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Aim of the work

A scientific objective of this work is to examine the
structure and properties and to recognise the wear
mechanisms of newly developed coatings applied in
physical vapour deposition (PVD) processes with
cathodic arc evaporation (CAE) techniques, as well
as with chemical vapour deposition Iin a high-
temperature CVD process on tools produced from
ceramic sintered tool materials, with the intention to
Improve cutting properties of the Investigated
materials by considerably improving the life of the
tools’ cutting edge.
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Researches methodology

State-of-the-art materials science research methods
were employed for explaining the causes of a
marked improvement in the operational properties of
tools, especially thin foils tests, including on cross
sections in a high-voltage transmission electron

microscope.
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Researches methodology

» Examinations of the structure:
v'The Scanning Electron Microscopy (SEM);

v'The Transmission Electron Microscopy (TEM).

» The study of chemical composition and phase:
v' X-ray of qualitative and quantitative microanalysis;
v'Optical emission spectrometry (GDOS);
v’ X-ray qualitative phase analysis;

v Texture analysis;
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Researches methodology

» Research of the mechanical properties:
v Roughness;
v'Dynamic hardness;
v'Internal stresses;

v Adhesion - ,,scratch test”;

» Research of the exploitative properties :
v'"Wear resistance — ,,pin-on-disc”;

v'Try cutting cast iron




Dr. Ing. Daniel Pakuta Forming of the surface structure and properties
Silesian University of Technology

of tool‘s ceramic inserts with improved abrasion resistance

ldeal tool material

A

Polycrystalline regular Ideal tool material

7
7
Cd
L4

(%]

(%]

(0]

% nitride boron (PKB)

é l —Polycrystaliine diamond

o IAION ] 4

5 o dglAION . -

o | ceramic Coated ceramic .~

% ARO tools . Coated ultra-finest

- Coated cermets ~ ’ XN H

i© 7

_.G_'? =

2 ] ol Cermets| _ “Coated cemented

Qo " . carbide

o ALOHTIC P Ultra-finest grain HM
[0} Nitride _Cemented carbide based

2 - ] on WC ~—. .
O ceramic > Finest-grain HM
R% Si,N, 27 Coated HSS

§ =7 d High-speed steel

5

O

=

Endurance, flexional resistance



Dr. Ing. Daniel Pakuta Forming of the surface structure and properties
Silesian University of Technology

of tool‘s ceramic inserts with improved abrasion resistance

ldeal tool material

Cemented
Carbide ALO, Ceramic
Carbon Toll c ; Al,O, + TiC Si;N, + Based
Steel e Composite Ceramics
\l' High-Speed Steel \l' ( S AON
A\ /4
| | I

5000 f= -

3000 b A
©
o 1000 = —
0}
Q 500 P -
(@)
£
2 _
O 100 =

50 — -

b
| | | | |
1800 1850 1900 1950 1970 1992 2000

Year of introductrion to




Dr. Ing. Daniel Pakuta Forming of the surface structure and properties

Silesian University of Technology of tool‘s ceramic inserts with improved abrasion resistance

Structure of ceramics tool
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Chemical Vapour Deposition (CVD)
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Chemical Vapour Deposition (CVD)

Deposition

CVD

T =800 - 1000°C

Physical Vapour Deposition (PVD)

PVD

T =70 -500°C

Cycle Time

8 — 24 hours

3-4 hours for cutting
tools

Properties

excellent adherence
coating thickness up
to 20 ym

excellent adherence
uniform coating
thickness

typical coating
thickness 3-5 ym

cutting tools, forming
tools

cutting tools, forming
tools, components,
medical devices,
decorative

combinations of: TiN, Ti(B,N), (Ti,Zr)N,
Ti(C,N), Ti(C,N)+(Ti,Al)N, (Ti,Al,Si)N (Al,Si,Ti)N,
(ALTi)N, (Ti,Al)N, (AL,Cr)N phases

combinations of: TiN, TiC, Ti(C,N)
and Al,O; phases
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Materials
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. Process | Coating | Substrate | Thickness,um_

Materials
TiN+multi(Ti,AlSi)N+TiN SizN, 4.0

TiN+(Ti,AlSi)N+TiN SisN, 2.0

TiN-+(Ti, Al,Si)N+(ALSi, Ti)N Si;N, 2.5

Ti(B,N) Si;N, 2,1

Ti(C,N) Si;N, 2,1

(Ti, Zr)N Si;N, 1,7

(Ti, AN Si;N, 0,7

(Ti,Al)N+(Al,Cr)N Sialon ceramics 4,0

(AL Cr)N+(Ti,Al)N Sialon ceramics 3,9

Ti(C,N)+(Ti,Al)N Sialon ceramics 1,4

(ALTiI)N Sialon ceramics 3,0

(Ti,Al)N Sialon ceramics 5,0

(ALCr)N Sialon ceramics 4,8

In total were tested T?(C,N) (2) S?alon ceramics 1,8
Ti(C,N) (1) Sialon ceramics 1,5

