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Described technology o f  stainless steel duplex surface treatment is based on the plasma nitriding o f 
the component in micropulse plasma and subsequent coating by Ni and composite Ni/diamond film. 
The form ed duplex coating is characterized by very good mechanical properties, e.g., an excellent 
abrasion resistance, a low friction coefficient and a high hardness.

K e y w o rd s : plasm a nitriding o f  stainless steel, chem ical com position, structure, properties.

E xp erim en ta l. D uplex coating technology is based on com bination o f  both plasm a 
surface treatment (ion nitriding) and subsequent deposition o f  thin film  [1, 2]. In this case, 
the plasm a nitrided layer w as either electroplated by  n ickel film  or electroplated by  
com posite N i/diam ond film  (Watts bath) containing codeposited diam ond particles w ith  
average particle size o f  0.5 fxm in diameter. Thickness o f  electroplated film s reached units 
o f  micrometers. Steel X 12C rN i 18 8 (1 .4300) w id ely  used  in  food-processing industry and 
in m edicine for surgical instruments w as applied for experiment. Chem ical com position  
according to D IN  standard, measured by  G D O ES m ethod and verified for selected  
chem ical elem ents b y  EDS m ethod is presented in  Table 1. Plasm a nitriding process was 
carried out on the P N  60/60 equipm ent according to parameters g iven  in Table 2. For 
experim ent tw o sam ples were used. Parameters o f  subsequent coating process are listed in 
Table 3.

T a b l e  1
Chemical Composition of Stainless Steel X l2C rN i lS  S

Method Chemical Composition (wt.%)

C Mn Si Cr Ni P S Al

DIN standard S  0.12 S  2.00 S  1.00 17-19 8-10 S  0.045 S  0.030 -

GDOES/Bulk 0.045 1.78 0.45 18.6 8.60 0.027 0.002 -

EDS - - 0.58 18.9 8.45 - - 0.39

Notes: Parameters of GDOES/Bulk analysis: U  =  1002 V, I  =  34.9 mA, pAr =  450 Pa. Parameters 
o f EDS analysis: U  =  30 kV, M  =  X250, I  =  134 pA, WD =  21.20 mm.

C hem ical com position o f  substrate alloy w as m easured by  G D O E S/Bulk m ethod  
(S A  2000  spectrometer) and by  EDS m ethod (Noran system  Six), depth profiles w as 
evaluated by  G D O E S/Q D P and EDS m ethods. Calibration o f  nitrogen: JK 41-1N  and 
N S C 4A  standards. M icrostructure and surface m orphology w as evaluated by  electron and 
light m icroscopy (Vega TS 5135 electron m icroscope and N eophot 32 light m icroscope), 
respectively. Surface structure w as tested by  the 3D  topography m ethod (TALYSURF CLI 
1000) w ith  confocal gauge CLA before and after treatment. Layer thickness and m icro
hardness were m easured by  indentation m ethod (M 400 microhardness tester). From  
microhardness behavior the layer depth in accordance w ith D IN  50 190 standard as N ht
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T a b l e  2
Parameters o f Plasma Nitriding Process

Parameter Plasma cleaning Plasma nitriding 
(sample 3.4)

Plasma nitriding 
(sample 3.2)

Temperature (°C) 520 450 550

Time/Duration (min, h) 30 min 8 h 8 h

Flow H2 (l/min) 20 8 8

Flow N 2 (l/min) 2 32 32

Flow CH4 (l/h) 0 1.5 1.5

Voltage (V) 800 530 530

Pulse length ( ms) 100 100 100

Pressure (Pa) 80 280 280

T a b l e  3
Parameters of Subsequent Coating Process

Coating Temperature (°C)/ 
Duration (min)

Current density 
(mA/cm2)

Diamond particles 
(wt.%)

Nickel 60/5 10-15 -

Nickel/diamond 60/5 10-15 6-10

parameter w as determined. Other properties (adhesion, corrosion resistance) were evaluated, 
too. R elations among chem ical com position, structure and diffusion layer properties were 
briefly discussed.

R esu lts and  D iscu ssion . D epth profiles o f  plasm a nitrided layers (Figs. 1 and 2) for 
both carbon and nitrogen are in  good  agreem ent w ith the proposed plasm a treatment 
regim es. Carbon and nitrogen contents decrease along the layer depth (from surface to 
substrate). A s for carbon concentration there is loca l m axim um  ten m icrom eters from the 
surface. E xistence o f  this m axim um  w as verified  by  microstructure evaluation, too.
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Fig. 1. Chemical composition (sample З.4).
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Fig. 2. Chemical composition (sample 3.2).
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A  very sharp interface betw een substrate material and plasma nitrided layer was found 
out (Figs. 3 and 4). T hickness/depth o f  plasm a nitrided layer w as evaluated by  w ay  o f  
microhardness behavior m easurem ent in  com pliance w ith D IN  50 190 standard. Attained  
N ht value is N ht 270  H V  0.05 =  0.08 m m  (Fig. 4). This result is in  conform ity with  
spectrometric and metalographic measuring and evaluation. The highest value o f  measured  
microhardness w as observed for plasm a nitrided layer o f  sam ple 3.2 and reached 1578 
H V  0.05.

Fig. 3 Fig. 4

Fig. 3. Microstructure o f sample 3.2 (Vilella Bain).
Fig. 4. Microhardness behavior o f sample 3.2 (determination of layer depth).

Results o f  surface m orphology o f  N i/diam ond coating evaluation, indentation adhesion 
test o f  plasm a nitrided layer (is equal to H F 1-H F 2) and C alotest o f  N i coating, 
respectively, are in  F igs. 5 -7 .
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Fig. 5. Surface morphology of Ni/diamond composite.
Fig. 6. Indentation adhesion test (plasma nitrided layer).
Fig. 7. Result o f thickness measurement -  Calotest.

Qualitative and quantitative results o f  3D  surface topography m easurem ents are 
show n in Figs. 8 and 9. The m ost important parameters o f  surface structure are presented  
at the sam e time.

C on clusions. Plasm a nitrided layer on the steel X 12C rN i 18 8 surface at two  
different temperatures with subsequently deposited N i based film s was carried out. The 
focus w as on the relations betw een chem ical com position, structure and properties o f  the 
form ed coatings. It fo llow s from GDO ES m easurem ents that a variable com position depth 
profile can be fabricated. The highest value o f  m icrohardness 1578 H V  0.05 w as observed  
for plasm a nitrided layer (550°C /8 h). To restore surface corrosion resistance, tw o types o f
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Fig. 8. 3D surface topography (sample 3.2, plasma nitriding 550°C/8 h): Pa =  0.345 i m ; Pq = 
0.452 im ; Pt =  2.83 im ; Ra =  0.358 im ; Rq =  0.47 im ; Rt =  2.73 im ; Wa =  0.043 im ; 
Wq =  0.0512 im ; Wt =  0.168 im .
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Fig. 9. 3D surface topography (sample 3.4, plasma nitriding 450°C/8 h): Pa =  0.373 im ; Pq =
0 .469 .im ; Pt =  2.93 im ; Ra =  0.375 im ; Rq =  0.477 im ; Rt =  2.75 im ; Wa =  0.0265 im ; 
Wq =  0.0298 im ; Wt =  0.114 im .

h igh ly  adhesive electrolytic nickel-based thin film s w ith thickness in units o f  micrometers 
w ere subsequently deposited. These thin film s im prove not on ly  corrosion resistance, final 
surface structure and surface m echanical properties, but also perfect the appearance o f  
treated surface.
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