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Recently, Hettel et al. have investigated the invasiveness of the probes used in spatial
resolution techniques which rely on in-situ sampling at various axial locations within a monolith
such as the SpaciMS, using a comparison of experiments with CFD modelling [1]. The paper is
very interesting as it consolidates recent publications on the promising use of sampling probes
for temperature and concentrations in catalytic reactors [2-10]. Such techniques were developed
to gain better understanding of reactions as gas composition and temperature changes within a
catalyst. These recent advances in sampling techniques offer previously unavailable insights in
terms of kinetics and surface processes within the sample. The development of techniques using
in-situ probes are providing the opportunity to bridge the “knowledge gap” between traditional
catalyst effluent analysis and theories, and provide the additional information which is required
to improve relevant simulations and models. However, there are several aspects in this

evaluation of in-situ probes [1] which need to be examined in greater detail.
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Primarily, this paper was a CFD investigation of the invasiveness of in-situ probes, and
its conclusions are substantially based on comparisons of CFD calculations with an intra-channel
probe to CFD calculations in the absence of a probe. However, issues arise concerning the
parameters used by Hettel et al. for the CFD modelling. Case A (centred in channel) is the most
unlikely configuration, given the horizontal orientation of the monolith, and considering the
physical nature (flexible rather than rigid) and length of the capillary used with SpaciMS, the
capillary will inherently succumb to gravity. Therefore, cases C (centred on channel lower wall)
and D (in a corner of the channel lower wall) exhibit more realistic configurations, given that the
probes were positioned at the base of the channel. However, it should be noted that there is also a
question regarding the modelling of cases C and D since the probe’s shape has been varied
compared with cases A and B (midway between the channel centre and corner), and as stated by
Hettel et al. [1], this would change the cross-sectional area. Therefore, an accurate comparison is

not possible with the work of S& et al., even for cases C or D.

The veracity of the conclusions depends on the accuracy of the model, which is not
demonstrated in the paper; even when opportunities exist via analysis of CFD trends or
comparison to experimental measurements. For instance, while the trends in Tables 1 and 2 are
qualitatively discussed as trending in a logical and consistent way, it is unclear if they
quantitatively correlate. This type of analysis would be more correctly implemented via also
reporting mass flow rates at the channel inlet where the composition is identical for the reference
and probe channels The fact that this type of reporting, analysis and discussion was not
included, suggests the paper could have benefited from more critical and thorough analysis of the
CFD performance, particularly considering the similar level applied to other comparative works.
Similar inconsistencies exist with respect to the comparison of the CFD and measurement
results, which appear to similarly hinder the proposed broad conclusions regarding the invasive

nature of intra-catalyst sampling.



It is important to compare experimental data with the model; however, this has not been
fully achieved in this study [1]. For example, in order to validate the scenario when there is no
probe in the channel, the model should be compared with experimental data obtained through
traditional catalyst-effluent analysis. A comparison of the model/simulations of
flow/concentrations with experiments which use traditional effluent analysis should, therefore,
also have been conducted rather than the assumption made that such models are correct.
Moreover, comparison of such effluent and intra-catalyst measurements with respect to
continuity at the catalyst exit could have provided critical assessment of the model results and

the proposed conclusions.

There is only one reported figure (Fig 16) in Hettel et al. which reports a comparison
between experimental and simulation data. From this figure, it is apparent that there are
significant differences between the simulations and experimental results. This is particularly
obvious in the trends for H,O and CHj, in the isothermal 0-4 mm range, with some smaller
differences between simulation and experiment in the trend of oxygen. Indeed that analysis
indicates that the experimental measurements are outside the “conservative” worst-case scenario
bounds of the Case A model, which might hinder the proposed conclusions. Nevertheless,
comparisons in the catalyst rear suggest a Case A capillary orientation which is contrary to the
nature of these probes, and not substantiated by the authors with a statement of physical
observation of how the capillary was in fact oriented. Given that there is such variation, enough

ambiguity exists for this to be deemed inconclusive rather than critical or comprehensive.

Hettel et al. [1] stated that the work of S& et al. [2], which also analysed the invasive
nature of capillary probes used in SpaciMS applications, did not adequately describe the
boundary conditions. The “Boundary conditions and parameters” section of Hettel et al. [1]
included inlet velocity, inlet pressure, inlet temperature, mole fraction, suction rate and a fixed
wall temperature as well as a reference to the Reynolds number. These same conditions are
described in S& et al. in terms of average inlet velocity, temperature, gas concentrations and
outlet pressure (atmospheric), measured suction rate as well as the Reynolds number. The use of

an identical volume flux of 200 mL min™ at the entrance of all channels selected by Sé et al. can



be justified by the laminar flow profile upstream of the monolith (pre-monolith section) with a
maximum velocity at the centre of tube (ID 0.25 mm) of 0.016 m/s. Since a monolith of 400 cpsi
was used (i.e. 19 channels along the diameter of tube), 3 x 3 empty channels will receive
approximately similar volumetric flow rate. Similarly, Hettel et al. also assumed that the flow
rates in the reference channels are similar (difference of 1%). This is not necessarily the case if
the channels are far from each other (unlike the 9 channels reported by Sa et al. which are

located side by side).

