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ABSTRACT 

The 316 LVM stainless steel has been used in biomedical applications. The present 

study focuses on the improvement of surface properties of medical grade austenitic 

stainless steel (ASTM F138). The aim is to develop a homogenous supersaturated hard 

layer of expanded austenite (S-phase) at the surface of the AISI 316LVM using a low-

temperature hybrid thermochemical heat treatment process in a customised mixing 

chamber of a tube furnace. Hybrid means treating both nitriding and carburizing at the 

same time. The S-phase layer would improve the surface integrity at the surface by 

increasing the hardness and improving the wear resistance without impairing the 

corrosion resistance of the steel. During the thermochemical process, ammonia (NH3) 

and methane (CH4) gases were introduced into the furnace for 6 and 12 hours at 425 °C, 

450 °C, 475 °C, and 500 °C with a gas composition of 75% NH3, 5% CH4, and 20% 

nitrogen (N2) and 75% NH3, 10% CH4, and 15% N2.The S-phase characterization was 

analysed by XRD. The thick bright layer of the S-phase formation was measured at up 

to 15.9 μm as analysed by SEM. Besides, the surface hardness also significantly 

increased from 210.9 HV to 1121.0 HV. These results have significant effectiveness 

in corrosion resistance at 475°C. The E(corr) increased from a value of 364 mV 

(untreated) to -217 mV. Biocompatibility of treated samples shows enhancement of 

osteoblast cell proliferation on the S-phase surface, implying the low temperature 

hybrid thermochemical treatment could improve up to 8 % of cell viability after 24 

hours. Finally, the low-temperature hybrid heat treatment process can improve the 

surface integrity of 316 LVM for use in biomedical implants. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

           316 LVM Austenitic Stainless Steel (ASS) used as bio implant material began 

in the 1920’s because of its good corrosion resistance compared with other alloy 

materials [1]. ASS was discovered after chemical modification was established to 

optimise corrosion resistance and provide a free ferrite microstructure. 316 LVM is 

produced by re-melting vacuum arc,(VAR), whereas secondary melting is produced in 

a premium step to improve cleanliness. As a result, the alloy became well known, as 

stated in ASTM F138, which is a medical-grade forging and machining applications for 

orthopaedic and surgical instruments [2] [3].As the alloy is fitted into the orthopaedic 

application, a surface modification is needed to develop surface strength [4]. Otherwise, 

without a surface modification treatment, it will probably cause damage due to the cycle 

of impacts and then be harmful to the body. 

            Another alloy, such as titanium and chromium cobalt, is also used as a 

biomedical material [5]. These alloys are reasonably defined as having better corrosion 

resistance than 316 LVM, making them best suited for implantation in the body. A 

possible explanation for the superior performance of these alloys for biomedical 

applications is the massive chromium elements that make it possible to react quickly 

with oxygen to form a passive nano-coating chromium oxide, which is very hard and 

durable, and titanium is very reactive with oxygen to form instantaneously adhesive 

oxides that can prevent corrosion. Even though 316 LVM ASS has good corrosion 

resistance, unfortunately, the surface integrity is inadequate for comparison to titanium 

and chromium cobalt. Thus, the surface of 316 LVM has developed by employing 

several methods of surface engineering techniques to improve the corrosion resistance, 

durability, and tribological performance. Mostly, the common methods used in surface 

engineering processes are conducted by plasma technology [6], physical vapour 

deposition (PVD) [7], chemical vapour deposition (CVD) [8], salt bath [9], and 

conventional methods such as fluidized bed furnace and tube furnace [10] [11]. 

Untreated 316 LVM typically has a low regeneration rate to form a protection layer due 

to its low chromium content compared to cobalt-chromium. Because of that, the 




