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A method of electrolytically, continuously treating a material of stainless steel, which is preferably formed continuously, an oxide
surface layer with a thickness of at least 1 micrometre being removed from the material, a selected surface conditioning effect being achieved
in the same stage, consisting in a selected surface fineness being achieved. The method is executed preferably by means of electrolysis
using direct current at relatively high current densities, in an electrolyte which preferably comprises sulphuric acid or salt thereof and/or

phosphoric acid.
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METHOD FOR TREATING A METAL PRODUCT

TECHNICAL FIELD -

The present invention relates to a method for electrolytically and continuously treating a
hot- and/or cold-worked metal material, particularly a continuously formed one in
stainless steel. The treatment method for the material involves removing continuously,
in one stage, a surface layer of one or more mixed metal oxides, usually spinel, which
surface layer is thicker than the passivation layer which occurs on the surface of
stainless steel material, at the same time as a polished surface is obtained. According to
the invention, the character of the surface obtained can also be selected by varying a
number of control parameters.

PRIOR ART

When manufacturing continuously formed metal products of thin dimensions, 1.e.
primarily strip, from a stainless steel material, hot rolling is generally carried out
followed by the final stage, cold rolling. The operation in that case is first hot rolling of
the material at high temperature, at which the material softens and can be rolled to a
thickness of around 5-25 mm. Owing to the high temperature, an oxide scale of a
thickness of around 50-500 micrometres is formed on hot rolling, which scale consists
of a mixed oxide, usually spinel, comprising at least iron and chromium. Spinel is
conventionally defined as AB,Os, A being magnesium, iron(II), zinc or manganese or a
combination of these, and B being aluminium, iron(IIT) or chromium. In the present
case, the spinel formed during hot rolling is often of the type Fe(FeCrcOy), where x=1-2
and y=2-4 and the chromium content is often up to 40%. Under the oxide scale formed
is a chromium-depleted zone with chromium contents down to 10-12% or even lower.
Before the material is worked further, the oxide scale has to be removed. A pretreat-
ment can be carried out for this purpose, consisting of annealing at around 1000-
1200°C, which softens up the surface, followed by cooling and then blasting which
breaks up the oxide scale. After this, a pickling process is normally used, which is an
electrolytic treatment stage in an electrolyte consisting of one or more mineral acids or a
neutral solution and an ensuing chemical stage. What happens is that the electrolyte/
acids penetrate down into cracks in the oxide scale and dissolve the chromium-depleted
zone, at which the oxide scale loosens. Following rinsing, the material has a dull, so-
called pickled surface. To produce thinner dimensions, the treatment continues with
cold rolling, at which the material becomes hard and brittle due to the formation of

martensite. To restore the correct material attributes, stress-relieving annealing at



10

15

20

25

30

35

WO 99/39028 PCT/SE99/00115

around 1000-1200°C follows, at which however a surface layer again appears of a
mixed oxide of the spinel type, this time with a thickness of around 10 micrometres.
Since the oxide does not have the right stainless properties, this is also pickled away in

‘the same way as in the earlier process. Following rinsing, the material has a dull,

pickled surface. In certain cases, e.g. if further forming operations are to be carried out,
the pickled surface is an advantage, but often a bright surface is desired instead, which
is then produced by means of bright annealing in a reducing atmosphere, followed by
smoothing rolling with only around 2% reduction of the material thickness. Blasting is
not used on cold-rolled material, as the surface is destroyed by this. Instead, so-called
neolyte treatment is used, which involves an electrolytic treatment with direct current,
usually in sodium sulphate, at which chromium(III) is oxidized to chromium(VI), which
is soluble.

A number of methods of pickling have been known for a long time. One such relatively
modern method is described in SE-A-9301591-5. In this method, the electrolyte bath
consists of mineral acid, for example sulphuric acid, or mixtures of mineral acids and
the electrolysis is carried out by means of alternating current or alternately direct current
at relatively high current densities, 150-250 A/dm®. The patent also covers the special
equipment which is used for the method. When pickling according to SE-A-9301591-5,
a dull, pickled surface is produced, as in all known pickling methods, for which reason a
subsequent polishing stage consisting of bright annealing and smoothing rolling has to
be carried out.

