Response to Reviewer Comments

Dear Editor, Dear Reviewers,

Thank you very much for your response and valuable comments and suggestions on our paper. We corrected our paper according to your suggestions and we hope that the explanation and corrections will satisfy Reviewers' comments and could make paper more attractive to the Journals readership.

Remark: All changes made in the Revised Manuscript are highlighted in red.
Reviewer A:

Does the manuscript contain enough significant original material?:         yes

Is the manuscript clearly and concisely written?:         no
Are the conclusions adequately supported by the data?:         no
Does the manuscript give appropriate credit to related recent publications?:        yes

Are the references appropriate and free of important omissions?:         no
Is the length of the manuscript appropriate?:         yes

Does the manuscript need condensation or extension?:         no

Is the quality of the figures (including legends and axes labelling) satisfactory?:         yes

Are the nomenclature and units in accordance with SI?:         yes

Are the English grammar and syntax satisfactory?:         yes

ADDITIONAL COMMENTS

Please indicate the page numbers for suggested corrections. Please, be as specific as possible if major correction by the author(s) is recommended! : 

        The paper describes production routs and properties of biocarbons obtained following alkaline and oxidative treatments of hemp fibers. The emphasis was put onto sample characterization and analysis of the effect of selective chemical treatments onto surface properties of biocarbons, including the affinity and capacity towards several heavy metal cations. The topic is relevant and the presented results are interesting. The manuscript was written in good English and it communicates well with the reader.  Below, several comments are given to which authors should pay attention and a few notes concerning technical issues. 

Comment 1. The use of the term “sorption” is more appropriate in the current study than “adsorption”, given that cation removal mechanism is obviously complex.

Heavy metal ions adsorption is a complex process. However, regardless of the mechanism, removal of heavy metal ions occurs on the surface of biocarbon and therefore we choose term adsorption.

Comment 2. Abstract: The maximum adsorption capacities are given without a reference to sorbate(s).

According to this Comment we have made appropriate change in the Abstract of Revised Manuscript, page 1, line 25.

Comment 3. Experimental, Materials: Please indicate the solid to liquid ratio in chemical treatments. 
According to this Comment we have made appropriate change on page 3, line 88 of the Revised Manuscript.

Comment 4. Is there an explanation for use of the specific concentrations of chemical reagents? 
Based on literature data, specific concentration of NaOH and NaClO2 were used for selective removal of lignin and hemicelluloses. Therefore, in accordance with this Comment we have included appropriate reference on page 3, line 88 of the Revised Manuscript.

Comment 5. For how long the fibers were exposed to 1000oC?
Based on this Comment we included additional information on page 3, lines 96-97 of Revised Manuscript. 

Comment 6. The number “4” appears at the end of the Line 86.
Typing error. 

Comment 7. Metal adsorption experiments: Since the kinetics of metal adsorption was not considered in the paper, please give an explanation for the chosen shaking time and justify that 2h was enough for achieving adsorption equilibrium in the investigated systems. Please, indicate the contact time in Pb2+ equilibrium sorption study. 
In accordance with this Comment, additional explanations are given on page 4, lines 128-130 and line 136.
Comment 8. The explanation of terms (KL, KR, KF, nF....) given in Table 1, is missing. Original sources should be cited with the isotherm models. Line 141: please, indicate how the temperature was maintained constant.  
In accordance with this Comment appropriate references are cited, and explanation of terms is given in NOMENCLATURE part. 

