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A centrifugal pump is an important solid–liquid mixture conveying machinery, which is
widely used in mineral mining, water conservancy engineering, and other fields. Solid
particles will wear the impeller of the centrifugal pump in the process of transportation,
resulting in lower service life of the impeller, especially in the transportation of a high
concentration of solid particles. Many scholars use numerical simulation to study the wear
of centrifugal pumps, but few efforts have been made in the wear experiment. In this study,
the effect of three factors, namely, diameter of solid particles, mass concentration of
particles, and material of impellers on the wear of a solid–liquid two-phase centrifugal
pump was studied by the wear experiment. The solid particles are SiO2 with irregular
shapes, and the diameter ranges are 0.125–0.212mm, 0.212–0.425mm, and
0.425–0.710mm. The mass concentration of solid particles is 15%, 20%, and 30%.
The material of impellers is carbon structural steel (Q235), gray cast iron (HT200), and low-
alloy high-strength steel (16 Mn). The amount of wear is determined by measuring the
thickness of the impeller material before and after wear experiments. The wear morphology
of the impeller was observed by using a digital microscope. The results showed that the
wear mainly concentrated on the middle and trailing edges of the blade. Impellers of
different materials suffer different wear forms, among which the impeller made of HT200
has the best erosion resistance. The increase of solid mass concentration will aggravate
the wear of the impeller. The change of particle diameters also has a great influence on
impeller wear.
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INTRODUCTION

Erosion wear of centrifugal pumps widely exists in the
transportation, aerospace, chemical, mining, environmental
protection, and other industries. Erosion wear generally refers
to the hard sand with a certain kinetic energy that repeatedly
impacts and cuts the surface of flow-through parts of the
hydraulic machinery and results in mass loss, which is a very
important cause of equipment failure or damage. The erosion
wear results in the decrease of centrifugal pump efficiency, which
will cause direct economic loss and energy waste.

Many scholars have studied erosion wear caused by
solid–liquid two-phase flow. Tarodiya et al. (Tarodiya and
Gandhi, 2019) carried out experiments on two kinds of sand
mud of equal size at two pump speeds and two flows and
examined the SCANNING electron microscopy (SEM)
images of wear samples, and the results showed that the wear
at the volute tongue was caused by both cutting and
deformation. Bozzini et al. (2003) simulated the particle’s
motion trajectory and collision velocity in the pipeline and
deduced the erosion model parameters based on the
experiment. Azimian et al. (Azimian and Bart, 2015)
conducted experiments on the centrifugal rotary wear
equipment and found that the size of erosion pits increases
with the increase in sediment concentration. Walker et al.
(Walker and Bodkin, 2000) summarized the influence of
solid particle size, solid–liquid two-phase fluid concentration,
and the rotation speed of the pump on wear and explained the
wear rule. Amaro et al. (2020) studied the effect of different
impact angles, impact distances, and particle sizes on the impact
fatigue life. Peng et al. (Guangjie et al., 2013) studied the
relationship between blade surface wear rate and sediment
concentration and obtained the distribution rule of the blade
surface wear rate. Islam et al. (Islam and Farhat, 2014) carried
out an erosion test on APL-X42 steel to study its erosion wear
performance under different erosion angles. Feng et al. (2020)
tested and analyzed WC-CO cemented carbide and found that
the anti-erosion performance of cemented carbide decreased
with the increase in WC grain size and Co content. Liu et al.
(2004) studied the erosion wear of the centrifugal mud pump
and the abrasion resistance of a new kind of anti-erosive wear
material (Al2O3) through experiments. The results showed that
wear of the pressure surface is more serious than that of the
suction surface. Compared with cast iron (FC20) and AISI
1316L stainless steel, Al2O3 had excellent anti-wear
performance. Walker et al. (Walker and Robbie, 2013)
measured the wear resistance of natural rubber, eutectic, and
hypereutectic white cast iron under the conditions of erosion
wear and compared the results with the wear of the materials in
a centrifugal slurry pump in a factory. In laboratory
experiments, the wear rate of hypereutectic white cast iron is
higher than that of eutectic white cast iron, and the wear rate of
natural rubber is much lower than that of eutectic white cast
iron. The aforementioned laboratory results are the opposite of
the field trial results. Walker believed that the aforementioned
difference is largely due to particle impact energy or
impingement angle and particle shape or size. Xiong et al.

