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PUMP LINER

Technical Field

[0001] This disclosure relates generally to pumps and more particularly though not

exclusively to centrifugal pumps for handling slurries.

Background Art

[0002] Centrifugal slurry pumps typically comprise a pump liner (also known as a
volute), which is surrounded by an exterior casing structure. The pump liner includes a
pumping chamber therein in which is disposed an impeller mounted for rotation on an
impeller shaft. The impeller shaft enters the pumping chamber from the rear side, or drive
side, of the exterior casing structure. A discharge outlet extends tangentially from the
periphery of the casing structure and provides for the discharge of fluid from the pump

chamber.

[0003] The pump liner can be typically moulded from a wear resisting elastomer
compound. In this form, the outer casing fitted with a respective pump liner are
traditionally manufactured in two parts, or halves, held together with bolts at the periphery
of the casing. The two parts join along a plane which is generally perpendicular to the axis

of rotation of the pump impeller.

[0004] The elastomer compound selected for the manufacture of the pump liner is
typically chosen due to its effectiveness in resisting the wear mechanisms associated with
pumping slurries in centrifugal pumps. However such wear mechanisms can include
abrasion, erosion, impingement and directional wear, and so a specific elastomer
compound chosen may not be effective in resisting each one of the various types of wear

mechanisms.
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Summary of the Disclosure

[0005] In a first aspect, embodiments are disclosed of a pump liner for a centrifugal
pump wherein the pump liner comprises a main pumping chamber, an inlet to the main
pumping chamber, a discharge outlet extending from the main pumping chamber and a
transition zone, wherein the pump liner is formed from at least two elastomeric compounds
including a first compound and a second compound, the first compound having a different
hardness to the second compound and wherein a substantial portion of the transition zone

is composed of the second compound.

[0006] In certain embodiments, the pumping chamber and the discharge outlet each
include an inner peripheral surface, the transition zone comprising a transition surface

between the inner peripheral surfaces of said pumping chamber and said discharge outlet.
[0007] In certain embodiments, the transition zone includes a cutwater.
[0008] In certain embodiments, a substantial portion of the cutwater is composed
of the second compound. In certain embodiments, the cutwater is composed entirely of the

second compound.

[0009] In certain embodiments, the transition zone is composed entirely of the

second compound.
[0010] In certain embodiments, the pump liner further comprises an exit region
which includes the transition zone and at least part of the discharge outlet wherein the exit

region is substantially formed from the second compound.

[0011] In certain embodiments, the exit region is composed entirely of the second

compound.

[0012] In certain embodiments, the pump liner further comprises a main region



CA 02956624 2017-01-27

WO 2016/015106 PCT/AU2015/050432

_3-

wherein the main region is substantially formed from the first compound.

[0013] In certain embodiments, the main region is composed entirely of the first
compound.
[0014] In certain embodiments, the pump liner comprises two side parts which can

be fitted together in use wherein each of said side parts comprises a part of the main

pumping chamber, the discharge outlet and the transition zone.

[0015] In a second aspect, embodiments are disclosed of a pump liner for a
centrifugal pump wherein the pump liner comprises a main pumping chamber, an inlet to
the main pumping chamber and a discharge outlet extending from the main pumping
chamber, wherein the pump liner is formed from at least two elastomeric compounds
including a first compound and a second compound, the first compound having a different
hardness to the second compound and wherein the liner is composed of the second
compound at locations which in use are subject to erosive, impingement and/or directional

wear.

[0016] In certain embodiments, the pump liner is composed of the first compound

at locations which are subject to abrasive wear in use.

[0017] In certain embodiments the locations subject to erosive, impingement

and/or directional wear in use are selected from the transition zone and/or the cutwater.

[0018] In certain embodiments the locations subject to abrasive wear in use are

selected from the main pumping chamber and/or the main discharge outlet

[0019] In certain embodiments, the first compound has a greater hardness than the

second compound.