When manufacturing products which are not rolled or continuously formed, i.e. piece
products, e.g. pipe parts, tapping cocks, bolts, screws or vessels, in stainless material, a
polishing process called electro-polishing is usually performed. This process is a batch-
wise electrolysis using direct current in e.g. sulphuric acid and phosphoric acid at
relatively low current densities, around 10 A/dm?®. The process also takes a relatively
long time, often up to 10-20 minutes, in spite of the fact that the oxide layer which is
being treated is very thin, around 1-5 nanometres. This layer is the passivation layer
which always occurs on the surface of a stainless material and consists of chromic
oxide, Cr,03. In the process, the material is made to form an anode and a viscous film
is then formed on the surface of the material. This film has a higher density, viscosity
and resistance than the electrolyte remaining. As the film adjusts itself to the uneven
surface of the material, it is thicker in the recesses than on the crests in the surface. In

the recesses, the resistance to the passage of current is higher and the current density
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therefore lower. On the crests, the current is higher on the other hand and the crests
thereby come to be dissolved, resulting in a levelling of the surface of the material.

A number of variants of electro-polishing are described in Sweden’s Galvanotekniska
Forenings (Electroplating Association’s) “Larobok i elektrolytisk och kemisk
ytbehandling” (“Manual of electrolytic and chemical surface treatment”), p. 263-271,
published by Ytforum Forlag. For the electro-polishing of stainless steel, electrolytes
are mentioned consisting of sulphuric acid, ortho-phosphoric acid and water or ortho-
phosphoric acid, glycerol and water. The current density is 7-25 A/dm? and 7-8 A/dm’
respectively and the time is up to 10 and 15 minutes respectively.

In JP 57-101699/82, a batchwise method of electro-polishing a super-alloyed steel with
60% Ni, 23% Cr, 10% Mo, 3% Fe and 4% Nb is described. The method is used for
clock parts and is said to give a figured surface, similar to that which is traditionally
obtained by hand grinding. The electrolyte used is a mixture of an aqueous solution of
phosphoric acid and an aqueous solution of sulphuric acid in a weight ratio of between
9:1 and 1:1. The electro-polishing takes place over 10 seconds - 20 minutes, at a current
density of 1-50 A/dm* and a temperature of 15-50°C.

No continuous method of simultaneously pickling and polishing continuously formed,
stainless material is known, as far as the inventors of the present method know. A
major disadvantage of the known pickling process for the removal of a surface layer of
mixed oxide of the spinel type is that the surface produced remains dull and pickled, for
which reason a subsequent stage with bright annealing and smoothing rolling has to be
carried out for a highly bright surface to be obtained. Hitherto, however, no-one has
thought it possible to obtain a highly bright surface in one and the same step as pickling

in continuous treatment of continuously formed stainless products.

SOLUTION AND ADVANTAGES

The preconceived notion that highly bright surfaces cannot be obtained in one and the
same stage as continuous pickling of stainless material is thwarted by the present
invention.

The method according to the present invention is defined in the independent claim 1 and
means that a material of stainless steel, which is preferably continuously formed, in
particular strip-formed, is treated continuously, an oxide surface layer of a thickness of
at least 1 micrometre being removed from the material and the method achieving a
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polished effect on the surface of the material in the same stage. This pickling in
combination with polishing takes place moreover in a time which is considerably
shorter than a conventional pickling stage.

It should be emphasized that the invention, in spite of the fact that it is conceived
principally to be applied continuously to continuously formed stainless material, in
particular strip, but also thread or pipe, is not restricted to this but can be applied to all
stainless material in all forms and thicknesses.

According to an aspect of the invention, the surface layer which is removed is a mixed
oxide of the spinel type, comprising at least iron and chromium, and has a thickness of
5-1000 micrometres, preferably 10-500 micrometres. If the material which is being
treated has been subjected to hot rolling and annealing, but not cold rolling, the oxide
layer has a thickness of 30-1000 micrometres, preferably 50-500 micrometres. If the
material has also been subjected to cold rolling, an oxide layer which has arisen afresh
has a thickness of 1-30 micrometres, preferably 10-20 micrometres. According to the
invention, the same method can be used for removing both the somewhat thicker oxide
layer of the spinel type which occurs on hot rolling and annealing and the somewhat
thinner oxide layer of the same type which arises on cold rolling and annealing. In both
cases, polishing of the surface arises in the same stage.

