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(57) Abstract: A surface preparation unit for metal strips processing lines comprises a tank (12), suitable to contain an electrolyte
solution, a system for the suspension/submersion of a strip (11) to be treated, which is continuously fed into the tank (12) in longi-
tudinal direction (F), a plurality of electrode cells (20) comprising upper and lower electrodes (21) respectively made up of upper
and lower armatures (22) facing the two larger surfaces of the strip (11) and spaced therefrom respectively by a distance called
"upper gap" and "lower gap", such electrodes (21) being connected to an electrical power supply system (34), wherein the tank
(12) is shaped at the bottom to form successive hoppers (26), wherein at each of the electrode cells (20) there is provided a hopper
(26) which ends with devices (27) for evacuating the waste material in form of undissolved scale, which deposits at the bottom in
form of sludge.



WO 2011/039596 PCT/1IB2010/002402

10

15

20

25

SURFACE PREPARATION UNIT FOR METAL STRIPS PROCESSING
LINES

The present invention refers to a surface
preparation unit for metal strips processing lines.
Hereinafter, the expression ‘“surface preparation for
metal strips” is used for indicating the descaling
and/or pickling operations.

The evolution of the metal strips processing lines
has led to the development of more and more efficient
processes especially regarding the surface preparation
of the surfaces, i.e. descaling and pickling, more
commonly of the direct current (DC), or alternating
current (AC) , less used, or combined alternating
current/direct current (AC/DC) electrolyte type. This
allowed reducing the number of tanks in the line and/or
increasing the travel speed of the strip with a
noticeable increase of the tonnage of material treated
per time unit and a reduction of environmental impact
in terms of lower use of harmful acid solutions, and
energy consumptions as well as chemical reagents
considering the same production.

The greater efficiency provided Dby the new
developed processes however did not have a parallel
evolution of the environment in which the processes are
implemented. In practice, the tanks are, conceptually,
the same <used <conventionally in the electrolyte

processes with lower efficiency. Thus, it 1is not
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possible to fully exploit the potential offered by such
new processes, for example due to the accumulation of
slag.

In the conventional processes, slag, at amounts not
particularly high, could be kept in suspension by
agitating the bath and filtered alongside the
electrolyte. The higher efficiency processes produce a
higher amount thereof, of which an ever-higher amount,
in form of sludge, is deposited at the tank bottom thus
having a negative impact on the hydrodynamic
characteristics of the system and requiring higher
maintenance costs.

From a purely electrical point of view, regardless
of the more or less innovative materials used and the
trajectories followed, the conventionally most commonly
used configuration is that referred to as direct
current (DC) *“grid to grid”. Therein, the strip,
generally kept at a neu£ral potential, often “earthed”,
is submerged in a conductive solution (acid or neutral)
and it passes through electrodes also submerged in the
electrolyte. The electrodes, or electrode cells, formed
by extended and continuous armatures facing the two
larger surfaces of the strip, are generally kept at the
same potential (positive - anodic or negative -
cathodic). The strip, in these conditions, locally
behaves like an armature having a sign opposite to that
of the grids towards which it faces progressively. Such

polarisation produces, on the metal surface beneath the
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scale itself, the *“displacement” in the polarisation
curve moving the surface of the strip to conditions of
anodic dissolution or cathodic protection. Depending on
the voltage and current values there occurs the
dissociation of water with development of H2 or 02 on
the surface of the strip.

This alternation of anodes and cathodes reveals
some considerable drawbacks.

- two contiguous electrodes are arranged at a
practically double mutual potential difference with
respect to that having the strip. In order to minimise
the dispersed currents, i.e. the currents that pass
directly between an anode and a cathode without
traversing the strip, then the contiguous armatures
should be physically moved away up to a distance much
greater than the passage gap of the strip between the
electrodes thus leaving large zones of the tank unused.

