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Summary:

Thermal spraying technologies are an effective way to ensure surface
protection against destructive effects of wear, corrosion and oxidising
phenomena. These technologies can be applied in majority of industrial
sectors in order to improve properties of new parts or for reconditioning worn
out parts technology. Ideally, it would be comfortable to have a material able
to resist to all type of wear, but the work condition intricacy combined with
economic reason have lead to the development of a big number of powder
materials that are used in thermal spraying technologies. The titanium
powders are suitable for coating layers which have a good behaviour in
"metal on metal friction", toughness, shock and corrosion resistance. In
particular, titanium layers obtained by plasma spraying are used in
different aerospace and non aerospace applications due to the
combination of low density, very good mechanical properties and high
corrosion resistance. The accomplishment of new titanium thermal layers
is effectively used in order to increase the lifetime of different engine parts
securing the thermal protection in use, resistance to high corrosion and
oxidising phenomena. This paper deals about the mechanical properties of Ti
based coatings applied by plasma spray process on steel substrates, the
obtained results show the possibility to apply titanium coatings where special
and high performance materials are needed.
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1. Introduction:

Surface engineering can be seen as one of the key technologies of the
present days, permitting to lengthen the lifetime of the products,
simultaneously reducing costs and saving natural resources. The optimal
performance of a component is to a great extent determined by the state of
the surface, because every work piece is exposed to several strains, namely
mechanical, shock, thermal, chemical or electro-chemical, radiation stresses,
which often have their maximum in the surface area. Owing to the presence
of this complex strain most failures of machine components start within or
close to the surface. The high importance of the surface in regard to the
lifetime of a component justifies the term "surface engineering", which
combines the knowledge of different scientific disciplines and deals with the
design of a composite system which has properties, that cannot be achieved
by either the surface layer or the bulk component alone IM.
Several coating treatments can be applied to improve the properties of a
surface, these add at least one layer to coat the original work-piece. Through
coating the surface of a work-piece, one gains a coating-substrate composite
system. So the different functions of a component are carried out by different
layers: the substrate, the substrate-coating interface and the coating layer.
Each solving proper functions, the purpose of a coating being generally
related to wear resistance, protection against corrosion, thermal and electrical
insulation, optical appearance of the work-piece. The substrate-coating
interface is important for adhesion and diffusion barrier, while the substrate
can guarantee strength, stiffness and weight.
Several aspects have to be considered when choosing a surface treatment,
owing to its possible interference with important properties of the bulk
material, regarding the use of the work-piece the bulk surface system as a
whole must have better properties than the work-piece without the surface
treatment. Moreover, the surface process must also be adequate regarding
the geometry of the component, this can lead to either redesigning the work-
piece or changing the process. Also the cost-effectiveness of the surface
process plays an important role, every process makes use of energy and
limited natural resources. At the same time, improving the lifetime of the
work-piece, resources can be saved.
Thermal spray techniques 121 have became an important part of surface
engineering and of net-shape forming processes. They are an effective way
to ensure surface protection against destructive effects of wear, corrosion and
oxidizing phenomena and are able to produce a large assortment of
protective coatings, because almost every material can be used for coating
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and there is a wide substrate range. It is also possible to change the coating
materials or/and the process parameters, so that one can achieve a multi-
layer or a graded coating. These technologies can be applied in majority of
industrial sectors in order to improve properties of new parts or for
reconditioning worn out parts technology.
The advantages of a chosen bulk-surface system can be related to reduced
production costs, failure of the part without damaging the whole machine or
even risking human lives, possibility of local repair of damaged machine
parts, minimal variation of the original design, energy and resource saving as
well as environmental protection.
In this contest the perspective of the coating industry is a very good one.
Besides the combination of new or known processes, coating engineering
gains interest towards multi-layer coating. The internal layer is responsible for
a good adhesion to the substrate, there is a gradually change of the
properties with each additional layer so that the outer layers have the optimal
properties to fulfil the functions they are designed for.

