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STRUCTURE, PHYSICAL PROPERTIESAND FRACTAL CHARACTER
OF SURFACE TOPOGRAPHY OF CVD COATINGS

The aim of the presented study is to establishthadelogy elaboration, giving a possibility to piedroperties
of coatings reached in CVD process on tool materibhsed on fractal quantities describing theifaser
Coatings’ topography and its structure which hasirapact on a shape of analysed objects’ surfacee wer
characterised in a comprehensive way. Influence type of process and conditions of deposition atercture

and shape of topography as well as mechanical gmuational properties of the acquired coatings were
determined.

1. INTRODUCTION

Topography of surface of many actual engineeriagennals, including CVD and PVD
coatings, draws a self-similar feature [1-4], wakdws to apply the fractal analysis method
to their description. As surfaces of actual materaae never perfectly “smooth”, so once
adequately large enlargement of their fragmentapplied, irregularities in the form
of valleys and convexities appear. It can be ndtitdeat for some materials, a degree
of those irregularities is constant regardlessaafles It means that if analysed surface is
smooth and regular, their fragments maintain th&ture after being enlarged. When surface
Is irregular and rough, also its enlarged fragmérdk the same. It occurs like this, because
additional details are disclosed which were notaappt earlier. Fractal geometry is a tool
which allows characterizing degree of surface utedties in qualitative and quantitative
way when this value does not depend on scale. &be liractal quantity that characterizes
efficiency of space filling by surface and descsilits shape is the surface fractal dimension
- Ds. The fractal dimension  being a real number in interval [2],[3] Is a maas
of irregularities and a degree of complexity offaoe shape. Low value of fractal measure
Is characteristic for smooth surfaces, whereas Wahe describes surfaces of complex and
complicated shape. Practically, as early as tle®rthof fractals was established, B.B.
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Mandelbrot [5] indicated that, for description dietmajority of actual objects (he chose
distribution of copper deposits for example), aggion of the fractal formalism is
insufficient. It results from a fact that actuajextis are not homogenous, and because of that,
it is impossible to describe geometrical featureshypects of irregular shapes (except for the
abstract mathematical constructions) with the halpne number — the fractal dimension.
Surfaces of investigated engineering materialsllysai@ not ideal self-similar objects, because
that feature occurs only locally. Irregularitiesstdbution changes depending on analysed
fragment selection of a sample area. In some fratgneurfaces can be characterized by high
irregularity, whereas they may reveal a more regskape in the others. Mandelbrot has
proposed to generalize a concept of the fractahsdtreplace it by a multi-fractal measure.
The multi-fractal measure enables to charactepnepiex shapes, including surface, for which
determined dimension adopts different values ifeiht areas. Therefore, a multi-fractal
analysis is an extension of the fractal methodblemgato characterize the geometrical features
of actual surfaces in more complete and accurayd6{i7].

2. MATERIAL FOR STUDIES

Studies are performed on:

» Multi-edge inserts made of silicon nitride ceranfsisN,.

« Multi-edge inserts made of oxide tool cermetgOAt-ZrO..
» Multi-edge inserts made of oxide tool cermetgOATiC.
« Multi-edge inserts made of oxide tool cermetgOAtSIC.

uncovered and covered in CVD process with singlé @uulti-layer coatings resistant to
abrasion (Tab. 1).

Table 1. Characteristics of the investigated cgatibtained in CVD process

No. Material of substrate Type of coating
1 SisNy4 TiN+AI,O4

2 SiaNy4 TiN+AI,O5+TiN

3 SiaNy4 TiN+AI,05+TiN+Al,0:+TiN
4 SiaNy4 Al,O3+TiN

5 SinA TiC+TiN

6 SinA TI(C,N)+TIN

7 SiaNy4 Ti(C,N)+Al,O4+TiN
8 SiaNy4 Ti(C,N)+AIl,O4

9 Al O TA(O) TiN+AI 504

10 Al,Os+TiC TiN+AI,O4

11 Al,O3+ SiCuy TiN+AI,O4
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3. STUDY METHODOLOGY

Structure of generated coatings was observed exalafractures were observed with
a Carl Zeiss ULTRA 35 Field-Emission Scanning HigctMicroscope (SEM) equipped
with energy-dispersive X-ray spectroscopy (EDSY. iRtaging SEM, a lateral (SE) and In-
lens detector using secondary electrons detecti@ccelerating voltage in a range of 1-20
kV were applied.

