
Response to reviewer comments 
Title: Nascent Titanium/Silicon-Containing Par6cle Forma6on in Corona Discharge Assisted Combus6on 
Journal: Aerosol Research 
Ref: ar-2025-41 
 
Reviewer #1: Referee’s comments: 
This work clearly illustrates the transforma4on process of precursors in a plasma flame. It inves4gates the effects 
of feed rate on the forma4on of nanopar4cles. The study provides guidance for the synthesis of nanopar4cles in 
flames and for controlling the morphology of par4culate ma=er. The research content and conclusions are 
consistent with the standards of AR journals, and it is recommended for publica4on aCer appropriate revisions. 
 
Response: We thank the reviewer for the posi6ve comments. We have addressed the comments and concerns 
raised by the reviewer to the best of our abili6es and look forward to posi6ve feedback on our revision. 
 
Comment 1: The authors could consider increasing the tes4ng and evalua4on of the product nanopar4cles to 
enhance the contribu4on and impact in the field of nanomaterials synthesis. 
Response: We understand that our manuscript would benefit with more tes6ng. We agree with the reviewer 
that for a more comprehensive understanding of how a corona discharge affects par6cle forma6on, more tes6ng 
like SEM and TEM imaging along with other offline characteriza6on like XRD and mass spectrometry is required. 
However, we did not collect product par6cles in our work, and such characteriza6on would be outside the scope 
of this study and are subject to a future study on its own.  
 
Comment 2: The evalua4on methods in this work all use organic sources as raw materials. It could be worthwhile 
to explore whether similar conclusions hold when using vola4le inorganic precursors, which could appropriately 
expand the applica4on scope of this work. 
Response: That is a great sugges6on. Even though doing so would expand the applica6on scope of this work, we 
chose not to do it because of several reasons. Inorganic precursors like TiCl4 and SiCl4 would form by products 
like HCl, which will affect the flame chemistry, nuclea6on, and growth of par6cles. Because of this, we believe 
that inorganic precursors warrant their own separate study.   
 
We thank the reviewer for these helpful comments. This has improved our manuscript, and we look forward to 
the paper being accepted for publica6on. 
 
  



Response to reviewer comments 
Title: Nascent Titanium/Silicon-Containing Par6cle Forma6on in Corona Discharge Assisted Combus6on 
Journal: Aerosol Research 
Ref: ar-2025-41 
 
Reviewer #2: Referee’s comments: 
The work is an experimental study on the effect of corona discharge plasma parameters on metal oxide 
nanopar4cle produc4on in flames. 
Response: We thank the reviewer for their comments. We have addressed the comments and ques6ons raised 
by the reviewer to the best of our abili6es and look forward to posi6ve feedback on our revision. 
 
Comment 1: The introduc4on sec4on is quite long (nearly 3 pages). This discussion provides relevant and 
thorough background, but the long discussion makes the thrust of the current work more difficult to follow. 
Perhaps the goals and objec4ves of the current work can be made more clear throughout this intro sec4on. 
Response: We thank the reviewer for their feedback. We agree that the manuscript would benefit from a shorter 
introduc6on sec6on. Because the knowledge of par6cle forma6on and growth in combus6on systems is well 
known, we cut por6ons of the introduc6on sec6on that primarily talks about studies which look at par6cle 
forma6on and growth in combus6on only systems.   
 
The updated introduc6on sec6on talks about the demand for nanomaterials, benefits and drawbacks of plasma 
assisted combus6on, and par6cle forma6on in plasma assisted combus6on systems.  
 
Comment 2: pg 5 line 142, Why does the stoichiometric flame condi4on reduce the flame temperature effect of 
adding precursor? 
Response: The concern that we are trying to address here is that introducing precursors and oxidizing them to 
form TiO2 and SiO2 par6cles might consume more oxygen that it might alter flame proper6es, which may impact 
par6cle forma6on and growth. With the measurement of the flame temperature, we can show that even at the 
highest precursor feed rates used in this study, the flame equivalence ra6o s6ll stays close to stochiometric 
condi6ons. We have added the following descrip6on to the manuscript to clarify this.  
“To check if the flame was altered by the consump6on of oxygen towards the oxida6on of TTIP and TEOS, we 
calculated the flame equivalence ra6o with precursors at their highest feed rates. If the equivalence ra6o (𝜙), 
the fuel-to-oxidizer ra6o to the stochiometric fuel-to-oxidizer ra6o, shi`s significantly towards fuel-rich 
condi6ons (𝜙 > 1), we would see the shi` reflected in a significant change in flame temperature.” 
 
Comment 3: Is the HRDMA also a TSI instrument? 
Response: The HRDMA is from SEADM Inc. The DMA cell was purchased from SEADM, while the rest of the 
components like the heat radiator were built in-house. The voltage across the central electrode of HRDMA was 
applied by the power source Prodisc 20DC and a pump driven by a brushless motor by DOMEL Incorpora6on 
provided the sheath flow rate ranging from 100 to 700 lpm. The following descrip6on has been added to the 
manuscript to give the reader more details on the HRDMA:  
 
“The par6cles formed from the flame are extracted and studied using a hole-in-a-tube (HiaT) type dilu6on 
sampling probe (Zhao et al., 2003), SEADM HRDMA, and a TSI 3068A electrometer. Only the DMA cell in HRDMA 



was purchased from SEADM, while the rest of the components were built in house as described in Wang et al., 
(2014)” 
 
References:  
Wang, Y., Fang, J., Ajoui, M., Chadha, T. S., Wang, W. N., and Biswas, P.: Applica6on of Half Mini DMA for sub 

2nm par6cle size distribu6on measurement in an electrospray and a flame aerosol reactor, J. Aerosol Sci., 
71, 52–64, hjps://doi.org/10.1016/j.jaerosci.2014.01.007, 2014. 

