Mechanickeé vlastnosti vrstey,
mereni a hodnoceni



Typicky meérené vlastnosti

e Tvrdost

* Frikce a otéru odolnost, adheze
e Atd.



Tvrdost

* Tvrdost je nejcasteji definovana jako
mechanicka vlastnost vyjadrujici odpor
materialu proti vnikani geometricky

definovaného vnikaciho télesa (indentoru) pri
dané teplote.

* Definice neni pouzitelna, je prilis obecna.

http://www.merenitvrdosti.cz/definice-tvrdosti.html



Parametry

e VSeobecné ji tedy mUzeme vyjadrit jako funkci:
H... tvrdost (z anglického slova hardness = tvrdost)

* e... elastické vlastnosti zkouseného materialu
(modul pruznosti E atd.)

e P.. plastické vlastnosti zkouseného materialu

 F... velikost sily pusobici na vnikaci téleso

e T... tvar,rozmery a tvrdost vnikaciho télesa

¢ t... tfeni mezi vnikacim télesem a zkusebnim
vzorkem

* v... rychlost pohybu vnikaciho télesa.

http://www.merenitvrdosti.cz/definice-tvrdosti.html



Parametry

 Hodnoty e a P predstavuji odolnost zkouseného materialu proti
vnikani ciziho télesa do jeho povrchu; tato odolnost je dana rlznymi
Ciniteli, z nichz nejdulezitéjsi jsou:

e stavba materialu definovana druhem atomové vazby, typem
krystalové mrizky a mnozstvim mrizkovych poruch (vakanci,
intersticii, dislokaci, vrstevnych poruch),

* mikrostruktura materialu dana zejména velikosti zrna, stupném
morfologické nerovhomeérnosti (heterogenity), mnozstvim a tvarem
primesi ve strukture,

* vnitrni napéti v materialu vyvolané tvarenim, nerovhomérnym
ochlazovanim, fazovymi preménami a pod.,

* teplota, jez vyrazné ovlivinuje elastické, plastické a pevnostni
charakteristiky materialu, a tim i namérené hodnoty jeho tvrdosti.

http://www.merenitvrdosti.cz/definice-tvrdosti.html



Tvrdost - klasicky

Tvrdost je vektorova fyzikalni vlastnost, ktera je definovana

jako odpor proti vnikani ciziho télesa, ktery vynaklada latka.
Zavisla je na strukture krystall, presnéji reCeno na pevnosti
vazeb mezi Casticemi v latce. Plati pro ni nekolik zakladnich

obecnych podminek (ne vzdy plati, zejména ne v nano)

* tvrdost roste s klesajici vzdalenosti jednotlivych iontl ve
strukture.

* roste s vetsi pravidelnosti krystalové mrizky
* roste s mocenstvim iontu respektive s nasobnosti vazby
* roste s podilem iontové vazby ve smiSenych vazbach

e krystalové agregaty (druzy) jsou obvykle mékci nez
samostatny krystal

https://cs.wikipedia.org/wiki/Mohsova_stupnice_tvrdosti



Mohsova stupnice tvrdosti

Tvrdost Mineral ¢ | Chemicky vzorec 4 Absolutni tvrdost ¢ Obrazek ¢

1 Mastek Mg3SizO19(OH)2 1
2 Sul kamenna nebo Sadrovec CaS04-2H,0 3
3 Kalcit - Vapenec CaCO3 9
4 Fluorit (kazivec) CaF» 21

5 Apatit Cas(PO4)3(OH~,CI7,F7) 48




Mohsova stupnice tvrdosti

6 Ortoklas (Zivec) KAISi3Og 72
T4 Kfemen SiOy 100
8 Topaz Al>SiO4(F~,0H7), 200
9 Korund AlL,O3 400
10 Diamant C 1600




Mereni tvrdosti

e Zkousky tvrdosti rozdélujeme na:

— statické (tvrdost podle Brinella, Knoopa, Rockwella,
Vickerse)

