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1. Gene1·al Characteristics of the Candidate's Research and Applied Scientific Work 

Th~ dissertation coшpt·ises 140 printed pages, includes 69 figures and 19 tables, and cites 
163 literature sources. lt is based on seven puЬiished works: 

Three pнЫications in joumals with iшpact factol' CIF): Catalysis Science & Technology -
Q2 (1) апd Bulgarian Chemical Communications- Q4 (2). 

One publication in а journal without IF: Nanoscience & Nanotechnology. 
Three full -text coпference papel's : (HiTech 2018, IEEE), (1 21

h National Conference with 
Jnternational Participation "Electronica 2021 "), and (3l s1 Internationa/ Scientific Conference 
Electt·onics, ЕТ 2022). 

The dissertation is logically structured, written in clear scientific language, and well­
forшatted and illustrated, which sigпificaпtly aids the reader. 

The conducted research is planned based оп an extensive literature review that 
systematically orgaпizes data on the preparation, properties, and application of copper-contaiпing 
composite coatings. Based оп this review, the disseгtatioп's objectives are cleю·Iy defined and 
strictly limited to the following шain activities: 
• Electrochemical formation of porous anodized alнmiпum oxides (ААО) using various 
contact electrolytes: aqueous solutions of sulfшic, oxalic, and phosphOI"ic acids. Investigatioп of 
chemical and electrochemical pt·ocesses to ti1in the barrier oxide · suЬlayer at the All ААО interface. 
Copper was deposited througl1 the ААО natюpores fonned оп the aluminum substrate using 
electrochemical and chemical pюcesses . Composites of the type AIIAAO/(Cu+AAO)/Cu with 
good electrical conductivity were created. 
• Development of chloride-free activation methods for ААО matrices to епаЬlе subsequent 
efficient chemical coppel' deposition. Design of chemical copper deposition electrolytes (рН range 
4-9.5) that are non-aggressive toward aluminwn and the ААО Jayers formed on its surface. 
Investigation of the possibilities for modifying the ААО porous matrices to form composites 
through copper incorporation. 
• Systematic characterization of the compositioп and structure of the coatings formed, 
depeпdiпg on deposition conditions ( elecn·olyte nature, concentration, complexing agent, stabilizer, 
pгocess duration). Various instrurnental techniques were used: Scanning Electron Microscopy 
(SEM), Enel'gy-Dispersive X-ray Spectroscopy (EDX), X-ray Photoelectron Spectroscopy (XPS), 
and X-ray Diffraction Analysis (XRD). 
• Analysis of the obtaiпed results and evaluation of the potential applications of the 
composite materials in various electronic technologies. 



2. Кеу Scientific and Applied Contributions 

The scientific contributions of the dissertation are timely and significant, sнmmarized as 
follows: 
• Composite materials with the compositio11 Al/AAO/(Cн+AAO)/Cu were fom1ed. А 
procedure was developed for thinning the barrier suЬlayer of electrochemical\y formed ААО. 
Copper was directly incorporated (chemically or electrochemically) into the АЛО films' pores. 
Materials prodнced Ьу this procedure possess good electrical conductivity. 
• Systematic studies were conducted on tl1e chemical copper deposition process for the 
formed nanoporous ААО layet·s. New staЬle solutions (рН 4.2--79 .5) were developed and tested 
using sodiнm hypophosphite and phosplюrous acid as t'educing agents. These solutioпs енаЬlеd the 
effective formation of composite AIIAAO/(AAO+Cu)/Cu structures of the 
conductor/dielectric/coпdнctor type. otaЬly, the designed solutions are non-aggressive towaтd 
aluminum and ААО, pt'eserving their properties. The composite materials have strong potential for 
applications in electronics (electronic components, pl'inted circнit boards, micro-electromechanical 
systems, etc.). 
• А methodology for improving the chemical stability of ЛАО was developed, allowiнg 
direct selective photochemical catalysis and chemical copper deposition. This enaЬles tbe 
formation of conductive images on anodized aluminum surfaces. 

The dissertation's scientific contribнtions are of theoretical and applied importance, 
achieved through substantial research on complex systems and phenomena. Тhе results have 
significant potential for addressing various practical tasks in electronics. 

3. lmpact of the Caodidate's Scientific PuЬiications 

Two of the puЬlications included in the dissertation have been cited three times m 
specialized literature. One ofthe conference papers has also been cited. 

4. Critical Remarks and Recommendations 

I have no dil'ect impressioнs of eng. Stefanova's research activities. However, the preseпted 
materials convincingly deшonstrate that she is а researcher with а bt'oad range of interests and high 
competence iп forшing coшposite materials comЬining dielectric and coпductive substrates. 
Regardiпg the dissertation's research and results, I have по substantive criticisшs. J do have one 
recommendation: eng. Stefanova could expand her studies ofthe oЬtaiпed coшposite materials Ьу 
determining some surface properties such as l1ydrophoЬicity, optical characteristics, and color 
parameters. 

CONCLUSION 

In conclusion, the topic of the dissertation presented Ьу eng. Stefanova is leading and 
promising in science and technology. The formation and study of :functionaJ coatings based on 
nanoporous anodized aluminum oxide (ААО) and embedded copper open broad opporttmities for 
fundamental research. Additionally, the materials obtained through the гesearch have increasing 
practical applications. The comЬination oftl1e dielectric ААО Jayer with coпductive copper creates 



composites with unjque propeгties , suitaЫe for applications in electгomc componeпts, micro­
electromechanical systems, semipermeaЬle шembranes, catalysts, sensors, and mol'e. 

The doctoral candidate has шastered advanced physical methods and specific experimental 
techniques for obtaining and studying composite materials based on ААО with incorporated 
copper. With this dissertation, Eng. Stefaлova demonstrates her aЬility to identify and solve critical 
proЫems in this significant area of шatet·ial science. 

The research included in the dissertation, in teгms of scope, quality, and significance of the 
results, fully meets the requirements fш а successful defense. Therefore, I coпfidently recommend 
tl1at tl1e esteemed members ofthe Scientific Jнry vote to award the educational апd scientific degree 
"Pllilosophical Doctor" in pгofessional field 4.2. Chemical Scieпces, specialty 01.05 .14 
"Electrochemistтy" to eng. Veselina Milusheva Stefanova. 
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