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Isolation Valves fo
High-solids Severe Service

Understanding suspended solids and their effect on equipment is critical in choosing

isolation valves for slurry service.

Severe service
involves many kinds
of flow conditions and fluids, including
slurries that have large concentrations
of suspended solid particles. Such slur-
ries can be extremely challenging for
piping systems and especially hard on
valves. This article explains slurries, the
effect they have on valves and how to
select or design valves for severe slurry
service. Of the two types of industrial
valves—control and isolation—we
focus here on isolation valves.

SLURRIES: LIQUIDS WITH SUSPENDED SOLIDS

A slurry is a two-phase mixture of solid
particles and liquid. Slurries are com-
monly encountered in mining, mineral
processing and many other applications.
They range from homogenous suspen-
sions of fine, slowly settling particles to
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[ Figure 1. A slurry is a two-phase mixture.

Carrier fluid

water plus fines (typically -45 pm)

Coarse particles

heterogeneous mixtures of coarse, more
rapidly settling particles (Figure 1). Slur-
ries can behave like water or thick paste
or anything in between, depending on
the solids content (Figure 2). Experts
debate about how much solids content
constitutes a slurry. For purposes of this
article, we assume a solids content of
10% or more by weight.

In models of slurry flows, the parti-
cles can be divided into two groups:

m Fine particles that mix with lig-
uid, creating a carrier fluid that
has a higher density and differ-
ent flow characteristics than the
liquid phase

B The coarse particles suspended
within the carrier fluid

To characterize the slurry, factors

[ Figure 2. Different densities of slurries

Paste

8 [1 A36-inch Class 300 tailings

disposal pipeline in Chile

such as the size distribution of parti-
cles, their general shape and symmetry
and the specific gravity of the solids
are taken into consideration.
Sometimes, the solids in a flow are
fully or partially dissolved, but they
precipitate out of solution in the pipe
and valve, forming scale (Figure 3). This
presents additional design challenges,
including the need to size actuators
large enough to deal with the scale.

ABRASIVE PARTICLES ON THE MOVE
One of the particularly challenging
aspects of slurry flows is how abrasive
they are. Abrasion damage occurs from
solid particles striking the surfaces of
valve components. This damage hap-
pens in addition to any corrosion and
erosion that occurs.

The size, shape and hardness of
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Table 1. Valve position and lifecycle wear

Valve Type Position Phase Severity Determining Factors

Isolation Open fully Steady dynamic Medium Pipeline flow variation
Isolation Cycling closed Accelerating dynamic High Number/duration of cycles
Isolation Cycling open Decelerating dynamic High Number/duration of cycles
Isolation Closed fully Steady state Low Tightness of closure

the slurry particles (Figure 4) affect
abrasion, as does the percentage of
solids content. Flow characteristics
also matter, including the velocity and
the angle at which the slurry particles
impact valve components.

SELECTING THE RIGHT VALVE FOR THE JOB

To select or design the right valves
in challenging applications involving
slurry flow requires drilling down to
what the valves must do.

For isolation valves, think not only
of the data that normally comes from
suppliers about their valves—factors
such as the absolute highest pressures,
temperatures and media—but also
what the valve is doing in the applica-
tion that either helps or harms longev-
ity of equipment service. People don't
usually pay enough attention to the
valve's operating cycle.

An isolation valve operates in two
static positions: fully open and fully
closed. In addition, this valve some-
times goes from one position to the
other, creating a dynamic situation
on opening or closing. Each condition
affects wear on the valve (Table 1).

LOW-PRESSURE SEVERE SLURRY APPLICATIONS
Low pressure is a subjective term; for
purposes of this article, we'll label
“low” as below ASME (lass 600—
below 1450 psi (10 megapascals or

[ Figure 3. Dissolved solids precipitated scale in a
brine transfer pipe
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MPa). The most appropriate choice

for isolation valves in this regime of
slurry applications is the guided shear
gate valve. This type of valve, invent-
ed in 1960 but still not well known,
can handle all high-solids applications
at these pressures, including pastes.
For this service, the valve needs to be
designed with elastomeric or polymer-
ic seats and hardened body, gate and
wear rings.

This type of valve is available up to
ASME Class 1500. Although one of the
five types of knife gate valves, in this
case, the valve really is a knife gate.
In fact, it is the only knife gate design
that can truly cut. Figure 5 shows the
guided shear gate partially open and

fully closed, as well as its chisel tip.

