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ABSTRACT

Recently, biocompatibility is not only concern to the metallic biomaterial, but also MRI safety and compatible,
should be considered. If the corrosion resistance may be used as the biocompatibility requirements, MRI safety and
compatibility need a stable non-magnetic metallic biomaterial. The improvements of austenitic stainless steel 316L
and 316LVM by low temperature nitriding results weakly magnetic properties which lead to MRI unsafe and
incompatible due to the formation of M-nitride. High temperature gas nitriding promises for enhancing corrosion
resistance without generate M-nitride. HTGN treatments for 316L and 316LVM are successfully done at
temperature 1050 °C and 15 minutes holding time. Polarization test by vibrating sample magnetometer (VSM) and
XR diffraction confirm that the HTGN treatments able to improve corrosion resistance and enhance the non-
magnetic properties of both 316L and 316LVM.
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INTRODUCTION

Austenitic stainless steel 316L and 316LVM are ooEsnetallic biomaterial that widely used as imptaand
medical devices. They have high corrosion restgtasnd good mechanical properties. Corrosion eagist of
metallic biomaterials can be used as the paranwdténeir biocompatibility. High corrosion resistanés more
biocompatible. However, in the corrosive body fladiums, lack of oxygen and high load such as biccagion
the corrosion resistance of 316L and 316LVM de@e&orrosion products cause any adverse effedtsetdbody

1.

Various surface treatments such as gas nitridioig, implantation, and plasma nitriding have beercassfully
applied to enhance their corrosion resistance. & liemtments usually have been conducted at lowdeature or
below the austenite temperature. Low temperaturalinig produces thin layer of expanded austeriitasp which
improve their hardness and corrosion resistants €kpanded austenite phase is ferromagnetic [Eusihermore
this phase cause weakly ferromagnetic propertiedtafie austenitic stainless steel.

Recently, increasing of corrosion resistance isamy concern for improvement of metallic biomaaédbut also
stable non-magnetic properties. The developmentnetagresonance imaging (MRI) as clinical imaginglé
needs metallic biomaterial that has stable non-migrproperties. The principal issues for MR safeiyd
compatibility are magnetically induced displacemseand torque, radio frequency (RF) heating and aretjfact
[4]. Implanted and medical devices from austerstainless steel meet the MRI safety and compatibilithe up to
1.5T systems. However the developments of new BI&Tsystem cause their MR compatibility being deseepp,
6].

The improvement of corrosion resistance of austestainless steel by low temperature nitriding ebhproduce
expanded austenite phase should be avoided dhe tdR safety and compatibility issues. Another radtiwhich
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promises the improvement of corrosion resistancaustenitic stainless steel without produce expdralestenite
phase or another ferromagnetic phase such as (F&dN is high temperature gas nitriding (HTGN].[HTGN
treatment is thermo chemical process which abldiffose the nitrogen atom into stainless steel.ddass and
corrosion resistance significantly improve by tiéatment.

The early work for elimination the magnetic propestusing HTGN treatment has developed. Weakly m@gn
properties of free nickel high nitrogen austenitiginless steel due the present of delta ferritebeaeliminated by
HTGN treatments [8]. Although HTGN treatment foaistess steel has been investigate by many reszarfh 9,
10] but the effect of HTGN treatments on the maigne¢havior of 316L and 316LVM not yet investigatior his
papers deal with the effect of HTGN treatment aabrrosion and magnetic properties of 316L and M

EXPERIMENTAL SECTION

Specimens were prepared from 316L and 316LVM plEte. chemical compositions of the specimens are/stio

table 1. Specimens were rinsed using ultrasonianelein acetone as soaking medium prior HTGN treatmin

order to remove oil and debris. HTGN treatmentsenearried out at modified three zone heating chanolbe
vertical furnace (Carbolite® type TZF 15/50/610h€eTfurnace equipped with a precision digital pressontroller
in order to maintain the pressure in the tube dutmeatments. Fig. 1 shows the HTGN furnace that wduring

treatments.