(2013) carried out experimental studies on erosion wear of
Ti(C, N)-Mo2C-Co cermet in artificial seawater containing
SiO2 solid particles. The results showed that the adhesive
phase began to wear at first and gradually expanded and
fractured. Nguyen (Nguyen et al., 2014) conducted slurry
erosion tests on SUS-304 stainless steel. The results showed
that the corrosion rate is high at the beginning and gradually
decreases as the test time goes on. Arabnejad et al. (2015)
studied the impact of particle hardness on the erosion of
stainless steel at low impact velocity and found that the
erosion rate increased with the increase of particle hardness.
Shah and Jain (Shah and Jain, 2008) used computational fluid
dynamics (CFD) and studied the relationship between erosion
rate and flow velocity, slurry concentration, proppant (solid
particle) size, and density. The results showed that the slurry
flow rate was the most important factor affecting erosion, and
the slurry concentration and fluid viscosity had a greater
influence on the erosion rate. Shen et al. (2016) used
computational fluid dynamics (CFD) to study the wear of the
screw centrifugal pump when the transmission medium is
solid–liquid two-phase flow with large-size particles. The
research results showed that the volume fraction of the solid
phase has a greater impact on the trajectory when transporting
large particles, while for small particles, it has little effect.
Prasanna et al. (2018) successfully sprayed Stellite-6, 10%
Al2O3+90%CoCrTaY, and 25%Cr3C2-20(Ni-Cr)+75%NiCrAlY
on three kinds of turbine alloys: Ti-6Al-4V, Co-based superalloy
(Super Co 605), and Fe-based special steel (MDN121). The
microstructure and mechanical properties of the coating were
characterized. The research results showed that the relative
corrosion resistance of various coatings can be arranged in
the following order: Stellite-6> Cr3C2-20(Ni-Cr)+75%
NiCrAlY > Al2O3+90%CoCrTaY. Iwai et al. (Iwai and
Nambu, 1997) conducted tests on 13 kinds of materials,
including polymers, metals, and ceramics, and found that
among these materials, rubber had the best wear resistance
and polyurethane had the worst. Bansal et al. (2020) used
different influencing factors, namely, average erodent particle
size, slurry concentration, impact angle, and impact velocity to
test the anti-erosion performance of coated and uncoated SS410
steel and analyzed the effect of the thickness of the hydrophobic
coating on the anti-erosion performance. The results showed
that the PTFE coating with the smallest thickness had the lowest
corrosion rate compared with similar coatings. Medvedovski
et al. (Medvedovski and Antonov, 2020) tested the iron boride
coatings and carbon steel commonly used in industry and
observed the erosion surface using a scanning electron
microscope. All test results showed that the performance of
iron boride coatings is better than that of carbon steel. The
erosion mechanism of carbon steel is determined by plastic
deformation and ploughing, and the erosion mechanism of iron
boride coatings is related to microcracks such as in many
advanced ceramics. Singh et al. (2019) studied the erosion
performance of ceramic-reinforced WC–10Co4Cr cermet
coatings under different parameters. The microstructure
analysis showed that there were interlocked lamellae splats,
pores, and unmelted particles on the sprayed surface, and it
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has good anti-erosion performance in a weakly acidic
environment. Grant et al. (Grant and Tabakoff, 1975) verified
the erosion wear prediction model that was established on the
basis of considering the aerodynamic resistance of solid
particles, rebound dynamics of wall surface, and material
removal process. The predicted erosion wear amount and
erosion wear location of blades are almost consistent with
those of the tested. Dong et al. (Xing et al., 2009) analyzed
the position and process of pump wear through simulation and
experiment and found that the impact of pulverized coal with a
certain diameter, shape, impact velocity, and invasion angle on
the flowing parts would produce pits on the surface of the
flowing parts. Lai et al. (2019) combined the rebound model and
erosion model proposed by Grant and Tabakoff to study the
erosion wear problem of solid particles in a solid–liquid two-
phase centrifugal pump. The results showed that the maximum
erosion rate occurred at the impeller hub, and the most serious
erosion area of the blade was located at the leading edge between
55° and 60° curvature angle. Liu et al. (Liu and Zhu, 2011)
analyzed the wear characteristics of the impeller of the
centrifugal sewage pump and proposed measures to reduce
the wear of the impeller. The research results can provide
theoretical reference for the optimal design of the centrifugal
sewage pump. Ojala et al. (2016) revealed the behavior
differences of different materials under mud erosion
conditions. The wear surface analysis shows that relative
wear properties of steel increase with the increase of abrasive
size, while the relative wear properties of elastomer decrease
with the increase of abrasive size. Marshall et al. (Marshall,
2009) reviewed the forces and torques applied to particles by
fluid motion, particle–particle collision, and van der Waals
forces. The effects of different parameters on the normal
collision and adhesion of two particles are studied in detail.
Ovchinnikov et al. (2019) proposed a calculation method for the
maximum metal consumption loss of the impeller of a single-
stage centrifugal pump, and the results show that this method
can effectively reduce the residual deformation risk of the
pump shaft. Oka et al. (2005) proposed an equation that can
predict the impact wear of solid particles, which is applicable to
any impact condition and any type of material. Through erosion
experiments on several materials, the results show that the
erosion damage is related to the initial hardness, plastic
deformation characteristics, or brittleness of materials. Boon
et al. (Ng et al., 2008) conducted a numerical simulation on
dense solid–liquid two-phase flow and found that particle
friction is an important factor in establishing the constitutive
equation of dense particle flow. Aslfattahi et al. (2020) used
nanomaterials (MXene) with the chemical formula Ti3C2
together with silicone oil for the first time to improve the
thermophysical properties of Mxene-based silicone oil. Das
et al. (2021) and Rubbi et al. (2021) reviewed the
applications of ionic liquids and ionic fluids in different solar
systems and the latest progress of nanoparticles in solar systems.
Samylingam et al. (2020) synthesized nanomaterials (MXene)
with the chemical formula Ti3C2 by the wet chemistry method,
suspended its suspension in pure oil palm oil (OPO), and
prepared a new type of heat transfer fluid. Kadirgama et al.