- The thinner the strip, the higher the impact of
the effects due to the low conductibility. In practice,
the strip behaves as a conductor between two successive
armatures with different potential: the higher the
resistance and the more the material facing the
armature acquires an electrical potential proximal to
that of the armature itself. This 1leads to the
occurrence of surface currents that dissipate in heat
part of the supplied energy due to the Joule effect.

In order to counter such effects there is the

tendency of increasing the energy supply, with the
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increase of the voltage applied to the electrodes, to
the detriment of energy saving.

- The acid etching which represents the main action
for the pickling process 1is neutralised when the
surface of the strip acquires a cathodic polarisation:
the so-called cathodic protection zone which prevents
acid etching (HCl, H,;SO, or other acids) on the metal
surface preventing the formation of soluble salts
produced by the chemical pickling reaction. In
practice, such process 1is interrupted in the zones of
the strip facing the anodically polarized armatures.

- the strip is generally supported by only two
rollers, or pairs of wringing rollers, arranged at the
inlet and outlet of the tank. The span, even of

considerable dimensions, for example tens of meters,

may be described, with fair approximation, as a
“catenary”. However, this 1is true only in case of
detectable shape defects, such as for example

cambering, puckering on the edges etc, which are
relatively common. The presence of such unevenness,
with aim of avoiding dangerous short-circuits, requires
that the distance between the armature and strip,
called “gap”, be much greater than, theoretically,
strictly necessary. From the information above, the
increase of such distance generates an increase of
energy consumptions and an increase of the dimensions
of the tank, both length-wise and height-wise.

- Furthermore, the conventional configuration of
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the armatures for the conventional tanks/ which are of
the horizontal strips type transverse to the direction
of motion of the strip, implies serious restrictions
regarding the removal of the materials generated by the
process. Actually, in the lower gap the gases are
accumulated at direct contact with the strip not
allowing intimate, continuous and homogeneous contact
between the metal and the electrolyte required for the
electrolyte cleaning process while the undissolved
phase of the scale may be accumulated on the armatures.
As a matter of fact, the maximum agitation of the bath
is on the strip subjected to movement, at a position
relatively distant from the planes of the cells thus
negatively contributing to the electric conduction. The
situation is identical in the upper gap, with the gases
(H2 and 02) not being easy to evacuate near the
armatures and the slag which could accumulate in the
central area of the strip.

New processes, such as those, for example,
described in patent application WO 02/50344 Al and WO
02/086199 A2, based on the use of alternating currents,
provide a valid solution to most of the abovementioned
drawbacks. However introduction thereof into
conventional tanks may lead to results relatively lower
than expected and this due to the fact that greater
efficiency thereof only worsens the practical problems,
such as for example the removal of the sludge or the

evacuation of the gases produced in the electrolysis
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which may have a drastic impact on the operation of the
tank, regardless of the process used therein.

An object of the present invention is that of
providing a surface preparation unit for metal strips
processing lines for accommodating direct current,
alternating current or combined alternating/direct
current high efficiency electrolytic descaling and/or
pickling processes.

Another object of the present invention is that of
providing a surface preparation unit for metal strips
processing 1lines capable of disposing the high
production of sludge and gas typical of the high
efficiency electrolytic descaling and/or pickling
processes.

Another object of the present invention is that of
providing a surface preparation unit for metal strips
prdcessing lines which is particularly simple and
functional, with low costs.

These objects according to the present invention
are attained by providing a surface preparation unit
for metal strips processing lines as outlined in claim
1.

Further characteristics are provided for in the
dependent claims.

Characteristics and advantages of a surface
preparation unit for metal strips processing lines
according to the present invention shall be clearer

from the description that follows, provided by way of
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non-limiting example, with reference to the attached
drawings, wherein:

figure 1 is a side elevational view sectioned along
a median plane of a surface preparation unit for metal
strips processing lines according to the present
invention;

figure 2 is a schematic and enlarged transverse
section of the unit of figure 1 obtained in the plane
of line II-II.

