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Slurry Pump Selection Based 
On Particle Size 
Understanding the influence of slurry particle size on wear is essential to maximising the 
life of centrifugal pumps operating in mineral processing plants and for hydrotransport 
duties. Particle size influences not only the wear rate but also the wear pattern in pumps. 
Complicating the situation is the different relative wear rate for different pump parts 
depending on particle size. 

A simple Slurry Wear Type (SWT) number based on particle 
size and size distribution is proposed as a means for 
categorising slurry pump wear patterns and optimising 

pump application and material selection

The wear of centrifugal slurry pumps in mineral processing and 
hydrotransport can be quite severe and is one of the major cost 
concerns of plant operators. Some typical worn slurry pump 
parts made from high chrome white iron are shown in Fig. 1. 
Erosion wear rates of up to 2 mm/day are not uncommon [1].

Centrifugal slurry pumps are required to handle solid-liquid 
mixtures with a very wide range of particles extending from 
sub-micron size clay through to 200 mm and larger cobbles. 
Particle size distribution can also vary widely from uniform and 
narrow (such as graded sand) through to very broad (such as 
grinding circuit slurries). Slurry particles may also undergo size 
change due to attrition during the pumping process. 

The major wearing parts in a slurry pump are the impeller, side 
liners and casing liner. These are shown with reference to a 
Warman MC centrifugal pump in Fig. 2.

While many particle properties (including size, shape, hardness, 
density and concentration) influence pump wear, this work 
will consider only the effect of particle size as it is the major 
determinant of wear characteristics. Particle size influences the 
wear pattern, material performance and relative component 
wear rate in centrifugal slurry pumps. 

Slurry Wear Type (Swt) Based On Particle Size 
Soil and grain size classification systems abound. Many have 
different limits to the ranges for a particular classification, albeit 
not too far apart. Table 1 shows typical ranges and descriptions 
of mineral particles [2]. 

Mineral slurry particle size is only really usefully understood 
with reference to a size distribution curve. To summarise this 
information, it is not uncommon to use the average size or a 
d50 value (the mesh size through which 50% of the mass of the 
sample will pass). Other typical slurry particle representations 
are the d20 and d80 values (the mesh size that passes 20% and 
80% respectively). 

The Hydraulics Institute Standard [3] uses the d50 particle size 
to define a range of 4 slurry service rankings defined as Class 
1 (light), Class 2 (medium), Class 3 (heavy) and Class 4 (very 
heavy). This is outlined in the chart shown in Fig. 3. While this 

Craig I Walker - Weir Minerals Australia Ltd.

Fig. 1 – Typical worn slurry pump parts (impeller, side liner) made 
from Cr35 white iron. 

Fig. 2 – Major wearing components for Warman centrifugal slurry pump.

Particle size range (mm) Particle description
>200 Boulder

60,0 - 200 Cobbles
2,0 - 60,0 Gravel
0,6 - 2,0 Coarse sand

0,06 - 0,6 Fine/medium sand
0,002 - 0,06 Silt

<0,002 Mud/clay

Table 1 – Particle size descriptors [2].
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is a useful simplistic approach, it does not take into account the 
particle size distribution. In addition, the chart may also place 
too much emphasis on the concentration, the effects of which 
tend to gradually diminish at greater than 10% by volume 
because of the interaction between particles [4].

Using a d50 to represent a slurry wear particle size doesn’t 
take sufficient account of the larger particle sizes. The d50 
size is probably adequate to characterise narrow particle 
size distributions, but not for broad size distributions such as 
grinding circuit slurries. Erosion is a function of the mass of 
the impacting particles and it is the larger particles that do the 
most damage. 

The representative particle size for wear for slurries with a 
broad size (quasi-logarithmic) distribution has been calculated 
as d85 by Roco and Minani [5]. For many commercial slurries 
this is close to the weighted mean size recommended by 
Gandhi and Borse [6]. 

