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Disertadni pr6ce pani Ing. Lenky Volfov6 ,,Vliv diffue na PECVD funkdnich vrstev" je studii
problematiky depozice tenkych funkdnich vrstev metodami PECVD napordzni substr6ty a na
technick6 tkaniny z bavlndnych, dedidovych a sklendnych vl6knech.
Pr6ce m6 obvykl6 dlendni a je roz,ldlena do Sesti kapitol, seznamu pouZit6 literatury a sezna-
mu vlastnich publikaci autorky. Uvod pr6ce je vdnov6n popisu jejich Sir5ich souvislosti, tj.
roli povrchovych riprav v technice, obecnym technickym aspektrim depozice povlakt a speci-
fickd roli plazmovd podporovanych technologii pro depozice naporlzni a tvarovd sloZitd sub-
str6ty. Nrisledujicf kapitola je zamdiena na soudasnf stav ie5end problematiky - podrobnd
popisuje high-tech technologie aplikovan6 pii fin6lnich riprav6ch textilii, jednak nabi.zimak-
romolekul6rni chemie, polymerri a nanopolymerri, jednak s vyuZitim plazmovd podporova-
nych metod. Zhvdr kapitoly obsahuje piehled metod vytvriieni tenkych vrstev chemickymi,
fyzikilInmi aplazmochemickymi postupy a piehled typu vybojri vhodnych pro trpravu textilii.
Kapitola dok16d6, Ze disertantka je podrobnd sezndmena se soudasnym stavem ie5en6 pro-
blematiky. Neobsahuje form6lni nedostatky s vyjimkou nedokonden6ho odstavce na str. 14.

V kapitole tieti jsou strudnd formulov5ny cile pr6ce. Da15i kapitola popisuje pouZit6 experi-
ment6lni metody a je rozdlendna na d6sti vdnovan6 depozidnim aparatur6m, pouZitym prekur-
zortm a substr6trim a vyhodnocovacim metod5m. Form6lni nedostatky: Nesrozumiteln6 ob-
ftnky 4.2 a 4.4 a zamdndne poiadi vlw6v ve sch6matech aparatur 4.I, 4.3 a 4.5. Kapitola p6t6
prezentuje piehlednou formou vysledky experimentri a jejich posouzeni. Formillni nedostatky:
Spatnd ditelny popis grafu na obr. 5.10 a 5.11, popis obr. 5.43 neodpovid| grafii. Zdvdrednd
5est6 kapitola shrnuje postup experimentri, jejich vyhodnoceni a piinos prhce vdetnd n6vrhu
dal5iho postupu.

Disertantku ZAdArn, aby v prubdhu obhajoby odpovdddla na n6sleduj ici othzky:
1. Prfrbdhy z6vislosti relativni tlou5t'ky navzdillenosti pro rtnne parametry (obr. 5.8,5.9,
5.18) vykazuji vyznamnd odchylky od monot6nniho poklesu. Jak6 jsou piidin t6chto odchy-
lek? Byl proveden alespoi odhad nejistot namdieqich hodnot tlouSt'ky povlakri?
2. Jaky je pomdr tlou5t'ky Au povlaku na vzorcich (obr. 5.28 aZ 5.42) ku tlouSt'ce funkdniho
povlaku?

Zhvdry posudku:

Aktuflnost t6matu: Upravy povrchri dlenitj'ch nebo pordznich substrffi:fi a zejm6na speci6l-
nich vl6ken a textilii se st6le vice uplatiuji vriznych aplikacich jako jsou kompozity
s vliiknovouvyztuLi, katalytickd povlaky na substriity s velkou povrchovou plochou, fotokata-
lytickd povlaky atd. T6ma prdce je proto vysoce aktuiilni.
Spln6ni cihi: Po porovn6ni cilt v1'tdenych ve tieti kapitole dizertace s prezentovartinrri vi,-
sledky mohu konstatovat, Le tyto cile byly splndny.
Ke zvolenym metodfm zpracovrini uvfdim: Autorkou pouZit6 metody a postupy jak pii
depozici polymerovych a oxidovych vrstev tak pii jejich charakterizaci jsou plnd na rirovni
soudasnych experimentillnichtechnik. Disertantka prokhzala experiment6lni zrudnostazna-



lost fuzikrilnich principt diagnostickfch metod a schopnost sprilvn6 interpretace namdienlfch
dat.

