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Obiectivul fazei

Realzarea de probe optimizate cu acoperiri tribologice uscate, cu structura de strat
unic si compozitie constanta si evaluarea proprietatilor:

» structurale si compozitionale (pe adancimea stratului depus)
- prin RBS - DFNA / IFIN-HH

» compozitionale
- prin SEM-EDS - DFNA / IFIN-HH

» mecanice si tribologice

- Aderenta la substrat - prin Scratch Test-UTBv - Fac. Stiinta Materialelor,
- Duritatea - prin Hardness Test-UTBvV - Fac. Stiinta Materialelor,

- Caracteristicile tribologice - prin Ball on Disck Tribometer Test-UTBv
- Fac. Stiinta Materialelor,
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Acoperiri tribologice — Caracteristici esentiale si parametrii de evaluare

1. Coeficient de frecare/COF scazut, determinat prin testul tribometric (Pin/ball-on disk Tribometer
Test), in micro-tribologie este 0 masura a fortei de frecare (respectiv a fortelor de abraziune si de adeziune in
nano-tribologie) ce se opune miscarii unui obiect aflat in contact cu o suprafata (previzionat de COF al
materialelor utilizate si de structuri super-nanostructurate)

2. Duritate ridicata, definita ca rezistenta la deformare (prin zgariere sau indentare/ amprentare) sub
actiunea unui corp strain, este determinata uzual prin testul de indentare (Hardness Indentation Test) si se
masoara in GPa. Pentru indentare: H = P/a,.a, unde: P = forta de amprentare; a = dimensiunea amprentei
lasate de indentor; a,= constanta (previzionat de H al materialelot utilizate si de strcturi super-nanostructurate)

3. Tenacitate (toughness = K) ridicata sau rezistenta la fracturare, este data de relatia: K_=
a,(E/H)Y2(P/c32), unde: P=sarcina de deformare; c= dimensiunea fisurii rezultate prin indentare; o.,=coeficient
numeric care tine cont de dimensiunile indentorului: «;=0,016 pentru varfurile de indentare, tip Berkovich si
Vikers (este previzionata de parametrii o, E si H ai materialelor utilizate si de structure super-nanostructurate)

4. Aderenta buna la substrat si coeziune ridicata intre straturi, este determinata uzual prin testul
de zgariere (Scratch Test) si este redata de sarcinile critice L, L, Si L, ce reprezinta fortele (in Newton) la
care apar la: Prima fisura (L,); Prima delaminare (L,); Delaminare totala (Exfoliere a mai mult de 50% din
strat -L 5, previzionata de Electronegativitatea materialelor utilizate- x si de parametrii procesului tehnologic)

5. Conductivitate termica ridicata, notata prin A sau k (in W/m.K) (previzionata de coeficientul A al
materialelor utilizate si de combinarea lor sinergica, in cazul acoperirilor super-nanostructurate);

6. Rezistenta Tnalta la coroziune gi oxidare termica/ stabilitate termica si chimica,
(previzionata de parametrul x al materialelor utilizate si de combinarea lor sinergica, in super-nano-structuri).

NOTA: Combinarea sinergica a proprietatilor materialelor utilizate, conform CBI 00167/2016 are loc in cazul
acoperirilor cu structuri super-nanostructurate, adica in super-nano-structuri cu grosimi mai mici de 10 nm
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CoF static/ dinamic/ cu lubrifiere - pentru materiale comune

Materials Static Friction, Kinetic/Shiding Friction,
Dry and clean| Lubricated | Dry and clean| Lubricated
Alnmininm Steel 0.61 0.47
Alumininm Aluminium 1.05-1.35 0.3 14-15
Gold Gold 25
Platinum Platinum 12 023 50
Silver Silver 14 0.55% 135
Alumina ceramic Silicon nitride ceramic 0.004 (wet)
BAM (Ceramic alloy AIMgB;4) | Titaninm diboride (TiB:) 0.04-0.03 0.02
Brass Steel 0.35-0.51 0.1 0441
Cazt iron Copper 1.05 029
Cast iron Zinc 0.83 021
Concrete Rubber 10 0.30 (wet) 0.6-0.85 0.45-0.75 (wet)
Concrete Wood 0.62
Copper Glass 0.68 0.33
Copper Steel 053 036 0.1z
Glazs Glass 0.9-1.0 0.005-0.01 04 0.09-0.116
Human synovial fluid Human cartilage 0.01 0.003
Ice Ice 0.02-0.09
P Ene Steel 02 02
PTEE (Teflon) PTFE (Teflon) 004 0.04 0.04
Steel Ice 0.03
Sreel PTFE (Teflon) 0.04-02 0.04 0.04
Steel Steel 0.74-080 | 0005023 0.42-0.62 0.020-0.19
Wood Metal 0.2-0.8 0.2 (wet) 0.49 0.075
Wood Wood 0.23-0.62 0.2 (wvet) 0.32-0.48 0.067-0.167

28.07.2021 PN 19 06 01 03



Teoretic l

Practic

28.07.2021 PN 19 06 01 03 5



Materiale utilizate in cadrul fazei
Tab. 1. Proprietafle Ti, TiB,, WC, WS,, TiN, B,C