[0020] In certain embodiments, the first compound has a Shore A° hardness of
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greater than or equal to about 60.

[0021] In certain embodiments, the first compound has a Shore A° hardness of less

than or equal to about 90.

[0022] In certain embodiments, the second compound has a Shore A° hardness of

less than or equal to about 60.

[0023] In certain embodiments, the second compound has a Shore A° hardness of

greater than or equal to about 30.

[0024] In certain embodiments, the pump liner is formed from at least one further

compound.

[0025] In a third aspect, embodiments are disclosed of a method of producing a
side part of a pump liner for a centrifugal pump wherein the pump liner comprises a main
pumping chamber, an inlet to the main pumping chamber and a discharge outlet extending
from the main pumping chamber, the pump liner comprising two side parts which can be
fitted together in use wherein each of said side parts comprises a part of the main pumping
chamber and the discharge outlet, wherein the pump liner is formed from at least two
elastomeric compounds including a first compound and a second compound, the first
compound having a different hardness to the second compound, the method including the
following steps:

(a) providing a mould that corresponds to one of the said side parts;

(b) positioning the first compound and the second compound in the mould;

(c) compressing the first compound and second compound at an elevated temperature

into the mould to produce a moulded side part for a pump liner; and,

(d) allowing the moulded side part to cure.

[0026] In certain embodiments, the first compound and the second compound are

selected whereby the first and second compound cure at a substantially similar rate.
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[0027] In certain embodiments, the first and second compound are selected

whereby the first and second compound cure at a substantially similar temperature.

[0028] In certain embodiments, the first and second compound are selected from
elastomeric compounds with a cure system selected from the following: CV

(conventional), or SEV (semi-efficient), or EV (efficient) cure systems.

[0029] In certain embodiments, the first and second compound are selected from

elastomeric compounds with cure system that is the same or similar.

[0030] In certain embodiments, the first and second compounds are selected from

natural elastomeric compounds.

[0031] In certain embodiments, the centrifugal pump is a slurry pump for pumping

fine slurries.

[0032] Other aspects, features, and advantages will become apparent from the
following detailed description when taken in conjunction with the accompanying drawings,
which are a part of this disclosure and which illustrate, by way of example, principles of

inventions disclosed.

Description of the Figures

[0033] The accompanying drawings facilitate an understanding of the various
embodiments.

[0034] Figures 1 is a perspective illustrations of a pump liner;

[0035] Figure 2 is a perspective illustration of a pump liner;

[0036] Figure 3 is a sectional side elevation of the pump liner shown in Figures 1
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and 2;

[0037] Figure 4 is a sectional view taken along the line X-X in Figure 3;

[0038] Figure 5 is a sectional side elevation of the pump liner shown in Figures 1

and 2;

[0039] Figure 6 is a photograph of a mould for the production of a pump liner
depicting the first and second elastomer compounds loaded into the mould before the

moulding process;

[0040] Figure 7 is a photograph of the same mould in Figure 6 after the moulding

Process;

[0041] Figure 8 is a photograph of one side part of a pump liner that has been
removed from a mould depicting the first elastomer compound in the darker shade and the

second elastomer compound in the lighter (or red) shade; and

[0042] Figure 9 is a cross-sectional view of a pump liner depicting CFD velocity

vectors in the region of the transition zone.

Detailed Description

[0043] As used herein, the term 'elastomer’ or 'elastomeric compound' includes any
material composed of long chainlike molecules, or polymers, that are capable of
recovering their original shape after being stretched to great extents and includes materials

derived from natural sources, such as rubber, and materials derived from synthetic sources.

[0044] As used herein, the term "hardness” of a compound refers to the

"indentation hardness" of the compound which measures the resistance of a sample of the
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compound to material deformation due to a constant compression load from a sharp object.

Hardness may be expressed as a measurement referencing the Shore A° Durometer scale.