— dynamické (Poldi kladivko, Baumanovo kladivko,
Shoreho skleroskop, duroskop)

e Dalsi déleni:
— zkousky vrypové (Martens),
— vnikaci (Brinell, Knoop, Rockwell, Vickers),
— odrazové (Shore)

http://www.converter.cz/tabulky/tvrdost.htm



Mereni tvrdosti

Tab. 1.2 Zkousky tvrdosti [4]

vrypove metoda Martens
—_ toda Brinell
statické L e :
vnikaci metoda Vickers
. metoda Rockwell
zkousky metoda volnym padem
makrotvrdosti plasticke ymp <
. . metoda stlaCenou pruzinou
.., | narazove ———
dynamicke porovhavaci metoda
elastické | metoda volnym padem (Shorova)
odrazove | metoda kyvadlova (duroskop)
Zzkousky statické vnikaci metoda Vickers
mikrotvrdosti metoda Knoop
ZkouSky . | statické vnikaci metoda Berkovich
nanotvrdostsi

https://www.vutbr.cz/www base/zav prace soubor verejne.php?file id=27306



https://www.vutbr.cz/www_base/zav_prace_soubor_verejne.php?file_id=27306

Princip vnikacich zkousek

 Tvrdost podle Vickerse (CSN 42 0374) - do materialu se
vtlacuje pod zatizenim silou F (pusobi kolmo na povrch
vzorku) diamantovy pravidelny ctyrboky jehlan
o daném vrcholovém uhlu 136 o mezi protilehlymi
stenami po danou dobu.

* Nasledné se zméri stredni délka u obou uhlopricek
vtisku. Zkusebni zatézujici sila byva od 10 do 1000 N.
Doba zatizeni se voli od 10 do 180 s. Pouzité zatizeni
piSeme do oznaceni.

* Pro bézné zkusebni zatizeni 300 N a dobu od 10 do 15 s
se pouziva oznaceni HV.



Tvrdost podle Vickerse

Robert L. Smith a George E. Sandlar z
Vickers Ltd jako alternativu k Brinell
mereni (kulicka)

Tvrdost podle Vickerse se vyjadruje

oezrozmerneé. Tvrdost podle Vickerse
je urcena pomerem vtlacovaci sily F a

oovrchu vtisku.

HV =0,189. (F / d?)
F - sila vtlacovani

d - dhlopricka vtisku.




Tvrdost podle Vickerse

* Piseme jako xxxHVyy, tj. 440HV30,
nebo xxxHVyy/zz v pripadé Ze doba zatéze
néni z intervalu 10 az 15 s., tj. 440HV30/20

* To je pak:
— 440 je tvrdost
— HV oznaceni metody
— 30 je pouzita zatéz v kp (kilopond) 1 kp =9.807 N
— 20 je doba zatéze v s



Tvrdost podle Vickerse

G L s
Examples of HV values for various materials

Material
316L stainless steel 140HV30
347L stainless steel 180HV30
Carbon steel 55-120HV5
Iron 30—-80HV5
Martensite 1000HV
Diamond 10000HV

https://en.wikipedia.org/wiki/Vickers hardness test



https://en.wikipedia.org/wiki/Stainless_steel
https://en.wikipedia.org/wiki/Carbon_steel
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Martensite
https://en.wikipedia.org/wiki/Diamond
https://en.wikipedia.org/wiki/Vickers_hardness_test

Materialoveé problémy

MATERIAL MATERIAL
NEZPEVNENY ZPEVNENY

Hodnota tvrdosti podle Vickerse se urci ze vztahu [4]:

HY = 0,1 8931 -F (2.5)

1>

Nebo se urci z tabulek podle velikosti Uhlopfi€ky u. Pokud je vtisk zdeformo-
van uZije se vztah, ktery zahrnuje velikost deformace Z [4]:

0,189 F

(uiZ-\E)z

HV = (2.6)
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Ostatni vnikaci

e Brinell - vtlacujeme kulicku (nejstarsi metoda)

e Berkovich — trojboky jehlan (presnéjsi vyroba
nez Vickers) s vrcholovym uhlem 142.30 stejna
pomér plocha/hloubka, tj. mérena tvrdost
rovnou ve VK



Analyza

 Mérime otisk po provedeni testu

* Tedy mérime jen vzniklou plastickou
deformaci, napéti nad o !!!