2. Coating materials

Ideally, it would be comfortable to have a material able to resist to all type of
wear, but the work condition intricacy combined with economic reason have
lead to the development of a big number of powder materials that are used in
thermal spraying technologies [3]. The main metal powders used in thermal
spraying technology are usually classified according to the chemical
composition, which can establish the properties of the new layer.
The titanium powders are used in thermal spraying applications for layers
which have a good behaviour in "metal on metal friction", tenacity, shock and
corrosion resistance. In particular, titanium layers obtained by plasma
spraying are used in different aerospace and non aerospace applications
due to the combination of low density, very good mechanical properties
and high corrosion resistance.
Thermal spraying is also one of the main promising processes for the
manufacturing of Ti based composites [4].
The accomplishment of new titanium thermal layers is effectively used in
order to increase the lifetime of different engine parts securing the thermal
protection in use, resistance to high corrosion and oxidising phenomena.
The combination of these properties with a severe control of the thermal
plasma spraying process of the titanium powders allows the accomplishment
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of layers whose hardness values are approximately 700 HV. These hardness
values are high enough to warranty good mechanical properties.
Because of problems related to oxygen contamination of sprayed material
before and during spraying due to the high chemical affinity of titanium and
oxygen, titanium alloys are usually sprayed under inert conditions, the
"Vacuum plasma spraying" being one of the most suitable process to control
and limit the contamination [5].
The powder characteristics play an important role in determining the quality of
the coating. Generally a powder with low level of contaminants, chemical
uniformity and a spherical morphology is desired. To meet these properties,
among the different powders manufacturing processes, the gas atomisation
technique is one of the most suitable and used.
Gas atomisation may be applied also for the fabrication of titanium alloys
powders, however very inert atmosphere and well controlled parameters are
required to avoid oxidation and contamination and the process may be quite
expensive. To reduce the powder costs other less expensive processes are
available, among these the hydride-dehydride process (HDH) is one of the
most suitable to produce powders having uniform chemical distribution with
relatively small size particles, suitable for the spray processes even if their
morphology is not as regular as that of the atomised ones [6].
In the HDH process, titanium or titanium alloy is hydrided by heating in a
hydrogen atmosphere. The brittle titanium-hydride compound is then easily
crushed to the desired size range and the powder is successively dehydrided
by heating in a suitable atmosphere or vacuum.
With the aim to evaluate the possibility to obtain low cost titanium coatings
with good properties for industrial applications, in this work titanium powders
were produced by HDH process using a titanium sponge, then the produced
powders were plasma sprayed on a steel substrate to obtain a coating layer.

3. Experimental Part

The main phases of the titanium powder obtaining operation are:
• The hydruration of the titanium sponge into an electrical resistant oven, at

a temperature of 500 - 550 °C, where takes place the exothermic reaction:
Ti + H2 = TiH2 + Q

• The grinding of the titanium sponge in order to obtain TiH2 with an
appropriate granulation.

• Vacuum de-hydruration of the TiH2 powder, into an identical oven with the
one used for hydruration at the maximum temperature of 850 °C.
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• The grinding and sorting of the titanium powder. The grinding operation is
optionally, in case that during the dehydruration begins the sintering
process. The grinding is executed into a titanium ball mill preferably under
argon atmosphere.

The main characteristic of the process consists in the fact that the hydruration
operation of the titanium sponge takes place simultaneously with the
dehydruration operation in one single equipment, which is provided with two
identical ovens.
The classifying is realised with the help of a set of sieves placed upon a
vibrator. The chemical composition of Ti sponge, as well as of the produced
Ti powders is in table I.

Table I: Chemical Composition of the Titanium Sponge and Powder, wt %.

Raw materials
Ti Sponge
Ti Powder
Ti Powder

Fe
0.1
0.10
0.10

Si
0.05
0.05
0.055

O
0.1
0.17
£.25

N
0.02
0.037
0.06

H
0.005
0.021
0.027

Ti
Bal.
Bal.
Bal.

The experimentation continued with the coating of a plain carbon steel
substrate, its average chemical composition being: C=0.26, Mn=1.36,
Si=1.52, Cr=0.19, Mo=0,16, S=0.018, P=0.023 wt% by plasma spraying the
Ti produced powder. In order to get high adhesion strength an intermediate
nickel base layer was chemically deposited.

The coating experimentation were made with the help of a METCO 7 M
plasmatron, the obtained spraying parameters being presented in table II.

Table II: Coating parameters adopted when spraying Ti powder.

Ar and H2

flow

[m3.h"1]
Ar+20
vol.%H2

Power to
plasma

[kW]

80

Spraying
distance

[mm]

60,80, 120

Spraying
speed

[m.s"1]

0.3

Temperature
of substrate

[°C]

140 + 5

Coating
Thickne
ss
[mm]

0.5

Powder
flow

[kg.h-1]

0.7
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The correct choice of the plasma gas represents an important factor
regarding the reactions type which can be generated at the metal-base
interface, finally a suitable surface resulting.
In order to achieve minimum expenses and a maximum heat transfer, argon
is used with a 10 to 20 % H2 addition.
For pure theoretical operations, in order to avoid any possible reaction with
the plasma gas, pure argon is used.
Generally, the process must take place so that the plasma gas shouldn't react
with the metallic base which has to be coated.
The study of the transformations induced into the material by the phase
transition, plastic deformations, thermal treatments or by the system
particles interaction was accomplished using the electronic microscopy.
The polished transverse section of the sprayed samples was observed by
optical microscopy, while SEM and dispersion energy microprobe were used
to perform microanalyses. Moreover the Vickers micro hardness properties of
coatings were tested.