Investigations for material surface topographyuisirates and generated coatings are
carried out in an exchanged scanning electron mioee and using a method of atomic
force microscopy (AFM) on a unit of Nanoscope E méag Digital Instruments company.
For each of analyzed surface, six measurementsade at scanning range of 5 um.

X-rays studies for the analyzed materials are edrout on X"Pert PRO system made
by Panalytical Company using filter radiation ofcabalt anode lamp. A phase analysis
of the analysed materials is carried out in BraggrBano geometry (XRD) using
a Xcelerator strip detector, and in grazing incegeometry (GIXRD) of primary beam
using a collimator of parallel beam before a prtipoal detector.

Measurements of stresses for the analyzed coatiags made by sfip and/or g-sif
technigue depending on the investigated samplgsepies on the basis of X'Pert Stress Plus
company’s. In the method of $ip, based on diffraction lines displacement effect for
different Y angles, appearing in the conditions of stress oferi@s with crystalline
structure, a silicon strip detector was used asitle of diffracted beam. Samples inclination
angle Y towards the primary beam was changed in the rarige® + 75°. Moreover,
measurements of stresses are made by a diffraettmique in grazing incidence geometry
using a collimator of a parallel beam in front loé tproportional detector [8, 9].

Selection of incident angle of the primary beam € 0,5° 1°; 2°; 3°; 5°; 7°) was
mainly dependant on linear absorptivity and comiamaof the applied layers, but the
effective X-rays penetration depth g is estimatedhe basis of the following dependence:

g=( X+ H ) ) (1

sing  sin@G,,, —a,)

where:
K — linear absorption of the X-rays,
0y — incident angle of the primary beam.

Microhardness investigations for investigated cugi and substrates hardness are
conducted by means of an ultramicrohardness te®@&H 202 manufactured by Shimadzu
using Vickers method at load of 0.07 N.

Assessments for coatings adhesion to the substrataterial were made by a drawing
method on Revetest device manufactured by CSEM.

Roughness investigations for the generated coatingssubstrates surface were carried out
on Stronic3 profile measurement gauge + Taylor-dolzompanies. Rjuantity is adopted as a
value, which determined the surface roughnessdordance with PN-EN I1SO 4287. Plates life
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without coatings and with deposited coatings inighttlemperature CVD process are
determined on the basis of technological cuttirsg iteroom temperature. Cutting ability test
for investigated materials is made as a continuouasing method at PDF D180 loathe
without cutting fluids. The material subjected taahining was grey cast iron EN-GJL-250
of hardness approx. 215 HBW.

Life of plates is determined based on wear bandwmkasurements upon flank face,
measuring a mean bandwidth wear VB after machirgnguin specified period of time.
Cutting tests were stopped, when VB value exceatledssumed criterion (VB = 0.3 mm),
both for uncovered tools and deposited coatingstaB measurements with an accuracy
of up to 0, 01 mm were made employing a Carl Zé&s® light microscope.

Indication of the fractal dimension and the muttdtal analysis for investigated
materials is carried out on the basis of opticahsueements in atomic force microscope
AFM, being grounded on projective covering metha@]] In the course of this analysis,
N=512x512 measurements of a sample heigharé made, where the first number
determines an amount of lines to be scanned, wheilea second one is a number
of measuring points in each of them. A distancevbenh the lines and the measuring points
Is constant and the same.

The measurements, which are carried out, usingtami@ force microscope AFM
enabled furthermore, indication of a quantity deieed as B, and characterizing
roughness for analysed sample surfacg,. reughness is determined in two stages. In the
first one, each set of measurements results fohtsample height is approximated by the
regression plane of H(x, y), for which a sum of &®s of the distance from experimental
data is minimal, and then, a roughness quantityevép is determined for the analyzed
sample surface on the ground of a dependency:

] zm-wT 2)

where:

Ns — number of measuring points,
h; — sample height atpoint,
H; — value of H(x, y) at point.

Application of the above procedure eliminated ieflae of sample inclination
(levelling error) over an acquired value of caltethquantity.