* Tomu bude odpovidat
pomerneé velka
potrebna sila a
pomeérnée hluboky vtisk

* Neni to problém pro
TV?

http://physics.mff.cuni.cz/kfpp/skripta/kurz_fyziky _pro_DS/display.php/kontinuum/2_6




Rozdeéléni

oblast zkuSebniho ]
zatizeni [N] symbol tvrdosti ISO 6507 — 1

F=49,03 =2HV 5 Zkous$ka tvrdosti dle Vickerse

1961<F<4903 | HV02az<Hv 5 | <Kouskatvrdostidie Vickerse
pii nizkém zatiZeni

0,09807 = F <1,961|HV 0,01 az < HV 0,2|Zkouska mikrotvrdosti dle Vickerse

Podle Vickerse se i mikrotvrdost vyhodnocuje z uhlopricek vtisku !

Nékdy se zavadi jeSté pojem nanotvrdost, viz tabulka v Uvodu, coz je nékdy
zameénovano za mikrotvrdost — vzdy si ovérte metodiku méreni




Meéreni TV — varianty

* Tvrda vrstva na mekkeé podlozce
 Mekka vrstva na tvrdé podlozce (plasticka)

e Elasticka vrstva




Jak meérit vrstvy?

Jak mérit bez plastické deformace?
Jak mérit bez vlivu substratu?

Pravidlo hloubka vtisku max 10% tloustky

Mikrotvrdost (nékdy nanotvrdost) = vnik cca
jednoty nm (! Presnost!)

Instrumented Nanoindenter

iloading Tunloading



Mereni mikrotvrdosti

A

* Load—unload . | /

* The slope S at the
maximum load
data point is used
to calculate the
elastic modulus!

Loading

Load, F

Unloading

* Hertzian theory of
contact mechanics

hy
10.1016/j.matchar.2006.06.005 Indentation depth, £



https://doi.org/10.1016/j.matchar.2006.06.005

Mikrotvrdost

e Jedna z moznosti Oliver—Pharr metoda

* H=Fmax/Ap
— Fmax je max sila

— Ap je projektovana plocha vtisku (tj. vypoctena z
hloubky vtisku)



Yonguv modul

s o — \:MT . S
* Redukovany YongQv modul = 5

* where A is the projected area of contact

and S is the slope of the unload at the
maximum displacement point (h_,_, ).

* The reduced modulus E, is a combination of
the sample material and indenter elastic

deformations.

10.1016/j.matchar.2006.06.005



https://doi.org/10.1016/j.matchar.2006.06.005

Mereni mikrotvrdosti

e Load — unload

Load - Depth Curve 20
| —SIiBCN
16l e CNTs/SIBCN-10
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10.1016/j.ceramint.2017.04.046



https://doi.org/10.1016/j.ceramint.2017.04.046

Meéreni tvrdosti — bulk pro srovnani

* Vyrazna plasticka deformace, hluboké vtisky

350

Fused 1020 5050-0
Silica Steel Nickel Iron Copper  Aluminum

Force (mN)

0 1000 2000 3000 4000 5000 600C
Displacement (nm)

10.1016/j.matchar.2006.06.005



https://doi.org/10.1016/j.matchar.2006.06.005

Mikrotvrdost typické hodnoty

Material Microhardness (GPa) Classification
c¢-BN 50-70 Superhard

CN 50-60 Superhard
nc-TiICN/SICN 30-60 Hard-Superhard
nc-TiN/SIN 30-50 Hard-Superhard
TiN 20-30 Hard

SiCN 25-35 Hard

SiC 20-30 Hard

SiN 20 Soft-Hard

SiON 10-20 Soft

TiO, About 10 Soft

Ta,Os About 10 Soft

Nb,O; About 10 Soft

510, About 10 Soft




Mikrotvrdost

* Ve skutecCnosti je problematika mnohem
slozitéjsi a stejné tak existuji specialni postupy
mereni (zvysovani zatezujici sily) k omezeni
vedlejsSich vlivu

* Pristroje je treba takeé kalibrovat tak, aby se
omezil vliv nepresnosti tvaru indentoru atd.