Zhao, B., Yang, Z., Wang, J., Johnston, M. V., and Wang, H.: Analysis of soot nanopar6cles in a laminar premixed 
ethylene flame by scanning mobility par6cle sizer, Aerosol Science and Technology, 37, 611–620, 
hjps://doi.org/10.1080/02786820300908, 2003. 

Comment 4: Why is air used for dilu4on of the metal oxide aerosol? Is the probe inlet temperature low enough 
to prevent further oxida4on by air in the dilu4on probe flow? 
Response: Since we used a dilu6on ra6o of 152, the temperature a`er mixing is sufficiently low that it can reduce 
the further oxida6on by air in the dilu6on probe. Assuming the flow is well mixed in the sampling probe, the 
resul6ng flow temperature will be 302.6 K, which is rela6vely low for further reac6ons. We also measured the 
size distribu6ons of the par6cles to ensure that the normalized size distribu6ons do not change as we further 
increase the dilu6on ra6os, meaning that further reac6ons and par6cle dynamics are quenched in the sampling 
probe (Wang, 2017; Zhao et al., 2003). The following descrip6on about probe inlet temperature has been added 
to the methods sec6on of the manuscript:  
 
“Due to dilu6on, the temperature a`er mixing is sufficiently low that it can reduce further oxida6on by air in the 
dilu6on probe. We also measured the size distribu6on of par6cles to ensure that the normalized size 
distribu6ons do not change as we further increase the dilu6on ra6os, meaning that further reac6ons and par6cle 
dynamics are quenches in the sampling probe (Wang, 2017; Zhao et al., 2003).” 
 
References: 
Wang, Y.: Sub 2 nm Par6cle Characteriza6on in Systems with Aerosol Forma6on and Growth, Ph.D. thesis, 

Washington University in St. Louis, USA, 276 pp.,2017. 

Zhao, B., Yang, Z., Wang, J., Johnston, M. V., and Wang, H.: Analysis of soot nanopar6cles in a laminar premixed 
ethylene flame by scanning mobility par6cle sizer, Aerosol Science and Technology, 37, 611–620, 
hjps://doi.org/10.1080/02786820300908, 2003. 

 
Comment 5: What are details of the thermocouple probe? Type? Shape? Size? Could there be energy losses to 
the temperature probe affec4ng the interpreta4on of the temperature readings? 
Response:  For temperature measurements in this study, we used a type S thermocouple (Pt – 10% Rh) with a 
spherical bead of bead diameter 0.7 mm. There are radia6ve energy losses at the thermocouple surface. We 
have corrected for the energy losses at the thermocouple and the temperature that we have reported in Fig. 1b 
shows the corrected temperature.  

The following descrip6on has been added to the manuscript to reflect this:  



“For flame temperature measurement, we used a type S thermocouple (Pt – 10% Rh) with an exposed uncoated 
spherical bead of diameter 0.7 mm. In Fig. 1b, we can see the temperature profile which takes into account the 
radia6ve heat losses on the thermocouple bead surface.” 
 
Comment 6: Is the thermocouple grounded or protected from plasma interference? 
Response: The thermocouple, with an exposed junc6on, is not grounded and is protected from plasma’s 
interference. When measuring the temperature of the flame, we ensure to place the thermocouple at a higher 
distance away from the discharge electrodes than the distance between the discharge electrodes. This way we 
ensure that there is no arcing or any other type of plasma’s interference on the thermocouple.  

 
Comment 7: pg 8, How is the flame height of 6.35 mm defined? 
Response: The flame height was measured based on an image where the O.D of inner tube was used as a 
reference length. The inner tube has an O.D of 6.35 mm. In previous version of our manuscript that we 
submijed, we incorrectly reported the flame height as 6.35 mm. A`er verifying our measurements, we obtained 
a flame height of 4.38 mm. The image of the flame with scale has been added to Fig. 1 of the manuscript.  

“The flame height was measured op6cally using the images shown in Fig. 1b. The length for reference in these 
images is the width of the inner stainless-steel tube, which has an outer diameter of 6.35 mm.” 
 

 
Figure 1: (a) Schematic of the experimental apparatus with a red box highlighting the flame and corona discharge region. (b) Image of flame with 
and without a corona discharge in the highlighted region. (c) Temperature profile of flames under different plasma and synthesis precursor 
conditions. The feed rate of TTIP is 19 mg h-1 for temperature profile measure, and the plasma power is 125 W. 

