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plethora of pumps are available for the routine pumping of
non-abrasive and non-corrosive materials. Pumps designed
for these types of standard applications are generally straight-
forward and simple to build, and function well when applied
to their intended use. But when abrasive and corrosive mate-
rials are added to the pumping equation, the challenge of de-
signing a reliable and durable pump escalates – significantly.

The industrial applications that require pumping of abra-
sive materials are as varied as the products we see and use
every day. The following two application examples provide a
snap shot of the challenges facing today’s pump designers.

CHALLENGING APPLICATIONS
Ceramics manufacturing

From the point of mining, to the application of glazes, pum-
ping clay-based slurries is integral to the process of ceramics
manufacturing. During the mining process, clay is removed
from the mines, dissolved in water and run through a num-
ber of filtration processes. This is done to remove rocks and
relatively fine sand. Finally, the clay solution is pumped through

a filter press that allows water to pass through the filter, while
trapping the semi-refined clay in a cake. This cake is then
further blended to form various grades of product that range
from fine porcelain, to stoneware, to bricks. 

Each of these clays has unique levels of particle hardness,
particle size distribution and chemical composition. After
bisque firing, most ceramic products are glazed and fired
again to produce specific colors, patterns and other desired
appearance features. The color in glazes is generally the re-
sult of metallic oxides that are very abrasive in nature. This
entire manufacturing cycle is filled with both opportunities
and challenges for pumping thick abrasive mixtures. 

Spray drying
Another application that, in some cases, overlaps with cera-

mic manufacturing, is that of spray drying of materials. Ma-
terials under high pressure are sprayed into a heated drying
chamber and allowed to dry from a solution of water to a dry
powder at the bottom of the chamber. 

Homogenous blending of various clays is accomplished by

This positive displacement pump is de-
signed for pumping difficult fluids. It lacks
cups, packings or seals, is self-priming and
can run dry without damage. As the shaft
(1) revolves, the cam and Timken bearings
(2) turn, causing the wobble plate (3) to
move. The wobble plate moves the oil-filled
pistons, (4) which, in turn, move the three
diaphragms (5). When the diaphragms
move back, solution enters the pump
through the inlet valves (6). As the di-
aphragms move forward, the solution is
pumped through the outlet valves (7). 
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dissolving clay cakes of different types, mixing
them in solution and then spray drying.
Carbide powders, specialized glass powders and
other products of a similar nature are often
spray dried during some stage of blending and
manufacturing. All of these products are inher-
ently abrasive and difficult to handle, and, in
many cases, represent great challenges in de-
signing pumps and systems that are commer-
cially viable.

PUMP TYPES
Positive displacement pumps offer some key

advantages for these types of abrasive slurry
pumping applications, and a few critical chal-
lenges. Positive displacement pumps, that fea-
ture sliding seals, can be designed to minimize
the impact of abrasion on the seals. However,
in applications where the product being pumped
becomes increasingly abrasive, their life expec-
tancy is often unsatisfactory.

Diaphragm pumps of various types can, and
do, eliminate sliding seals on piston rods. Oil
backed diaphragm pumps that can generate high
pressure and offer excellent abrasion resistance
in the diaphragms provide significant advantages
for this type of application. The elastomeric dia-
phragms used in these pumps provide a means of
bypassing the abrasion limits of sliding seal pumps.

Check valves are another critical element in
both types of positive displacement pumps. Dur-
ing operation, they open and close literally mil-
lions of times, and are exposed to both erosive
wear and wear from compaction of abrasive
particles between the valve and seat. 

MINIMIZING WEAR
There are two basic ways to approach mini-

mizing wear in these pump components. First,
they can be fabricated from extremely hard, wear-
resistant materials. This approach has strong
merit, where the hardness of the particles in the
solution being pumped is significantly lower than
the hardness of the seat and valve materials that
can be used. Relatively hard and fracture resist-
ant materials are available for this purpose. For
instance, tungsten carbide and toughened ce-
ramics work well for these situations. Note
that, in applications such as those previously
mentioned, it is not uncommon for the
pumped particle hardness to approach or ex-
ceed the hardness of practical seat and valve
materials. 

A second way to approach this problem in-
volves the use of at least one very soft material,
typically run against a hard wear-resistant mate-
rial. For example, in a properly designed system,
running a ceramic valve against an elastomeric
valve seat can provide an exceptional wear pair. 

There are, of course, trade-offs involved. Elas-
tomeric seats must be well contained to prevent
extrusion. They must be designed to keep the
seat and valve contact stress well within the op-
erational range of the selected elastomer, and
there are typically more chemical compatibility
issues related to elastomers than there are to
hard wear parts. With careful design, though,
these compromises can be managed to result in
a product that has superior overall performance
within significant operating ranges. 

The mechanism that allows an elastomeric/
hard pair to work well is fairly simple to under-
stand, if wear is examined at an individual abra-

sive particle/seat/valve in-
teraction level. In hard
seat/on hard valve clo-
sure, particles are trapped
between the two compo-
nents. The percentage of
area that is actually in
contact between the two
parts is very low, as only a
few of the largest particles
will be involved in sup-
porting the valve off of
the seat. As a conse-
quence, the contact stress
between the particles and
the valve components of-
ten exceeds the yield
strength of all three ele-
ments involved. Typically, the particle is
crushed to some degree, and microscopic
amounts of material are gouged out of the valve
and seat during each valve closure. 