Materialul Date ale structurii nou create, tip HEMg
tintelor de [GIEDa] [G||-3|a] [\N/)r;1 K] (fa'tla/%é) ofeb - Strucura Raza atomica
pulverizare . Elementul chimic cristalina [pm]
- Cub cu fete
Grupa Principala - W centrate/ CEC 193
. hexagonal
wcC 450 — 650 21 80-100 0,4-0,6 Ti compact! hep 176
TiB, 510 - 550 33 25 0,5-0,65 c Hexagonal 67
WS, 400 - 410 1 32-140 0,03-0,07 B Romboidal 87
Ti 110 0,83 - 3,42 22 0,4-0,6 S Ortorombic 88
Date ale structurii nou create, tip HEM 4
Grupa Principala - 2 W CFC 193
B,C 218-290 41-45 687 0,35-0,55 Ti hcp 176
TiB, 510 - 550 33 25 0,5-0,65 c Hexagonal 67
WS, 400 - 410 1 32-140 0,03-0,07 B Romboidal 87
S Ortorombic 88
TiN 250 - 320 31 19; 29 0,18-0,51
N - 56
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Tetraboron carbide (B,C)

Boron carbide (chemical formula approximately B,C) is an extremely hard boron—

carbon ceramic and covalent material used in tank armor, bulletproof vests,

engine sabotage powders,t! as well as numerous industrial applications. With a Vickers hardness of >30
GPa, it is one of the hardest known materials, behind cubic boron nitride and diamond.[2100

Vickers hardness of selected hard materials

Material Vickers hardness (GPa)
Diamond 115
c-BC,N 76
y-Boron 58
c-BN 48
OsB, 37
B,C 35
WB, ~30
AlMgB, , 26.7
ReB, ~20
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Titanium diboride (TiB,)

Titanium diboride (TiB,) is an extremely hard ceramic which has excellent heat conductivity, oxidation
stability and wear resistance. TiB, is also a reasonable electrical conductor

Physical properties
TiB2 shares some properties with Boron Carbide & Titanium carbide, but many of its properties are superior
to those of B4C & TiC

Exceptional hardness at extreme temperature
2nd hardest material at 3000°C (# Diamond)
3rd hardest material at 2800°C (# cBN)

4th hardest material at 2100°C (# B4C)

5th hardest material at 1000°C (# B60)

Advantages over other borides

Highest Boride Elastic Modulus

Highest Boride Fracture Toughness

Highest Boride Compressive strength

2nd highest Boride melting point (3225 °C) (# HfB2)

Other advantages
High thermal conductivity (60-120 W/(m K)),
High electrical conductivity (~105 S/cm)
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Titanium nitride (TiN)

Titanium nitride (TiN; sometimes known as Tinite) is an extremely hard ceramic material, often used as a
coating on titanium alloys, steel, carbide, and aluminium components to improve the substrate's surface
properties.

Applied as a thin coating, TiN is used to harden and protect cutting and sliding surfaces, for decorative
purposes (due to its golden appearance), and as a non-toxic exterior for medical implants. In most
applications a coating of less than 5 micrometres (0.00020 in) is applied.

TiN has a Vickers hardness of 1800—-2100, a modulus of elasticity of 251 GPa, a thermal expansion
coefficient of 9.35x107% K1, and a superconducting transition temperature of 5.6 K.

TiN will oxidize at 800 °C in a normal atmosphere. TiN has a brown color, and appears gold when applied as
a coating. It is chemically stable at 20 °C, according to laboratory tests, but can be slowly attacked by
concentrated acid solutions with rising temperatures.

Depending on the substrate material and surface finish, TiN will have a coefficient of friction ranging from 0.4
to 0.9 against another TiN surface (non-lubricated).

The typical TiN formation has a crystal structure of NaCl-type with a roughly 1:1 stoichiometry;
TiN, compounds with x ranging from 0.6 to 1.2 are, however, thermodynamically stable.
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Tungsten disulfide (WS,) - Lower Friction Lubricant
https://www.lowerfriction.com/products/powder

*Tungsten Disulfide (WS2) is dry/solid lubricant powder and is one of the most lubricious substance in world.
WS2 offers excellant dry lubricity (COF: 0.03) unmatched to any other substance, including Graphite or
Molybdenum Disulfide (M0S2).

*Tungsten Disulfide (WS2) can also be used in high temperature and high pressure applications. It offers
temperature resistance from -450 deg F (-270° C) to 1200 deg F (650° C) in normal atmosphere and from -
305 deg F (-188° C) to 2400° F (1316° C) in Vacuum. Load bearing ability of coated film is extremely high at
300,000 psi.

*Tungsten Disulfide (WS2) can also be used instaed of Molybdenum Disulfide (MoS2). See comparison of
WS2 / MoS2

*Since the powder offers one of the lowest Coefficient of Friction (Dynamic @ 0.03 & Static @ 0.07), the
applications are unlimited and could be tried with every conceivable idea.
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Rezultatele testului de tribologie/CoF — pentru probe realizate in Faza 1
I COF
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a) Coeficientul mediu de frecare b) Variatia COF cu distanta de alunecare

Probe cu CoF mai mic de 0,3 - pentru optimizare

Proba 3: WC-120W + TiB2-270W + Ti-120W + WS2-100W
Proba 4: WC-180W + TiB2-180W + Ti-60W + WS2-100W
Proba 5: TiB2-30W + Ti-30W + WS2-110W

Proba 9: B4C-60W + TiB2-90W + TiN-60W + WS2-100W
Proba 10: B4C-xW + TiB,-yW + TiN-zZW + WS,-100W
Proba 12: B4C-36W + TiB2-180W + TiN-36W + WS2-100W
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Parametrii Tehnologici de realizare:

1.Probe optimizate, realizate in Faza 1 a proiectului: 9; 10; 12.

