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1. Zhodnoceni vfznamu diserta6nf prdce pro olcor

PiedloZend disertadni pr6ce s ndzvem ,,Studium degrada6nich procesg modifikovanichpovrch0 implantdtti" Ing. Lukd5e Volesk6ho je rozddi'ena do p6ti kap1ol. pr6ce m6 celkem
132 stran textu.
T6ma disertace odpovidd oboru ,,Materi5lov6 inZenirstvf", je aktu6lni a vhodn6 zvolen6.
Prdce je zamdiena na studium tenkfch vrstev pouZivanfch v oblasti biomediclnskfch aplikacf.
Jako substrdl byla pouZita austeniticka korozivtz<lornd ocel 1 .4404. pro depozici 

-byly 
pouZity

metody PA CVD, RF PA CVD/MS a Arc - pVD.
Cile jsou uvedeny v pdti bodech. Jednd se o analyzu vlivu strukturnlch, mechanickfch
a tribofogickfch vlastnosti deponovanfch vrstev na jejich c-hov6ni v podmink itch blizkilm v lidsk6m
organismu a to v souvislosti s jejich degradadnim chovdnim" Diraz je kladen na posouzeni
vhodnosti a vypovidaciho potenciSlu velkeho I noZstvi pouZityich explriment6lnich metod pro
uveden6 anallzy.
Disertiadnf prdce m6 poZadovan'i vyznam pro obor materidloveho inZenfrstvf.

2. VyjidienI k postupu ieseni a sprn6ni stanoverneho cire

V teoneticke pr6ci autor na 42 stran6ch charakterizuje obecn6 materidly pro medicinsk6 aplikace,
dogradace a metody hodnoceni tenkfch vrstev.
citadnich zdrojir.

e pouZit6ho zpirsobu depozice. V kaZde kapitole
t6 pro hodnoceni piislu5nfch vrstev a posledni
edkrl.

rufsbdkri pro jednoiliv6 vrstvy z hlediska jejich

V posledni kapitole jsou spr6v6 uvedeny strudnd zobecn6n6 zilvdry vyplfvajicl z provedenfch
a vyhodnocenich experimentfr.
Adkoliv diskuze rnisledk0 na dvou mistech v pr6ci mriZe blit pro dten6ie mirn6 nepiehledn6,
pouZitli postup ie5enf odpovfdS erudovanosti autr ra v oblasti vedecfo-vfzkumn6 pr6ce. NavrZenf
postupr ie5enivede ke spln6ni stanoven6ho cile pr6ce.

3. Stanovisko k vfsledkfrm disertadni prdce a vliznamu pfrvodnlho konkr6tniho piinosu autora

a vyhodnotil rozsdhlf experiment6lnf program,
icer tenkfch vrstev rfrznfmi metodami a velke
oceni.
onkr6tniho piinosu autora, je tieba upozornit na

. Z programu experimentu, konkr6tn6 ndvrhu prodminek depozice jednoflivfch vrstev, nenl
patnn6, na zlkladljakfch skutednostf byly pouZity pr6vd uvedene podmlnky.

' Je zndmo, Ze kvalita tenklch vrstev zillehi na cel6 iad6 parametr&, mezi ktere patii, krom6jin6ho, chemick6 sloZeni substrdtu a jeho povrchovS drsnost pied vlastni depozici.'piedloZend
pr6ce ve vdt5ind piipadir tyto informace neobsahruje.

' K9 zprlsobu a postupu kultivace bun6k na sledovinich vrstvdch se nemohu W6drit, je to nad
r6rnec m6 odbornosti.

o Pouze v P uv6d[, Ze v literatuie neexistuji Z6dneinformace a i-^r^^+,<*, . i, ,*t-' ,-;-.-..;.:-'^l;-".
v mnoha p ,:Jilfl'il'flt: N"fl:H,;r::"$1"ffi:l
s nejakfmi ratuie.o Na str. 113 autor uvddi, Ze TiN vrstev bylo dosaZeno maximdlni tvrdosti pii pouZiti nejvy5slhopiedp6ti (-500 V), naopak nejmenSi tvrdost m6la vrstva ziskanl pii nejmensim piedpeir.'poole



Tatbulky 4'19 v5ak-bylo piedpeti (-200V) pouZito ivpiipadd dosaZenl vy55f neZ nejmen5i
tvrdosti (Tabutka 4.25).