 
Comment 8: In industrial applica4ons, the precursor concentra4ons are in the heavily loaded regime, would the 
currently observed plasma affects apply by simply increasing the ion concentra4on to match the heavy precursor 
concentra4on? 
Response: Based on the results of our study, in the heavily loaded regime, increasing ion concentra6on to match 
the precursor concentra6on should give similar results. This result is also supported by our previous work done 
on characteris6c charging 6me and coagula6on 6me (Wang et al., 2017). We have added the following 
descrip6on to the discussion and conclusion sec6ons:  



“In industrial applications, the precursor concentrations are in the heavily loaded regime. Based on the 
results of this study, in the heavily loaded regime, increasing ion concentration to match the precursor 
concentration should give similar results. This result is also supported by our previous work done on 
characteristic charging and coagulation time (Wang et al., 2017a).” 

“Based on the results of this study, for industrial applications in the heavily loaded regime, increasing ion 
concentration to match the precursor concentration should give similar results.” 

References: 

Wang, Y., Sharma, G., Koh, C., Kumar, V., Chakrabarty, R., and Biswas, P.: Influence of flame-generated ions on 
the simultaneous charging and coagula6on of nanopar6cles during combus6on, Aerosol Science and 
Technology, 51, 833–844, hjps://doi.org/10.1080/02786826.2017.1304635, 2017. 

We thank the reviewer for these helpful comments. This has improved our manuscript and we look forward to 
the paper being accepted for publica6on. 

  



Response to reviewer comments 
Title: Nascent Titanium/Silicon-Containing Par6cle Forma6on in Corona Discharge Assisted Combus6on 
Journal: Aerosol Research 
Ref: ar-2025-41 
 
Reviewer #3: Referee’s comments: 
This manuscript presents measurements of the (mobility) size distribu4on func4ons (SDFs), performed via dilu4on 
sampling followed by high-resolu4on differen4al mobility analysis (HRDMA), of charged nanopar4cles and ions 
formed in Bunsen-type premixed flames of near-stoichiometric methane/air mixtures and trace amounts of 
either 4tanium isopropoxide (TTIP) or tethraethyl orthosilicate (TEOS). The measurements are performed at a 
fixed but unspecified height above the burner (HAB) of about 9mm (according to the inset of Fig.1), with and 
without the perturba4on of an AC corona discharge generated by two coaxial tungsten needles facing each other 
radially at HAB =3mm, and two discharge powers (i.e., 56 W and 125 W), both at about 21kHz. The 
measurements are processed upon performing es4mates of the frac4on of nanopra4cles gebng charged in the 
flame via diffusion and field charging.  The objec4ve is to inves4gate the effects of the plasma discharge on the 
mechanisms of nanopar4cle forma4on in flames, with some indica4ons of the corona enhancing nuclea4on but 
suppressing coagula4on. The manuscript includes a good survey of the relevant literature, and the results are 
interes4ng and worthy of presenta4on in the archival literature. On the other hand, I think that the wri4ng style 
and organiza4on quality of the manuscript need some significant improvements before publica4on, and I would 
also ask the authors to address my more specific comments below. 
Response: We thank the reviewer for the posi6ve comments. We have addressed the comments and concerns 
raised by the reviewer to the best of our abili6es and look forward to posi6ve feedback on our revision. 
 
Comment 1: Some details of the experimental method are missing. What is the diameter of the sampling orifice 
and sampling under pressure? What type and size of (coated or uncoated) thermocouple was used to measure 
the temperature?  
Response: The diameter of the sampling orifice is 0.1 mm at the bojom of the ¼ inch stainless steel tube HiaT 
probe. In this study we have used an uncoated type S thermocouple (Pt – 10% Rh) with a spherical bead of bead 
diameter 0.7 mm. The following descrip6ons have been added to the methods sec6on of this manuscript:  
 
“For flame temperature measurement, we used a type S thermocouple (Pt – 10% Rh) with an exposed uncoated 
spherical bead of diameter 0.7 mm. In Fig. 1b, we can see the temperature profile which takes into account the 
radia6ve heat losses on the thermocouple bead surface.” 
 
“The HiaT dilu6on sampling probe is a 1/4 inch straight stainless steel with a 0.1 mm diameter orifice.” 
 
Comment 2: The manuscript men4ons the height of the (I assume conically shaped) flame being about 6.35mm, 
and an unquan4fied elonga4on of the flame caused by the corona discharge. Can you acquire digital images of 
the flames with and without the corona discharge during sampling (and possibly also without the dilu4on 
probe)? 
Response: We have updated Fig. 1 to include digital images of the flame with and without corona discharge. The 
images were captured when the dilu6on probe was not opera6onal.  
 



 
Figure 1: (a) Schematic of the experimental apparatus with a red box highlighting the flame and corona discharge region. (b) Image of flame with 
and without a corona discharge in the highlighted region. (c) Temperature profile of flames under different plasma and synthesis precursor 
conditions. The feed rate of TTIP is 19 mg h-1 for temperature profile measure, and the plasma power is 125 W. 
 