[0045] Referring to Figures 1 to 5, there is illustrated a pump liner 10 having a
main pumping chamber 14 therein. In the embodiment shown, the pump liner 10, in use, is
disposed within an exterior casing structure of a pump (not shown), and within which an

impeller can be caused to rotate (not shown).

[0046] The pump liner 10 has openings in opposed sides 15, 16 thereof, one of
which will provide for an inlet opening for the introduction of a flow of material into the
main pumping chamber 14. The other opening provides for the introduction of a drive
shaft used for rotatably driving the said impeller (not shown) which is disposed within the
pumping chamber 14 in use. The pump liner 10 further includes a peripheral wall portion
12 having an inner peripheral surface 28 and a discharge outlet 13 which extends
tangentially from the wall portion 12, the discharge outlet 13 having an inner peripheral
surface 29. The main pumping chamber 14 is generally of volute shape and, in the

embodiments illustrated, can be generally semi-circular in cross-section as shown in Figure

4.

[0047] The pump liner 10 further includes a transition surface or zone 17 which
extends between the inner peripheral surface 28 of the main pumping chamber 14 and the
inner peripheral surface 29 of the discharge outlet 13. The transition surface or zone 17
provides for a transition between the pathway flowing through the spiral or circumferential
length of the pumping chamber 14 and the discharge of fluid through the discharge outlet
13. The transition surface or zone 17 includes a cutwater 19 and two blended or transition
regions or merging regions arranged to extend between the cutwater 19 and the respective
inner peripheral surfaces 28, 29 of the peripheral wall portion 12 and the discharge outlet
13.

[0048] The transition surface or zone 17 is adapted in use to separate the flow of

material moving through the discharge outlet 13 from the recirculating flow of material
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within the main pumping chamber 14. The cutwater 19 is arranged to distribute the flow
into the discharge outlet 13 and reduce the recirculation flow of material in the main

pumping chamber 14.

[0049] It is understood that wear mechanisms that impact on the pump liner during
the operation of a slurry pump include: abrasion, erosion, impingement and directional
wear. It has been found that elastomeric compounds with increased hardness are believed
to provide good resistance to abrasive wear, whereas, elastomeric compounds with reduced
hardness (in other words softer elastomeric compounds) provide good resistance to
erosional, impingement and directional wear due to their elastic ability to absorb impacting

particle energy.

[0050] In one embodiment a pump liner is formed from at least two elastomeric
compounds which each have a different hardness. Referring specifically to Figure 5,
which depicts a sectional side elevation of a pump liner, there is shown a main region 36 of
the pump liner 10 and an exit region 35 distinguished from the main region 36 by a dotted
line. The main region 36 includes a majority of the pump liner 10 and makes up a
substantial portion of the pumping chamber 14, whereas the exit region 35 includes the
transition zone 17 and cutwater 19 as well as the discharge outlet. In this embodiment a
first elastomeric compound forms the main region 36 of the pump liner, and a second

elastomeric compound forms the exit region 35.

[0051] In one embodiment, the first elastomeric compound has a hardness which is
greater than the hardness of the second elastomeric compound. In preferred embodiments,
the first elastomeric compound has a Shore A° hardness of greater than or equal to 60 and
less than or equal to 90, and in more preferred embodiments the first elastomeric
compound has a Shore A° hardness of greater than or equal to 60 and less than or equal to
70. In a further preferred embodiment the second elastomeric compound has a Shore A°
hardness of greater than or equal to 30 and less than or equal to 60, and in more preferred
embodiments the second elastomeric compound has a Shore A° hardness of greater than or

equal to 45, and less than or equal to 55. In a typical example, the first elastomeric
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compound has a Shore A° hardness of 65, and the second elastomeric compound has a

Shore A° hardness of 50.

