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Abstract 
In modern times, tribology plays a significant role in energy degradation, primarily due to friction, which leads to 
substantial energy loss and material degradation. Coating is a highly viable technique to reduce this impact. In this 
paper, ceramic-based coatings, specifically oxide and non-oxide types, are considered for mechanical and tribological 
use with a high-speed steel (HSS) substrate. Ceramic coatings are vital to HSS cutting tools from mechanical and 
tribological damage. A comprehensive surface morphology of coatings and mechanical and tribological properties, such 
as hardness, elastic modulus, surface roughness, wear rate, and coefficient of friction, are thoroughly investigated. The 
findings indicate that ceramic-based coatings significantly enhance the lifespan and efficiency of HSS tools, making 
them indispensable in high-performance machining and cutting tool industries. 
Keywords: Coatings; High-speed steel; Tribological and mechanical properties; Ceramics; Cutting tools. 
 
1. INTRODUCTION 
High-speed steels comprise a group of alloys used for cutting tools. The two characteristics listed below 
are combined to form their name, high-speed steel (a) These alloys are part of the Fe–C–X 
multicomponent system, where X denotes a group of alloying elements primarily Cr, W or Mo, V, and 
Co (b) They are characterized by their ability to retain high hardness even at elevated temperatures 
generated during high-speed metal cutting [1–3]. HSS tools are crucial in cutting operations due to their 
working ability to withstand high temperatures without losing their hardness (63–68 HRC), thereby 
allowing for faster cutting speeds (higher than 30 m/min) when compared to traditional steels. This makes 
them well-suited for a wide range of machining applications that demand durability and high 
performance, including characteristics such as: (i) good wear resistance, (ii) ability to be reground, and 
(iii) cost-effectiveness, making them a popular choice for various cutting tools like (i) drills, (ii) taps, and 
(iii) milling cutters. High-speed steel offers high hardness, wear resistance, good toughness, and good 
fracture resistance i.e. toughness, making it suitable for cutting tools with high rake angles, and machine 
tools prone to vibrations [4,5]. Due to the continuous use of HSS at high temperatures, high contact 
pressures, and a rise in wear rate is imminent as a result of severe chemical reactions [6–8]. Therefore, to 
increase the wear resistance of the cutting tool, coating enhances the tool life [9]. Various types of coatings 
are widely used that result in an enhancement in the material properties. Additionally, coating layers can 
reduce cost, while neglecting the scarcity of the materials, as the coatings are a few micrometers thick [10]. 
The coatings can provide a range of benefits, including the factor:(i) improved resistance to corrosion and 
wear, (ii) increased surface durability, (iii) customized surface finishes, (iv) thermal and electrical 
insulation, (v) modified fluid dynamics, (vi) hydrophobicity, and much [11]. In cutting tool industries, 
tool steels are mainly classified as M-type and T-type based on the use of molybdenum or tungsten as the 
primary alloying element. A shortage of tungsten (W) led to the finding of molybdenum (Mo) as a stable 
substitute. Tool steels (T and M) are nearly identical and provide the same properties while having 
comparable cutting performance. Generally, the M-type tool steels are more widely used and less 
expensive (30%) and popular (85% of all tool steels) and when compared to the T-type counterparts. 
Various surface treatment methods are available for HSS tools, concentrated to the following: (i) physical 
vapour deposition (PVD), (ii) chemical vapour deposition (CVD), (iii) thermal spray coating, (iv) thermal 
diffusion, (v) boronizing [12–19]. In the early days, CVD with high-temperature deposition (950-1050 oC) 
was used. As a result, there is an embrittlement of the coating edge, especially if a significant amount of 
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the brittle eta phase is formed when found near the substrate coating interface. Another limitation is the 
higher thickness of the coating. As a result, the adhesion strength drops drastically. Despite the issue as 
mentioned above, most of the carbide inserts remain coated using the chemical vapour deposition 
technique. So to overcome this problem, the PVD process has been used when the deposition 
temperature is about 500 oC. Therefore, the most common coating method used on a HSS tool 
is sputtering, physical vapor deposition (PVD) [20]. In recent years, thermal spray coatings are also used 
for HSS tools. The coating on HSS cutting tools provide a hard, wear-resistant layer, which is essential 
for extending the lifespan of the working and enhancing their functionality [21]. In this review article, 
the authors finding that ceramic-based coatings are preferred for improving the tribological and 
mechanical properties of substrates at high temperatures, offering properties like (i) high stability, (ii) 
hardness, (iii) good wear and corrosion resistance [22]. Owing to their excellent resistance to harsh 
operating conditions, these coatings have been extensively applied to enhance the longevity of gas 
turbines, aerospace components, and high-speed cutting tools [20,22]. 
 
