COATED SHEET METAL AND PROCESS FOR THE MANUFACTURE OFfIHI HE I NETAL The

present invention relates to a coated netal sheet and alsse laced
manufacturing said sheet. It relates, in particular, to m

coverings folr buildings. Sheets of stainless steel, cod d-rich
all oy, are already known fromthe state of thé art. The process of coating

a stainless steel sheet with lead is usually carried out along the |ines of
the continuous treatnent oFfheopresgypti Anvestiani Fedaggsh tef afatipd sheet
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wetting an

metal.
It applies in particular to the manufacture of

5 roofs of buildings.
Stainless steel sheets coated with a lead-rich
alloy are already known in the state of the art. The
coating of a stainless steel sheet with lead is generally
* carried out on lines for continuous treatment of reels by
10 immersion in a bath of molten lead-based alloy. The lead-
based alloy generally contains tin to facilitate the
wetting and adherence of the coating.
These coated sheets are applied for the roofing
of buildings because they incorporate many advantages. In
15 particular, they have good resistance to inclement
weather and good suitability for soft soldering. Also
needing to be mentioned is their light weight (approxi-
mately 3 kg/m* at a sheet metal thickness of 0.4 mm),
good mechanical strength and, in the case of sheets made

20 of ferritic stainless steel, a low coefficient of linear
expansion which makes it possible to obtain an elongation
of 1.06 mm/m with a change of 100°C, whereas in the case
of zinc sheets an elongation of 2.20 mm/m is obtained
with a change of 100°C.

25 A roof constructed in ferritic stainless steel
sheets containing 17 mass$ of chromium and coated with a
layer of lead-based alloy has an excellent resistance to

-~

atmospheric corrosion agents such as acidic rain and the
precipitation of fuel oil fumes.

30 In some particularly corrosive atmospheres, for
example at the seaside and/or near industries with
corrosive discharges, use is preferably made of sheet
metal coated with alloyed stainless steel containing
molybdenum in a mass concentration of 1 to 3 %&.

35 In contact with the atmosphere lead~coated sheets
gradually become covered with a protective film whose
matt grey appearance resembles that of “old tin®. How-~
ever, this patina -~ valued by architects - develops
slowly. Its formation, which can take a number of months,
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mimis obtainedjigiit1d lead corrosion products. During this transitional
stage rain water causes a partial solubilization of the
5 lead, which has the effect of spreading harmful lead-
based compounds into the environment.
The aim of the present invention is to provide
sheet metal which can be employed as roofing material
-which dgoes not have the harmful effects and the unsightly
10 aspects inherent in coatings containing lead, these
sheets having an aesthetic matt appearance and good
solderability and being protected against atmospheric

e

corrosion.

To this end, the subject of the invention is a

15 process for the manufacture of coated sheet metal
employed especially for the manufacture of roofs of
buildings, characterized in 'that a layer of metallic
coating of pure tin or of a tin alloy in which the
alloying element is chosen especially from zinc and

20 nickel is deposited electrolytically on at least one of
the faces of a stainless steel sheet containing more than
16 & of chromium in its weight composition.

In accordance with the characteristics of dif-
ferent embodiments of the invention:

25 - the coated sheet metal is heated to a tempera-
ture higher than or equal to the melting temperature of
the tin-based coating layer in order, on the one hand, to
form a layer of intermetallic compound between the sheet
metal and the metallic coating comprising at least tin

30 and an element forming part of the composition of the
stainless steel sheet and, on the other hand, to impart
a matt appearance to the surface of the coating;

- the heating temperature is lower than 500°C;

- the sheet metal is degreased before the deposi-

35 tion of the coating layer;

- the sheet metal is degreased by a chemical
route by employing a bath containing organic solvents or
else by employing a bath containing alkaline mixtures;

- the bath contains an organic solvent chosen



varsi ation of 100[err]C. REPLACEMENT SHEET 2 A cqygmkagkggggk ed from
sheets of ferritic stainless steel containing 17% bq ?ﬁr cover ed

with a layer of a |ead-based alloy, has excellent r rrosive
at nospheric nmedia such as acid rain -3 -

from methylene chloride, 1,1,l1-trichloroethane, ber-
chloroethylene and trichloroethylene;