about 30 Coatings Ti(B,N) Sialon ceramics 1,3
(Ti,Zr)N Sialon ceramics 2,3

on these substrates Ti(C,N)+TiN SiaN, 4.2
Ti(C,N)+AL,0,+TiN SisN, 9.5

TiC+TiN SisN, 5.4

TiC+Ti(C,N)+Al,0,+TiN SisN, 7.8

TiN+ALLO, SisN, 10.0

TiN+ALO,+TiN* SisN, 3.8

AlLO+TiN (1)* SisN, 2.6

AlLO,+TiN (2)* SisN, 1.7

TiN+ALO,+TiN+ALO,+TiN* SisN, 45

Ti(C,N)+ Al,O5+TiN Sialon ceramics 7.0

Ti(C,N)+ TiN Sialon ceramics 2.8

* ptytki skrawajace réznych producentéw
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X-ray qualitative phase analysis
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A qualitative phase composition analysis carried out with the X-ray diffraction method allows
to conclude that, as assumed, coatings were formed on the tool ceramics substrates
containing TiN, Ti(C,N), AIN and CrN phases and an Al,O; phase in case of CVD coatings.
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The chemical composition of the coatings

Ti(C,N)+Al,O,+TiN

X2 AKa
keV keV
area X1 area X2
£ Mass concentration [Atomic concentration £ Mass concentration |Atomic concentration

ement of elements,% of elements, % ement of elements,% of elements, %

C 9.72 20.21 @) 42.86 55.89

N 22.03 40.29 Al 57.14 4411

Ti 68.25 39.50 Sum 100 100
Sum 100 100




Dr. Ing. Daniel Pakuta Forming of the surface structure and properties

Silesian University of Technology of tool‘s ceramic inserts with improved abrasion resistance

Structure of PVD coatings (SEM)
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Structure of CVD coatings

TiC+TiN

“

TiC+Ti(C,N)+ALO4+TiN

TiN+AI,0,
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Surface topography of PVD coatings
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Surface topography of PVD coatings

TiN+multiTIAISIN+TIN

TikKa

X1
area X1
I Mass concentration | Atomic concentration
Element of elements,% of elements, %
N 16.24 39.86
Ti 83.76 60.14
Sum 100 100

TiKb

1.88 2.88 3.88 HK._ 88 5.8 &G6.B8 7.8 8.8 9._88

keV
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Surface topography of CVD coatings

Ti(C,N)+Al,O,+TiN TiC+Ti(C,N)+ALO4+TiN

TiN+ALLO,
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Coatings roughness

Ti(C.N)+ TiN
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Cutting edges wear indicators

expressed in minutes

NTF UNI-L.J

rake face
NTF UNI-LJ

auxiliary cutting edge

VBUt . v
) VB”t i the main

cutting edge

tool flank

auxiliary

tool flank NTF UNI-LJ

VB =0.2 mm
V. =170 m/min
V. =425 m/min
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Cutting properties for coatings
deposited on sialon ceramics
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Cutting properties for coatings
deposited on nitride ceramics

Turning:
a=2mm f=0.20mm'trn
V=400 m'min k=70°

grey cast-iron
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......................... : f =0,2 mm/obr
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----------- VB =0,3mm

TiN+(Ti. ALSiIN-+AL 51 Tgré
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TiN+AI203+TiN
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Cutting properties of tool ceramics with
PVD and CVD coatings

150 pm
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Cutting properties of tool ceramics with
PVD and CVD coatings

T](CqN)* T]N TiN+AI203+TiN+AI203+TiN i ‘
. _ Al203+TiN (2) |
Ti(C.N)+ AI203+TiN A203+TiN (1) | 1 ‘
(Ti,Zr)N TiN+AL203+ TiN | ——
Ti(B.N) TiN+A1203 Wﬁ‘
Ti(CN) '(1) TIC+TH(C N ALOSTIN | ‘
D TiC+TIN
éﬂ TI(CAN) (2) Ti(C.N)+AI203+TiN 1 !
z (ALCr)N é‘ Ti(C.N)+TiN ‘ ‘
0 (Ti, AN g (TLADN ‘—
(ALTION (TLZON 4—
Ti(C.N)~(TL, AN kil
(ALCr)N+(Ti,ADN m\:(n.Al.Si)Nf(Alei,T;x "
(Ti,ADN+(ALCr)N TiN+(Ti,ALSON+TiN E
Sialon -substrate : : : : TiN+multi(TLALSONTIN | ;
! ‘ ! ! ‘ ! ! TiN Wﬁ
0 0~5 1 1*5 2 2*5 3 3 55 Si3N4 -substrate |
Roughness Ra, pm 0 1 > 3 4 s 6

