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ABSTRACT 
A comprehensive study and analyze of the state of the art types of coatings for high 

performance cutting and dry machining in hard materials offered today by leading global 

manufacturing tools producers was realized. 

A practical study on how the novel multilayer TiAlN and CrN coatings improve the 

performance of the manufacturing process in the case of a specific mechanical 

component was performed using several types of tools (not coated or coated). The cutting 

parameters, the manufacturing time and manufacturing cost were evaluated. 
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1. Introduction 

The properties of PVD coatings for tooling are 

constantly improved in order to meet the 

requirements of new materials and applications. All 

tool manufacturers can handle cutting materials and 

tool geometries, but the competitiveness will be 

decided by the used coatings.  

Advances in manufacturing technologies 

(increased cutting speeds, dry machining, etc.) 

triggered the fast commercial growth of PVD 

coatings for cutting tools. On the other hand 

technological improvements in coating types (TiAlN, 

AlTiN, AlCrN, multilayer coatings, nanocomposite 

coatings, DLC and OXI coatings) enabled these 

advances in manufacturing technologies. 

In manufacturing industry a 30% reduction of tool 

costs, or a 50% increase in tool lifetime results only 

in a 1% reduction of manufacturing costs, studies 

have shown. But an increase in cutting data by 20% 

reduces manufacturing costs by 15% [1].  In order to 

achieve higher productivity different approaches such 

as high performance cutting (HPC), high speed 

cutting (HSC), minimum quantity lubrication (MQL), 

dry machining can be chosen.  

PVD coating processes have the fastest market 

growth in the latest years, replacing the CVD 

technologies. This is due to their certain advantages 

upon other surface engineering technologies. 

 

2. Methodology 

In present paper a comprehensive study and 

analyze of the state of the art types of coatings for 

HPC and dry machining in hard materials offered 

today by leading global manufacturing tools 

producers was realized. 

A practical study conducted at Petru Maior 

University CNC Machine Laboratory on how the 

coatings improve the performance of the 

manufacturing process in the case of a specific 

mechanical component was performed using several 

types of tools (not coated or coated). The cutting 

parameters, the manufacturing time and 

manufacturing cost were evaluated. 

 

3. Results and discussion 

The first PVD coating material that have a 

commercial application on cutting tools was TiN in 

the early 1980s and since the 1990s most cutting tools 

are PVD coated, particularly in applications where 

sharp edges are required (threading, grooving, end-

milling) and in cutting applications that have a high 

demand for a tough cutting edge (drilling). In solid 

carbide cutting tools (end-mills and drills) PVD is the 

standard coating technology. The TiAlN PVD coating 

is currently the most widely deposited PVD coating 

for cutting tools, but other coatings such as TiCN and 

CrN offer better solutions in certain applications. 

The development of PVD coatings followed the 

steps: 

•••• first generation (1970): pseudo ceramic 

materials based on binary compounds (TiN, 

TiC, TiB2, etc.); 

•••• second generation (1985): ternary and 

quaternary interstitial solid solutions (Ti-Al-N, 
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Ti-Al-N-C, etc.); 

•••• third generation (1990): multilayer structures, 

superlattices (M/MN/M and MN/MC/MN, 

etc., where M – metallic component); 

•••• fourth generation (2002): nanolaminated 

structures and nanocomposite structures, 

nanostructures doped with solid components 

as dry lubrifiant; 

•••• present generation (2008-2012): DLC and OXI 

coatings. 

Monoblock coatings. The first generation of hard 

PVD coatings was single metal nitrides such as TiN, 

CrN and ZrN. They have been commercially 

exploited since the middle of the 1980s in cutting 

applications (because of their higher hardness 

compared to high speed steel and cemented carbide) 

and for decorative purposes because of their attractive 

appearance: TiN has a distinctive yellow gold color, 

CrN looks like silver, ZrN has a white gold color. 

Alloyed coatings improve hardness, wear resistance, 

toughness and oxidation resistance by introducing 

other elements such as C, Al and Cr into the TiN 

lattice. The three basic coatings - TiN, TiCN and 

TiAlN - currently make up more than 70% of the 

world's coating market. 