According to another aspect of the invention, the method is carried out by means of
electrolysis with direct current, an electrolyte comprising sulphuric acid or salt thereof
and/or phosphoric acid and possibly hydrofluoric acid or salt thereof being used.
Simultaneous pickling and a polishing effect occur in an electrolyte consisting purely of
phosphoric acid, but it is preferred that the electrolyte also contains a certain amount of
sulphuric acid, a suitable interval being 0-95 % by volume of sulphuric acid and 5-100
% by volume of phosphoric acid. The concentrations are most appropriately 2-12 mol/l,
preferably 2-10 mol/l and even more preferred 2-6 mol/l for sulphuric acid and 2-14
mol/l, preferably 4-12 mol/l and even more preferred 4-9 mol/l for phosphoric acid,
while hydrofluoric acid or salt thereof; if used, is added in a concentration of 1-8 mol/l,
preferably 2-7 mol/l and even more preferred 3-6 mol/l. Iron normally also forms part
of the electrolyte, in a quantity of e.g. 30-40 g/I. Iron is released from the material on
electrolysis, at which it is concentrated in the electrolyte and does not therefore
normally need to be added. As for the rest, the participating ions mainly have the
functions of providing conductivity (hydrogen ions of the sulphuric acid) or of
providing complex binders for iron (fluorine ions, phosphate ions). In addition to the

RECTIFIED SHEET (RULE 91)
ISA/EP



WO 99/39028 PCT/SE99/00115

10

15

20

25

30

35

variants of electrolytes already specified, an electrolyte can be used for example which
mainly comprises sodium sulphate and sodium fluoride, the contents being suitably
100-200 g/1, preferably 120-180 g/l and even more preferred 135-165 g/l for sodium
sulphate and 10-70 g/l, preferably 20-60 g/l and even more preferred 30-50 g/l sodium
fluoride. Another variant is sulphuric acid and sodium fluoride, suitable contents being
the same as indicated earlier for these chemicals. It is also possible to combine the two
last proposed electrolytes, the content being mainly sulphuric acid, sodium sulphate and
sodium fluoride according to the amounts indicated earlier. Another variant is sulphuric
acid and hydrofluoric acid, the concentrations being most appropriately 2-15 mol/l,
preferably 4-10 mol/l and even more preferred 6-9 mol/l for sulphuric acid and 1-10
mol/l, preferably 2-7 mol/l and even more preferred 3-6 mol/l for hydrofluoric acid.

The electrolyte can also according to the invention mainly comprise nitric acid, which
however signifies an undesirable negative effect on the environment. Water can be
added if necessary, but can also be present in the amount which forms part of the
concentrated acids and which arises due to the absorption of atmospheric humidity. The
skilled man will easﬁy understand that the variants of electrolyte compositions can be
varied in many more ways, it being a measure of the skilled man to optimize the
concentrations.

According to a further aspect of the invention, the treatment time is 30 sec - 5 min,
preferably 1 min - 3 min and even more preferred around 2 minutes when the starting
material is hot-rolled and annealed, or 2 sec - 2 min, preferably 5 - 90 sec. and even
more preferred 10 - 60 sec. when the starting material is cold-rolled and annealed, with
the treatment being able to be carried out in one stage or divided into two or more
stages. The anodic current density during electrolysis is 0.1-3 A/cm?, preferably 0.3-2.5
A/cm” and even more preferred 0.5-2 A/cm?, and the temperature is 50-100°C,
preferably 60-90°C and even more preferred 65-80°C.

According to another aspect of the invention, the process can be controlled with the aid
of the parameters time, current density, temperature, type of electrolyte, equipment type,
material type and desired surface. The stainless types of material can be alloyed with
for example chromium, nickel or molybdenum. They can be ferritic, martensitic,
duplex, austenitic or superaustenitic, for example. The composition for these stainless
types of steel is defined in “Stainless Steel, The New European Standards”, 2™ Edition,
1997-02, Avesta Sheffield, but other types of stainless steel can also be treated
according to the invention, probably even those which have not yet been developed.