Based on a wide range of industrial experience, the author 
has observed that slurry particle size distributions for different 
pump applications tend to fall into four different broad ranges. 
Table 2 lists typical slurry pump applications that have been 
grouped into bands called Slurry Wear Types (SWT). The d85 
size is used as the representative wear particle size and while 
there is overlap at the boundaries between the SWT based 
just d85, the shape of the particle size distribution curve is 
considered to be unique to each SWT.

Whilst recognising that the proposed delineation between 
different SWT is rather arbitrary, it is suggested that the 
similarity of applications within mineral processing hopefully 
supports the logic and usefulness of the approach. 

Typical particle size distributions for four different slurry pump 
applications are shown in Fig. 4 with their respective SWT.

Part Wear Patterns And Swt 
It is difficult to generalise pump part wear patterns because 
of the many variables that can be an influence. Pump speed, 
relative flowrate, hydraulic design, orientation (impingement 
angle) as well as the particle characteristics all have an impact 
on the appearance of the wear pattern. 

Fig. 3 – Wear service class from Hydraulics Institute [3].

SWT d85 particle size (mm) Particle descriptor Size range Applications
min. max.

#1 0 0,08 Silt, mud Graded Fine tailings, flotation feed, fine 
coal, concentrate, heavy media, 
effluent, drilling mud, liquors, 
chemicals, clay

#2 0,06 2,0 Sand Uniform Coarse tailings, flotation feed, 
thickener u/flow, paste, sand 
mining, rutile, middlings, scavenger 
cons, transfer, jig cons, screen u/
flow, spiral cons, desliming

#3 0,6 6,0 Sand and gravel Fully graded Mill circuit, hydrotransport, water 
flush crushing

#4 4,0 200 Gravel and cobbles Graded or bi-modal 
(with or without fines)

Coarse screen u/flow, gravel, 
dredging, phosphate matrix, 
sugar beet, ROM coal, oil sands 
hydrotransport, DMC feed, co-
disposal tailings

Table 2 – Proposed Slurry Wear Type (SWT) classification for pumps.

Fig. 4 – Example particle size distributions for each Slurry Wear 
Type.
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Typical SWT wear 
SWT#1 fine particle wear is typified 
by the relatively short wavelength 
of the surface wear pattern. Most 
wear patterns in this regime are 
caused by particles caught in 
turbulent eddies and impinging 
onto the pump wet end surfaces at 
low angles. 

While the range in particle size 
for SWT#2 is quite large, the 
distinguishing feature is the relative 
uniformity of the particle size. At 
the smaller end of the particle size 
range the wear wavelength is small, 
with larger wavelength evident 
at the other end of the scale. 
Regardless of the specific particle 
size in this region, the wear pattern 
displays uniformly distributed 
gouges (whether small or large).

SWT#3 shows the most 
complicated wear patterns because 
it has elements of all the other wear 
types grouped together. The visual 
difference with other SWT regimes 
is dependent on the proportion 
of smaller particles present (e.g. 
d20). For slurries with a significant 
proportion of finer particles the 
wear pattern tends to display deep 
isolated gouges on the parts due to 
turbulent eddies. 

For the largest particle sizes 
SWT#4 is characterised by either 
mostly smooth surfaces, or long 
wavelength gouges. In this regime 
particle inertia forces tend to 
dominate the fluid drag forces, as 
the larger particles depart from the 
flow lines and impinge on surfaces 
where there is a change of flow 
direction. 

The following illustrates typical 
wear patterns for each pump part 
and each SWT. 

Side liners 
Fig. 5 shows the side liner wear 
patterns for different SWT. The 
progression of ripple and gouge 
wavelength is very apparent from 
SW#1 through #4. For the largest 
particles the side liner surface is 
very smooth with only little wear 
gouge at the perimeter as seen in 
Fig. 5d.

Particle impingement angles are 
relatively low with side liner wear. 
Most deep gouges are formed by 
smaller particles trapped in vortex 
flow rather than large particle 
direct impingement.

