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ABSTRACT

High temperature gas nitriding (HTGN) for austenitic stainless steel 316LVM is successfully done. Specimens are
treated at temperature 1323, 1373 and 1573 K for 15 minutes holding time at 0.3 atm nitrogen gas pressures. As
received and treated specimens were evaluated by means vickers micro hardness test, metallographic examination,
abrasive wear test, corrosion test and vibrating sample magnetometer test. Hardness, wear resistance and grain size
increase with temperature. However, the corrosion resistance at ringer solution decreases with temperature. HTGN
treatments at 1323 K for 15 minute holding time are able to improve the hardness, wear resistance, corrosion
resistance and increase the non-magnetic stability of 316LVM.

Keywords: short HTGN, 316LVM, hardness, wear hon-magneucrosion resistance

INTRODUCTION

Stainless steel 316LVM is austenitic stainless|die&t has been processed by vacuum melting. Theosion

resistance significantly enhance compared to iedgeressor 316L due to the excellent micro cleasdirend
structural homogeneity [1, 2]. This stainless siseduitable for the production of both temporamg germanent
implants. As other metallic biomaterials, 316LVMri®re susceptible to corrosion under body fluid parad to
the titanium and titanium alloy. Stainless steepliamnts are corroded by several ways such as pittireyice and
fretting corrosion [3, 4]. The corrosion producte aetrimental to the body and cause such as gll@mgation,

inflammation and infection [5].

Various techniques have been developed to enhasamirosion resistance and mechanical propertiel as

surface treatment and modification of its chememahpositions. The well-known surface treatments @mmonly

applies are surface passivation, sandblastingspastering, nitriding, carbonitriding. Surface gaation is only

able to improve its corrosion resistance [6, 7hdddasting is able to enhance its hardness butceeids corrosion
resistance [8, 9]. Nitriding and carbonitriding atde to improve both its corrosion resistance laadiness due to
the formation of thin layer about few micrometerSsphase/expanded austenite phase [10, 11].

The expanded austenite phase generates the weakbynfignetic properties, because this phase isnfiagnetic
[12, 13]. The presence of ferromagnetic should v@ded due the requirement of magnetic resonanegimg
(MRI) environments. Because the MRI is widely usedclinical imaging tools, metallic biomaterialsoghd have
stable non-magnetic properties due to the MRI gafet! compatibility issues [14]. In the past, inmiland medical
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devices from austenitic stainless steel meet thesyd®em below the 1.5 Tesla (T), but the newestdyiem -3.0
T and above- their MR compatibility decrease [16, 1

Another promising technique which able to improthes mechanical properties, corrosion resistanceaanitls the
magnetic phase is high temperature gas nitriding@N) [17]. HTGN is thermo chemical treatments whamid

nitrogen by diffusion mechanism. The principle @se is holding the stainless steel at tempera®28 + 1573 K
in the nitrogen gas atmosphere prior quenching. [l8fogen is well known as addition elements tingbrove the

mechanical properties, corrosion resistance andemwites stabilizer elements for stainless steel [209]. The

properties obtained after treatments depends onatheunts of nitrogen. The increasing nitrogen autstds

controlled by chemical composition of stainlesektbeating temperature, holding time and nitrogas pressure
[21, 22]. Although HTGN have been carried out farigus series of stainless steel [23-25], but tiueliss of

HTGN for 316LVM are limited. This paper discusske effect of short holding time of HTGN treatmeonts the

hardness, wear resistance, corrosion resistancmagdetism properties of 316LVM.

EXPERIMENTAL SECTION

Specimens were prepared from 4 mm thick plate efemitic stainless steel 316LVM. The chemical cosijjans
of the specimens (%wt) are 0.01 C, 17.30 Cr, 15,9 N3 Mo, 1.67 Mn, 0.42 Si and Fe (balance). 8pens were
rinsed using ultrasonic cleaner in acetone as sgakiedium prior HTGN treatments. Specimens wererted to
the furnace tube then vacuumed to 10 Pa for 15 tmiand flushed using nitrogen gas at 1000 ml/mirLominute
prior heated. Nitrogen gas flowed continuously @ Inl/min until treatment temperatures achieve. fhatment
temperatures were chosen at 1323, 1373 and 15D8itihg treatments, the nitrogen gas pressure magdaat 0.3
atm for 15 minute holding time prior quenching iater. HTGN treatments was carried out at modiffeed zone
heating chamber of vertical furnace (Carbolite ty@& 15/50/610) which equipped with a precisionitdigpressure
controller as shown schematically at Figure 1.
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Fig. 1. Schematic of modified vertical furnace

