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Abstract. The pa per i s f ocused o n t urning of s tructural s teels C45. C utting t ools w ere r epresented by 
carbide c utting in serts w ithout coatings, w ith r eference coating T iAlN, a s well a s with m ultilayered 
composite nano-structured coatings Ti-TiN-(TiCrAl)N and Zr-ZrN-(ZrCrNbAl)N (of different thickness of  
3-7 μm). The following studies of the properties of coated tools were carried out: measurement of 
microhardness and strength of adhesion bonds in the "tool-coating" system and investigation of elemental 
and phase compositions of coatings. The cutting tests were carried out at the following cutting modes: f = 
0.2 mm/rev;   аp = 1.0 mm; vc = 200, 250, 300, 350 and 400 m/min.  

1. Introduction  
Wear-resistant coatings are actively and successfully 
applied to modify superficial layer of tool materials and 
thus to increase performance properties of cutting tools. 
On the one side, the use of modifying coatings makes it 
possible to increase tool life, while on the other side, that 
can significantly increase cutting modes and, first of all, 
the cutting speed [1-5]. Coating thickness is an important 
indicator t hat significantly af fects t he p erformance 
properties of metal cutting tools. The choice to select the 
optimum c oating t hickness f or di fferent machining 
conditions was s tudied by  a  number of  r esearchers. I n 
particular, Klocke et al [6] note that carbide cutting tools 
with thicker P VD co atings a re ch aracterized b y l onger 
tool life and that contributes to reduction of production 
costs. Mean while, M essier et  al  [ 7] s howed t hat when 
monolayered c oating is  d eposited, its  g rains g row with 
increase i n its thickness. A ccordingly, s uperficial 
hardness of monolayered coating will decrease with 
increase in its thickness [6]. It can also be assumed that 
mechanical strength of thin coatings will be higher than 
that o f t hicker c oatings. I t i s shown t hat nominal 
superficial hardness, s uperficial yield  a nd maximum 
superficial strength decrease with an increase in coating 
thickness [6]. Bouzakis et al [7-10] studied the influence 
of thickness for coating (TiAl)N (coating with thickness 
of 2 -10 µ m was s tudied) on  tool l ife of  a  c arbide t ool 
when turning s teel a t various cutting modes. I t i s found 
that tool li fe i mproves with an i ncrease in c oating 
thickness. P roceeding from t he a bove, i t c an b e noted 
there is some kind of "bipolar" opinion on coating 
thickness. O n t he o ne s ide, a  nu mber o f a uthors a rgue 
that tool li fe i mproves with an i ncrease in c oating 

thickness ( up t o 1 0 µ m), while o ther a uthors note a  
marked d ecrease i n t he p erformance p roperties o f a 
coating as  i ts t hickness i ncreases. M eanwhile, the 
influence of thickness of a  multilayered nano-structured 
coating on tool life was in fact not studied. The purpose 
of t his study was t o i nvestigate t he i nfluence o f wear-
resistant layer thickness and elemental composition of a  
coating on t ool l ife at various cutting speeds (speeds o f 
250, 300, 350 and 400 mmin-1 were considered).  

2. Materials and experiments 
For t he co mparative t ests, t wo t ypes o f multilayered 
nano-structured co atings were s elected: T i-TiN-
(TiCrAl)N a nd Zr-ZrN-(ZrCrNbAl)N, eac h with t hree 
different thickness (3, 5 and 7 µm). These coatings were 
selected as  t he most e ffective o nes i n acco rdance with 
the r esults o f p revious te sts [11-15]. T he monolayered 
non-nano-structured c oating TiAlN with t hickness o f 4  
µm, as well a s carbide uncoated insert were selected as  
an object of comparison. These coatings were deposited 
on car bide i nserts with s quare s hape ( SNUN I SO 
1832:2012) and with the following geometric parameters 
of the cutting part: γ = –8°, α = 8°, K = 45°, λ = 0, and R 
= 0.8 mm. For deposition of coating, a vacuum-arc VIT-
2 u nit [ 11,13] w as used, which was de signed f or t he 
synthesis of  c oatings on  s ubstrates of  various t ool 
materials. The unit was equipped with an arc evaporator 
with filtration o f v apor-ion f low, which was named 
filtered cathodic vacuum-arc deposition (FCVAD) in this 
study [ 13], a nd was us ed f or de position of  c oatings on 
tools to significantly reduce the formation of the droplet 
phase during coating.The cutting tests were carried out at 
the following cutting modes: f = 0.2 mm/rev; аp = 1.0 
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mm; vc =  250, 300,350 a nd 400 m min-1. T ool f ailure 
criterion was f lank wear l and V B= 0 .4 mm. For 
microstructural studies o f samples o f c arbide with 
coatings, a r aster el ectron m icroscope F EI Q uanta 6 00 
FEG was us ed. T o perform X -ray microanalysis, t he 
study used characteristic X-ray emissions resulting from 
electron b ombardment o f a s ample. The ha rdness ( HV) 
of coatings was determined by measuring the indentation 
at low loads according to the method of Oliver and Pharr 

[16]. The ad hesion ch aracteristics were s tudied o n a 
Nanovea s cratch t ester. The tests were carried out with 
the load linearly increasing from 0.05 N to 40 N. 

