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Introduction

Dedusting of industrial process and
waste gases is one of Lurgi’s oldest
fields of activity: the first plants date
from around 1920. The environmental
problems of today, with their much
heavier demands, have been met by
extending this field of activity to the
removal of all environmental pollu-
tants, including mists and gases.

Against a background of the continual
tightening limits on pollutant emis-
sions, this process is of course by no
means complete, but is in a constant
state of modernization and extension.

The stricter regulations and laws on
compliance limits for process and
waste gases of all kinds are making
increasing demands on plant opera-
tors, and thus plant engineers as well.
The active pursuit of environmental
conservation and the provision of the
necessary capital is not just a charac-
teristic of the most important industri-
al countries; it is being increasingly

practised in many countries worldwide.

A key technology for a clean environ-
ment is the dry horizontal precipitator,

wich is used for cleaning process and
waste gases in the following areas

m  Cement and building materials
industries

m ron and steel plants

m  Non-ferrous metal plants,
chemical industries

m  Waste and sludge incineration
plants

m  Glass industries

m  Coal and oil fired power plants.
(Lurgi Lentjes Bischoff GmbH)

Many sectors of industry require
complex air extraction ducting systems
and also gas conditioning equipment
which are technologies where Lurgi
has a wide expirience.

The range of services offered extends
from engineering to the supply of
complete turnkey units including
buildings, steelwork, the internal
equipment, electrical equipment and
instrumentation, and the construction,
commissoning and trial operation of
the plant, as well as the servicing
during the plants lifetime.

Application fields

Waste incineration
= 400 units

Flue gas from power plants
= 3800 units

Iron and steel
= 1200 units

Chemical industries, non ferrous metallurgy
= 5600 units

Cement industries
= 2000 units

Worldwide more than 13000 units since 1913

2000

5600




Milestones

1913

1922

1937

1951

1966

1977

1978

1980

1982

1994

1997

First Lurgi ESP built at
Hoboken Metallurgical Works,
Belgium

Precipitator Equation
w-f

for the design of ESP’s,
developed by W. Deutsch,
a former member of the
Lurgi laboratory staff.

1.000 ESP built

Selenium Rectifiers
for HV-supply

Introduction of
Thyristor-Controller

10.000 ESP built

Introduction of electrically
optimized collecting

electrode ZT 24.

Variodyn discharge electrodes
allow for optimal adaption of
the corona characteristic to gas
and dust conditions.

First microprocessor
Controller - COROMATIC C
and Superordinated
Controller PRECICONTROL

Horizontal Dry ESP with
= 110.000 m? collecting area

Advanced Microprocessor
Controller - COROMATIC F

more than 13.000 ESP built



Electrical Gas Cleaning

Lurgi has been building electrostatic
precipitators for cleaning industrial
process and waste gases for over
eighty years. Well over 13.000 units
have been supplied to companies all
over the world.

It was at Lurgi that one of the essential
theoretical principles of precipitator
design was established. W. Deutsch,

a member of the Lurgi laboratory
staff, introduced the term migration
velocity for precipitator sizing and in
1922 published the precipitator sizing
equation

w-f

g=1l-e

which remains valid until today.

Collection Principle

The dust particles suspended in

the gas are electrically charged and
migrate under the influence of a
strong electric field towards the
collecting electrodes where they are
deposited. The collecting electrodes
are connected to earth via the
precipitator casing. The discharge
electrodes are suspended from
insulators and have negative polarity.

