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In order to find alternative solutions for protection of hydraulic turbine components against cavitation, a fluid
elastomer layer, curing at room temperature, was deposited onto a martensitic stainless steel substrate.
The resistance of the coating to cavitation erosion was determined by the vibratory indirect method, using
ultrasonic equipment with piezoelectric converter and the microstructure of the polymer was investigated
using scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDX). The authors compared
the cavitation erosion resistance of the elastomer layer with that of the base material (martensitic stainless
steel) as well as that of protective cold hardening austenitic stainless steel coatings, deposited by overlay
welding onto the base material. The experimental results revealed that the elastomer coating ensures
better resistance to cavitation erosion than both stainless steel types.
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Due to their excellent mechanical properties and low
price, stainless steels are widely used as main materials
for manufacturing of hydraulic turbine components.
However, it is well known that the cavitation resistance of
stainless steels is relatively low [1-2]. In order to enhance
the cavitation resistance of steel components, scientists
have studied various techniques such as overlay welding
or thermal spraying of protective layers, as well as
thermochemical treatments [3-5, 19]. Up to now, the best
results regarding the protection against cavitation of turbine
runner blades were obtained by overlay welding of cold
hardening austenitic stainless steels [6-7]. The main
problems in case of repair welding in situ are connected to
the residual stresses and to the important structural
modifications which appear during the welding process
[8]. These effects, especially when extensive welding is
applied, can lead to the damage of the repaired components
during following operation. Neither the coatings obtained
by thermal spraying lead to acceptable results in case of
exposure to cavitation, because of the insufficient adhesion
of the deposited layers to the substrate and high porosity
[9]. As many researches indicate that elastomeric
materials present very good physical and mechanical
characteristics [10-13, 18], the authors of this paper aimed
to investigate if the use of a protective elastomer coating
with inserts of calcite and sand particles can prevent or at
least decrease the undesirable effects produced by
cavitation erosion.
Experimental part
Testing method
The cavitation tests were carried out in the Center for
Research in Hydraulics, Automation and Thermal
Processes of the Eftimie Murgu University of Resita, using
the ultrasonic equipment with piezoelectric converter and
applying the indirect vibrator y method with fixed
specimen, fully immersed in the liquid (fig. 1). The
resonance frequency of the oscillator was set at 20 ± 0.5
kHz and the double (peak to peak) amplitude of the
vibrating sonotrode was 50 µm. The test liquid consisted
of de-ionized water, maintained at 25±2 degrees Celsius
by a temperature control device and a cooling system with
water.

The distance between the vibrating sonotrode and the
test specimen (stand-off work) was adjusted at 0.6 mm.
The test specimen was removed periodically after
predetermined time intervals and weighed with a precision
balance after cleaning with acetone and drying in hot air
flow. The test results were expressed by the mean depth
of erosion (MDE), using the mass loss divided by the density
of the material and the eroded area, according to ASTM
G32-10. The results were graphical represented after
calculating the equation (1).
(1)

In the eq.1, the following abbreviations were used:
∆m[mg] – mass variation;
Ae [mm2] – area of the eroded surface;
ρ [kg/m3] – density of the material exposed to erosion.

Fig.1 The principle
of the indirect
cavitation method

Materials and specimens
The fluid elastomer layer was applied onto 16 mm
diameter cylindrical samples made of martensitic stainless
steel. In the first stage, the surfaces were covered with a
primer layer after a very thorough blast cleaning. In the
second stage, the fluid elastomer curing at room
temperature was applied with a paintbrush, eliminating
the need for hot work. Figure 2 shows the cross section of
the sample, revealing that the deposited elastomer layer is
well anchored to the base material and has a thickness
around 900 µm.
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Table 1
PHYSICAL AND MECHANICAL PROPERTIES OF THE ELASTOMER

Fig.2 Elastomer layer deposited onto the base material. Cross
section of the sample
Table 2
CHEMICAL COMPOSITIONS OF THE STAINLESS STEELS

In table 1 are listed the physical and mechanical
properties of the elastomer, as specified by the
manufacturer. In order to point out the efficiency of the
elastomer, the experimental results were compared with
those obtained by testing under same conditions of a
martensitic stainless steel type, that is widely used as base
material for manufacturing of hydraulic turbine
components, as well as those performed by a cold
hardening austenitic stainless steel type, applied by overlay
welding, which led to the best results up to now regarding
the protection of turbine runner blades against cavitation.
The chemical compositions of the martensitic and the
austenitic stainless steels are presented in table 2.

