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Abstract

The paper discusses the effects of glmv-discharge assisted nitriding of
3H13 (X30Crl3 PN-EN 10088-1:1998)est carried out under various
conditions upon the microstructure, chemical composition, phase composition
and topography of the steel surface. Mogrpthis paper presents also how this
process improves the performance properties of the steel, such as its corrosion
and frictional wear resistance. The prdsexperiments were intended to be the
initial stage of the study aimed at deping the fundamentals of new hybrid
technologies of composite surface layers, based on a combination of glow
discharge nitriding with ion implantation, lon Beam Assisted Deposition
(IBAD) and Pulsed Laser Deposition (PLD).

Introduction

The basic group of metallic materials commonly used for fabricating
medical instruments comprises corrosiesistant steels, e.g. martensitic
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chromium steels [1]. The properties oédle steels can be effectively modified
by heat treatments and also by glowgatiarge assisted nitriding and what is
known as hybrid techniques, i.e.opesses that combine glow discharge
nitriding with various surface enginéey techniques [2-5]. These techniques
permit increasing the hardness of theebtand improving its resistance to
corrosion and frictional wear, thereby inasing the reliability and stability of
the medical instruments made of théseel. The paper describes how the
structure and performance propertiesstsas the resistance to corrosion and
frictional wear, of 3H13 steel are affectbg glow discharge nitriding, with
special attention paid to the possibildaf modifying the phase composition and
topography of the surface of the thus prostlinitrided layers by controlling the
nitriding process parameters.

1. Experimental methods

Samples made of 3H13 ste@@.3%C, 0.49%Si,0.66%Mn, 12.26%Cr,
0.018%P, 0.025%S) were subjected to nitriding under glow discharge
conditions at tempatures of 480 and 530.

The microstructure of the samples was examined in an Olimpus 1X70
optical microscope and a Hitachi S-35008&anning electron microscope. The
metallographic cross-sections werehetd with a Mi-19Fe etchant (3g FeCl
10cnt HCI, 90cni C,Hs0OH). The chemical composition was examined on
sample cross-sections using the EDS method, whereas the phase composition
was examined in a Brucker D8 Discover X-ray diffractometer using,@ol
CoK, radiations. The corrosion resistaneas measured by the potentiodynamic
method (Atlas-Sollich measuring set) in an aqueous 0.5M NaCl solution, by
polarizing the samples over the potential range from -1000mV to +2000mV (at a
potential variation rate of 10mV/s,ithin the corrosion potential region). The
potential was measured with respecttihe potential of a saturated calomel
electrode (SCE). Prior to the measuretéme samples were immersed in an
aqueous 0.5M NaCl solution for 24 hourddbthe corrosion potential stabilize.
The microhardness was measureithwa Zwick Materialpriifung 3212002
hardness-meter. The frictional wear resistance was examined by the ‘three
rollers + taper’ method using a T-04 device at a unit load of 200MPa, according
to the PN-83/H-04302 Standard. The surface roughness was measured with a
Form Talysurf Series 2 Taylor-Hobson scanning profilometer.

2. Results

Fig. 1 shows the microstructure and appearance of the surface of the
nitrided layers produced on 3H13 dteey glow discharge nitriding at
temperatures of 480 and 580
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The layers nitrided at a temperature of 4Bare about 11 pm thick and
their surface hardness is 1120 HVO0.05. The layers produced &t %86
thicker, with a thickness of about 20um, and have a higher microhardness of
1220 HV0.05. The microhardness of #tarting material was 350 HV0.05.

Table 1 compares the surface roughness parameters of the samples in the
starting state and after glow disrge assisted nitriding at 480and 536C,
measured in the center and at the edge of the samples.

Fig. 2 shows the linear distribution ofeatents in the nitrided layer. In the
sample subjected to nitriding at the temperature of°@8Q@he nitrogen
concentration persists at a constant level (about 4.8 wt.%) down to 13 pm from
the sample surface. In the samples nitrided afG30itrogen diffuses much
deeper, namely to a depth of about 86 The maximum nitrogen concentration
(about 4.23 wt.%) occurs at a depth of about 11um. Then it slightly decreases
with depth to become very small @bout 81um, and further down at 86um, it
reaches a value close to that in the starting condition.

Fig. 1. Microstructure of the layers produced on 3H13 steel by glow discharge nitriding: (a) at
480°C and (b) at 53T, and the surface appearance of these layers:qduged at 48T
and (d) produced at 530



56 MAINTENANCE PROBLEMS 2-2006

Table 1. Stereometric parameters characterizing the sud@ography of 3H13 steel in the
starting condition and after glow discharge assisted nitriding carried out at temperatures
of 480°C and 556C

Starti Nitriding at 480°C Nitriding at 530°C
tarting Sample Sample edge | Sample center| Sample edge
Parameter state [um] P P 9 P P 9
center [pm] [um] [um] [um]
R. 0,109 0,209 0,183 0,294 0,364
Ry 0,144 0,294 0,286 0,395 0,585
R, 1,07 2,84 4,04 2,55 4,46
R, 0,914 2,17 2,37 1,32 2,65
Ry 1,99 5,01 6,41 3,87 7,1
R, 1,66 3,9 4,61 3,76 6,25

R, - arithmetic mean deviation of the roughness profilg, $uare mean deviation of the
roughness profile, R- maximum height of the roughness profile, Rmaximum depth of the
roughness profile, )R- maximum distance between the lowest and the highest points of the
roughness profile (R= R+R,), R, -means the difference between the five highest points and 5
deepest points of the roughness profile (in accord with428Y/11984)

The phase composition of the nitrided layer produced afC48@as
examined by performing the standgutlase analysis in the Bragg-Brentano
geometry [7], which however only gives an approximate image of the surface
layer. The two images obtained by using Gu&diation (to a depth of 4um) and
CoK, radiation (to 23 pum) differ only slightly from one another, and in both the
broad (diffused) maxima cadre attributed to CrN andFeN phases (Fig. 3).