- the bath contains an alkaline mixture
comprising at least one compound chosen from sodium

5 hydroxide, sodium carbonate, sodium metasilicate, phos-
phates and complexing agents;

- the sheet metal is degreased electrolytically
by employing an alkaline electrolyte and by alternatlng

~or not alternating the polarities;

10 - the electrolyte comprises an alkaline campound
in a proportion of 0.5 to 20 mass%, the electrolyte being
at a temperature of between 20 and 95°C, the sheet metal

' being subjected to a current density of between 0.1 and
20 A/dm’> for a period longer than 0.1 s;

15 - the electrolyte comprises an alkaline compound
chosen from sodium hydroxide and potassium hydroxide;

- the electrolyte additionally comprises a
compound chosen from calcium carbonate, sodium metasili-
cate, phosphates, complexing agents and surface-active

20 agents;

- the sheet metal is subjected to a neutral
aqueous rinsing after it has been degreased;

- after the degreasing or the rinsing following
this degreasing the sheet metal is pickled;

25 - the sheet metal is pickled chemically by being
immersed in a bath containing an inorganic acid, the mass
proportion of the acid being in a range from 0.2 to 50 %;

- the inorganic acid is chosen from sulfuric acid
and hydrochloric acid;

30 - the bath contains 0.2 to 40 mass% of hydrochlo-
ric acid and is at a temperature of between 20 and 95°C,
the immersion period of the sheet metal in the bath being
longer than 0.1 s;

- the sheet metal is pickled electrolytically in

35 an electrolyte bath containing an inorganic acid, the
mass proportion of the acid being in a range from 0.2 to
50 %; .

- the acid of the electrolyte bath is chosen from
sulfuric acid and hydrochloric acid;



", and debr| idctdres. I n certain particularly aggressi ve at nospheres,
for shore and/or in the vicinity of industries producing
corr05| preferable to use coated, alloyed stainless stee

“sheets c bdenumin a concentrgatjon of -l=to 3% by mass. In
cont act mnth t he atnosphere, |ead-coated sheets gradually beconme covered
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formation, mh.@whﬁg; ids\andy i ath emperature of betwe 0 and
95°C, the sheet metal belng subjected to a current

density of between 0.1 and 50 A/dm’, the period of immer-
5 sgion of the sheet metal in the bath being longer than
0.1 s;

-~ while being pickled the sheet metal is sub-

jected either to an alternately cathodic and anodic
. polarization, the treatment being completed with cathodic
10 polarization, or to a continuous cathodic polarization;

- the sheet metal is subjected to a rinsing after
being pickled;

- the sheet metal is activated before the deposi-
tion of the layer of metallic coating;

15 - the sheet metal is activated by a chemical
route;

-~ the sheet metal is activated by being immersed
in a bath containing an acid chosen from sulfuric,
hydrochloric, hydrofluoric, boric, fluoroboric, phenol-

20 sulfonic and cresolsulfonic acids, the bath having a pH
lower than the pH for depassivation of the sheet metal;

- the bath is at a temperature of more than 15°C
and the immersion period of the sheet metal in the bath
is longer than 0.1 s;

25 - the sheet metal is activated electrolytically;

- the sheet metal is activated by employing an
acidic electrolyte bath containing an acid chosen from
hydrochloric, phosphoric, sulfuric, hydrofluoric, boric,
fluoroboric, phenolsulfonic and cresolsulfonic acids, the

30 bath having a pH lower than 1;

- the electrolyte bath is at a temperature of
more than 15°C and the sheet metal is subjected to a
cathodic polarization with a current density of between
0.1 to 50 A/dm?, the immersion period of the sheet metal

35 in the bath being longer than 0.1 s;

~ the electrolyte bath additionally comprises
stannous ions in a concentration of between 0.1 and
3 mass$;