2. Probe noi, realizate in cadrul Fazei 2 a proiectului

Tipde | Nr. Tipul de strat. Structm*a &l Cﬂm;:o;iﬁa stratulud depus . d;t]ﬂ:gm
proba |Proba (Materialele depuse zi puterile absorbite in procesul de pulverizare) [h]
v . Strat unic cu compozitie constanta 0
g B4AC/GL-60W + TiB2/G2-890W + TiN/G4-60W + WS2/G3-100W )
-3.. Multistrat din 8 pachete repetitive cu compozitie modulata in pachet
5 10 [(B4C-24W + TiB2-240W + TiN-24W + WS2-100W) -5 minute + 3.00
i (B4C-36W + TiB2-130°W + TiN-36W + W52-100%W) - 3 minnte + ’
= (B4C-343W + TiB2-1200W + TiN-72W + WS2-100"W) — 5 minute]
;% 13 Strat unic cu compozitie constanta 3 00
= B4C-36W + TiB2-180W + TiN-36W + WS2-100W )
T Strat unic cu compozitie constanta 3,00
B4C-36W + TiB2-60W + TiN-36W + WS2-00W
16 Strat unic cu compozitie constanta 3.00
B4C-36W + TiB2-60W + TiN-36W + WS2-80W ’
. Strat unic cu compozitie constanta 0
BAC-36W + TiB2-60W + TiN-36W + WS2-120W )
& 2 Strat unic cu compozitie constanta 3.00
g B4AC-36W + TiB2-180W + TiN-36W + WS2-120W )
8- Multistrat din 12 pachete identice si repetitive, cu compozitie modulata in pachet
19 Pachet: [(B4C-36W + TiB2-180W + TiN-36W + W32-120°W)/-3 minute + 3.00
(B4C-36W + TiB2-120W + TiN-36W + WS2-20W) - 5 minute +
(B4C-36W + TiB2-60°W + TiN-36W + W52-40W) — 5 minute]
Multistrat din 12 pachete identice si repetitive, cu compozitie modulata in pachet
20 Pachet: [(B4C-36W + TiB2-180W + TiN-36W + WE2-40W )/ -5Sminute + 3.00

(B4C-36W = TiB2-1580W + TiN-36W + WS2-20W)-5minute +
(B4C-36W + TiB2-1280W = TiN-36W + W82-120W)]-3minute]
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Compozitia probelor realizate in Faza 1 si 2 a proiectului (9, 10, 12 si 15 -19),
obtinuta prin RBS

Proba Nr. Formule Stoechiometnce n adancimea. acopsuiry Grosimea —in TFU
9 W8T 1B 23150 225C0 0000 15N 080 10000
Wa.17T101B0.2348020C0.0100.135Np.12 4255
Wa16T1011B0 23150 25C0 0200.14Mp 0o 10000
Wa14T1511B0 22450 25C0 0200125 Np 111 2600
10 Wo0sTip.11B0 2515018C0.0000.277:Np.0m1 333
Wo.1rT1p.11B0 272580.07C0.0000.217:Np.141 T
Wo.1T1p 08B0 25450.12C0 0000 256N 17 3555
WooraT1a 11Bo27250 07C0 0200313 N0.1a1 3000
Wa.16T10 1B 23150 25C0 0200.14Np 00 5780
12 Wo.15T1p.11B0 25450.25C0.0000.00sNp.121 2755
Wo.14T19.11B0 2725018C0.0000.10:Np.0m1 2111
15 W-J.1ﬁTi;.1Sﬂ.l?-f-"nl-n.ﬂ100.341"1-1-3303.0433.15 4500
Wa2eT19 0380 15ALp 1 Op 43N 03Cy 04Bg 12 4000
Wo.10T10 045020410 0500 25No.03Co.06Bo.16 4000
16 Wa.16T10 0450 20A15 0500 25N 03C0 04Bo.12 4000
Wo.15Tip.0450.18A10 050032 No.03Co.04B0.16 2000
Wo2T10.0550 224150500 23N0.03C0.00Bo. 12 4000
17 Wa.21T10.6750.20A15 0500 22Np 03C0 04Bo 16 4000
Wa2Tig 0589 1541 0000 26Np 03Cy 048 13 7000
Wo 14T1p.0550.17A10 0500 24Np.03C0.17B0.15 8000
18 W15 T1g.0750. 20410 0100 3N0.03Co.04Bo 18 6000
Wo 145T1g 9550 1ALy 0100 355N 03C0 04Bo 18 7500
19 Wr-].14T@:.:350.:15':]0.01Gu.iiNu.mCu.UEBu.: 8000
Wo 13T 05015810 0100 30Np 03C0 0B 10 6500
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Compozitia probelor 9; 10, 12, realizate in faza 1 a proiectului - obtinuta prin RBS