Table 1. Chemical composition of specimens (%wt)

C Cr Ni Mo Mn Si Fe
316L 0.01 155 11.8 1.24 1.23 0.47 balance
316LVM 0.01 17.3 155 1.73 1.67 0.42 Dbalance

Specimens were inserted to the furnace tube, vaedum 10 Pa for 15 minute then flushed using nérogas at
1000 mi/min for 15 minute prior heated. Nitrogensgiowed continuously at 100 ml/min until treatment
temperatures achieved. During process, the presssice the furnace tube maintained at 0,3atm. tEhgperature
treatment was chosen at 10%Dand holding time for 15 minutes. This temperatamd holding time were selected
as optimum process variables resulted from previexigeriments [11]. After heating process, specimers
quenched in the water.
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Fig. 1. Modified three zone Carbolit€ furnace for HTGN treatments

As received and treated specimens were cut andinggtlo produce 1.4 mm disc. The discs were gexdlished

in order to remove the scale using metal polistesehdiscs produced 1 Emrea in the corrosion test. The discs
were rinsed by acetone prior corrosion test. Theos@mn test was carried out at the surface of dising
polarizations resistance corrosion techniquesriget solution as corrosion medium at temperatuf€ 3For the
first running test, the initial potential test afirthl was selected -20mV vs.& and +20mV vs SCE respectively and
the potential scan rate was 0.1mV. Each specinsaddor three times to determinggl!

Magnetic properties were evaluated using vibratsample magnetometer (VSM). As received and treated

specimens processed in to powder using low spesdosfore test. VSM test conducted by means expadiare
powder in the magnetic field from -1 to 1 T. Magoehoment (emu) recorded during VSM test.

1035



Soekrisno Raderet al J. Chem. Pharm. Res., 2015, 7(10):1034-1038

After HTGN treatments, treated specimens 316L &l ¥M were evaluated by XRD. The XRD test conduciéd
Shimadzu type 7000s. Scan range was chosen atofd and scan speed 2degree/min. XRD spectrum compared
with crystallography open database (COD).

RESULTS AND DISCUSSION

Fig. 2 shows the polarization curve obtained framasion test. Polarization curve for treated speci both 316L
and 316LVM are shift to up and left. It indicatdwat treated specimen has more corrosion resisttiace as-
received ones. Corrosion resistance of as rec&¥6dVM is higher than as-received 316L. Howeveg, thrrosion
resistance for treated specimen of 316L is cloghdas received 316LVM. It indicates that HTGMNatreent is able
to enhance the corrosion resistance of 316L.

Table 2 show the &, and i, for as-received and treated specimens. Corro®eistance of as received 316L
increases from 0.0228mpy up to 0.0011mpy after HTi&dtment. Corrosion resistance of as received 36
increases from 0.0013 up to 0.0002mpy after treatsnd he increasing of corrosion resistance prodiligeHTGN
treatments of 316L is higher than for 316LVM. HTGNatment for 316L is more effective to increasthg
corrosion resistance than 316LVM.
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Fig. 2. Polarization curve of as-received and treat specimens
1: as-received 316L, 2: treated 316L, 3: as-received 316LVM & 4: treated 316LVM

Table 2. Potential corrosion and dor of 316L and 316LVM

Specimens B« (MV)  icon (WA/C?)  Corrosion rate (mpy)
316L As-received -218.46 0.06 0.0228
Treated -119.48 0.00040 0.0011
As-received -33.43 0.00041 0.0013
316LVM Treated -39.11 0.00006 0.0002
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Fig. 3. Magnetization curve of specimens
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Fig. 3 shows the magnetization curve from VSM téstreceived 316LVM has magnetization curve is loomee-
per-tenth compared to the as-received 316L. Itcetgis that vacuums melting not only enhance theosion
resistance but also improve the non-magnetic ptiggeof 316LVM. Fig. 3 shows that after HTGN treams, the
magnetization curve both 316L and 316LVM is lowmart as-received specimens. It indicates that HTGMNonly
increase the corrosion resistance but also impifestable non-magnetic phase.

Fig. 4 shows the XRD spectrum of the specimenkestirface after HTGN treatments. The strongest pbtained
at 43.6, 50.7 and 74.8 which indicate the austenite phase. HTGN treatsnfamnt316L and 316LVM do not change
the initial phase of that steel. The only phasectviiresent at micro structure is austenite.
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Fig. 4. XRD spectrum of treated specimens

The corrosion resistance of stainless steels magligied by pitting resistance equivalent numberERR The
magnitude of PREN only depends on the chemical ositipn of stainless steel mainly for Cr, Mo and The
corrosion resistance increase with PREN. The foamolf PREN is %Cr + 3,3x%Mo + (20 — 30)%N. The citam
composition of 316L and 316LVM is not significantljifferent. There for the magnitude of PREN is also
identically. However, the corrosion resistance tdirdess steel actually not only depends on themated
composition but also the cleanliness and homogeréitheir micro structure. Corrosion resistanceréases with
cleanliness and homogeneity.