To verify significance of the product-moment coaten coefficients of the obtained
results in mechanical, applicable and fractal ssdi statistics is used being subject to
Student’s distribution with a number of independeatiables equals n — 2, where n is
a number of measurements. Analyses were perforinind devel of significancels,,=0.05.
Empirical value for the test statistics t was deiaed in accordance with a formula:

V17 3)
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where, r is an empirical Pearson product-momemtetadion coefficient, based on a random
sample. The symbaol .o Standing for a critical value, read out of talflasthe test statistics
distribution. Decision about a possible null hygsils rejection (lack of correlations), was
taken on the ground of the result for empiricalugatomparison of the test statistics with
a critical value, read out from distribution tablefsthe test statistics. If |t| Zid.a, the null
hypothesis on lack of correlations was rejectestatsstically less probable and the alternative
hypothesis on correlations significance was accdit#].

4. INVESTIGATIONS RESULTS AND DISCUSSION

The performed metallographic studies allow to stagt the tested oxide ceramic tool
materials on the basis of &), nitride tool ceramics §\,, and tool cermets are characterized
by compact structure. As a result of factographiestigations performed on a scanning
electron microscope for the analysed CVD coatirigsas found that the deposited coatings
determine single, double, or multilayer structuepehding on applied system of layers, and
particular layers are uniformly deposited and tiglaidhere to each other as well as to the
substrate’s material. Observations of surface tguy for the analysed coatings using
scanning microscopy demonstrate that the obsetva@cteristic columns endings located on
surface, forming appropriate coatings, have a sbapeversed pyramids, cones, polyhedrons
or craters. However, it is difficult unequivocalty indicate differences among particular
coatings in terms of quality and quantity on thesi®aof observations of the received
topography images for the analysed surfaces (figille EDS chemical composition studies
of coatings obtained in high-temperature CVD preessconfirm proper elements appearance
in any analyzed layers, whereas for the sake oftlwekness of the deposited layers and
characteristics of incident beam, in some casesafiied method allows for a mean
measurement of scattered X-rays radiation enengywfo or more layers of the investigated
coating.

Fig. 1. a) Brittle fracture of a coating TiN+A&); received on a substrate made of tool ceramig®AISIC in high-temperature CVD
process and b) its picture corresponding to sutiaoegraphy



Structure, Physical Properties and Fractal Chara¢t8urface Topography of CVD Coatings 139

Fig. 2. Scheme for layers on-lapping/packing orNs+Al ,05 coating received in high-temperature CVD proceaden
of nitride ceramics gN, and areas covered by diffraction depending ornieghpgleometry measurement: a) Bragg-Brentano
geometry, b) in grazing incidence geometry= 3°, ¢) in grazing incidence geometny=1°

The applied method of X-ray qualitative phase asislgarried out in Bragg-Brentano
geometry confirms occurrence of appropriate phestds investigated substrates and coating
materials. Some of identified reflexes on analydéttaction patterns are moved towards
lower or higher angles of reflection as well asirthetensity differ from values given
in JCPDS card files, what may indicate on occumenictexture as well as of compressive or
tensile, internal stresses in the investigatedingat a fact one can come across frequently in
coatings deposited by the PVD and CVD [12],[13]hteque. For the sake of reflexes
overlapping of material substrate and coating/ngafi as well as their intensity, making
sometimes the analysis of obtained results mofiewdtf and in order to acquire more accurate
information from subsequent layers of the analynatkrials, additional technique of diffraction
is applied at grazing incidence geometry (GIXRDj,the primary X-rays beam using a parallel
beam collimator in front of proportional detectdihanks to the possibility to register the
diffraction patterns at low incidence angles of phenary beam onto the test piece surface, one
can obtain the diffraction lines from thin layersedto volume growth of the material
participating in diffraction and acquiring inforn@at on the changing phase composition at
different depths of the examined material — whiolndt exceed the rays beam penetration depth
when their incident angle is perpendicular to & piece [14]. Carried out investigations
at such assumptions confirm the right sequencayef$ (Fig. 2-4) in analyzed coatings.

So that deposited coating on a tool could propédulil its task, it has to be
characterized by suitable usable properties debteunby numerous factors, among which
the following should be specified: appropriate stinoe, chemical and phase composition,
proper hardness and thickness, and above all, hdjesion to substrate’s material.
Adhesion dependence of the analysed coatings fostisies material on conditions
of a process needed to obtain them is evaluated“bgratch test” method at changing load,
establishing a value of critical load,Lallowing to determine a force value inducing the
coating damage (Table 3). The critical valugid_settled as adequate to growth of acoustic
emission intensity, signalling fraction imitatiohaating.
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Fig. 3. X-rays diffraction patterns acquired in §gaBrentano geometry a) nitride ceramics and bBNO; coatings
obtained in high-temperature CVD process on a saigsinade of 3N,
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Fig. 4. X-rays diffraction patterns of TiN+£&D; coating obtained in high-temperature CVD procesa substrate made
of nitride ceramics N, received in geometry of constant angle of incigera} GIXRD methodg, = 3°, b) GIXRD
method,a, = 1°