3500 T T T 3500 T T T T T T T
3500 T T T T T T T D t . t | D - t I
—— Date experimentale W a REDCELZU SN — Date experimentale
3000 - Simulare SIMNRA 3000 Simulare SIMNRA 30004 |~ Simulare SIMNRA -
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Q 2500 ~ j \ {1 Q2800 W Q 2500 f ’
= o ] ©
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(2] [ w ] i
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= ‘ 5 ‘ kel c
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- / |
. &j ST | B o 500 , S Ti
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0 y T . T T . T - T - y 1000 1200 1400 1600 1800 2000 2200 2400
1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2400 EkeV)
E(keV) E(keV)
Proba 9 Proba 10 Proba 12

Strat unic cu compozitie constanta
B4C-60W + TiB2-90W + TiN-60W + WS2-100W

Multistrat -8 pachete cu compozitie modulata in pachet

[(B4C-24W + TiB2-240W + TiN-24W + WS2-100W) -5 min +
(B4C-36W + TiB2-180W + TiN-36W + WS2-100W) - 5 min +
(B4C-348W + TiB2-120W + TiN-72W + WS2-100W) — 5 min]

Strat unic cu compozitie constanta

B4C-36W + TiB2-180W + TiN-36W + WS2-100W
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Compozitia probelor noi (15 - 19),

realizate in faza 2 a proiectului - obtinuta prin RBS

3500 T T T T T T T 4000 T T T T T T T
——— Date experimentale —— Date experimentale
3000 4 Simulare SIMNRA W 3500 4 Simulare SIMNRA W
!
G 2500 fl . 5] ]
3 f 3.
e # 2 2500 - -
% 2000 - . §
2 £ 2000 .
> (o) =3 1
& 1500 B N /\H ] E |
s . & 1500 B N,O f .
£ 1000 ’ ' _ ) { c i
> w %& > 1000 4 h‘j I 4
|
500 1 - 500 - . 4
i S Ti S Ti f
P 1
0 T T T T T T T 0 U ) J J J U -
1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000 2200 2400
E(keV) E(keV)
Proba 15 Proba 16

Strat unic cu compozitie constanta
B4C-36W + TiB2-60W + TiN-36W + WS2-60W

Strat unic cu compozitie constanta
B4C-36W + TiB2-60W + TiN-36W + WS2-60W

4000 T T T T T T T 4000 T T T T T T 4000 T T T T T T T
—— Date experimentale Date experimentale Date experimentale
3500 - Simulare SIMNRA % b 3500 Simulare SIMNRA B 3500 4 Simulare SIMNRA
—~ 3000 - ~ 3000 + w - ~ 3000 w
Q | Q Q
ES | S 5
2 2500 j | < 2500 f 4 £ 2500 f
T 5 ¢ 2 |
2 2000 - J ] S 2000 . 2 2000 i J
£ 1500 5 15001 f 8 35 1500 | 1
Sk j BCNO . 3 2 1y J
2 ? > 1000 4 4 1000 - t 1
> 1000 4 ?'d b 1 wJ {; v \R j
500 - y, ST | [ 500 - 1§ ST ! J
500 S Ti - \,_,mdf ‘ i
i ]
w 0 ————————————— 0 ———————— VJ."" ,
0 T T T T T T T 1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000 2200 2400
1000 1200 1400 1600 1800 2000 2200 2400 E(keV) E(keV)
E(keV)
Proba 17 Proba 18 Proba 19
Strat unic cu compozitie constanta Strat unic cu compozitie constanta Multistrat din 12 pachete identice si repetitive,

B4C-36W + TiB2-60W + TiN-36W + WS2-120W

B4C-36W + TiB2-180W + TiN-36W + WS2-120W

cu compozitie modulata in pachet
[(B4C-36W + TiB2-180W + TiN-36W + WS2-120W)/-5 min +
(B4C-36W + TiB2-120W + TiN-36W + WS2-80W) - 5 min +
(B4C-36W + TiB2-60W + TiN-36W + WS2-40W) — 5 min]
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Compozitia probelor inainte si dupa optimizare - obtinuta prin SEM-EDS

%:ET Substrac | Proba 9 | Preba 10 | Preba 12 | Proba 15 | Proba 16 | Proba 17 | Proba 18 | Preba 19 | Proba 20
. 18,11 M | BT 283 26,58 11,42 12,96 2526 23,05 2427
N 1785 17,65 16,82 1454 1545 21,77 17.95 17.97
. 0,76 18,61 14,23 158 172 18,66 15,95 20,14 19,94 267
- 0,95 03 0,47 0,44
- 81,13 2,84
i 16,35 g 25 174 13,23 16,66 16,65 14,53 157 2025
TN 63 57 863 404 380 23 6,13 6.44 102
W 245 535 121 12,13 14,83 15,34 11,85 11,45 13,02
- 1,18

Total 100 106 106 106 100 100 106 106 106 1040
PN 19 06 01 03 16
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Dry sliding friction and wear propertles of B,C particulate-reinforced Al-5083

———————m0— ' - " matrix composite [1}
0.6F (a) SON, 0.8m/s 1 0.6 (b) 65N, 0.6m/s :
& | | g | |
£ 0.5F | £ 0.5) |
g o4t {MMW* "1 S o4 . 1
2 | | B
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Coefficient of friction (COF) with sliding distance for composite A under various testing conditions
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Tribological properties of TiB, and TiB,—MoSi, ceramic composites [2]0

0.8 <

Rezultate publicate pentru
CoF - TiB2
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The frictional behavior of (a)
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o 2 *‘"J‘;Mm;;':; S0 10 (20 wt.%) composite, during fretting
against bearing steel.
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COF

The friction coefficient evolution of a TiN coated contact during sliding wear [3]

Rezultate publicate pentru CoF - TiN
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Dry sliding wear behavior of MoSi,-Mo.Si-Mo.SiB, composite at
different temperatures and loads [4]

Rezultate publicate pentru CoF — MoSi2
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a Evolution of the friction coefficient versus time for sliding tests at different temperatures.
b Friction coefficient of the MoSi2-Mo05Si3-Mo5SiB2 composite at
different test temperatures.