Fig.3 Mass loss curve of the elastomer layer

Results and discussions
In order to evaluate the resistance to cavitation erosion
of the coating realized from the fluid elastomer with inserts
of calcite and sand particles, three specimens were tested
for a period of 3000 min under the same conditions. The
average value of the total eroded mass [∆m] for the
samples is graphically represented in figure 3. As one can
observe, the slope of the curve climbs constantly up to
2500 min. The tested specimens lost an average weight of
0.38 mg because of the detachment of insertion particles
from the deposited coating surface (fig.4). After complete
removal of these particles, the weight of the samples

remained constant and the curve has stabilized. Figure 4
shows the time evolution of the elastomeric surface
appearance.
After the total time of exposure to cavitation, the surface
of the elastomer layer has been evaluated by scanning
electron microscopy (SEM) and energy dispersive X-ray
analysis (EDX). Figure 5 shows a SEM-capture of the
elastomer coating after exposure to cavitation, as well as
the EDX-analysis of the detached inserts (points 1 and 3)
and the matrix (point 2).
The results obtained during 50 h testing of the elastomer
coating were compared with those previously determined

Fig.4. The appearance of the elastomer surface exposed to
cavitation at succesive testing intervals
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Fig.5 SEM-micrograph of the sample surface
and EDX-analysis of the matrix and the inserts

Fig.6 Resistance to cavitation of the elastomeric coating, the
martensitic stainless steel and the cold hardening austenitic
stainless steel

Fig.7. Mean depth of erosion determined by Hattori for different
types of materials using the vibratory indirect method [14]

by the authors, under the same experimental conditions,
for the martensitic stainless steel and the cold hardening
austenitic stainless steel. Therefore, according to ASTM
G32-10, the variation in time of the mean depth of erosion
(MDE, µm) was used (fig. 6).
As one can see, figure 6 reveals that, throughout the
complete testing interval of 3000 min, the elastomeric layer
assured the slightest mean depth of erosion, even lower
than that of the cold hardening austenitic stainless steel,
thereby providing a very good protection against cavitation
to the martensitic substrate. Meanwhile, the time evolution
of the MDE for the martensitic stainless steel explains why
protection is needed.
Comparing the mean depth of erosion rate (MDER)
obtained for the elastomer with values encountered in the
scientific literature for materials considered having good
MATERIALE PLASTICE ♦ 53 ♦ No.3 ♦ 2016

resistance to cavitation erosion, the behaviour of the
elastomeric layer can be appreciated as excellent. For
example, cobalt base alloys are used in all industrial areas
due to their excellent wear resistance. A lot of literature
concerning state of the art in respect to the cavitation
resistance of Stellite 6 reports about welded [14-15] or
high velocity oxy fuel sprayed Stellite 6 coatings [16-17].
In this regard, it has to be considered that for welded Stellite
6 coatings, tested to cavitation erosion by the vibratory
indirect method, Hattori [14] achieved in the stabilization
area a value of 0.17µm/h MDER (fig. 7), whereas for the
elastomer layer, tested by the authors in this study, the
MDER was only 0.036 µm/h.
Conclusions
The investigations presented in this paper are part of a
comprehensive research program conducted under the
Research Center for Hydraulics, Automation and Thermal
Processes (CCHAPT) of the Eftimie Murgu University of
Resita, aiming to develop alternative repair techniques and
materials for hydraulic turbine components working under
cavitation.
In this regard, one of the methods than can offer a
solution worthy to be considered for enhanced protection
against cavitation is the use of paint brushed elastomer
layers. Within this study, the authors have tested an
elastomer with insertion particles to cavitation resistance
by the vibrator y indirect method, using ultrasonic
equipment with piezoelectric converter. The experimental
investigations carried out revealed that the elastomer layer
was more resistant to cavitation than the base material
(martensitic stainless steel) and also than the cold
hardening austenitic stainless steel, widely used for repair
welding in situ of cavitation eroded surfaces. Furthermore,
the elastomer coating showed much better resistance to
cavitation erosion than welded Stellite 6 layers, considering
the data reported by the scientific literature.
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