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The assessed dissertation thesis is processed in 95 pages and is divided into 6 chapters, of which,
in addition to the technical chapters, it also contains: Acknowledgment, List of images,
Literature overview. However, within the work, | lack a list of used abbreviations and units,
which the author uses in his work in all sub-chapters.

The subject work has the character of a theoretical-experimental work. The theoretical part of
the work is devoted by the author to the description of the problem of the formation of micro-
and nano-particles and their importance for the environment, where he specifies his focus in the
field of research on particles created by the use of cermets, including Inconel and cubic boron
nitride, as ceramics. For the mentioned materials, it also defines the areas of their use, but I miss
the author's statement that these materials would be used as the main ones in the areas of
material processing.

In the theoretical part, the author deals with selected sub-toxic elements, especially nickel,
partly also cobalt. He correctly bases his claims about their toxicity on the statements of relevant
world organizations, such as the US Environmental Protection Agency. However, the list of
elements given by the author is very small from the point of view of practice, in general there
are a large number of other elements in the materials that compete with the listed elements with
their toxicity. On page 17, the author states that the main objectives of the work are to assess
the presence of cobalt and nickel particles after tribology and to evaluate their toxicity. I ask
the author to explain why he chose these two elements and does not focus on the others.
From the point of view of the theoretical part of the work and the description of the current state
of the problem being solved, the explanation of the importance of the interaction of
nanoparticles and the human organism is significantly missing in the theoretical part of the
work. Their potential genotoxic or mutagenic effect, the possibility of absorption of
nanoparticles by the human organism, its amount in proteins. | am convinced that, as part of the
research, the author could have devoted part of the chapter to the dangerous effect of
nanoparticles on the organism with appropriate references to current literature in the health
sector, despite the fact that this is a technical work (the author partially describes the principles
in the experimental part).



In his thesis, the doctoral student focuses on tribology and the associated risks of the formation
of toxic micro- and nano-particles that arise as a result of material wear, and also explains the
principles of tribology, which he correctly states in the context of sliding properties and wear
resistance. He explains these principles based on the principles of sliding bearings or gears.
From the author's point of view, it is rather a general description of a condition that is generally
known, i.e. the formation of particles of individual components that wear out each other and
form particles. Here, | would expect much more information about the principles (mechanisms)
of wear, about the amount of nanoparticle formation under different conditions, e.g. load. | am
missing more relevant information about the current state of the problem being solved, which
can be obtained from both bearing manufacturers and gear wheel manufacturers, as well as in
the automotive industry, where a lot of attention is paid to this issue.

On page 8, the author also devotes the processes of lubrication and its effect on the formation
of particles, where he mentions lubrication as the only possibility to reduce the formation of
particles. Here I would ask the author for his statement on what other processes (methods)
can be used to reduce or limit the formation of micro and nano parts in the system.

In general, however, the relevant chapter, part of the theoretical basis, is nicely conceived, the
individual parts logically connect and introduce the reader to the ideas that will be further
addressed in the practical part. According to the structure and conceptual apparatus, the author
is well-versed in the relevant issue, in terms of the theoretical contribution of the work, it meets
the expected requirements for this type of work.

Unfortunately, it contains a large number of formal shortcomings, of which I mentioned a few,
e.g.

- Page 1, the author did not explain the abbreviations and uses the names Inconel etc.

- Page 4-19, the author does not follow the principles of ISO 690 with the indicated citation
links in sentences see .....military application.[2] vs. ...by Prof. H. Peter Jost[5]. vs. [11]- [13]
etc.

- Page 9 — wrong table reference including missing table name

The list of deficiencies is present across the entire cross-section of the affected chapters,
including typos, punctuation formal errors, placement of commas in sentences... (all marked in
the relevant copy of the dissertation).

In the experimental part, the author describes the principle and evaluation of emerging
endotoxins during tribological processes, he bases his claim on theoretical knowledge of micro
and nano particles, explains the principles of the theory of tribology and wear. In the practical
part (1 would expect more in the theoretical) he finally pays attention to the effect on the human
organism, where he bases his claims on the relevant standards. From the point of view of the
implementation of the experiments, the author describes the relevant part of the production of
samples for the experiments, also mentions the methods by which the samples were produced,
also mentions the importance of the topography on the process of the formation of nanoparticles



and the importance of heat treatment on the formation of particles. Among other things, the
author mentions without much explanation some of the surface texture parameters, e.g. Ra and
Rz. | ask the author to explain the meaning of these parameters and why he chose the Rz
parameter and not, for example, the R3z parameter.