28.07.2021 PN 19 06 01 03 20



Tribology study on TiB,+WSi, Composite against WC [5]

Rezultate publicate pentru CoF — TiB2 +WS2
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Rezultatele testului de Tribometrie (Ball on Disck Tribometer Test)

Pentru probele noi realizate —cu COF optimizat
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Tab. 3. Rezultate brute/neprelucrate privind CoF si k (wear coefficient)
Proba 17 cu cel mai scazut COF(0,18) — din a 2-a grupa de materiale (B4C+TiB2+TIiN +WS2

17

Trbo measurement]

Inbo parameters

Tribormeter madule / Version 44K
Asguisition

— Radiug : 900 [mm]

— Lin. Speed : 10,00 [ems)

~ Mormal load : 200 [M]

- Stop condit. : 10000 [m]

— Effective Stap | Meters

— Acquisition rate : 100 |:|'|4:|

" Environment
- Temperaturs | 25.00 [<deg»C]
= Hurridity | 4900 [%]

Sample

- Cleaning ! [sopropanol

Static partmer
- Coating : A203
= Cleaning : isopropanal
- Dimension | 600 [mm)
- Geametry @ Ball

Samole

Warn track section | (U0 um2
Young's modulus | 0.0 gpa
Poisson ratio : 0,000

Static partner
Worn can diameter ©
Yourgs modules 00 gpa
Poisson ratio : 01000

0.0 um

Calculations

Samole wear rate 0 mm3/n'm
Partrier wear rate : 0 mrmd/nd'm
Max Herzian stress @ 0 goa

0.40 27.00 57.00
0.33 26.70
024 26
014 26.10
0.04 25,80
H C %
4 2550 54.50
0.05[=] 200,00 400.00 G00.00 799.00 455,00
Ofm] 2000 40,00 GO0 T8.80 8090
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Tab. 3. Rezultate brute/neprelucrate privind CoF si k (wear coefficient)

Proba 4 cu cel mai scazut COF (0,13) — din prima grupa de materiale (WC+TiB2+Ti+WS2)

4

Trbo measurement]

Tribo parameters

Tribometer module / Version 4.4.K

Acquisition
- Radies @ 600 [rmm]
- Lin. Speed : 10,00 [em/s]
- Marmal laad : 1.00 [N]
- Stop cond®t. : 100.00 [m]
- Effective Stop | Metars
- Acquesition rats @ 159 |:h.¢:|

" Environment
- Temperature | 000 [CdaghC]

- Hurnidity : 0.00 [%]

Sample
= Cleaning | etanal

Static partner
- Coating : AI203
= Cleaning : atanal
- Dimension ; .00 [mm)
- Geometry : Ball

Sample

Worn track section : 0.0 wnd
Young's modubes 0.0 gpa
Poiszon ratio : 0.000

Static partner

‘Worn cap diameter @ 000 um
Youngs modubus @ 00 gpa
Possson ratio : 0.000

Calculations

Samole wear rabe : 0 mm3/ n'm
Partner wear rate : 0 mm3/n'm
Max Herzian stress : 0 gpa

28.07.2021

0.74 018 0.18}
(.60 o 013
0.45 008 n.-:-ﬁ{‘
i
030 447608 4.47E-00{]
|
.:l
A
01s -(0.016 =006 \.\4\_\)‘\
i @
i 1.1 -0.12
0.03][s] H00.00 4000 550,00 FETT] S50.00
O[] 20,00 40,00 60,00 BO.0O0 10000
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Rezultatele testului de duritate (Hardness Test)
Pentru probele noi realizate —cu COF optimizat

10000 - 250
S000 - 200 1
T 6000 d‘ T 150 —
= /o O,
E a0l 4 ¥ o 100
2Vl
2000 50
ZRER7
u "“ | O T T T T T
58 510 512 515 516 517 518 519 155 S9 S10 S12 S15 S16 S17 S18 S19 1SS
a) Valoarea duritatii b) Valoare modulului de elasticitate

28.07.2021 PN 19 06 01 03 25



17

Pentru proba nr 17 — cu cel mai scazut COF

Sample specifications

Reference
Operator @ DCR

Substrate

Client

Informations

Indentation # 1

Indentation parameters

+ Standard
Acquisition Rate : 10.0 [Hz]
Linear Loading
Max load : 5.00 mN
Loading rate : 10.00 mN/min
Unloading rate : 10.00 mN/min

+ NHTX $/N: 01-04568 settings
Approach speed : 2000 nm/min
Retract speed : 2000 nm/min
Retract Time : 3 sec
Dz sensor in fine range
Delta Slope Contact : 80%