Multilayer coatings. Further improvements of the 

properties of hard PVD coatings were achieved by the 

deposition of multilayer structures [2]. By selecting a 

suitable combination of materials for the multilayer 

structure it is possible to improve the resistance 

against wear, corrosion, and oxidation. Multilayer 

structure has higher toughness and lower hardness 

comparable with monoblock coatings. The 

“sandwich” structure absorbs the crack by sublayers, 

therefore a multilayer coating is usually preferred for 

high dynamical load, e.g. for roughing. 

Nanocomposite coatings. By depositing different 

kinds of materials, the components (like Ti, Cr, Al, 

and Si) are not mixed, and two phases are created. 

The nanocrystalline TiAlN or AlCrN grains become 

embedded in an amorphous Si3N4 matrix. 

Nanocomposite coatings are commercially available 

since 2003 and they have outstanding properties and 

applications [3-12]. 

DLC coatings. Diamond Like Coating (DLC) is a 

metastable form of amorphous carbon with a high 

percentage of cubic sp
3
 elements. DLC coatings 

improve the running-in characteristics of chip 

removal and forming tools and play an important role 

in the treatment of soft and adhesive materials which 

cause built-up edges. Today, DLC coatings are 

mainly used in component mass production to protect 

against wear through less friction. 

OXI coatings. Oxide and oxinitride coatings 

serve to separate tool/component and workpiece and 

to achieve a low affinity between the two, especially 

in dry cutting processes where high temperatures are 

reached [13].  

High-speed cutting and dry machining generate 

considerable heat. Thanks to the thermal stability, hot 

hardness and oxidation resistance of the coating, the 

heat is dissipated via the chip. Table 1 presents some 

state of the art types of coatings for HPC and dry 

machining in hard materials offered today by leading 

global manufacturing tools producers [14]. 

 

Table 1. Coatings for HPC and dry machining in hard materials 

 

Coating 

 

Color 

 

Hardness  

H [GPa] 

 

Friction 

coefficient µ 

Maximum 

usage 

temperature 

T [°C] 

 

Application 

TiN 

 

 

gold 24…28 0,4…0,5 500 General purpose coating for cutting, 

forming, injection, moulding, 

tribological applications; 

TiAlN 

 

 

violet-

black 

28…35 0,3…0,6 700…900 High performance coating for cutting 

(drilling, milling, reaming, turning); 

suitable for dry machining; also for 

moulds and dies; 

AlTiN 

 

 

black 38 0,7 900 For dry high speed machining; 

machining of hard materials >52HRC 

(titanium alloys, inconel); 

AlCrN 

 

 

blue-grey 30…32 0,3…0,6 1100 For coating on carbide and HSS end 

mills; gear cutting tools; CBN 

indexable inserts for turning; Al die 

casting; punching, hot forging; 

TiAlN/ 

AlCrN 

 

 

blue-grey 33 0,35...0,4 >1100 For solide carbide tools used in 

roughing and finishing of hardened 

steels and difficult to machine 

materials (>60HRC). 

nc-AlTiN/ 

a-Si3N4 

violet-blue 40…45 0,45 1100…1200 For high performance machining; 

decorative blue top layer; 
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Oerlikon Balzers, the world leading company in 

the field of coatings, developed a complete range of 

TiAlN coatings under the name of Balinit: Futura 

(TiAlN multilayer), Futura Nano (TiAlN 

nanostructured), X.CEED (AlTiN monolayer). Balinit 

X.CEED has a high aluminium content which leads to 

a very high heat resistance. Its hardness, oxidation 

resistance and thermal stability were optimised for 

use in hard and high-speed machining. Figure 1 

presents a comparison of tool wear in the case of five 

tools, two with a standard TiAlN coating and three 

tools coated with Balinit X.CEED. The aplication is a 

contour milling of a workpiece made from 

X38CrMoV5-1 (1.2343) 54-56 HRC, with cemented 

carbide insert, cutting parameters: vc = 200 m/min, ft 

= 0.1 mm/tooth, ap = 0.2 mm, ae = 5 mm, dry cutting. 

