 
sampled in our study are larger and lacier (open-branched structure) than uncoagulated particles, such as 
for high-altitude aviation soot (as discussed in the atmospheric implication section and above). Besides, 
we acknowledge that the conditions experienced by the soot aggregates before entering the cloud 
chamber (HINC) differ from high-altitude conditions. In our aerosol reservoir, the temperature and 
pressure are higher, no nucleation mode particle (H2SO4 and organic droplets [e.g., oil droplets]) is allowed 
to form and no dilution with ambient air takes place. As discussed in the paper’s Atmospheric implication 
section, these factors/processes would likely affect the soot mixing state, presumably decreasing the 
coating over the soot particles (Kärcher et al., 2007; Onasch et al., 2009; Peck et al., 2014; Timko et al., 
2013; Wong et al., 2014; Wong et al., 2008) for soot sampled in our study. 

R2C2: I am curious to see the morphology change with and without CS based on the SMPS and Tandem 
DMA-CPMA measurements. 

Measurements of size change with and without CS with SMPS have been conducted in a companion study 
(Testa et al., 2024; their Figure 4; simplified in Figure 1 at the end of this document). Those measurements 



were conducted at the same maintenance and testing aircraft engine facility and with a similar set up (but 
focusing on another research question and for different engine types). SMPS measurements from that 
study (Figure 1 at the end of this document) show that CS-soot aggregate sizes are comparable (within 
measurement uncertainty) to unCS-soot sizes and hence corroborate the TEM analysis conducted in the 
present study (Fig. F1).  

The analysis of the TEM images of unCS- and CS-soot (Fig. F1) show no change in morphology, and hence 
we expect fractal dimension of CS-soot to be similar to unCS-soot. Yet, due to the limited time of aerosol 
sampling from our aerosol reservoir, measurements of CS aggregate mass were conducted only at 200 and 
400 nm (as opposed to unCS-soot for which measurements have been conducted at several size points), 
hence no morphology information (e.g., fractal dimension) can be extracted from the mass measurements 
due to having only two data points.  

R2C3: Do you expect any physical (e.g., partition on the soot and cause compression) or chemical 
reaction (oxidation) to happen inside the tank? 

We expect oxidation to be considerably inhibited once exiting the engine combustor (Dakhel et al., 2007) 
due to the low temperature in the lines and in the aerosol reservoir. However, condensation and 
evaporation of exhaust gas onto/from the soot particles can occur in the tank due to the drop in 
temperature from the line to the tank (433 K to 298 K) and the dilution of tank gas with air during the ice 
nucleation experiment. These changes in particle mixing state were however not characterized, however 
we acknowledged in the manuscript (see R2C1) that high-altitude soot mixing state likely differs from the 
soot sampled in our study. 

R2C4: Please note that C, N, and O are semiquantitative in EDX. Moreover, some C and O signal might 
come from substrates. 

We agree with the reviewer that EDX is only semiquantitative. EDX is nonetheless useful for comparing 
element concentration of different samples collected on similar grids with the same microscope, as done 
in this study.  

In lines 175-177 (167) we have added: “We point out that although EDX is semiquantitative, it is 
nonetheless useful for comparing elemental concentrations of different samples collected on similar grids 
with the same microscope, as done in this study. We further note that sulfur might get vaporized […]” 

 

 

 

 

 

 



 

Figure 1: Mode diameter change ∆Dm upon processing of the particles with the catalytic stripper measured 
by SMPS for the given engines. This figure is a modified version of Fig. 4 from Testa et al. (2024) 
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