With reference to the figures, a surface
preparation unit for metal strips processing lines,
generally indicated with 10 is shown.

The unit comprises a tank 12, through which a strip
11 to be treated is continuously fed in the direction
of the arrow F and returned on a system for the
suspension/submersion of the strip made up of a
plurality of rollers.

The tank 12 comprises a main treatment portion 12a,
containing an electrolyte solution, and two opposite
end portions 12b respectively bearing an input roller
13 and an output defléction roller 14, which may be
coupled to a wringing roller 15. The end portions 12b
of the tank 12 are delimited by a wall 16 for holding
the electrolyte, the wall rising from a bottom wall of
the tank 12. The end portions 12b do not contain
electrolyte but they contain a valve 18 at the bottom.

Submersion rollers 19, which divert the strip 11

beneath the free fluid surface of the electrolyte
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contained in the tank 12 are respectively arranged
immediately downstream of the input roller 13 and
immediately upstream of the output roller 14, at each
end of the main treatment portion 1l2a.

In the embodiment shown in figure 1, a partition
roller 19', arranged at the centre of the tank 12,
divides the path of the strip 11 into two free spans
100, each comprised between the submersion zroller 19
and the partition roller 19'.

Each free span 100 contains at least one electrode
cell 20, made up of upper and lower electrodes 21 with
respect to the strip 11, comprising upper and lower
armatures 22, facing the two larger surfaces of the
strip 11. Figure 1 shows two electrode cells 20 for
each free span 100 spaced from each other in the
longitudinal direction.

The expression upper or lower electrode 21 is used
to indicate the complete structure that bears a given
polarity facing the strip, localized in the armature 22
of the electrode 21, including the mechanical support
structure as well as the electric connection one.

Regardless of the dimension of the tank 12, it is
provided for that the free span 100 between two
successive submersion rollers 19 be preferably
comprised between 3.5 m and 7 m.

Hence, a tank 12 shall be provided with only two
submersion rollers 19 should the distance between

centres thereof, i.e. the free span 100 therebetween be
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limited between 3.5 and 7 m. Should it be larger, the
tank 12 shall be provided with additional submersion
rollers 19, such as the partition rollers 19', in a
number such to keep each free span 100 of.the strip
always preferably éomprised between 3.5 and 7 m.

Through the analysis of the speeds and the return
elastic aspects of the transverse form of the strip 11,
the Applicant actually identified that a modular
arrangement geometry of the electrode cells 20, having
a 3.5 m pitch in case of a single electrode cell 20 or
7 m pitch for two contiguous electrode cells 20
regardless of the possible polarisation of the
electrodes 21, allows a quick adaptation of the project
of the tank 12 to the required specific operating
condition, guaranteeing, simultaneously, the maximum
efficiency of the free span 100 in terms of homogeneity
of the electric field.

Such arrangement also allows defining, right from
the preliminary step, the geometric parameters of the
tank 12, thus optimizing both the overall dimensions
and the costs of the system.

| The tank 12, according to the present invention,
may contain electrode cells 20 all of the direct
current type, all of the alternating current type,
otherwise it may contain both direct current and
alternating current cells, depending on the specific
needs of the descaling/pickling process to be performed

on the strip.
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The particular modular arrangement described above
finds ideal application in the case of an alternating
current power supply, but it may be applied in all
configurations for the supply and composition of the
useable electrodes 21.

In particular, in case of use of power supply in
alternating current, the partition rollers 19’ arranged
between two free spans 100 lose most of their
importance as electric separation elements,
substantially solely maintaining the mechanical
function of positioning, supporting and levelling the
geometric defects of the strip 11.

The position of the submersion rollers 19, 19’
ensures that all the armatures 22 of the electrodes 21
are entirely submerged in the electrolyte.