Pause: 10.0's Date : 08-Jul-21
Hour : 3:22:59 PM
Indenters
Type : Berkovich

Serial number : CN-1
Material : Diamond

Curves
63] . ° - - - - [[200.0
5.6 S o S = = o - - r180.0
5.0 G G 160.0
44 - - - 140.0
38 o 2 r120.0
ERE * - r100.0
257 i = 0.0
1.9 * - Fe0.0
134 - - ta0.0
081 | * * t200
00 MmN I — . 00 nm
000s 1000 2000 3000 50.00 6000 7000 8000 9000 10000

B penetration depth ™ Normal force

&3]
56
s

A4

06

00 mN

Rezultatele testului de duritate (Hardness Test)

Q0nm 200 400 600
B ndentation

1800

200.0

Analysis # 1

Method
Oliver & Pharr

Main results

HIT= 5798 MPa

EIT= 81.961 GPa

E*= 90.067 GPa
Hypothesis

Poisson's ratio(nu)= 0.30

Indentation
Images

Additional results
HVIT= 53696 Vickers
CIT 0.005/30/10= 1.65 %
niT= 54.81 %
Fmax=5.03 mN
hmax= 17217 nm
5= 0.0908 mMN/nm
hc=131.19 nm
hr= 11673 nm
hp=79.22 nm
m= 1.6767
Epsilon= 0.74
R2= 1.000
Ap= 867754.59 nm?
Welast= 175.66 pJ
Wplast= 144.82 pJ
Wtotal= 32047 pJ
Er=83.508 GPa

Analysis # 2
Method

Martens hardness
Main results
HM= 3425.8 MPa
Additional results
CIT 0.005/30/10= 1.65 %
niT=54.81%
Fmax= 503 mN
hmax= 172.10 nm
Ap= 133278931 nm?
Welast= 175.66 pJ
Wplast= 144.82 pJ
Wtotal= 32047 pJ
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Statistica datelor la testul de duritate (Hardness Test) — partea 1-a

| - % . 1 15 15 1% 17 & i3
mm] Dhaitai © 1 5T 57G7 EED ITDE G S B3 SHMLIT [ENT (EhEeP | Duaica - 1 [ R D3E52 &T.957 FR580 4578
|FkFa) Data: 2 E413073 5155453 5456 436 S021F G357 3 |GPa] Data : 2 BiGed 7T FROFT 41342 B5.043
Dt © 3 4773093 AR D50 5051313 S3RE489 [T E Cata: 3 85 175 &0.508 a9 P 5. 104
Data - & E4I6TE EE4Z 13T B30 250 SER5 457 GASH 45 Caa: 4 a7 8 95 97 p— P 04507
Daita 5 SO51405 5260255 61T a7 S35 425 B342.0804 Data: 5 o E15 05 I 55780 FETED 50935
Data - & 08 1206 B4TE207 BEIRSNT SER4.7 14 Rt Data: & 105,547 1OLEDE 3330 g79ss 95416
Diata : 7 STI6 54 72N rn E140.006 491000 T35, 14 Dt 7 o5 EEE o0 340 55 363 B069 01359
Data - & S0 025 E3ME 520 5175025 SR04 FAHEFS Data: B 9157 A8 855 Faari AE0TF 55,053
Data 9 SZETTA BOSE£13 B0 756 e il Data: 9 97,856 111218 E2038 a5 162 E1504
Diata : 10 EdEROST EENISIT G154 654 EE0E 2] 5374 024 Data: 10 B& 150 95506 59.803 74203 AT
Cata . 11 566 665 BT ET7% 570 5305027 S5 850 Cata : 11 91513 95 147 B 140 A5 &1.598
Daita : 12 SO0 T STrleNd Sa0E 65 G430 8] [t Dhaka - 13 1 s S 03 5RR oL, 1) brd 1] B 0T
Data: 13 FrEL4a 4742 556 SRETE14 BASEE4T 5122 10 Data: 13 o 305 TS BE.A9E 93385 s8I
Dt - 14 FE0G 5T 4029852 B35T 025 6321877 560604 Cata: 14 81375 TR E2BEE 04335 2852
Dt : 15 AT ESZT.821 [ A718EE] B211.552 Data: 15 DB 5T A543 B2 584 ERTA0 62383
Data : 16 ERE AT S5 458 SAE A6 4588 4T SEX3B8E Data: 16 92 A3 BE G4 2452 FTEGT Eg.322
Data @ 17 S1TROTE 5165260 S5 458 #9565 050 BIAL 126 Daka: 17 BETIZ e )] M2 107 B{ET7 G320
Dt : 18 ST E415417 4823 530 = E L 125 Cata: 18 102078 BRETE 86 179 FEE0S E054
Cata : 19 EREIESS E364.137 4841096 GIE2108 PRI Dt : 19 o G2F 08557 70057 88700 ES.50T
Diata : 3 415 765 S4B 083 ST 455 SR8 727 5164053 Diata : 211 171,143 FEGdD ES007 FEO2 52659
Dhata : 21 345457 E515.832 4810 556 5735 196 Data : 21 5 B3 745 E7.895 E5.517
Data : 22 5090 a0 SE40 175 Data: 23 0 505 &2 357
Data: 3 13540 Data: 33 & 722
Dlata : 34 5782 587 Data . 24 10 556
Wi 5735170 EE33470 ST3E. 279 551310 B4 T34 ki SEET1 0.7 BEZT2 B1990 BEEZ
1l D E0E.360 ETTR43 SEEET 2 52 613427 el Do 2420 9458 6782 T.E42 ETeS
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Statistica datelor la testul de duritate (Hardness Test) - partea a 2-a