Table 1. Shows the coating characteristics for PVD, CVD, and thermal spray coating. 
 
S. 
No 

Coating Process Coating 
Thickness 

Temperature Deposition rate Wear 
resistance 

1 PVD 1-5 m 200-500 oC 1-10 nm/s Low 
2 CVD 1-50 m 500-1200 oC 1-10 m/hr Moderate 
3 Thermal spray 

coating 
0.04-3 mm 1200 oC Several grams per 

second 
High 

 
Table 1 shows three advanced coating techniques: (i) PVD, (ii) CVD (iii) Thermal spray coating based on 
deposition characteristics and wear resistance. PVD produces thin, dense coatings at low temperatures, 
which is ideal for precision tools but offers limited wear resistance [23,24]. CVD, operating at higher 
temperatures, enables thicker coatings having adhesion and hardness but can introduce thermal stress, 
thereby limiting its application on temperature-sensitive substrates [25]. Thermal spray coatings provide 
the thickest deposits and excellent wear and corrosion resistance; therefore, adhesion is primarily 
mechanical, leading to potential delamination under the influence of external load [26]. 
 
2. Ceramic coatings on HSS for Tribological/Mechanical applications 
Numerous researchers examined the various coatings, i.e. nitride, carbide, and oxide base ceramic 
coatings, include binary, ternary, and multielemental, which improve the tribological performance of 
various substrates [27]. Currently, researchers focus on advanced materials like ceramics, bio-ceramics, 
carbon nanotubes (CNT) [28], diamond-like carbon (DLC) [29,30], and hybrid coatings [28] due to their 
(i) superior hardness, (ii) corrosion resistance, (iii) wear resistance, and (iv) self-lubricating properties. 
Hard protective layers in ceramic form, comprising borides, oxides, sulphides, nitrides, and carbides, 
exhibit superior durability and corrosion resistance [31]. Generally, desirable tribological properties and 
mechanical properties including the following (i) high values of hardness (H), (ii) Young’s modulus (E), 
H

E
and

H3

 E2 Ratios, (iii) greater adhesion strength, (iv) low coefficient of friction (COF), and (v) less wear rates 

required for working [32,33]. 
Numerous research papers are available on the fundamentals of tribology and conventional ceramic 
coatings for tribological usage [34–37]. But in this review article, the author summarises the fruitful 
findings, i.e., hardness, coefficient of friction, wear rate, corrosion resistance, etc., to conclude ceramic 
coatings on high-speed steel (HSS). 
 
Mechanical and tribological properties of various ceramic-based coatings on HSS. 
2.1.1 TiB₂-Al₂O₃-Ti(20%) coating on HSS 
Ahmad et al. examined the effect of the TiB₂-Al₂O₃-Ti(20%) coating using the electron beam deposition 
method on high-speed steel, with an emphasis on (i) microstructure, (ii) hardness, (iii) surface 
morphology, (iv) adhesion wear, and (v) crystallographic roughness [38]. The main function of Al2O3 is 
to improve the high hardness value, stability at high temperatures, protection from oxidation, and good 
elastic modulus [39]. In this type of coating, Ti enhances adhesion strength between the coating and the 
substrate while also increasing the elastic modulus [40,41]. The nano-hardness and Young’s modulus of 
TiB2-Al2O3-Ti(20%) coating and uncoated substrate were examined using five peak loads ranging from 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 23s, 2025 
https://theaspd.com/index.php 