3. Results and discussions 
The r esults o f t he main p arameters o f co atings ar e 

shown in Table 1. 

Table 1. Main parameters of the coatings under study. 

Type of coating Coating thickness Hardness Strength of adhesion 
bond to substrate 

TiAlN 4 (±0.8)μm 30.3GPa 30.1 N 
Ti-TiN-(TiCrAl)N 3 (±0.7)μm 32.7 GPa 34.2 N 
Ti-TiN-(TiCrAl)N 5 (±0.6)μm 32.2 GPa 35.0 N 
Ti-TiN-(TiCrAl)N 7 (±0.6)μm 33.5 GPa 34.8 N 

Zr-ZrN-(ZrCrNbAl)N 3 (±0.6)μm 29.4 GPa 32.6 N 
Zr-ZrN-(ZrCrNbAl)N 5 (±0.5)μm 30.1 GPa 33.1 N 
Zr-ZrN-(ZrCrNbAl)N 7 (±0.5)μm 30.2 GPa 33.2 N 

From t he d ata p rovided, i t c an b e s een t hat al l t he 
coatings u nder s tudy ar e ch aracterized b y s ufficient 
adhesion to substrate and microhardness, corresponding 
to t he usual v alues for t hese co atings. M eanwhile, 
adhesion of multilayered coatings under study is slightly 
higher than that of monolayered coating TiAlN, and that 
can be explained by the presence of a s pecific adhesive 
layer in the structure of multilayered coatings [13]. The 
structures o f co atings o n cr oss-section ar e s hown i n 
Figures 1-2. 

It can  be s een t hat monolayered c oating T iAlN h as 
no nano-structure, w hile coatings Z r-ZrN-(ZrCrNbAl)N 
and T i-TiN-(TiCrAl)N s how a cl ear n ano-structure o f 
wear-resistant layer, and a transition layer without nano-
structure can  al so b e cl early s een. An ad hesive l ayer 
cannot b e d etermined o n Figures d ue t o i ts s mall 
thickness (about 20 nm). 

 
Fig. 1. Structure on cross-section of coating TiAlN, with 
thickness 4 (±0.8) µm. 
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Fig. 2. Structure on cross-section of coatings Zr-ZrN-
(ZrCrNbAl)N (a) and Ti-TiN-(TiCrAl)N (b) with thickness of 
about 5 µm. 
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Fig. 3. Tool life of tools with coatings under study and of 
uncoated tools at cutting speeds of vc = 250 (a), 300(b), 350 (c) 
and 400 (d) mmin-1(f = 0.2 mm/rev; аp = 1.0 mm, longitudinal 
turning of steel C45). 

The results of cutting tests for uncoated tool and tools 
with coatings under study are shown in Figure 3. On the 
basis of the results obtained, it can be noted that: 

• At cutting speed of vc = 400 m min-1, an uncoated 
insert shows excess flank wear after the very first minute 
of c utting a nd t hat i ndicates un coated t ools c annot be  
used under these cutting modes. 

• If at cutting speed of vc = 250 mmin-1, a tool with 
monolayered c oating T iAlN s hows to ol li fe c lose to  
durability o f multilayered c oatings with th ickness o f 
about 3 μm, then with increasing cutting speed, tool life 
of a t ool with such coating decreases significantly faster 
than tool life of a tool with multilayered nano-structured 
coating. At cutting speed of vc = 400mmin-1, a tool with 
monolayered coating TiAlN operates significantly worse 
than tools with multilayered nano-structured coatings Zr-
ZrN-(ZrCrNbAl)N and Ti-TiN-(TiCrAl)N under study. 

If a t cutting speed of  vc =  2 50 m min-1 th e l ongest 
tool life is shown by tools with thicker coatings, then as 
the cutting speed increases, the picture begins to change 
and to ols with t hinner c oatings show b etter r esults 
(especially for coating Zr-ZrN-(ZrCrNbAl)N at vc = 400 
mmin-1 ) . T his p henomenon can  b e ex plained b y t he 
growth o f i nternal stresses i n t he s tructure o f c oating 
with a n i ncrease i n c utting speed, an d t he p rocess i n 
especially act ive i n t hicker coatings. W hile t here ar e 
currently no methods for direct measurement of internal 
stresses in the structure of coating with its thickness of 
several μm, there are indirect methods to detect growth 
of those stresses, at least on qualitative level. Find more 
details on the issue in [16,18]. 

4. Conclusions 
The us e o f multilayered na no-structured co atings ( in 
particular, c oatings Z r-ZrN-(ZrCrNbAl)N a nd T i-TiN-
(TiCrAl)N) makes it possible to increase cutting speed in 
turning of s tructural s teels. Advantages o f c utting t ools 
with these coatings are especially obvious at high cutting 
speeds ( in p articular, v c =  400 m min-1). I f a t lo wer 
cutting speeds the longest tool life is shown by tools with 
thicker coatings (of about 7 μm), then with an increase in 
cutting s peed (especially at  v c = 4 00 mmin-1) the 
longest tool life is shown by a tool with thinner coating 
(of about 3 μm). This phenomenon may be explained by 
more significant growth o f in ternal s tresses in  thick 
coatings with an increase in cutting speeds. High internal 
stresses r esult in  formation o f i nternal c racks a nd 
interlayer d elamination t hat u ltimately le ad to  
destruction of coating. 
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