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Description

[0001] The present invention refers to a surface prep-
aration unit for metal strips processing lines. Hereinafter,
the expression "surface preparation for metal strips" is
used for indicating the descaling and/or pickling opera-
tions.
[0002] The evolution of the metal strips processing
lines has led to the development of more and more effi-
cient processes especially regarding the surface prepa-
ration of the surfaces, i.e. descaling and pickling, more
commonly of the direct current (DC), or alternating cur-
rent (AC), less used, or combined alternating current/di-
rect current (AC/DC) electrolyte type. This allowed re-
ducing 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 re-
duction of environmental impact in terms of lower use of
harmful acid solutions, and energy consumptions as well
as chemical reagents considering the same production.
[0003] The greater efficiency provided by the new de-
veloped processes however did not have a parallel evo-
lution of the environment in which the processes are im-
plemented. In practice, the tanks are, conceptually, the
same used conventionally in the electrolyte processes
with lower efficiency. Thus, it is not possible to fully exploit
the potential offered by such new processes, for example
due to the accumulation of slag.
[0004] In the conventional processes, slag, at amounts
not particularly high, could be kept in suspension by ag-
itating 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.
[0005] From a purely electrical point of view, regard-
less of the more or less innovative materials used and
the trajectories followed, the conventionally most com-
monly used configuration is that referred to as direct cur-
rent (DC) "grid to grid". Therein, the strip, generally kept
at a neutral 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 (pos-
itive - 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 pro-
gressively. Such polarisation produces, on the metal sur-
face beneath the scale itself, the "displacement" in the
polarisation curve moving the surface of the strip to con-
ditions of anodic dissolution or cathodic protection. De-
pending on the voltage and current values there occurs
the dissociation of water with development of H2 or 02
on the surface of the strip.
[0006] This alternation of anodes and cathodes re-

veals some considerable drawbacks.

- two contiguous electrodes are arranged at a practi-
cally double mutual potential difference with respect
to that having the strip. In order to minimise the dis-
persed 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 great-
er than the passage gap of the strip between the
electrodes thus leaving large zones of the tank un-
used.

- 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 succes-
sive armatures with different potential: the higher the
resistance and the more the material facing the ar-
mature acquires an electrical potential proximal to
that of the armature itself. This leads to the occur-
rence of surface currents that dissipate in heat part
of the supplied energy due to the Joule effect.

[0007] In order to counter such effects there is the ten-
dency of increasing the energy supply, with the 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 is neutralised when the sur-
face of the strip acquires a cathodic polarisation: the
so-called cathodic protection zone which prevents
acid etching (HCl, H2SO4 or other acids) on the metal
surface preventing the formation of soluble salts pro-
duced by the chemical pickling reaction. In practice,
such process is 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 de-
scribed, with fair approximation, as a "catenary".
However, this is 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 consump-
tions and an increase of the dimensions of the tank,
both length-wise and height-wise.

- Furthermore, the conventional configuration of 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 re-
garding the removal of the materials generated by
the process. Actually, in the lower gap the gases are

1 2 



EP 2 483 459 B1

3

5

10

15

20

25

30

35

40

45

50

55

accumulated at direct contact with the strip not al-
lowing intimate, continuous and homogeneous con-
tact between the metal and the electrolyte required
for the electrolyte cleaning process while the undis-
solved phase of the scale may be accumulated on
the armatures. As a matter of fact, the maximum ag-
itation of the bath is on the strip subjected to move-
ment, 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.

[0008] New processes, such as those, for example,
described in patent application WO 02/50344 A1 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 conven-
tional tanks may lead to results relatively lower than ex-
pected 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 which may have
a drastic impact on the operation of the tank, regardless
of the process used therein.
[0009] An object of the present invention is that of pro-
viding a surface preparation unit for metal strips process-
ing lines for accommodating direct current, alternating
current or combined alternating/direct current high effi-
ciency electrolytic descaling and/or pickling processes.
[0010] Another object of the present invention is that
of providing a surface preparation unit for metal strips
processing lines capable of disposing the high production
of sludge and gas typical of the high efficiency electrolytic
descaling and/or pickling processes.
[0011] Another object of the present invention is that
of providing a surface preparation unit for metal strips
processing lines which is particularly simple and func-
tional, with low costs.
[0012] These objects according to the present inven-
tion are attained by providing a surface preparation unit
for metal strips processing lines as outlined in claim 1.
[0013] Further characteristics are provided for in the
dependent claims.
[0014] Characteristics and advantages of a surface
preparation unit for metal strips processing lines accord-
ing to the present invention shall be clearer from the de-
scription that follows, provided by way of non-limiting ex-
ample, 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 in-
vention;
figure 2 is a schematic and enlarged transverse sec-
tion of the unit of figure 1 obtained in the plane of
line II-II.