8179 

2000 μN to 10000 μN. Nano-scratch tests were conducted on the coated substrate with loads ranging 
from 0 to 10,000 μN to assess the adhesion strength of coatings. The 2D and 3D indentation images of 
the TiB2-Al2O3-Ti(20%) coating were obtained using an Atomic Force Microscope (AFM) at a minimum 
load of 2000 μN (Fig. 1. (a,b)). The TiB2-Al2O3-Ti(20%) coating did not assemble near the indent mark, 
indicating that the TiB2-Al2O3-Ti(20%) coating is a hard material. A similar pattern was observed at loads 
ranging from 4000 μN to 10,000 μN, as shown in Fig. 1(c-j). The uncoated HSS sample exhibits a certain 
level of behavior shown in Fig. 2. However, the HSS findings reveal less flexibility and hardness in 
comparison to the coated sample. 
 

 
Fig. 1 and 2: Fig. 1 shows the 2D and 3D images of coated samples indented under varying loads; (a-b) at 
a load of 2×10-3N, (c-d) at a load of 4×10-3N, (e-f) at a load of 6×10-3N, (g-h) at a load of 8×10-3N, and (i-j) 
at a load of 1×10-3N. Fig. 2 shows the 2D and 3D images of uncoated HSS samples indented at the same 
load corresponding [38]. 
 
Titanium nitride (TiN) coating on HSS 
Tillmann et al. deposited TiAlN, TiAlSiN, and TiAlTaN-based thin film coatings on microend mills using 
a customized PVD method [42].  The researchers used different coating techniques (i) magnetron 
spectrum (MS) [43], (ii) direct current magnetron sputtering (dcMS), and (iii) hybrid dcMS/HiPIMS [44] 
on micro milling cutters as a substrate. The Hybrid dcMS/HiPIMS provides improved tribological and 
mechanical properties than the other two methods [45,46]. SEM morphology of the thin film of the 
coating on a flat cylindrical HSS substrate and the initial state of coated micro end mills as shown in Fig. 
3. All direct current magnetron sputtering (dcMS) thin films display a columnar-like structure, whereas 
the TiAlSiN coating using direct current magnetron sputtering (dcMS) exhibits a more denser 
morphology. In contrast, dcMS/HiPIMS-TiAlN and dcMS/HiPIMS-TiAlTaN possess dense structures 
with minimal columnar-like features. 
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Fig. 3. SEM image of TiAlN, TiAlSiN, and TiAlTaN coating deposited by either dcMS or dcMS/HiPIMS 
[42]. 
 