As part of the solution to the experimental work, the author uses cutting-edge technologies
available at CTU, especially in the evaluation of the presence of micro and nano particles using
laser and electron microscopy. However, within the experimental part, | lack a more systematic
approach to solving the goals, especially the use of a wider scientific and research base for
evaluating the impact of nanoparticles on the environment, and on the human organism. It can
be also expected the prediction of the formation of microparticles and nanoparticles as a result
of the setting of various experimental conditions, proposals for the reduction or significant
elimination of the resulting particles. The author indicates this fact, for example, by using
additives in the form of TiO2. As part of the experimental part, | would therefore expect more
of the doctoral student's own work with a clear result of knowledge in practice, clear
recommendations for the areas of tribology already in the relevant chapters of the experimental
part, e.g. as partial results.

Unfortunately, even in this experimental part, the author commits a large number of formal
errors in the notation of physical quantities and relevant units, he does not respect the rules
given by the I1ISO 690 standard, which is most clearly visible on page 26, where there are
demonstrably more than 10 formal deficiencies. In this context, | ask the author to express
whether the entry on page 27 stating, among other things, the load in the unit [Kg] is
correct in his opinion, or if necessary, | request a correction as part of the presentation.

Despite the alleged shortcomings and a large number of formal errors, the work is
professionally successful and the Ph.D. student has achieved the set objectives of the
dissertation thesis. As part of the experimental solution, he innovated the principle of
tribological evaluation of materials, and achieved very interesting results with regard to the
formation of nanoparticles depending on the various internal structures of materials caused by
heat treatment process. | perceive this result as the most valuable of the entire work. The author
further demonstrated the formation of toxic nanoparticles within the framework of an
experimental solution and successfully states their adverse effect on the surrounding
environment, including the human organism. As part of his work, he took certain measures and
based on them established relevant recommendations for the further development of the field,
which has a practical impact on the field of tribology. All the facts mentioned demonstrate the
appropriate and adequate knowledge of the doctoral student in his field of interest.

The work is processed at the required professional level. The individual chapters are logically
connected to each other and together form a complex functional unit.

The elaborated disertation theses fulfill the requirements set for them, and after the defense of
the dissertation, | recommend its publication in the presented format.



Conclusion:

The submitted dissertation thesis contains a professional view of the issue and demonstrates the
applicant's scientific qualifications. As part of solving the objectives of the dissertation, the
dissertation candidate demonstrated the ability to do independent scientific work in the field of
Manufacturing technology.

From the point of view of the doctoral student's publication activity itself, | would expect a
greater degree of publications with a higher IF.

Submitted dissertation of ,,Ing. Hadi Husain* fulfilled the conditions of the Higher Education
Act No. 111/1998 Coll., and | recommend the thesis for defense. After the successful defense
of the dissertation, | recommend that its author be awarded a rank

-doctor(Ph.D.) -
in the brunch of study "Manufacturing technology".

In Brno on August 16, 2022

prof. Ing. Zdenék Pokorny, Ph.D.
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Posuzovana disertacni prace je zpracovana v rozsahu 95 stran a je roz¢lenéna do 6 Kkapitol,
Z nichz kromé kapitol odbornych déle obsahuje: Pod€kovani, Seznam obrazki, Piehled
literatury. V ramci prace vSak postradam seznam pouzitych zkratek a jednotek, které autor ve
své praci ve vSech dil¢ich kapitolach pouziva.

Predmétna prace ma charakter teoreticko-experimentalniho dila. Teoretickou ¢ast dila autor
vénuje popisu problematiky vzniku mikro a nanocastic a jejich vyznamu na zivotni prostiedi,
kde specifikuje svoje zaméfeni do oblasti vyzkumu ¢astic vznikajicich pouzivanim cermett,
véetné Inconel a kubického nitridu boru, jako keramiky. U uvedenych materiald definuje i
oblasti jejich pouziti, postrdddm vSak vyjadfeni autora, Ze by pravé tyto materidly byly
pouzivany jako stézejni v oblastech obrabéni materidli.