[0015] With reference to the figures, a surface prepa-
ration unit for metal strips processing lines, generally in-
dicated with 10 is shown.
[0016] 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 suspen-
sion/submersion of the strip made up of a plurality of roll-
ers.
[0017] 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 deflection 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.
[0018] Submersion rollers 19, which divert the strip 11
beneath the free fluid surface of the electrolyte contained
in the tank 12 are respectively arranged immediately
downstream of the input roller 13 and immediately up-
stream of the output roller 14, at each end of the main
treatment portion 12a.
[0019] 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 roller 19 and the par-
tition roller 19’.
[0020] Each free span 100 contains at least one elec-
trode 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 di-
rection.
[0021] 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 struc-
ture as well as the electric connection one.
[0022] Regardless of the dimension of the tank 12, it
is provided for that the free span 100 between two suc-
cessive submersion rollers 19 be preferably comprised
between 3.5 m and 7 m.
[0023] 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
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
comprised between 3.5 and 7 m.
[0024] Through the analysis of the speeds and the re-
turn elastic aspects of the transverse form of the strip 11,
the Applicant actually identified that a modular arrange-
ment 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 pos-
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sible polarisation of the electrodes 21, allows a quick ad-
aptation of the project of the tank 12 to the required spe-
cific operating condition, guaranteeing, simultaneously,
the maximum efficiency of the free span 100 in terms of
homogeneity of the electric field.
[0025] 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.
[0026] 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.
[0027] 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 config-
urations for the supply and composition of the useable
electrodes 21.
[0028] In particular, in case of use of power supply in
alternating current, the partition rollers 19’ arranged be-
tween two free spans 100 lose most of their importance
as electric separation elements, substantially solely
maintaining the mechanical function of positioning, sup-
porting and levelling the geometric defects of the strip 11.
[0029] The position of the submersion rollers 19, 19’
ensures that all the armatures 22 of the electrodes 21
are entirely submerged in the electrolyte.
[0030] It is clear that the restriction regarding the length
of the free span 100, additionally to the fact that the sub-
mersion rollers 19, 19’ have the effect of flattening pos-
sible puckerings on the edges of the strip 11 and stabi-
lizing 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 al-
lows keeping the distances between the strip 11 and the
upper armature 22, called "upper gap", as well as be-
tween the strip 11 and the lower armature 22, called "low-
er gap" low, to reduce electrical consumption.
[0031] In the embodiment shown in figure 1, the strip
11, which reaches the lowest point at the partition roller
19’, has - in longitudinal direction - a symmetric develop-
ment 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 ar-
ranged according to a development substantially parallel
to the theoretical path of the strip 11 in each free span
100.
[0032] In order to eliminate scale sludge accumula-
tions on the lower armatures 22 and gas on the upper
armatures 22, the armatures 22 have, according to a pre-
ferred embodiment, a discontinuous shape having pas-
sage slots. Preferably, also the structures on which the
armatures 22 are anchored have a discontinuous shape.
[0033] 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.
[0034] In both cases, the discontinuity in the electro-
physical properties of the electrolyte would alter the ideal
homogeneous configuration of the flow lines of the elec-
tric 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 effi-
ciency of the entire line.
[0035] 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 agita-
tion 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.
[0036] The ideal operating conditions are thus re-
stored.
[0037] The preferred embodiment with bar armatures
22 also opens the possibility of using different materials
which due to welding fragility or difficulty are poorly suit-
able for continuous applications typical of the conven-
tional armatures.
[0038] Specifically, as shown in the figures, the discon-
tinuous 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 dimen-
sions that may be fixed through methods different from
welding, such as for example through special fixing
means (for example bolts).
[0039] Furthermore, the discontinuous shape of the ar-
matures 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 conven-
tional materials with other materials having specific fea-
tures such as for example coated titanium or non-metal
materials that may be more expensive.
[0040] In any case, the construction simplification due
to the use of special fixing means improve the mainte-
nance times and the intervention complexity allowing in-
tervening only where required.
[0041] Means for recirculating and agitating the elec-
trolyte 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.
[0042] The recirculation and agitation are actuated by
means of a plurality of inlet nozzles 23 for the return of
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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.
[0043] Through the return inlet nozzles 23, the high
flow rate electrolyte, after reconditioning thereof, is intro-
duced 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 required 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.
[0044] 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.
[0045] 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 evacua-
tion 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.
[0046] The alternation of the hoppers 26 generates dif-
ferent agitation speeds in the electrolyte. The levels clos-
est 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 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.
[0047] 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 quickly without emptying the tank 12 itself.
[0048] 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 con-
nected to a fumes suctioning collector 32 which leads to
the fumes reduction system 33.
[0049] The surface preparation unit for metal strips
processing lines 10, subject of the present invention, may
be used in a descaling and pickling system regardless
of whether a direct current, alternating current or com-
bined direct/alternating current electrolyte process is
used. An electrical power supply system provides for sup-
plying on the upper and lower armatures 22 of the AC
electrode 21 the current required for operation through