The temperature was maintained constant in temperature-controlled water bath and that information is added in page 5, line 149 of Revised Manuscript.
Comment 9. Adsorption studies: The obtained biocarbons are quite alkaline according to their pHPZC values and, in that sense, discussion on competitive sorption (Lines 253-259) and arguments on cation removal mechanism seem speculative. 
Unfortunately, we do not quite understand this Comment. In the lines 253-259, on which the Reviewer is referring, we try to explain the influence of material structure (fibrillation) on metal ion adsorption and the fact that pronounced adsorption of lead ions is result of thinner solvation layer and lower steric hindrance. This observation was supported by appropriate references. 
Comment 10. Fig. 3 indicates initial pH values, however, the changes of solution pH provoked by the contact with biocarbons and by sorption process may be significant. The interaction of HFBs with the solution of cations could cause an increase in pH and cation hydrolysis, even surface or bulk precipitation. This issue deserves an explanation.
We agree that basic surface of material can increase the pH value of heavy metal solution, and we were aware of that during our experiments. Therefore, after the investigation of pH influence, the pH of heavy metal solution (initial value of pH=6), containing biocarbon, was measured. Since measured pH value on the end of the experiments deviated from initial pH value for less than a 0.5, it has not reached the pH at which precipitation and hydrolysis occurred. 
Comment 11. Please, change the “HFBs” to “Ch1” in the caption of Fig. 3.  

Appropriate change in the caption of Fig 3 was made.

Comment 12. Lines 337-338: Can the faster diffusion of ions be an explanation for the changes in sorption observed at equilibrium, providing that equilibrium was achieved? 

As we have already mentioned in the Manuscript (page 13-14, lines 338-340), increased diffusion enables easier penetration of lead ions through the porous matrices of biocarbons to the binding sites. Due to the facilitated penetration of ions, adsorption capacity increase which is especially visible for materials with less fibrillated morphology.
Comment 13. Lines 322-324; Lines 355-372: Numerous possible modes of interactions between biocarbon surface and metal cations were postulated. The role of physisorption and chemisorption should be reconsidered giving that sorption was affected by the number of surface functional groups, not the surface area itself. PZC values of HFBs lie in the alkaline range and the surface of such materials is positively charged in solutions having pH <pHPZC. This indicates that the sorption of cations takes place against the repulsive electrostatic forces, which is also a strong argument in favor of chemisorption. In my opinion, the authors should emphasize that, based on the obtained results, mechanism is complex and cannot be resolved without further, more sophisticated analysis. 
We thank the Reviewer for this very useful Comment. Accordingly, we have made changes in the page 14, lines 354-358, and in page 15, lines 364-367 and 374, in the Revised Manuscript.

In my opinion, this manuscript should: be published after major revision and additional review

If manuscript is suitable for publishing, referees recommendation : 

        Original scientific paper

------------------------------------------------------

Reviewer B:

Does the manuscript contain enough significant original material?:         yes

Is the manuscript clearly and concisely written?:         yes

Are the conclusions adequately supported by the data?:         yes

Does the manuscript give appropriate credit to related recent publications?:        yes

Are the references appropriate and free of important omissions?:         yes

Is the length of the manuscript appropriate?:         yes

Does the manuscript need condensation or extension?:         no

Is the quality of the figures (including legends and axes labelling) satisfactory?:         no

Are the nomenclature and units in accordance with SI?:         yes

Are the English grammar and syntax satisfactory?:         yes

ADDITIONAL COMMENTS

Please indicate the page numbers for suggested corrections. Please, be as specific as possible if major correction by the author(s) is recommended! : 

        In the study, influence of the precursor chemical composition on heavy metal adsorption properties hemp fibers based biocarbon was investigated. The removal of lead, zinc and cadmium ions from wastewater is an important area of research. The authors studied the thermodynamics of the adsorptions. However, some important details are missing and needs to be clarified before the acceptance.

Major points:

Comment 1. Page 5. In my opinion Table 1 should be deleted. Equations describing Langmuir, Freundlich, Redlich and Peterson, and Multilayer isotherm models can be presented in Table 3. Whereas, equations related to standard  deviation and Akaike information criterion can be given as equations 1, 2 and 3, or as a part of Table 4.
Unfortunately, due to Table formatting required by the Journal of Serbian Chemical Society, we are not able to include these equation into Table 3 or Table 4, and therefore we are compelled to leave Table 1 as it is.