Comment 3: The evalua4on of the values of the parameter in equa4ons 4 and 5 is not properly described. This is 
par4cularly the case for N0 and E0. Also, it is not clear which one of the two equa4ons (or what type of their 
combina4on) is used to correct the number concentra4on of the measured charged par4cles to report the SDFs. 
Response: We have added more descrip6on to the variables associated with Eqs. (4) and (5). Values of all 
variables including 𝑁! and 𝐸! and how they were obtained is now included in the methods sec6on. We have 
updated the appendix sec6on to reflect the changes. The following is the updated descrip6on of the methods 
sec6on: 
“𝑛diff = !𝑎𝑘𝑇 𝜖2⁄ # 	ln!1+𝜋𝜖2𝑐𝑎𝑁0𝑡 𝑘𝑇⁄ #         (4) 

𝑛'ld = 𝑛𝑠𝜋𝑁0𝜖𝑍𝑡/(𝜋𝑁0𝜖𝑍𝑡 + 1)          (5) 

In Eq. (4), 𝑎 is the par6cle radius, 𝑐 is the thermal speed of ions, 𝑁! is the concentra6on of ions far away from 
the par6cle, 𝜖 is the elementary unit charge, 𝑘 is the Boltzmann’s constant, 𝑡 is the exposure 6me of the par6cle 
to unipolar ions, 𝑛diff is the charge acquired by the par6cle due to diffusion charging, 𝑛'ld is the charge acquired 
by the par6cle due to field charging, and 𝑇 is the temperature in K. We calculate the charge es6mates at twenty 
different logarithmically spaced par6cle radii, 𝑎, ranging from 0.1 to 10 nm. The thermal speed of ions, 𝑐, were 
calculated using Eq. (6) that stem from Maxwell-Boltzmann distribu6on law. In Eq. (6), 𝑚 is the mass of ion 
es6mated using the mobility of ions measured from HRDMA and based on the mass-mobility rela6onship 
presented by Kilpatrick (Mäkelä et al., 1996). 𝑁! is the concentra6on of ions measured in different flame and 
plasma condi6ons without precursors as shown in Fig. 2. The value of 𝑇 is taken as 1003K, the peak temperature 
measured.  

𝑐 = 68𝑘𝑇 𝜋𝑚⁄2             (6) 

In Eq. (5), 𝑍 is the mobility diameter, 𝑛* is the satura6on charge. Although not directly used in Eq. (5), the value 
of the par6cle’s dielectric constant (𝐾) is required to calculate 𝑛*. The satura6on charge is calculated using Eq. 
(7), where 𝐸! is the intensity of applied electric field. 𝐸! is calculated from Eqs. (8) and (9), where 𝑉+,-. is the 



peak voltage of the AC power source used for both plasma condi6ons, 56W and 125 W, used in this study and 𝑑 
is the distance between the discharge electrodes. 𝑉+,-. for our experiments is 1.9 KV and 𝑑 for all experimental 
condi6ons is fixed at 3.87 mm.  

𝑛* = {1 + 2[(𝐾 − 1) (𝐾 + 2)⁄ ]}(𝐸!𝑎/ 𝜖⁄ )         (7) 

𝑉rms =	𝑉peak √2⁄             (8) 

𝐸! = 𝑉789 𝑑⁄              (9)” 

Eqs. (4) and (5) are only used to calculate the charge acquired by the par6cles due to diffusion and field charging. 
The method of data inversion is used to correct the number concentra6on of the measured charged par6cles. 
The set of equa6ons used in data inversion are described in our previous work. We have updated the descrip6on 
in our methods sec6on to clarify this. The following is the updated descrip6on of the methods sec6on: 

“To correct number concentra6on of the measured charged par6cles, we performed data inversion as described 
in our previous work (Bagya Ramesh and Wang, 2024). The data inversion, which accounts for diffusional and 
penetra6on losses, increased the number concentra6on of our measured size distribu6ons to the order of 1010 
cm-3.” 

References: 

Bagya Ramesh, C. and Wang, Y.: Ions Generated from a Premixed Methane-Air Flame: Mobility Size Distribu6ons 
and Charging Characteris6cs, Combus6on Science and Technology, 196, 4041–4056, 
hjps://doi.org/10.1080/00102202.2023.2203818, 2024. 

Mäkelä, J. M., Jokinen, V., Mavla, T., Ukkonen, A., and Keskinen, J.: Mobility distribu6on of acetone cluster ions, 
J. Aerosol Sci., 27, 175–190, hjps://doi.org/10.1016/0021-8502(95)00560-9, 1996. 

Comment 4: The evalua4on of the exposure 4me of par4cles to the ions based on the flame height is not correct 
and should, instead, be based on the distance from the blue layer of the flame and the sampling posi4on. This is 
the case because nanopar4cles cannot be formed in the cold, unreacted region upstream of the main reac4on 
zone (i.e., the blue layer) of a premixed flame, unless their forma4on is caused by the plasma rather than by the 
flame. 
Response: We thank the reviewer for poin6ng this out. We redid the exposure 6me calcula6ons based on the 
reviewer’s correc6on. The distances between the flame front and the sampling probe were measured from the 
images shown in Fig. 1b. This distance was 3.27 mm for the flame only condi6on and 2 mm for the flame with 
plasma condi6on. Based on post flame front to sampling probe distance, the exposure 6me of the par6cles in 
flame only condi6on was calculated to be 3.39 ms and 2.08 ms for flame with a corona discharge of 125W. We 
have updated the methods sec6on to reflect this change in how we define exposure 6me. The following is the 
updated descrip6on: 
 
“To es6mate the exposure 6me of par6cles to ions, we calculated the gas flow velocity and the 6me that par6cles 
remain between post flame region before entering the sampling probe inlet. The volumetric flow rate of the 
flame was calculated from CH4, O2, and N2 feed rates to be 1.578×10-5 m3 s-1. Dividing the volumetric flow rate 
with the cross-sec6onal area of tube burner gave us a flow velocity of 0.962 m s-1. The par6cles were assumed 
to be exposed to the ions only for the dura6on that they spent between the post flame region and the sampling 



probe’s inlet. By measuring op6cally using the images shown in Fig. 1b, the flame height was found to be 4.38 
mm. In flame only condi6on, this distance was 3.26 mm, giving an exposure 6me of 3.9 ms. For the flame with 
plasma condi6on, this distance was 2 mm, giving an exposure 6me of 2.08 ms. These calcula6ons assume that 
only neutral par6cles are charged through field charging.” 
 
