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Abstract— It has been reported that low-temperature
vacuum tempering of 410 stainless steel hard layer
improving wear resistance and hardness. Grade 410
stainless steel being a hardened material were modified by
low temperature tempering process. By the process of
tempering, brittleness on the stainless steel material will be
reduced and ductility will be promoted. The microstructure,
surface hardness and erosion-corrosion resistance were
systematically evaluated. Vacuum tempering is done at low
temperature of 430 °C can form a hardened layer, and with
the treated time prolong, the thickness of the layer
increased. The stainless specimens were vacuum tempered
for 30 minutes, 60 minutes and 120 minutes. Wear tests
were conducted with the help of pin on disc apparatus. The
output results were determined with various metallographic
tests like scanning electron microscope and optical
microscope results.

Keywords— vacuum tempering, brittleness, wear
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l. INTRODUCTION

Stainless steel with excellent corrosion resistance was
widely used for surgical and medical instruments. But due
to its low hardness and poor wear resistance, life of the
material is limited. Hence it limits their applications in
manufacture of mechanical parts for engineering equipment
and machines, where both corrosion resistance and wear
resistance are required. Many attempts have been made to
develop surface engineering techniques to enhance the wear
resistance of austenitic SS without deteriorating the
corrosion resistance. These techniques include low
temperature vacuum tempering, low temperature gas
hardening and low temperature hardening. Low temperature
vacuum tempering is a commercial process and one of the
easiest methods in improving the wear resistance of 410
series of stainless steel material.
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In the present study a thick case hardened layer is obtained
with high hardness is obtained using vacuum tempering
process at 450°C. The untreated sample has the worn
morphology of adhesive wear while the treated sample has
the worn morphology of abrasive wear. It has been
established that the types of chemical reactions occurred on
the surface as well as the diffusion of the ferrite and
cementite layer into the material during the heat treatment
process determine the case depth.

1. MATERIALS USED
The materials used in the present work were
carried out with 410 stainless steel. The specimens were
prepared in following forms. (i) Polished cylindrical disc
specimen measuring 50 mm diameter and 10 mm height
were used. (ii) Pin specimen with diameter 8 mm and height
30 mm were used with taper edged surface.

1. TREATMENTS

Prior to all treatments, the specimens were cleaned
ultrasonically, rinsed and dried, with care taken to avoid
finger contact. Before vacuum tempering process, the
specimens were sand blasted, pickled in 15% sulphuric acid
for 20 minutes. The samples were degreased using acetone
and preheated in an air circulated furnace for 15 minutes.
The specimens were tempered and reheated at low
temperature in order to improve the property of ductility.

v. WEAR MEASUREMENTS
Wear tests were carried out on a pin on disc machine. A
stationery pin was mounted horizontally against a vertically
rotating disc. The disc is rotated at a constant speed of 1000
rpm at a constant load of 2 Kg, which was applied
continuously for a fixed period of 5 minutes under dry
conditions. Wear test was conducted and the samples were
replaced in the following order Untreated and treated
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samples respectively. The weights of the specimens were
measured using a standard caliberometer. The difference
between the specimen before and after testing gives the
wear loss.

V. RESULTS AND DISCUSSIONS

The results of vacuum tempering specimens were
compared with the untreated 410 specimen and it was found
that, in  specimen, the mixture of cementite were
precipitated on the surface, to improve the hardness of
material. The wear rate of untreated specimen is specified to
be lower that of vacuum tempered material. Hence good
surface hardness is obtained.
Optical Microscope Results

No Case Degth n Untreated

Specimen

Fig.1: Untreated Specimen

Fig.3: Vacuum Tempering for 60 minutes 11 microns
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Fig.4: Vacuum tempering for 120 minutes 15 microns

Scanning Electron Microscope Results
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Fig.5: Untreated Specimen - SEM Image

Fig.7: SEM Image for vacuum Tempering for 60 minutes
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Fig.8: SEM Image for vacuum Tempering for 120 minutes

As the time of heat treatment process increases, case depth
also increases. From the optical microscope results, THE
hardened layer was found out in the vacuum tempered
specimen arising from 7 microns to 15 microns. The peel of
material was found to be very high in untreated sample. As
the time of heat treatment increases, the peel of material
gets decreases which were analyzed from pin on disc wear
testing analysis.
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