Impeller 
Impeller wear for different SWT is shown in Fig. 6. At the finest particle sizes, there is 
very little leading edge wear, with most wear at trailing edges where flow separates and 
turbulence and vorticity is highest (Fig. 6a). As particle size increases so does the leading 
edge wear simply due to particle inertia forces becoming more predominant. Any change in 
flow direction also sees greater wear with larger particles, such as against the back shroud 
and pressure face of the pumping vane. This is clearly illustrated by the gouge at the vane-
shroud intersection shown in Fig. 6d.

Casing 
Pump casing wear is shown in Fig. 7 and tends to be a mix of the wear patterns seen with 
side liners and impellers. For the very largest particles in SW#4 there is significant wear at 
the cutwater due to direct impingement (Fig. 7d). In the belly of the casing there is ripple 
and gouge wear where the ripple wavelength appears to be a function of particle size. This 
latter wear is largely low angle impingement or even sliding bed type wear.

For a particular SWT, the wear patterns may be skewed by the particle size distribution. For 
example, the wear pattern for coarse SWT #1 slurry may be similar to a fine SWT#2 or a 
high fine concentration SWT#3. 
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Material designation 
ISO21988[8]

Composition (with Fe remainder)
Bulk hardness (HV10) Carbide volume (%)

C Cr Mn Mo/Ni/Cu
Cr16 3 15 1 3 750 22
Cr27 3 27 2 - 730 27
Cr35 5 34 2 1 800 45

Table 3 – White iron sample properties.

Swt And White Iron Wear Rates 
The major wear components of centrifugal slurry pumps are 
generally made from either hard high chromium white iron or 
elastomers (rubber or polyurethane). For the sake of simplicity 
only hard white irons have been considered in the analysis 
here. 

Slurry particle size influences the relative wear rate of hard 
white irons because of changes in the wear mechanism from 
scratching and ploughing with small particles to cracking and 
fracture with large particles. Walker [7] compared the wear 
performance of 3 white irons with particles ranging from 
fine sand (d85=0,04 mm) to coarse garnet (d85=1 mm) using 
a large scale Coriolis tester. A comparison of the three white 
irons is shown in Table 3. These are typical of white irons used 
in slurry pumps. 

The change in relative wear for the three different particle sizes 
is shown in Fig. 8. With Cr27 as the reference, it can be seen 
that CR16 relative wear rate decreases dramatically as particle 
size increases, while the Cr35 wear rate increases.

For the three alloys, although the carbide volume varies, 
the matrix properties are similar (both in hardness and 
composition). Fig. 9 shows the relative wear against carbide 
volume for both the fine and coarse size particles. For the fine 
sand erodent, increasing the carbide volume from 22% to 45% 
reduces the relative wear rate by a factor of 3. This is in line 
with other researchers’ findings for particles in the 0,25 mm 
range. Provided the erodent hardness is less than the carbide 
hardness, the wear resistance increases with increasing 
carbide volume fraction [9]. However, for the sharp coarse 
garnet erodent, there is almost no impact of carbide volume on 
relative wear rate. Taken together the results shown in Figures 
8 & 9 would indicate that the matrix properties are dominating 
with the large particle wear rather than the carbide properties.

Thus, for d85 sharp particles less than 1 mm there is a 
relationship between wear rate and carbide volume, but 
at 1 mm (and perhaps greater), this relationship breaks 
down because of a change in the predominant carbide wear 
mechanisms from scratching and ploughing to cracking and 
spalling. 

A deep etch SEM photograph of the worn surface of each of 
the Cr35 samples after the test run with the different erodent 
particles is shown in Fig. 10. 

It is apparent from the deep etch images that the wear 
mechanisms for the Cr35 white iron change significantly with 
increase in erodent particle size. Fig. 10a shows the ends of the 
hexagonal carbide rods as quite smooth compared to the rough 
cracked ends of the carbides in Fig. 10c. With small particles 
there is minimal cracking of the carbide, but as erodent particle 
size increases, carbide cracking prevails as the major wear 
mechanism.

