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Abstract: Centrifugal pumps are integral and important
constituents of the chemical process industries. Failure of
the mechanical shaft seal is the most common cause of
pump downtime, since the shaft seal is exposed to widely
varying operating conditions. The situations get
aggravated in case of slurry service and leakage through
mechanical seal account for 70% of pump failures. A
major part of the overhauling cost of the pump is
attributed to the repair of the mechanical seal. In case of
slurry applications, usually the seal faces and the soft
packings, which contribute to a major chunk of the seal
cost, have to be replaced.  A method is devised to reclaim
the hither-to unfit-for-use tungsten carbide seal faces
using custom-selected diamond grinding wheels. This
machining practice is useful to reclaim Tungsten Carbide
seal rings in Centrifugal pumps installed in Alumina
refineries, chemical process industries, power plants and
other process industries.  This process is particularly
beneficial for use in plants handling slurry where the
mechanical seal life is minimal.

Key words: Mechanical Seal, Diamond Grinding wheel,
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INTRODUCTION
In a centrifugal pump, the fluid enters through the
suction nozzle at the center of a rotating impeller. As
the impeller rotates it produces pressure on the fluid
and forces it through the discharge nozzle at high
pressure. During this process, the discharge pressure
also forces the fluid to the back of the impeller
through the rotating drive shaft. Sealing of the
pressure gap between the fluid inside the pump and
the pump casing is an important and critical function
in these pumps. Horizontal centrifugal pumps are
typically installed in very harsh environments,
particularly in slurry applications and leak-proof
shaft sealing poses a challenge to such
industries.Three commonly used shaft seals used in
slurry applications are: Packing seals, Expeller or
Dynamic seals and Mechanical seals. Mechanical

seals are used in applications where leakage of the
pumping fluid or dilution of the product is not
acceptable and are a must for environment-friendly
operations. The mechanical seal consists of a
stationary and a rotating face pressed together under
mechanical and hydraulic pressure to prevent
leakage.  Extreme care and attention is required to
use the mechanical seal as there are reliability and
installation issues associated with this seal.
Moreover, these seals are relatively expensive and
repair and maintenance is a big task. Though the
initial cost is high for mechanical seal, comparing
with packing seals, they are economical in the long
run. Unlike gland packing, Mechanical seals can
sustain high pressures and high corrosive fluids.

Fig 1. Sectional Drawing of Mechanical Seal

THE PROBLEM

The frequent mechanical seal leakages in slurry
applications demand complete overhauling of the
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seal, most often involving discarding of the seal rings
and the secondary seals. The seal rings contribute to
70% of the cost of the seal. Hence a major portion of
the overhauling cost goes into the replacement of the
seal faces.

The challenge is to prevent/minimize the mechanical
seal leakages. But since this involves many external
factors involving process parameters, life of the
suction tank, granulometry of the media, etc., which
is not always under the control of the seal supplier or
the engineer responsible for the maintenance of the
seal. Hence the next area of focus could be to
minimize the overhauling cost. If somehow the seal
rings, which are the major contributors of the
overhauling cost, are repaired/reclaimed, the overall
cost can be reduced. Also there can be a cushion on
the delivery lead times of the seal components,
particularly the tungsten carbide rings.

As a solution to the problem cited above, the paper
discusses the development of a grinding procedure to
grind off and remove the ridges off the grooved seal
faces making them suitable to perform the lapping
operation, which in turn will make them acceptable
to be used for leak tight mechanical sealing. The area
of focus here is on tungsten carbide rings,
particularly employed in Bauxite and Alumina slurry
applications.

PROBLEM SOLVING APPROACH

1. Grinding trials on hard seal faces.
2. Consultation with grinding wheel
manufacturer’s regarding the problem and
suggestion of a suitable material to serve the
purpose.
3. Procurement and experimentation with a
sample grinding wheel.
4. Fabrication of a fixture to hold the seal
faces on the Surface Grinder.
5. Seals lapping, polishing and testing trials.

Grinding: Cemented carbide parts can be finished to
the required flatness and surface finish by using
diamond wheel grinding or by diamond lapping and
polishing since diamond ranks higher than tungsten
carbide on the Mohs scale of mineral hardness, as can
be seen in the below table.

Property Tungsten
Carbide

Diamond

Mohs Hardness
Number

9 10

Young’s Modulus 530-700 GPa 1050
GPa

Density 1.56g/cm3 3.5g/cm3

After extensive experimentation with grinding
wheels and consultation with the abrasive wheel
manufacturers, a resin-bonded diamond abrasive
wheel with the specification ASD126R100B2 was
selected for surface grinding operation. A fixture was
developed to hold the work pieces, ensuring flatness.
The surface grinding operation is aimed at giving the
required rough cut to the grooved tungsten carbide
seal face.