1 1 [T, T i | i H it i i
1 LET il i a PPk ¥ 1y i rAa FI-'-['HI £ it e Sl Bl 4
—= s | L i P | 7 a7 o ] Ll i | o I LOW o R i Aqer
== | [TIE. il L i = ] LR L D - § S | &l & il B Hal
[- | 17 L i Ld W1 'ndi Had ] Chasia R L " M (1] ] A
a8 Al [T i L L FLE P it - & [TF ] e [ T-°T} LT o
[ bl gl P e PP Pl s - 8 ST |-&it 5wt E i HailF
-SSP | L LI LT Ll L PR LIE T Dhaia 7 RicW Lan EaLr 35 A
s Lo "l Uadd @17 1 94N 157 i FEREIF D - £ | &l gk F b 1
s ¥ 171 il [ Fal | it | T FIT R s L= L il (2] ALy
[ § 1 e B L | Fpdfa P Bla | 08 o Lan’ 113 LEE [t
Gaia: T (LT ] AL T W A L D - B4 [ LRET g E i sy
Fr— e W T T i I i 13 R LarT LT ERIT L-L
Pt | 18 LT LET 1 1P 13 e K TR Dma - B0 SiwT el e BT p
ot NPT [T F BT LT i b M Ll ke Li= Rk Lan qs
sk | T T i ey W oo [ JEp— s - B T2 iarr i LA LT
s | L i e AL i1 i Dama - i 1] - Sk Edi 1
[ 17 o T L T o] e el Eaata - 1F O L faF LT pr=T )
Pl | 1 nile bl P M LT B s & [ R 5 iH 8 i £l dair
Bt | 1 k- Fily 1= e UL 1 Dlata 5 ik Larr T L Aair
[l | 20 L 195 101 P b Oela = e Lan Niw LEra 10
s | iR T il ALY CHali KT ] Iag H [T S} Sl T
s © I Iy e e mela IS Lam L3
i | W P BT — AT
Dt | el S | 3 LAIF
Ly TR [IFE= LTH | BT Pl T T e P LEkI LEF s
il o vl R i (R0 [ ] Yo Gl =T [ ] FEal A I (]
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Date de amprentare la testul de duritate (Hardness Test)

15 mean Fn [mik
16 mean Fo[mi
1/ mean Fn [mik
18 mean Fn [mi

16 mean Fm [miN

19¢ rmiean Fm [mit]
JUC rmean o iy
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Rezultatele Testului de zgariere (Scratch Test)
Pentru probele noi realizate —cu COF optimizat

1200 + 18000 -
1000 - 16000 -
14000 -
800 - .
= 1 __ 12000
E go0 . £ 10000 |
3 %% 7 @ 8000 - T
400 { [/ - 8000 |
o I o
200 - 4000 Z
2000 - |§,s
0 A . ] ' .
S9 S10 S12 S15 S16 S17 S18 S19 S20 0 59 S10 S12 S15 S16 S17 S18519 520
a) Valoarea sarcinii critice 2 b) Valoarea sarcinii critice 3
(delaminare partiala) (delaminare totala)
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Rezultatele testului de Zgariere (ScratchTest) — Probele 15 - 19

15 16 L e i}

L2 Cpthe: | Dl - 1 . = e Fa7 1413 [l =
1) Dt - 2 L - s i4d1i A0

Daim -3 .5l 560 L= =

Dol - 4 .5} 085y 1 1.504 [y

Depim - 5 2467 (R o 1405 &a.,08

Duin - B a5 .85 1515 o

Dt - 7 aaxr

[EETF .

Dol - 9 a.633

Dt - 10 -

ahaa 0558 -2 [l 1.439 (URE ]

5 D .08 g falify ] 104 il i)
LCS Opitbe | Dusta - 1 LR . B.I3 Fo. 182 8457 .00
M} Dol = 2 - aFry 8548

Data - .- - & Fie E RS y

Cogla - & mo ol ) 5.288 L

Dl = 5 L 8 FEE L1 e

[ETH B.655 5.5 .30

Dol = 7 .

Data - B 14, 7§97

Cugila - 8

Dls - 10 -

e 13,106 BB 243 a.019 5508

el Durw 2330 0347 e o418 e |
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Rezultatele testului de Zgariere (ScratchTest) — Proba 17

Mormal load and friction

[17 : Scratch # 1

00 30— T - -
0 ZOo—ia0m - + +
240- 2401600 + +

1.0 21.04.0

180 18.0 2.0

160 - 15.0 100
120 12.0— 8.0
Ty 9.0 6.0

60 8.0 4.0

Scratch parameters

Linear Scratch

Type : Progressive

Begin Load (M) : 0.03

End Load (N) : 30

Loading rate (N'min) : 14.98

AESensitivity : 8

Speed (mm/min) : 2
Length (mm) - 4

Position X {mm) : 39.398
Position ¥ (mm) : 44.54

+ Instrument : MSTX S/N: 01-04568
+ Hardware setfings
Fn contact : 0.03 N
Fn Speed : & N's
Fn Remove speed : 10 N's
Approach speed : 2 %/s
Dz sensor in standard range

