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Evaluation of the PVVD-TIN coating adhesion dependency on the
substrate arithmetic roughness and hardness under discrete-
loading scratch test

Ali Heidarinejad, Fakhreddin Ashrafizadeh

Department of Materials Engineering, Isfahan University of Technology, Isfahan 8415683111
(Received 26 July 2022, accepted 23 August 2022)

Abstract

In this research, attempts have been made to evaluate the adhesion of Titanium nitride coatings coated through cathodic arc
physical vapor deposition process on AlSI 420 stainless quantitatively. In this regard, Changing the surface textures of the
substrate was conducted utilizing polishing, sandblasting, and erosion. The results revealed that the Roughness of Titanium
nitride coatings increased with increasing the substrate roughness, especially in lower roughness due to droplets' residence.
The scratch test outcomes showed that with raising the substrate's roughness from polishing to sandblasting, the scratch
widths increased, and the adhesion of coatings reduced, caused by the increase of substrate's roughness altogether with
enhanced stress concentration zones and shadow effect. Also, our findings demonstrated that by increasing the hardness of
the substrate, the scratch widths decreased, and adhesion has increased due to more adaptability of the mechanical properties
of substrate and coating, constrained plastic deformation of the substrate at the interface.

Keywords: Surface texture, Roughness, Coating adhesion, Physical vapor deposition, Titanium nitride.
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® PCBN(poly crystal Boron nitride)
® El-Shazly
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’ Scanning Electron Microscope

® Energy Dispersive Spectroscopy
® Optical profilometer
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Uncoated spots-shadow effect

| 20 pm
$s0d S 5050 5 s SN g sSes Sen bl Y IS
E (56505 ghaie sl (3) 58 () P (L) G ()

Pamig A 5 S 50 2ol Y gl

/4 305
E S G C F P
SR

JANY VYV YOV o VOY a0 YR Y 6 s

VAOY VSN YEAY WAYe O FAY FEY iy

bas 481z 55,8 o zaliles) l 55 Y S5 L Bl
G 33 ahox 31 VL (525 b sl e e 5801
G g o Klazls Ly e s (503 o tie S G 5 S
S 313 OLE 55 Y gls L Sl 0l 1SS
Slag 3 Sl (A3t Sl o S5 S (A
0303 #5 (05,5 20T 5l S 5 L P 45e) nS
Sl S Gaised B S e84 A el (Y JSE)
Sl b Ll Slags)l sonl e Do a3 il
5 et ES Cabhs o s iy bogileeslel
O 03l e, 5l iy Sl GG
Lol o 48 35 0n ks (7 JS) i il
okile Sl idge sk o Lol Ges 5 ol sliliy
Ul e O VU Dl 5525 s @ ol 5 o
UL B saised sl 1 Logelin b Cmds 50 Y

.MJdﬁ

50 pm



V(\f'\)o\ ch.aw..\l.@a K r}\.ﬁ ccng.ﬂ._.ﬂ ‘5J3)' jl PVD-TiN ;;J&x j.&re s;._.‘a.gu &\.ﬁ})‘ ebb&mﬂ K A|}?‘5J.1=.>

Glp S J o3 Al e e 05K FF U055
U Oy, d asd= o adyl 5 0 il Corn slad gal
S s oks 3ok 3l (CHH0 ISE) LiL e 05,80 YY
A G e Gl B g e G5 S L
b s sl 5l Sl b s st Se sl

DY V] K)ol wil zals

SRS Soo A S o5 255 S sl PSS
P

Slae s sl Gla ity (St 05T ol 53
bl 51 alie LOT Sl s I g b s 5 b )
Olpee oS el 456 o=l 5 Jloged d &S
3D Sl sl @l bolosed ot ol Sy
sl 0l 03,51 8 S 53 5 drslns (S Y+ L
Ui i € A3 pasie 7 SO 4 ey L
Loedd il eddconn i 4 Glate St