As received and treated specimens were gently hmmlisn order to remove the scale using metal pgbisbr
hardness, wear resistance and corrosion resistasteThe Vickers micro hardness test was carrigdab cross
sectional specimens at sub surface till a distafid®00um at Buehler micro hardness tester. The applyiad for
micro hardness test was 300 gr. The wear test wdsrmed at the surface of specimens using Ogdghi $peed
universal wear testing machine type OAT-U. The suwes load and abrasion distance was 12.72 kg &8 7.
respectively. The corrosion resistance test wasechout at polarizations resistance corrosionnages in ringer
solution as corrosion medium at temperature 310 K.
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The specimens were cut, mounted, grinded, polishatl etched using 5% FeCsolution prior micrographic
examination with light optical microscope. The exaation of micro structure was focused for the atioh of
grain size. The average grain size was calculagaddans an image analysis software Image-J velsibh

Magnetism property was carried out at Oxford typghlvibrating sample magnetometer (VSM). As-recegtiged
treated specimens were made in to powder usingsfmed saw prior VSM test. The powder was exposebeto
magnetic field from -1T to 1T and magnetic momemés recorded. The results of VSM test were hysiemsve
of magnetic field (T) versus magnetic moments (emu)

RESULTSAND DISCUSSION

The evolution of the micro structure of as receiweul treated specimens depicted in Fig. 2. As vedemicro
structure show the very fine grain which has avergmain size 1um. Figure 3 show the effect of treatment
temperatures on the grain size of the specimers gidin size is increase with temperature. Althotinghgrain size
of treated specimen at treatment temperatures K32dightly increase, but treated specimens at rmeats
temperature 1373 and 1573 K the grain size incréltse grain size of treated specimens at 1573 s times
than as-received specimens. The grain size incsegile temperature.

a. as-received b. 1323K
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Fig. 2. Microstructure of specimens316LVM
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Fig. 3. The evolution of grain size

30



Raden Soekrisno et al J. Chem. Pharm. Res., 2015, 7(12):28-34

The distribution of micro hardness across the spewiafter treatments is shown in Figure 4. The rhesd also
increases with temperature. The surface hardneal tofated specimens increases significantly camexb to the as
received. The distributions of hardness for alhtieel specimens show that the hardness at surfaceades sharply
until 400 um of depth. The rest are the same as the recepedinsens. It indicates that nitrogen atoms from
dissociation of nitrogen gas molecules at abovetrature 1323 K immediately diffuse into surface lbelow the
surface the diffusion process is slowly.
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Fig. 4. Hardness distribution of asreceived and treated specimens

The results of abrasive wear test are plotted hegetith hardness at the surface as shown at figh& magnitude
of specific wear (Ws) of as received specimensa9 éhm2/kg and treated specimens are 0.28, 0.D.didmni/kg
for treatments temperature 1323, 1373 and 1573leactively. The magnitude of Ws is decline as thelhess at
the surface increase. The magnitude of Ws decreshseply at treatment temperature 1373 and 1578iAdicates
that treated specimens are more wear resistanceatheeceived.
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Fig. 5. Specific wear and hardness at the surface

The polarization curve of specimens before and afeatments is shown in fig. 6. Theg,fof treated specimens
increase while the.J,; decrease compared to the as-received specimeandidates that the corrosion resistance of
treated specimens increases. Table 1 summarizestiasion rates at ringer solution. Corrosion ratgeases with
treatment temperatures. The corrosion rate of @sivied specimens is 1.3 x ifpy. After HTGN treatments the
corrosion rate is 2 x 19 8 x 10* and 1.1 x 18 mpy. for treatments temperature at 1323 K, 137 8573 K
respectively. HTGN at treatment temperatures 10%hd 1108C significantly enhance the corrosion resistance of
AISI 316 LVM. Corrosion rate of treated specimend%/3 K is the same of as received specimens.
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Fig. 6. Polarization curve. 1. asreceived, 2. 1323 K, 3. 1373K & 4. 1573K

Table 1. Corrosion resistance Al SI316LVM in ringer solution medium

No Specimens & (mV) Corrosion rate (mpy)

1  Asreceived -33.43 0.0013

2 1323 K -39.11 0.0002

3 1373k 17.1 0.000¢

4 1573K 7.32 0.0011
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Fig. 7. Magnetization curve of specimens

Table 3. Magnetic properties obtained from VSM test

As-received | Treated at 1323K For 15 minues
M; | 0,78 emu/gr 0,431 emu/gr
M; | 0,16 emu/gr 0,079 emu/gr
H. | 9,92x10% Oe 8,17 x1(* Oe
K 0,0006 0,0002
Hr 1,0006 1,0002