2.1.3 Characteristics and wear performance of TiN, TiAlN, CrN, AlTiN, and TiCN coating on M41 
HSS using the PVD technique. 
Ozgur et al. [47] examined the thermal characteristics and wear performance of ceramic-based coatings 
applied using arc physical vapor deposition (Arc PVD) technology on M41 high-speed steel. More 
specifically, they aimed to compare five different coatings - TiN, TiAlN, CrN, AlTiN, and TiCN in terms 
of microhardness, wear resistance, and thermal diffusivity, thereby identifying the most promising coating 
for applications where both abrasive loading and high temperatures are enhanced [47]. To achieve this, 
the M41 was used as the substrate. Fig. 4(a) shows a schematic representation of heat flux in a cutting 
tool, illustrating that friction between the workpiece (or chip) and the tool generates significant localized 
heating at the tool tip. The highest temperature occurs near the high-pressure and friction zone, which is 
precisely where the tool material is most vulnerable to accelerated wear. By mapping out this zone of 
critical heat flux, Fig. 4 reveals that both wear and temperature rise are strongly interlinked. Thus, 
materials or coatings with appropriate thermal properties can help moderate the localized heating and 
extend tool life [47]. The microhardness values of the various PVD coatings compared to the uncoated 
M41 steel as shown in Fig. 4(b). CrN exhibits a hardness near 2400 HV, TiN around 3100 HV, TiCN 
and TiAlN each about 3300 HV, and with AlTiN reaching the highest value (approximately 3800 HV). 
By contrast, the uncoated M41 substrate registers around a hardness of 850 HV. The researchers have 
observed that coatings with higher hardness generally provide better protection against abrasive wear [47]. 
Comparison of total mass loss (%) (Fig. 4(c)) for the coated samples after 8000 m of sliding wear. AlTiN 
and TiAlN demonstrate the lowest mass loss (~0.075% and ~0.085%, respectively), indicating superior 
wear resistance. The TiN follows close behind, whereas TiCN and CrN incur noticeably higher mass 
losses, the TiCN around 0.110% and CrN around 0.150%, showing that they are comparatively less 
effective against abrasive wear under the test conditions. Fig. 4(d) reveals the variation in thermal 
diffusivity for each coating as the temperature increases from room temperature to 800°C. All the coatings 
exhibit a modest increase in diffusivity up to roughly 300–350°C, followed by a decline as temperatures 
continue to climb. Notably, the CrN and TiN maintain higher diffusivity values than the bare M41 steel 
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substrate across much of the temperature range, whereas the TiAlN and AlTiN remain below those of 
the uncoated steel [47]. 
 

 
Fig. 4. (a) Illustrating the distribution of thermal energy flow throughout the cutting tool’s structure [48]; 
(b) measured micro-hardness values for the surface coatings; (c) The overall variations in mass loss for the 
coated samples were evaluated over a wear distance of 8000 m; (d) The coated samples exhibit a marked 
dependency of thermal diffusivity on temperature changes [47]. 
 
2.1.4   Diamond-Like Carbon (DLC) coating 
Vieira et al. deposited diamond-like carbon (DLC) coatings that have low coefficient of friction, high 
hardness, and chemical resistance characteristics that can improve the performance of mechanical 
components and cutting tools [49]. Several types of diamond-like carbon (DLC) films are known, include 
(i) hydrogenated tetrahedral amorphous carbon (ta-C:H), (ii) hydrogenated amorphous carbon (a-C: H), 
(iii) tetrahedral amorphous carbon (ta-C), and (iv) amorphous carbon (a-C) films. To increase adhesion, 
a chromium interlayer deposition was done before the diamond-like carbon (DLC) film was deposited. 
The solid graphite electrode used for the coating was composed entirely of carbon (about 99 percent). In 
this process, the film condenses from an ion beam, which impacts the substrate and induces sp³ bonds 
during growth. The coating is identified from the surface to an average depth of 1.5 μm, exhibiting a 
uniform, crack-free, and void-free deposition as shown in Fig. 5. 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 23s, 2025 
https://theaspd.com/index.php 

8182 

 

 
Fig. 5. SEM image of the diamond-like carbon (DLC) deposition on M35 HSS (a) Cut section of diamond-
like carbon (DLC) coating (b) Section magnification (c) Diamond-like carbon (DLC) film region evaluated 
[49]. 
 