Date : 6/23/2021
Hour : 10:04:16 AM

T 1 Indenters
30 3.0 20 _
1 1 Type : Rockwell Material : 100CE
O G Serial number : |-184 Radius {um) : 100
T T T T 7 T 7 1 T T L T 1 Critical loads
000 men 040 0.80 120 1.60 200 280 320 360 4.00 B
W Fricion Coafmiciern W Frictionsl sorce I NOMmEl fos LE 1 | OD‘IIGHl | Ft | AE | Fld
Lc2 0.75]Ic2
Penetration depth Lc 3 10.2]Ic3
r ks - - - - - - - - T -B000.0 Ll 4
F + + + + + + + + + +--4000.0 lcs
L\ + + + + + + + + + -_—: o o e
F —4000.0
F —BO00.0
F — 12000.0
F — 160000
F — 200000
F - 24000.0
F - 280000
Yt i i 32000.0 nm
0.3 M 3.03 B2 a0z 1302 1B 1801 21 4.0 00 30,
[ T I T I T I T I T | T I T I I [ 1
0.00 mm 0.0 0D 120 1.60 200 240 2.80 3.20 3.60 4.00

B Penatration daptn
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Rezultatele testului de Zgariere (ScratchTest) — Proba 4

| |4 : Scratch # 1

Scratch parameters

Linear Scratch
Type : Progressive

4

[Sample specifications
Reference Chent . Mateescu
Operator : DCR
Subsirate . 88
Layer | Coating | Process | Thickness
1 [WCATiB2+TisW.. | [0 nm

Begin Load (mN) : 30

Normal load and friction

End Load (mM) - 10000

Position ¥ {mm) : 53.104
+ Instrument : MSTX S/N: 01-04568
+ Hardware settings

Fn contact : 30 mM

100000 10000.07 780 T - - - - - Loading rate (mM'min) : 4385 Fn Speed : 5000 mi's
0000 4 9000.0-{ 675 + + + + + Fn Remove speed : 10000 mi's
O O N I AESen_sumr[,r ! B Approach s_peed 12%'s
- . Scanning load (mN) : 30 Dz sensor in standard range
7es meaoqss T+ + + Speed (mm/min) : 1
8000.0 -| BO00.0— 450 Length (mm) : 2 Date : 11/8/2020
woo00 ) soonoars L n Position X (mm) : 37.129 Hour : 5:08:18 PM
-b).’.‘O-J: ::03.0—_ 300 + Indenters
o0 3000z 1 + Type : Rockwell Materal : 100CE
o000 20000 1501 + Seral number : 1-184 Radius (um) - 100
'-).'JO-J: 1:03.0—-:?5—- + Critical loads
oomid oomnop T mN_| Optical | Ft | AE | Pd
3000mM 102700 202400 3021.00 401800 S5M500 E01200 70O0S.00 800800 SO0300 10000.00 LL_: _I
:.Djlrrn DIZU I :_Ii: I -J.IE-IJ I DIB:: I 1.!)C ' 1.!‘20 I 1 !'ID ' .||5: ' 1.IQ] EIDO LL-: 2 28584 |c2
B Friction Coafficent B Friciionzl force W Normal fonce Ll: 3 ##Jm |C3
Lc 4
Penetration depth Lc 5
- - - - - - - - - - -5000.0
F + + + + + + + + + - -2500.0

F + +

3 + +

Scratch Images

7500.0
e B e — 30000.0 nm

S0.00mMN 102700 202400 302100 401800 SMS00 601200  FO0S.00 BOD600 900300  10000.00
1 ™ 1" T " T " T " T " T " T " T "

poemm 020 0.40 060 080 1.00 1.20 140 160 1.90 200
W Panatrtion dapth
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Concluzii

In aceasta Faza s-au realizat straturi subtiri multicomponent din 2 Grupe Principale
de materiale Ti, TiB,, WC, WS, , respectiv TiN, TiB,, B,C, WS, in vederea obtinerii
unor suprafete cu coeficient de frecare cat mai scazut

In Partea | a fazei s-a obtinut doar pentru Grupa Principala 1 de materiale un
coeficent de frecare foarte scazut (0,147)

In Partea a ll-a s-a urmarit obtinerea unui coefficient de frecare/CoF cat mai mic si
pentru Grupa Principala 2 de materiale prin optimizarea parametrilor tehnologici de
depunere si astfel s-a masurat o valoare medie de 0,180 la proba 17, pe intreaga
durata a probei (lungime de alunecare

Duritatea cea mai ridicata s-a obtinut pentru suprafetele depuse cu materiale din
Grupa Principala 2 (B,C) iar prin optimizare s-a urmarit imbunatatirea doar a COF
si a coeficientului de uzura/k (paramertii determinant pentru acoperirile tribologice)
nu si a duritatii.

Valorile COF si k pentru acoperirile tribologice pot fi previzionate sumar prin
alegerea materialelor de depunere, dar valorile exacte ale acestora si comportarea
in diverse conditii de temperatura, umiditate si sarcina de lucru, trebuie verificata.
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