4. Experimental Results

The dimension and grain size distribution of the powder obtained with a lab
vibrator during 20 minutes is presented in Figure 1. The average diameter of
the particle (Dav.) has been calculated using the formula:

Dav. = 100/£(a;/d iav) (mm),
were: af = % content of the granulometric fractions

djav. = Medium diameter of the granulometric fractions
The fluidity of the titanium powders or the flow speed depends on the
granules surface quality, on the granulometric distribution and on the impurity
content into the titanium powders.
In order to determine the flow speed it was used a special mechanism
composed of the funnel and the measure container. 50 g of powder are
weighted , and then introduced into the funnel and the chronometer indicated
the flow time.
The stereoscope analysis evidences the irregularly shaped granules of the
titanium powder, however their surface quality was good enough to warranty
the required flowability characteristics of the powder fed to the coating
system. The granules features of the obtained powder are shown in figure 2.

During the spraying process of the titanium powder on the metallic surface,
due to the exothermic reaction which takes place between the basic
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constituents of the titanium powder and the metallic base, as well as due to
the heat which the powder overtakes during its passing through the plasma
flame, a pre-established properties layer is obtained. Each coating layer
introduces an additional interface, which participates into the thermodynamic
transfer process between systems. These determinations point out
discontinuities through the sample volume (the pores, the structural,
chemical and mechanical heterogeneity) the phases contained into the
system as well as the metallographyc features.

1 2 3 4 5 6 7 8 9 10

Particle dimension (\im)

Figure 1: grain size distribution of the obtained powders.

Figure 2: morphology of the produced titanium powder.
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The preliminary thermal plasma coating experimentation was made upon
numerous trials, taking into account a lot of factors which influence the final
structural and physical-mechanical characteristics of the experimental
samples.
There are two coating aspects which must be taken into consideration: the
contact with the metallic surface and the internal interactions
Due to the fact that each separated particle strikes the surface and it is
flattened by the powerful shock, the result is a local contraction of each
particle which is somehow compensated by the material flowing.
Macro structural studies allow to examine the obtained surfaces. Samples
with special prepared surfaces are used, in order to underline the present
phases and the metallographic constituents.
The X-rays difractograms indicated the presence as layer constituents of a
phase and of titanium oxide as well as of titanium nitride.
The histogram in figure 3 represents the micro hardness properties of the
steel substrate, of the Ni intermediate layer, as well as of the Ti coating layer.
Thanks to the relatively high Mn content the hardness properties of the steel
substrate are quite high, while the very thin Ni intermediate layer appears as
a soft one able to accommodate the possible stresses between the coating
layer and the substrate. Finally the Ti coating is characterised by very high
micro hardness properties.
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Figure 3: Vickers microhardness variation from the substrate to the surface
coating



P. Motoiu et al. RM96 809

IS" International Plansee Seminar, Eds. G. Kneringer, P. Rodhammer and H. Wildner, Plansee Holding AG, Reutte (2001), Vol. 1

In figure 4 the morphological aspects of the three different materials of the
composite system can be observed. The Ti coating layer includes the non
metallic phases formed during the spraying step, some small pores can also
be observed. However the layer is compact enough to warranty the hardness
and the toughness properties. The interface with Ni substrate appears very
continuous and well adherent, showing very good adhesion properties. Finally
the thin Ni intermediate layer show good welding and continuity of properties.

Figure 4: morphological characteristics of the coating layer and of the Ni
intermediate layer deposited on the steel substrate.
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5. CONCLUSIONS

The method of obtaining titanium powder by the hydruration - dehydruration
process allows to achieve a powder whose physical-chemical characteristics
are suitable due to its plasma spraying.
The fluidity of the titanium powders or the flow speed depends on the
granules surface quality, on the grain size distribution and on the impurity
content into the titanium powders.
The experimentation were made with the coating of a substrate constituted by
a C25 unalloyed steel, by plasma spraying of the titanium powder with an
intermediate Ni layer. The applied titanium coating will allow its use into
industrial processes where special materials are needed.
The morphological characteristics of the obtained coating appear very good
to warranty adhesion and interesting mechanical properties, with very high
microhardness characteristics.
The continuity and compactness of the Ti layer is important to insulate and to
protect the substrate, achieving good corrosion resistance.
The thin Ni intermediate layer is very important to help the adhesion, as well
as the corrosion resistance properties, moreover it plays a fundamental role
to reduce possible residual stresses between the Ti coating and the steel
substrate.
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