It is clear that the restriction regarding the
length of the free span 100, additionally to the fact
that the submersion rollers 19, 19’ have the effect of
flattening possible puckerings on the edges of the
strip 11 and stabilizing the position thereof, allow
keeping the diversion with respect to the reference
“catenary”, schematized in figure 1 with a dash and dot
line, under control. This allows keeping the distances
between the strip 11 and the upper armature 22, called
“upper gap”, as well as between the strip 11 and the
lower armature 22, called “lower gap” 1low, to reduce
electrical consumption.

In the embodiment shown in figure 1, the strip 11,

-10-
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which reaches the lowest point at the partition roller
19’, has - in longitudinal direction .- .a symmetric
development inclined towards the centre of the tank 12.
All the members that cooperate with the strip, i.e. the
upper and lower armatures 22 and the bottom of the tank
are arranged according to a development substantially
parallel to the theoretical path of the strip 11 in
each free span 100.

In order to eliminate scale sludge accumulations on
the lower armatures 22 and gas on the upper armatures
22, the armatures 22 have, according to a preferred
embodiment, a discontinuous shape having passage slots.
Preferably, also the structures on which the armatures
22 are anchored have a discontinuous shape.

Such discontinuous shape is for example made as
rectangular-shaped bars having smaller dimensions in
the direction of motion of the strip 11 or,
alternatively, circular-shaped bars. The bars forming
the armatures are spaced from each other to allow,
through the gaps therebetween, the evacuation of the
waste material thus countering the tendency of the
sludge to deposit on the surfaces of the armatures 22
of the lower electrodes 21 and the gas bubbles produced
by the electrochemical reactions to aggregate on the
surfaces of the armature 22 of the upper electrodes 21.

In both cases, the discontinuity in the
electrophysical properties of the electrolyte would

alter the ideal homogeneous configuration of the flow

-11-
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lines of the electric field within the electrolyte
between the armature and the strip with the
rarefactions or accumulations random and unstable over
time and hence ensuing loss of efficiency of the entire
line.

The discontinuous configuration of the bars forming
the lower armatures 22 allows an easier and more
effective evacuation of solid products towards the
bottom of the tank 12, hence in zones far from the
agitation flows of the electrolyte. Analogously, a
discontinuous configuration of the bars forming the
upper armatures 22 facilitates the evacuation of the
bubbles upwards beyond the surface of the liquid.

The ideal operating conditions are thus restored.

The preferred embodiment with bar armatures 22 also
opens the possibility of using different materials
which due to welding fragility or difficulty are poorly
suitable for continuous applications typical of the
conventional armatures.

Specifically, as shown in the figures, the
discontinuous shape may be obtained, for example,
similar to a slot interposed between two rectangular-
shaped bars extended along the direction transverse
with respect to that of the motion of the strip. Groups
of slots thus define continuous armature sections
having small linear dimensions that may be fixed
through methods different from welding, such as for

example through special fixing means (for example

-12-
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bolts) .

Furthermore, the discontinuous shape of the
armatures 22 allows alternating materials having
different characteristics, possibly even different from
each other incompatible in terms of electrochemical
properties and/or weldability, combining and
alternating conventional materials with other materials
having specific features such as for example coated
titanium or non-metal materials that may be more
expensive.

In any case, the construction simplification due to
the use of special fixing means improve the maintenance
times and the intervention complexity allowing
intervening only where required.

Means for recirculating and agitating the
electrolyte also guarantee the moving of the waste
material, made up of gas from the lower surface of the
strip and scales undissolved from the upper surface,
away from the strip 11.

The recirculation and agitation are actuated by
means of a plurality of inlet nozzles 2é for the return
of the electrolyte, preferably arranged at each
electrode cell 20 on the walls of the tank 12 in
submerged position and substantially at the strip 11,
in particular at a position slightly lower with respect
to the same.