They carry a d.c. voltage ranging from
20 kV to more than 80 kV depending
on the precipitator design and the
application. In the immediate vicinity
of the discharge electrodes corona
discharges are produced due to the
high field strength and electrons are
set free. The negative gas ions produ-
ced charge the dust particles which
migrate under the influence of the
electric field towards the collecting
electrodes, where they release part of
their charge and are captured.

dust layer Process steps  caused by
O T
O Emission of current
{ } electrons by
corona discharge
O 0 Collecting 0 Charging of current
¥ electrode, dust particles
{ } g l.!_." grounded
O Transport of voltage
particles by
Coulombs force
{ } L O Formation of a voltage
- ) stable dust layer
Discharge eletrode with Rapping 0 Cleaning vibration

negative high tension (20 - 80 kV) mechanism

Frame Design

Horizontal dry type precipitators are
equipped with collecting electrodes
consisting of parallel vertical plates.
They form passages, in the centre of
which the discharge electrodes are
suspended from insulators. The plates
are shaped to provide quiescent zones
to prevent the collected dust from
being dislodged up and re-entrained
by the gas stream.

The construction of the precipitator
casing varies according to the applica-

tion and the precipitator dimensions.
The structural design calculations are
mainly performed with the aid of
specially developed computer programs.

Casings of frame-type design are a
proven, reliable and economical solution
for horizontal precipitators. The
discharge and collecting electrodes are
supported from box-type roof beams.
The loads are transmitted via stanchions
from the roof beam ends to the
precipitator support structure. The
roof and side walls are only designed
to withstand the internal precipitator
pressure and the wind forces.



An essential factor in achieving
maximum collection efficiency is an
even distribution of the gases over the
entire cross section of the precipitator.
This is ensured by correct design of
the precipitator inlet transition duct
and the installation of specially desi-
gned gas deflection and distribution
plates. The experience gained from an

extensive series of tests on two- and
three-dimensional models in our
laboratory and from measurements
in operational industrial plants were
used to establish design standards
that guarantee a very even gas
distribution with a low pressure loss

and minimum expenditure on material.

This is achieved by means of perfora-

Flap-type

Perforated plates
| |

ted plates with round or square
openings, X-type distribution plates

or flap-type distribution plates. The
flap-type plate immediately deflects
the gas flow through 90 degrees before
it enters the precipitator, thus reducing
precipitator over-all lengh.

Gas distribution plates, deflection by flap-type

distribution plate

High-voltage DC is supplied to the discharge
electrodes via the discharge frame suspension
system.

The discharge system of each electrostatic field
is suspended from four support insulators.

Gas distribution plates in the precipitator inlet
ensure even gas distribution over the
precipitator cross section.

Hammer-type rapping mechanisms remove
the dust adhering to the collecting and
discharge electrodes.

The discharge electrodes are firmly fixed in
rigid discharge frames.

The collecting electrodes are assembled from
coldrolled profiled strips.

Gas-tight precipitator casing to accommodate
the internal equipment.

The dislodged dust falls into dust hoppers.

Gas deflector plates prevent by-pass flows.
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The Variodyn Discharge Electrode System

The precipitators are equipped with
rigid discharge frames made of welded
tubes, into which the discharge
electrodes are securely fixed. This
design eliminates electrode oscillations
resulting from the electrical field and
the gas flow. Firm fastening of the
electrodes to the frame by welding
prevents spark erosion at the fixing
points. This and the stable design
prevents discharge electrode fractures
which would cause the electrical field
to break down.

The discharge frames of each precipi-
tation field are suspended from four
support insulators mounted on the
roof structure of the precipitator casing.

There are various discharge electrode
designs to suit the different electrical
properties of the dusts. Strips with
smooth edges are used for dust with
low electrical resistivity or low dust
space charges. For collecting highly
resistive dusts and for high dust space
charges, barbed electrodes are used.
These electrodes are made from steel
strips with welded-on barbs whose
length depends on the spacing and the
gas to be treated.

The discharge system has to be peri-
odically cleaned of the adhering dust.
This is accomplished by means of

Discharge electrode types Variodyn 0-15-40

Design of discharge and collecting system Variodyn 15/ZT24

hammers striking anvils which are stream. Thus the rapping intensity can
firmly fixed to the discharge frames. be altered while the precipitator is in
The hammers are actuated by a cam service.

release device situated outside the gas
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Adjustment of optimum electric data by graduation of Variodyn discharge electrodes
in higher and lower current electrodes.