The desired surface can be varied from normally dull, i.e. a surface of the same

RECTIFIED SHEET (RULE 91)
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character as is obtained by conventional pickling, to mirror-bright or even bright but
grainy. Depending on the material which is being treated and the surface which is
desired, the parameters time and current density are selected so as to achieve the desired
result. In general, Faraday’s Law applies, meaning that the result remains the same if
the factor time times current density is kept constant. This theory is not always correct
in practice, but as a guideline the factor time times current density is reproduced in the
following table in the unit As/cm? for different materials and different desired surfaces.
It is assumed here that a preferred electrolyte with 5 mol/l sulphuric acid and 8 mol/l
phosphoric acid is used for electrolysis with direct current, at a temperature of 70°C.

Table 1
Sampl | Steel type Tim | Current | Area Factor Surface
e e Ampere | cm’ As/cm?
sec
1 304 45 103 156.0 20.7 -3-
2 304 68 64 114.0 30.2 -3-
3 304 90 41 124.0 29.8 -3
4 304 113 |35 130.0 30.4 -3
5 316Ti, hot-rolled 30 166 204.2 243 oxide
6 316Ti, hot-rolled 60 181 212.8 51.0 00/oxide
7 316Ti, hot-rolled 120 {178 204.6 104.4 -1
8 316Ti, hot-rolled 180 | 179 209.0 154.8 -3

According to another aspect of the invention, the treatment stage is executed in one or
more electrolytic cells lying in series, the material being contact-polarized anodically
and made to run in an electrolyte between cathodic electrodes under the influence of a
direct current. The term “electrode” here and henceforth implies a single electrode or a
bundle of electrodes, the latter variant being common in industry and signifying that
each electrode bundle functions in practice as one electrode, in that an electrode bundle
holds a fixed polarity (cathode or anode). Moreover, the electrodes or electrode bundles
may be of different length, with for example a greater total anodic electrode length or a
greater total cathodic length.

According to yet another aspect of the invention, the treatment stage is executed in one
or more electrolytic cells lying in series, the material being made to run in an electrolyte
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between electrodes lying in series, under the influence of a direct current with
alternating polarity, every other electrode being anodic and every other being cathodic
and each electrode being matched by an electrode of the same polarity on the opposite
side of the material.

According to another aspect of the invention, the treatment according to the invention
can be preceded and/or followed by a chemical surface treatment with mixed acid in one

or more cells, preferably using nitric acid and hydrofluoric acid.

An advantage of the method according to the invention is that treatment takes place very
quickly. The treatment is 2-10 times faster than conventional pickling and 10-20 times
faster than conventional electro-polishing. This means that existing installations, where
space is limited for example by an existing annealing furnace and at the other end by
existing rinsing equipment for rinsing, can be given an increased line speed in spite of
the limited space. The material can thereby be conveyed at a line speed of at least 5
m/min, preferably at least 50 m/min, even more preferred at least 60 m/min and most
preferred at least 80 m/min.

The invention has at least the following advantages compared with conventional
pickling. The method is faster at the same time as two measures are executed in the
same step, namely the removal of oxide and achieving a bright surface. The surface
cutting is equivalent to or somewhat less than in conventional pickling, for which reason
a higher yield can be obtained. The method facilitates a high level of process control
and involves relatively little effect on the environment, at least if nitric acid is avoided.
The electrolyte chemicals are relatively cheap, especially sulphuric acid, but also
phosphoric acid, which commands around half the price of nitric acid. Compared with

bright annealing and smoothing rolling, the method means that the investment costs are
halved.

DESCRIPTION OF DRAWINGS

The invention will be described below from the drawings and examples.

Fig. 1 shows a preferred line for annealing with subsequent pickling and polishing in
one stage according to the invention,

Fig. 2 shows an alternative embodiment, in which pickling polishing is followed by a
mixed acid stage,

RECTIFIED SHEET (RULE 91)
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Fig. 3 shows an alternative embodiment, in which pickling polishing is preceded by a

mixed acid stage,

Fig. 4 shows diagrammatically a preferred electrolytic cell for execution of the method
according to the invention,

Fig. 5 shows diagrammatically an alternative electrolytic cell for execution of the
method according to the invention.