Comment 5: Related to point D above, it is more than possible that the observed suppression of coagula4on is 
caused by the reduc4on in the residence 4me of the par4cle in the hot post-flame region (where they form) 
between the flame blue layer and the sampling posi4on, as a result of the flame elonga4on ensuing the corona 
discharge. 
Response: We thank the reviewer for poin6ng this out. We agree that the suppression of coagula6on can also 
be caused due to the reduced residence 6me. We have added the following descrip6on in the results sec6on of 
the manuscript to convey this possibility to the reader. The added descrip6on is as follows:  
 
“However, it is also possible that the suppression in par6cle growth by coagula6on is due to the reduced 
residence 6me of the par6cle in the post flame zone.”  
 
Comment 6: What is the transport 4me of the aerosol from the sampling orifice to the HRDMA? As reported in 
the literature you cite, diffusion charging is s4ll ac4ve in the diluted flow. 
Response: From inlet of the sampling probe to the inlet of HRDMA, the sampling line is 1.28 m long and based 
on the aerosol flow rates, the calculated transport 6me of aerosol is 92.6 ms. We thank the reviewer for poin6ng 
this out about diffusion charging. In addi6on to the exposure 6me, we have updated our diffusion charging 
calcula6ons to account for the aerosol transport 6me in the sampling line. We have added the following 
descrip6on in the methods sec6on of our manuscript to reflect this change:  
 
“The transport 6me of aerosols from sampling probe inlet to HRDMA inlet is 86.3 ms. During transport, diffusion 
charging remains ac6ve in the diluted flow. Field charging, however, is considered only while the par6cles are 
between post flame region and probe inlet, corresponding to the exposure 6me. Whereas diffusion charging is 
considered for the en6re period between the post flame region and HRDMA inlet, corresponding to the 
combined exposure 6me and transport 6me in sampling line.”  
 
Comment 7: Have all the SDFs in Figs 2-4 been corrected for the es4mated charged frac4on? How? If not, which 
ones have been? 
Response: All the size distribu6on func6ons shown in Figs. 2, 3, 4, and 5 (Figs. 3 and 4 in the current version of 
the manuscript.) have been corrected for their number concentra6on and es6mated charged frac6on using the 
data inversion method described in our previous work (Bagya Ramesh and Wang, 2024). The inversion was 
performed using the equa6on,  
 

𝑑𝑁
𝑑ln𝐷:

=
𝛼𝑁(𝑉)

(𝑄; 𝑄*⁄ )𝜂<=>H𝐷:I𝜂:?@H𝐷:I𝑓AH𝐷:I𝛽(1 + 𝛿)
 

 
The concentra6on of charged par6cles (𝑁) is determined by the current (𝐼) measured by electrometer and the 
dilu6on ra6o, where 𝑁 = 𝐷𝑅 × 𝐼 𝑒𝑄;?B⁄ . Here 𝑄;?B  is the flow rate through the electrometer in liters per min 



and 𝑒 is the elementary unit of charge. 𝑄; and 𝑄* are the inlet and outlet flow rates in the classifica6on zone of 
HRDMA. 𝛼 is calculated using 𝐷: and DMA mobili6es measured at 298 K. 𝛽 and 𝛿 are dimensionless flow 
parameters, which are defined by the sheath flow and sampling line flow (Stolzenburg and McMurry, 2008). 
𝜂:?@H𝐷:I is the penetra6on efficiency of HRDMA, 𝜂<=>H𝐷:I is the detec6on efficiency of electrometer, and 
𝑓AH𝐷:I is the charging efficiency. All par6cles are assumed to be singly charged so 𝑓AH𝐷:I is taken as 100%. 
Electrometer is assumed to have 𝜂<=>H𝐷:I as the issue of poten6al diffusional losses is addressed through 

𝜂:?@H𝐷:I. Cai et al., (2018) presented an empirical formula for calcula6ng penetra6ng efficiency, 𝜂:?@H𝐷:I, as a 
func6on of 𝐷: where 𝑎 = 0.82, 𝑏 = 2.57, 𝑐 = 1.56. 

𝜂:?@ = 𝑎 × exp	 Z−
𝑏
𝐷:/

[ × Z−
𝑐

𝐷: × 𝑄;
[ 

 
The above set of equa6ons and the procedure to correct for the es6mated charge frac6on is described in detail 
in our previous work. The descrip6on has been updated to clarify this:  
 
“To correct number concentra6on of the measured charged par6cles, we performed data inversion as described 
in our previous work (Bagya Ramesh and Wang, 2024). The data inversion, which accounts for diffusional and 
penetra6on losses, increased the number concentra6on of our measured size distribu6ons to the order of 1010 
cm-3.” 
 