- a layer of coating comprising pure tin is




,pbreceded by a transitory phase, during which exposure to bad weat her Iéads_
to the manifestation of the unattractive effects of |ead dﬂmﬂh&ﬂﬂaf&&hm
this transitory phase, rainwater causes parti al solublllsat

“which has'the effect of releasing harnful, .l ead-based conpo n
envi ronment . EP—A—O 080 971 describes a prgcess for coating a s al
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nmetal coating c y conprising tinis e ectrolytlcally deposited on a
surface of the said objectthe electrolytic deposition " bat contains

gtannous tin and phenolsulfonic acid;
- the electrolytic deposition bath contains
5 stannous tin in a proportion within the range [20-40] g/1
and phenolsulfonic acid in a proportion within the range
[20~-40] g/)l, the current density being higher than
1 A/dn® and the temperature of the bath being higher than

. 15°C; :

10 - the electrolytic deposition bath contains

! stannous chlorides and alkali metal chlorides and fluor-
ides;

- the electrolytic deposition bath contains

stannous chloride SnCl,-2H,0 in a proportion within the

15 range [30-90] g/l, sodium fluoride NaF in a proportion
within the range [40~60] g/1 and sodium chloride NaCl in
a proportion within the range [40-60] g/1, the current
‘density being higher than 1 A/dm’® and the temperature of
the bath being higher than 15°C;

20 - the electrolytic deposition bath contains-
stannous tin and boric and fluoroboric acids;

- the electrolytic deposition bath contains
stannous tin in a proportion within the range
[40~80] g/1, fluoroboric acid in a proportion within the

25 range [40-200] g/1, and boric acid in a proportion within
the range [10-30] g/1, the current density being higher
than 1 A/dm* and the temperature of the bath being higher
than 15°C;

- a layer of coating comprising an alloy of tin

30 and zinc the weight composition of which is the follow-
ing:

Sn > 60 %
Zn < 40 %
or an alloy of tin and nickel the weight composition of
35 which is the following:
Sn > 80 $
Ni < 20 %
is deposited on the sheet metal.
Another subject of the invention is a coated
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describe a netal sheet conprising a stainless steel ed on at
least one of its surfaces with a layer of a tin-baseq , the
coating having been eiectrolytically deposted. 3 rly,

JP-A-62 1 896 describes a process for manufacturing a
sheet metal characterized in that it comprises a sub-

strate made of stainless steel containing more than 16 %
of chromium in its weight composition, covered on at
least one of its faces with a layer of metallic coating
5 of pure tin or of a tin alloy in which the alloying
element is chosen especially from zinc and nickel.

In accordance with the characteristics of various
embodiments of this sheet metal:

X .= the layer of metallic coating has a thickness
10 smaller than or equal to 30 pm, preferably equal to 3 pm;

- between the substrate and the tin-based coating
layer the sheet metal comprises a layer of intermetallic
compound containing at least iron, chromium and tin;

- the substrate is made of ferritic steel

15 containing, on a mass basis, approximately 17 % of
chromium, less than 0.06 % of carbon and less than
0.015 $ of sulfur and being capable of containing ap-
proximately 1.2 % of molybdenum;

- the substrate is made of austenitic steel

20 containing, on a mass basis, approximately 18 % of
chromium, more than 6 % of nickel, less than 0.07 % of
carbon and less than 0.015 % of sulfur and being capable
of containing approximately 2.2 % of molybdenum;

- the substrate is made of ferritic steel,

25 containing, on a mass basis, from 17 to 25 % of chromium
and from 0.2 to 2 % of nickel.

