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Abstract. Rough, damaged, and distorted postconsumer natural and synthetic polymers cause wear and damage to textile machinery
parts, presenting a major obstacle to the quality of recycled products. In this research, TiAlN coatings were used to measure the
coefficient of friction (COF) for tribological properties. The scanning electron microscope (SEM) studies of cotton textiles revealed
surface damage, distortions, and loose fibres produced on the fabric surface. SEM morphology of TiAlN coatings was found smooth
and uniform. Additionally, Contour GTK 3D optical microscope and mechanical profilometer (Mahr Perthometer) were used for
coating surface analysis. The average coating surface roughness parameters were Rmax (0.30 µm), Rz (0.26 µm), and Rp (0.17 µm).
The microhardness value was 35 GPa on the HV scale. The lower surface roughness and higher hardness values are an indication of
reasonable quality and performance of textile fabrics during recycling. The dynamic COF values were obtained from 0.47 to 0.30 in
warp and from 0.35 to 0.23 in weft directions. Higher COF values occurred in the warp direction due to lower thread densities, rough
surface, preferred fibre orientation, randomly oriented fibres, and a plainwoven structure. Based on the COF values, permanent
deformation, and morphology evaluations, TiAlN coatings could be used optimistically for surface modification of shredding, cutting,
and textile machinery parts. The TiAlN coatings applications in industries could also enhance the quality and performance of recycled
textile products.
Key words: fabric tribology, coatings, wear, fabric friction, textile fabrics, textile machinery.

1. INTRODUCTION
Wear, erosion, chemical corrosion, and fatigue have
caused operational problems in textile manufacturing and
recycling industries [1,2]. Shredding, spinning, weaving,
and finishing are the main operational manufacturing
processes [3]. These processes reflect the quality and
performance of cotton fabric products [4]. Additionally,
the mechanical components, tools, and machinery parts
require smooth surface, high wear resistance, and an
optimized coefficient of friction (COF) for this kind of
manufacturing [5–8]. Such growing requirements demand
innovations and development of new coatings [9].
*
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Usually, diamondlike carbon (DLC) coatings, nitrogen
based coatings (TiAlN/TiCN/TiN), carbonbased coatings
(SiC/WC/VC), thinfilm oxide (Al2O3/Cr2O3/ZrO2)
coatings, and boride coatings are introduced for investi
gations of tribological properties [10–12]. The development
and demand for new materials with controlled proper
ties are a growing need for the current age [13]. These
materials allow better wear and corrosion resistance to
textile machinery components and tools [14]. The appli
cation of the abovementioned materials as a coating on
textile machinery parts enhances both the service life of
the parts and the quality of textile products [15]. Metal
matrix ceramics composites (MMCs) are also important
materials for the components of textile and manufacturing
machinery. The coatings of these materials improve the
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performance of textile machinery parts and the quality of
textile products [16–18], minimizing also the replacement
sequence of machinery. Furthermore, the suitable selec
tion of matrix materials for machinery parts and coatings
can modify wear properties for required applications
[19].
Generally, two principal techniques are employed for
the estimation of fabric friction [20–22]. In the first
technique, an object with the mass ‘m’ slides on a polymer
fabric to determine both the dynamic and static friction of
the fabric:
F
µdynamic =
,
(1)
mg
where “F” denotes the applied force, “µdynamic” is the
friction constant, “g” represents the gravitational accel
eration constant, “m” is the mass of the sliding body.
In the second technique, an inclined plane is used to
calculate the friction constant. The same parameters are
applied and the new formulation is described as
µstatic = tan θ.
(2)
Here “µstatic” is the friction constant and “θ” denotes the
inclined angle.
In this research, TiAlN thin film coatings were eval
uated for tribological properties to enhance the quality and
performance of postconsumer polymeric materials. A new
innovative method was developed to determine the COF
of postconsumer natural and artificial polymers. The opti
mization was performed by using the variations in the COF
related to distance, normal force, and sliding speeds. TiAlN
coated steel balls were employed to investigate the co
efficient of friction (COF) against cotton textiles. The wear
of cotton fabric was examined by means of the CETR
tribometer, by varying normal load, distance, and speed
from 0.5 N to 9 N, from 0 m to 80 m, and from 1 mm/s to
10 mm/s, respectively. The surface morphologies of cotton
textile and TiAlN coated steel balls were characterized by
using a scanning electron microscope (SEM). Optical and
mechanical profilometers were used for surface eval
uations of the TiAlN coated balls and a Vickers micro

hardness tester was utilized for the estimation of coating
surface hardness.