2.1.5 B-C-N diffusion coating on HSS 
Chaus et al. [50] analyse the chemical characteristics and microstructure of the steel after undergoing 
complete heat treatment, as shown in Fig. 6. Two different kinds of carbides with chemical compositions 
that match the M6C and MC phases are found in a martensitic matrix (Fig. 6 (c) and Fig. 6(d), 
respectively). A detailed characterization of the different carbide morphologies observed in AISI M2 tool 
steel, based on elemental composition and microstructural features by Choudhari et al. [51] as shown in 
Fig. 6(e). The study identifies three primary carbide types: M6C, MC, and M2C, along with their respective 
weight percentages of molybdenum (Mo), tungsten (W), chromium (Cr), iron (Fe), and vanadium (V) 
determined through energy dispersive X-ray spectroscopy (EDS). The M6C carbide phase, rich in tungsten 
and molybdenum, exhibits distinct morphological features such as fishbone-like, rod-like, or spider-web-
shaped structures. The MC carbide phase primarily comprises vanadium, exhibiting a fan-like 
morphology. These carbides contribute to hardness and wear resistance due to their high V content 
(46.56%), along with moderate concentrations of W (25%) and Mo (18.73%). Iron (Fe) in MC carbides 
is significantly lower than M₆C, thereby suggesting that these carbides are more stable in high-alloy tool 
steels and play a critical role in strengthening the matrix. The metastable M2C carbide phase was detected 
predominantly in the furnace-cooled samples sintered at 1270 °C, but it decomposes into stable M6C and 
MC phases at higher sintering temperatures of 1280 °C and 1300 °C. The M2C carbides exhibited the 
highest tungsten (~42%) and molybdenum (~30%) content, with minimal Fe, Cr, and V. The study 
concludes that microstructural evolution of the AISI M2 tool steel is significantly influenced by the 
carbide distribution and morphology, thereby affecting mechanical properties such as (i) hardness, (ii) 
wear resistance, and (iii) toughness etc. 
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Fig. 6. (a) Surface morphology of M35 HSS after complete heat treatment and EDS patterns for (b) 
carbides and matrix (c) M6C, and (d) MC [50], (e) characteristics of different carbide types in AISI M2 
tool steel. 
2.2 Tribological properties of ceramic-based coatings on HSS 
2.2.1 Tribological properties of TiB2-Al2O3-Ti(20%) coating 
Ahmad et al. [38] carried out nanowear tests for a total of 15.91 minutes at a speed of 30 rpm on the 
coated and untreated surfaces. The time vs coefficient of friction of the coated sample and uncoated HSS 
samples are shown in Fig. 7(a) and (b). When compared to an uncoated HSS sample, the coated sample's 
wear mechanism is primarily ductile, and the abrasive wear mechanism results in a consistent and low 
frictional coefficient. The coated HSS sample exhibited a lubricating effect with a friction coefficient 
between 0.08 and 0.17, whereas the uncoated HSS displayed a higher friction coefficient of 0.1 to 0.58 
due to adhesive wear [38]. 
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Fig. 7. Variation of graph between Time vs COF with (a) TiB2-Al2O3-Ti(20 %) coating on HSS and (b) 
uncoated HSS substrate [38]. 
2.2.2 Tribological properties of diamond-like carbon (DLC) coating 
Vieira et al. [49] conducted a tribotest to ascertain the tribological pair's coefficient of friction, which was 
0.10, as determined by the pin-on-disc (POD) test and sliding wear test experiment, as shown in Fig. 8(a). 
The generated model is shown in Fig. 8(b), where the interlayer and thin film thicknesses were preserved. 
More aggressive outcomes in the areas of interest were obtained for both bodies by refining the triangular 
mesh was applied to the areas that were in contact with the surroundings as shown in Fig. 8(c). Finally, 
simulations were conducted using various tip radii of (i)0 nm, (ii)100 nm, (iii)150 nm, (iv)175 nm, (v)215 
nm, (vi)225 nm, and (vii)250 nm for the partial indentation test [49]. 
 

 
Fig. 8. (a) Pin-on-disc test for tribological study (b) nanoindentation model synthesis (c)  finite element 
meshing (FEM) generated [49]. 
2.2.3 Tribological properties of TiB2/TiC multilayer coatings by magnetron sputtering (MS) 
Lee et al. [52] showed that the progression of wear volume for different coatings with increasing sliding 
time is shown in Fig. 9. Because of its high hardness (60 GPa), the 3:0.5 multilayer coating, that is, a layer 
thickness of 3.0 nm for TiB2 and 0.5 nm for TiC, was selected for this investigation. On comparing the 
multilayer to monolithic TiB2 and TiC coatings, Fig. 9 shows that the multilayer provides better wear 
resistance. The tool steel is not much protected from wear by the monolithic TiC coating. Conversely, 
the multilayer coating enhances wear resistance by a factor of four compared to the uncoated M2 steel 
substrate after a 10-minute sliding test [52]. 
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Fig. 9. Graph between the wear volume of different coatings vs sliding time. All experiments were 
conducted under dry sliding conditions using the block-on-ring configuration, having linear sliding speed 
of 0.139 m/s and a normal load of 75 gm [52]. 
 
