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Tribological Behavior of CrN coatings

on Tool Steels

Dong — Won Seo

Department of Mechanical Design
Graduate Schoo!l of Industry

Pukyong National University

Abstract

Cutting tools are normally exposed to hot and cyclically loaded condition.
To increase lifetime of the tool and to improve accuracy of the products, the
tool surface should be kept sound conditions and free from wear. Thick
chromium nitride(CrN) coating was considered for this purpose, especially in
corrosive environment, in this study.

CrN film was coated by physical vapor deposition technique and characterized
by eclectron micro probe analysis and scanning electron microscopy etc. The
tribological behavior of the CrN coated specimen was examined with a wear

tester in comparison with a un-coated specimen.



Wear rate were evaluated in the aqueous solution of several NaCl
concentrations(0~6%) and temperatures(35~75T).

The CrN coated specimen indicated the smallest wear volume of all and it
demonstrated verv stable tribological characteristics in spite of the change of
NaCl concentrations and temperatures. Through this study, the validity of the
CrN coating application on machineries working in corrosive environments has

been established.
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Nomenclatures

> Depth of wear groove
: Trictional force
: Normal force or normal load

. Hardness of the metal surface

~ 2 om R

© Sliding distance

~

. Indenter radius

T Water temperature

V' Shiding velocity

W : Weight of the wear volume

Ws © Specific wear rate

¢ : Half apex angle of the conical indenter

1 Friction coefficient
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Fig. 5 Dimensions of specimen
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(a) Upper specimen

(b} Lower specimen

Fig. 6 Configuration of specimen
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Table 1 Mechanical properties of CrN coatings

Micro hardness (HV 0.05) 1760
Friction Coefficient (drv) 05
Coating thickness (zm) 10.08
Internal stress (GPa) -15 ~ -20

Coating color

silver gray

- 16 -~




Table 2 Mechanical properties of specimen

Mechanical properties SKHb51 SUS304
Hardness (HgC, HB ) HyC Bb~57 HB 187
Elongation (%) 0.15 35
Compressive strength (MPa) 5831 -
Tensile strength (MPa) 2370 510
Young's modulus (GPa} 216 148

Table 3 Chemical composition of specimen

Chemical
composition {(wt.%5) SKH51 SUS304
¢ 0.73~0.83 <008
> =040 <1.00
Mn <0.40 <2.00
P <0.03 <0.04
> <0.03 £0.03
Cr 3.80~4.50 <18.00~20.00
Mo 450~5.50 .
B - £800~11.00
W 5.50~6.70 .
v 1.60~2.20 -
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Fig. 7 Expenimental set—up
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(a) Actual view
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(b} Schematic

Fig. 8 Detail of wear test rig
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Fig. 9 Electron microscope

Fig. 10 Surface roughness tester
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Table 4 Test conditions

Normal load | Sliding velocity | Concentration of NaCl| Water temperature
NO ) Material .
(N) (m/s) (wt. %) (C)
35
Distilled water 60
IS
. 35
SKH51
1 3.0 60
-CrN —
IE)
35
6.0 60

100.0 0.201

2 SKH51 6.0 60

3 SUS304 6.0 60
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Fig. 11 Wear volume as a function of sliding distance : severe wear type
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Sliding direction

(a) Wear track(>50)

(b} Abrasive particle( X50)

Fig. 12 Womn surface of specimen ; NaCl concentration = 696 temperature =

75T, sliding distance = 1447.2m
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Fig. 13 Wear volume as a function of sliding distance ; mild wear type
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Sliding direction

{a) Wear track(>50}

(b) Abrasive particle{ x50}

Fig. 14 Wom surface of specimen : NaCl concentration = distilled water,

temperature = 35T, sliding distance = 1447 2m
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Fig. 15 Wear volume as a function of sliding distance and temperature in
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Fig. 16 Wear volume as a function of sliding distance and temperature ;

Material = SKH51-CrN, NaCl concentration = 3%
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Fig. 18 Wear volume as a function of sliding distance and temperature :

Material = SKHbH1, NaCl concentration = 6%
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Fig. 19 Wear volume as a function of sliding distance and temperature ;

Material = SUS304. NaCl concentration = 6%
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Fig. 20 Wear volume as a function of sliding distance and materials ;

Temperarure = 35T
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- 43 -



whEw 2

4.4

N

B
kR

A

&1
jm}

RatA &3 Bl

o3}
=

£ 0.20lm/sE

Az
—

< ool SKH51-CrN 2l

=

agstal

o A wlE

=
&

60°CS) 6% NaCl =g

off &

e

1447.2m

a3

u

s

Hoapol AA Ve 2B o Hiol

e @7

g
_ZE

1

] SKHbo12| vt

o

VA4 Jehdn glow

171 FHE

i

ok

=
B

5

i
el

1A e} @ Bl ofEE o]

Z
=

2ol 7

[

D
sl

i

0

wmo
B

=
i

]

25

™

A EA Ve

- 44 -



(a) Wear track(=50) (h) Adhesive particle( % 50)

Fig. 23 Worn surface of specimen ; Material = SKH51-CrN, NaCl concentration =

6%, temperature = 60°C, sliding distance = 1447.2m

(a) Wear track(>50) () Adhesive particle( X 50)

Fig. 24 Worn swface of specimen : Material = SKHb1, NaCl concentration = 6%,

temperature = 60T, sliding distance = 1447.2m
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{a) Wear track( x50} (h) Adhesive particle( X50)

Fig. 25 Worn surface of specimen ; Material = SUS304, NaCl concentration =

6%, temperature = 60T, sliding distance = 1447.2m
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(a) Upper specimen : (b} Lower specimen

Fig. 26 Surface roughness of wormn surface in severe wear ; Matertal = SKHb51-

CrN, NaCl concentration = 6%, temperature = 60°C, sliding distance =

1447 2m
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{a) Upper specimen (b) Lower specimen

Fig. 27 Surface roughness of worn surface in severe wear ; Material = SKHbHI,

NaCl concentration = 6%, temperature = 60T, sliding distance =1447.2m
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(a) Upper specimen (b) Lower specimen

Fig. 28 Surface roughness of worn surface in severe wear ; Material = 515304

NaCl concentration = 624 temperature = 60T, sliding distance =1447.2m
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