G Ol Sl a0 Y B s

ol b /e o B b U 5o sl el
5P sased s glacid o Ot S cl - s
Sl cal anl il slil g e = 5o F
Qoo s (S5 el 331 b ol adry +/0 0V 4y /a0 Y
3 bles S o 1 Ll L) ek ses ek o
Sl S Y 5 /YY) 6l Ol o S
FPRN S PR N WATIIY-B1 CYCIC SR W 171 C TGOV SUPRGN | P

Aol e ol anle (4 sl

C (0 5P () laises eban Lbyy ¥ IS

G (S Gl e B Ol b
gl S ke ) A b w s e Dl 4
sobal Sl gl ¥ s &S s sl e iy
Gl sl (b Jlasl 5l s 5 e odis Ladi s 3 =
A0 N D0 YO uslis 4 carenS 5 Culi D)5 4
F/A L /Y Sosl Jslae) smp S Ore 5 Tee (Yo
Sl gad Sy g0 4 OF il 5 A 4 S a8 s (30
L3S s PlF 250 g e Jlasl L
o2 sl Gy il L as wd edalin (0 SK2)
o Glatiped Gl a0 e

Foagde 5l LA oe (F0 IKE) sdic s



(\f'\)b\cb.w w.&.@.ﬂ K r‘,lﬁ ;u:ga\.:ﬂ (5}53 j‘PVD'TlN J:Jx L;/.\.'\.:..e C.-:.’du Lﬁ"ﬁj)‘ d)b&.«.& K) :l;.s‘_;,.x._a/\

Sl o3 g ) oy i sad el L5 sl
3 P Ay aise Ll (oS g5 bogladse
rbgn Do oS D Sles s o(F) 5y geslis
e XS 3 Gy e S Ml e oS L
Sy ol (Y K8 cd sdd 2 505 Sl
sl o w4, b s e 4 lns Jlail
S S0 ol a3 5ok Sibys 5 5 Sl
S5 b bt Sl 505 0 DS pl BU 055
03 iy Sl sl Ll 5 e semae rs Sl
loidy L B b (S cig gl
sy e ol BT pam 56 s e a
DA s D] cl sz 5018 LS glatass s
STV KD ssde s 5 B S sladisad Oel
ol el e 1SS 6 ey ol S5 S G
Ll s bl el Vel eSS Sl st o
bl S ESG Gl mos e W 4 s ids
o A5 5 plags O b D] ssie
O e Sy gble (Dl pl s s ekl Oley
Lo e g 0SS ) Gkl G
B opder o ol ol s S slaose
IR s B8 BlE 5l Bl gl Skt
(5 ¥ JSK8) Llew (Bboo i S S eandl 5 0L
S Ges s 4wl S el S5 ool [Ys vo]
wlo S 518U g5 mis (B ghised 53 Lae s

Lol 42510 S (G4 gad ASle & S
S g s (A5 Sl e S el 5o
ST o (Y S P g sad e L5
L bl 03 4 a5 b s (65 Sl 3l 5 o
T 2550 5l 30 S pleess 5 35Sk Oles

Ldd olss 5o Y S 55 a5 conl 6oy Fo ks

11 Shadow effect

Mgamt o

(<
Y
z
=
8]
-7? \
=,
0 \O Yo Yo fo
(Ls5%0) Al 2
—@— P-N —0— F-N C-N
G-N =—@—E-N —@— S-N
(o
v -
&
i
<
=
} \
=,
o) \O Yo Yo fo

(035) % 2
—o—P-H —8—F-H C-H

G-H === E-H =——@— S-H

(&) SN (@) glaaise Jel Sl 3l (550 s a0 K3

a RO g
ofe0e ) —— i S
|0 Stress concentration+shadow effect
Mechanical interlocking
[+8e 4
+¥o
[ore ]
/+Yo 4 ﬁ‘-
[+
I+\o
Vi vy
T T T T T 7T T T T T T T 7N T 1 T T T 1 1
YETIRY I WO IL R I 0V Y ARV AT Y IRV LR, 09 (A0 CY WY\ 207 /S N S O ST I W 2 Y