Stresses’ measurements of the analyzed materalgesformed by two methods, and
obtained results are presented in Tables 4 & BsSés’ measurements by’girmethod are
made for threeb angles of samples arrangement towards an initiadiguaration, in which
goniometer axis was in two opposite directions icmmusly ¢ =90& 270°,
¢ =150 & 330°, ¢ =210& 30°). Applying this geometry of measurement enables to
observe changes of state of stress for chosentidmecof investigated material and to
determine its highest value [15-17]. For coatingguired in the high-temperature CVD
process, stresses are defined on the ground ofsasaf reflex displacement recorded at the
highest value of @ angle, free from influencing on its shape and tiocaof the other
components of the investigated material (subssatedterial, possible other layers included
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in the coating). Locations of the recorded reflexese determined by a Gaussian curves
matching method. In the method of§in to assess stresses, the reflexes recorded at higher
values of the angle@are preferred considering higher deformations segngiand lower
error of obtained results, however, it is not alsvgpssible to achieve that in experimental
studies, when too low peaks intensity, resultirmgrfitexture of analyzed coatings, extensive
or irregular shape and relatively small depth ofgieation of X-rays radiation at high angles
of reflexion make impossible correct and propeesssient. In case of studying multi-layer
coatings and/or coatings of phase composition dlogbe substrate’s material, applying this
geometry of measurement not always guaranteesti@ceyb correct results of measurements
as a result of particular components reflexes apeihg of the investigated materials.
Because of this, measurements of the analyzedchgsatiresses are conducted additionally by
a method of g-sfip. The method g-sfiy defining stresses based on geometry of a constant
incidence angle was proposed by Van Hacker [18heRlaegens and Knuyt [19], and then, it
was expanded by Skrzypek. Finally, algorithm folcalations of stresses was applied by
Skrzypek and Baczmaki [20],[21]. The method of g-siis characterized by the use
of many diffraction lines from planes {hkl} in caadiction to a classical method
of sirfy, using one diffraction line [22]. The main advantagfethe method g-sfiin
reference to the classical methodfgimeasuring stresses, where we are engaged in \eariabl
effective depth of penetration of X-rays radiatioio the investigated material, it is almost
a constant value for a fixed valag, which can be changed by incidence angle or sefecti
of different type of radiation. Moreover, in thisethod, changing reflexes {hkl} for
a crystallographic plane are simultaneously use imeasuring procedure to determine
stresses and the method can be easily appliedh@mngang geometries of measurement
[21],[22]. Each time measurements of stresses wamed out upon external coating, and as
far as it was possible, depending on a type of teates material, properties and
configurations of the applied layers, in a coatamhering to it, using one or two non-
destructive methods to measure this size. Theechout investigations results for internal
macro-stresses (defined by the dagimethod) in TiN+A}Os coatings acquired in the CVD
process show dependencies between coatings’ siregeeand their adhesion to substrate’s
material (Fig. 5a). An adhesion value to the sabs®s material from stresses appearing in
coatings can be defined by the following analytasbendence: y= -0.1443x-0.8489 (Fig. 5b).
Assessing a dependence between stresses occurraxgernal layer made of &); and its
adhesion to the substrate’s material, the followlmgh correlation was found (correlation
coefficient r=0.960) and essential one (t=4.87 1a@s {..=4.303).

Depending on their value, internal stresses camctafthe substrate — coating
arrangement unfavourably or positively, and by esi@n, they can decide about application
of produced tools afterwards. Compressive stregbés 6a & 7a — “negative” slope
of a line acquired while stresses measuring) irseeaack resistance and to some degree,
dependent on thickness, phase and chemical congpoad well as material, at which they
have been reached, minimize a coating chippingeasing their adhesion to substrate.
The opposite type of stresses (Fig. 6b & 7b — tp@si slope of a line acquired while stresses
measuring), compressive stresses can adeel@estruction of a coating while imposing
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Fig. 5 a) A scheme for stresses influence definethé method of g-sfiy in the intermediate inter-layer and external
coating on adhesion of TiN+4D;coatings depending on substrate’s material b) Adhetependence on stresses’
values defined by the method of gsirin the external coating of TiN+4D;coatings