Lapping: Seal surfaces have to be sufficiently
smooth to reduce the friction between them while in
operation.Lapping is a procedure in which two
surfaces are rubbed together with abrasives between
them. Lapping process is used to give tight tolerance
in surface flatness as well as in finish. Lapping
operation is performed with the help of a lapping
machine where the work piece is placed in
conditioning rings on a rotating lapping plate with a
prescribed thin layer of abrasive (diamond paste, in
our case). The work piece does not come in contact
with lapping plates but the loose and rotating
abrasive particles transfer cutting energy from
lapping plates to work piece so as to produce the
desired surface finish.

Polishing: After the required lapping cycle time, the
work pieces are transferred to a polishing plate. In
this process smooth and gentle rubbing of the faces
on a polishing plate with a still finer abrasive gives a
mirror finish to the seal faces.

An oil soluble diamond paste in the form of slurry is
used as the lapping media to remove the stock off the
seal faces. The fluid can polish hard-to-reach
surfaces and leave an even and smooth finish all
over. Diamond paste with a grit size ranging from 25
to 70 microns is used to remove the coarse particles
and clean the surface. Diamond paste ranging from 6
to 24 microns is used for smoothing out the surface
and for pre-polishing. The finest diamond paste
ranging from 0.2 to 3 microns is used for the final
polishing and achieving a mirror finish on the seal
faces.
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METHODOLOGY

The following is the step-wise procedure to execute
the job cited above:

1. The mechanical seal assembly is removed
from the pump using proper fixtures.
2. The tungsten carbide seal faces that are
dismantled from the seal cartridge are inspected for
the presence of any grooving, pits or scratches. The
extent of damage is assessed.Those faces with only
minor surface scratches can be lap finished. But if the
scratches are deep enough, of the order of 0.5 mm,
then the seal rings have to be discarded as in no way
they can pass the seal leak test, even if lapped in this
condition. But using the suggested technique, even
faces with groove depth of 0.5mm can be accepted
for reuse.

Fig 2. Dismantled Seal
3. If found acceptable for grinding and lapping,
they are cleaned thoroughly off the sludge.
4. The dimensions of the seal face, particularly
the seal face thickness throughout the circumference,
are noted.
5. The new procedure developed now involves
putting into use the seal rings with deep scratches.
The scratches have to be smoothened out. If there is
a wavy pattern the crests have to be reduced. The
faces have to be made fine enough to be accepted by
the lapping machine to achieve the required output of
<3 micron finish. Tungsten carbide faces are hard
and cannot be easily grinded. They can be grinded
using diamond grinding wheels.  A grinding wheel
with diamond wheel was developed by a vendor to
accommodate in the in-house surface grinding
machine.
6. This face is then fixed on surface grinding
machine fitted with a custom-made (master-levelled)
magnetic base provided for the purpose of face
grinding.

Fig 3. Grinding of seal face on Surface Grinding
Machine

7. The grinding operation is carried on this
machine for about 4-6 hours, depending on the depth
of groves on the face, to achieve a surface finish of
around 8 to 20µ.
8. This face in now reclaimed for further
finishing.
9. Lapping and subsequently polishing
operation is carried on the seal face to achieve a final
surface finish of 0.05µ to 0.2µ.

Fig 4. Lapping Operation

Fig 5. Polishing Seal
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INSPECTION AND TESTING

Inspection for Surface roughness and flatness:

The polished faces will be inspected under
monochromatic light and reflex viewers. The faces
are deemed to pass the test if 2-3 light bands are
visible on seal faces. If light bands are beyond the
limit or not visible at all, the face should be relapped
till the permissible limit is achieved.

Fig 6. Interference light bands on the seal surface

Hydrotest:

The polished seal faces are assembled into the
mechanical seal cartridge and then hydro-tested
using a seal hydro tester under 1.5 times the
operating pressure, which usually are in the range of
5 to 9 kg/cm2. Those seals that pass this standard test
are put into assembly for operation.

CONCLUSION

1.The surface finish is observed satisfactory with
diamond wheel grinding.

2.This machining procedure is unique in the fact that
it reclaims hard and costly material, particularly used
for sealing applications.

3.Chemical process plant emergencies could be
meted out in times of need using reclaimed faces.

4.The method of grinding can also be useful for other
hard materials like sintered silicon carbide, used for
tight sealing applications.

5.This grinding method can also be applied to
reclaim valve seats.
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