4' Vyjadieni k systematidnosti, piehlednosti, formSlnf 0prave a jazykov6 urovni pr6ce.

v n6kter6m zna6eni. Adkoliv autor prdce
ou depozici za piitomnosti plasmy (pA CVD

pom6rn6 chaoticky napi. na str. 55. Stejn6 tak
ter6 autor stiidav6 oznaduje DLC5 a DLC6 nebo

Vprdci chybi Tabulka 4.16inzerovand na str. 53, Tabulka G.40 zmin6n6 na str.77, stejn6 jako
obr1zek 4'45 inzerovanf na str. 85, navic na t6to str5nce doslo k poru5eni souslednosti ciselobrdzl<fr.
V pr6c;i se vyskytujipieklepy i n6kolik gramatickfch chyb.
V seznamu pouZitd literatury a publikaii neni dodrZen jednotnli citadnf styl.

5. VyjSdieni k publikacim studenta

nE prdci autorem nebo spoluautorem
14 -2017. Publikadnf aktivity doktoranda
rSce nenijasn6, kter6 r4isledky byly kde

6. Vyjadieni oponenta k diserta6ni pr6ci

A6koliv se autor piedloZene pr6ce nevyhnul n6kterym chybdm di nedostatkfrm, lze konstatovat, Zeprdce jie na dobr6 [rovni.
Pr6ce oh-sahuje p0vodni rnisledky teoretick6ho i aplikacnfho charakteru. Autor prok1zal fufrr6iinvenci' DosaZen6 qfsledky jsou teoretickfm i piaktickyim piinosem v oblasti materi6lov6hoinZenfrstvi.

Pgqo-luguji, aby po risp65n6m obhdjeni byl panu Ing. Luk65i votesk6mu uddlen vddeckititul Plh.D. podle platn6ho VS z6kona.

a)

b)
c)

7. Otazky oponenta

Na str' 24 uvfidite, 2e vrstvy na bAzi CrN nraji vysokou lomovou houZevnatost, m&Zete
vysvdtlit, jak se stanovuje lomov6 houZevnatost rr vrstev?
Vysvdtlete, co V6s vedlo k pouZiti v pr6ci definovanich podminek depozice jednolirnich vrstev.Vysv6tlete interpretaci vlisledk0 uvedenfch v T-abllce' 4.12, na sti. sz uvddlte, Ze z 1 cm2
nenrodifikovan6 austenitick6 oceli se do zku5ebrnlho roztoku po 1 m6sici vylouhuje 0,133 pg
niklu.

6 velikosti hodnocen6 plochy, vyplfvaji z tdchto

k uvoln6ni d6stic z povrchu, pokud byla pouZita
edek nebo se jednd o znAm,! fakt?
'4.42 a 4.50 (pied ovlivndntm).Uvedte stru6nd zakladni aspekty, v dem je V6mi vypracovand metodika hodnoceni

biokompatibility a uZitnfch vlastnosti tenklich uriteu novd.

d)

e)

f)

s)

V Prazr> dne 20.10.2018



Lodz, 04 December 2018

N-ul<asz Kaczmarek Ph.D., D,Sc,, Eng. Associate Professor

Institute of Materials Science and Engineering

Faculty of Mechanical Engineering

Lodz Univelsity of Technology

Review of doctoral thesis of Lukase voleskeho, Eng., tiiled ,,Studium

degradadnich procesu modifikovanych povrchu implantatu"

at the request of Prof, Dr. hig. Petr Lenfeld, Dean of the Faculty of Mechanical Engineering,

Technical University of Liberec, czech Republic, dated25 october 201g.

The reviewed doctoral thesis is parl of atrend directly related to improving the quality of life,

not only for older people but also for victims of accidents, who suffered numerous fractures.

Currently, in such cases interfering in living human tissue through surgical implantation is

indispensable. Therefore, apaft from functional aspects that must be met, it is extremely

important to achieve a high degree of biocompatibility between the living tissue and the

implant to eliminate unwanted allergic reactions.

The paper of Lukase Voleskeho, Eng. is part of a worldwide trend implemented in such

scientific institutes as the Institute of Materials Science and Engineering, team of prof. p.

Niedzielski and Prof. S. Mitura, Department of Civil, Chemical and Environmental

Engineering Materials Engineering Area teanr of prof. F. Barberis, Department of Chemical

and Biochemical Engineering, University of Western Ontario team of Prof. N. Yue Hou or

Department of Orthopaedics, Catharina Hospital, 5623 EJ Eindhoven, Netherlands

Department of Orthopaedics, Catharina Hospital, 5623 F,J Eindhoven, Netherlands team of
Prof, Ruud P. van Hove.