an external load. A very important factor having iampact on state of internal stresses
in coatings is their structure, which is stric#jated to a technique obtaining them, by phase and
chemical composition, texture, process temperadmek type of substrate, on which it was
obtained. Besides, increase of stresses’ valuegalath coatings’ thickness was found,
analyzing and comparing layers of close phase csitigpoobtained on the same substrate; this
phenomenon was described by Thornton and Hoffmatiem thesis [23]. While adhesion
scratch test is carried out, shearing stressriangition zone is induced by influence of a loaded
penetrator in a normal direction on a coating —ssake configuration. The stresses caused
by pressure/thrust of a shifting penetrator arasfeared by a coating to the transition zone.
Thicker coatings, in this case, require higher lbadyet the same shearing stresses in the
transition zone between the coating and the swb'strnaterial. Comparing both techniques
of measurement of stresses (Table 2), it wasdfdhat its proper selection depends, in a large
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Fig. 6. Changes of interplanar distance value af &flex (300) in the layer AD; as and b) reflex (300) of intermediate
TiN layer a function of si (stresses’ measurement made b§ysimethod for differen$ values of samples setting
towards goniometer axis, TiN+#&D; coating obtained on a substrate made of nitridensies - SiNy)
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Fig. 7. Changes of the epsilon values (ppm) spiegjfgrystallographic lattice deformation for a) ,®@} layer and
b) TiN layer in a function of sfip (stresses’ measurement by the method of @psicoating TiN+ AbO; obtained
on a substrate made of nitride ceramighgi

degree, on structure and properties of investigatattrials. For coatings, not determined by
texture, consisting of many layers giving many rdi€tion reflexions, it is strongly
recommended to apply the method of gaginwhere measurement results of stresses are
burden with a less-important mistake, whereas mesgases they are impossible to get by
a classical method. The perfect example is thaiodd results of stresses’ measurement
of coatings acquired in the high-temperature CVBcpss, where the analyzed coating was
Al,Os, for the sake of lack of texture and relativelgagrnumber of diffraction reflexes from
one phase in reference to the others.

The received analyses are shown in the form ofhgralepending on wear bandwidth at
VB flank face in a function of test duration at gfied conditions to execute the experiment, and
the obtained results are of comparative charaBesed on technological turning test, the most
distinctive improvement tool life, comparing TiN+@8L coatings obtained on different
substrates as well as coatings obtained on sugsstnadde of nitride ceramicszi$j (Fig. 8)
acquired in the high-temperature CVD process réispdt when the substrate’s material was
tool ceramics SN, and external Ti(C,N)+AD; coating. Above-mentioned coatings
are characterized by very good adhesion to suéstrabaterial and high microhardness.
High adhesion of the analyzed coatings, definedoby value | responsible for coating’s
destruction is adequately 85,2 & 68,3 N, and cosgive stresses value is defined by
g-sifp method, adequately -595 & -421 MPa. In the Table nBasurements results
of mechanical and operational properties are pteddéar coatings acquired in the CVD process.
As a result of a metallographic analysis, condudiec scanning electron microscope, it was
found that the most frequently occurring typesibbtogical damages, identified on investigated
materials are mechanical and frictional damagewiedisas thermal cracks of the surface flank,
crater forming on surface of attack and a chipdsup on a cutting edge (Fig. f)-26].
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Table 2. Results for stresses’ measurement ofrgmatibtained the high-temperature CVD process imade

method SiAY & g-sinfy
coatng | on,
Substrate’s Type of coating (layers thickness came Method sify, | Method
material configuration) [um] (externall [MPa] g-sirfy, [MPa]
indirect)

. . Al,O3 -595+48 -621+34
SisN, TiN+AI,0s 9.6 TiN 212+34 197+43
SisN, TiN+AI; 05+ TiN 3.8 A-\||— ”é 99_+34 _igiﬁB