2. EXPERIMENTAL
2.1. Materials
The postconsumer cotton textile was C2 (fabric code)
plainwoven cotton. The yarn density was 36 threads/cm
in the warp direction and 18 threads/cm in the weft
direction. The subjective assessment [23] of different
parameters is described in Table 1.
The cotton fabric was cut into small rectangular strips
of the size 5 cm × 2.5 cm for COF evaluations. Using
epoxy adhesive, the strips were mounted on mild steel
blocks with the dimensions of 25 mm × 10 mm × 50 mm.
The adhesive was smeared directly on metal blocks and
permitted to cure for 20 seconds. The curing time avoids
the penetration of epoxy into porous fabrics. The twist
factor was kept constant for postconsumer cotton fabric.
TiAlN coated steel balls were employed for the
investigation of surface tribological properties. Coatings
were deposited on steel balls in the arc plating PVDunit
PLATITπ80 using the lateral rotating ARCCathodes
(LARC) technology. TiAlN consists of 50 % of Al content
in the (Ti1xAlx) N coating. The deposition temperature
was kept at 450 °C. Three clean HSS (HSS X82WMoV65)
substrates were used for the deposition of each coating.
The coating thickness was 2.3 µm. Additionally, mor
phologies of cotton fabric surface and TiAlN coated steel
balls were determined by means of a scanning electron
microscope (SEM). Microvicker and surface roughness
tests were performed to measure the hardness and surface
roughness of the TiAlN coated steel balls.
2.2. Innovative method
The coefficient of friction was calculated by using a
surface tribometer as shown in Fig. 1. To carry out the
experiment, the generation of sliding and reciprocation

Table 1. Subjective assessment of postconsumer cotton textile
Physical property

Unit

Value

Physical property

Unit

Woven weft



Plain

Thread diameter in weft
direction

mm

0.345

Woven warp



Plain

Thread diameter in warp
direction

mm

0.345

Weight

g/m2

237

Twist value

T/m

Warp linear density

cm1

29

Thickness

mm

Weft linear density

cm1

29





Value

800
0.45
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Control unit
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Fig. 1. COF setup: (a) tribometer equipment, (b) experiment demonstration, (c) ball slider and (d) fabric sample.

motions was needed. The experimental setup is demon
strated in Fig. 1a. The tribometer incorporates two parts,
as seen in Fig. 1b. The upper part includes a ball slider
and the lower part has circular support utilized for sample
clamping. The force of the slider (Fig. 1c) is 0–200 N, and
the speed range is 0.5–15 mm/s. The lower circular stand
with 300 mm diameter can move vertically and hori
zontally. The cotton samples (Fig. 1d) to be tested were
clamped on the circular stand on two sides to avoid
wrinkling or buckling during testing.
Tribological properties were investigated in weft and
warp directions. Ten samples were utilized to measure the
friction between the ball and the fabric in the weft
direction and in the warp direction. The wear for 40 mm
fabric was tested by using variations in normal load and
speed from 0.5 N to 9 N and from 1 mm/s to 10 mm/s,
respectively. The duration of the test varied from 4 s to 40 s.
The TiAlN coated steel balls were employed as counter
bodies. Moreover, the wear of 80 m fabric cotton was also
taken into consideration for the optimization of industrial
applications.

