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ABSTRACT. The erosion resistance of some structural
materials used for equipment components of the first and
second circuits of NPS was studied under cavitation
created by the ultrasonic vibrator. It is established that
after different thermomechanical treatments, coating
deposition, the erosion resistance of materials under con-
sideration increases and the plasticity value is not
changeable substantially. The titanium coatings deposited
onto the steel increase its corrosion-fatigue resistance
in the environment with sodium chloride in a number of
cases.
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1. Introduction
It is well known that one of the methods of materials-science character

allowing one to solve the problem related to the NPS structural material
protection from the erosion-corrosion wear is their surface modification by
different treatments and/or coating deposition. As a result, the resistance
properties of the surface layer are improved, and the physical-mechanical
properties of the material bulk remain unchangeable. In the present work,
this approach was realized by applying different thermomechanical treatments,
in particular, the programmed loading, the low-temperature rolling as well
as the deposition of titanium, zirconium, titanium nitride coatings.

2. Experimental details
The investigations of the cavitation effects on the material specimens

were performed at the installation and by the method described earlier [1].
The cavitation zone was formed in the water under the face of the ultrasonic
vibrator having an exponential profile. The amplitude of vibrator oscilla-
tions was 30j*m, the frequency was 21 kHz. The mass losses of specimens
due to the material erosion were determined by weighting. The erosion
resistance was characterized by the rate of mass loss in the specimens over
the part of steady-state destruction on the "mass loss - cavitation time"
curve.

The material rolling was performed at temperatures 77 and 300 K to
5%-reduction in order to obtain the uniformly distributed defects with
forming the optimum dislocation structures due to the recovery process
slowing down.

To realize the microshear relaxation mechanisms of internal stresses in
the surface layer, the method of ultrasonic treatment was used [2]. The
method consists in the shock action of the ball (tf 5 mm) freely attached to
the concentrator face. The oscillation amplitude was 20«^m, the frequency
was 21 kHz. The speed of the longitudinal shifting of the specimen under
treatment was 0.25 mm/s. The every next transversal shift of the specimen
was accomplished by 1/3 of the ball indentation diameter.
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Fig. 3. Volume losses ( )
versus cavitation time Of).
1, 4, 8, 9, 10, 6, 7 -
cavitation in water of
iodide titanium, VT-1-0
titanium without thermal
treatment, after tharmal
treatment, after ion imp-
lantation; VT 22 titanium,
titanium coatings at con-
densation temperatures 83 C
and 615 C; 2-cavitation of
iodide titanium in 3% aque-
ous solution of NaCl; 3,5-
cavitation of iodide
iodide titanium and VT-1-0
titanium in 30% aqueous
solution of NaCl.

of the cavitation action during very short time interval the defect accumu-
lation takes place in the form of sliding strips with the grains favourably
oriented in the direction to the loading. Further, the destruction develops
in the vicinity of these defects. In zirconium with 2.5% of niobium the
destruction begins near the particle precipitation of thejj -niobium phase.

In Fig. 3 presented are the kinematic curves of destruction of titanium
VT 1-0, VT 22 without and with thermal treatment, ion implantation in the
water and in 3%, 30% NaCl aqueous solutions. It is seen that in one and
the same environment the erosion resistance under cavitation action in-
creases from iodide titanium to titanium of VT 1-0, VT 22 grades and

decreases with the increase of the cor-
rosivity of the environment. The thermal
treatment at 773 K in a vacuum increases
insignificantly the erosion resistance.
The argon ion implantation improves the
erosion resistance approximately
1.3 times.

The study of erosion resistance in
titanium and zirconium coatings has shown
that, depending on the condensation con-
ditions, their destruction rate is
varying in a wide range of values.
Fig. 4 shows the microhardness and rela-
tive resistance of vacuum titanium coat-
ings under cavitation as functions of
temperature at which they are deposited.
It is seen that at substrate temperatures
up to 323 K and above 923 K the micro-
hardness and erosion resistance of coat-
ings are the values exceeding those of
the starting material. The corrosion
properties of coating depend on the depo-
sition temperature in a more complicated
manner (curve 5, Fig. 4). The investiga-
tion of zirconium coatings show a similar
dependence of microhardness and erosion
resistance on the substrate temperature.

When the reaction gas (nitrogen)
is injected into the chamber during
coating deposition, one can obtain the
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Fig. 4. Temperature dependence of
microhardness (Hyw) and resistance
of Ti coatings. 1, 2- microhard-
nesses of Refs. [7, 8]; 3, 4 -
microhardness and resistance of
ion-plasma coatings; 5-corrosive
properties.
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For the thermomechanical activation of the diffusion and microshear
mechanisms of local stress relaxation, the method of programmed loading was
used [3]. The temperature-force regime providing the diffusion mobility of
point defect impurities is? characterized by a temperature of 570 K, the
loading speed is 0.6 kG/mm hour, ̂  = 0.85 ffg.

