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Abstract—The influence of gas-mixture composition on structure and properties of titanium alloy VT6
(Ti—6A1—-4V) atlow-temperature nitriding in plasma of non-selfsustained low-pressure arc discharge is stud-
ied. The material was in two states: coarse-grained and submicrocrystalline. It is shown that mechanical prop-
erties and thickness of the modified layer depend on preliminary formed structure.

INTRODUCTION

At present time high-chromium steels of marten-
site type and stainless maraging steels are mostly used
for manufacturing of cutting, piercing and peeling
groups of medical instruments. Main disadvantages of
the first group of steels are a low corrosion resistance
(that appears both at presterilizing treatment and ster-
ilization, and short-time contact with bio-environ-
ment), insufficient hardness, low stability to biological
mediums of human body (blood, lymphatic fluid and
others). Stainless maraging steels allow to completely
excluding influence of technological factors on corro-
sion resistance. But low level of hardness doesn’t allow
obtaining functional properties of instruments. Also
disadvantage of both groups of steels is magnetic prop-
erties that make difficult to use such instrument in
many surgical procedures [1].

Thus it seems appropriate to search for new mate-
rials with optimal combination of physical-chemical
properties for wide usage in manufacturing of cutting,
piercing and peeling groups of medical instruments.
Titanium and its alloys could be such materials due to
their unique properties like low density, low modulus
of elasticity, high corrosion resistance, non-magnetic
property and biocompatibility. But low hardness and
poor wear resistance do not allow producing high-
quality cutting instrument of titanium alloys.

It is possible to increase technical characteristics of
titanium alloys in coarse-grained (CGQG) state by differ-
ent methods, e.g. using modification of surface and
near-surface layers. The most common are the follow-
ing methods—deposition of functional coatings,
nitriding [2—5], microarc oxidation. In other hand,
now severe plastic deformation (SPD) methods are
effectively developed with which submicrocrystalline
(SMC) or nanostructure (NS) state is created in entire

1 The article was translated by the authors.

volume of a material [6—8]. As a result of such treat-
ment an increasing of strength occurs, and in some
cases simultaneous enhancement of plasticity takes
place. Combination of SPD method and nitriding can
give significantly better results compared to traditional
methods of improving the service characteristics of
materials and products. However, the methods used
for nitriding of titanium alloys, such as traditional gas
nitriding and nitriding in plasma of glow or arc dis-
charges, cannot be used for titanium alloys in SMC-
or NS-state with saving pre-formed structure in a bulk
of material. In such processes the nitriding is per-
formed at temperature 550°C and higher [2, 3], that
leads to growth of grains and deterioration of material
properties.

The aim of the present work is to study the structure
and properties of modified surface and near-surface
layers of titanium alloy VT6 (Ti—6A1—4V) in CG- and
SMC-states after low-temperature nitriding in nitro-
gen-argon plasma with different percentage of gases.

METHODS OF STUDY

Titanium alloy VI6 (chemical composition,
weight %: 6.46 Al; 3.84 V; 0.020 Zr; 0.010 Si; 0.083 Fe;
0.005 C; 0.166 O,; 0.003 N,; 0.003 H,; 0.043 admix-
tures) was chosen as a initial material for study. The
material was in two states: CG with average size of
grains ~7—9 pum (Fig. la) and SMC with average size
of grains ~0.4 pm (Fig. 1b). The SMC-structure was
done by method of multi-step isothermal forging [8].

Low-temperature nitriding has been performed in
plasma of non-selfsustained low-pressure arc dis-
charge with usage of vacuum ion-plasma installation
NNV6.6-11 [9]. The process was performed at tem-
perature 420°C during 40 min in mixture of gases
nitrogen—argon. The percentage of argon was varied
from 5 to 25% in gaseous mixture. Microhardness tests
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