3. RESULTS AND DISCUSSION
Initially, the nature of pristine postconsumer cotton fabric
was probed by means of the SEM. Figures 2a, 2b and 2c, 2d
display the SEM images of cotton fabric in weft and warp
directions, respectively. The fibres are arranged in vertical
and parallel directions with twist values (800 T/m). Under
low magnification, SEM images 2a (X 50) and 2c (X 50)
show that the pristine cotton fabric had round fibres.
Moreover, the cotton fabrics had also loose fibres that

drifted over the yarn surface in three dimensions. High
magnification SEM images 2b (X 5.00 K) and 2d (X 5.00 K)
give evidence of the damage and distortion of surface
fibres. The surface damage, distortions, and loose fibres
on the yarn surface were produced due to mechanical and
chemical treatments during service life [24]. Hearle et al.
have provided a detailed reference collection of more than
1500 SEM images. The distortion and damage incurred
on fibres creates buckling and tangling effects in fabric
and machinery parts [25]. The aforesaid collection discloses
information about surface analysis, fibre ends, and cross
section areas. Based on the collection, Hearle et al. proved
that newly manufactured woven textile products had a
smooth surface and fibres did not drift over yarns. The
SEM images taken of TiAlN coated balls after tribology
testing are shown in Figs 3a and 3b. The surface was
found quite smooth with a homogeneous distribution of
coatings. The surface roughness measurements were also
used for the evaluations of surface smoothness [26].
However, some scratches and impurities can be detected.
As illustrated in Table 2, the surface roughness parameters
of the TiAlN coated steel balls measured by Contour GTK
3D optical microscope – Rmax (0.40 µm), Rz (0.36 µm),
and Rp (0.28 µm) – were found slightly different from
the surface roughness parameters measured by mechan
ical profilometer (Mahr Perthometer) – Rmax (0.30 µm),
Rz (0.26 µm), and Rp (0.17 µm) [27].
At first, onedirectional sliding motion was used to
study the COF. The general graphs of COF values in
reference to sliding time are represented in Figs 4a–4d.
The force, speed, and wear distance were altered in
studying the COF. Graphs 4a, 4b, 4c, and 4d show the
cotton fabric response to force and speed in warp and weft
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Round fibres

Round fibres

Drift of fibres

Fig. 2. SEM images: (a) (X 50) weft round fibres, (b) (X 5.00 K) weft rough and distorted fibres, (c) (X 50) warp round fibres,
(d) (X 5.00 K) warp rough and distorted fibres.

Fig. 3. SEM images of TiAlN coated steel balls: (a) at (X 3.00 K) and (b) at (X 4.00 K) magnifications.
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Table 2. Average surface roughness and microhardness of TiAlN coated steel balls for tribological performance
Device

Surface roughness parameters
(μm)

Nano
hardness
(GPa)

Coating colour

Applications

Rmax

Rz

Rp

HV

Violet blue

Cutting, recycling

Optical

0.4

0.36

0.28







Mechanical

0.30

0.26

0.17













35





Nano Indenter

directions, respectively. The results show that at a constant
speed of 1 mm/s, in the case of TiAlN coated balls, for the
value of force increasing from 0.5 N to 9 N the COF value
decreases from 0.47 to 0.30 in the warp direction and from
0.35 to 0.23 in the weft direction. The COF variations are
indicated in Table 3.
The speed variations for coated balls at a constant load
of 8 N reduce the COF up to 0.03 in the warp direction,
and almost no change occurs in the weft direction, see
Figs 4e and 4f. Figures 5a and 5b show the deformation
and wear of fibres after the sliding tests at the normal load
of 8 N and the speed of 3 mm/s and 10mm/s in weft and
warp directions, respectively. The COF variations are
demonstrated in Table 4.
Various assessments, observations, and evaluations
can be made on the basis of friction data. The COF was
detected higher in perpendicular orientation (warp
direction) than in parallel orientation (weft direction). This
points out the characteristic that may be distinctive to the
investigated cotton fabric [20,28,29]. Normally, such
behaviour is not observed for other natural and artificial
textile fabrics. The fact that the COF is greater in the warp
direction than in the weft direction is likely due to the
fabric structure. The fabric and SEM images are shown in
Figs 2a, 2c and 5a, 5b, respectively. At higher magnifi
cation, the yarns aligned from left to right in parallel
(weft) orientation serve as a reference track for the sliding
metallic ball. For illustration, see the SEM images in
Figs 1d, 2a and 2b. During sliding both in warp and weft
directions more encounters are noted due to rough surface
and randomly oriented fibres.
The sliding motion was altered to reciprocation
motion. The sliding distance was increased to study the
COF and wear in more detail. At a load of 3 N and a speed
of 1 mm/s, for 80 m of sliding distance the TiAlN coatings
heavily deformed and fractured the fabric surface. At first,
the COF varied significantly with wear distance in warp
and weft directions. After 40 metres of wear distance, the
COF values became constant for both directions. The
results are shown in Figs 6a–6d. The results prove that the
COF is of great importance for cotton industry practices.