Zahlavni piinosy dizertainf prrlce povaiuji:
- N6vrh a experiment6lni ovdieni metodiky mdieni penetradni schopnosti aktivnich d6stic do
modelov6ho substr6tu pii PECVD depozici s pouZitim dvou druhri prekurzoru, prok/zdnt z6-
sadniho vlivu parci6lniho tlaku prekurzoru na diftzi aktivnich d6stic. YyuLiti t6to metodiky
pii experimentrllnim ovdieni vlivu depozidnich parametrt na penetraci do modelov6ho sub-
str6tu.
- N6vrh a ovdieni metodiky PECVD depozice povlakri na textilni substr6ty vdetnd ovdieni
vy55i fotokatalytick6 ridinnosti povlaku TiO2 deponovan6ho na technick6 textilie.

Kvalifikovany rozbor problematiky a vyvozeni obecndj5ich z|vdria z vysledkt experimentri
prokazuji, Ze autorka si osvojila metody tvrirdi v6deck6 pr6ce. Dildf vysledky pr6ce jiz byly
publikovany v lektorovanych dasopisech a publikadni aktivita autorky odpovid6 poZadavkrim
na studenty doktorsk6ho studia.

Na zdkladd uvedenych skuteinosti konstatuji, Ze disertaini prrice ,,Vliv diftize na
PECVD funkinich vrstev(6 pani Ing. Lenky Volfov6 mf po vSech strinkrich lysokou od-
bornou frovef,, prokazuje piedpoklady autorky k samostatn6 tvoiiv6 videck6 iinnosti a
proto prr{ci doporuiuji k obhajobi.

Y Praze, dne 30. biezna2076



Prof. DSc. PhD Stanislaw F. Mitura. dr hc TUL
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Review of the PhD thesis

Ing. Lenka Volfov6:

,,INFLUENCE OF DIT-FUSION ON PECVD OF
FANCTIOAIAL LAYERS''

Supervisor: Prof. RNDr. Petr Spatenka, CSc

Re: TUL - 206B5Bl2ll2. F ebruarv 2016

I made this review based on the letter of the Dean of the
Mechanisal Faculty of the Teshnical ljniversity of Liberec
Prof. Dr. Ene. Petr Lenfeld

l. Evaluation of originality of the problems and correctness of research
propositions of the work

PhD thesis ofEng. Lenl<a Volfov6 :,,Influence of Diffus ion on
P E C V D o f F u n c l. i o n a l l a y e r s" concems the problems connected with the very
modern naterials science and engineering (materidlov6 inZenyrstvf) field. From one
side textile materials had been known in various forms for thousands of years. The
history of modem composites for textile industry probably began in 70 decades of the
twentieth century and it is associated with new technologies, especially of plasma
surface treatment.

The thesis deals with thin TiOz layers deposition on porous substrates by the Plasma
Enhanced Chemical Vapour Deposition method. The diffusion of plasma products is
one of the most significant process providing to the synthesis of good films - especially
onto the spatially complicated substrates. The main purposes of Eng. Lenlca Volfov6
thesis were the research of the particles' penetration into the spaces shielded from the
direct exposure to the plasma.

Eng. Lenka Volfovzl (former Lenka Sedl6kov6) has started experiments in the field of
plasma synthesis of TiO' layers before 2005. She was owner of the project G1



20512005 "Mechanical properties of plasma deposited TiOr layers" (with Prof. Petr
Spatenka). Eng. Lenka Sedldkov6 was researcher of the Project Gl252212007 "Study of
photocatalytic properties of TiOz coatings applied to the porous substrate by chentical
plasma deposition" coordinated by Eng. Marta Horiikov6.

The PhD thesis of Eng. Lenka Volfov6: ,,Influence of Dffision on PECVD of
Functional layers" is the creative continuation of the works of Eng. Marta Hor6kov6,
Ph.D., from the same Laboratory.