Through the return inlet nozzles 23, the high flow

rate electrolyte, after reconditioning thereof, is

-13-
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introduced into the tank 12 at the “gaps”, i.e. between
the armatures 22, in a direction coinciding with that
of the strip ‘11 (in co-current flow), or in the
opposite direction (in countercurrent flow), depending
on the geometries of the tank 12. The fequired flow
rate is obtained through pumps 24 which may have high
flow rate and low head or operating at normal head
(about 35-45 m) that supply jet pumps.

The electrolyte may also be introduced into the
tank through the inlet mouths 25 arranged at the two
ends of the tank above the free fluid surface of the
electrolyte, allowing an increase of the wet surface.

At each electrode cell 20 the bottom of the tank 12
is shaped to form a hopper 26 which ends with devices
27 for evacuating the waste made up of the undissolved
part of the scale, which deposits at the bottom like
sludge. The evacuation devices 27 are made in form of
evacuation bottom outlets which connect - by means of
valves - the bottom of each hopper 26 with a discharge
pipe 28, which is connected, in turn, with a system 29
for treating the sludgy residue material incorporating
the sludge.

The alternation of the hoppers 26 generates
different agitation speeds in the electrolyte. The
levels closest to the strip 11 are the most agitated
ones, hence capable of maintaining more scales in
suspension. As the distance from the strip

progressively increases, the geometric shape of the

-14-
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hoppers 26 produces calm zones, in the electrolyte,
which allow the release of the non-solubilised scaly
material. Such material is accumulated at the bottom of
each hopper 26 producing sludge easily removable form the
discharge pipes 28.

As mentioned, the hoppers 26, equivalent to the
number of electrode cells 20, are provided with pipings
28 having a section such to allow to be alternatingly
opened through solenoid valves managed by the system
for automating the pickling in such a manner to
discharge the sludge gquickly without emptying the tank
12 itself.

The tank 12 has an upper cover 30 entirely sealed
and the gases produced by the clearing process as waste
material, are evacuated through a plurality of gas
evacuation outlets 31 arranged at the sides of the
cover 30 in proximity to the ends of the tank 12 and
connected to a fumes suctioning collector 32 which
leads to the fumes reduction system 33.

The surface preparation unit for metal strips
processing lines 10, subject of the present invention,
may be wused in a descaling and pickling system
regardless of whether a direct current, alternating
current or combined direct/alternating current
electrolyte process is used. An electrical power supply
system provides for supplying on the upper and lower
armatures 22 of the AC electrode 21 the current

required for operation through suitable bars or cables

-15-
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34, as schematically shown in figure 2.

However, the surface preparation unit for metal
strips processing lines 10, subject of the present
invention, is particularly advantageous for an
alternating current process, wherein the electrical
power supply system of the electrodes has particular
new solutions.

In particular, the electrical power supply system
34 provides for supplying onto the upper and Ilower
armatures 22 of the AC electrode 21 the alternating
current required for the operation, with a 180° phase
shift between the upper and lower armature.

The upper and lower armatures 22 of each pair of
electrodes 21 are shielded between each other, in the
parts not involved in the passage of the strip, due to
the interposition of plastic shields 35 which
contribute to support them in the position parallel to
the strip preventing direct electrical contact thereof.

The electrical power supply system of the
alternating current electrodes 34 is obtained in such a
manner that all the electrode cells 20 are always
supplied with phase voltage with respect to each other,
in such a manner that all the armatures 22 of the
electrodes 21 are polarized having the same phase, and
this regardless of the practical embodiment of the
power supply. Solutions based on ‘single-phase
transformers, each operating on only one phase of the

electrical power supply network, followed by current

-16-
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regulators or, as preferred solution, on three-phase
current rectifiers energising a common DC bar followed
by inverters which, without unbalanced loads between
the phases of the electrical power supply network,
guarantee the control of the frequency and the waveform
of the AC current used, may be mentioned as non-
limiting examples of power supply.