A deep etched SEM image of the surface of a worn Cr35 white 
iron casing from a slurry pump in a coarse particle grinding 
circuit application is shown compared to the sample from 

Fig. 5 – Typical side liner wear patterns.

Fig. 6 – Typical impeller wear patterns.

the Coriolis tester in Fig. 11. The image clearly shows that the 
carbide cracking in the field application looks very similar to the 
carbide cracking and spalling in the Cr35 Coriolis test sample.

There are many researchers and material suppliers that 
produce ranking tables for material wear performance. Many 
of these tables and bar charts only reference the test procedure 
in passing and don’t caution the user about extrapolating the 
data outside of the specific test conditions. 
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Fig. 8 – Relative wear rate against particle size.

Fig. 9 – Relative wear rate against carbide volume.

Fig. 10 – Deep etch image of worn surface of Cr35 sample from 
Coriolis test with different particle size.

Fig. 7 – Typical casing wear patterns.
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The data presented here should help to warn users of such 
charts about the significant differences in relative wear 
performance that can occur with particle size. With white irons 
in particular, an understanding of the impact of microstructure 
on material wear mechanisms is critical to assessing the likely 
relative wear performance as particle size changes. 

Swt And Relative Component Wear 
The effect of particle size on the relative wear of pump parts 
was first explored in detail by Walker et al [4]. As can be seen 
in Fig. 12, the relative wear of each part changes with particle 
size. For smaller particles (d85<0,6 mm) the inlet side liner 
(throatbush) is the high wearing part followed by impeller and 
then the (volute) casing liner. At larger particle sizes (d85>1 
mm), the impeller is the high wearing part and the inlet side 
liner is the lowest wearing part.

Specifically, the larger particles caused significant wear at 
points where the flow changed direction. Major impeller 
wear occurred at the pressure side of the vane at the back 
shroud, where the flow has to turn through 90 degrees in the 
meridional plane as shown in Fig. 13. For the smaller particles 
wear only occurred where there was significant turbulence 
and/or separation in the flow, such as at trailing tips of blades.

Optimum Pump And Material Selection 
Over 35 years ago Baker et al [10] outlined a simple pump and 
material selection system based on particle size. The range of 
particle sizes considered is shown in Table 4. The definition of 
what constitutes a Dredge, Gravel, Sand or Slurry pump was 
not clarified. 

Fig. 11 – Deep etch image comparison of worn surface of Cr35 iron 
casing from field and laboratory tests.

Fig. 12 – Relative pump part wear for different particle size [4].

The shape of the impeller in a centrifugal pump design is largely 
correlated with the Specific Speed (Ns) which is calculated from 
the parameters of the pump duty [11]. Designing a centrifugal 
pump for slurry also requires consideration of wear. To ensure 
reasonable wear resistance, impeller rotational speeds are 
limited. So as to achieve reasonable inlet velocities, the ratio 
of impeller outside diameter to inlet diameter is increased 
as the head required by the pump is increased. To minimise 
wear on the vane leading edge the impeller diameter ratio 
is also increased as the particle size is increased. Further, for 
extremely large particles, the passage width through the pump 
must be able to accommodate the possibility of multiple 
particle wedging. 

Each pump part sees predominantly different particle 
impingement angles that result in different wear rates 
depending on particle size and the flow around the part. As a 
result, each part will have a different optimum material selection 
dependent on the particle impingement characteristics. 

Based on the author’s experience, a recommended impeller 
diameter ratio range that results in acceptable wear life (for 
any head or particle size) is shown in Table 5. Also included is 
the corresponding white iron material recommendation.

Conclusions 
Slurry particle size is a key determinant of the wear pattern and 
wear rate for centrifugal pumps. By grouping pump duties on 
the basis of particle size and size distribution, 4 common Slurry 
Wear Types (SWT) have been identified that give similar pump 
wear patterns and characteristics. Using the SWT an optimum 
material recommendation is provided for various impeller 
diameter ratios and for each of the major wearing components. 
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