Table 2. Ceramic-based coating on high-speed steel (HSS) for Mechanical/Tribological properties. 
 
Author 
[Ref.] 
(Year) 

Coating 
Material 

Method Coating 
Thickne
ss (m) 

Wear 
Resistan
ce/ Wear  
rate 

COF Hardness Remarks 

Wanstran
d  et al. 
[53] 
(1999) 

WC/C PVD 2 and 4 155±14 
to 
313±33 
mm3/ 
Nm 

-- 1500 and 
1800 HV 

• The 
coating exhibits 
the lowest wear 
rate among the 
counter 
materials. 

Zheng et 
al. [54] 
(2010) 

CNx/TiN Pulsed 
laser 

For 
CNx: 
25, 33, 
42 nm 
For TiN: 
28, 21, 
12 nm 

2.5 
×10−7m
m3 /Nm 

For 
bilayer
s: 
(1-10 
nm) 
0.11–
0.14 

30 GPa • When 
the CNx to 
bilayer 
thickness ratio 
is increased, the 
multilayer 
film's hardness, 
friction 
coefficient, and 
wear rate all 
decrease. 

Panich et 
al.[55] 
(2010) 

TIB2 DCMS 
and 
RFMS 

1.85, 
1.7, 
3.15, 
1.75, 2.9 
m 
 

Improve
d by 
three 
times 

At 
steady 
state: 
0.65 

44.1 GPa • Coatin
gs improve the 
wear resistance 
about three 
times. 

Warcholi
nski et al. 
[56](2010
) 

CrCN/Cr
N 

CAE-
PVD 

400 nm Wear 
rate is 4 
times 
lower 
than the 
substrate
. 

COF 
reduce
d by  
20% 

25± 3 GPa • Low 
carbon 
addition at 
10% decreased 
COF, wear rate, 
and hardness 
compared to 
chromium 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 23s, 2025 
https://theaspd.com/index.php 

8186 

nitride without 
carbon content. 

Tillmann 
et al. [57] 
(2012) 

TiBCN DCMS 2 m 0.744×1
0-7mm3 
/Nm 

0.82 to 
0.99 

34.3 GPa • Wear 
rate of the 
sample 
deposited using 
a 60 sccm N2 
flow was 4 
times lower 
than the 
uncoated 
sample. 

Sahab et 
al. [58] 
(2012) 

Al2O3 
3%wt TiO2 

Plasma 
Spray 
Coating 

-- -- For 
sample 
(S6), 
Min. 
0.678 
  
0.038 
to 
For 
sample 
(S7), 
Max. 
0.801 
 
0.049 

At SOD (75 
mm): 
473.1 to 
736.7 Hv 
At SOD (90 
mm): 
587 to 
772.7 Hv 

• Increas
ing the SOD 
from 75 mm to 
90mm led to 
improved 
hardness 
performance 
and the lowest 
COF 
encountered. 

Ravi et al. 
[59] 
(2015) 

TiN and 
Ti–Al–Si–
N 

CAE- 
PVD 

2 m -- -- For TiN: 
24 HV 
For Ti–Al–
Si–N: 
40 HV 

• Comp
ared to 
nanocomposite
, TiN coating 
adheres to the 
substrate better 
at low surface 
roughness 
(Ra0.03), but 
they become 
nearer at higher 
surface 
roughness 
(Ra0.03). 