Table 3. COF results of TiAlN coated steel balls for force
variations in weft and warp directions
Sample
number

Force
(N)

COF in warp
direction

COF in weft
direction

1

0.5

0.47

0.35

2

1

0.38

0.31

3

2

0.34

0.30

4

3

0.34

0.28

5

4

0.35

0.29

6

5

0.30

0.25

7

6

0.37

0.25

8

7

0.34

0.24

9

8

0.30

0.22

10

9

0.30

0.23

Table 4. COF results of TiAlN coated steel balls for speed
variations in weft and warp directions
Sample
number

Speed
(mm/s)

COF in warp
direction

COF in weft
direction

1

1

0.30

0.25

2

3

0.27

0.25

3

5

0.27

0.27

4

7

0.25

0.26

5

10

0.25

0.26

Kothari et al. studied the cutting of textile materials and
proved that cutting of textile could be expressed in terms
of cutting resistance index (CRI) [30]. The TiAlN coatings
provide low cutting resistance and better grip between the
tip of the cutting tool and the fabric surface during cutting
[31,32]. The coatings with COF values lower than 0.2 may
be considered efficient for highquality manufactured
fabric products. The quality and performance of recycled
textile fabrics rely on initial shredding and cutting

Proceedings of the Estonian Academy of Sciences, 2021, 70, 2, 163–171

168

Weft TiAlN coated steel balls @ 0.5 N

COF (0.5 N)

COF (0.5 N)

Warp TiAlN coated steel balls @ 0.5 N

Time (s)

Time (s)

Warp TiAlN coated steel balls @ 1 mm/s – 10 mm/s

COF (10 m m/s)

COF (10 m m/s)

Weft TiAlN coated steel balls @ 1 mm/s – 10 mm/s

Time (s)

Time (s)

Warp TiAlN coated steel balls
Weft TiAlN coated steel balls

COF

COF

Warp TiAlN coated steel balls
Weft TiAlN coated steel balls

COF at constant force of 8 N

Force (N)

Fig.

COF at constant speed of 1 mm/s

Speed (mm/s)

4.. TiAlN COF general demonstrations
o :(a) warp direction, (b) weft direction, (c) weft speed variaati
t ons, (d)

Fig. 4. TiAlN COF general demonstrations: (a) warp direction, (b) weft direction, (c) weft speed variations, (d) warp speed variations,
i ti
t
( )f
i
d (f)
d
i
(e) force comparison and (f) speeddcomparison.
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Fibre deformation
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directions.
Fig. 5. Fig.
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and wear
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weft
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Warp TiAlN coated steel balls
Weft TiAlN coated steel balls
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Fig.6.6.(a)(a)
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(c) SEM image
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SEM
image of warp fibresʼ fracture.
fracture, (d) SEM image of warp fibers fracture.
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techniques. Moreover, the higher is the value of thread
setting density, linear density, weight per square meter
(GSM) and tensile properties, the better will be the
performance and quality of textile products [33,34]. Based
on literature and experimental results, it can be concluded
that the relative sliding COF value between textile waste
and metallic components during shredding, cutting and
recycling should be greater than 0.25 due to damage,
rough and damaged surface of textile fabrics [35]. Higher
COF values provide better grip, lower cutting resistance
and hence better performance and quality of recycled
products.