The coatings on the steel were deposited at the "Bulat"-type installa-
tion [4] with the use of arc discharge in vacuum. The coatings were deposited
with changing the parameters in a wide interval of values, namely: discharge
current from 60 to 120 A; substrate potential from 0 to -300 V; target-
cathode distance from 100 to 300 mm; gas pressure in the chamber from

10"2Pa to 1 Pa.

3. Experimental results
The effects of thermomechanical treatment on the cavitation erosion of

high-chrome steel are shown in Fig. 1. According to the figure, the specimens
after quenching and subsequent ultrasonic machining possess the highest ero-
sion resistance. However, the measurements show that these specimens become
fragile, and the relative elongation decreases from 17% to 1%. Therefore,
the more preferable,as compared to other treatments, is the rolling at 300 K
with 5% reduction that aloows one to obtain the erosion resistance increased
to 3 times, and then the relative elongation decreases only from 17% to 15%.

The results of investigations on the erosion resistance of zirconium
and its alloys are given in Fig. 2. The analysis of kinetic curves shows
that at the stage of steady-state destruction the zirconium alloy with 2.5%
of niobium has about 2 times higher erosion resistance as compared to "pure"
zirconium, and the ultrasonic surface treatment improves the resistance of
the alloy still by 50%. The structure analysis shows that at the first stage
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Fig. 1. Mass losses (AG) as a function
of the cavitation time ( T ) .
1-high-chrome steel in the initial
state; 2-after ultrasonic treatment;
3-after programmed loading; 4-after
rolling; 5-after quenching; 6-after
quenching and ultrasonic treatment.
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Fig. 2 Mass losses U G ) versus cav-
itation time ( T ) .
1-iodide zirconium; 2-zirconium
with 1% of niobium; 3-zirconium
with 2.5% of niobium; 4-zirconium
with 2.5% of niobium after ultra-
sonic treatment.

165



titanium- and zirconium nitrides, i investigation of the microhardness and
erosion resistanse , in particular, of titanium nitrides, depending on the
nitrogen pressure shows that in this case the nonlinear interrelation of
these values (Fig.5). If the titanium nitride obtained in the given nitrogen
pressure range is assumed to be of the class of fragile materials, for
which the destruction mechanism suggested in [5] is valide, then the
destruction rate is determined by the formula

where C is the constant characterizing the destruction effects, H is
the Vickers hardness, W is the destruction viscosity.

Assuming that in experimental conditions the cavitation effect is
similar for all specimens and the Vickers microhardness with a given
coefficient , being constant for all the specimens, corresponds to the
microhardness, it is possible to determine the destruction rate for diffe-
rent pressures by using the data of Ref.[6]. This dependence is shown in
Fig.5 (curve 4). As is seen, the shapes of curves 4 and 2 are similar that
points to the likeness of the destruction mechanism in titanium nitride
under cavitqtion as compared to that suggested in Ref. [5].

The influence of coatings on the corrosion-fatigue resistance of the
high-chrome steel was studied in air and in 22% aqueous Na chloride solution
under loading by the flexing with a frequency of 9 Hz. The experimental
results are given in Fig.6. It is seen that Ti coating increases the
fatigue limit in air as well as in corrosive environment. The similar
investigations carried out for Ti nitride show that thin coatings increases
the corrosion-fatigue resistance of high-chrome steel, titanium, steel 45.
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Fig.5. Microhardness [T\t\ ) and destruction
rate 0 y < ) of the nitride-titanium coatings
as a function of N^pressure.
1.2-microhardness and erosion rate under
cavitation action;3-microhardness of coat-
ings of Ref.[&]; 4-destruction rate calculated
using the data of [ 6].

Fig.6.Fatigue curves
max

lgN) of specimens of 15x11 MF
steel.
2-without coating in air; 3-
with coating in 22% aqueous
solution of NaCl;4-with coat-
ing in air ;1-without coating
in 22% aqueous solution of NaCl
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4.Conclusion

The investigations have been carried out that makes it possible to
chose depending on the working conditions and materials, one of the methods
or their combination for protection from the erosion-corrosion wear.

The results of investigations were used to develop the method of incre-
asing the steel resistance to the erosion-corrosion wear. Its approval has
been received by the method of industrial experiment. In the turbines deve-
loped in the design office "Turboatom" installed were the blades with protect-
ion for intermediated stages of the phase transition zone of a low-pressure
part. After operating time of more then 50 thousends of hours there was no
significant wear, and this points to the effectiveness of protection.
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