Meéreni tvrdosti pomoci AFM

AFM Nanoindentation
A
attractive holding
non-contact Lever-sample
regime distance
— > o
8 : loading S
& e
g ©
~A | -
af | e unloading
Y Displacement, h
Straight up/down motion of the
Cantilever deflection is convoluted into transducer enables a more
measurement straightforward measurement of

e ¢ nanosurf displacement ! SurfaceChar




Nanoindetor nebo AFM

What properties do you want to measure?

* AFM measures elastic properties ot Elasticand plastic regimes
* Recoverable/nonpermanent/reversible deformation e F’facw

= MOdUIUS Plastic region

* Nanoindentation measures elastic and plastic properties
* Plastic properties: Permanent deformation

* Some Plastic Properties:
* Yielding (onset of plastic deformation)
* Ductility (plastic deformation at a fracture)

* Toughness — ability to absorb energy and plastic deform before >
fracturing Strain

* Hardness — resistance to localized plastic deformation (e.g. dent or
scratch)

m
‘flf

stic region

* Both measure viscoelastic properties
* Storage modulus F’
* Loss modulus E”
* Loss tangent E”/F’



Nanoindetor nebo AFM

What kind of sample are you measuring?

* Generally, AFM is better for softer samples
* Polymers (1GPa or lower)
* Biological materials
* Hydrogels
* Sticky materials
* Limited by the cantilever spring constant

* Nanoindentation excels for stiffer materials
* Ceramics
* Metals
* Stiff polymers
* Semiconductors

]

* These guidelines derive from the force used by each technique
* AFM: picoNewton to nanoNewton
* Nanoindenter: microNewton to milliNewton

tensile modulus

material (G Pa) elongation at break
hydrogel ~5*106
nitrile rubber <0.01 500%
HDPE 1 500%
PP 1.14-1.55 100%
PS 2.28-3.28 7%
Al 69 9%
Cu 110 45%
Steel 207 10%




Nanoindetor nebo AFM

What resolution do you require?

e Lateral resolution

¢ Nanoindenter diamond tip: >100nm resolution
¢ AFM tip: 10nm resolution

e Z resolution

* Nanoindenter: a few nm is the lower limit AF M TI P

* AFM: can indent less than a nm .

« Thin films Nanoindentor
* Additional constraint of 10% rule

Anton-Paar
= _

¢ Think in terms of volume!
¢ AFM can probe 102! Liters

* Nanoindenters 1015 Liters

* These resolution guidelines again are governed by the forces used
by each technique

* AFM: picoNewton to nanoNewton
* Nanoindenter: microNewton to milliNewton

* Often high resolution measurements are coupled with the
requirement to image to find the feature or area of interest



SCRATCH TEST

Applied load

Constant

Progressive
ncremental

[
Tangential Force l

foldder Friction coefficient Indenter
Dizmond
\ Rockwell
- Sphernical
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Fig. 1 Scratch test [3] [4]

http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek zav%20prace Scra
tch%20test.pdf



http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek_zav%20prace_Scratch%20test.pdf

Pristroje od nano po makro aplikace

Scale Nano Micro Macro
Mormal Force Range 10pyNto 1 N 30mNto 30N 0.5to 200 N
Load Resolution 0.15 pN 0.3 mN 3 mN
Maximum Friction Force 1N 30N 200N
Friction Resolution 0.2 mN 0.2 mN 3 mN
Maximum Scratch Length | 120 mm 120 mm 70 mm

Scratch Speed

0.4 to 600 mm/min

0.4 to 600 mm/min

0.4 to 600 mm/min

Maximum Depth

2 mim

1 mm

1 mm

Depth Resolution 0.6 nm 0.3 nm 1.5 nm
XY Stage 120 x 20 mm 120 x 20 mm JO0mm x 20 mm
245 x 120 mm (OPX ) | 245 x 120 mm (OPX)
XY Resolution 0.25 pm 0.25 pm 0.25 pm
0.1 pm (optional) 0.1 pm (optional) 0.1 pm (optional)
Video Microscope 200x, 800x, 4000x% 200x, 800x 200x, B00x