The description which follows and the attached
figures - the whole being given by way of nonlimiting
examples - will make the invention properly understood:

30 - Figure 1 is a diagrammatic sectional view of a
sheet metal according to the invention;

- Fiqure 2 is a diagrammatic sectional view of
the sheet metal of Figure 1, the metallic coating layer
containing chiefly tin having been dissolved in contact

35 with air and inclement weather;

~ Figure 3 is a diagram showing the change, as a
function of time, in the dissolution potential of the
coating of a sheet metal manufactured according to the
invention;



" coated netal sheet, of the type wherein a |ayer of a tin-based netal
coating is electrolytically deposited on at | east one of the surfaces of a
sheet of stainless steel containing nore than 16% by wei ght chrom um the
deposition of the tin-based coating being preceded by chenical or

el ectrolytic activation of the netal sheet by inmrersing it in an acid bath.
The object of the present invention is to provide netal sheets usaple_as a

covering material not haviFAGuSe4nif it fiagnam shoydRdynen hae: Pae raRd,
appear ance | i nkqghen pél £004atHen Ceaae Nblig a aifbetl hRstaletahteleatitinaxi ng

an attractive mgtt SPPeArgice.and, 9% HLSPSERELY nhfh, SU pifarization
curve of a sheet metal coated with the intermetallic
5 compound containing iron, tin and chromium.

A coated sheet metal according to the invention,
indicated by the general reference 10 can be seen in
Figure 1. This sheet metal 10 comprises a substrate

- consisting of a sheet 12 made of stainless steel contain-
10 ing more than 16 % of chromium in its weight composition.
On one of its faces this sheet 12 comprises a layer 14 of
intermetallic compound containing at least iron, tin and
chromium (Fe-Sn-Cr) and a layer 16 of metallic coating,
containing chiefly tin, covering the layer 14 of inter-

15 metallic compound.

The steels employed for the manufacture of the
sheet 12 are of two types. A first type corresponds to
ferritic grades which contain 17 % of chromium (Cr) with
or without molybdenum (Mo) referred to according to the

20 US Standard as AISI 430, AISI 434, AISI 439 and AISI 444,
and the French Standard as Z3CTNbl8. A second type
corresponds to austenitic grades which contain 18 % of
chromium and at least 6 % of nickel (Ni) with or without
molybdenum, referred to according to the US Standard as

25 AISI 304 and AISI 316.

The corrosion resistance of stainless steels is
proportionately higher the higher the contents of alloy
elements Cxr, Ni and Mo.

The steel grades employed in the examples descri-

30 bed are detailed in the table below.

This Sheet Has Been Reli e

I




*and' bei ng protected agai nst atnospheric corrosion. To this end, the subject
of the invention is a process of the type described in JP-A-62 1 896,

.characterised in that: - the metal sheet is chemically or
el ectrolytically pickled by imrersing it 4+rmBa mnera™ acid bath: - t he
nmetal sheet is rinsed after it has been pickled; - the netal sheet is
chem cal |y or retectroryticarTyjactivated by Tmersing 1t jin a batn
containing at |l ggallephend! gy phom'j_c acimd, {hirg batih Iavi g & pH{ oger tjhan
t he depassi vat]i on pH of 1h(i N % max ¢ |max % |max % |max %
5 | AISI 430 | 17 0.06 {0.015
AISI 434 | 17 1.2 0.06 | 0.01
AISI 439 | 17 0.5 0.02 {0.005
AISI 444 | 18.5 1 2.1 0.6 0.5 0.025 | 0.015
Z3CTNb18 | 17.8 0.5 0.9 0.03 | 0.005
10 | AISI 304 | 18 6.2 0.07 {0.015 |
:_ AISI 316 (18 |11 |2.2 0.07 |0.015 |
! ! i i

Other stainless steels can be employed, provided
that they contain at least 16 mass% of chromium. It is
15 possible, for example, to employ a ferritic steel sheet

12 containing, on a mass basis, from 17 to 25 % of
chromium and from 0.2 to 2 % of nickel.

When the sheet metal 10 is placed in the open air
and is subjected to inclement weather, the layer 16 can

20 be dissolved after a prolonged period of use over a
number of years. In this case a sheet metal 10 as shown
in Figure 2 is obtained, the coated face of which now
comprises only the layer 14 of intermetallic compound.

The coated sheet metal 10 is manufactured by a

25 process which will be described below.

The stages of surface treatment of a stainless
sheet metal 12 manufactured with a steel from the grades
defined in the table above will be described first of
all, and then the deposition of a layer of pure tin on

30 this stainless sheet metal.