Vieira et 
al.  [49] 
(2017) 

DLC PVD 0.5 to 5 
μm 

-- 0.01 
and 
0.25 

9.25 ± 2.10 
GPa 

• Modify
ing the 
indenter tip 
radius had a 
minimal effect 
on indentation 
force and 
material 
hardness 
results. 

Chaus et. 
al. [50] 
(2017) 

B-C-N Diffusio
n 
coating 

-- -- -- 225 HB • Coated 
drill tool life 
improved by 
approximately 
120% 
compared to 
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uncoated drill 
performance. 

Mughal et 
al. [60] 
(2018) 

Nano-
composite 
ceramic 
coatings 
(nc-
AlTiN/a-
Si3N4) 

PVD 2.5- 4 
m 

Flank 
wear: 
20, 80, 
160, 180 
m 

-- 100 HV • Maxim
um 
improvement 
in tribological 
performance 
occurred at a 
4µm coating 
thickness with a 
34% average 
increase 
relative to the 
baseline TiN. 

Kuo et al. 
[61] 
(2019) 

TiN HiPIMS
, DCMS 

2.4and 
2.5 m 

-- -- 1568 and 
1277 HV0.1gf 

• Titani
um nitride 
(TiN) coating 
deposited by 
HiPIMS 
exhibits better 
mechanical 
properties and 
exceptional 
wear resistance 
at high 
temperatures 
(300 °C). 

Manivan
nan et al. 
[62] 
(2020) 

Al2O3, SiC 
and B4C 

Sputteri
ng and 
thermal 
evaporat
ion 

1.1-1.9 
μm 

Flank 
wear: 
20-24 μm 

0.371-
0.452 

37.2 GPa • The 
lifespan of 
coated HSS 
tools increased 
sevenfold 
compared to 
uncoated tools. 

Ali and 
Nazar 
[38] 
(2022) 

TiB2/ 
Al2O3 

EB-PVD 1.276–
1.367 
µm 

2.6808×
10−3 to 
4.461×1
0−3 mm3 
/m 

0.08 to 
0.17 

24 to 33.93 
GPa 

• In 
comparison to 
the underlying 
material, the 
coated surface 
has a lower 
coefficient of 
friction. 

Daniel et 
al. [63] 
(2023) 

CoCrW/ 
CoCrAlYT
aCSi 

HVOF 400 µm -- -- For CoCrW 
7.1 ± 0.8 
GPa 
For 
CoCrAlYTa
CSi: 
10.4 ± 0.6 
GPa 

• For 
HVOF sprayed 
Co-based 
coatings, 
sliding/abrasiv
e wear results 
do not 
match to 
dynamic 
impact wear. 
 

Midab et 
al. [64] 
(2023) 

Titania and 
alumina 

Sol-gel For 
monolit
hic: 

-- -- -- • A 
multilayer of 
alumina/titani
a exhibited a 
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2.707,  
6.165, 
11.6 m 
For 
twolayer
s: 
3.666,  
5.027,  
17.006,  
22.985 
m 

maximum 
adhesive 
strength of 
89MPa at a 30-
second 
immersion 
time. 

Kumar et 
al. [65] 
(2024) 

Al₂O₃–
13% TiO2 

D-Gun 212 and 
196 m 

Wear 
resistanc
e 
improve
d by  
36.25% 

-- 251-334 HV • In 
comparison to 
coated samples 
before 
cryogenic 
treatment 
(CBCT) and 
uncoated 
samples, there 
was a 54.05% 
and 36.25% 
abrasion loss. 

Lin et al. 
[66] 
(2024) 

TiAlSiN HiPIMS 2.5-4 
m 

Wear 
resistanc
e 
enhance
d by 
58.6%. 

0.62-
0.7 

19-26.55 
HV 

• Enhan
ced tribological 
and mechanical 
properties, 
including 
increased wear 
resistance and 
hardness. 
 