Magnification

Video Microscope
Camera

Color 768 x 582,
high resolution

Color 768 x 582, high
resolution

Color 768 x 582, high
resolution

(OPX) - Open Platform [3]

http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek zav%20prace Scr
atch%20test.pdf



http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek_zav%20prace_Scratch%20test.pdf

o Ve

Zakladni veliciny

Plot of the applied normal force Typical scratch test plot
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fypical data from a nanoscratch expernment:

C1—Vertical displacement of the indenter during the pre-scan
C2—\Vertical displacement during post-scan

C3—Vertical displacement during scratch

C4—Tangential force

C5—Applied normal force (1)

http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek zav%20prace Scra
tch%20test.pdf



http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek_zav%20prace_Scratch%20test.pdf

Zakladni veliginy

PD [mm] — penetration depth is calculated from the prescan values C1 and
displacement from the scratch test C3, PD=C3 -C1

RD [mm] — residual depth (permanent plastic deformation) is calculated
from the values of prescan C1 and values of postscan C2, RD=C2-C1

ER [mm] — elastic recovery defines the value elastic deformation that
occurs after the scratch test, ER=C3 - C2

Cf [-] — friction coefficient is calculated as a ratio of the tangential and
normal force, Cf = C4/C5

PR [MN/mm] — plastic resistance is calculated from the particular normal
force that should be taken from the lower part of the graph which is
relatively stable, PR = FN/RD

FR [mN]- fracture resistance can be determined as the value of normal
force when the first fracture occurs. This event is followed with wild
fluctuation in both force and penetration. Often also detected by acustic
emmision.



Meéritelné veliciny pro Scretch test

* Adheze —realizuje se pomoci rovhomerné se zvysujici
normalové zatézujici sily, v okamziku poruseni vrstvy je
zatizeni pravé Kritickou silou

e Otér — konstantni sila a méri se pocet cykld nutnych pro
poruseni vrstvy

* Vrypova tvrdost HS — pro ur€eni tvrdosti — opét
konstantni pusobici sila, pouzije se ostry diamantovy
hrot a HS = (k x FN) / W?, kde k je konstanta podle
tvaru a materialu hrotu (Berkovich diamant k=2.31), FN
je normalova zatézna sila a W je Sirka vrypu (méreno
poté AFM).



Priklad meéreni

) e

Fig. 14 Scratch — AFM
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http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek zav%20prace Scra
tch%20test.pdf



http://ksm.fsv.cvut.cz/~nemecek/teaching/dmpo/clanky/2015/Kadlicek_zav%20prace_Scratch%20test.pdf

Druhy poskozeni vrstev

At sufficient stress, cracks initiate preferentially at defect
sites in the coating and/or coating-substrate interface.
Propagation of such cracks lead to coating failure.

Cohesive Failure: occurs by tensile stress behind the stylus
(Through-Thickness Cracking)

Adhesive Failure: Due to compressive stress, the coating
separates from the substrate either by cracking and lifting
(Buckling) or by full separation (Spallation; Chipping).

Practical scratch adhesion value of coating is defined as the
lowest critical load at which a coating fails. It is an
important parameter related to coating-substrate adhesion
that could be used for comparative evaluation of coatings

<)
BRUKER
>0



Druhy poskozeni

Scratch Direction ——
/ ,/77‘77‘
* Brittle Tensile Cracking: Nested micro- el SO\

cracks; open to the direction of scratch; r ;
straight and semi-circular; formed behind , 7 aas [

the stylus. m-mns"a k\\ \\[ Kk

 Hertz Cracking: Series of nested micro- ;ﬂm _5
cracks within the scratch groove I
N

« Conformal Cracking: micro-cracks form ~meer —
while coating try to conform to the groove; \T\P 5 ] ‘}D
)

open away from the direction of scratch.