In a first step the surface of the stainless
steel sheet is degreased.

The degreasing operation is recommended to
guarantee a good adherence of the tin coating. In fact,

35 if the surface of the stainless steel is not degreased,

the fatty substances and other surface contaminants which
are not removed are liable to reduce the adherence of the
tin deposit and to give rise to a nonhomogeneous depos:.t

comprising areas without coating. -
This Sheet Has Been Rzﬂll
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eatures of various enbodi nents of the invention:

- 10 - —~—

The sheet metal can be pickled chemically by
being immersed in a bath containing an inorganic acid
chosen from sulfuric and hydrochloric acids or other
inorganic acids, the proportion of the acid on a mass
basis being within a range from 0.2 to 50 3. The stain-
less sheet metal is kept for at least 0.1 s in the bath,
which is at a temperature of more than or equal to 20°C.
The bath prefera.bly' contains 0.2 to 40 mass% of hydro-

- chloric, acid and is at temperature of between 20 and

50°C.

The concentration of the acid in the pickling
bath is defined so as to impose a bath pH which is lower
than the pH for depassivation of the stainless steel to
be treated at the temperature of the bath.

The pickling operation is preferably performed
electrolytically in an electrolysis bath or electrolyte
consisting of an aqueous solution containing an inorganic
acid chosen from sulfuric and hydrochloric acids or other
inorganic acids, in a proportion of 0.2 to 50 mass%¥. The
acid is at a concentration such that the pH of the
solution is lower than 1 at the temperature of the bath.

The sheet metal is preferably immersed in an
electrolyte containing from 1 to 50 mass$ of sulfuric
acid which is at a temperature of between 20 and 95°C,
the sheet metal being subjected to a current density of
between 0.1 and 50 A/dm’, the period of immersion of the
sheet metal in the electrolyte being longer than 0.1 s.

The polarities may be alternately cathodic and
anodic, the treatment being completed with cathodic
polarization, or solely cathodic. |

In the examples described the electrolyte con-
tains 3 mass% of sulfuric acid and is at a temperature of
40°C with a current density of 10 A/dw?, with polarities
which are successively cathodic, anodic and cathodic.

The pickling of the stainless steel sheet 12 is
followed by a rinsing with water {neutral medium) in
order not to contaminate the treatment baths which will
be employed subsequently.

Sheets made of stainless steel containing more

4

mmuﬁ)l ating bath containing stannous tin and phenol sul phonic



.the coated netal sheet is heated to a tenperature greaterTmBSmemmawwi
the nelting point of the tin-based coating |ayer, on the on

forma layer of infernetallic conpound between the netal sh !u
"netal coating conprising at least tin and ?E el ement..fromt

of the stainless steel sheet, and on the other hand so as to I npart a matt

appearance 10 [ Bfafuifageos chitin i drid of §adlstliing baFPAEE! gug1key Ower
t han 500[err] C. netal sheet_ i s degreased prior to_pickling;

arising from their process of manufacture “including
pickling, cold rolling and annealing stages - which does
not require any finishing such as, for example,

5 mechanical or chemical polishing.

Before the deposition of the layer of tin or tin
alloy on the stainless steel sheet 12 the sheet is
activated. .

. In fact, stainless steels have a protective layer
10 rich in chromium oxides and hydroxides, called a passive
layer, on their surface. The aim of the activation is to
remove this passive layer in order to obtain good
adherence of the coating, for example of tin, without
requiring any premetalizing of the surface of the sheet
15 metal, such as nickel plating.

The activation is performed under conditions
which are adapted to the grade of the stainless steel to
be treated, it being known that the formation of the
passive layer in air is proportionally faster the more

20 resistant the stainless steel is to corrosion. This is
especially'the case with steels containing more than 16 %
of chromium in their weight composition, which require
the use of nonpassivating acids to be activated.
Consequently, an acid of nitric type cannot be suitable.