(2021) used nanomaterials (MXene) and ethylene glycol (EG) as
the base liquid to prepare a homogeneous mixture of nanofluids
with good optical properties, which might enable high optical
performance applications in the solar system.

Most of the abovementioned research studies are based on
the condition of large particles and low concentration, but a few
research studies on the wear of high-concentration fine particles
on the centrifugal pump are carried out experimentally.
However, the collision frequency of dense fine particles with
a wall surface is much higher than that of large particles,
resulting in different wear characteristics. In order to enrich
the wear research of centrifugal pumps under the condition of
dense fine particles, the wear tests of the solid–liquid two-phase
centrifugal pump impeller under different high mass
concentrations, fine particle diameters, and impeller materials
were carried out in this study.

EXPERIMENTAL APPARATUS AND
METHOD

Figure 1 shows the schematic diagram of the wear
experimental system, while parameters of the main
components related to the experimental system are shown
in Table 1. The pressure sensor and electromagnetic flow
sensor are used to monitor the centrifugal pump operation
during the test. The running time is 72 h per test, and the
rotation speed r = 1450 rpm. The valve is adjusted to ensure
that the inlet flow reaches the rated flow of 16 m3/h. The
impellers of the tested pump were made of three materials,
namely, carbon structural steel (Q235), gray cast iron (HT200),
and low-alloy high-strength steel (16 Mn). The major
properties of the three materials are shown in Table 2.
Considering economy, universality, and no pollution, SiO2

particles were chosen as solid components with 2650 kg/m3

density and 475 MPa Brinell hardness, and the particle
diameter ranges are 0.125–0.212 mm, 0.212–0.425 mm, and
0.425–0.710 mm, as shown in Figure 2.

An ultrasonic thickness gage (Figure 3A) was used to measure
the thickness of the blade. The wear loss of the blade is expressed
by the variation of blade thickness at the measuring position
before and after the wear experiment, namely,Δ � T1 − T2, where
Δ is the thickness variation; T1 is the thickness of the blade at the
measuring position before the experiment; T2 is the thickness of
the blade at the measuring position after the experiment. For
every measuring position, measurements are taken three times
and their average value is calculated. The measurement
uncertainty of the thickness is estimated as ±0.27%. A digital
microscope (Figure 3B) was used to observe the wear
morphology of the blade surface. The observation sites were
the head and tail of the pressure surface of impellers of
different materials.