(0550 Y25 8 25

o (Il gamb o) ity S Sla # S5

'BJ‘:‘M{&WJLS.){)'



LYQRZAD ) ck.w b 9 f"b gu,;g.»l.:a 23) B] PVD-TiN U’:":'-"i L;J......;: C,.gql.? gﬁb.J'J' wl,&‘..» 9 A‘}J‘_;J.\._.a

S 3 pdgn0did 5 (0 JS2) et ol Osdl
wS oS S b sl 1 il One et
ol a6 Al Sl S OLLE L Wles S
ol ails L i g 6y L

SO B 5 S5 S a5 (i Jele s bl cnl o
LS e 0 sy (St 2 Olges 5k o
St S o S S8 e 55 Nl
Gl genl O d= 51 i Bl LWl sl e
Joo S xte Jab 53 A5 5S el Ghle Ol e 4 (e
Y] Lsde i SR 0 e e s S e
T polal s e bafdsn 0 4 ) [
FSo g ar gL (7 SO ssdee s ot 4 S8
S 3 s 5 U L B P e sad 1555 05 L5
y}gfj))clade.uiﬁ ble (C (ga 50l (g0 s 3 &S
S al g GRS 5S el sl e (5o 3 = e
bty (St 2o e 50 s Sl
Loy Dglite e p3lie 5 alie 605 b pladises
g e odss S jshiles (F KE) LS alis o
4o (e A L (S et la S5l g
GOk 2 a8 gme s (lo s Ll (0l e
Seins DL o ol sl (s b 2 55 0L
e a8 b [0 Y] el i St
Jab 03 (S ol Galal pe 4 s S L i
el (S 0sde o — s S ke
o VL e b sl i 3 8 Jl s W] s
(S ke Juab 53 (Sradly JKE edS Oddssdme s
gals O3 VL sedasOls ol sy &S
oAl o Sl g DA Jlezl sl S

b

S sphpods Y S a am g bbb 5l [YY]
e R R R N O i
sLy ol sl SU el ) I8 e s BB oouls
V] e A3 3l e e (laes 5 Lads
32Ul by 5o S, o8 bl (g3 5= il 55
S AEL o 0t Sl Gl 55y 35Sk (52515
EF et 2 5 LS Jos oo (1 Olge @
LY0] 55 dalr iy bl ool 53 R34 G54l
S om ool S ol Skl s addl
S el 0T 5 5855 Sl s sbal | wlazilas
Lol 2als L mlpl 4 e Slds Sk |y
Y S 5 G gaised Gl S p Sl s

A odalin
G A L s cl jasie (3 O3l O el
3 ek Csn Gladises Gl Do ged b o
Wl dgg S 5 oasl )l oid g 8o
o5 5S a3 Ghla (rals 51 AU WS e el ) el
G oM LBk 51l et s alS b
sodd e Rl Aol 5o b B o ey
Al e RIS e b s iy JSs
Cosn s oS e & Sy Jlall ssg e
Sl slee e sl SE 8 ol il
2o O Jlsl Gl o e 55 o pd e ReS
ol 53K sl gei [TV] T o Ll (6 e 12
Slacad o S5 e b e d AL wle
S sls QLS T, /e Y8 g 0 0YY Ll S S A (g kS
A3 2eS (505 b Gk ged 4 S oS Sy
bk s o gio (g0t (6 25 4 plaei o0 512
3lie b Ll gl g, ool asly 550 /0¥ 50
S bogbadised Gl eSS asl ol
Sede 5l i &S A odalis sl (g 8B
S J s el s (25 s op zeS (gl 0/ Fe

Bla Ol s Sl /0 Y0 sl ol (S ) et



(\f'\)b\ck.a L TPy r_,l& «ng.oL_.a 3) 3 PVD-TIN o~ 8 ;.\Mq ol L3, OLer 5 sl55 g e VY

6. Lee, S.-C., Ho, W.-Y., Lai, F.D., Effect of
substrate  surface roughness on the
characteristics of CrN hard film, Materials
chemistry and physics (1996) 266-273.