suitable bars or cables 34, as schematically shown in
figure 2.
[0050] However, the surface preparation unit for metal
strips processing lines 10, subject of the present inven-
tion, is particularly advantageous for an alternating cur-
rent process, wherein the electrical power supply system
of the electrodes has particular new solutions.
[0051] In particular, the electrical power supply system
34 provides for supplying onto the upper and lower ar-
matures 22 of the AC electrode 21 the alternating current
required for the operation, with a 180° phase shift be-
tween the upper and lower armature.
[0052] 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 sup-
port them in the position parallel to the strip preventing
direct electrical contact thereof.
[0053] The electrical power supply system of the alter-
nating 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 man-
ner 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 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.
[0054] 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.
[0055] Thus, regardless of the thickness of the mate-
rial, the current shall always traverse the strip 11 confer-
ring it an average potential obviously very close to neu-
tral. The strip 11 shall preferably be connected to earthing
rollers (not shown).
[0056] 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 con-
siderable amounts of energy.
[0057] Lastly, through the preferred configuration, the
power supply system operates regardless of the network
voltage allowing an ideal choice, depending on the proc-
ess performed in the tank, the required frequencies and
the waveforms.
[0058] Additionally, in the electrical system 34 for sup-
plying 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 requir-
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ing 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.
[0059] 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 func-
tions comparable to those of traditional tanks supplied in
DC.
[0060] The surface preparation unit for metal strips
processing lines subject of the present invention has the
advantage of optimising the efficiency of the process re-
gardless of the type of power supply, entirely in alternat-
ing current, entirely in direct current or partially in alter-
nating current and in direct current, thus also disposing
the high production of sludge and gases typical of such
processes.
[0061] 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 accord-
ing to the invention.
[0062] Furthermore, power supply in alternating cur-
rent improves the descaling and pickling efficiency hence
leading to the simplification of the system and a better
performance considering the same average current den-
sity, the environmental impact in term of the hazardous-
ness 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.
[0063] 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 improv-
ing safety and rejection of possible accidents and/or func-
tional blocks of the tank 12 due to short circuits.
[0064] A preferred configuration, in conditions of com-
bined power supply, provides for the arrangement of
electrodes according to one or more groups of AC elec-
trodes 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.
[0065] The configuration of the tank may also be ad-
vantageously adapted to the required construction ge-
ometries.
[0066] The optimisation of the "gaps", i.e. the distances
between the armatures and the strip, allows reducing the
intensity of the current that should traverse the strip with
considerable energy saving.
[0067] The structure of the surface preparation unit ad-
vantageously improves the detachment of the waste ma-
terial from the strip, gaseous and solid, the moving away
thereof from the "gap" and the subsequent removal from

the tank.
[0068] The surface preparation unit for metal strips
processing lines thus conceived is 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 tech-
nical requirements.

Claims

1. Surface preparation unit for metal strips processing
lines comprising a tank (12), suitable to contain an
electrolyte solution, a system for the suspen-
sion/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) com-
prising 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 con-
nected to an electrical power supply system (34),
said tank (12) being shaped at the bottom to form
successive hoppers (26), said surface preparation
unit being characterized in that at each of said elec-
trode cells (20) there is provided one of said hoppers
(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, said elec-
trodes (21) having 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.

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 out-
put deflection roller (14), as well as at least one sub-
mersion roller (19) at each end, wherein said at least
one submersion roller (19) at each end is respec-
tively 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 of
the electrolyte contained in the tank (12), said sub-
mersion 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) exceed-
ing 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).
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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 any of the preceding claims, char-
acterised in that said upper and lower armatures
(22) of each pair of electrodes (21) are shielded be-
tween each other by interposing plastic shields (35)
which support them in the position parallel to the strip
(11) preventing direct electrical contact thereof.