As shown in Figure 4, the blades of the experiment impeller
(Figure 4A) are numbered 1 to 5, the seventeen measuring points
are evenly arranged on the pressure surface of each blade, and the
longitudinal distance of each measuring point is 5 mm; the
transverse distance is 10 mm (Figure 4B).
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RESULTS AND DISCUSSION

Many scholars (Walker and Bodkin, 2000; Liu et al., 2004;
Guangjie et al., 2013) have found that the wear of the impeller
pressure surface is much more serious than that of the suction
surface. This is because the density of particles is higher than that
of water, and they tend to gather at the pressure surface end under
the action of centrifugal force. Therefore, this work mainly
analyzes the wear of impeller pressure surface by measuring
point data, wear morphology, and electron microscope
observation.

Influence of Mass Concentration on
Impeller Erosion Wear
This section analyzes the influence of mass concentration on
impeller erosion wear. The experiment was conducted under
mass concentrations of solid 15, 20, and 30%, the material of
impellers is Q235, and the solid particle diameter is
0.125–0.212 mm.

Figure 5 shows the mean value of blade thickness at the
measuring point corresponding to different mass concentrations.
It can be seen that the wear loss increases with the increase in
concentration, but there is no linear relationship, which is
consistent with the numerical simulation results of Lai (Lai
et al., 2019) and Noon (Liu and Zhu, 2011).

Figures 6, 7 show the surface condition of the impeller after
the wear experiment. The parts in the red circle are the parts
with obvious wear (same in the following). It can be seen that the
middle and tail sections of the pressure surface are the most
severely worn parts. This is because the rotating movement of
the impeller produces centrifugal force, which induces the
particles to move along the pressure surface to the volute,
and in this process, the particles have a cutting effect on the
pressure surface. As the mass concentration increases, the wear
on the pressure surface of the impeller gradually increases,
especially at the tail of the blade; at the same time, the wear
area expands.

FIGURE 1 | Schematic diagram of the experimental system. 1- Electrical machinery, 2- Test prototype pump, 3- Outlet pressure sensor, 4- Electromagnetic
flowmeter, 5- Outlet valve, 6- Agitator motor, 7-Agitator tank, 8- Agitator, 9-Inlet valve, 10-Inlet pressure sensor.

TABLE 1 | Main component parameters of the experimental system.

Component Type Specification Precision

Electrical machinery YTL2-112M-3 3.0 kW, 1450 rpm \
Test prototype pump 1PN/4-3 kW 16 m3/h, 13 m \
Pressure sensor SCYG310 −150–150 kPa ±0.5%
Electromagnetic flowmeter LDG-SUP 2.26–22.6 m3/h ±0.5%
Ultrasonic thickness gage PX-7DL 0.15–25.40 mm 0.001 mm
Digital microscope VHX-2000 0.1X~5000X —

TABLE 2 | Basic properties of metal impeller materials.

Materials Density/g·cm−3 Hardness HB/MPa Tensile strength/MPa

Q235 7.85 150–165 370–500
16 Mn 7.85 150–170 490–675
HT200 7.2 163–255 ≥200

FIGURE 2 | Particle morphology.
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Figure 8 shows that the thickness variation at the measuring
point is related to the different mass concentration. The wear is
more serious at the middle and trailing edge of the blade; this is
because the solid particles are affected by the vortex flow in the

middle and tail section of the impeller passage, resulting in the
impact of solid particles on the pressure surface. Therefore, the
wear on this area will be affected by the combined impact damage
and cutting damage, which could lead to the wear increase.

In Figure 8A, from point 1 to point 11 of the No. 1 blade, the
wear loss fluctuates around 0.4 mm. Along the axial direction of
the impeller, the wear of the middle area of the blade (the position
of points 2, 5, 8, and 11) is more serious than that of both ends of
the blades (the position of points 1, 4, 7, 3, 6, and 9).