Figure 1 shows a production line for treatment of a hot- or cold-rolled strip material in
stainless steel. In the following description of the drawing, it is assumed that the
starting material is a hot-rolled strip which thus has an oxide layer of the spinel type
according to that which was stated previously. The hot-rolled strip 1 is first placed on a
so-called uncoiling capstan 2, after which it runs forward to a cut 3 and a welding
device 4, which has the function of welding one strip at its end to the start of a new
strip, so that production can continue without any major stoppage to exchange the strip.
A stretching and setting mechanism 5 then follows for stretching the strip and adjusting
its line speed, which is preferably high, at least 5 m/min, preferably at least 50 m/min,
even more preferred at least 60 m/min and most preferred at least 80 m/min. In the next
stage, the strip passes through a furnace at a temperature of around 1050-1150°C, the
function of which is to soften up the oxide on the surface of the strip. A cooling stage 7
then follows, and a blast 8, the objective of which is to break up the oxide scale so that
the electrolyte, in a later stage, can penetrate as far as the chromium-depleted zone
which lies inside the oxide scale. Following blasting 8 comes the stage which is
covered by the present invention, namely a combined pickling and polishing stage,
which lies within the dotted lines A and B. In Figure 1, this stage is divided into three
cells 9, 10, 11. In the cells is an electrolyte according to the previous description, the
most preferred having the composition 5 mol/l sulphuric acid, 8-8.5 mol/l phosphoric
acid and iron (dissolved). Electrolysis in the cells is carried out using direct current at a
preferred current density of 0.5-2 A/cm’, a temperature of 70°C and a total time of
around 2 minutes, a bright surface being obtained on the strip. The principle of how the
electrolytic cells can be constructed is evident in greater detail from Figure 4 and 5.
Following treatment according to the invention in the cells 9, 10, 11, rinsing equipment
12 follows for rinsing of the strip and then a so-called coiling capstan 13. The strip may
then advance for cold rolling.

RECTIFIED SHEET (RULE 91)
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The equipment is suitably adapted so that several different types of material can be
treated in the same line. If the section is made long and with several electrolytic cells,
an easily treated material can nevertheless be conveyed therein by changing other
control parameters, e.g. a lower current density.

In Figure 2 an alternative embodiment of the cells is shown, in which only the two first
cells 14, 15 are electrolytic cells according to the invention, while the cell 16 is a mixed
acid cell which can for example contain nitric acid and hydrofluoric acid which are
sprayed onto the strip, no electrolysis being carried out but rather a pure acid treatment.
With a final mixed acid stage 16 according to Figure 2, a dull surface is obtained and
the grain boundaries appear on the strip, which can be desirable if further forming
operations are to follow. The advantage of speed in the introductory stages 14, 15
according to the invention is hereby obtained. In Figure 3, another conceivable
embodiment is shown in which the first two cells 17, 18 are mixed acid cells similar to
cell 16 in Figure 2 and the final cell 19 is a pickling and polishing stage according to the

invention.

The choice of cell composition 9, 10, 11 according to Figure 1, 14, 15, 16 according to
Figure 2 or 17, 18, 19 according to Figure 3 is governed by the starting material which
is present and the surface which is desired. For a hot-rolled material, Figure 1 or 2 can
be the most preferred, while the most preferred for a cold-rolled strip material is Figure
1 or 3. The embodiment according to Figure 2 or 3 has the advantage in this regard that
the mixed acid cell/cells can be closed off, in which case only pickling and polishing
according to the invention are carried out.

The principle for treatment of a cold-rolled material is the same as that shown with
reference to Figures 1, 2 and 3. The only difference is that a cold-rolled material is not
blasted, since this destroys the surface of the strip, in which case a so-called neolyte
stage can be used instead as a pretreatment before the pickling and polishing stage. The
neolyte stage can be formed by an electrolytic cell with only slight agitation which
contains an electrolyte consisting of e.g. sodium sulphate. The neolyte stage is executed
using direct current at a current density of around 1-10 A/dm?. When treating a cold-
rolled strip material, the furnace also has a somewhat different function, namely to

stress-relieve anneal the material.

With a view to the great similarities which exist in the treatment of a hot-rolled or cold-
rolled material, the line shown according to Figure 1, 2 or 3 can be executed to
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advantage as a so-called combined mill, the strip material being made to run through the
line twice, first in the hot-rolled state and then in the cold-rolled state. However, it is
not always necessary to cold roll the strip. The hot-rolled strip which has been treated
according to the invention has a very attractive surface and can advantageously be used

directly e.g. as structural steel.