Why do elastomeric/hard seat wear pairs work
so well? It is apparent from examination of the
events that occur during valve closure. Hard
particles trapped between the hard valve and
soft seat are elastically pressed into the seat by
relatively small loads, loads too small to bring
on localized yielding and material removal from
the hard element of the valve. Correct selection
of elastomers can result in wear pairs that can
run millions of cycles, while limiting wear to
both elements of the valve system. 

There are urethane elastomers that feature
inherently high levels of abrasion resistance,
tear resistance and extrusion resistance. When com-
bined with Transformation Toughened Zirconia
(TTZ) valves, they provide an excellent blend
of properties, and an excellent wear pair to uti-
lize the best aspects of this approach, while
minimizing potential problem areas. Even with
its high extrusion and tear resistance, urethane
seats require high strength metal retainers to
limit extrusion and gross deformation as pres-
sures are increased. 

Careful design of the seat containment can
extend the upper pressure range of urethane seats
well beyond that of a simply supported seat.
There are, of course, limitations to this technology. 

Very large particles can overpower the ability
of the elastomer to absorb the particle without
damage to the elastomer seat. There are also up-
per limits to the basic contact stress that the
elastomer can sustain without extrusion or oth-
er forms of pressure related damage. However,
the range of pressures, flows and particle sizes
that can successfully be pumped makes this ap-
proach viable in many abrasive slurry pumping
applications, including those mentioned above.
Where pressure exceeds the capability of the
elastomers, the “extremely hard on extremely
hard” approach can be used. Repair costs typi-
cally rise with this approach, but economic
trade-offs can be determined in individual ap-
plications, by running tests of the various ap-
proaches to the problem.

Another valve-life consideration in these types
of systems is the absolute need to prevent rela-
tive motion between adjacent parts in pumps
that are not intended to move. Many valve designs
generally hold the valve components stationary,
but on a microscopic level, relative motion does
occur. When pumping fine abrasive particles,

any relative motion can result in wear that will
cause component failure far sooner than will oc-
cur in properly designed systems. Too frequently,
valve system failures can be traced to inadequate
design in this area. Taking care to properly pre-
load components, in an effort to prevent rela-
tive motion, is a must to prevent problems in
this area. 

CONCLUSION
Properly designed pumps for abrasive appli-

cations can and will survive (and indeed thrive),
while providing high levels of productivity in
difficult environments. Avoiding the details
will almost invariably lead to disappointment,
and unsatisfactory commercial results. 
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Some pumps are specifically designed for abrasive applications.

Inherently abrasive and difficult to handle pump-
ing materials represent great challenges for indus-
trial pump manufacturers. Positive displacement
pumps offer some advantages for these types of
applications, and many manufacturers offer a vari-
ety of construction materials to suit given applica-
tion requirements.

The need to prevent relative motion between ad-
jacent pump parts is one key valve-life considera-
tion. When pumping fine abrasive particles, any mo-
tion can result in fear that it will cause component
failure prematurely, when compared to properly de-
signed systems. Taking care to properly preload
components is necessary to prevent problems in
this area.
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How to Properly Size a Motor to Save 
Energy and Extend Pump Life

By Jim Handzel

Variable output from a particular rotary driven positive dis-
placement pump can be achieved by mechanical reduction
(fixed or variable), or by using vector drive motors (with in-
verter and encoder); simple adjustable speed drive motors
(with inverter only) or brushless DC motors. Running a pump
only as fast as required to meet process demand will extend
its life and save energy. If process demand is constant, fixed me-
chanical reduction is most economical. If, however, process de-
mand fluctuates by more than 10 to 20 percent, it will pay off
over time to control the pump with a variable speed electric
drive. Maintenance costs will be reduced due to less wear and
tear on pump components and bypass valves.Typically, a bypass
valve will dump fluid not required for process flow directly
back to the supply tank.This wastes energy, and may require
additional energy to cool the supply tank.

When using a variable speed electric drive at lower than rat-
ed motor speed, shaft torque must be specified, in addition to
motor HP. Example: Consider a Hydra-Cell Model D-10 Pump
with E-cam (consult performance chart on page 41) being used
for an application requiring 925 psi, and four to 6.5 GPM.The
following equation applies for rotary driven positive displace-
ment pumps:

BHP = [frictional HP] + [fluid HP] = 

Where: BHP = Total Brake Horsepower required
kf = pump torque factor (15 in.-lbs. for Hydra-Cell

Model D-10 Pump)
= pump efficiency (85 percent for Hydra-Cell Model

D-10 Pump)

Calculating BHP only, and not considering motor torque,
would yield:

BHP =

A five HP, 1,750 RPM motor cannot be specified, however,
because 4.45 HP must be available from the shaft at 1,400
RPM. Shaft torque required to do this is equal to:

Ts = 

A motor rated at five HP @ 1,750 RPM will only deliver
shaft torque equal to:

Ts = 

If periods of continuous duty are required at 6.5 GPM and
925 psi, a 7.5HP, 1,750 RPM motor should be specified (Ts =
270 in.-lbs.) to avoid overheating.
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Performance chart for Hydra-Cell Model D-10 Pump with E-cam.
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