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Structural characterization and investigation of hardness and
adhesion of fine grained stainless steel coatings produced by

physical vapor deposition methods on carbon steel substrate

A.R. Sanati, H. Edris and K. Raeissi
Materials Engineering Department, Isfahan University of Technology
(Received 06 October 2015, accepted 06 January 2016)

Abstract

The purpose of this research is investigation of two fine grained stainless steel coatings produced by two physical vapor
deposition methods, i.e. magnetron sputtering and cathodic arc evaporation, on a carbon steel substrate. The coatings were
compared according to their structure, hardness and adhesion. In order to evaporate the target atoms, high power (3300 w) was
applied on the cathode surface in cathodic arc evaporation method and argon pressure (10° Pa) was used in magnetron sputtering
method. For comparison of these coatings, the same substrate temperature (300 + 50 °C) and bias voltage (250+ 50 V) and also
similar deposition time (50 min) were used. XRD, EDS, SEM and FE-SEM methods were used for characterization of the
coatings. Nano-indention and Vickers indenter tests were also carried out for evolving the hardness and adhesion of the coatings.
The EDS analysis results showed that the magnetron sputtered coating had a composition similar to the target material, whereas
the cathodic arc evaporation coating had a different composition. Also, the nano-indention test showed that the magnetron
sputtered coating hardness increased up to about 890 Vickers, which is much higher than that of the cathodic arc coating (about
260 Vickers) and bulk 304 stainless steel (220 Vickers), due to its nano-crystalline structure. However, the sputtered coating
adhesion was evaluated weaker than that of the cathodic arc coating, because of the existence of more cracks at the edges and
also local spalling of the coating.

Keywords: stainless steel coating, magnetron sputtering, cathodic arc evaporation, Nano-indenter test, coating adhesion.
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2- Macro-particles

PPNV

ST bV Sl s as S 03SS; slasY
Gl 53 s (So,5 B, oedle &S Laes
o 5l o bl SO ol gl il
S5 b5 550 52 osart stk 5y IS
5heslizad 5 placussdos andl s zexal O3
355 LOL 8 pdle e (63,050 53 03T slasY 4
ankad Sl esliad a)lpe 5 Sols 5o iz 351
D10 b (galaml Wb o (0 5N 5 (o>
A e gy ciliee gla gy 5l Sl s dd a0 0l
slagiss dE] 5w b I Sl sl (s
S (S s slaiss s [0] alans S
2 035555 5l S0 Y sl g1 [V 1] Y(PVD)
Sl LB L5 Sewd Ol Y5 S s
03 et 3 s elial S VB e YL
PN | QPR R P W U S
9 orla sl s b slwl (Jle Olge 4 35l 39
Nph g 53 5K sl Jie bl S
Sl 0l SIS a8, sy 4 eddsbl 0555
V]

PVD s s, (o il y alisee sla s,y Ola o
Sty 5 oSy G, (s slais, Jold
SE Ll s sl Sl plaiss Olse 4SS
¢S exe s W e s gl el boeles L
S sho Vg a oo sd Shon [N] A el
sphn wtld Jo Shor 5 05 Cses E5 L
Olsen M sy onl slagidsy VL (St VY]
S B &S ol a3 i e 5 VU Sl Ol
ol (5518 Slawdly W55 5 s esle 6LA{..?| Oddio 3
doys Vo ssds B Ogenliss Olpe opl Lam

sl sy opl JSEe op e Lol Y] el o 5158

1- Physical vapor deposition
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2- Sputter cleaning
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1- Ultrasonic cleaning
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2- Berkovich
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1- Field emission electron microscope (FE-SEM)
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