The cornplexity of conducted research requires an interdisciplinary approach to the extent of
material engineering, mechanics, as well as physics and biology. It results frorn the need to

know the processes of modifying existing medical materials in the aspect of their interaction



with the human tissue and the surface of an implant. An in-depth analysis of phenomena at the

atomic level will help in designing materials that are virtually 100% tolerated by the human

body, This fact will ensure elimination of inflammatory reactions or even rejection of material

by the body and, as a consequence, will minimizethe need to replace implants.

The approach taken in the thesis falls within the discipline of materials engineering.

The paper is typically divided into two main parts: the first contains an analysis of the current

knowledge (literature review), whereas the second presents the original research. It is further
organized into 6 chapters, a bibliography of 57 items (most of them published after 2000).
The entire thesis comprises 134 pages.

In the reviewer's opinion, the following constitute the most important research findings of the

thesis under review:

l. Comparison of properties of various coatings including carbon coatings with and

without Ti and TiN interlayer, TiCN, ZN, CrCN as well as DLC applied with the

following nrethods Arc-PVD, RF PACVD / MS and RF PACVD increasing the

biocompatibility of irnplants. I believe that these studies are a great contribution to
medical research' They allow to systematize results of research carried out in various
centers around the world in the context of linl<ing the method of coating deposition,

their chemical and phase composition, as well as tribological properties in the context

of final barrier properties in contact with human tissue.

The author of this dissertation made a thorough literature analysis, on the basis of which
he defined the objective, thesis and scope of work. Using such methods as: Arc-pVD, RF
PACVD / MS and RF PACVD, he deposited a number of coatings on austenitic steel WNr
1.4404, including carbon coatings with and without Ti and TiN interlayer, TiCN, ZrN,
CrCN as well as DLC. The logically planned scheme of the conducted research is wofth
emphasizing here, which may have caused many problems with such a wide spectrum of
applied deposition methods and their chemical diversity. The applied research methods,

including: SEM microscopy, nanotest, sctatch test, drop test, in vivo test allow to
char acterize the produ ced coatings.

Despite a comprehensive literature review, the author fell victim to minor errors that tend to
nral<e moving through the text more difficult but in no adverse manner impact the substantive
merit of the dissertation.



The reviewer has the following comments on the content of the work:

1. Why DLC coatings show higher adhesion to the substrate, what does it depend on and

what mechanisms are responsible for it? This has not been sufficiently explained in the

paper.

2' Why DLC coatings have a slightly higher friction coefficient compared to TiN
coatings? What rnechanism is responsible for this? This has not been sufficiently

explained in the paper.

3. What mechanisms are responsible for the dissolution of deposited coatings and, at the

same time, reducing their hardness? What happens to the shell structure at the atomic

level? Did the doctoral student notice the differentiation of dissolution mechanisms of
even coatings. Of course, these studies were not the subject of this doctoral thesis but

please try to assess the phenomena and their elimination at a later stage of research by.

The r"rndertaken analyses may form the basis for preparing a scientific publication for a

magazine from the JCR list.

The above comments are not to be construed as criticism of the substantive merit of the paper

under review. Their sole intention is to inspire its author to conduct further analvses.

In summary, the reviewer herewith states that the thesis in the discipline of materials
science by Lukase Voleskeho, Eng., titled "stuclium degradadnich procesu

modifikovanych povrchu implantatu" fulfills the requirements specified in the titles and
degrees law.

Therefore, the reviewer recommends the Scierrtific Council of the Faculty of Mechanical
Bngineering of the Technical University of Lib,erec to allow the doctoral thesis of Lukase
Volesky to its pubtic defense.

tr-ulcasz Kaczrnat' el< P h. D., D. S c., E n g. A ss oc i ate profess or

+:/*- fi"*.-*2-



Prof..rng. Peter Paldek, PhD., Katedra materidloveho inZinierstva,
Zilinskhuniverzita v Zlhne,Llniverzitn6 1, 010 Ze Zilina

Oponentsky posudok na dizertadnri pr6cu Ing. Luk65e Voleskdho
,,Studium degradainfch procesfi modiJikovuni,ch povrchfi implantdtfr,,

iskolitef :

lPracovisko:
i)tuduny program:
iStudrjnj' odbor:

prof. Ing. Petr Louda, CSc.
TechnickS univerzita v Litrerci, Fakulta stroini
P2301 Stojni inZenyrstvi
39 1 1V0 1 1 Materi6lov6 inZenizrstvi