HIGH-PRESSURE SEVERE SLURRY APPLICATIONS
For high-pressure applications—Class
600 and up—metal-seated ball valves
are known to be the most effective
for use with high-concentrate solids.
They also can be useful down to Class
150. This is not just a floating ball
valve with its Teflon seats removed
and replaced with Stellite or tungsten
carbide. It is a ball valve designed
specifically to be a metal-seated
valve. The fits, tolerances, machining,
materials and design are much more
challenging to produce, but these are
necessary to achieve the degree of
isolation tightness required.

(] Figure 4. Examples of slurry solids particles, near actual size and magnified
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[ Figure 6. Metal-seated hall valve

The advantage of this valve is there
is no place for the slurry to get behind
the primary sealing components,
which means one of the possible leak
paths is eliminated.

Notice in Figure 6 on the down-
stream side, the ball is pushed not
only by the differential pressure,
but by the Belleville load spring
pushing the upstream seat onto the
ball and forcing the ball onto the
integral seat. The ball and seat are
mate-lapped together to produce
a very fine seal that can be test-
ed, even with nitrogen, to allow
zero bubbles—which creates a true
zero-leakage seal. Why is this import-
ant? Because if this is used with
a slurry and the liquid leaks out,
leaving behind the solids, the result
is a plug. After that, the valve may
open and close, but the process won't
move.

ACTUATORS FOR THIS KIND OF SEVERE SERVICE
Actuation for valves in severe service
with slurries must be able to generate
significantly higher forces than for
general-purpose valves in ordinary
applications. The size/capacity should
be based on the worst-case conditions
that could exist. Figure 7 shows a
10-inch valve with a 22-inch-bore
actuator cylinder that was designed to
cut through one inch of scale, which
could happen if the customer’s process
got out of hand. This situation was
anticipated with the design of the
actuator shown in Figure 7.

SLURRIES IN MINING AND MINERAL PROCESSING
In the mining and mineral processing
industry, slurry pipelines are often the
least expensive way to move materials
such as ore concentrates and tailings.
The alternative would be by rail or

Zero Body joint leakage

truck.

Isolation valves in high-pressure
slurry transportation systems serve
to isolate pump discharge, pipelines,
rupture disks and instruments, as
well as in choke stations. Other slur-
ry applications in this industry are in
autoclave processes, mineral concen-
tration and disposal of tailings. The
photo on page 26 shows a 36-inch
Class 300 tailings disposal pipeline in
Chile. Such installations are not inex-
pensive; but if done properly, they
can last for decades.

Sometimes a mine is situated at
high altitudes, but the processing
plant is at a much lower elevation.
In this case, the concentrate slur-
ry feeding down the mountain can
develop a significant pressure head.
Along the way, choke stations reduce
that head by changing the angles
of the process flow and pushing it
through fixed chokes. This was used
effectively at a choke station on an
ore feed pipeline in Madagascar car-
rying nickel-cobalt ore concentrate.
The mine is at 5,000 feet (1,524
meters) elevation and is 124 miles
(200 kilometers) away from the
sea-level ore processing plant.

KEYS TO SUCCESSFUL DESIGNING

As with any system, good practices
apply with slurry systems. Howev-

er, since the flow can be extremely
abrasive, flow control is especially
important. To minimize damage, the
flow should be kept as consistent and
uniform as possible. The following
guidelines apply:

B Avoid abrupt changes and dead
legs in the piping system.

B Maintain a homogenous flow
to help keep the solids in
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(] Figure 7. Valve and actuator designed to close
through 1inch of scale

suspension.

B Accurately define the critical
velocity (the velocity at which
turbulence is likely to occur).

When designing or selecting valves
for a slurry system, here are some con-
siderations:

B Select the right materials for the
flow conditions.

B Choose the type of valve appro-
priate for the pressure in the
system, high or low.

m Protect internal components
with hard coating.

B Size actuators generously.

When specifying a severe-service
isolation valve, complete information
is needed regarding the operating
conditions, including normal valve
position and how often that valve will
move. When selecting a supplier, look
for those with experience designing or
sourcing valves for the specific kind
of severe service in the system. Do not
expect a manufacturer that makes only
general-purpose valves to understand
the needs of severe service.

These special isolation valves for
severe service can be costly. However,
when they offer a long operating life,
the initial investment will be worth-
while by preventing lost production
or the need for repair or premature
replacement later in the lifecycle of
the equipment. w
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