References: 
Bagya Ramesh, C. and Wang, Y.: Ions Generated from a Premixed Methane-Air Flame: Mobility Size Distribu6ons 

and Charging Characteris6cs, Combus6on Science and Technology, 196, 4041–4056, 
hjps://doi.org/10.1080/00102202.2023.2203818, 2024. 

Cai, R., Ajoui, M., Jiang, J., Korhonen, F., Hao, J., Petäjä, T., and Kangasluoma, J.: Characteriza6on of a high-
resolu6on supercri6cal differen6al mobility analyzer at reduced flow rates, Aerosol Science and Technology, 
52, 1332–1343, hjps://doi.org/10.1080/02786826.2018.1520964, 2018. 

Stolzenburg, M. R. and McMurry, P. H.: Equa6ons governing single and tandem DMA configura6ons and a new 
lognormal approxima6on to the transfer func6on, Aerosol Science and Technology, 42, 421–432, 
hjps://doi.org/10.1080/02786820802157823, 2008. 

Comment 8: It’s too easy to lose track of the important message while reading many confusing percentage 
changes reported in Paragraphs 3.1 and 3.2. This could be substan4ally improved by changing the current 
organiza4on of the figures, which highlight the effect of the precursor concentra4on rather than that of the 
corona discharge power. Grouping datasets at different powers of the corona discharge in the same panels of 
the figures (a panel for each precursor type and flow rate) would greatly improve the presenta4on of the effect 
of the corona discharge.   
Response: We thank the reviewer for this sugges6on. We agree that reorganizing the figures will be very helpful 
for the user to digest the informa6on presented. We have reorganized Figs. 2, 3, 4, and 5. The updated figures 
are grouped together based on their precursor feed rate and par6cle polarity. The three opera6ng condi6ons, 
flame, flame with a corona discharge of power 56 W, and flame with a corona discharge of 125 W are all grouped 
together for every precursor feed rate. The updated figures are given below:  



 
Figure 2: (a) The size distribuGon of posiGve ions under flame with and without a corona discharge; (b) The size distribuGon of negaGve ions under 
flame with and without a corona discharge; Both panels show the effect of corona discharge at power 56W and 125W on the ionic size distribuGon. 
Error bars denote the standard deviaGon. 

 
Figure 3: (a) The size distribuGon of posiGve ions without any TTIP; (b), (c), (d), (e), and (f) are the size distribuGon of posiGvely charged Ti-containing 
clusters with TTIP feed rates ranging from of 9.6 mg h-1 to 48 mg h-1. Each panel compares the influence of corona discharge at power 56W and 
125W on the size distribuGon. Error bars denote the standard deviaGon. 

 



 
Figure 4: (a) The size distribuGon of negaGve ions without any TTIP; (b), (c), (d), (e), and (f) are the size distribuGon of negaGvely charged Ti-
containing clusters with TTIP feed rates ranging from of 9.6 mg h-1 to 48 mg h-1. Each panel compares the influence of corona discharge at power 
56W and 125W on the size distribuGon. Error bars denote the standard deviaGon. 

 

Figure 5: (a), (b), and (c) show the size distribuGon of posiGvely charged Si-containing clusters; Similarly, (d), (e), (f) show the size distribuGon of 
negaGvely charged Si-containing clusters. The size distribuGons are shown for TEOS feed rates ranging from of 60 mg h-1 to 100 mg h-1. Each panel 
compares the influence of corona discharge at power 56W and 125W on the size distribuGon. Error bars denote the standard deviaGon. 



Comment 9: With the same token, it would be nice to compare each SDF of the TTIP and TEOS nanopar4cles 
(without correc4on for charged frac4on) with that of the ions generated in the flame. How dis4nguishable is the 
raw signal of the nanopar4cle from that of ions in the flames with the smallest nanopar4cle precursor flow rates? 
Response: We have updated our Figs. 3 and 4 to show the size distribu6on of posi6ve and nega6ve ions along 
with size distribu6on of Ti-containing par6cles. Plots comparing the size distribu6on of ions along with size 
distribu6on of Si-containing par6cles are provided in the supplementary file (Figs. S4 and S5). Figs. 3 and 4 
contain data that is corrected for charge frac6on. Similar plots without correc6on for charged par6cles are 
included in the supplemental file (Figs. S2 and S3).  
 
The updated figures are given below:  
 

 
Figure 3: (a) The size distribuGon of posiGve ions without any TTIP; (b), (c), (d), (e), and (f) are the size distribuGon of posiGvely charged Ti-containing 
clusters with TTIP feed rates ranging from of 9.6 mg h-1 to 48 mg h-1. Each panel compares the influence of corona discharge at power 56W and 
125W on the size distribuGon. Error bars denote the standard deviaGon. 

 



 
Figure 4: (a) The size distribuGon of negaGve ions without any TTIP; (b), (c), (d), (e), and (f) are the size distribuGon of negaGvely charged Ti-
containing clusters with TTIP feed rates ranging from of 9.6 mg h-1 to 48 mg h-1. Each panel compares the influence of corona discharge at power 
56W and 125W on the size distribuGon. Error bars denote the standard deviaGon. 
 