Collecting Electrodes

The collection efficiency and the
mechanical properties of the electrodes
depend to a high degree on their
shape. An important criterion for eva-
luating an electrode plate shape is the
achievable mean strength of the elec-
tric field. Numerical flux line calculati-
ons with the aid of a special computer
program show the distribution of the
field strength.

A prerequisite for obtaining a high
flashover voltage is an even distribution
of the current density over the electrode
surface. Sharp and projecting edges
which reduce the flashover voltage
have to be avoided.

By providing quiescent space, reen-
trainment of dust into the gas stream
is prevented. Good vibration properties
for easy dislodging of the dust from
the electrode surface, sufficient

rigidity even with large field heights,
together with simple and economical
manufacture are further essential
requirements for modern electrodes.

The ZT electrode provides an optimum
combination of these properties. Tests

ZT electrode

v Discharge

ZT profile

ZT electrode, current density distribution

carried out in the Lugi laboratory have
shown that an uniform current density
distribution is achieved by means of
this profile. Since local voltage peaks
are avoided, maximum flashover
voltages are attainable.

The intensity of the vibration caused
by the rapping impact, the level of
which is crucial to the removal of the
deposited dust, was measured in the
rapping tower of the Lurgi laboratory
using ZT type electrodes up to 15 m in
height.

Electrode system: ZT24 - Variodyn 15

Here again the harmonizing of the
necessary minimum vibration intensity
and the allowable mechanical stresses
of the rapping impact requires a
detailed knowledge of these correlations.
As a result of research into service life,
many years of trouble-free operation
can be guaranteed.

The electrode strips are freely
suspended at the top of the plate
support. Each row of strips is firmly
fixed at the bottom to a set of rapping
bars. The electrodes and rapping bars
are free to expand downwards under
the influence of heat.




Rapping Systems for Discharge and Collecting Electrodes

Rapping of Collecting Electrodes

Each electric field is equipped with a
Rotohit® rapping device with the
hammers for the individual rows of
collecting electrodes. These hammers
are mounted on the hammer shafts in
a helix pattern, thus striking the anvils
of the plate rapping bars in succession.
This means that the respective collec-
ting electrode rows are vibrated and
cleaned consecutively and periodically.

The rapping periods can be varied by
means of a timing mechanism
(rapping time extension). This enables
optimum harmonization of the rapping
with the plant operating conditions.

Rapping of Discharge Electrodes

The rapping of the discharge electrodes
is effected by means of hammers
which are mounted on shafts. The
hammers are lifted up to an adjustable
height by means of a cam release
mechanism and fall against the anvils
mounted to the discharge frames upon
release of the lifting device.

All electrostatic fields are equipped at
the gas outlet side with independent

cam release mechanism, which are
arranged on the roof. Each cam
release mechanism is accessible during
precipitator operation and the rapping
intensity can be adjusted manually
from outside.

Hammerposition

H=15m

Acceleration values in g

L 1250 - 1350

L] 1150 - 1250
] 1050 - 1150
950 - 1050

850 - 950

L] 750 - 850
L] 650 - 750
550 - 650

450 - 550

L] 350 - 450

- 350

Distribution of Rapping Acceleration Values over
the Surface of a Collecting Electrode Type ZT24

Discharge Electrode Rapping System

Rapping of Collecting Electrodes




The LRE Precipitator

Improvement of Proven Technology

Despite their high technical standards,
Lurgi precipitators are constantly
under improvement in the areas of:

® process engineering
m precipitator control
® energy consumption

m flow technology

The most recent example of this
consistent improvement program is
the precipitator technology described
below.

Proven precipitator designs which
have been employed successfully over
many years are characterised by two
basic features:

m  The discharge electrodes are
mounted in frames.

m  Collecting electrode rapping is
at the lower end.

In contrast, the most significant new
characteristics of the LRE (Lurgi Rigid
Electrode) precipitator are as follows:

m  Self-supporting rigid discharge
electrodes are used as discharge
electrodes.

m  Rapping of collecting electrodes
and discharge system can be
installed at the upper end.