Through Thickness Cracking

Scratch Direction —> Chipping
T - 2D 221257 Rounded regions of coating removal extending
c

hipping laterally from the edges of the scratch groove
- T e kﬁ%‘:ﬂ

<)
BRUKER
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Druhy poskozeni

Spallation L
Scratch Direction ——

Buckling : coating buckles ahead of the stylus ° b)) D

. : Buckllng

tip; irregularly wide arc-shaped patches

missing; opening away from scratch direction.

Wedging : Caused by a delaminated region wgdgmg 9 %
wedging ahead to separate the coating;
regularly spaced annular-circular that extends

beyond the edge of the groove. I

Recovery
Recovery: regions of detached coating along .

. A R e S Y
one or both sides of the grove; produced by

A
elastic recovery behind the stylus and plastic | O =
deformation in the substrate. Gross Spallation

-_—
e

Gross Spallation : Large detached regions;
common in coating with low adhesion strength.

C<)
BROKER
(O



Druhy poskozeni - typické

Coating Hardness - Vysoka SH
Substrate Hardness

Nizka CH Plasticka deformace vrstvy i Plasticka deformace a
substratu, vznika tahové konformni praskani povlaku,
napéti, které zpUsobi nasledované spallaci a
selhani vrstvy zplsobem selhanim praskani povlaku
buckling jako praskliny substratu.

Vysoka CH Tahové a hertzovské trhliny  Vznik tahovych trhlina
v povlaku postupuji ke Stipanim povlaku (chipping
Stépeni povlaku pfri and spallation)

deformaci substratu
(chipping and spallation)

= RGOSR
(O



Modely pro popis chovani

Benjamin and Weaver
Ollivier and Matthews
Laugier

Burnett and Rickerby
Bull

The existing models invariably use assumptions and
simplifications to deal with the inherent complexity of
any scratching process, which involves large number of
variables.

<)
BRUKER
>0



3.5 um DLC na oceli - linearni

167 03 M| \~

- Hﬁ_, e il ‘ | mf Wﬁ Mm U 0.2

Specimen: 3.5-um thick DLC coating on steel substrate.

Tool: Diamond stylus 12.5-um tip radius

Scratch Parameters: Linear; 1 mm at 0.02 mm/s; Load 20 to 500 mN;
Coating failed at 298 mN



3.5 um DLC na oceli - profil

[8
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Specimen: 3.5-um thick DLC coating on steel substrate.
Tool: Diamond stylus 12.5-um tip radius
Scratch Parameters: Linear; 1 mm at 0.02 mm/s; Load 20 to 500 mN;

Coating failed at 298 mN

mm



X-Y vzor méreni

0.08

0.04

-0.32 -0.24 -0.16 -0.08
X,mm

Specimen: 3.5-um thick DLC coating on steel substrate.

Tool: Diamond stylus 12.5-um tip radius

Scratch Parameters: X-Y; 120-um long; spacing 100, 80, 60, 50, 40, 30,
20, 10 um; at 0.01 mm/s; Load 250 mN

Coating did not Fail



Jiny vzor
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Specimen: 3.5-um thick DLC coating on steel substrate.

Tool: Diamond stylus 12.5-um tip radius

Scratch Parameters: Angular; X =48 um at 2 um/s; Y = 120 um at 10

um/s; Load 250 mN;

Last cycle was not moved and the coating failed.




Normy

 ASTM Standard G171 (03) — Standard Test
Method for Scratch Hardness of Materials
Using a Diamond Stylus.

 ASTM Standard C1624 (05) —Standard Test
Method for Adhesion Strength and

Mechanical Failure Modes of Ceramic Coatings
by Quantitative Single Point Scratch testing




Tribologické vlastnosti tenkych vrstev

e Zarizeni pro provadeéni testu se nazyva
tribometr a je konstruovano tak, aby prostor,
kde dochazi k méreni, nebyl ovlivhén
podminkami okolniho prostredi. K tomu slouzi
ochranny kryt, uvnitr kterého se sleduje
teplota a vlhkost vzduchu.

e Oproti scratch testu obvykle zkusebnim
télesem po vzorku prejizdime opakovane.