2U3 9= - =
SiN TiN+AI Oz +TiN+ - TiN . -120+32

oNa AlLO+TiN ’ AlLO, ; 191426

. . TiN 69161 -89+59
SisN, Al Oz+TiN 2,7 AlLO; -105+32 -123+21

. . . TiN -59+29 -49+43
SigN, TIC+TiN 54 Tic 142433 -129+41

_ . _ TiN - -89+42
SizN, Ti(C,N)+TiN 4,2 Ti(C,N) - -219452

_ _ _ TiN - ~69+34
SisN, Ti(C,N)+Al,O5+TiN 9,5 AlLO, - -108+27

. . Al,O3 -452+43 -421+29
SisNy Ti(C,N)+Al,0; 5,2 Ti(CN) _86+55 -76+33

_ Al,O, - -439+27
Al Og+Zr0, TiN+AI 0, 6.4 TiN - 319456
. . Al,O3 - -372+33
AlLOz+TiC TiN+AI,0; 53 TiN - 614252
. . Al,O3 - -249+29
Al,05+SiCy TiN+AI,0; 7,3 TiN - 719458
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Fig. 8. Graphs of wear bandwidth dependenciesuih fank face of cutting time for coatings obtairiedhe high-temperature
CVD process on a substrate made of ceramybg Si
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Fig. 9. a) A view of tool ceramics flank face waeaade of AJOs;+SiC with a deposited coating TiN+A&);
b) detail from a drawing

Table 3. Results of mechanical and operational urea®ents for substrates’ material as well as cgatbtained in the
high-temperature CVD process

Substrate’s . Roughness R Microhardness . Ope.ratlonal properties
; Type of coating Adhesion N| Tool life T
material [um] HVo07 . Increase (%
(min)
SisNy TiN+AI O3 0,45 3250 85,2 25 108
SisNy TiN+AI,O3+TiN 0,13 2800 50,4 20 67
SisNy TiN+AI 03+ TiN+AIL,Os+TiN 0,52 3050 55,7 24,5 104
SisNy AlLOs+TiN 0,23 2700 29,1 16 33
SisNy TiC+TiN 0,25 2050 25,8 12,5 4
SisNy Ti(C,N)+TiN 0,15 2225 34,1 13,5 13
SisNy Ti(C,N)+AlL,O:+TiN 0,28 2030 30,8 13 8
SisNy Ti(C,N)+Al,O; 0,25 3250 68,3 28 133
AlL,O3+Zr0, TiN+AI 03 0,43 3400 72,4 20,5 86
AlL,O4+TiC TiN+AI,03 0,29 3350 49,4 24,5 81
Al,05+SiCy, TiN+AI O3 0,44 3100 32,8 24 33
SisNy - 0.08 1870 - 12 -
Al,03+Zr0, - 0.21 1850 - 11 -
AlL,O4+TiC - 0.09 1970 - 135 -
Al,05+SiCy, - 0.26 1870 - 18 -

In the herewith evaluation to determine the fract@ahension of coatings surfaces,
a modified method for projective covering (PCM) vegeplied [10]. The PCM method was
evaluated at the end of the last century and usedidtermining the fractal dimension
of surface of rocks, and then, it was used maniyna in studies for surface of diverse
engineering materials [27-32].

Three dimensional images of coatings surface taggugr obtained based on data
from measurements made by means of on AFM micresogre precious source
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of information on shape of surface, however, theterpretation and comparison are
difficult, subjective and often lead to false cargibns. Appearance of those graphs, in
a large degree, depends on the way they are pesséaiplied colours and their intensity,
perspective, and the like) and applied scale irig. &imultaneously, applying a rule that
for all compared samples in z axis the same urpeags, especially a unit equal to a unit
occurring in x and y axes, make the graphs momgiltle. For the sake of images
of coatings surface topography received based ta caning from measurements made
on AFM microscopes, they can only give an idea alsbape of surface, but they should
not used in highly advanced analyses.

Making measurements on the AFM microscope and rggettligital recording
of topography of the analyzed surfaces createdsaipidity to determine two-dimensional
quantity of roughnessJB, which in comparison with classical quantitiesedatined along
one segment, enables to obtain more representatitees. The roughness quantity is
a commonly used value defining shape of surface,fast of all, it should be considered
when comparing and assessing the shape of coafagsoughness determined based on
measurements made by the AFM microscope is anmifgy quantity on, in what degree
the analyzed area differs from the flat surfacd, ibuloes not indicate what made this
difference, whose source might be of two differfaators:

» Surface waviness (irregularity occurrence of higiphtude),
» Appropriate roughness (densely arranged irregylagturrence of low amplitude).

The fractal analysis enables to differentiate thi@&tors, and additionally, thanks to
determining the multi-fractal spectrum, to assessdgeneity of the analysed objects.