V teoretické ¢asti se autor vénuje vybranym dil¢im toxickym prvkim, zejména niklu, ¢asteéné
i kobaltu. Své tvrzeni 0 jejich toxicité spravné opira o vyjadieni patficnych svétovych organt,
napi. US Environmental Protection Agency. Vy¢et autorem uvadénych prvki je vSak z pohledu
praxe velmi maly, v materialech se obecné vyskytuje velké mnozstvi dal$ich prvki, které svoji
toxicitou konkuruji uvedenym prvkiim. Na strané¢ 17 autor uvadi jako stéZejni cile prace
posoudit pFitomnost ¢astic kobaltu a niklu po tribologii a vyhodnotit jejich toxicitu. Autora
Zadam o vyjadieni, z jakého divodu si vybral pravé tyto dva prvky a ostatnim se
nevénuje. Z pohledu teoretické ¢asti prace a popisu aktualniho stavu v feSené problematice mi
Vv teoretické Casti praci vyznamné chybi vysvétleni vyznamu interakce nanocéstic a lidského
organismu. Jejich pfipadny genotoxicky ¢i mutagenni uc¢inek, moZnosti absorpce nanoc¢astic
lidskym organismem, jeho mnozstvi v bilkovinach ¢i proteinech. Jsem piesvédcen, ze autor
mohl v ramci reSerSe Cast kapitoly vénovat i pravé nebezpetnému vlivu nanocastic na
organismus s patficnymi odkazy na soucasnou literaturu ve zdravotnictvi a to i pfes to, Ze se
jedna o technické dilo (Cdstecné autor popisuje principy v experimentalni casti).

Ve své praci se disertant vénuje tribologii a s ni spojenych rizik vzniku toxickych mikro a
nanocastic, které vznikaji v disledku opotiebeni materiala, dale se vénuje vysvétleni principti
tribologie, které spravné uvadi v kontextu kluznych vlastnosti a odolnosti proti opottebeni. Tyto
principy vysvétluje na principech kluznych loZisek ¢i ozubenych kol. Z pohledu autora jde spise
o vSeobecny popis stavu, ktery je obecné znam, tedy vznik ¢astic jednotlivych komponentd,
které se vzajemné opotiebovavaji a vznikaji castice. Zde bych ocekéval mnohem vice informaci
0 principech (mechanismech) otéru, o mnozstvi vzniku nanocastic pii riznych podminkach



napf. zatizeni, chybi mi zde vice relevantnich informaci o soucasném stavu feSené
problematiky, které 1ze ziskat jak u vyrobcu lozisek, tak i vyrobct ozubenych kol, stejné jako
v automobilnim odvétvi, kde se této problematice vénuje velka pozornost.

Na stran¢ 8 se autor vénuje i procesim lubrikace a jeho vlivu na vznik ¢astic, kdy lubrikaci
uvadi jako jedinou moZznost snizeni vzniku ¢astic. Zde bych autora pozadal o jeho vyjadreni,
jakymi dal$imi procesy (metodami) Ize sniZit ¢i omezit vznik mikro a nano¢asti v systému.

Obecné je vSak pfislusnad kapitola cast teoretického zakladu pékné koncipovana, logicky
navazuji jednotlivé Casti a seznamuji Ctenafe s podnéty, které budou dale feSeny v Casti
praktické. Autor se dle struktury a pojmového aparatu dobie orientuje v ptislusné problematice,
Z hlediska teoretického ptinosu prace splituje ocekavané pozadavky kladené na tento druh praci.

Bohuzel se vni vyskytuje velké mnozstvi formdlnich nedostatkti, z nichz uvadim pouze
n¢které, napft.

- Strana 1, autor nevysvétlil zkratky a pouziva ndzvy Inconel atd.

- Strana 4-19, autor nedodrZuje principy ISO 690 s uvedeném cita¢nich odkazl ve vétach
viz .....military application.[2] vs. ...by Prof. H. Peter Jost[5]. vs. [11]- [13] atp.

- Strana 9 — chybny odkaz na tabulku v¢etné chybéjiciho nazvu tabulky

Vycet nedostatkii je pfitomen celym prafezem dotéenych kapitol, vcetné pieklept,
interpunkénich a formdlnich chyb, umisténi ¢arek ve vétach...(vSe oznaceno v prislusném
witisku disertacni prace).