6. Unit according to any of the preceding claims, char-
acterised in that it comprises means for recirculat-
ing 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.

7. Unit according to claim 6, 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 noz-
zles (23) being arranged in submerged position at
each electrode cell (20) substantially at the strip level
(11).

8. 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.

9. Unit according to claim 8, 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).

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

11. Unit according to claim 10, characterised in that
said electrical power supply (34) comprises single-
phase transformers, each operating on only one
phase of the electrical power supply network, fol-
lowed by current regulators.

12. Unit according to claim 10, characterised in that

said electrical power supply (34) comprises three-
phase current rectifiers energizing a direct current
bar and followed by inverters which, avoiding unbal-
anced loads between the phases of the electrical
power supply network, guarantee controlling the fre-
quency and waveform of the AC current, regardless
of the supply voltage.

Patentansprüche

1. Oberflächenbehandlungseinheit für Verarbeitungs-
linien für Metallstreifen, mit einem Tank (12), der zur
Aufnahme einer Elektrolytlösung geeignet ist, einem
System für die Suspension/Tauchung eines zu be-
handelnden Streifens (11), der kontinuierlich dem
Tank (12) in Längsrichtung (F) zugeführt wird, einer
Mehrzahl von Elektrodenzellen (20), die obere und
untere Elektroden (21) umfassen, die jeweils obere
und untere Armaturen (22) umfassen, die den beiden
größeren Flächen des Streifens (11) zugewandt und
von diesen durch einen Abstand beabstandet sind,
der als "oberer Spalt" bzw. "unterer Spalt" bezeich-
net ist, wobei die Elektroden (21) mit einem elektri-
schen Energieversorgungssystem (34) verbunden
sind, wobei der Tank (12) an dem Boden so geformt
ist, um aufeinanderfolgende Trichter (26) zu bilden,
wobei die Oberflächenbehandlungseinheit dadurch
gekennzeichnet ist, dass an jeder der Elektroden-
zellen (20) einer der Trichter (26) vorgesehen ist, der
mit Vorrichtungen (27) zum Evakuieren des Abfall-
materials in der Form von ungelöstem Zunder endet,
der sich an dem Boden in der Form eines Schlam-
mes abscheidet, wobei die Elektroden (21) eine dis-
kontinuierliche Form besitzen, wobei die oberen und
unteren Armaturen (22) der Elektroden aus einer
Mehrzahl von Stangen bestehen, die voneinander
beabstandet sind, um Spalte dazwischen für die
Evakuierung von Abfallmaterial in der Form eines
Gases oder von zunderartigen Schlämmen zu bil-
den.

2. Einheit nach Anspruch 1, dadurch gekennzeich-
net, dass das System für die Suspension/Tauchung
des Streifens zumindest eine Eingangswalze (13)
und eine Ausgangs-Ablenkwalze (14) wie auch zu-
mindest eine Tauchwalze (19) an jedem Ende um-
fasst, wobei die zumindest eine Tauchwalze (19) an
jedem Ende jeweils stromabwärts der Eingangswal-
ze (13) und stromaufwärts der Ausgangsablenkwal-
ze (14) angeordnet ist, um den Streifen (11) unter-
halb der freien Fluidfläche des in dem Tank (12) ent-
haltenen Elektrolyts umzulenken, wobei die Tauch-
walzen (19) auf solche Weise beabstandet sind, um
eine freie Spanne (100) bereitzustellen, die zwi-
schen 3,5 m und 7 m umfasst.

3. Einheit nach Anspruch 2, dadurch gekennzeich-
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net, dass sie für Längenwerte des Tanks (12), die
7 m überschreiten, zumindest eine weitere Auftei-
lungstauchwalze (19’) umfasst, die dem Pfad des
Streifens (11) in zumindest zwei freie Spannen (100)
trennt, die jeweils zumindest eine Elektrodenzelle
(20) enthalten.

4. Einheit nach Anspruch 3, dadurch gekennzeich-
net, dass in jeder freien Spanne (100) der Boden
des Tanks (12) und die oberen und unteren Arma-
turen (22) im Wesentlichen parallel zu dem theore-
tischen Pfad des Streifens (11) zwischen den Tauch-
walzen (19, 19’) angeordnet sind.