\

)Zhodnotenie vi,znamu dizertainej prdce pre odbor:
'VyuZitie tenkj'ch vrstiev v oblasti medicinskych implant6tov je d;IeLith sridast' materi6lov6ho
inZinierstva a dovol'uje Sir5ie vyuZivanie substrdtov r6zneho typu pre mnoh6 aplik6cie nielen
rr biomedicinskej oblasti, ale aj v inj'ch sf6rach technickej praxi. Z teoretickych aj praktickych
poznatkov je znhme, Ze vlastnosti tenkych vrstiev zflisianielen od vlastnosti substrftu, ale aj
od ich chemick6ho zloLenia, hrubky a technol6gie (met6dy) nan65ania. Hodnotenie
degradadnych procesov, biokompatibility atie?, tribologickych vlastnosti prin65a nov6
poznatky pre materiiilov6 inZinierstvo, bionnediciske inZinierr;tvo, pr€ oblast' fyziky
materi6lov a aj pte odbornri prax.. Ztoho d6vodu povaZujem pre6loZenri pr6cu za aktadlnu
et v plnom rozsahu patri do oboru ,,Materiiilov6 inZinierstvo". Zvlfult hodnotim snahu zistif
\/plyv met6dy depozicie na degradadn6 vlastnosti tenkych vrstiev.

li/yiadrenie k postupu rieienia problimu, pouiit!,m metddam a splneniu deklarovan!,ch
c:iel'ov

I'rhcaje rozdelen6 do Siestich kapitol, kde na zadiatku si vytjzdil ciele pr6ce, vnasledujircej
l,:apitole sa venoval teoretickym zitkladom rieienej problematiky od biokompattbility cez
rnatetiilly' me1.6dy depozicie tenkj'ch vrstiev, ich degradhcli anakoniec met6dam hodnotenia
ich vlastnosti, dim ziskal dostatok informdcii pre realizirciu potrebnych experimentov.
V experiment6lnej dasti sa postupne venoval tvorbe tenkych vrstiev jednotlivymi
met6dami, hodnoteniu mechanickych, fyzikilnych a biologickych vlastn osti analyzovanych
t'onkych povlakov a posirdeniu ich riZitkovych vlastnosti v oblasti mediciny vrhtane skrimaniu
dlegrad6cie ziskanych tenkych vrstiev pri "in vitro" po interakcii s fyziologickjm roztokom a
b iologickym materi6lom.

Fllavnym ciefom pthce je ziskanie teoretickyr;h aj praktickj'ch skrisenosti s hodnotenim
vlastnosti a degradfcie tenkj'ch vrstiev v oblasti biomedicinskeho inZinierstva. Kladne
hodnotim rovnaky postup pri posudzovani vlastnosti jednotlivj'ch tenkj'ch vrstiev, pridom sa
venoval:

- Analyze chemick6ho zloL,eniatenkfch vrsrtiev
- Meraniu hrubky tenkych vrstiev
- Hodnoteniunanotvrdosti

- Hodnoteniu adhezie povlakov kzikladnlrnu materidlu



- zisteniu tribologickych vlastnosti a opotrebeniu tenkych vrritiev
- Hodnoteniu morfol6gie povrchu vrstiev
- Diskusii dosiahnutych vysledkov.

Tento postup mu dovolil nielen vzdjomne porovnat' hodnoten6 vrsl;vy, ale aj optim tine vyuLit
pristrojov6 vybavenie ajeho tas. Ztoho dOvodu hodnotim postup riesenia apouhit1 met6dy
za spr6vny a ziskan6' vysledky za relevantn6 a origin6lne. V5etky vytyden6 ciele
doktorandskej dizertadnej pr6ce splnil.

Stanovisko k vysledkom dizertainej prfce a vlfznamu pdvodn6ho konkr6tneho prinosu
autora dizertainej prfce
Vzhlladom na dobre organizovany experimerLt, pouZitie rdznych podmienok a met6d pri
nanSsani tenkych vrstiev, vyuLitie rdznych met<id hodnotenia vlastnosti vytvorenych tenkj,ch
vrstiev m6Zem kon5tatovat', L'e ziskane vysledJky apoznatky sri pre danri oblast' origin6lne
apijat' zhvety opodstatnen6. V niektorych pripadoch by bola vhodna hlb5ia analyza
zistenych vlastnosti (napr. vplyv dasu depozicie na hrubku ziskanej vrstvy), aIe vzhladom na
rozsah a n6rodnost' experimentov to v danom pripade nebolo rnoLn6. Na druhej strane,
:ziskan6 poznatky m6Zu shiZit' ako zdkladn6 vychodisko pre dalsie doktorandske dizerta1ne
1pr6ce, resp. pre urdenie ich ciefov.
Medzi zaqimav1 prinosy autora patri zistenie,

- Deponovan6 vrstvy aj pri malej hrubke
- Zlep5enie adhlzie DLC vrstiev moZno

met6dou RF PACVD/MS - vytvorenie
medzivrstvy TiC).