It can be seen from Figure 8B that the wear of the trailing edge of
the blade is more serious. Along the axial direction of the impeller,
the upper edge of the blade (the position of points 1, 4, 7, 10, 12, 14,
and 16) is more worn. At some measuring points (the positions of
point 16 of the No. 2 blade and point 17 of the No. 4 blade), the
thickness variation is negative. The main reason is that the area is
close to the head of the blade, and impact wear is more serious than
sliding wear, so it is more likely to produce an “extrusion lip”.

Figure 8C shows that thickness variation at the position of the
measuring point when the mass concentration is 30%, which
expresses that the wear of the trailing edge of the blade is more
serious. Along the axial direction of the impeller, the wear in the
middle of the blade (the position of points 2, 5, 8, and 11) is more
serious than that of both ends. From point 1 to point 14, the wear
loss of each blade is greatly different, while from point 14 to point
17, the wear loss of each blade is nearly similar.

FIGURE 3 | (A) Ultrasonic thickness gauge; (B) Digital microscope.

FIGURE 4 | (A) Experiment impeller; (B) Measuring point on the impeller model.

FIGURE 5 | Mean thickness of the blade at the measuring point related
with different mass concentrations.
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According to Figure 8, the thickness variation at the
measuring point of each blade in the same impeller is very
close. When the mass concentration is 20 and 30%, the
thickness variation value from the head of the blade to the
trailing edge of the blade tends to increase, which is due to
the secondary flow generated near the trailing edge of the blade
when the mass concentration is higher. The secondary flow
causes solid particles to scour the blade surface repeatedly,
which leads to increased wear. The secondary flow is relatively

small when the mass concentration is 15%. This result is
consistent with the numerical simulation results of Dong Xing
(Xing et al., 2009).

Influence of Solid Particle Diameters on
Impeller Erosion Wear
This section analyzes the influence of solid particle diameters on
impeller erosion wear. The experiment was conducted under the

FIGURE 6 | Blade wear under different mass concentration. (A) 15%, (B) 20%, and (C) 30%.

FIGURE 7 | Pressure surface wear under different mass concentration. (A) 15%, (B) 20%, and (C) 30%.

FIGURE 8 | Thickness variation of the blade at measuring points related with different mass concentrations (A) 15% mass concentrations, (B) 20% mass
concentrations, and (C) 30% mass concentrations.
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solid particle diameter 0.125–0.212 mm, 0.212–0.425 mm, and
0.425–0.710 mm. The mass concentration of solid is 30%, and the
material of impellers is Q235.

As can be seen from Figure 9, when the particle size is
0.212–0.425mm, the variation of blade thickness is the largest.
When the solid particle diameter is 0.425–0.710mm, the variation
of blade thickness is the minimum. As the particle diameters increase,
the wear first increases and then decreases. The reason for this result is
related to the “size effect” of particles. At the condition of higher mass
concentration, the increase of particle diameters will lead to decrease
in the number of particles in per unit volume, which causes the
decrease of impact between particles and blade surface. The “size
effect” of the particles can reduce the wear.

From Figure 10, with the increase of the solid particle size, the
wear of the blade near the front cavity increases, and the wear of
the hub surface increases. That is because the larger the particle
size of the solid particles, the greater the momentum and inertial
force of the solid particles. When the particles enter the cavity of
the centrifugal pump, the velocity component of the particles in
the circumferential direction is smaller, which will directly impact
the hub.

According to Figure 11, the wear of the pressure surface of the
blade is more serious, and it is concentrated at the tail and middle
part of the pressure surface. The reason for this phenomenon is
that the larger the particle size, the greater is the inertia that will
cause the particles to move to the tail of the pressure surface,
which will eventually cause more serious wear on the blade
surface; as the particle size increases, the wear of the pressure
surface of the blade has a tendency to spread to the head of the
blade. The area where the pressure surface of the blade is close to
the front cavity side is more severely worn. The reason is that the
experimental prototype pump is an open impeller, and the
internal flow channel will produce a split, which will cause
serious wear on the edge of the blade. When the particle size
is 0.212–0.425mm, the wear of the pressure surface is more severe
than when the particle size is 0.125–0.212 mm and
0.425–0.710 mm.