The voltages on the upper and lower armatures 22
are asymmetric with respect to‘each other, but in phase
with respect to the upper and lower armatures 22 of an
adjacent cell 20.

Thus, regardless of the thickness of the material,
the current shall always traverse the strip 11
conferring it an average potential obviously very close
to neutral. The strip 11 shall preferably be connected
to earthing rollers (not shown).

Furthermore, it is clear that such design solution
eliminates - right from the source - the occurrence of
those currents in the direction of feeding of the strip
11 and in the direction of the input branch of the
strip 11, which, in traditional *“grid to grid”
pickling, disperse considerable amounts of energy.

Lastly, through the preferred configuration, the
power supply system operates regardless of the network
voltage allowing an ideal choice, depending on the
process performed in the tank, the required frequencies
and the waveforms.

Additionally, in the electrical system 34 for

-17-
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supplying the alternating .current electrodes 21,
wherein the two armatures 22 of the same pair of
electrodes 21 are supplied with currents phase-shifted
by 180°, thus requiring to be supplied separately
implying the increase of the risk of short circuit, the
power supply lines for supplying one phase and the
power supply lines for supplying the opposite phase are
preferably positioned on opposite sides of the tank 12,
as illustrated in figure 2.

Furthermore, suitable insulation materials shield
and insulate the sections supplied in the tank 12
guaranteeing separate supply of two upper and lower
electrodes 21 with safety, reliability and efficiency
functions comparable to those of traditional tanks
supplied in DC.

The surface preparation unit for metal strips
processing lines subject of the present invention has
the advantage of optimising the efficiency of the
process regardless of the type of power supply,
entirely in alternating current, entirely in direct
current or partially in alternating current and in
direct current, thus also disposing the high production
of sludge and gases typical of such processes.

In case of power supply in alternating current, the
dispersion of current is advantageously reduced - with
the ensuing improved energy saving - in the surface
preparation unit for metal strips processing lines

according to the invention.

-18-
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Furthermore, power supply in alternating current
improves the descaling and pickling efficiency hence
leading to the. simplification of the system and a
better pefformance considering the same average current
density, the environmental impact in term of the
hazardousness of the finished solutions or solutions to
be recycled (reducing the use of pollutant acids) as
well as, lastly, energy saving, given that it is
capable of attaining similar cleaning levels with lower
electrical energy consumption.

In case of combined power supply, partially in
alternating current and in direct current, the
separation of the power supply lines described above in
relation to power supply in alternating current
contributes to improving safety and rejection of
possible accidents and/or functional blocks of the tank
12 due to short circuits.

A preferred configuration, in conditions of
combined power supply, provides for the arrangement of
electrodes according to one or more groups of AC
electrodes arranged at the inlet of the tank 12 with
respect to the direction of movement of the strip,
followed by one or more groups of DC electrodes in such
a manner to guarantee a high descaling action with
ideal conditions for finishing the strip.

The configuration of the tank may also be
advantageously adapted to the required construction

geometries.

-19-
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between . the armatures and the strip, allows reducing
the intensity of the current that should traverse the
strip with considerable energy saving.

The structure of the surface preparation unit
advantageously improves the detachment of the waste
material from the strip, gaseous and solid, the moving
away thereof from the “gap” and the subsequent rembval
from the tank.

The surface preparation unit for metal strips
processing 1lines thus conceived 1is susceptible to
various modifications and variants, all falling within
the invention; furthermore all the details may be
replaced by technically equivalent elements. In
practice the materials used, as well as the dimensions,

may vary according to the technical requirements.