V experimentalni Casti autor popisuje princip a hodnoceni vznikajicich endotoxini béhem
tribologickych procesti, svoje tvrzeni opira o teoretické znalosti mikro a nano materiald,
vysvétluje principy teorie tribologie a opotiebeni. V praktické casti (ocekaval bych spise
Vv teoretické) kone¢né vénuje pozornost i vlivu na lidsky organismus, kde sva tvrzeni opira o
ptislusné normy. Z hlediska realizace experimentll autor popisuje piislusnou cast vyroby
vzorkll pro experimenty, uvadi i metody, kterymi byly vzorky vyrobeny, zmifiuje i vyznam
topografie povrchu na samotny proces vzniku nanocastic a vyznam tepelného zpracovani na
vznik Castic. Autor mimo jiné uvadi bez vétSiho vysvétleni nékteré z parametra textury
povrchu, jedné se o Ra a Rz. Autora Zadam o vysvétleni vyznamu téchto parametri a proc
zvolil pravé parametr Rz a ne napf. parametr R3z.

V ramci feSeni experimentalni prace autor vyuziva Spickovych technologii, které jsou dostupné
na CVUT, zejména v ramci hodnoceni pfitomnosti micro a nano &astic s vyuzitim laserové a
k feseni cill, zejména vyuziti $irsi védecko-vyzkumné zakladny pro hodnoceni vlivu nano¢astic
na Zivotni prostfedi, dale na lidsky organismus. Ocekavat 1ze 1 progndzy vzniku mikroc¢asti a
nanocastic v dlsledku nastaveni rtznych podminek experimentli, navrhy na sniZeni ci
vyznamnou eliminaci vznikajicich ¢astic. Tento fakt autor naznacuje naptiklad pouzitim aditiv
ve formé TiO2. V ramci experimentalni ¢asti bych tedy ocekaval vice vlastni prace studenta
Sjasnym vyusténim poznatkli do praxe, jasnych doporuceni pro oblasti tribologie jiz
Vv pfislusnych kapitolach experimentalni ¢asti, napf. jako dil¢i vysledky.



Autor se bohuzel i v této experimentalni ¢asti dopousti velké fady formalnich chyb v zapisu
fyzikalnich veli¢in, pfislusnych jednotek, nerespektuje pravidla dana normou ISO 690, coz je
nejzietelnéji patrné na strané 26, kde je prokazatelné vice nez 10 formalnich nedostatki. V této
souvislosti zddam autora o vyjadfeni, zda zapis na strané¢ 27 uvadéjici mimo jiné zatizeni
v jednotce [Kg] je dle jeho nazoru spravny, poptipadé zadam o korekci v ramci prezentace.

I ptfes vytykané nedostatky a velké mnozstvi formélnich pochybeni je prace odborné zdarila a
student dosdhnul stanovenych cilii disertacni prace. V rdmci experimentalniho feSeni inovoval
princip tribologického hodnoceni materiall, a dosahnul velmi zajimavych vysledkt s ohledem
na vznik nanocastic v zavislosti na rtiznych vnitinich strukturdch materiala v dasledku
navrzenych tepelnych zpracovani. Tento vysledek vnimém jako nejhodnotnéjsi z celé prace.
Autor déle prokézal vznik toxickych nanoc¢astic v ramci experimentalniho feseni a uvadi jejich
neptiznivy vliv na okolni prostiedi, véetné lidského organismu. V ramci své prace piijal urcita
opatfeni a na jejich zaklad¢ stanovil relevantni doporuceni pro dalsi rozvoj oboru, ktery ma
praktickych dopad do oblasti tribologie. Veskera uvedena fakta prokazuji patiicné odpovidajici
znalosti doktoranda v jeho oboru zajmu.

Prace je zpracovana na pozadované odborné urovni. Jednotlivé kapitoly jsou navzajem logicky
propojené a dohromady vytvaii komplexni funkéni celek.

Zpracovana disertacni prace splituje pozadavky kladené na tento druh praci, obhdjeni disertacni
prace doporucuji jeji zvetejnéni v predlozeném formatu.

Zavér:

Piedlozena disertacni prace obsahuje odborny pohled na feSenou problematiku a prokazuje
védeckou kvalifikaci uchazece. V ramci feSeni cilii disertacni prace prokéazal disertant
schopnost samostatné védecké prace v oboru Manufacturing technology.

Z hlediska samotné publika¢ni aktivity doktoranda bych ocekaval vétsi miru publikaci S vy$§im
IF.

Piedlozena diserta¢ni prace Ing. Hadi Husain splnila podminky Vysokoskolského zakona ¢.
111/1998 Sb., a praci doporucuji k obhajobé. Po uspésném obhajeni disertacni prace
doporucuji, aby jejimu autorovi byla udélena hodnost

-doktor-
v oboru ,,Manufacturing technology*.

V Brn¢ 16.8.2022

prof. Ing. Zden¢k Pokorny, Ph.D.