 

 
Source: Balzers 

Fig. 1 – Tool wear comparison for standard TiAlN 

and Balinit X.CEED coatings 

 

Recently a new generation of coatings was 

introduced, based on the Al-Cr-N system. It was 

shown by a wide range of cutting tests, that the Al-

Cr-N coating system has a big potential at 

conventional cutting parameters, but also at high 

performance and high speed cutting conditions. 

Balzers combines the excellent properties of TiAlN 

and AlCrN coatings, offering Balinit Aldura, a dual 

structure solution: a perfectly adapted TiAlN base 

coating that ensures excellent adhesion and affords 

great mechanical strength and a nanocrystalline 

AlCrN-based coating that features excellent hot 

hardness, resistance to oxidation and thermal 

insulating properties. The cross section of a Balinit 

Aldura coating is presented in figure 2.  

In figure 3 is presented a crosscheck with actual 

market standards, made by Oerlikon Balzers Cutting 

Laboratory, in the case of a milling, with a ball nose 

end mill, Ø 10 mm, material X153CrMoV12 

(1.2379), 60 HRC, cutting parameters: vc = 200 

m/min, ft = 0,15 mm, ae = 0,5 mm, ap = 0,3 mm, in 

dry condition. We can observe that a wear of VB = 0,1 

mm is reached only after at least a double cutting 

length in the case of tools coated with Balinit Aldura, 

in comparison with standard coatings. 

 
Source: Balzers 

Fig. 2 – Cross section of Balinit Aldura coating 

 

 
Source: Balzers 

Fig. 3 – Crosscheck of Balinit Aldura coating with 

actual market standards 

 

Platit, another leading company in tool coating 

business, offers nACo, a nanocomposite coating, 

consisting in TiAlN nanograins embedded in an 

amorphous Si3N4 matrix. Tests that were run for 

milling of  X40CrMoV5 (1.2344),  Rm = 1100N/mm
2
, 

using d = 12mm solid carbide end mill with corner 

radius r = 2mm with different coatings, cutting data: 

ap = 0.5mm, ae = 8mm, emulsion 7%, showed that the 

tool life is improved with more than 40%  by using 

nACo coating, at high cutting speeds (figure 4). 

 

 
Source: Platit 

Fig. 4 – Tool life for tools with different coatings in 

end milling of heat treated steel 

 

Starting with the year of 2007, combining 

multilayer and nanocomposite approaches, Platit 

developed so call triple coatings. The most advanced 

one, nATCRo3, consists on: a TiN adhesion layer, a 

AlTiCrN core layer with high heat resistance and a 

top nanocomposite nc-AlTiCrN/a-Si3N4 layer for high 

wear and thermal protection. In the case of dry 

hobbing of gears made from 100Cr6 (1.3505) 

material, the nATCRo3 offers the best tool life 
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allowing a production of 5300 gears with more than 

15% than in the case of nACo, nACRo, AlTiCrN, 

AlCrN and  more than double in comparison with 

standard TiAlN (figure 5).  

 
Source: Platit 

Fig. 5 – Tool life for tools with different coatings in 

dry hobbing 

 

Another approach in order to design the coatings 

to allow intensive cutting regimes is to apply a DLC 

layer on the top of the coating. The value of DLC 

coatings come from their abilities to provide some of 

properties of diamond to surfaces of almost any 

material. The primary desirable properties are 

hardness (up to 80 GPa), wear resistance and 

slickness, DLC coefficient of friction against polished 

steels ranges from 0,05 to 0,2. 

At Balzers they deposit different kind of DLC 

coatings using plasma assisted chemical vapor 

deposition (PACVD). For minimum quantity  

lubrication (MQL) and dry cutting they developed 

Balinit Hardlube, a double layer coating consisting in 

a tough TiAlN layer, providing effective wear 

protection for cutting edges, and a wolfram 

containing hydrogenated amorphous carbon film a-

C:H:W (WC/C), with outstanding frictional and 

lubrication properties allowing a smooth chip flow.   