7. Bromark, M., Larsson, M., Hedenqvist, P.,
Olsson, M., Hogmark, S., Influence ofsubstrate
surface topography onthe critical normal force
in scratch adhesion testing of TiN-coated steels,
Surface and Coatings Technology (1992) 195-
203.

8. Yadav, B.S., Badgujar, A.C., Dhage, S.R.,
Effect of various surface treatments on
adhesion strength of magnetron sputtered bi-
layer Molybdenumthin films on soda lime glass
substrate, Solar Energy 157 (2017) 507-513.

9. Luo, F., Pang, X., Gao, K., Tao, C., Substrate
roughness effects on chromium oxide coating
adhesion and wear resistance, Advanced
Materials Research 97-101 (2010) 1261-1264.

10. Huang, R., Qi, Z., Sun, P., Wang, Z., Wu,
C., Influence of substrate roughness on
structure and mechanical property of TiAIN
coating fabricated by cathodic arc evaporation,
Physics Procedia 18 (2011) 160-167.

11. Yang, J., Roa, J.J., Odén, M., Johansson-
JOesaar, M.P., Esteve, J., Llanes, L., Substrate
surface finish effects on scratch resistance and
failure mechanisms of TiN-coated hardmetals,
Surface and Coatings Technology 265 (2015)
174-184.

12. Ravi, N., Markandeya, R., Joshi, S. V.,
Effect of substrate roughness on adhesion and
tribological properties of nc-TiAIN/a-SisN,
nanocomposite coatings deposited by cathodic
arc PVD process, Surface Engineering 33
(2017) 7-19.

13. Heinke, W., Leyland, A., Matthews, A.,
Berg, G., Friedrich, C., Broszeit, E., Evaluation
of PVD nitride coatings, using impact, scratch
and Rockwell-C adhesion tests, Thin solid films
431-438 (1995).

14. Steinmann, P.A., Tardy, Y., Hintermann,
H.E., Adhesion testing by the scratch test
method: The influence of intrinsic and extrinsic
parameters on the critical load, Thin Solid
Films 154 (1987) 333-349.

15. Favache, A., Sacré, C.-H., Coulombier, M.,
Libralesso, L., Guaino, P., Raskin, J.-P., Bailly,
C., Nysten, B., et al., Fracture mechanics based
analysis of the scratch resistance of thin brittle
coatings on a soft interlayer, Wear 330-331
(2015) 461-468.

&S oS

S om AL 5 05 Y s palie s (L
VP N VCN I PR SYS RU IV SINC ST RED PO
NGIUH B [ SRS

s sl 00 5l meS e i (525 p3lie gl (Y
(SIS o Anl 5l S s 5 3 Sk sl
NS e s 625 3 i b TIN 2y o (6 25
WSl (A3 s,

Al g8 5 eddg S s slro s gl (F
A ol s M pos SAl cx e g5 el
o S5 b S posSae BLIL gediasolis
NG

Y35 0 s 41 (i (S ko pslid L 28 i (F

LLJ)\ L_EGJWQJQL:'J j‘“ L)'i‘ Lb)l) P UGS QJJ Li.’)

W‘AJ’ML;WLJ‘@-%L;MWW

&y
1.Mattox, D.M., Surface effects on the growth,
adhesion and properties of reactively deposited
hard coatings, surface and coatings technology
(1996) 8-16.

2. Xiao, W., Deng, H., Zou, S., Ren, Y., Tang,
D., Lei, M., Xiao, C., Zhou, X., et al., Effect of
roughness of substrate and sputtering power on
the properties of TiN coatings deposited by
magnetron sputtering for ATF, Journal of
Nuclear Materials 509 (2018) 542-549.