Although the magnitude of PREN for 316L and 316L\Avhot significantly different, the corrosion redsisce of as
received 316LVM is higher than as received 316LpdB16LVM is produced by remelting 316L in the vacu
environment. The vacuum casting process producesomsiructures which increase cleanliness and hemaity
[12, 13]. Segregation and impurity are significgmdduced and lead to higher corrosion resistance.

Treated 316LVM has corrosion resistance close ¢oathtreceived 316LVM as indicate that polarizatornve is

close each other. Corrosion process do at thecgyrfhere for the increasing corrosion resistaregedds on the
chemical composition and the micro structure atdindace. HTGN treatments increase the nitrogetects: The
diffusion process starts at the surface. The rémogontents immediately increase at the surface.ifi¢reasing
nitrogen contents at the surface cause the inergasi PREN and increasing the corrosion resistaofcéhe

specimens.

Fig 4 shows that the austenite is only phase omonstructure at the surface. It indicates thatogién atoms are
interstitially solid solution in the austenite phasncreasing corrosion resistance of treated spew depends
solely on the increasing of nitrogen contents. Heavethe corrosion resistance of treated 316L aselto the as-
received and treated 316LVM. This phenomenon maylt®from improvement of cleanliness and homodgradi
treated 316L specimens. The early work to elimoratof weakly magnetic properties shows that the NTG
treatment is able to dissolve the other phasedngtenite phase [8].

Non magnetic properties of 316L and 316LVM are ltesufrom austenite phase. In the Fe-C alloys,emitet phase
is only present at high temperature. The additibaustenite stabilizer elements such as Ni, Mn ldnchuse the
austenite phase stable until room temperature. Meryéhis phase may transform into martensite piasecessive
cold working being applied. Martensite phase hemngt ferromagnetic properties. The present of maite phase
at the austenitic stainless steel change the ngnatig into weakly magnetic properties. The presdrthe other
phase in austenitic stainless steel such as Miaisuch as (Fe, Cr, Mo)N also have the same effigictmartensite
phase.
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As shown at fig. 3, the magnetization curve botated specimens for 316L and 31LVM shows reduced th
magnetic moments. It indicate that HTGN treatmettanly increase the corrosion resistance but iatgpoove the
non-magnetic properties. Although the initial phagfeboth as-received 316L and 316LVM is austenite
magnetic moment for as received 316LVM has theroode per tenth than 316L. It indicates that théL3AM has
more stable austenite phase than 316L due to ¢firehhickel contents as shown at table 2.

The magnetization curve of 316L and 316LVM reduftereHTGN treatments. As the austenite phase ithg
phase at the specimens as shown in fig. 4, theceedaf magnetization curve is caused by the inangasitrogen
contents at the specimens. Nitrogen is austengtieiliger elements, increasing the nitrogen contdewsl in to
austenite more stable.

The reduced magnetic moments is also indicatesthieai TGN treatments does not produce the formaifofire,
Cr, Mo)N which may presents due to the increadnegriitrogen contents. The increasing nitrogen adngelimited
to the solubility of austenite phase. After solitpilimit is achieved, nitrogen atom’s can not dooe to diffuse to
the stainless steel. The solubility limit of niteygcause the formation of M-nitride can not be ioieth by HTGN
treatments for austenitic stainless steel. ThetsestiXRD test confirm that after HTGN treatmerdsistenite is the
only phase which present at the specimens.

CONCLUSION

HTGN treatments for austenitic stainless steel 3a6d 316LVM at treatments temperature 106Gor 15 minutes
enhanced both corrosion resistance and non-magpsijeerties. The improving non-magnetic propertder
treatments because HTGN can dissolve the magnbtisep does not produces (Fe, Cr, Mo)N compounds and
increasing the nitrogen contents as austenitelig@belements. The enhancing of corrosion restgaand non
magnetic properties indicates that treated specraes more biocompatible and more MR safe and ctibhgahan
as-received samples.
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