Fig. 7 shows the magnetization curve of as-recei@ed treated specimens at temperature 1323 K. Magne
moments of treated specimens reduce about a halpaeed to as-received specimens. Table 2 showsdigaetic
properties obtained from hysteresis curve namelgnatc saturationHs), magnetic remanencdi(), coercivity
(Hc), magnetic susceptibilityf and relative permeability,(). The magnitude of relative permeabilipy)(both as-
received and treated at 1323K is less than 1.08#%ishmaximunmy, requirement for MR safe and compatibe. It
indicates that the treated specimen has more staisianagnetic properties than as received onethdrview of
MR environment, metallic biomaterial should have paly biocompatible but also MR safe and compatibl

32



Raden Soekrisno et al J. Chem. Pharm. Res., 2015, 7(12):28-34

Metallic biomaterials should have stable non magnabperties. Fig. 7 show that HTGN treatmentlsable to
enhance the stability of the non-magnetic propertie

The changes in grain size during heat treatmengsraton heating temperature, holding temperatwledagree of
cold work. The grains start to grow above recryigition temperature (d). The T is about a half of melting
point of metals in Kelvin. Austenitic stainlessedtbas melting points around 1673 K, thus it hgsafound 835 K
[26].

In this study, HTGN treatments are carried out atemperature . and heating rate 1R/min. The treated
specimens are exposed to the temperature abyéi 60, 65 and 75 minutes for treatments tempezali323,
1373 and 1573 K respectively. The different tempeeaand exposing time abovecfor treatment temperatures at
1323 and 1573 K are only 150 K and 15 minutes &gy, but the grain size changes from fine iot@arse grain.
It indicates that grain growth is strongly influedichy treatment temperature.

Treated specimens at 1573 K actually is exposedtéonperature above nitrogen gas molecules stdissociation
and diffuse 15 minutes longer than treated specnar323 K due to heating rate is controlled aKAfin. It
produces the highest nitrogen concentrations astinace which results in highest hardness. Dedipiegrain size
of specimens are different, hardness at sectioneay@0um are the same. It indicates that increasing adress is
solely influenced by increasing of nitrogen concatibns. Thus HTGN treatments for 15 minutes hadiime
produce 400um diffusion depths which deeper than another comsunfiace treatments such as nitriding and
carbonitriding at the same holding time.

Wear resistance is expressed by specifics abrasan (Ws) in mrftkg. Ws is proportional constant expressing the
abrasion characteristic of material that is conteith a specific abrasive materials. Ws for the samandition test
such as pressure loads, distance to abrasion, speddasion test and temperature can be usedngsacative wear
resistance of tested materials.

At common polycrystalline metals, increasing grsire reduce the wear resistance due to the redtschdrdness
[27]. Despite treated specimens at 1573 K showelgrmgin size, the wear resistance increase. Itbeaconcluded
that wear resistance is only influenced by the hesd of specimens. The wear test shows that tha\HT&atment
is also able to increase wear resistant. Weartaesis increase with temperature as indicate withiedese in Ws.
This is in accordance with hardness of specimens.

The increasing hardness due to the increasingtafgein contents is also improving the corrosionistasce. The
corrosion resistance of austenitic stainless steeklates with the magnitude of pitting resisteqtiivalent number
(PREN). PREN has formula %Cr + 3.3%Mo + (20-30)%Nhows from PREN formulae, the nitrogen atomsemor
effective to enhance the corrosion resistance ahlsiss steel. In this study, hardness increask tséatments
temperature, but corrosion resistance decreasecdmesion resistance is also increase with grizie [28]. Larger
grain size tends to be more corrosion resistance.

The contradictive results may explain by the fdwttnitrogen is able to improve the corrosion tasises of
stainless steel unless it does not form compoundl as nitride. The nitrogen atom is easily diffadeng grain
boundary due the large vacancy. The metallic mtsdich as (Fe, Cr, Mo)N is also possible to forngrain
boundary. It reduces the free chromium which preduexide layer that acts as surface passivatioa.difference
free Cr contents in the grain and along grain bampgroduces chromium depleted zone. It acts agaggl
corrosion couple which is susceptible to corrosibhe same phenomenon is also obtained at previody $or
austenitic stainless steel 316L [29].

CONCLUSION
HTGN at short holding time enhance the hardnessr wesistance, corrosion resistance and stabdizaif non-
magnetic properties of austenitic stainless st&6L¥M. The treatments temperature 1323 K is ablerorove the

properties of 316LVM without produce the excesgvain coarsening. Therefore treated specimen a K3Bas
more not only biocompatible but also more MR sagetgl compatibility than as-received.
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