[0052] Counterintuitively, it was found that if an elastomer with a reduced
hardness (i.e. the second elastomeric compound) was used to form a substantial portion of
the transition zone 17 and an elastomer with increased hardness (i.e. the first elastomeric
compound) was used to form a substantial portion of the remainder of the pump liner, an

overall reduction in wear was obtained when the pump liner is in use.

[0053] Without wishing to be bound by theory, it is thought that an elastomeric
compound with reduced hardness exhibits better erosive, impingement and directional
slurry wear resistance because the elastomer also has higher resilience properties than an
elastomeric compound with a greater hardness. Because the pumping chamber 14 of the
pump liner 10 is subjected to wear mechanisms which are predominantly abrasive, it was
found that forming the majority of the pump liner 10, or main region 36, out of a first
elastomer compound with greater hardness and forming the exit region 35, or at least a
substantial portion of the transition zone 17 out of a second elastomeric compound with
reduced hardness resulted in a pump liner 10 which showed better wear characteristics than

pump liners formed from only one elastomeric compound.

[0054] In certain embodiments, at least a substantial portion of the transition zone
17 may be composed of the elastomer of reduced hardness (i.e. the second elastomeric
compound), or in another embodiment at least a substantial portion of the cutwater may be
composed of the elastomer of reduced hardness. The term "substantial portion" when used
to describe the composition of the transition zone 17 indicates that at least 50% of the
transition zone 17, is composed of the elastomer of reduced hardness. Similarly, the term
"substantial portion” when used to describe the composition of the cutwater 19 indicates
that at least 50% of the cutwater 19, is composed of the elastomer of reduced hardness. In
preferred embodiments, at least 80% of the cutwater 19 is composed of the elastomer of
reduced hardness and in more preferred embodiments 100% of the cutwater 19 is

composed of the elastomer of reduced hardness.
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[0055] In certain preferred embodiments, at least 80% of the transition zone
including the cutwater is composed of the elastomer of reduced hardness (i.e. the second
elastomeric compound). In more preferred embodiments, 100% of the transition zone

including the cutwater is composed of the elastomer of reduced hardness.

[0056] In certain embodiments, it was found that wear mechanisms at the transition
zone 17 and in particular the cutwater 19 of the pump liner when pumping fine slurries

were found to be predominantly erosive, impingement and directional wear mechanisms.

[0057] In certain embodiments it was found that wear mechanisms at the transition
zone 17, and in particular the cutwater 19, of the pump liner were found to be
predominantly erosive, impingement and directional wear mechanisms when pumping
slurries which comprise a fluid with suspended particles with a particle size of less than or
equal to about a P80 of 250um (250 x 10°m), and in particular suspended particles with a
particle size of less than or equal to about a P8O of 100um (100 x 10°m).

[0058] As described herein, the term "fine slurries” describes a slurry with

suspended particles of less than or equal to about a P80 of 100um (100 x 10°m).

[0059] In certain embodiments, a substantial portion of the regions of a pump liner
that are subject to erosive, impingement and directional slurry wear are composed of the
elastomer of reduced hardness (i.e. the second elastomeric compound). In preferred
embodiments, all of the regions of a pump liner that are subject to erosive, impingement

and directional slurry wear are composed of the elastomer of reduced hardness.

[0060] In certain embodiments, at least a portion of the discharge outlet is
composed of the elastomer of reduced hardness (i.e. the second elastomeric compound). In
a preferred embodiment, the portion of the discharge outlet composed of the elastomer of
reduced hardness is adjacent the transition zone including the cutwater. In an alternative

embodiment, the entire discharge outlet is composed of the elastomer of reduced hardness.
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[0061] In accordance with another embodiment, a method of producing a pump
liner as herein described involves the use of at least two elastomeric compounds. A first
elastomeric compound with a hard Shore A° Durometer score that is suited for slurry
abrasion and a second elastomeric compound with a lower Shore A° Durometer score that

exhibits good erosive, impingement and directional slurry wear resistance.

