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The presented thesis consists of 120 pages divided into 6 chapters. The thesis is based on 3 
separate topics connected by a principle in a surface modification to get a hydrophobic and self-
cleaning surface. The thesis has standard parts - Aims and objectives, Literature review, 
Research methodology, Results and discussions, and Conclusions and future work. In the end, 
there are References and a List of author´s publications. The author´s list of publications is 
extensive.  
 
Abstract 
The author made here an introduction to his work and explained the objectives of the study. It 
is the development of superhydrophobic surfaces by inexpensive, eco-friendly and 
straightforward techniques with added functionality. He selected fly ash and titanium and zinc 
oxides, but there is no explanation why these were particularly selected. He then describes three 
studies for each of the surface modifiers, but what I am missing here (and at the Conclusions as 
well) is comparing these three methods to each other. The presented thesis looks like three 
individual works (papers) on the same topic but without connection to make it one solid piece 
of work.       
 
Chapter 1 
introduces the work, where superhydrophobic natural structures and a short history of man-
made developments are shown.   
 
Chapter 2 
deals with the aims and objectives of the thesis. The prepared modified fabrics have the 
common aim of increasing their hydrophobicity; moreover, the other properties were aimed, 
mainly, e.g., UV-blocking, antibacterial properties, flame-retardant, anti-fogging, oil/water 
separation. In the present thesis, UV protection, self-cleaning, and oil/water separations.  
 
Chapter 3 
deals with literature review. There is a sufficient number of literature sources, but the structure 
of the chapter is slightly chaotic. Some of the parts should be discussed in more detail, and 
some, which have no significant influence on the results, should be shortened. Some literature 
sources are also missing (e.g., the first equation- de Broglie, author? Source?). Some errors are 
here as well (e.g., “…negative electrons and oxygen combined into O2

-”; it is superoxide radical 
(anion)).  
 
Chapter 4 
is about the methodology. It describes materials, fabrics coating with three different methods, 
and various methods of surface characterization. In general, the chapter consists of all methods 
applied, but some of the descriptions are relatively short without sufficient details (e.g., for 
roughness determined by AFM it is mentioned “software calculates the surface roughness”).   



 
Chapter 5 
is about the results. There is a lot of excellent results for all three methods of surface 
modifications. In all cases, the results show improvement of desired properties of the fabrics. 
As I wrote already in the Abstract part, a comparison of these three results would significantly 
improve the work's unification. 
 
Chapter 6 
The chapter summarizes the major conclusions of the work. There are the following. The 
addition of fly ash caused significant improvement of hydrophobicity and UV protection of the 
surface. Due to the metal content in the ash, the UPF increased by two orders of magnitude. 
Also, organic/water separation efficiency for toluene, n-hexane, chloroform and ether were 
higher than 95%.  
 
The addition of titanium dioxide creates nanoflowers. These structures appeared significantly 
at the dose of 2 ml. The contact angle was increased, and hysteresis decreased. The modified 
surface also showed promising results to maintain durability against mechanical abrasion, 
laundering, and chemical and UV action. The surface also exhibited self-cleaning by the 
degradation of methyl orange.  
 
In the last part, the microwave hydrothermal method was used to grow ZnO nanorods. 
Additionally, OTMS was applied to incorporate superhydrophobic properties. The determined 
values of water contact angle and roll-off angle were extreme (170.2° and 1°). The modified 
fabrics also showed promising results to maintain their durability against mechanical abrasion, 
laundering, chemical and UV action, and outstanding oil/water separation performance.    
 
    
Referee remarks, question and conclusions 
 
QUESTIONS 

1. You speak about TiO2, but photoactivity is connected with only one crystalline structure 
(anatase). Chemical self-cleaning does not work for the other forms. Are you sure your 
structures are photoactive? Why in Fig.44, the surfaces of coated polyester fabrics 
prepared at increasing concentration of TiO2 has more orange color?  

2. Table 9 shows the elemental composition of ZnO nanorods. Why is there a drop in 
oxygen percentage for 50 mM? It does not correspond with Zn content.  

3. Could you make a simple (in table) comparison of all three methods of surface 
functionalization? Just + and – for selected properties and 3 materials.  

 
Imperfections and recommendations 
The thesis is written in perfect English with a minimum of typing errors.  
 
Referee´s conclusion 
The presented thesis of M.Z. Khan is logical, has all the necessary parts, and shows the author 
understands his work. He can make appropriate preparation of the coated fabrics and their 
characteristics, and put his results into logical and appropriate conclusions. The thesis shows 
one subject with three various views (surface modifications). The work significantly contributes 
to knowledge in the subject. There are only a few recommendations for the next author´s work. 
The language is perfect and entirely understandable.  
 



The thesis is good and meets all criteria to be taken to the defense.  
 

        

 

 

In Liberec (Czech R.) on February 6, 2021    Professor Miroslav Černík 