25 The activation of the stainless sheet metal is
carried out chemically or electrolytically.

The sheet metal can be activated chemically by
immersion in a bath containing one or a number of redu-
cing acids such as hydrochloric acid, phosphoric acid,

30 sulfuric acid, hydrofluoric, boric or fluoroboric acid,
as well as phenolsulfonic and cresolsulfonic acids or
other organic acids.

The stainless sheet metal is kept for at least
0.1 s in the bath, which is at a temperature of more than

35 or equal to 15°C.

The concentration of the acid in the activating
bath is defined so as to impose a bath pH which is lower
than the pH for depassivation of the stainless steel to
be treated at the temperature of the bath. The pH for
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el ectrol yt nating or not alternating the polarities; the

el ectrol yt Rgﬁﬁm gg al kal i ne compound in a proportion of 0.5 to 20% by
*mass, the ving a terrperaturg bet ween-20 and 95[err]C, and the
met aI- sheet bei ng subj ected to a current gnsLty between 0.1 and 20
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addi tional |y césstisde cﬂ#am}hotfs%lmsédrer @yier covering the stain-
less steel is no longer stable, this steel becoming

vulnerable to corrosion.
5 In a first example an activation by a chemical

route is carried out on a stainless steel sheet of

AISI 430 type, before the deposition of a layer of tin,

by immersing the sheet in a bath containing especially

. 9 mass% of hydrochloric acid. This bath is taken to a

10 tempera%ure of 20°C and the sheet is kept in the bath for
approximately 10 s.

The activation of the sheet metal by a chemical
route can be performed under other conditions. The sheet
metal may be immersed in a bath containing 0.2 to

15 40 mass% of hydrochloric acid. The temperature of the
bath may be between 15 and 95°C.

An activation may also be performed by an elec-
trolytic route by employing an electrolysis bath or
electrolyte similar to the bath employed for the activa-

20 tion by a chemical route, that is to say containing an
acid chosen from hydrochloric, phosphoric, sulfuric,
hydrofluoric, boric and fluoroboric acids and phenolsul-
fonic, cresolsulfonic or other organic acids, but with an
acid concentration such that the pH of the bath is lower

25 than 1.

Using an electrolytic route, the polarization of
the bath is cathodic or else is alternately anodic and
cathodic, the polarization being always cathodic at the
end of activation. The current demnsity employed is higher

30 than 0.1 A/dnm*, preferably between 0.1 and 50 A/dm?’. The
stainless sheet metal is kept for a period longer than
0.1 s in the bath, this bath being at a temperature of
more than or equal to 15°C.

With alternating anodic/cathodic polarization it

35 is preferable to employ a bath containing an acid whose
anion is electrochemically inactive. Thus, sulfuric acid
is employed in preference to hydrochloric acid to avoid
any release of chlorine in an anodic¢ phase. The treatment
is completed with cathodic polarization to prevent any



_cal’cium carbonate, sodium netasilicate, phosphates, sequesterlng agents and

surfactants; the netal sheet undergoes neutral aqueé'a ﬁﬂmamﬁﬂt has

been degreased; the netal sheet is chemically pickle i ng bath

*contains 0.2 to 40% by mass hydrochloric acid and ha bet ween

20 and 95[err]C, the i mersion period of =t hé fretal sheet in the bath being
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itiated by an anodic polarization.

An activation can also be performed electrolyti-

cally by employing an acidic electrolyte chosen from the

5 acids referred to above, in a concentration such that the
pH of the bath is lower than 1, to which a quantity of
stannous ions may be added in a concentration of between

0.1 and 3 mass%. The temperature of the electrolyte is

. higher than or equal to 15°C. The sheet metal is

10 subjected to a cathodic polarization with a curreant
density of between 0.1 and 50 A/dm®. The period of
immersion of the sheet metal in the electrolyte is longer
than 0.1 s.

In a second example, the activation of a reel of

15 stainless steel of AISI 430 type is carried out con-
tinuocusly by cathodic polarization at 10 A/dm?, for
0.8 s, in an electrolyte containing 17 mass% of phenol-
sulfonic acid at a temperature of 20°C. In this example
the anodes placed facing the strip are made of ferrosili-

20 con alloy.