Recently DLC coatings were applied on 

nanocomposites resulting high performance coatings 

which are the first choice for tapping for steels and 

aluminium alloys with more than 12% Si. Platit’s 

nACVIc is a nanocomposite coating with 

nanogradient structure, consisting in a nACRo layer 

(nc-AlCrN/ a-Si3N4) and a DLC top coating.  

 
Source: Platit, Swiss Watch Industry 

Fig. 6 – Tool life for tools with different coatings in 

precision sawing  

 

Figure 6 presents the results of a test for precision 

cutting of 3 mm profile, in stainless steel 

X1NiCrMoCu 25-20-5 (1.4539), using a coated 

circular carbide saw blade Ø 80 x 0,8 mm, z = 200, 

cutting data: n = 400 rot/min, vf = 64 mm/min, oil 

lubrication, life time criterion: burr formation on 

workpiece. NACVIc coating offers the best life time, 

almost double in comparison with other 

nanocomposite, and almost four times more than a 

AlCrN monoblock coating. 

Table 2 presents the specification and application 

for the coatings that were presented here. 

An experimental study was conducted at Petru 

Maior University CNC Machine Laboratory. The aim 

was to compare the working regime, the 

manufacturing time and manufacturing cost in the 

case of milling of a mechanical component with 

uncoated and coated tools. 

Figure 7 presents the work piece that was 

manufactured, an accelerator pedal, made from 

AlCu4SiMg (3.1255), one piece production. 

 
Fig. 7 – Accelerator pedal manufactured at Petru 

Maior University CNC Machine Laboratory 

 

The CNC machine tool was a Mori Seiki 

DuraVertical 5080. The manufacturing process was 

modeled using Catia V5 R20. 

Two manufacturing scenarios were analyzed. 

Both versions of the manufacturing process imply 

two major milling operations, one of the front side of 

the work piece, one of the backside of the work piece.  

In the both cases the roughing was made using a 

coated tool supplied by Franken: N type end mill, 

VHM, long, z3, ϕ 20, TiAlN-T4 coating, DIN 6527-

AL - 1818A. The coating is a multilayer one with 

very good heat resistance and a high degree of 

hardness. For this end mill the cutting parameters 

were: cutting depth ap = 0,5 mm,  feed speed vf = 3...6 

m/min and speed n = 5000 rot/min. 

The differences were in the semifinishing and 

finishing stages were the two versions supposed: 

- first version: using a Franken W-cut end mill, 

uncoated, VHM, long, z3, ϕ 6, DIN 6527-AL - 

1933; 

- second version: using a Franken W-cut end 

mill, CrN-T1 coating, VHM, long, z3, ϕ 6, 

DIN 6527-AL – 1933R. The coating is a 

multilayer one, with very good sliding 

properties and medium hardness, very useful 

to avoid cold welding effects that can occur 

when aluminium alloys are manufactured. 
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Table 2. Commercial coatings for HPC,  MQL and dry machining in hard materials 

 

Coating 

 

Producer/ 

commercial 

name 

 

Hardness  

H [GPa] 

 

Friction 

coefficient µ 

Maximum 

usage 

temperature 

T [°C] 

 

Application 

AlTiN Oerlikon  

Balzers/ 

Balinit 

X.CEED 

33 0,4 900 Machining of materials that are 

difficult to work (titanium alloys, 

Inconel); 

Hard machining > 52 HRC; 

HSC. 

AlTiN - 

AlCrN 

Oerlikon 

Balzers/ 

Balinit 

Aldura 

33 0,35...0,4 1100 HSC of difficult to machine 

materials. 

nc-AlTiN/ 

a-Si3N4 

Platit/ 

nACo 

40…45 0,45 1100…1200 For high performance machining. 

TiN- 

AlTiCrN- 

nc-

AlTiCrN/a-

Si3N4 

Platit/ 

nATCRo3 

34...40 0,35 900...1100 All-in-one coating for universal 

use; 

For all cutting tools. 