[0062] Referring to Figures 6 and 7, there is shown a mould for one half of a pump
liner wherein the second elastomeric compound (shown in pink (or light grey) for
demonstration purposes) is moulded into the exit region of the pump liner including the
cutwater,transition zone and the discharge outlet. The first elastomeric compound (shown
as the darker of the two elastomeric compounds) is moulded into the main region of the
pump liner. By using a compression force onto the mould at a temperature of up to and
including 160°C, one side part of a pump liner is produced (as best seen in Figure 7) which
is composed of the two elastomeric compounds, with the first elastomeric compound
forming the main region of the pump liner (shown as the darker section of the liner) and
the second elastomeric compound forming the exit region including the transition zone,

cutwater and discharge outlet (shown as the lighter shaded section of the liner).

[0063] A further embodiment of a side part of a pump liner, produced by the
method as herein described, is shown in Figure 8 which is a photograph of a side part of a
pump liner composed of two elastomeric compounds, with the first elastomeric compound
forming the main region of the pump liner (again shown as the darker shaded section of the
liner) and the second elastomeric compound forming the transition zone and cutwater and a
minor portion of the discharge outlet adjacent the transition zone (shown as the lighter

shaded region).

[0064] In certain embodiments, the at least two elastomeric compounds are
selected from a first compound and a second compound wherein the second compound has
a reduced hardness compared to the first compound. In preferred embodiments, the at least

two elastomeric compounds are selected from elastomeric compounds with cure systems
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including: CV (conventional), or SEV (semi-efficient), or EV (efficient) cure systems. In
more preferred embodiments, the at least two elastomeric compounds cure at similar rates,
and in further preferred embodiments, the at least two elastomeric compounds are selected

from elastomeric compounds having the same or similar cure systems.

[0065] In certain embodiments, at least two elastomeric compounds are selected
from a first compound and a second compound wherein the at least two elastomeric
compounds include similar amounts of accelerators (eg metal oxides), activators,

vulcanising agents (eg sulfur, metal oxides, peroxide), waxes and/or oils.

[0066] Table A below provides an example embodiment where CV (conventional),

SEV (semi-efficient) or EV (efficient) cure systems are outlined:

Table A
Typical OV, SEY and BV curefvultanisation -ss;‘-s%.e;m:s.
Type Sulfur {3, phrl Aoelerator (&, ph &§5 ratio
C¥ 23-35 G4-123 8.1-8.86
&EW 148-147 12-24 8.7-35
EY $.48- 08 20-5.0 25-3132.8
[0067] In certain embodiments, the at least two elastomeric compounds are

selected from a first compound and a second compound wherein the first compound
combines with substantial cohesion with the second compound during the moulding
process. In preferred embodiments, the first compound and the second compound are both
selected from natural rubber elastomeric compounds, or alternatively, the first compound

and the second compound are both selected from synthetic rubber elastomeric compounds.
Experimental Simulation
[0068] Computational experiments were carried out to simulate flow patterns in the

various designs of the pump liner, using commercial software ANSYS CFX. This

software applies Computational Fluid Dynamics (CFD) methods to solve the velocity field
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for the fluid being pumped. The software is capable of solving many other variables of

interest however velocity is the variable which is relevant for Figure 9 shown herein.

[0069] For each CFD experiment, the results are post-processed using the
corresponding module of CFX. Figure 9 shows a cross-sectional view of a section of a
pump liner showing the transition zone including the cutwater of the pump liner for a
slurry pump. The simulation may be used to represent particle flow within the pump liner
during the pumping process particularly when the particles in the fluid are very small and
fine. As can be seen from the direction of the velocity vectors, direct impingement and
high angle particle impact would be the contributing wear mechanism at the location of the
cutwater. The areas surrounding the transition zone show the fluid flow indicative of low
angle sliding wear. Considering this fluid flow and in the instance that the particles
making up the slurry are very small and fine in size distribution, the results of the
simulation support the use of an elastomeric compound with a lower Shore A° Durometer
score that exhibits good erosive, impingement and directional slurry wear resistance at the
cutwater and transition zone regions of the pump liner, and an elastomeric compound with
a hard Shore A° Durometer score in other areas of the pump liner that are affected by

slurry abrasion wear.