Comment 10: Please describe Figure 5 more properly and include it in the manuscript where it is discussed first. 
What is the main message of this figure? How is the modal diameter determined? Can you include an error bar 
bracke4ng the standard devia4on of the mobility diameter of the mode? 
Response: We thank the reviewer for poin6ng this out. Figure 5 (Fig. 6 in the current version of the manuscript.) 
has been moved closer to a loca6on where it is first described.  
 
The main message of the figure is how the modal diameter of an aerosol sample shi`s based on the power of a 
corona discharge applied. The line plot is showing the percentage change in modal diameter with respect to the 
modal diameter obtained by par6cles produced from flame only condi6on. The modal diameter is the peak 
diameter from the size distribu6ons in Figs. 3 and 4. As we obtain the peak modal diameter from an averaged 
data, we cannot include error bars to Fig. 6. We have added the following discussion to sec6on 3.3 addressing 
these comments:  
 
“Figure 6 shows the percentage change in modal mobility diameter, which is obtained from the number size 
distribu6ons shown in Figs. 3 and 4. The modal diameter for each condi6on corresponds with the diameter 
which has the highest number concentra6on in the size distribu6on. From Fig. 6, we can see that when we 
introduced the high-frequency AC corona discharge in the flame, par6cle forma6on and growth were promoted 
under rela6vely lower precursor feed rates, ≤19.2 mg h-1, but were suppressed under higher precursor feed 
rates, ≥ 28.7 mg h-1, with respect to the par6cles generated from non-plasma combus6on.” 
 



Comment 11: The same argument applies also to fig. 6, which is plo=ed with a log-scale ordinate spanning 9 
orders of magnitude, making it impossible to visualize any effect. Would it be wiser to have separate panels for 
the different considered charging mechanisms? 
Response: We agree with the reviewer that it would be easier to show the difference in charging levels by 
splivng Fig. 7 (was Fig. 6 in previous version of the manuscript) into four panels. Out of the four split panels, 
panel (a) and (b) show the diffusion charging effects. Panel (c) and (d) show the field charging effects. Here is the 
updated Fig. 7:  
 

 
Figure 7: Shows the charge acquired by TiO2 parGcles with a dielectric constant of 30; (a) Diffusion charging in flame only condiGon; (b) Diffusion 
charging in PAC with a plasma power of 125W; (c) Field charging in flame only condiGon; (d) Field charging in PAC with a plasma power of 125W. 

Comment 12: The manuscript discusses the expecta4on that the charging in nega4ve polarity should be more 
efficient due to free electrons (e.g., in the last paragraph of page 13). Yet, if I did not get too lost in the wording, 
the experimental results do not support this expecta4on, especially those with TEOS in Fig. 4. Can you please 
clarify? 
Response: Yes, the charging in the nega6ve polarity should be more efficient than in the posi6ve polarity due to 
the free electrons. In a flame, electrons and nega6ve ions together make up the total nega6ve charge carriers in 
a flame. This leads to a greater number of posi6ve ions being present in the flame than there are electrons. As 
a result, the nega6vely charged par6cles naturally tend to be lower in concentra6on than the posi6vely charged 
par6cles. With few electrons being available to charge the metal oxide par6cles, a smaller number of par6cles 
will be charged and hence classified. Addi6onally, Si-containing par6cles are less conduc6ve than Ti-containing 
par6cles. Compared to Ti-containing par6cles which have a dielectric constant value of 30 (assuming most of the 
Ti-containing par6cles are TiO2), Si-containing par6cles tend to have a low dielectric constant value of 3.9 
(assuming most of the Si-containing par6cles are SiO2). The lower number concentra6on that we see for the 
nega6vely charged par6cles in Fig. 4 is likely due to the combina6on of the two above men6oned factors. The 
following descrip6on has been added to the manuscript’s results and discussion sec6on to clarify this ques6on: 
 



“We also see the concentra6on of nega6vely charged par6cles in flame only condi6on for the feed rates of 80 
mg h-1 (Fig. 5b and 5e) and 100 mg h-1 (Fig. 5c and 5f) be much lower than that of posi6vely charged par6cles. 
Despite electrons being excellent nega6ve charge carriers, in a flame without plasma, the number of electrons 
is lower than that of the number of posi6ve ions. This causes more Si-containing par6cles to be charged posi6ve. 
Assuming that most of the Si-containing par6cles are SiO2 and most of Ti-containing par6cles are TiO2, the Si-
containing par6cles have a very low dielectric constant of 3.9 compared to the Ti-containing par6cles which have 
a dielectric constant of 30. As a result, we see a huge concentra6on difference between the posi6vely and 
nega6vely charged par6cles.” 
 
Comment 13: Page 1, lines 10 and 18. Wording is not clear: “more stable” and “higher” compared to what? 
Response: We thank the reviewer for poin6ng this out. We have clarified the language at the men6oned lines. 
 
“Adding plasmas to a flame has been shown to introduce high concentra6ons of charges, ions, and radicals to 
the said flame. This technique of adding plasma to a flame is called plasma-assisted combus6on (PAC) and this 
addi6on has been shown to make a flame more stable and efficient.” 
 
“For the precursor feed rates used in this study (TTIP: 9.6 mg h-1 – 48 mg h-1, TEOS: 60 mg h-1 – 100 mg h-1), we 
found that par6cle growth is suppressed by the corona discharge under rela6vely higher precursor feed rates 
(above ~29 mg h-1 for TTIP and above ~80 mg h-1 for TEOS).” 
 