Consequently, no catwalks are
necessary between the fields, as
no rapping systems and support
structures for discharge electrodes
are situated in this area.

The LRE precipitator

Design of discharge and collecting system
Variodyn PD/ZT24




The LRE Precipitator Discharge and Collecting Electrodes

Access to the electrical fields is gained
at the top of the unit and thus the
compact LRE precipitator only requires
a small plan area.

Moreover, the collecting surface can
be increased by retrofitting existing
precipitators with rigid discharge
electrodes, because the spaces
between the fields can be utilised.

With the LRE precipitator an
interesting variant is added to the
spectrum of Lurgi processes in the
field of dust collection technologies.

Discharge Electrodes

With Lurgi’s proven Variodyn discharge
electrodes it is possible to adapt flexibly
to the electric characteristics to the
specific precipitator application and
location by varying the barb length
and hence to optimise the collection
efficiency. It was the primary objective
to ensure this important benefit in

LRE precipitators.

The same flexibility of Variodyn dis-
charge electrodes was accomplished
in LRE precipitators by designing
the rigid discharge electrodes manu-
factured of stamped steel sheet.

This allows the position of the barbs
or profile pins to be modified according
to the process conditions.

The spacing between the discharge
points crucial for the corona discharge
and the centre line of the precipitator
passage ranges between 0 mm and 40
mm. Higher values are, of course, also
possible. The electrode designations
refer to the configuration, e.g. Variodyn
ST 0 or Variodyn ST 40.
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Collecting Electrodes

Lurgi precipitators are normally
equipped with ZT24 collecting
electrodes. The Variodyn discharge
electrodes of rigid design used in the
LRE precipitators are tailored for the
ZT24 collecting electrodes. However,
they can be combined with any other
collecting electrode types.

Electrode Rapping

The electrode rapping system is
arranged in the roof area of the LRE
precipitator on top of the respective
fields. The drives are installed on

the precipitator roof. The rotating
movement of the vertical drive shaft is
transmitted to the horizontal rotating
rapping shaft with the aid of a gear
unit manufactured from high-strength
material. Material technology applied
to the slide bearing bushes is similar
to that in bulk handling systems
which are exposed to wear, e.g. bucket
wheel excavators.

The rapping impact is transmitted to
the collecting electrodes by an anvil
which is embedded in the support
section. In the discharge rapping
system two electrode rows are rapped
by a single hammer. The rapping
impact is initiated on an anvil element
fastened between two supports.

Applications

Although the LRE precipitator is parti-
cularly suitable for retrofitting existing
precipitators due to its compact design,
it can be employed in all applications
and sizes.

All types of dust with low or high
resistivities can be removed efficiently
from waste gases with the aid of
Variodyn rigid discharge electrodes.
This is possible because of the
flexibility of the LRE precipitator.




High-Voltage Supply and Control

Constantly tightening environmental
standards require an ever increasing
efficiency of these systems combined
with a high availability of the overall
plant. In the last years, Lurgi has
concentrated on developing energy
supply and control systems and
electrode configurations in connection
with the high voltage generation
(transformer/rectifier sets).

The performance of an electrostatic
precipitator is not only improved by
selecting the most suitable energy
supply system, but also by implemen-
ting one of Lurgi’s process control
systems. This includes an additional
increase in collection efficiency,
particulary at changing operating
conditions, by coordinating the
individual energy supply systems and
a clear reduction in operating costs.

Lurgi offers three different energy
supply systems for electrostatic
precipitators:

m  Conventional single-phase
transformer/rectifier sets, based on
silicon-controlled rectifiers (SCR)
with Coromatic precipitator
control.

m  Universal energy supply system
Variovolt (three-phase transformer/
rectifier set) with Coromatic preci-
pitator control.

m  Special transformer/rectifier sets to
generate microsecond pulses.

The systems differ in their circuit
concept, the resulting high-voltage
generation, control functions and
precipitator control units.

Details to these energy supply and
control systems are outlined in our
separate brochures.
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