Figure 4 shows a preferred embodiment of an electrolytic cell for carrying out the
method according to the invention. The principle is termed direct current with
alternating polarity and is known in itself per se. It starts out from the fact that the strip
1 is kept stretched and made to run in an electrolyte between a number of pairs of
electrodes lying in series. Each electrode 20 in a pair has the same polarity and every
other electrode pair is cathodic and every other anodic. A current is hereby induced in
the strip material lying in between, its polarity coming to alternate so that the strip
material has cathodic polarity when it is between an anodic electrode pair and anodic
polarity when it is between a cathodic electrode pair. The strip material should
preferably be rendered anodic for at least 50% of its length. The electrodes may
advantageously be arranged so that the cathodic electrodes have a greater total length
than the anodic electrodes, whereby the strip material is rendered anodic for at least
60% of its length, preferably at least 2/3 of its length. In Figure 5, an alternative
embodiment is shown in which the strip material is contact-polarized anodically via
roller pairs 21. Each pair of electrodes here is cathodic. In addition to the embodiments
shown, other, conventional principles can be utilized, such as a variant similar to that in
Figure 4, for example, but in which the two electrodes in an electrode pair are of
opposing polarity, but where however every other electrode is cathodic and every other
anodic on a given side of the strip.

The electrodes can e.g. be executed in lead, titanium, stainless steel or graphite.

To facilitate the appearance of a film on the surface of the material, similar to that
which occurs in electro-polishing, it is preferred that only moderate agitation takes place
in the electrolytic cell. A preferred cell resembles the known neolyte cell in respect of
turbulence. A certain agitation always occurs due to the movement of the strip and
circulation of the electrolyte. The effect of pickling and polishing can also be

deliberately controlled by the turbulence which can be produced in the cell.
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EXAMPLE 1

A series of tests was carried out with the aim of investigating how the surface finish of
different types of steel can be varied with the polishing time. The tests were conducted
in a vat which is normally used for electrolyte treatment. This vat was used in the series
of tests so as to facilitate favourable conditions for polishing, such as relatively high
current densities and not too much agitation. The cathodes consisted of stainless 316L
rﬁaterial, the thickness of which was 2 mm. The sample, which was to be pickled and
polished, was placed between two cathodes and came thereby to be polished on both
sides. The distance between the cathode and sample was 5.5 cm. The electrolyte
consisted of sulphuric acid, phosphoric acid and iron. Following the combined pickling
and polishing according to the invention, the samples were rinsed with water and
washed thereafter with high-pressure washing. The samples were then judged visually
according to the following marking system:

oxide: remaining oxide visible on the surface

00: trace of polishing

-1: rather dull polished surface
-2 polished surface

-3: mirror-bright polished surface

Note that -3- signifies a brighter surface than -3.

The test conditions and results are shown in Table 2. All the material is cold-rolled
unless otherwise specified.
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Table 2
Sampl | Steel type Temp | Time Current | Surface | Surface
e . Secs. density cutting

°C Alem? g/m’
1 153MA 72,9 |30 0.78 00 25.84
2 1S3MA 73.9 |45 0.84 -1 41.76
3 153MA 75.5 120 0.84 -3 119.02
4 904L 74.7 7 0.87 -3 7.44
5 904L 74.7 15 0.84 -3- 15.08
6 2205 757 |5 0.81 -3- 4.00
7 316Ti, hot-rolied 73.5 |30 0.81 oxide 55.33
8 316Ti, hot-rolled 742 | 60 0.85 00/oxide | 89.00
9 316Ti, hot-rolled 747 | 120 0.87 -1 158.60
10 316Ti, hot-rolled 76.9 | 180 0.86 -3 214.59
11 409 73.5 5 0.78 -1 5.84
12 409 73.0 15 0.75 -3- 13.17
13 316L 725 |5 0.74 -3- 3.54
14 304 724 |30 0.78 -2 24.34
15 304 729 |60 0.77 -3- 50.39
16 430 747 | 60 0.76 -1 48.94
17 304, hot-rolled 712 | 60 0.87 00- 57.71
18 304, hot-rolled 73.5 120 0.90 -1 120.20
19 304, hot-rolled 76.3 180 0.96 -3- 194.80
20 303 ASR wire 73.7 | 240 2.40 -3 -
21 316Cu ASR wire 750 |75 2.80 -3- -

At least the following conclusions can be drawn from Table 2:

Samples 1-3: After 30 s, the surface shows only a trace of polishing, but after 120 s it is
mirror-bright and polished.