Experimental Results

[0070] Two natural rubber compounds were selected to produce a slurry pump
liner. The two rubber compounds included Rubber A which selected from a hard Shore A°
Durometer compound and Rubber B selected from a soft Shore A° Durometer and high

resilient compound.

[0071] Rubber B was moulded into the transition zone including the cutwater
region of the rubber slurry pump liner during production. It is believed that wear
mechanisms at the transition zone and cutwater of the pump liner during the pumping
operation of fine slurries are predominantly erosive, impingement and directional wear

mechanisms. It is believed that by using a softer and higher resilient Rubber B in the
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transition zone and cutwater of the pump liner that this may result in better performance

and increase wear resistance than if the harder Rubber A was used in this location.

[0072] Figure 8 illustrates the Rubber A and B moulded into a rubber pump liner at
the transition zone and cutwater. The Rubber B of lesser hardness is highlighted as the

lighter coloured material making up the composition of the pump liner.

Physical Testing — Hardness, Density, & Resilience

[0073] The hardness of both the rubber compounds Rubber A and Rubber B was
tested in accordance with ASTM D2240 and measured using a Shore A° Durometer. The
density of the rubber samples was measured using a volume displacement method, as per
ASTM D297-15. The Shore resilience of the rubber samples was tested tested in
accordance to ASTM D2632 and measure using an Instron Shore A° Resiliometer. The

results of these tests are outlined in Table 1.

Table 1.
Test Units Test Standard Rubber A Rubber B
Hardness Shore A° ASTM D2240 62 50
Density g/em’ ASTM D297-15 1.11 1.06
Resilience % ASTM D2632 38 64
Bashore

Wear Testing — Slurry Erosion Tester

[0074] A slurry Erosion tester was used to simulate high velocity particles that
impinge on the surface of a material causing material removal. This is considered to be
erosive wear, which is the result of continuous particles in a fluid system impacting on the

surface of a material causing material removal and damage.
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Wear Testing - Chip and Cut Wear Tester

[0075] The BF Goodrich chip and cut wear tester (developed by the automotive
tyre industry) was used to simulate chipping and cutting of samples of Rubber A and
Rubber B. This test provides an indication of the abrasion resistance of an elastomer. In
the test, a tungsten carbide blade drops onto a rubber wheel of the sample at a rate of 60
times a minute as the rubber wheel spins at a rate of 760 cycles per minute. The wear is
caused by the tungsten carbide blade chipping and/or cutting the surface of the rubber
wheel. The chip and cut wear tester has shown that Rubber A material was the most
resistant to abrasive wear whereas Rubber B displayed significantly less resistance to

abrasive wear.

[0076] The wear test results shown in Table 2 demonstrate the effective wear
resistance of a rubber pump lining material when exposed to different wear mechanisms.
The slurry erosion test was used to replicate direct and high angle impingement wear for a
fine slurry application. The results of this test show that the softer, higher resilient rubber,
i.e. Rubber B, will result in better wear performance than a harder, low resilient rubber
such as Rubber A. In reference to the side part of the pump liner shown in Figure 9, the
area of the transition zone and cutwater experiences direct and high angle impingement.
Having Rubber B in this location should improve the wear resistance of the transition zone

and cutwater.

[0077] The chip and cut wear test conversely demonstrated the abrasion and chip
and cut resistance of a rubber pump lining material. The results in Table 2 show the
harder, low resilient Rubber A has better wear resistance compared to the softer Rubber B.
These test results demonstrate the requirement for different rubber compounds in different
locations in slurry pump rubber liners in order to improve the overall wear resistance of the

pump liner.

Table 2.