Pereira et 
al. [67] 
(2024) 

SiO2 Sol–gel 490 to 
550 nm 

-- For 
SiO2: 
COF 
Reduc
es up 
to 55% 
For 
TiN: 
Reduc
e up to 
63%. 

For SiO2: 
1.8-4.7 GPa 
For TiN: 
35-45 GPa 
 

• SiO2 
coating 
exhibited some 
limitations 
forsliding 
speeds higher 
than 55 
mmin−1. 

Bobzin et 
al.     [68] 
(2024) 

TiAlCrSiN HiPIMS 
and 
DCMS 

-- -- Appar
ent 
COF 
1.5 

-- • Coatin
gs like Ti 
AlCrSiN/TiAl
CrSiN have 
great potential 
to reduce 
material 
sticking to tool 
surfaces and 
thereby 
improve tool 
performance. 
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Martins 
et al. [69] 
(2025) 

DLC PVD 
sputteri
ng 

683-
782.7 
nm 

Without 
DLC: 
2.04×10-

5mm3/N
m 
With 
DLC: 
1.44×10-

7mm3/N
m 

Impro
ved by 
42% 

-- • Abrasi
on wear was 
reduced by 
71%  compared 
to uncoated 
samples. 

 
Table 3. Nomenclature 

HiPIMS high power impulse magnetron sputtering 

RFMS radio frequency magnetron sputtering 

MOCVD metallo-organic chemical vapour deposition 

CAE- PVD cathodic arc evaporation physical vapour deposition 

RFMS radio frequency magnetron sputtering 

EB-PVD electron beam physical vapour deposition 

DCMS direct current magnetron sputtering 

MS magnetron sputtering 

COF coefficient of friction 

PVD physical vapour deposition 

CVD chemical vapour deposition 

HVOF high velocity oxy fuel 

HSS high-speed steel 

DLC diamond-like carbon 

SOD stand of distance 
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Fig. 10. A detailed comparison of the various ceramic coatings that have hardness and coefficient of 
friction based on the data mentioned in Table 2. The highest value of coating hardness was observed by 
Panich et al. [55] (2010), and Pereira et al. [67] (2024), which is around 44 and 40 GPa. The average 
coefficient of friction observed was 0.125 in case of CNx/TiN by Zheng et al. [54] (2010). 
 
3. Future Scope 
The above analysis indicates that the research in ceramics coatings for HSS as a substrate for tribological 
and mechanical applications has been substantial, but there are still areas that have not so explored or 
require further research. These include as following: 
a) Typically, the right elements and deposition conditions to achieve favorable tribological and 
mechanical properties are currently determined by hit-and-trial experiments and reviewing existing 
research, which offer a very slow and time-consuming process. So there is a need for soft computational 
modeling to achieve that target. 
b) Research should focus on self-lubricating ceramic coatings on high-speed steel as a current area of focus 
to enhance tribological performance. there is a need for further investigation on this topic, considering 
the critical aspects, such as (i) cost analysis (ii) sustainability. 
 
4. CONCLUSIONS 
In this review paper, an attempt is made to present and discuss various ceramic protective coatings against 
mechanical and tribological properties, and conclude that: 
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(1) Different techniques were applied to high-speed steel, and their impact on wear resistance, friction, 
and hardness was evaluated. 
(2) The properties of coatings also depended on the surface structure and morphology of the substrate. 
(3) Adhesion of ceramic coatings to high-speed steel is vital for industries, especially cutting tools. 
(4) Thermal spray coating yields superior tribological and mechanical results when compared to PVD and 
CVD, when combined with ceramic coatings for HSS, and high deposition rates of thermal spray coating 
also make them generally less expensive per unit area. 
(5) Self-lubricating ceramic coatings, i.e. DLC coating, have demonstrated considerable enhancement in 
mechanical and tribological properties on various substrates, such as the HSS substrate. So self-lubricating 
coatings are the latest trending topic to explore for research advancements with benefits in cost-efficient 
and innovative approaches to minimize friction in machine tools. 
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