Comment 2. Page 7,  lines 186-188. The authors wrote that according to values of Vtotal and Vmicro all tested samples were microporous. But from the data presented in Table 2, difference between Vtotal and Vmicro can be observed, due to presence of mesopores. In order to obtain all information's about textural characteristics of HFB samples, volumes of mesopores should be also discussed.  Also, in Materials Characterization part details related to specific surface area and porosity determination should be added. Which model was used for calculation of micropore volume?

According to this Comment some additional information and explanation are included in the Revised Manuscript on page 4, lines 104-109, page 7, lines 185-188 and in Table 2 on page 8.

Comment 3. Page 10lines 256-260. Authors wrote that lead ions had a priority of deposition in biocarbon as a result of thinner solvation layer. The quantity of adsorbed ions on the surface of solids is strongly dependent on electric charge (the same for investigated ions), hydrated ion radii, hydration energy, metal electronegativity, etc. So influence of these parameters on adsorption of Pb2+, Cd2+ and Zn2+ on biocarbons should also take into account.
We do agree that all these parameters may influence the adsorption of particular ion onto biocarbon surface. However, at this point we have used the thickness of solvatation layer to explain the influence of biocarbon morphology on heavy metal ion adsorption: 

Manuscript, Page 9-10, lines 258-265 Also, the correlation between the adsorption (Figure 4) and material structure (Figure 2) shows that enhanced fibrillation increases the ability of hemp fiber biocarbons to remove lead ions, due to facilitated penetration of lead ions into biocarbon structure. In the aqueous solution metal ions are surrounded by solvation layer, whose thickness affects the ion transport through the solution. Ions with smaller radius (Cd2+ and Zn2+) have thicker solvation layer 27, therefore their transport toward the sorbent surface is slower. Lead ions that have larger radius compared to cadmium and zinc, and thinner solvation layer, need the shorter time to reach the biocarbon surface 5.
Additionally, explanation of the influence of all these parameters, mentioned by the Reviewer, on the adsorption would require more comprehensive analysis since the level of Pb ions adsorption is much higher then it can be expected considering its ion radii and hydration energy. 
Comment 4. Pages 5, 13-15, Effect of temperature The  Gibbs free energy change (ΔGѲ, kJ mol-1), enthalpy change (ΔHѲ, kJ mol-1) entropy change (ΔSѲ, J mol-1 K-1 ) were determined by plot ln Ke vs. 1/T . Values of Ke were calculated using eq. 1 and had unit dm3/g. In order to obtain a correct value of ΔGѲ, ΔHѲ and ΔSѲ the Ke value  must be dimensionless and values should be recalculated (see reference Y. Liu, Is the Free Energy Change of Adsorption Correctly Calculated? J. Chem. Eng. Data 54 (2009) 1981). Results and discussion in this part should be considered again. 
Thank the Reviewer for this very useful suggestion. According to this Comment and suggested literature, we have recalculated thermodynamic parameters and made appropriate changes in the Revised Manuscript on Pages 5 and 6, lines 152-160, and Table 5 on Page 14. However, the values of recalculated thermodynamic parameters are in accordance with initial discussion and therefore, no additional changes in part of discussion were made.
Comment 5. Minor points: 

Page 1, line 14:  Instead of sorbent should be adsorbent. 
Page 9, line 229: Instead of sorption properties should be adsorption properties.

Page 11, table 3 :  Instead of Qo should be αL.

Page 16, line 401:  Instead of sorpcija should be adsorpcija.

Page 16, line 413:  Instead of sorbent should be adsorbent.
Page 17, line 425:  Instead of sorpcioni should be adsorpcioni.

According to this Comment all appropriate changes were made in Revised Manuscript.

Regarding the remark for changing Qo with αL: the explanation of Qo and αL are given in NOMENCLATURE part of Revised Manuscript, and since Q0 is maximum adsorption capacity in the Langmuir isotherm model, while 𝛼𝐿 is Langmuir isotherm constant, both values should be shown in the Table 3. 
In my opinion, this manuscript should: be published after major revision and additional review

If manuscript is suitable for publishing, referees recommendation : 

        Original scientific paper