2. Bvaluation of content-related of the work.

The work contains 89 pages of typescript, 72 frgxes and 16 tables, includes a

literature review (37 pages, 16 figures) and individual researches. In the literature
review candidate for a doctor's degree introduced the notions applied in the field of
plasma, diffusion, thin layers, photocataly'tic activity, plasma enhanced chemical vapour
deposition (PECVD) and discussed kinds and manufacturing techniques of titanium
dioxid (TiOz). The literature review was worked out on the basis of 116 references,
including 12 papers where Lenl<a Volfov6 (Lenka Sedl6kovri) is co-author. Especially
interesting are:

Baftos, P., Spatenlca, P., Volfov6,L.. Deposition of TiOrBased Layer on Textile
Substrate: Theoreti.cal and Experimental Study. Plasma Processes and Polynners. 2009,
6, S897-S901. (IF :4.037)

Bartos, P., Volfov6, L., and Spatenl<a, P.. Limitedvolume thinfilm deposition on
geometrically contplicated substrates, European Physical Journal D. August 2009,54
(2), r73-r77 , (rF : r.42)

and

Sedl6kov6, Lenka et al. Photocatalytic properties of titanium oxide-basedftlms'
deposited by P E CVD . In: Intemational Conferenc e 4-th Nanodiamond and Related
materials jointly with 6-th Diamond and Related Films, Lodz, Poland,: TU Lodz, 2005.
ISBN 83-917309-5-6.

Interdisciplinary considerations in the material science field are conducted with high
dose of cognition and criticism which proves the ability to knowledge synthetisation and
scientific maturity of the candidate fol a doctor's degree.

In reviewet''s opinion the rnost important parts of the dissertation are as follows:

o The research ofthe particles' penetration into the spaces shielded from the ditect
exposure to the plasma.

o The measurements of fluidity of thin films within different shade areas.

. Study of the influence of the precursor molecules' size on the diffusion during the
process of thin fihn deposition



. The very good conformity of a mathematical model, based on the parameters of the
process with the measured results; it means the possibility of prediction of behavior
during PECVD process.

o It should be also underlined the utilitarian aspect of realized work. There is a
possibility of utilization of obtained research results in practice, though it wasn't
specially emphasized by the candidate for a doctot''s degree.

The scientific level of the elaboration is high, although the candidate for a doctor's
degree made few mistakes. I will quote some of them in presented review.

o The chemical mechanism of the procedures is not explained,

o It is lack of chemical analysis of the coatings,

o In order to widen the potential applications of the deposition process, their properties
rnust be determined at a large scale.

. The dissertation contains small editor''s faults,

Despite of this and other mistakes and misinterprets in my opinion the dissertation
presents adecluate level and deserves for positive opinion.

2. Final evaluation of the dissertation

The candidate for a doctor's deglee demonstrated good knowledge of the subject

and proper formulation of the scientific thesis.

The theoretical and experimental researches realized by her doesn't arouse any doubts

and content-related stipulates. Its interpretation proves the scientific maturity of the

candidate for a doctor's degree.

The disserlation is written in comprehensible way, it possesses the attributes of
originality and brings in the new cognitive values with comparison to the past state of
the art in materials science field (materi6lov6 inZenyrstvi).

Taking into consideration remarks mentioned above I voice an opinion that the

dissertationofEng. Lenka Volfov6: ,,Influence of Diffusion on PECVD
of Functional Iayers " corresponds with the terms established in the titles and

degrees law.

On this ground I move to Mechanical Faculty Scientific Council of the Technical
University of Liberec to allow the Lenka Volfov6 PhD thesis to its public defense.

b*^fit{,-



Posudek
diserladni pr6ce Ing. Lenky Volfov6 s n6zvem

Vliv difiize na PEC\ID funkinich vrstev.

Akturilnost prdce:
Soudasnd s rozSiiujici se vyuZitelnosti textilii jsou zkoum6ny netradidni zpiisoby vylepSeni jejich
uZitnych vlastnosti. Piednost je ddvhna metod6m, jeZ svjrmi zplodinami, di odpadovymi l6tkami
nezatdLuji Zivotni prostiedi. Mezi tyto metody mj patii plazmovd technologie, kdy je
v plazmochemickdm reaktoru udrZov6n elektrickj' vj,boj, v ndmZ dochhzi k ionizaci pracovniho
plynu a n6slednd k chemickym reakcim na povrchu textilnich vl6ken nebo k povlakov6ni tdchto
vl6ken produktem reakci mezi sloZkami plynu.
Plazmovd technologie se prosazuji v technick6 praxi, ale jsou i piedmdtem vyzkumu zamdien6ho
na optimalizaci prfibdhu uprav a povlakovfini, zvlleni jejich ridinnosti a hled6ni novych aplikaci.
Nevyie5en6 probl6my v5ak zfist6vaji i v oblasti teoretickd, neni napi. doie5en fyzik6lni popis
technologie.
Piedkl6dan6 disertadni pr6ce popisuje vjrsledky experiment6lniho studia vybranych parametru
nan65eni fotokatalyticky aktivnich TiO2 tenkj'ch vrstev a moZnosti optimalizace metody.
Experiment6lni poznatky jsou soudasnE porovn6v6ny s vjrsledky teoretickych vypodtfi.
Prilcilze ve vjr5e naznaden|m smyslu povaZovat za akta|lni.