3. Mubarak, A., Hamzah, E., Toff, M.R.M,,
Review of physical vapor deposition (PVD)
techniques for hard coatings, journal
Mekanikal 20 (2005) 42-51.

4. Lamastra, F.R., Leonardi, F., Montanari, R.,
Casadei, F., Valente, T., Gusmano, G., X-ray
residual stress analysis on CrN/Cr/CrN
multilayer PVD coatings deposited on different
steel substrates, Surface and Coatings
technology 200 (2006) 6172—6175.

5. Ali, M., Hamzah, E., Qazi, I.A., Toff,
M.R.M., Effect of cathodic arc PVD
parameters on roughness of TiN coating on
steel substrate, Current Applied Physics 10
(2010) 471-474.



\\(\?'\)0\ éﬁwu\—é‘ 9 r_glﬂ gugal.:n ‘5j.j j‘PVD-TlN ui&x ;M C,.;JJU &;.\la_;u‘ sbb&«h‘g :‘jS‘_g).kz.’

27. Tillmann, W., Grisales, D., Stangier, D.,
Effects of AISI H11 surface integrity on the
residual  stresses and adhesion of
TiAIN/substrate compounds, Surface and
Coatings Technology 357 (2019) 466-472.

16. Ebrahimzadeh, 1., Ashrafizadeh, F.,
Sadeghi, B., Scratch and indentation adhesion
characteristics of multilayered PVD coatings
before and after the heat treatment deposited by
duplex  process, Surface  Topography:
Metrology and Properties 7 (2019) 045014.

17. Sveen, S., Andersson, J.M., M’Saoubi, R.,
Olsson, M., Scratch adhesion characteristics of
PVD TiAIN deposited on high speed steel,
cemented carbide and PCBN substrates, Wear
308 (2013) 133-141.

18. Jayaram, V., Bhowmick, S., Xie, Z.-H.,
Math, S., Hoffman, M., Biswas, S.K., Contact
deformation of TiN coatings on metallic
substrates, Materials Science and Engineering:
A 423 (2006) 8-13.

19. Sprute, T., Tillmann, W., Grisales, D.,
Selvadurai, U., Fischer, G., Influence of
substrate pre-treatments on residual stresses
and tribo-mechanical properties of TiAIN-
based PVD coatings, Surface and Coatings
Technology 260 (2014) 369-379.

20. Steinmann, P.A., Hintermann, H.E.,
Adhesion of TiC and Ti(C,N) coatings on steel,
Journal of Vacuum Science & Technology A:
Vacuum, Surfaces, and Films 3 (1985) 2394—
2400.

21. El-Shazly, M.H., EI-Sherbiny, M.,
Matthews, A., Leyland, A., The Effect of
Substrate Pretreatment on PVD TiN Hard
Coating Performance, Materials and
Manufacturing Processes 14 (1999) 257-269.
22. I1SO 4288:1996 Geometrial Product
Spectifications (GPS)—Surface Texture Profile
Method—Rules and Procedures.

23. Ashrafizadeh, F., Adhesion evaluation of
PVD coatings to aluminium substrate, Surface
and Coatings Technology (2000) 186-194.

24. Salvalaglio, M., Backofen, R., Voigt, A.,
Thin-film growth dynamics with shadowing
effects by a phase-field approach, Physical
Review B 94 (2016) 235432.

25. Zhang, B., Zhou, L., Effect of sandblasting
on adhesion strength of diamond coatings,
American Society of Mechanical Engineers,
Materials Division (Publication) MD 80 (1997)
279-285.

26. Ostadi, A., Hosseini, S.H., Fordoei, M.E.,
The effect of temperature and roughness of the
substrate surface on the microstructure and
adhesion strength of EB-PVD Zr0O2-%8wtY203
coating, Ceramics International 46 (2020)
2287-2293.



(\f'\)b\ch.a L TPy r_,l& «u,;g.»L_.a 3) 3 PVD-TIN o~ 8 ;qu ol L3, OLSer 5 sl556 > VY