A detailed phase analysis of the surféayeer (to a depth of about 2pum) was
made using the parallel beam geometry, with the beam striking the surface at
various angles (3 to 211 This method gave diffraction images that informed us
about the phase composition down to a depth of 0.5 to 2 um (Fig. 4). The
strongest reflexes due to the CrMNFeN, (-FeN phases and to the over-
saturated Fe(N) solution partially overlapd are partially shifted with respect
to one another depending on the phasepasition. Therefore, at depths from 2
to 12 um the layer seems to be a migtof these phases with various nitrogen
concentrations.

In order to reveal the structure of the layer, its phase composition was
examined at every 7 um of the depth by grinding gradually away at the sample
surface. After each grinding, the Bragg-Brentano image obtained with CoK
(Fig. 6) radiation was recorded (Fig. 5). The analysis was performed at various
angles and indicated that the nitroged kd#fused to a depth of 33 um and that
the basic phase present in the layer waisgen-oversaturated martensite with a
strong tetragonal deformation agdresN type nitride precipitates visibly within
it (Fig. 7). To verify this hypdtesis further studies are required.



2-2006

MAINTENANCE P

ROBLEMS

57

Fig. 2. Distribution of elements (iron, chromium and nitrogen) in the nitrided layers produced on
3H13 steel by glow discharge assisted nitriding at temperatures W 4&80and 53%C (b)
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Fig. 3. Diffraction of 3 patterns (Cykand Cok, radiation) of the sample surface nitrided at480
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Fig. 4. Phase composition of the surface layer of a sample nitrided °& 48@& function of the
distance from the layer surface (Guiadiation incident at angle)

The layer produced by glow discharagsisted nitriding at a temperature
of 53°C is composed of-FeN, y-FeN and CrN type nitrides. The-FeN
phase is found on the surface, whereas the CrN phase is placed slightly deeper.
They-FeN phase is distributed uniformly withthe entire volume of the layer.
At a depth of 2 pum we can see martensite (Fig. 8).
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. 5. Diffraction patterns obtained for a nitrided layer produced at 480°C afteessive
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Fig. 6. Structural changes in the layer nitrided at a temperature 8€ 480a function of the

distance from the layer surface
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Fig. 7. Changes in the structure of the nitrided layer produced &€ 48Bible over its cross-
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Fig. 8. Diffraction patterns (CuKand CoK, radiations) of the surface layer nitrided at %30
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Fig. 9. Phase composition of the surface layer of a sample nitrided ‘@ &8 function of the
distance down from the layer surface; images obtained with, @utk Cok, radiation

Glow discharge assisted nitridim@rried out at a temperature of 480did
not decrease the good corrosion resistanf 3H13 steel; whereas, the process
conducted at 53C slightly decreased the corrosion resistance (Fig. 10, 11).
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Fig. 10. Polarization curves of 3H13 steel in the starting condition and after nitriding at
temperatures of 48Q and 536C
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When comparing the results of the caiom measurements of the steel samples
nitrided at the two different temperadst we can see that the corrosion current
densities differ only slightly, but the typ# corrosion is different: the samples
nitrided at 488C undergo uniform corrosion, whesrs those nitrided at 53D
undergo pitting corrosion (Fig. 11). The frictional wear resistance, on the other
hand, increases significantly (Fig. 12): the sample of the starting material is

Fig. 11. Appearance of the surface of 3H13 steel after corrosion measurements: a) starting
condition, b) after nitriding at 48C and c) after nitriding at 53G
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Fig. 12. Linear wear of 3H13 steel in the starting state and after nitriding 4@ 480 536C as
a function of friction time; measured under a unit load of 200 MPa
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seized as early as after 10 min of testing, whereas the nitrided samples
(irrespectively of whether nitrided at 48Dor at 536C) show little linear wear

even after 100 min of the test. The linear wear measured in the samples nitrided
at 480C was about 5.5 pm, and in those nitrided af630was about 4.69 um

after 100 minutes of the test.

Conclusions

Glow discharge assisted nitriding chromium steel permits modifying
precisely their surface topography, phacomposition, chemical composition
and microstructure so as to prepare #teel surface for producing thin (even
less than 1 um thick) coatings ofi$j, CrN, c-BN or DLC type with specific
performance properties, tailored to sekpected applications, and with good
adherence to the substrate. In this wiawill be possible to take advantage of
the synergic effects of the surface treatments applied, such as glow discharge
assisted nitriding combined with lon Beam Assisted Deposition (IBAD), ion
implantation and Pulsed Laser Deposit{ehD) [2, 6] to optimize the corrosion
resistance, frictional wear resistanaad datigue strength of chromium steels
intended for the fabrication of medidaktruments and other precision products
and tools.
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Azotowanie jarzeniowestali chromowych

Stowa kluczowe

Azotowanie jarzeniowe, stal X30Crl13, sgawy azotowane, siktura, korozja,
zwycie.

Streszczenie

W artykule przedstawionaptyw warunkéw azotowania jarzeniowego stali
3H13 (X30Cr13 PN-EN 10088-1:1998) na mikrostrugtuskiad chemiczny
i fazowy, topografi powierzchni, a tale wiaciwosci uzytkowe, takie jak:
odporndg¢ na korozg i zuzycie przez tarcie. Praca stanowi pierwszy etap ibbada
ukierunkowanych na opracowaniepodstaw technologii hybrydowych
wytwarzania kompozytowychwarstw powierzchniowych atzacych proces
azotowania jarzeniowego z metodamplantacji jonéw, IBAD oraz PLD.



