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V ¢om vidite uplatnenie
vysledkov projektu:

V rozsireni teoretickych poznatkov v oblasti zakladného vyskumu gradientnych
materidlov najma ako kompozitnych materidlov ¢&asticového typu. Vyznamnym je
ze velkost ¢astic je zintervalu pm az nm. Ziskané vysledky z oblasti
Struktirnych analyz a namerané mechanické a fyzikalne vlastnosti su uplatnitel'né
v aplikovanom vyskume pre tvorbu a aplikacie novych materiadlov v priemyselnej
praxi.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Predmetny projekt rieSil problematiku, ktora v su€asnosti je predmetom zaujmu viacerych vyskumnych pracovisk na
celom svete. Gradientné materialy predstavuju materialové systémy u ktorych je mozné vyuzit v maximalnej miere
pri ich aplikacii materidlové a energetické vstupy, ktoré boli potrebné na ich vyhotovenie.

Cielom rieSenia projektu bola priprava gradientnych materialov praSkovou metalurgiou z mikro a nano
Castic. V podstate sa jednalo o pripravu gradientnych materialov kompozitného typu, konkrétne gradientnych
gasticovych kompozitnych materidlov. DalSou vyznamnou charakteristikou tohto projektu je, Ze pouZité vnesené
Castice do matrice maju velkost pod 1um . Teda jedna sa o systémy, kde Castice mézu mat aj nano rozmer. Ak sa
jedna o materialy s nanocasticami potom aj metoddy ich pripravy su Specifické, aby sa dosiahlo synergické pdsobenie
Struktary na vlastnosti daného materialového systému.

V projekte bola rieSena problematika pripravy systému Cu-C, priCom vnesena kompozitna faza C bola vo forme
Castice grafitu, Castice povlakovaného grafitu medou a Castice ako nano rurky CMWNTs (carbon multiwalled nano

tubes).

Izostatikym lisovanim za tepla bol pripraveny gradientny material Cu-grafit s odstupriovanym gradientnom a vzorka
Cu- MWCNTSs (ds= 20-50nm). Elektrofrézou boli pripravené nasledovné gradientné systémy: Cu-SiC (ds= 3um), Cu-
a.Al,Os(ds= 150nm), Cu-MWCNTSs (ds= 20-50nm) a Cu-MWCNTs— SiC. Na uvedenych systémoch bola preskimana

homogénnost umiestnenia mikro a nano fazy. Na zaklade nameranych fyzikalnych vlastnosti pre sytém Cu-C boli
vytvorené modely pomocou tedrie perkolacie a zovSeobecnenej metddy stredného pola . Na zaklade tychto modelov
je mozna predikcia vlastnosti nielen pre sytém Cu-C, ale aj podobné systémy ako su napriklad systém Au-C, Ag-
C, obecne Metal (alebo iny elektricky vodivy resp. nevodivy material)-C a iné zatial fyzicky nepripravené
materialové systémy.

Ziskané vysledky z rieSenia projektu je mozné vyuzit ako v oblasti zakladného vyskumu materidlov tak aj v oblasti

aplikovaného vyskumu ako novych materialov pre aplikaciu v priemyselnej praxi.
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The project solved the problems that are currently the main field of interest of various research laboratories all over the
world. Gradient materials are materials systems that can employ during their applications all material and energy inputs
necessary for their preparation.

The main goal of the project was preparation of gradient materials using powder metallurgy from micro and
nano powders. Basically, the composite gradient materials were prepared, epecially particulate composite gradient
materials. The main characteristics of the project is the fact, that the used embended particles inside the matrix are
below 1um. It means that they can also be a systems of nano size. In the case of nanosize it is necessary to use

a special method of preparation to achieve synergic effect on the final properties of given material system.

The project solved the problems concerning the preparation of Cu-C system. In this case the embended phase C was in
the form of graphite particle, copper coated graphite and multiwalled carbon nano tubes CMWNTSs.

Hot isostatic pressing method was used to prepare gradient Cu-graphite material with stepwise gradient and a sample

Cu- MWCNTSs (ds= 20-50nm). Further electrophoretic deposition was used to prepare following gradient systems Cu-SiC
(d= 3um), Cu-aAl,O3(ds= 150nm), Cu-MWCNTSs (ds= 20-50nm) and Cu-MWCNTs— SiC. The homogeneity of the space

distribution of micro nad nano phase was investigated. On the basis of experimental results of physical properties of Cu-
C system a models describing their composition dependence on the basis of percolation theory and general effective
medium theory were created. Using these models it is possible to predict effective properties not only for Cu-C system,
but also for simillar systems such as Au-C, Ag-C, or generally Metal (or other electrically conductive or non conductive
material) — C of until now not physically prepared systems.

The obtained results will be used in the field of basic research and also in the field of applied research of new materials
for industrial applications.
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