As shown in Figure 12A, when the solid particle diameter is
0.125–0.212 mm, the thickness variation of the head and tail of
the five blades is relatively close, and there is no obvious
regularity. The thickness variation at the position of point 15
on No. 1 blade, point 2 on No. 2 blade, point 12 on No. 4 blade,
and point 12 on No. 5 blade is large, all exceeding 0.7 mm. The
thickness variation at the position of each point on the No. 3 blade
is relatively close, and there is no large fluctuation. The heads of
the No. 4 blade and No. 5 blade (the position of points 13, 14, 15,
16, and 17) are more worn.

FIGURE 9 |Mean value of blade thickness at the measuring point related
with different particle diameters.

FIGURE 10 | Blade wear under different particle sizes. (A) 0.125–0.212 mm, (B) 0.212–0.425 mm, and (C) 0.425–0.710 mm.

FIGURE 11 | Pressure surface wear under different particle sizes. (A) 0.125–0.212 mm, (B) 0.212–0.425 mm, and (C) 0.425–0.710 mm.
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Figure 12A shows that the thickness variation at the
measuring point when the solid particle diameter is
0.212–0.425 mm. Along the axial direction of the impeller, the
upper edge of the blade (the position of points 1, 2, 4, 5, 7, 8, 10,
11, and 12) is more worn. The blades of impeller 5 are worn
lighter than the blades of the other four impellers. At points 12,
13, 14, 15, 16, and 17, the wear loss is almost the same and
fluctuates about 0.243 mm.

Figure 12B shows the thickness variation at the position of the
measuring point when the solid particle diameter is
0.425–0.710 mm. The degree of wear in different areas of the
blade surface has a great difference. At points 11, 12, 13, 14, 15, 16,
and 17, the wear loss is almost the same and fluctuates about
0.125 mm. The wear loss at different positions of the No. 5
impeller fluctuates about 0.382 mm. This situation is very
different from other impellers.

For different mass concentrations, the most severe position
of blade wear is the trailing edge. The reason is related to the
fluidity and movement state of solid particles in high mass
concentration. When the particle diameter is small, the particle
flow is more fluid. When the particles enter the impeller
channel, the axial velocity increases faster. Therefore, the
impact of the blade is less, which causes little difference in
wear at each measuring point. When the particle diameter is
large, the fluidity of the particles becomes worse, and the
interaction between the particles suppresses the movement of
the particles. When the particles enter the impeller channel, the
axial velocity increases slowly, so it will impact the pressure
surface at the middle and trailing edge of the blade strongly,

which will cause more serious wear in these positions. This
result is consistent with the numerical simulation result of Liu
(Ojala et al., 2016).

Influence of Impeller Material on Impeller
Erosion Wear
This section analyzes the influence of impeller material on
impeller erosion wear. The experiment was conducted under

FIGURE 12 | Thickness variation of the impeller at measuring points related with different particle diameters (A) 0.125–0.212 mm, (B) 0.212–0.425 mm, and (C)
0.425–0.710 mm.

FIGURE 13 | Mean thickness value of different material blades at
measuring points.
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the material of impellers 16Mn, HT200, and Q235. The mass
concentration of the solid is 30%, and the solid particle diameter
is 0.125–0.212 mm.

As can be seen from Figure 13, the material with the largest
thickness variation is Q235, followed by 16 Mn, and the smallest
is HT200. Moreover, the variation values of blade thickness of
Q235 and 16 Mn are similar but are quite different from those of
HT200. The reason may be that Q235 and 16 Mn have similar
mechanical properties. The hardness of HT200 is greater than
that of the other two materials, so its loss of wear is less when

compared to the other two materials. The result is consistent with
that of Niko (Marshall, 2009).

Figures 14, 15 show the surface wear of impellers of different
materials. The impellers made of 16 Mn and Q235 have similar
wear shapes on the pressure surface. There are small erosion pits
in the middle of the pressure surface and larger wear shapes at the
end edge and lower end of the pressure surface, which may be
because the crystal structures of the two materials are relatively
similar. The wear performance of the impeller made of HT200 is
slightly different, and because red paint is applied, it can be seen

FIGURE 14 | Blade wear under different materials. (A) 16 Mn, (B) HT200, and (C) Q235.

FIGURE 15 | Pressure surface wear under different materials. (A) 16 Mn, (B) HT200, and (C) Q235.