Points arrangement on the bilogarithmic plot isied by a degree of an analysed
surface development, and simultaneously it indedéetors which have influence on it:
surface waviness or appropriate roughness. On ribwend of the bilogarithmic plot also
fractality of the analysed set of data is assed3edorming an auxiliary plot facilitates the
right selection of the fractality range or takingl@cision that the analysed set of data is
not a fractal object.

Analysing a shape of the multi-fractal spectruntah be concluded on homogeneity
of analysed surfaces. Homogenous surfaces, whodeytar fragments do not differ
among themselves, are characterized by a narroetrspe (small differenc@may - omin),
which can be broaden, if a shape of the analysethcai will be more irregular and
differentiated in various areas. For the sake efdpplied methodology determining the
multi-fractal spectrum in the analyzed coatingsisiissumed that its maximum appears
for a = 2. As valuest <2 correspond to probabilities of low values amdutaneously to
irregularities of low amplitude so, broadening thelti-fractal spectrum from the left side
is characteristic for inhomogeneous surfaces comigi tiny grains. Analogically,
broadening the spectrum from the right side (folugao >2) it proves that big grains
and/or flat areas occur. A positive difference tioe spectrum arms heighf = f(omay) -
f(amin) >0 proves that in the analysed surface, tinymgraiominate, otherwiséf{ <0) high
irregularities prevail, defined by high value ofopability. Although the multi-fractal
spectrum bandwidth is not commonly bound with hoeraty of analysed surface,
interpretation of its shape is not unequivocal. Thieer factors (e.g. roughness, fractal
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dimension) influence additionally on values desagbappearance of the multi-fractal
spectrum. Therefore, values analysing that defirshape of the multi-fractal spectrum
received for coatings’ surface differed by simudaunsly chemical and phase composition,
conditions and a type of their obtaining procesd anbstrate’s material, on which they
were produced is not justified. Problems relatednterpretations about shape of the
multi-fractal spectrum demand further intensiveeastigations, nevertheless, still today
one can indicate some practical applications, fag.quality control and repeatability
of coatings’ deposition process. Eabh value increase, above or below a certain defined
critical value for a given process will be a sigimdbrming about instability of deposition
conditions In case of surface received in conditions differmigh one factor change, the
multi-fractal analysis can be used to assess ifisience on topography of obtained
coatings. Quantities for the fractal and multi-ted@nalysis and for the quantity valugsR
of the analysed coatings are presented in Tab{@ndthe basi®f carried out analyses it
can be found that all considered coatings, indegethgl on type of their manufacturing
process and the applied substrate’s material, sinagtal character of surface, what is
proved by linear, in defined ranges, the biloganith graphs used for determining the
fractal dimension D(Fig. 10).

Analysing the acquired results for coatings obtdiie the high-temperature CVD
process, it was found that their fractal dimensiatues are situated within 2.015-2.071,
whereas roughness,Rwithin 0.079-0.531um. In case of analyzed coatings received in
the high-temperature CVD process, there is no digrere between roughness valug R
and the fractal dimensionsPwhat results from the fact that highgRvalue is connected
with surface waviness (irregularity occurrence ajhhamplitude), and not with proper
roughness. Surface inhomogeneity is confirmed ey dbtained multi-fractal spectrum
bandwidth valuesAa = 0.29-0.56), whereas unevenness occurrence bof dngplitude —
high ahaxvalues. For all analyzed coatings obtained in ilgd4emperature CVD process,
a positive difference is received for the heighthad multi-fractal spectra armag >0.
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Fig. 10. a) Image of the Ti(C,N)+4D; coating surface obtained in the high-temperatur® @xbcess on the $i, (AFM, 5 um)
tool ceramics substrate b) bilogarithmic dependerftke approximated area size of the analysedseidn the mesh size used for
its determination c) auxiliary diagram indicatifgetcorrect points selection on the bilogarithmimt phnd d) multi-fractal spectrum
of the analysed coating surface

Table 4. The fractal and multi-fractal analysisuttssand Rp values for coatings obtained in the high-tempeea@VD
process and substrate made of tool nitride ceraBiibk

