3

Response to Sub-Editor

Thank you for very useful suggestions. 

All changes are denoted by yellow background.

Novelty: Lead and zinc belong to the group of the normal metals (high exchange current densities (j0), low melting points and high overpotentials for hydrogen discharge) for which there is no precise and reliable way for the determination of the exchange current density. The existing j0 values for these metals found in the literature are very contradictory, and furthermore, there are not values for some of them. For that reason, it was necessary to find new way for the estimation of j0 values that would treat all normal metals in the same way. It was recently proposed method based on comparison of experimental and simulated polarization curves in a function of j0/jL ratios (N. D. Nikolić, P. M. Živković, J. D. Lović, G. Branković, J. Electroanal. Chem. 785 (2017) 65–74). In this study, we continue to develop and test this method, and for the first time, this method is applied to analyze the processes of Pb electrodeposition and compared with Zn electrodeposition processes. It was proved by this new method that the processes of Pb electrodeposition belong very fast electrochemical processes that are considerably faster than Zn electrodeposition processes.

Anyway, we substantially revised our manuscript performing more precise estimation of j0 values.
Answers on the specified comments

a) line 15: “mutually compared”? compared; please check the whole text for this phrase. 
Answer: The “mutually” is omitted from this phrase.
b) line 21 and 138: “about 43.3 larger”? about 43 times higher or 43.3 times higher (if your estimation is so precise). 
Answer: This part is substantially revised.
c) References 24 and 25: What is the point to give all the pages in the book? They should be specified for a particular data, statement etc. to help a reader to find them.

Answer: The ranges of pages in these Refs. are narrowed to indicate only on the parts related with morphologies of electrochemically deposited metals. 
d) line 79: Cu cylinder or wire?

Answer: Cylinder is replaced with wire.
e) line 94: “standardized to the limiting diffusion current density” – normalized to the limiting …

Answer: It is corrected.
f) lines 95-96: “In the case of Zn, for the limiting diffusion current density was taken the final value of the current density before the sharp increase in the current density with increasing overpotential” – What is another way for determination of limiting current? How did you determine limiting current for Pb deposition?

Answer: Sometimes there is no well defined plateau of the limiting diffusion current density, but there is mild increase in the current density with increasing overpotential due to increase of real surface area of the electrode caused by appearance and growth of dendrites. After the some value of overpotential, the current density commences to increase sharply. The final value of overpotential before the beginning of sharp increase in current density denotes the end of the plateau of the limiting diffusion current density. In the case of Pb, there is well defined the plateau of the limiting diffusion current density due to very low nucleation rate caused by use of the dilute electrolyte.
g) line 102: “The shape of the polarization curve equation…” – We can talk about the shape of the polarization curve, but not about the shape of some equation.

Answer: It is corrected.
h) line 104: The eq.1 is proposed in Newman’s book, as you have cited in your article Electrochim. Acta 52 (2007) 4696–4707. I think that it is not proper to cite some of your recent articles or books for the equation proposed by another author. If you have modified this equation, please explain. Generally, when a book is cited for an equation, the exact page number should be given in the reference.

Answer: It is added original reference for this equation, and cited exact page.
i) line 111: “For the alkaline zinc …” Do you think on zinc electrodeposition from alkaline media?

Answer: Yes. It is corrected.
j) line 119: Transfer of two electrons in a single step is considered highly improbable and such a steps are not taken into account in reaction mechanisms of electrochemical reactions. If you know for some new experimental evidence for two-electron steps, please give the reference.

Answer: There is no new experimental evidence.
k) line 121-123: I do not understand this statement: “Since the simulated curves as a parameter consider j0/jL ratios then comparison with the experimental values in the region of the limiting diffusion current density is only relevant for this method.” Why shouldn’t the simulated and experimental curves be compared in the whole region of the currents? Also, the statement “From Fig. 2a and b, it can be noticed that there is no any difference between these two reaction mechanisms” is doubtful. The difference must exist, but it cannot be seen at the potential scale selected in the diagram (try to enlarge the curves for low overpotentials).

Answer: As you noticed and seen from Fig. 2 there is significant difference between experimentally recorded and simulated curves at the low overpotentials (before the plateau of the limiting diffusion current density). These differences can be ascribed to the existence of some phenomena like low nucleation rate (Zn) or the ohmic control (Pb) that cannot be indentified in the simulated polarization curves. Since this new method for the estimation of the exchange current density predicts a comparison between experimental and simulated polarization curves in a function of j0/jL ratios, then the superposition inside the plateau of the limiting diffusion current density is only relevant for this method. It is stressed in the revised version of the manuscript.
l) Fig.2 and discussion of this Figure: Why the exp. and simulated data match each other only at the very limiting current plateau? If no one other exp. point corresponds to the simulated curves, the simulation might be too rough, or there was a problem in experimental measurement (e.g. roughening of the electrode surface during potentiostatic metal deposition). Actually, you compare the potentials at which the limiting current is attained on the simulated and experimental curves.

Answer: Yes, we compare experimental and simulated polarization curves at overpotentials corresponding to the plateaus of the limiting diffusion current density. It is due to the fact that simulation of the polarization curves is done in a function of j0/jL ratios, and for that reason, we think that the agreement inside the plateau of the limiting diffusion current density is only relevant for this method. The roughening of the electrode surface is excluded due to low nucleation and electrodeposition rate at the low overpotentials caused by use of very dilute electrolytes.    
m) Fig. 2 a and c: I do not see any significant difference between matching of curves with jo/jl ratio 500, 750 and 1000 and exp. data. Even if you take 1000 as the best match, you can only say that jo/jl ratio is equal or higher than 1000; so the jo value is equal or higher than 260 mA/cm2 (the exp. data probably correspond also to the curve with jo/jl ratio of e.g. 2000). The same comment applies for Fig.3 and Zn deposition. Having in mind this, how can you state so precisely that “j0 value for Pb is about 43.3 times larger than the one for Zn”?

Answer: Thank you for very good suggestion. We revised completely this part of the manuscript. More precise analysis of the estimation of j0 value is done, and it was shown that we can say the best superposition is attained for j0/jL ratios higher than 30000. For that reason, in the revised version of the manuscript, we define the lower limit of j0/jL ratio for which the good superposition between experimental and simulated polarization curves is achieved. Fig. 2c and d are replaced by new ones.