-20-
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CLAIMS

1) Surface preparation unit for metal strips
processing lines comprising a tank (12), suitable to
contain an electrolyte solution, a system for the
suspension/submersion of a strip (11) to be treated,
which is continuously fed in said tank (12) in
longitudinal direction (F), a plurality of electrode
cells (20) comprising upper and lower electrodes (21)
respectively comprising upper and lower armatures (22)
facing the two larger surfaces of the strip (11) and
spaced from it by a spacing called *“upper gap” and
“lower gap” respectively, said electrodes (21) being
connected to.an electrical power supply system (34),
characterised in that said tank (12) is shaped at the
bottom to form successive hoppers (26), wherein at each
of said electrode cells (20) there is provided a hopper
(26) which ends with devices (27) for evacuating the
waste material in form of undissolved scale, which
deposits at the bottom in form of sludge.

2) Unit according to claim 1, characterised in that
said system for the suspension/submersion of the strip
comprises at least one input roller (13) and one output
deflection roller (14), as well as at ieast one
submersion roller (19) at each end, wherein said at
least one submersion roller (19) at each end is
respectively arranged downstream of the input roller
(13) and upstream of the output deflection roller (14)

to divert the strip (11) beneath the free fluid surface
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of the electrolyte contained in the tank (12), said
submersion rollers (19) being spaced in such a manner
as to provide a free span (100) comprised between 3.5 m
and 7 m.

3) Unit according to claim 2, characterised in that it
comprises, for length values of the tank (12) exceeding
7 m, at least one further partition submersion roller
(19') which divides the path of the strip (11) into at
least two free spans (100), each containing at least
one electrode cell (20).

4) Unit according to claim 3, characterised in that in
each free span (100) the bottom of the tank (12) and
the upper and lower armatures (22) are arranged
substantially parallel to the theoretical path of the
strip (11) between the submersion rollers (19, 19').

5) Unit according to claims 2 or 3, characterised in
that said electrodes (21) have a discontinuous shape,
said upper and lower armatures (22) of the electrodes
being made up of a plurality of bars spaced from each
other to form gaps there between for the evacuation of
waste material in form of gas and scale sludges.

6) Unit according to claim 5, characterised in that
said upper and lower armatures (22) of each pair of
electrodes (21) are shielded between each other by
interposing plastic shields (35) which support them in
the position parallel to the strip (11) preventing

direct electrical contact thereof.
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7) Unit according to claim 5, characterised in that it
comprises means for recirculating and agitating the
electrolyte, said means being suitable to facilitate
moving waste materials away from the strip (11), the
waste material being made up of gas from the surface
below the strip (11) and scale sludge from the upper
surface.

8) Unit agcording to claim 7, characterised in that
said means for recirculating and agitating the
electrolyte comprise a plurality of inlet nozzles (23)
for returning the electrolyte at high flow rate, said
return inlet nozzles (23) being arranged in submerged
position at each electrode cell (20) substantially at
the strip level (11).

9) Unit according to claim 1, characterised in that
said means (27) for evacuating waste material in form
of undissolved scale comprise a bottom evacuation
opening which connects - by means of a valve - said
hopper (26) to a discharge pipe (28) connected, in
turn, with a system (29) for treating sludgy residue
material containing scale.

10) Unit according to claim 9, characterised in
that said valves are solenoid valves which
alternatively open each hopper (26) in such a manner to
discharge the sludge quickly without emptying the tank
(12) .

11) Unit according to any one of the preceding

claims, characterised in that said system for supplying
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electrical power to the electrodes (34) supplies said
upper and lower armatures (22) of each cell (20) of
electrodes (21) in alternating current, said
alternating current being phase-shifted by 180°
therebetween, all electrode cells always being supplied
with in-phase voltage.

12) Unit according to claim 11, characterised in
that said electrical power supply (34) comprises
single-phase transformers, each operating on only one
phase of the electrical power supply network, followed
by current regulators.

13) Unit according to claim 11, characterised in
that said electrical power supply (34) comprises three-
phase current rectifiers energizing a direct current
bar and followed by inverters which, avoiding
unbalanced loads between the phases of the electrical
power supply network, guarantee controlling the
frequency and waveform of the AC current, regardless of

the supply voltage.
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