Vysledky a vlastni pifnos prdce:
Uvodni d6st pr6ce (kapitola 2) uv6di do problematiky riprav textilii a funkdnich tenkych vrstev,
Cile pr6ce jsou stanoveny v 3. kapitole (studium zabihavosti aktivnich d6stic do pordzni podloZky
pii PECVD nan6Seni, vltvoieni matematick6ho modelu tohoto ddje, zhodnoceni experimentdlnich a
teoretickych vjrsledkfr a ov6ieni funkdnosti metody PECVD nan65eni funkdni vrstvy na textilni
podloZku).
Ctvrt6 kapitola seznamuje s charakteristikami chemickfch l6tek a podloZek fiitych
v experimentech, popisuje experiment6lni zaiizeni a vysvdtluje principy autorkou uLitych
experiment6lnich postupfi .

Vlastni vjrsledky pr6ce popisuje p6t6 kapitola,
Lze konstatovat, Le vysledky pr6ce roz5iiuji znalosti o vlivu vybranych pracovnich podminek
metody PECVD pii nan65eni tenkich vrstev na geometricky sloZit6 objekty. Autorka ovdiila i
pouZitelnost PECVD k nanSSeni fotokatalytickych vrstev nar$zn| druhy tkanin.

Struktura a grafickd froveii prfce:
Pr6ce je ps6na srozumitelnd, jasnd a strudnE, Je dobie graficky zpracovfina, obrdzkyjsou provedeny
v dobr6 kvalitd a doplfiuji vj'klad v textu,
Pou1ivd i spr6vn6 n6zvoslovi, vyhradu bychom snad mohli vzn6st jen proti pojmu ,,mikroskopovaci
sklidko", str. 50 : podloZni sklidko mikroskopu.

Odbornf frovefi pr6ce
Hlavnim piinosem pr6ce jsou vj'sledky z kapitoly 5.
Je ziejm6, Ze experiment6lni d6st studie byla autorkou dobie a logicky navrLena, piinosnd je i
porovn6ni s vysledky matematick6ho modelu. Autorka ovdiila i pouZitelnost PECVD k nan65eni
fotokatalytickych vrstev na rttzne druhy tkanin. DosaZenyni vj,sledky prokhzala schopnost
samostatnd cilen6 vddeck6 prhce.
V pr6ci vSak postr6d6m jak6koli podrobndjSi informace o postupu a zpracovdni vysledkfi mdieni
(detnost, opakovatelnost, reprodukovatelnost a nejistoty mdr'eni), V diskusi mi chybi i porovn6ni
vysledkt autorky s ridaji jinj'ch autorfi.



Otfzky:
1. Popi5te prubEh mdieni zhlediska jejich detnosti, opakovatelnosti a reprodukovatelnosti a do
ndkter6 ze z6vislosti zkapitoly 5 doplite nejistoty vynesenych hodnot.
2. Co prokazuje, Le v6mi nanesen6 a zkouman6 vrstvy maji sloZeniTiO2 a nikoli napi. TiO*?
3, Jsou vaSe vysledky v souladu s pracemi jinych autoru?

ZixEr:
PiedloZen6 disertadni pr6ce shrnuje pftvodni vysledky autorkou proveden6ho vj'zkumu v oblasti
nan65eni speci6lnich funkdnich vrstev v plazmattt. Vybran6 dildi vj'sledky byly publikov6ny v
dasopis ech a piednes en y na mezinhrodnich konferencich.
Vj'sledky lze povaLovat za piinos pro rozvoj oboru.
Pr6ci doporuduji po zodpovdzeni dopliiujicich otdzekuznat jako disertadni a po rispdsnd obhajobd
pak doporuduji Ing. L. Volfov6 uddlit ritul PhD.

Praha 6.5.2016

Jan Pichal
katedra fyziky iVUf FEL Praha


