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Belgrade, February 5, 2018
Dear Dr. Nikolić, dear Dr. Radak,
Enclosed please find the revised manuscript entitled “Study of pyrolysis of high density polyethylene in the open system and estimation of its capability for co-pyrolysis with lignite” by I. Kojić, A. Bechtel, F. Kittinger, N. Stevanović, M. Obradović and K. Stojanović (Ref. No. 6295).
Changes which have been made in the revised manuscript are indicated in red colour. Figures (tif. files) have not been uploaded again, since there was not any change. 
On behalf of all authors I want to thank you very much. We are also grateful to the reviewers for comments and suggestions, which improved this paper. We considered them carefully. All remarks were accepted and the manuscript was revised accordingly. 

Restatements of issues raised by the reviewers, together with authors′ specific responses to the issues, are appended below.
Reviewer A 
REPORT: This is interesting paper, which considers pyrolysis of high density polyethylene and its co-pyrolysis with coal in the open system as a possible method for the recycling of waste plastic. Composition of solid and liquid pyrolysis products have been studied directly (elemental analysis, GC-MS and isotopic analysis), whereas composition of gaseous products have been studied indirectly using TGA coupled to FTIR. Paper is clear and concise. The conclusions are well supported by data. In my opinion paper can be publish after minor revision (Page 5, Lines 139 and 157; Page 9, Lines 275 and 283). Comments are listed in the file attached.

In my opinion, this manuscript should: 


be published after minor revision without additional review

If manuscript is suitable for publishing, referees recommendation: 


Original scientific paper

Comments of the Reviewer A marked in the attached annotated manuscript (doc file) 

Authors: All suggested changes and corrections in the attached manuscript file are accepted. In the revised manuscript these changes are indicated in red colour. 
Note: Pages and lines in responses correspond to your marked attached doc. file of the previous submission of the manuscript.

Reviewer A (1): Page 5, Line 139: Explain abbreviation
Authors: The abbreviation NC is explained (nitrogen-carbon).  
Reviewer A (2): Page 5, Line 157: Add the reference here

Authors: Two references related to coal lithotypes are added (References 22 and 23). The remaining references are renumbered accordingly.  
Reviewer A (3): Page 9, Line 275: Consistent with the presence of single peak in derivative weight loss analysis. Link it to TGA.

Authors: The suggestion is accepted and the sentence is extended: “This result suggests that these two types of hydrocarbons were formed via the same radical reaction processes, consistent with the presence of single peak in derivative weight loss analysis (Fig. 1). 
Reviewer A (4): Page 9, Line 283: Could you explain this result?

Authors: The result is explained: “This result could be explained by the fact that long-chain radicals (> C25) have been more easily cracked than cyclised, since lower molecular weight normal chain units are more stable than the longer one.2 During pyrolysis, content of long-chain radicals decreases, whereas contents of mid- and short-chain ones increase. Mid- and short-chain radicals undergo further cracking, but in low extent they cyclise forming mainly alkylcyclohexanes, as in natural conditions (bitumen and crude oil).25,28 With increasing thermal stress, cracking is favoured which is documented by additional n-alkylcyclohexane maxima at C19, and C16, C18 (Fig. 2c) in pyrolysates obtained at temperatures, 450 oC and 500 oC, respectively.” 

Reviewer B
REPORT: I have some minor corrections on the manuscript and you can see it on the text.

In my opinion, this manuscript should: 


be published after minor revision without additional review

If manuscript is suitable for publishing, referees recommendation: 


Original scientific paper

Comments of the Reviewer B marked in the attached annotated manuscript (doc file)  
Authors: All suggested changes and corrections in the attached manuscript file are accepted. In the revised manuscript these changes are indicated in red colour. 
Note: Pages and lines in responses correspond to your marked attached doc. file of the previous submission of the manuscript.

Reviewer B (1) Page 2, Lines 55-56: Please provide a brief reference

Authors: Brief overview of the literature data along with corresponding references is given in the Supplementary Material to this paper: Seo et al. (2003)1 reported similar or even higher yield of liquid product obtained by thermal cracking than thermo-catalytic cracking (ZSM-5 and Zeolite Y) of HDPE at 450 oC. However, composition of liquid products was quite different. Liquid product obtained by non-catalytic cracking contained 56 % of light hydrocarbons (C6-C12), whereas liquid products from thermo-catalytic cracking comprised more than 90 % of light hydrocarbons. Miskolczi et al. (2004)2 studied thermal and thermo-catalytic cracking behaviour of a commercial HDPE waste in the temperature range of 400-450 oC. Fluid catalytic cracking catalyst (FCC), HZSM-5 and a clinoptilolite containing rhyolite tuff were used as catalysts. The yield of gases increased in the following order: non-thermo-catalytic cracking < clinoptilolite < FCC < HZSM-5 catalysed cracking, while the yields of liquid products increased in the sequence of non-thermo-catalytic cracking < clinoptilolite < HZSM-5 < FCC catalysed cracking. Barbarias et al. (2015)3 used spent FCC catalysts regenerated with air at 550 °C for 1 h and then agglomerated by wet extrusion with bentonite (50 wt%) in the two-step system (flash pyrolysis at 500 oC and catalytic cracking in the temperature range from 450 oC to 550 oC). It was observed that an increase in catalytic cracking temperature from 450 °C to 550 °C resulted in significant increase of the yield of light olefins (from 12 to 28 wt%) and non-aromatic C5-C11 compounds (from 34 to 52 wt%). Almustapha and Andresen (2011)4 used two sulphate modified zirconium catalysts (CAT) in catalytic degradation of HDPE. Heating of HDPE with catalysts to 400 oC at heating rate of approximately 20 oC min-1 resulted in extremely high conversion of HDPE (about 99.8%) into gaseous and liquid products. García et al (2005)5 demonstrated advantage of utilization of hybrid zeolitic-mesoporous material (ZSM-5/MCM-41) for the catalytic degradation of HDPE. By heating of HDPE:catalyst mixture (mass ratio, 100:1) at 380 oC for 2 hours, conversion of HDPE of about 70 % was achieved. Light hydrocarbons (C2-C6) rich in olefins were the main degradation products, while the production of heavy fractions was negligible.  
Reviewer B (2) Page 3, Line 97: Can another statement be written? Like the raw material used in this study…

Authors: The sentence is corrected and term “source” is replaced by “raw material”: Plastic bag for food packing was used as the raw HDPE material. 
Reviewer B (3) Page 3, Lines 98-99 and Page 4, Line 105: Which lab? It might be good to write the laboratories where the analyzes are made

Authors: Information about the laboratories where the analyses were performed is added. 
Reviewer B (4) Page 4, Line 109: 450?

Authors: The correction has not been accepted, since pyrolyses of HDPE as well as co-pyrolyses HDPE/lignite mixtures were performed at three temperatures, 400 oC, 450 oC and 500 oC, which were chosen based on TGA results.
Reviewer B (5) Page 5, Line 139: Modus?

Authors: Term “modus” is replaced by term “mode”. 
Reviewer B (6) Page 5, Line 166: 1
Authors: Fig. 1 and Table V are cited correct. 
Reviewer B (7) Page 6, Line 185: -? 
Authors: Dash after word “oil” is deleted. 
Reviewer B (8) Page 9, Line 265: Bray and Evans (1961)??

Authors: The reference related to CPI (Bray and Evans, 1961) is added (Reference 27).  
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