Samples 4-5: After just 7 s the surface is mirror-bright and polished. After 15 sitis
10 highly bright.
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This points to the fact that the steel types are very easily polished using the present
method.

Samples 6 and 13: After just 5 s the surface is highly bright. This indicates that the steel

types are very easily polished using the present method.

Samples 7-10, 11-12, 14-15, 17-19: These series show a clear time dependence for the
various types of steel and that certain types of steel (e.g. 304) are considerably quicker
to treat than others (e.g. 316Ti). Samples 11-12 also show that a ferritic material, which

has a denser oxide, is quicker to treat.

Sample 16: Shows that more time or a higher current density would be needed for this
type of steel.

Samples 20 and 21: Show that also wire can be treated satisfactorily with the method
according to the invention.

EXAMPLE 2

A series of tests was carried out with the aim of investigating suitable ratios between
sulphuric acid and phosphoric acid in a preferred electrolyte. The electrolytes consisted
only of concentrated acids without the addition of water or the addition of iron. The
tests were conducted on a small scale in a beaker at room temperature and with
moderate agitation by means of a magnetic agitator. The surfaces were judged in the
same way as in Example 1.

The electrolyte compositions and results are shown in Table 3.
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Table 3

H;S04/H;P0, Surface

vol-%

100/0 Attacked surface
95/5 -1

70/30 -3-

50/50 -3-

30/70 -3-

5/95 -3

0/100 -3+

The series of tests shows that simultaneous pickling and polishing in only sulphuric acid

PCT/SE99/00115

does not give good results, but in only phosphoric acid the results are relatively good.

The best results are achieved in the range 70/30-30/70.

The invention is not restricted to what has been presented in the embodiments and

examples specified above, but can be varied within the scope of the claims. It should for

example be considered a specialist measure to optimize the parameters for a treatment

stage according to the invention. In particular, the variants can be innumerable if two or

more electrolytic cells operating according to the invention are placed in series, each

cell naturally being capable of being optimized in a way which differs from the adjacent

ones.
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CLAIMS

1.

Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
method achieves a selected surface conditioning effect in the same stage,
consisting in that a selected surface fineness is achieved.

Method according to claim 1, characterized in that the oxide surface layer which
is removed mainly comprises a mixed oxide consisting of at least iron and
chromium, and has a thickness of 1-1000 micrometres, preferably 10-500

micrometres.

Method according to claim 1 or 2, characterized in that the material in an earlier
stage was subjected to hot rolling and annealing, at which said oxide surface layer
arose and has a thickness of 30-1000 micrometres, preferably 50-500
micrometres.

Method according to claim 3, characterized in that the method is executed by
means of electrolysis using direct current, the treatment time being 30 sec - 5 min,

preferably 1 min - 3 min and even more preferred around 2 minutes.

Method according to claim 3, characterized in that, after said hot rolling and
annealing and the removal of said oxide surface layer, the material is also
subjected to cold rolling and a second annealing, at which a second oxide surface
layer with a thickness of 1-30 micrometres, preferably 10-20 micrometres, arose
on the second annealing, which second oxide surface layer is removed in the same

stage as a polishing effect is achieved on the surface of the material.

Method according to claim 5, characterized in that the method is executed by
means of electrolysis using direct current, the treatment time being 2 sec - 2 min,
preferably 5 - 90 sec and even more preferred 10 - 60 sec.

Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
method is executed by means of electrolysis using direct current, an electrolyte
comprising sulphuric acid or salt thereof and/or phosphoric acid; or nitric acid

RECTIFIED SHEET (RULE 91)
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11.

12.

13.

14.

15.

16

being used, whereby the method achieves a selected surface conditioning effect in
the same stage, consisting in that a selected surface fineness is achieved.

Method according to claim 7, characterized in that the electrolyte also contains
hydrofluoric acid or salt thereof.