TiAlN- 

a-C:H:W 

Oerlikon 

Balzers/ 

Balinit 

Hardlube 

30 0,15...0,2 800 MQL or dry machining of 

difficult to machine materials. 

nc-

AlCrN/a-

Si3N4- 

DLC 

Platit/ 

nACVIc 

25...30 0,1 450...1100 Outstanding for HSS cutting in 

high alloyed materials. 

 

For the semifinishing stages the cutting regime for 

uncoated tool 1933 was: ap = 0,125 mm, vf = 1 m/min 

and n = 10000 rot/min. The same regime was adopted 

for the coated tool 1933R. 

The cutting parameters for uncoated tool 1933 

were: for the countouring stages: ap = 0,45 mm, vf = 

0,85 m/min and n = 8500 rot/min and for the finishing 

stages: ap = 0,75 mm, vf = 0,85 m/min and n = 8500 

rot/min. 

The CrN coated tool 1933R allows more intensive 

cutting regime: for the countouring stages: ap = 0,2 

mm, vf = 1,5 m/min and n = 10000 rot/min and for 

the finishing stages: ap = 0,75 mm, vf = 1,5 m/min 

and n = 10000 rot/min. 

Figure 8 presents the finishing stage of the back 

side of the work piece, using a W-cut end mill, long, 

z3, ϕ 6. 

The modeling of the manufacturing process using 

the cutting parameters shown above has the following 

results: 

- for the version using uncoated tool the total 

manufacturing time is 27 hours and 20 minutes; 

- for the version using coated tool the total 

manufacturing time is 23 hours; 

- for the version using uncoated tool the  

manufacturing cost is 683 euro; 

- for the version using coated tool the 

manufacturing cost is 575 euro; 

 
 

Fig. 8 – Finishing stage of the back side of the 

work piece, using a W-cut end mill 

 

 

4. Conclusions 

In the past years the coating industry developed 

new and highly advanced type of coatings for cutting 

tools, allowing the manufacturing industry to improve 

the processes by increasing the life and productivity 

of production tools, reducing downtime due to cutting 

tool replacement and reducing the need for cutting 

fluids. 

Today state of the art microstructured/ 

nanostructured monoblock or multilayer TiAlN and 

AlCrN offers toughness, hardness, hot hardness, 
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oxidation resistance and chemical stability. 

Using the nanocomposite approach the producers 

embedded hard nanocrystalline phases (TiN, TiAlN, 

AlCrN) in a soft amorphous matrix (Si3N4). The 

results are high hardness, toughness and outstanding 

hot hardness. 

Recently there become commercially available 

coatings with an innovative design that combines the 

multilayer and nanocomposite approaches. In such a 

coating each layer is especially design to resolve a 

certain requirement raised by the manufacturing 

process. For example a triple coating TiN – AlTiN -

nc-AlTiN/a-Si3N4 provides very good adhesion by 

TiN layer, tough TiAlN core with high wear and heat 

resistance and a top nanocomposite nc-AlTiN/a-Si3N4 

layer with extremely high nanohardness and heat 

resistance. 

DLC coatings allow intensive cutting regimes, 

minimum quantity lubrication or even dry cutting, by 

lowering the friction coefficient between tool, chips 

and working material. 

Combining multilayer, nanocomposite and DLC 

approaches new coatings are under intense study in 

research laboratories. State of the art coatings with 

outstanding properties and high value for 

manufacturing industry and offered today by the 

leading companies in the coating industry (Oerlikon 

Balzers, Platit, Sulzer Metco, Cemecon, Gencoa, 

Kolzer, Teer Coatings, Bodycote). 

At Petru Maior University CNC Machine 

Laboratory a comparative study on how using coated 

tool can improve manufacturing time and cost was 

conducted. In the case of a accelerator pedal, the 

manufacturing process was modeled in two version. 

By using coated end mills with advanced multilayer 

coatings (TiAlN and CrN) in the CNC production 

process the manufacturing time was decreased from 

27 hours and 20 minutes to 23 hours and the cost was 

cut from 683 euro to 575 euro. This is an 

improvement of 15% in terms of manufacturing time 

and cost, showing the value and the advantages of 

using coated tools in manufacturing processes. 
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