5. Einheit nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass die oberen und un-
teren Armaturen (22) jedes Paares von Elektroden
(21) zwischen einander durch Anordnen von Kunst-
stoffabschirmungen (35) abgeschirmt sind, die diese
in der Position parallel zu dem Streifen (11) tragen,
wodurch ein direkter elektrischer Kontakt davon ver-
hindert wird.

6. Einheit nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass sie ein Mittel zum
Rezirkulieren und Rühren des Elektrolyts umfasst,
wobei das Mittel geeignet ist, ein Bewegen von Ab-
fallmaterialien weg von dem Streifen (11) zu unter-
stützen, wobei das Abfallmaterial aus Gas von der
Fläche unterhalb des Streifens (11) und Zunder-
schlamm von der oberen Fläche besteht.

7. Einheit nach Anspruch 6, dadurch gekennzeich-
net, dass das Mittel zum Rezirkulieren und Rühren
des Elektrolyts eine Mehrzahl von Einlassdüsen (23)
zum Rückführen des Elektrolyt mit einem hohen
Durchfluss umfasst, wobei die Rückführeinlassdü-
sen (23) in einer untergetauchten Position an jeder
Elektrodenzelle (20) im Wesentlichen auf dem Strei-
fenniveau (11) angeordnet sind.

8. Einheit nach Anspruch 1, dadurch gekennzeich-
net, dass das Mittel (27) zum Evakuieren von Ab-
fallmaterial in der Form von ungelöstem Zunder eine
Bodenevakuierungsöffnung umfasst, die - mittels ei-
nes Ventils - den Trichter (26) mit einem Austrags-
rohr (28) verbindet, das seinerseits mit einem Sys-
tem (29) zum Behandeln von zunderhaltigem
Schlammrückstandsmaterial verbunden ist.

9. Einheit nach Anspruch 8, dadurch gekennzeich-
net, dass die Ventile Solenoidventile sind, die alter-
nativ jeden Trichter (26) auf eine Weise öffnen, um
den Schlamm schnell ohne Lehren des Tanks (12)
auszutragen.

10. Einheit nacheinem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass das System zum

Liefern elektrischer Leistung an die Elektroden (34)
die oberen und unteren Armaturen (22) jeder Zelle
(20) der Elektroden (21) mit Wechselstrom beliefert,
wobei der Wechselstrom um 180° dazwischen pha-
senverschoben ist, wobei alle Elektrodenzellen stets
mit in Phase befindlicher Spannung beliefert wer-
den.

11. Einheit nach Anspruch 10, dadurch gekennzeich-
net, dass die elektrische Energieversorgung (34)
einphasige Wandler, die jeweils an nur einer Phase
des elektrischen Energieversorgungsnetzes arbei-
ten, gefolgt durch Stromregler umfasst.

12. Einheit nach Anspruch 10, dadurch gekennzeich-
net, dass die elektrische Energieversorgung (34)
dreiphasige Stromgleichrichter umfasst, die eine
Gleichstromschiene mit Leistung beaufschlagen,
gefolgt durch Wechselrichter, die zum Vermeiden
von unausgeglichenen Lasten zwischen den Pha-
sen des elektrischen Energieversorgungsnetzwerks
ein Steuern der Frequenz und Wellenform des AC-
Stromes ungeachtet der Versorgungsspannung ga-
rantieren.

Revendications

1. Unité de préparation de surface pour des lignes de
traitement de bandes métalliques comprenant un ré-
servoir (12), convenant pour contenir une solution
électrolytique, un système pour la suspension/sub-
mersion d’une bande (11) à traiter, qui est alimentée
en continu dans ledit réservoir (12) dans la direction
longitudinale (F), une pluralité de cellules d’électro-
des (20) comprenant des électrodes (21) supérieure
et inférieure comprenant respectivement des arma-
tures supérieure et inférieure (22) faisant face aux
deux surfaces les plus grandes de la bande (11) et
espacées d’elles par un espacement appelé respec-
tivement "jeu supérieur" et "jeu inférieur", lesdites
électrodes (21) étant connectées à un système d’ali-
mentation électrique (34), ledit réservoir (12) étant
formé au fond pour former des puits (26) successifs,
ladite unité de préparation de surface étant carac-
térisée en ce qu’au niveau de chacune desdites
cellules d’électrodes (20) est placé l’un desdits puits
(26) qui se termine avec des dispositifs (27) pour
évacuer les déchets sous la forme de plaques non
dissoutes, qui se déposent au fond sous forme de
boue, lesdites électrodes (21) ayant une forme dis-
continue, lesdites armatures supérieure et inférieure
(22) des électrodes étant faites d’une pluralité de
barres espacées les une des autres pour former des
espaces entre elles pour l’évacuation des déchets
sous forme de gaz et de boue de plaques.