Method according to claim 7, characterized in that said electrolyte comprises
sulphuric acid in a concentration of 2-12 mol/l, preferably 2-10 mol/l and even
more preferred 2-6 mol/l and phosphoric acid in a concentration of 2-14 mol/l,
preferably 4-12 mol/l and even more preferred 4-9 mol/l.

Method according to claim 7, characterized in that said electrolyte comprises
sodium sulphate and sodium fluoride.

Method according to claim 7, characterized in that said electrolyte comprises
sulphuric acid and sodium fluoride.

Method according to claim 7, characterized in that said electrolyte comprises
sulphuric acid, sodium sulphate and sodium fluoride.

Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
current density during electrolysis is 0.1-3 Alcm?, preferably 0.3-2.5 A/cm? and
even more preferred 0.5-2 A/cm?, or 0.74-3 A/cm?, preferably 0.74-2.5 A/cm” or
even more preferred 0.74-2 A/cm?, whereby the method achieves a selected
surface conditioning effect in the same stage, consisting in that a selected surface
fineness is achieved.

Method according to claim 13, characterized in that the temperature during
treatment is 50-100°C, preferably 60-90°C and even more preferred 65-80°C.

Method according to any of claims 13-14, characterized in that the method is

executed by means of electrolysis using direct current, an electrolyte comprising
sulphuric acid or salt thereof and/or phosphoric acid; or nitric acid being used.

RECTIFIED SHEET (RULE 91)
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20.
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Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
treatment stage is executed in one or more electrolytic cells (9-11, 14-15, 19)
lying in series, the material being contact-polarized anodically and made to run in
an electrolyte between cathodic electrodes (20), under the influence of a direct
current, whereby the method achieves a selected surface conditioning effect in the
same stage, consisting in that a selected surface fineness is achieved.

Method according to claim 16, characterized in that the current density during
electrolysis is 0.1-3 A/cm?, preferably 0.3-2.5 A/cm® and even more preferred 0.5-
2 Alem?, or 0.74-3 A/em?, preferably 0.74-2.5 A/cm® or even more preferred
0.74-2 A/em®.

Method according to any of claims 16-17, characterized in that the temperature
during treatment is 50-100°C, preferably 60-90°C and even more preferred 65-
80°C.

Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
treatment stage is executed in one or more electrolytic cells (9-11, 14-15, 19)
lying in series, the material being made to run in an electrolyte between electrodes
(20) lying in series, under the influence of a direct current with alternating
polarity, every other electrode being anodic and every other being cathodic and
every electrode being matched by an electrode of the same polarity on the
opposite side of the material, whereby the method achieves a selected surface

conditioning effect in the same stage, consisting in that a selected surface fineness
is achieved.

Method according to claim 19, characterized in that the current density during
electrolysis is 0.1-3 A/cm?, preferably 0.3-2.5 A/cm? and even more preferred 0.5-
2 Alem?, or 0.74-3 A/cm?, preferably 0.74-2.5 A/em” or even more preferred
0.74-2 Alem”.

RECTIFIED SHEET (RULE 91)
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Method according to any of claims 19-20, characterized in that the strip material
is rendered anodic for at least 50% of its length, preferably at least 60% of its
length and even more preferred at least 2/3 of its length.

Method according to any of claims 19-21, characterized in that the temperature
during treatment is 50-100°C, preferably 60-90°C and even more preferred 65-
80°C.

Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
treatment stage is preceded by a chemical surface treatment with mixed acid in
one or more cells (17, 18), preferably with nitric acid and hydrofluoric acid,
whereby the method achieves a selected surface conditioning effect in the
treatment stage, consisting in that a selected surface fineness is achieved.

Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
treatment stage is followed by a chemical surface treatment with mixed acid in
one or more cells (16), preferably with nitric acid and hydrofluoric acid, whereby
the method achieves a selected surface conditioning effect in the treatment stage,
consisting in that a selected surface fineness is achieved.

Method of electrolytically, continuously treating a material of stainless steel,
which is preferably continuously formed, an oxide surface layer with a thickness
of at least 1 micrometre being removed from the material, characterized in that the
material is conveyed at a line speed of at least 5 m/min, preferably at least 50
m/min, even more preferred at least 60 m/min and most preferred at least 80
m/min, whereby the method achieves a selected surface conditioning effect in the

same stage, consisting in that a selected surface fineness is achieved.

RECTIFIED SHEET (RULE 91)
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