Test Units Rubber A Rubber B
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Erosion mm’ 17.5 6.7
Chip & Cut mm’ 0.1 12
[0078] In the foregoing description of preferred embodiments, specific terminology

has been resorted to for the sake of clarity. However, the invention is not intended to be
limited to the specific terms so selected, and it is to be understood that each specific term
includes all technical equivalents which operate in a similar manner to accomplish a
similar technical purpose. Terms such as "front" and "rear", "inner" and "outer", "above",
"below", "upper" and "lower" and the like are used as words of convenience to provide

reference points and are not to be construed as limiting terms.

[0079] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.

[0080] In this specification, the word “comprising” is to be understood in its
“open” sense, that is, in the sense of “including”, and thus not limited to its “closed” sense,
that is the sense of “consisting only of”. A corresponding meaning is to be attributed to the

bR IENT3

corresponding words “comprise”, “comprised” and “comprises” where they appear.

[0081] In addition, the foregoing describes only some embodiments of the
invention(s), and alterations, modifications, additions and/or changes can be made thereto
without departing from the scope and spirit of the disclosed embodiments, the

embodiments being illustrative and not restrictive.

[0082] Furthermore, invention(s) have been described in connection with what are
presently considered to be the most practical and preferred embodiments, it is to be
understood that the invention is not to be limited to the disclosed embodiments, but on the

contrary, is intended to cover various modifications and equivalent arrangements included
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within the spirit and scope of the invention(s). Also, the various embodiments described
above may be implemented in conjunction with other embodiments, e.g., aspects of one
embodiment may be combined with aspects of another embodiment to realize yet other
embodiments. Further, each independent feature or component of any given assembly may

constitute an additional embodiment.
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Table of Parts
Pump Liner 10
Peripheral Wall Portion 12
Pumping Chamber 14
Opposed Sides 15, 16
Discharge Outlet 13
Cutwater 19
Transition Zone 17

Inner Peripheral Surface (Peripheral Wall Portion) 28
Inner Peripheral Surface (Discharge Outlet) 29
Exit Region 35
Main Region 36
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CLAIMS

1. A pump liner for a centrifugal pump, wherein the pump liner comprises:

a main pumping chamber having an inner peripheral surface portion;

an inlet to the main pumping chamber;

a transition zone; and

a discharge outlet positioned adjacent to the transition zone and having an inner
peripheral surtace portion,

wherein the transition zone includes a transition surface between the inner peripheral
surface portion of the pumping chamber and the inner peripheral surface portion of the
discharge outlet,

wherein the pump liner is formed from at least two elastomeric compounds including
a first compound and a second compound, the first compound having a greater hardness than
the second compound and wherein at least 50% of the transition zone is composed of the
second compound,

wherein the pump liner has a main region and an exit region, the main region
encompassing at least a substantial portion of the main pumping chamber,

wherein the main region is formed from the first compound,

wherein the exit region includes the transition zone and at least part of the discharge
outlet, and

wherein the exit region is substantially formed from the second compound.

2. The pump liner according to claim 1. wherein the transition zone includes a cutwater.
3. The pump liner according to claim 2, wherein the cutwater is composed entirely of

the second compound.

4, The pump liner according to any one of claims 1 to 3, wherein the transition zone s

composed entirely of the second compound.

3. The pump liner according to any one of claims 1 to 4, wherein the exit region is

composed entirely of the second compound.

6. The pump liner according to claim 5, wherein the main region is composed entirely
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of the first compound,

7. The pump liner according to any one of claims 1 to 6, comprising two side parts

which can be fitted together in use.

8. The pump liner according to claim 7, wherein each of said side parts comprises a part

of the main pumping chamber, the discharge outlet, and the transition zone,

9. The pump liner according to any one of claims 1 to 8, wherein the first and second

compounds are selected from natural elastomeric compounds.

10. The pump liner according to any one of claims 1 to 9, wherein the centrifugal pump

is a slurry pump for pumping fine slurries.