S#]gstgﬁzls Type of coating [E?ﬁ] Ds Olmin Olmax Aa
SizNy TiN+AI,O3 0.098+£0.008| 2.046x0.005 1.679+0.032 2.067+0.00838&+0.033
SizNy TiN+AI,O3+TiN 0.170+0.021| 2.034+0.005 1.697+0.054 2.021+0.000.325+0.054
SizNg  [TIN+AILOs+TIN+AILO:+TIN | 0.163£0.019] 2.046+0.00FY 1.657+0.067 2.032+0.003 7%%#08.067
SizNy AlL,Os+TiN 0.166+0.022| 2.030+0.004 1.550+0.048 2.032+6.000.481+0.048
SizNy TiC+TiN 0.079+0.011| 2.014+0.002 1.723+0.051 2.00464 | 0.291+0.051
SizNy Ti(C,N)+TiN 0.095+0.012] 2.021+0.008 1.681+0.049 010+0.015| 0.338+0.051
SizNy Ti(C,N)+Al,Oz+TiN 0.146+0.017| 2.019+0.002 1.708+0.053 2.089+8.000.381+0.054
SizNy Ti(C,N)+Al,O5 0.089£0.008| 2.071+0.00y 1.604+0.041 2.046+0.00944%+0.042
Al,Oz+ZrO. TiN+AI,05 0.482+0.039| 2.041+0.004 1.570+0.045 2.084+0.011514+0.046
Al, O3+ TiC TiN+AI,05 0.531+0.043| 2.039+0.005 1.524+0.052 2.087+0.01456%+0.054
AlLOg+SIC TiN+AI,05 0.511+0.048| 2.028+0.008 1.708+0.031 2.089+0.001381t0.031
SizNy - 0.031+0.003] 2.008+0.001 1.832+0.022 2.005+0.00R172+0.022
Al,Oz+Zr0, - 0.060£0.006| 2.009+0.001 1.818+0.019 2.007+0.00119@t0.019
Al,Oz+TiC - 0.033£0.003| 2.009+0.001 1.831+0.023 2.006+0.00117%+0.023
Aéllzg(;:- - 0.043+0.004| 2.008+0.00pL 1.828+0.021 2.006+0.00117&+0.021

A complex method to affect phase composition, beangonsequence of chemical
composition, the adhesion of analyzed coatingsppied substrate’s material correlating
with a value of internal stresses, the applied doatlon of layers, and also a shape
of surface decide about obtained mechanical anchbpeal properties. On Fig. 11a and 12a
the obtained results are presented for the fraota¢énsion values and operational properties
depending on substrates’ materials, including aievalf the quantityda. In the event of
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coatings obtained in the CVD process it was obske/gositive correlation between the
fractal dimension value and tool life increase.chse of coatings received in the high-
temperature CVD process, for options when outetingas made of AIO; high (correlation
coefficient r=0.9747) and essential correlation/ (557 towards.fi.s=3.182) between the
fractal dimension values and tool life increase Yeasd (Fig. 11), similar like for coatings
obtained on a substrate made ofNzi(Fig. 12, correlation coefficient r=0.9575; t=8613
towards {itica=2.447).
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Fig. 11. a) Comparison of obtained results forfthetal dimension valuesd?a and operational properties b)
correlation between tool life increasion and ttaefal dimension value for coatings received inithghe high-
temperature CVD process (external layer made gDl
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Fig. 12. a) Comparison of obtained results fofrdietal dimension values[A\a and operational properties b) correlation
between tool life increasion and the fractal dinnemsalue for coatings received in the in the higimperature CVD
process (substrate made of nitride ceramigs,Bi

5. CONCLUSIONS

Works [33-35], presenting structural zones modélsaatings point out a fact that
structure and topography of coating surface dedlr mechanical properties, and
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consequently, their wear resistance. Employmentthef contemporary examination
techniques, especially of the scanning electronrosmopy and the atomic force
microscopy, makes observation of coating surfacssipte, obtained on tool materials
with atomic resolution, however, the results ark gsed only in a limited range. Fractal
geometry is a valuable supplement to analysis nastHor results obtained using the
atomic force microscopy, rendering it possible tbtan quantitative information
characterizing topography of the investigated treteships are mentioned in literature
between fractal quantities and roughness [36-38)weall as about fabrication conditions
[39-40] of many engineering materials, which wapramise to undertake the research
whose goal was employment of the quantitative aalgf surface topography of coatings
obtained in the CVD process on tool materials tedmt their properties. Based on the
obtained experimental studies results the of amaly®rformed, the following conclusions
were formulated:

- For coatings obtained in the high-temperature G)@cess prediction of their operational
properties based on values of the surface fraata¢msion Q is possible when the external
value was made of AD; as well as for coatings produced on a substraenfimm the
SisN4 nitride ceramics.

- Growth of the compression stresses values regultie increased coatings’ adhesion
substrate material.
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