2. Unité selon la revendication 1, caractérisée en ce
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que ledit système pour la suspension/submersion
de la bande comprend au moins un rouleau d’entrée
(13) et un rouleau de déviation de sortie (14), ainsi
qu’au moins un rouleau de submersion (19) à cha-
que extrémité, dans lequel ledit au moins un rouleau
de submersion (19) à chaque extrémité est agencé
respectivement en aval du rouleau d’entrée (13) et
en amont du rouleau de déviation de sortie (14) pour
dévier la bande (11) sous la surface de fluide libre
de l’électrolyte contenu dans le réservoir (12), lesdits
rouleau de submersion (19) étant espacés de façon
à fournir une étendue libre (100) comprise entre 3,5
m et 7 m.

3. Unité selon la revendication 2, caractérisée en ce
qu’elle comprend, pour des valeurs de longueur du
réservoir (12) dépassant 7 m, au moins un autre rou-
leau de submersion (19’) de séparation qui divise le
trajet de la bande (11) en au moins deux étendues
libres (100), chacune contenant au moins une cellule
d’électrode (20).

4. Unité selon la revendication 3, caractérisée en ce
que dans chaque étendue libre (100) le fond du ré-
servoir (12) et les armatures supérieure et inférieure
(22) sont agencés sensiblement parallèles au trajet
théorique de la bande (11) entre les rouleaux de sub-
mersion (19, 19’).

5. Unité selon l’une quelconque des revendications
précédentes, caractérisée en ce que lesdites ar-
matures supérieure et inférieure (22) de chaque pai-
re d’électrodes (21) sont protégées entre elles en
intercalant des protections plastiques (35) qui les
supportent dans la position parallèle à la bande (11)
empêchant un contact électrique direct de celles-ci.

6. Unité selon l’une quelconque des revendications
précédentes, caractérisée en ce qu’elle comprend
des moyens pour faire recirculer et agiter l’électro-
lyte, lesdits moyens convenant pour faciliter l’éloi-
gnement des déchets de la bande (11), les déchets
étant faits de gaz venant la surface au-dessous de
la bande (11) et de boue de plaques venant de la
surface supérieure.

7. Unité selon la revendication 6, caractérisée en ce
que lesdits moyens pour faire recirculer et agiter
l’électrolyte comprennent une pluralité de buses
d’entrée (23) pour ramener l’électrolyte à un haut
débit, lesdites buses d’entrée (23) de retour étant
agencées dans une position submergée au niveau
de chaque cellule d’électrode (20) sensiblement au
niveau de la bande (11).

8. Unité selon la revendication 1, caractérisée en ce
que lesdits moyens (27) pour évacuer les déchets
sous forme de plaques non dissoutes comprennent

une ouverture d’évacuation de fond qui relie - au
moyen d’une vanne - ledit puits (26) à un tuyau d’éva-
cuation (28) relié, à son tour, à un système (29) pour
traiter les résidus boueux contenant des plaques.

9. Unité selon la revendication 8, caractérisée en ce
que lesdites vannes sont des électrovannes qui
ouvrent alternativement chaque puits (26) de façon
à décharger la boue rapidement sans vider le réser-
voir (12).

10. Unité selon l’une quelconque des revendications
précédentes, caractérisée en ce que ledit système
pour alimenter électriquement les électrodes (34) ali-
mente lesdites armatures supérieure et inférieure
(22) de chaque cellule (20) d’électrodes (21) en cou-
rant alternatif, ledit courant alternatif étant déphasé
de 180° entre elles, toutes les cellules d’électrodes
étant toujours alimentées avec une tension en pha-
se.

11. Unité selon la revendication 10, caractérisée en ce
que ladite alimentation électrique (34) comprend
des transformateurs monophasés, chacun fonction-
nant sur seulement une phase du réseau d’alimen-
tation électrique, suivis par des régulateurs de cou-
rant.

12. Unité selon la revendication 10, caractérisée en ce
que ladite alimentation électrique (34) comprend
des rectificateurs de courant triphasés alimentant en
énergie une barre à courant continu et suivis par des
inverseurs qui, évitant les charges déséquilibrées
entre les phases du réseau d’alimentation électri-
que, garantissent la commande de la fréquence et
de la forme d’onde du courant alternatif, quelle que
soit la tension d’alimentation.
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