Pin on disk

Princip méreni metody ,,Pin-on-Disk” spociva ve vtlacovani pevné
uchyceného zkusebniho téliska (pinu) ve tvaru kulicky nebo hrotu z
libovolného materialu predem definovanou silou do zkusebniho
vzorku, ktery se otaci danou rychlosti. Toto probiha na stanoveném
poloméru.
Primym vystupem meéreni je prabéh koeficientu treni v zavislosti na
pocCtu otacek.

Dalsimi hodnotami, které se pfi zjiStovani tribologického chovani
tenkych vrstev sleduiji,
jsou:

— charakter opotrebeni ,,PIN“ téliska — adhezivni nebo abrazivni,

— velikost opotrebeni , PIN“ téliska,

— charakter a velikost vytvorené tribologické stopy na vzorku — vypocet
mnozstvi odstranéného materialu



Pin on disk
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Test with Si.N, ball: r=6 mm - Load=10.00 [N] - Lin. speed=20.00 [cm/s] - Acquisition rate : 2.0 [Hz] - T=25.00 [*C] - Rel. humidity=5.00 [%)]

https://www.platit.com/en/applications/79-

measurement-coefficient-friction-pin-disc-
wear-test-cromvic2

https://www.quora.com/How-do-you-

Load force

Friction force

Rotating
Disc

calculate-the-relative-velocity-of-a-Pin-on- Rotation

Disk-Tribometer



https://www.platit.com/en/applications/79-measurement-coefficient-friction-pin-disc-wear-test-cromvic2
https://www.quora.com/How-do-you-calculate-the-relative-velocity-of-a-Pin-on-Disk-Tribometer

Linearni tribometr

* Také muzeme hrotem (diamantovy) posouvat
linearné s rostoucim zatizenim a zkoumat tak
chovani vrstvy

* Casto se méfi i akustickd emise pro uréeni
zatéze nutné pro odtrzeni vrstvy od podkladu

* Pristroj nékdy muze byt stejny (podobny) jako
pro scretch test



Priklad HSS ocel

 |ONTOVE CISTENI = IONTOVY BOMBARD
Probiha primo v depozicni komore 2 faze
— Cisténi doutnavym vybojem — zdrojem iontu je
ionizovany plyn v komore — Ar, H2 , N2

— Cisténi nizkonapétovym el. obloukem — zdrojem
iontu je “katodova skvrna”

lonty jsou urychlovany zapornym predpeétim na
substrat

https://www.opi.zcu.cz/tenke_vrstvy sma.pdf



Cisteni - vliv

e plynné prvky — Ar, H2 — pro prvni fazi Cisténi,
zvyseni obsahu H2 podle dosavadnich
poznatku prispiva ke snizeni obsahu oxidickych
necistot

* pevne prvky —Ti, Cr — pro druhou fazi - ¢cim
vyssi je teplota taveni tohoto prvku, tim nizsi
je vyskyt makrocastic ulpélych na povrchu po
iontovém cisteni

https://www.opi.zcu.cz/tenke_vrstvy sma.pdf



RUzné parametry = rizné ovlivnéni povrchu

Cr-700V-100s Cr-1200V -100s Cr-700V -600s Cr-1200V -600s

https://www.opi.zcu.cz/tenke_vrstvy sma.pdf



Vliv bombardu na substrat - SK
Cr etching SK
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Vliv bombardu na substrat - SK

Ti etching SK
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Priklad studie

Tungsten oxide coatings
N.M.G. Parreira, N.J.M. Carvalho, A. Cavaleiro

ICEMS — Grupo de Materiais e Engenharia de
Superfi’cies, Faculdade de Cie ncias e
Tecnologia da Universidade de Coimbra —Po’lo
Il, 3030-201 Coimbra, Portugal

doi:10.1016/].tsf.2005.12.299



Oxygen content (at.%)

Metoda a depozicnhi podminky

* Tungsten oxide coatings were deposited

without substrate bias by DC reactive
magnetron sputtering of a tungsten target
using oxygen as reactive gas.
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Vlastnosti
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Mechanické vlastnosti
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Studie ochranné DLC na plotny
pevnych disku z roku 1995

* hydrogenated-carbon films prepared by sputter
deposition in a H2/Ar gas mixture (hydrogen
contents of 20, 34, and 40 at. %) and a pure

e carbon film prepared by cathodic-arc plasma
techniques.