2.

3.

4.

5.
6.

4. CONCLUSIONS
The TiAlN coatings have manifested the creation of better
composite surfaces for fabric tribology, they show small
surface roughness and high microhardness. The developed
coatings were used for COF evaluation between sliding
balls and textile fabrics. SEM and CETR tribometers were
employed for coatings, fabric surfaces, and COF esti
mation. The fabric surface was found primarily rough and
distorted and the cotton fabric had loose fibres that drifted
over the yarn surface in three dimensions. The TiAlN
SEM images justified the smooth and homogeneous
distribution of coatings. Similar results were confirmed
by using optical and mechanical profilometers. The
variations in force, speed and wear distance during sliding
between the cotton fabric and the coated balls show
maximum and minimum COF values from 0.47 to 0.30 in
warp and from 0.35 to 0.23 in weft directions, respec
tively. Optimistically, the COF becomes constant after
40 m of wear distance. The higher COF values provide
better friction and grip between cutting tools and fabric
surfaces. The TiAlN coatings can also be used for cutting
tools, shredding parts, and textile machinery parts to
recycle rough, distorted, and damaged textile waste.

7.

8.

9.

10.

11.

12.

13.
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Tekstiilimasinate osade TiAlNpinnakatete triboloogilised uuringud
Abrar Hussain, Vitali Podgursky, Dmitri Goljandin ja Maksim Antonov
Karedad, kahjustatud ja moonutatud tarbimisjärgsed looduslikud ja sünteetilised polümeerid põhjustavad tekstiili
masinate osade kulumist ning kahjustusi. Neid funktsionaalseid probleeme peetakse taaskasutatud toodete kvaliteedi
peamiseks takistuseks. Masinaosade ja tööriistade tõhusus on seotud peamiselt nende mehaaniliste ning triboloogiliste
omadustega. Selles artiklis on TiAlNkatteid kasutatud nende triboloogilisi omadusi mõjutava hõõrdeteguri (COF)
mõõtmiseks. Puuvillakangaste skaneeriva elektronmikroskoobi (SEM) uuringud näitavad, et kanga pinnal tekkisid
pinnakahjustused, moonutused ja lahtised kiud. TiAlNkatete skaneeriva elektronmikroskoobi (SEM) morfoloogiad
olid enamasti siledad, homogeensed ja ühtlaselt jaotunud. Lisaks kasutati pinnakatte analüüsiks 3D optilist mikroskoopi
ja mehaanilist profilomeetrit. Pinnakatte kareduse parameetriteks olid Rmax (0,30 µm), Rz (0,26 µm) ja Rp (0,17 µm).
Mikrokõvaduse väärtus HVskaalal oli 35 GPa. Antud madalamad kareduse ja kõrgemad mikrokõvaduse väärtused
võimaldavad märkimisväärset suutlikkust. Dünaamilised hõõrdeteguri (COF) väärtused olid 0,30–0,47 lõime ja 0,23–0,35
koe suunas. Hõõrdeteguri väärtused on lõime suunas suuremad väiksema niidi tiheduse, kareda pinna ja eelistatud
orientatsiooni, juhuslikult orienteeritud kiudude ning lihtsakoelise struktuuri tõttu. Kulumiskatse kestuse pikenemine
põhjustas puuvillkanga deformatsiooni. Leiti, et hõõrdetegur ja deformatsioon muutuvad püsivaks pärast 40 m pikkust
kulumist. Hõõrdeteguri väärtuste, püsivate deformatsioonide ja morfoloogiate hinnangute põhjal järeldati, et TiAlNkatteid
võiks kasulikult kasutada purustamis, lõikamis ning taaskasutusmasinate osade kaitsmiseks. Tulemused võivad
parandada ka taaskasutatud tekstiilitoodete kvaliteeti ja tööiga.