Given these points, the CFD studies by both Hettel et al. and Sa et al. have used very
similar parameterisation for the calculations, although the settings of these parameters vary due
to the differences in operating conditions of the two systems. Because of significant differences
in the physical setups used by Hettel et al. and S& et al. and corresponding differences in the
associated parameters, direct comparison of these two works cannot be drawn. For instance, it is
apparent that the length of capillary used in Hettel et al. [1] is not the same as that used in S& et
al. [2]. This is primarily deduced from the gas suction rates reported by Hettel et al. since no
details on the experimental set-up are provided and only a reference to Livio et al. [11] is given,
which actually reports a suction rate of 0.5 to 1 mL/min (vs. the 2 mL/min in Hettel et al.) and
does not contain specific information on capillary length either. Assuming that the maximum
suction rate can be derived from the conductance equation which is dependent on the capillary

length (see Equation 1) [9], some estimation of the probes length can be extracted.

Cy =(136*d*)*(P/ L) [Equation 1]

where C, is conductance in L/s
d is the diameter of the aperture in cm
P is the pressure difference from inlet to outlet in mbar

L is the length of the capillary in cm



The conditions reported by Hettel et al. [1] include a 2 mL/min suction through a 170-um o0.d. X
100-um i.d. capillary. Using the conductance equation it was determined that in order to achieve
a suction rate of 2 mL/min through a capillary of 100-um i.d., the maximum length of the
capillary would be 40 cm. Additionally, if one considers the suction rate of 5 mL/min mentioned
in section 5.1.3 of Hettel et al. [1], the conductance equation would indicate that the maximum

capillary length would be ~16.5 cm.

Furthermore, we believe that the conductance equation significantly over-estimates the
suction rate through the capillary. This has been demonstrated experimentally on a number of
occasions [2, 10]. For example, with a 150-pum 0.d. x 80-um i.d. capillary of length 110 cm, a
suction rate derived from the conductance equation of 230 pL/min is calculated when the
pressure difference is 1000 mbar [2]. However the experimentally determined value when such a
capillary was placed in a monolith was found to be 4 uL/min [2]. Hence, in order to have an
experimentally determined flow of 2 mL/min, a capillary significantly shorter than 40 cm (or
shorter than 16.5 cm for suction of 5 mL/min) would have had to been used. The reactant gas
flow rate reported by Hettel et al. also varies from that reported in Sa et al.; and, as Hettel et al.
discuss, the smaller this initial velocity then the smaller the effect of the “blocking”/invasiveness
by the probe [1]. Indeed, the 77,000 hr'* space velocity (SV) used in this study may similarly
represent a furthering of the “conservative” worst-case scenario regarding the invasive nature of
the capillary; and while this SV may be applicable to the CPOX study, there are many other
applications, at much lower SV values, where intra-catalyst measurements can provide critical

insights.

These differences imply that, while there may be significant invasiveness of the probes
under the conditions used by Hettel et al. this is not necessarily the case for the experimental
setup used by Sa et al. [2] or any of the similar systems that use in-situ probes [3-10]. In fact, due
to the variation of the set-ups, a direct comparison of Hettel et al. and S& et al. is not possible,
and for this reason the experimental and numerical data presented in Sa et al. cannot be deemed
incorrect from the evidence provided in Hettel et al. Furthermore, it is unfortunate that the word
‘falsification' or “falsified” was incorrectly used in reference to work using intra-catalyst probes,

such as our work [2]. This word is typically used to imply intentional misleading, obfuscation or



fabrication. It seems that Hettel et al. committed a language error, and may have intended to use
words or phrases such as "bias due to the presence of the probe,” "error,” "offset,” etc. Of course
based on our thorough and careful analysis [2], we would disagree with even these
characterizations. Certainly, and to be clear, neither our work referenced by Hettel et al., or any

other of our individual, joint or otherwise work has ever involved falsification.

In conclusion, it is necessary to conduct evaluations of techniques which employ in-situ
probes, but the conditions used for evaluation via modelling need to be explicitly described.
Moreover, it is possible to design wholly experimental techniques which self-validate the
invasive nature of intra-catalyst capillary sampling. Furthermore, due to the previously
mentioned dependence of probe invasiveness on operating conditions, comparisons should only

be drawn in the case of techniques which operate under similar conditions.
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