- Adhlzla vrstiev deponovanych met6dou RF PACVD/MS z6visi od predpiitia pri
depozicii samotnej DLC vrstvy. Pri niZ5ich predpdtiach na substrate bola zisten|
vy5Sia adh1ziavrstvy.

- Vsetky zvolen6 vrstvy sri cytokompatitriln6 s osteoblasty MG63, pridom najlep5ie
vj'sledky dosahovala vrstva TiCN 6.

- So zvysujricou sa drsnost'ou povrchu prolifer6cia buniek sa rrezvysuje (bol predpoklad,
Ze sa zvy5uje).

- Morfol6gia povrchu, povrchov6 energia a chemick| zlctL,enie vrstvy ovplyviujri
proliferdciu buniek osteoblasty MG63,, ale vdetky hodnoten6 vrstvy preuk;zali
biokompatibilitu s testovanymi bunkami.

- Pri degraddcii vrstiev vr6znych prostrediach nast6vajri zmeny v morfol6gii povrchu,
tvrdosti a v ich adhlziik substr6tu.

ITormdlne pripomienky
2l'form6lneho hl'adiska t.j. Struktura prhce, distota jazyka, vysvetlenie skratiek a pojmov,
kvalita obthzkov a ditatefnost' tabuliek, nem6m vdLne pripomienky. vzhfadom na pomerne
5irok6 spektrum experimentov, ponLitych met6d a mnoZstva dosiahnutych vysledkov, by som
odak6val podstatne vy55i podet liter6mych odka:zov. Hlbsi teoreticky prehfad by mu dovolil
lepsie interpretovat' vysledky. Ako doktorand m6 pomerne vefky podet publikovanych pr6c k

ZE:

majri vynikajrice bari6rne schopnosti.
closiahnut' odli5nou met6dou depozicie (napr.

tenkej adhlznej vrstvy Ti a potom gradientnej



danej t6me, ale v samotnej prrici svoje prdce ciluje iba jedenkr6t. V tomto pripade skromnost,
nie je opodstatnenil.

Vyjadrenie k publikainej iinnosti
Publikadn6 dinnost' doktoranda je pomeme rozsiahla, ttzko srivisi s rie5enou problematikou
a niektor6 vfstupy sri publikovan6 v kvalitnych periodik6ch. To sri ddvody, predo mi chj,ba
citovanie vlastnych publik6cii pri rieseni DDp.

Ottizky k rieienej problematike:
- Predpoklad6m, L,e degradhcia vrstiev prebiehala ponorenim do degradadnych roztokov

pri kon5tantnej teplote. Nastali by zmeny v degrad6cii, ak by sa teplota zvy1ilana
42c, resp. hodnoteny povrch by kmital s malou frekvenciou (r aL, 5 Hzl

- eo sp6sobilo pokles tvrdosti pri degraddcii povrchu?
- Predo so zvy5ujricou sa drsnost'ou povrchu prolifer6cia buniek sa nezvysuie. ked bol

predpoklad, i,e sa zvy5uje?
- Aki smer vytv6rania tenkych vrstiev navrhujete do budricnosti? (typ vrstiev, met6da

nan65ania, hrubka, kombin6cia vrstiev a pod.).

C elkovi zho dnotenie dizertainej prtice
Pr6cu povaZujem za ucelenl dielo, ktor6 prin65a nov6 poznatky v oblasti vytv1rania,
.hodnotenia vlastnosti a degradhcie tenkych vrstiev pre biomedicinske aplik6cie. porovn6va
r6zne typy tenkych vrstiev a met6dy ich pripravy, pridom kladie d6raz na kvalitu a stabilitu
povrchu a tieZ biokompatibilitu s testovanymi bunkami. Okrem toho poukazuje na moZnosti
rfalsieho podrobn6ho vyskumu, ktorjz pom6Ze ziskane poztatky rozsirit' a hlavne
:zovSeobecnit'.

Zdver

))izettadn6 ptdca Ing. Luk65e Volesk6h o ,,Studium degradainfch procesrimodiJikovan!,ch
povrchfi imptantdtfi" spiia podmienky kladen6 na dizertadn| prhce a navrhujem udelenie
akademick6ho titulu phD., v Studijnom odbore

391 1V01 I Materi6lov6 inZenfrstvi

V Zlline 12.11.2018 prof. Ing.