Roughness Ra, pm

All the tools coated with PVD and CVD coatings, for which improved cutting edge life was
observed, contribute to a better quality of the machined surface
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Coatings wear resistance
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the friction path during
the pin-on-disc test for
R (Ti,AN coating
0s | 0 ) R deposited onto a sialon
k H — R e ceramics substrate

Trace of tribological damage on the surface of the (Ti,Al)N coating deposited onto a
sialon ceramics substrate and diagrams of energy of backscatter X-ray radiation from
the microarea: ¢) X1, d) X2
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Coatings wear resistance

Friction coefficient, p
=E £
o

0,15
Ti 0,1
, . . . 0,05
300 4Igr?ergy ._‘.-.'?gv 6.00 7.00 i 0
0 32 64 95 127 159 191 222 254 286
19 25 - i Distance, [m]
X2 X3 : o
Diagram of friction
coefficient according to
the friction path during
O I the pin-on-disc test for
Ti(C,N)+(Ti,AlN coating
"o » "o . deposited onto a sialon
——————————— ceramics substrate

Trace of tribological damage on the surface of the Ti(C,N)+(Ti,Al)N coating deposited
onto a sialon ceramics substrate and diagrams of energy of backscatter X-ray radiation
from the microarea: b) X1, ¢) X2, d) X3
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Coatings hardness
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Structure of the TIN+multiTIAISIN+TIN coating

Cross-section parallel
to a layer surface

TiN

Dark field of
reflexes (111) TiN
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Structure of the (Al,TI)N coating

» L b)

Cross-section parallel
to a layer surface

d)

AIN [101]

70.00 nm
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Structure of the Ti(B,N) coating
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Cross-section parallel
to a layer surface
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Structure of the TIN+AI,O; coating

Cross-section parallel
to a layer surface

TiN

Dark field of
reflexes (111) TiN
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Coatings adhesion

Values of the critical load L, for coatings
deposited on nitride ceramics
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Coatings adhesion

Indenter mark for over-
X1 T X2 i i critical load of the Ti(C,N)
coating applied onto sialon
tool ceramics.

Diagram of energy of
backscatter X-ray radiation
% from the microarea:

b) X1, ¢) X2

15 pum : 70 pm - _®, gk 70 pm

Image of damages caused as a result of a scratch test for coating deposited onto sialon tool ceramics
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Coatings stresses
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Coatings stresses

Standard deviation

Coatings Substrate Stresses, MPa
of stress, MPa

Ti(B,N) Sialon ceramics gﬂg ggi
Ti(C,N) (1) Sialon ceramics E(l)gg 222
(Ti,ADN Sialon ceramics gggg ggg
Ti(C,N)+Al,O,+TiN  layer (Ti(C,N) Sialon ceramics gigi g;g
Ti(C,N)+Al,O,+TiN layer Al,O4 Sialon ceramics gggg fé?
Ti(C,N)+TiN SigN, 233 gg:é
Ti(C,N)+Al,O,+TiN SizN, 222 ég:;l
TiC+TiN SigN, gég Zg:g
TiN+AI,O4 SigN, ggg iié
TiN+ALO,+TiN* SizN, 1906038 18199..41
AlL,O,+TiN (Iscar)* SigN, g%g gjg
TiN+ALO,+TiN+ALLO,+TiN* SizN, o o7

535 54.2
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Structure of the TIN+AI,O; coating
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Structure of the TIN+AIL,O3;+TIN+AIl,O5+TIN coating

transition zone
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The chemical composition of coatings GDOES
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that a concentration of elements forming part
of the substrate is increased in the bonding
zone from the surface of coatings with a
reduction, at the same time, in the
concentration of elements forming part of the
coating. This fact may be linked to the
existence of a transition zone with of a
0 1 2 3 diffusive character between the substrate
material and the coating.
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Increase in the life of ceramic cutting edges
coated with PVD and CVD coatings versus
uncoated tools

Investigations into the tool life allowed to select coatings with the best cutting properties:

(ALTIN

(ALCr)N
(ALCHN+(TL,ADN
TiN+AI2O3+TiN+A1203+TiN
(TLADN=(ALCH)N
AI203+TiN (1)
TiN+A1203
TiN+AI2O3+TiN
A2O3+TiN (2)
(TLADN

Ti(CN)+ TiN
(Ti,Zr)N

Coating

0 100 200 300 400 500 600
A Tool life increase, %

exhibiting best cuttability, which is correlated with their high adhesion to the substrate
and high hardness.
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Conclusion

« The above-mentioned coatings improve the life of a cutting edge by up to
550% and for this reason, as well as due to a possibility of using them in
environmental dry cutting processes without the use of process cooling
and lubricating liquids, the coatings qualify for widespread industrial
applications in cutting tools.

« Research methods used in this work (including cross-section TEM
analysis) allow for a full characterization of the structure and properties
of tool materials

It is necessary for determining the influence of the technology and
materials conditions on the increasing of their mechanical and functional
properties.
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Thank you
for your kind attention!