 The mechanical properties were measured using
nanoindentation and nanoscratching techniques.



Meéreni — vliv hloubky vtisku
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Figure 1. Nanoindentation measurements of (a) hardness and (b) elastic modulus.

300 nm films on Si wafer
*  Cathodic arc up to 85% sp3 (EELS)
* 40 % H looks like polymer



Pozadavky na TV

* Vtomto bodé vyvstava otazka, jaka je optimalni
tvrdost a elasticky modul pro ochrannou kryci
vrstvu v aplikacich s pevnym diskem.

* | kdyz se obecné tvrdi, ze je dulezita vysoka
tvrdost, role, kterou modul hraje, neni tak jasna.
Jako prvni krok k zodpovézeni této otazky je
uzitecné zacit tim, ze se predpoklada, ze kryci
vrstva musi byt behem kontaktnich udalosti
vysoce odolné vuci plastické deformaci.




Pozadavky na TV

* |n this regard, an analysis by Johnson which
estimates the load, Py, needed to initiate
plastic deformation when a rigid sphere of
radius, r, is pressed into contact with an
plastic/plastic halfspace, is useful [1].

e Using Tabor's observation that the hardness of
a material can be estimated as 3 times its yield

strength [2], Johnson's analysis yields:

H3
Py=0.78r? =



Parametr H3/E2

* This equation shows that the contact loads needed to
induce plasticity are higher in materials with larger
values of H3/E2, i.e., the likelihood of plastic
deformation is reduced in materials with high hardness
and low modulus, with H3/E2 being the controlling
material parameter.

Film Hydrogen Thickness Hardness Elasic ~ H3 Critical ~ Friction
Type content (nm) (GPa) Modulus E? Load Coefficient
(at %) (GPa) (GPa) (mN)
sputtered 20 300 17 175 0.16 39 0.15
sputtered 34 300 14 135 0.15 42 0.09

sputtered 40 300 3.3 31 D04 17 0.06
cathodic-arc 0 320 559 305 @ 61 0.20
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874

S

B—C—N Coatings Produced by lon

Table 1. Composition and mechanical propertics of coatings

Sputtering of SiBC Target

KIRYUKHANTSEV-KORNEEY et al.

Coating compostion, at %

Mechanical Properties

Coating
P:“\-_.‘ GE- ) ) H';-"..E_:
ERCh. Si B C N H,GPa | E, GPa W, % H/E e
CiPa
1 ] I8 13 58 11 19 165 63 0.115 0.248
2 15 28 11 42 19 23 201 G n.114 0.301
i 100 37 8 27 28 26 221 65 0118 0.364

ISSN 2070-2051, Protection of Metals and
Physical Chemistry of Surfaces, 2017, Vol. 53, No.

5, pp. 873878



Ti—Cu—N

nanocomposite films
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Hardness, H*|E* ratio and plastic deformation resistance values for the Ti-Cu-N nanecomposite films.
Ratio Up=-100V Up=-300V Up= 600V Up=-000V
Cu content (%) in 25 1.75 i3
H(GPa) 224 265 315 251
H [E* (GFa) 0090 0.115 0.130 0.077

Y. Zhao et al. / Applied Surface Science 258 (2011) 370-376



Hardness, H (GFa)

| —A- Hardness, M (GPa)

Ceramic TiC/a:C protective

&~ Modulus of elasticity, E (GPa)
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CoF values of the TiC/a:C thin films with

different content of Ti against Si;N, ball (5 mm,

2 N, 3000 cycle) in ambient air.

10.1016/j.ceramint.2016.04.164

Modulus of elasticity, E (GPa)
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https://doi.org/10.1016/j.ceramint.2016.04.164

Zaver

* Problematika méreni mechanickych vlastnosti
TV je velice komplexni

* Neni stale plné doresena — neni univerzalni
teorie



