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Effect of Post Heat Treatment on the Properties of the Porous Super Stainless
Steel Coatings by the Plasma Spraying for the Biomedical Implant Applications

Keun Taek Oh and Yong Soo Park

Department of Metallurgical Engineering, Yonsei University

Porous coating has been carried out for the improvement of the bone ingrowth,
which was implanted into the human body as a substitute for the hard tissue. The
prostheses will be provided with the bone ingrowth site by plasma spray coating
the super stainless steel powder on the same substrate(S32050). Plasma sprayed
specimens were heat-treated in the vacuum tube furnace at 1100°C, for 5, 10, 30,
120 min. The characteristics of post heat treated and as sprayed coatings were in-
vestigated. The changes in the surface roughness, corrosion resistance and micro-
structure were investigated, as function of the coating thickness and post heat
treatment time. The cause of the damage on the corrosion resistance, the corroded
site, and the predominant corrosion mechanism were found out by investigation of
the microstructure of the specimens after the anodic polarization test. The decreas-
ing rate of the passive current density, according to heat treatment time, was in-
versely proportional to the coating thickness. It meant that heat treatment time
had to be longer with coating thickness, for the increase of the corrosion-
resistance. Among the these factors which influence the corrosion properties,
homogenization effect was dominant for the improvement of the corrosion-
resistance, compared to the increase of surface area, and the effect of porosity.

Keywords . §32050, Porous coating, Bone ingrowth, Implant, Post heat treatment, Corro-
sion resistance.
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Table 1. Chemical compositions of the powder
and the substrate used on plasma spraying

94 C S Mn P S N Cr Mo N Fe
532050 0.034 0.73 0.06 0.003 0.009 22.50 23.40 6.56 0.289 Bal.
substrate

S32050 ) 016 0.58 0.59 0.031 0008 1762 2061 601 02 Bal.
powder

mild steel 0.22 0.17 056 012 006 - - - - Bal
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Fig. 1. SEM Photogragh of the powder surface.
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Fig. 2. Surface Morphology and cross-sectional microstructure of porous coatings.
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Fig. 3. Surface SEM photograghs of porous 100;:m thickness coating with post heat treatment time. {(a)
5min, (b} 10min, (c)} 30min, (d) 2hr.
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Fig. 5. Results of EDS analysis on the coating sur-

face.
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structure of a plasma sprayed coating.
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(b)

Fig. 8. Cross-sectional Microstructure of porous
160.m thick coating with post heat treatment
time. (a) 5min, {b) 10min, (¢} 30min.

2lth Fig. 2(b)e] @AZFAINE B,
Egd £49 229 A$ 2 23& 0
FAHD dow, gdggo o P4

P& columnar F+FE ZE ASE HI

H
LU D
me b o

30,
o
8]
n
3!
r
o
g
ofj
o
mo g
[
ek
4
20,
o
w £ o

%E°] ARZYAE o

phase® A= § el Aol island ¥

Hz &A% A& & F %\‘3} E A g *Hlm]
z S

0
o
L_EL
Q)

7
=2

o

=

[e]
>

Z7heo) We mE ZAdMe FPHI O%
Aol Aol doun A8 AW 5
vk 2AWE ohiet ARPulel oiud 44
& 89Y & by, ol 1502 gAY 9

A7y 2A 2 olu) ZYHE Fo| 1402 FE

stmad =YE £4WEel oddd s} et
3 Aoz AJzrdvh Fig. 9% 260mme| ZE 54
g e Al g vz Abzlel). Fig. 83
stz AARse ARG ] ol Roxz 9l
o} A 160ume) ZEFAE zts A g W)
3 243 =7l =9 Ae=z Azdo IHF
W7y F7rd wet Ae] Alztel 78 4F
ot Fig. 108 ZEetznl LALZ"H S AlHe] o
g AsMATIE HAE FEInA Mg
o] AlHe g JPFEITHEFY dEZHAA
& RogFa drh o] g F47 £44
£¢9 interdendritic boundaryel A o] =
g1 ALS ¢ 5 Uvh o] 2A=2 ¥H ¥
Aol AL 4323 4+ Aol Interdendritic
structure= interdendritic boundaryel] ¥ HA
(coring)ol &t 3l= Cr-Mo rich phase7t &4
goh.'® axae A4dgdez Cr, Mo 12 A9
o] H7| wgel Zuld FAE dod|A FHol
oA o] HA Fhg HFH Fygeo] "y F
gtznt LARA] 71 F A LAET] B G S
2 A AEFo] FHH=, 1508
1A g&d FESA, 2ER =2 §3%E
g, 4F AsEFo] &4 4o FAHA



Fetzol G4 4@ ey 24 2dda s 2939 AW APE oM S40 v FAHE 9 400

(c)

(b)

(d)

Fig. 9. Cross-sectional microstructure of porous 260.m thick coating with post heat treatment time. (a) as

sprayed, (b) 5min, (c) 30min, (d) 2hr.
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Fig. 10. Cross-sectional microstructure of porous
100m thick coating. (a) as sprayed, (b) after
APT.
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Fig. 11. Anodic polarization curves of 100m thick

coating and super stainless steel in deaerated

Hank’s solution at 37 °C.
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