FIGURE 16 | Thickness variation of the blade at measuring points related with different materials (A) 16 Mn, (B) HT200, and (C) Q235.
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that the middle part of the pressure surface is obviously darker,
and when the red paint is basically obliterated, it indicates that the
middle part of the pressure surface is severely worn. This should
be determined by the material structure. The roughness of the
Q235 material surface is relatively large, which affects the flow
characteristics of solid–liquid two-phase flow on the impeller
surface.

Figure 16A shows the thickness variation at the measuring
point when the material is 16 Mn. It can be found that from
point 1 to point 14, the wear loss is larger, while from point
14 to point 17, the wear loss begins to decrease. Along the
axial direction of the impeller, the position of points 1, 2, 4,
5, 7, 8, 10, 11, 12, and 14 are more worn. Figure 16B shows
the thickness variation at the measuring point when the
material is HT200. The amount of wear has fluctuated
greatly; this is because the HT200 material brittleness is
higher; therefore, when damaged by impact, there will be
pieces that fall off.

Erosion Mechanism Analysis
Figures 17, 18 show the wear morphology of the three kinds of
materials of blade (Q235, 16 Mn, and HT200) under the same
test conditions. From the pictures, it can be seen that the wear
morphology of the three kinds of materials was different.
Figure 17 shows the wear of the trailing edge of the blade.
Figure 17A,B show that the wear morphology is corrugated.
This is because the plasticity and toughness of Q235 and
16 Mn are relatively large, and the corrugated morphology
will be generated when the mass concentration is large.
Compared with Figure 17B, there is an impact pit in
Figure 17A;the reason is that the matrix structure of Q235
is ferrite–pearlite. When the solid particles impact the blade

surface, the ferrite with greater brittleness is more likely to
fracture and break to form the pit. The matrix of 16Mn is also
ferrite–pearlite, but due to the addition of alloying elements, it
has a role in fine-grain strengthening, and it is not easy to
produce erosion pits.

Figure 18 shows the wear of the head of the blade.
Figure 18A,B show an erosion pit at the position of the
blade head. This is because at the blade head, the wear of
the solid particles on the blade is impact wear. The impact pit is
a groove mark in a certain direction. Since ferrite and pearlite
structures are directionally distributed, directional plough
marks are generated. Figure 17C, Figure 18C show a large
area of erosion grooves and peeling off, which attribute to the
fact that the matrix of HT200 is pearlite, its graphite content is
large, and the distribution is a medium flake. The presence of
flake graphite splits the continuity of the pearlite matrix, and
the graphite tip will also cause stress concentration, so its
mechanical properties are relatively poor. When solid particles
impact the blade surface, erosion pits and brittle flaking
will occur.

The presence of a large amount of graphite in gray cast
iron improves its wear resistance. Moreover, the hardness of
HT200 is much greater than that of Q235 and 16Mn. Therefore,
the wear loss of HT200 is far less than that of the other two
materials.

CONCLUSION

In this study, the erosion wear of centrifugal pump blades was
studied by experiment and the following conclusions were
obtained:

FIGURE 17 | Surface micrographs of the trailing edge of the blade wear different material.

FIGURE 18 | Surface micrographs of the head of the blade of different material after erosion wear.
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(1) The wear of solid particles on the blade is mainly
concentrated in the middle and trailing edge of the blade.
In the axial direction of the impeller, the wear on the top of
the pressure surface is more serious.

(2) Under the conditions of the experiment, the increase of themass
concentration will aggravate the wear loss of the impeller. The
change of particle size also has an important effect on wear.

(3) The matrix structure of carbon structural steel (Q235), gray
cast iron (HT200), and low-alloy high-strength steel (16 Mn)
determines their erosion wear characteristics. HT200 has
high hardness and brittleness, and its erosion wear
characteristics are mainly fractured and spalling. However,
Q235 and 16 Mn have stronger plasticity and toughness, so
their wear characteristics are mainly cutting erosion wear.
Among them, the material with high hardness and a large
amount of graphite has good erosion resistance. Under the
same test conditions, the order of wear loss from large to
small is Q235 > 16 Mn > HT200.

(4) In this study, the influence of three parameters on blade wear
is studied. By comparing the thickness changes, it is found
that the influence of particle size on blade wear is greater than
that of the other two parameters (material and
concentration).
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