Comment 14: Page 2, line 34. I think the authors are referring to flame spray pyrolysis in turbulent condi4ons. 
Regardless, this statement should be supported by at least one cita4on. Also, the ensuing discussion may also 
benefit from dis4nguishing studies in laminar and turbulent (as well as premixed and non-premixed)  
Response: We thank the reviewer for poin6ng this out. We have added a reference to support our statement.  
The updated statement is as given below:  
 
“Due to the rapid forma6on of aerosols within the coupled thermal and flow fields in combus6on synthesis, the 
proper6es of the synthesized nanomaterials are sensi6ve to flame instability and fuel incomplete combus6on, 
which may deteriorate the quality of the synthesized nanomaterials (Gröhn et al., 2014; Rijler et al., 2017; 
Serrano-Bayona et al., 2023).” 
 
We agree with the reviewer that a discussion on laminar and turbulent flame will be helpful to the introduc6on 
sec6on but in the interest of keeping the introduc6on short, we have decided to not include such discussion. We 
would like to keep our current introduc6on, where we discuss more about par6cle forma6on in combus6on and 
plasma assisted combus6on.  
 
References: 
Gröhn, A. J., Pratsinis, S. E., Sánchez-Ferrer, A., Mezzenga, R., and Wegner, K.: Scale-up of nanopar6cle synthesis 

by flame spray pyrolysis: The high-temperature par6cle residence 6me, Ind. Eng. Chem. Res., 53, 10734–
10742, hjps://doi.org/10.1021/ie501709s, 2014. 



Rijler, A., Deng, L., Wlokas, I., and Kempf, A. M.: Large eddy simula6ons of nanopar6cle synthesis from flame 
spray pyrolysis, Proceedings of the Combus6on Ins6tute, 36, 1077–1087, 
hjps://doi.org/10.1016/j.proci.2016.08.005, 2017. 

Serrano-Bayona, R., Chu, C., Liu, P., and Roberts, W. L.: Flame Synthesis of Carbon and Metal-Oxide 
Nanopar6cles: Flame Types, Effects of Combus6on Parameters on Proper6es and Measurement Methods, 
hjps://doi.org/10.3390/ma16031192, 1 February 2023. 

Comment 15: Page 3, line 84. Do you mean 1E23 rather than 1023? 
Response: Thank you for iden6fying this error. We have fixed this.  
 
“Depending on the type of plasma, the electron concentra6on can reach up to 1023 m-3, with electron energies 
ranging from 0.8 eV to 10 eV.” 
 
Comment 16: Page 3, line 93. Ion wind (and undiscussed space charge) effects may s4ll be relevant under AC 
condi4ons. Regardless, this statement should be supported by at least one cita4on. 
Response: We thank the reviewer for poin6ng this out. We agree with the reviewer that ionic wind effects may 
s6ll be present when using an AC power source, however they are negligible compared to condi6ons where a 
DC power supply is employed. The above statement was based on the study by Ohisa et al., (1999) and it is 
already cited on the same paragraph. However, we believe that the cita6on was not clear in the way that the 
paragraph was structured. We have rewrijen the paragraph to clarify the cita6on and convey this message. The 
modified introduc6on sec6on is as follows:  
 
“Ohisa et al., (1999) show that these electrons and charged species are generated on the 6p/edge of the 
electrodes, which are placed outside the high-temperature region, and how they are introduced into the flame 
depends on the type of power source used to generate the discharge. The same study shows that a difference 
in ca6on concentra6ons when using a DC power source is 10 6mes higher than it is when using an AC power 
source. This suggests that when a DC power source is used, the charged species are introduced to the flame via 
the ionic wind and in the case of an AC power source, the charged species enter the flame predominantly via 
diffusion (Ohisa et al., 1999). Though the ionic wind effects might s6ll be present in case of an AC power source, 
they are not as dominant as the ionic wind effects in case of a DC power source. This difference in the 
concentra6on of charged species can lead to the plasma having different effects on par6cle forma6on and 
growth in combus6on systems.” 
 
References: 
Ohisa, H., Kimura, I., and Horisawa, H.: Control of Soot Emission of a Turbulent Diffusion Flame by DC or AC 

Corona Discharges, Combust. Flame, 116, 653–661, 1999. 

Comment 17: Page 9, line242. This is not surprising since electrons are more likely to affect the flame compared 
to much larger ca4ons. 
Response: We thank the reviewer for poin6ng this out. We have removed this statement.  
 
Comment 18: Page 11, lines 280-282 and 293-24. To what suppression and promo4on effects is the prose 
referring to? 



Response: The prose is referring to the promo6on and suppressive effects that the corona discharge has on the 
par6cle forma6on and growth. We have rewrijen this sentence for more clarity. Here’s the updated descrip6on:  
 
“We also examined the effect of the power of corona discharge on size distribu6on. We find that promo6on and 
suppressive effects of par6cle forma6on and growth remain for plasmas of both powers, but the promo6onal 
effects are stronger for a corona discharge with the higher power of 125 W.” 
 
We thank the reviewer for these helpful comments. This has improved our manuscript and we look forward to 
the paper being accepted for publica6on. 