1. A pump liner for a centrifugal pump, wherein the pump liner comprises:

a main pumping chamber having an inner peripheral surface portion;

an inlet to the main pumping chamber;

a transition zone; and

a discharge outlet having an inner peripheral surface portion and extending from the
transition zone,

wherein the transition zone includes a transition surface between the inner peripheral
surface portion of the pumping chamber and the inner peripheral surface portion of the
discharge outlet,

wherein the pump liner is formed from at least two elastomeric compounds including
a first compound and a second compound,

wherein the first compound has a greater hardness than the second compound,

wherein the second compound is provided in at least 50% of the transition zone,

wherein the pump liner has a main region and an exit region. the main region
encompassing at least a portion of the main pumping chamber,

wherein the main region is formed from the first compound that has the greater
hardness than the second compound,

wherein the exit region includes the transition zone and at least part of the discharge
outlet, and

wherein the exit region is substantially formed from the second compound.
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12. The pump hiner according to claim 11, wherein the first compound has a Shore A°

hardness of greater than or equal to about 60.

13. The pump Iiner according to claim 11, wherein the first compound has a Shore A°

hardness of less than or equal 1o about 90,

14. The pump liner according to any one of claims 11 to 13, wherein the second

compound has a Shore A° hardness of less than or equal to about 60.

15. The pump liner according to any one of claims 11 to 13, wherein the second

compound has a Shore A® hardness of greater than or egual to about 30.

16. The pump liner according to any one of claims 11 10 15, wherein the pump liner is

formed from at least one turther compound.

17. The pump hiner according to any one of claims 11 to 16, wherein the centrifugal

pump is a slurry pump for pumping fine slurries.

18. A method of producing a side part of a pump liner for a centrifugal pump, wherein
the pump liner comprises a main pumping chamber having an inner peripheral surface
portion, an inlet to the main pumping chamber, a transition zone, and a discharge outlet
positioned adjacent to the tragsition zone and having an inner peripheral suirface portion the
fransifion zone comprising a transition surface between the inner peripheral surface portion
of the pumping chamber and the inner peripheral surface portion of the discharge outlet, the
pump liner comprising two side parts which can be fitted together in use wherein each of
said side parts comprises a part of the main pumping chamber and the discharge outlet,
wherein the pump liner is formed from at least two elastomeric compounds including a first
compound and a second compound, the first compound having a greater hardness than the
second compound, wherein at least 0% of the transition zone is composed of the second
compound, wherein the pump liner has a main region and an exit region, the main region
encompassing at least a substantial portion of the main pumping chamber and formed from
the first compound, wherein the exit region includes the transition zone and at least part of

the discharge outlet, wherein the exit region is substantially formed from the second
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compound, the method including the following steps:

a) providing a2 mould that corresponds to one of the said side paris;
b} positioning the first compound and the second compound in the mould;
c) compressing the first compound and second compound at an elevated

temperature into the mould to produce a moulded side part for the pump hiner: and,

d) allowing the moulded side part (o cure,

19, The method according to claim 18, wherein the first compound and the second
compound are selected whereby the first and second compounds cure at a substantially

similar rate.

20. The method according to claim 18 or 19, wherein the first and second compounds
are selected whereby the first and second compounds cure at a substantially similar

temperature.
21 The method according to any one of claims 18 to 20, wherein the first and second
compounds are selected from elastomeric compounds with a cure system selected from the

following: CV (conventional), or SEV (semi-efficient), or EV (efficient) cure systems.

22, The method according to any one of claims 18 to 20, wherein the first and second

compounds are selected from elastomeric compounds with a cure system that is the same.

23 The method according to any one of claims 18 to 22, wherein the centrifugal pump

is a slurry pump for pumping fine slurries,

24, The method according to any one of claims 18 to 23, wherein the first and second

compounds are selected from natural elastomeric compounds.
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FIG. 6
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