The activation of the reel of stainless steel of
AISI 430 type can also be carried out under the same
operating conditions as above, but with stainless steel
anodes, for example of AISI 316 type.

25 Under the operating conditions described in this
first example the reel of stainless steel may be of
AISI 439, AISI 434, AISI 304, AISI 444 or AISI 316 type
or of Z3CTNb18 type.

In a third example an activation of stainless

30 steel sheets of the AISI 434, AISI 304, AISI 316 and
AISI 444 type is carried out electrolytically. In this
example the activation of the stainless steel sheet is
performed electrolytically by employing a bath containing
20 mass® of sulfuric acid. The sheet metal is kept for

35 20 s in the bath, the latter being at a temperature of
20°c. The current demnsity is controlled at 10 A/dm?. The
polarities have been reversed during the electrolytic
activation in accordance with the cathodic pol-
arity/anodic polarity/cathodic polarity cycle.



.contalns to 5096by nass sul phuric acid and has a tenperature between 20
and sheet being subjected to a current density
betf we U n{err] and the i mersion period of the netal sheet
inth eater than 0.1 s: during,picklings the netal sheet is
subjected to alternate cathodic and anodic gﬁlarisation, t he treat nment

ending wth cathodic In a fourth example the activation of a reel of
AISI 316 type is carried out continucusly by an electro-
lytic route.

The electrolyte contains 17 mass% of phenol-

5 sulfonic acid and 0.5 mass%¥ of stannous ions, at a
temperature of 20°C. The cathode current density is
controlled at 10 A/dm’. The anodes are made of alloy of
ferrosilicon type and the immersion period is 0.8 s.

. The operating conditions described in this

10 example are also applicable to the stainless grades
mentioned above.

When the stages of activation of the surface of
the stainless steel sheet are completed, a layer of pure
tin or of tin alloy is deposited electrolytically,

15 without intermediate rinsing, to avoid any repassivation
of the sheet metal.

Consequently care will be taken that the electro-
lyte employed for activating the sheet metal should be
compatible with the electrolyte employed for depositing

20 the layer of tin or tin alloy on the sheet metal.

A number of embodiments of a deposition of pure
tin will be described below.

According to one embodiment of the deposition of
pure tin, the electrolyte contains stannous (Sn2+) tin in

25 the presence of phenolsulfonic acid or of boric and
fluoroboric acid, or stannous chloride in the presence of
alkali metal chlorides or fluorides. The current density
applied to the sheet metal is higher than 1 A/dm® and the
temperature of the electrolyte is more than 15°C.

30 In the case of the examples described the elec-
trolyte contains a solution of stannous (Sn2+) tin in
phenolsulfonic acid. The stannous tin content is from
approximately 20 to 40 g/1 and the phenolsulfonic acid
content is between 20 and 40 g/1.

35 Additives are also added, such as f-naphthol
(1 g/1) and gelatin (2 g/l). They make it possible to
provide the coating with fineness, compactness and
uniformity. The current density is between 10 and
35 A/dm?, and the temperature of the bath between 25 and



pol ari sati on,

or to continuous cathodic polarisation;.the nmetal sheet is

chemcally activated and the activation bath is at a terrperature hi gher

than 15[err] C and the inmrersion period of the netal
greater than 0.1 s; the metal sheet is el ectrolytlcal d the
activation bath is at a tenperature higher 19 an 1 5C heet

subjected to ca Eg‘gl c polarisation with a current denS|ty betvveen 0.1 and

50 Aldnferr], _
t han 0. 1 s, andatberdhadeiso kaiotheradfibéfiiment of the deposition

greater

10

15

20

25

30

35

mmer si on period of the metal sheet in the bath being

of pure tin, the deposition bath contains stannous
chlorides and alkali metal chlorides and fluorides.

For example, the bath contains stannous chloride
SnCl,- 2H,0 in a proportion within the range [30-90] g/1,
sodium fluoride NaF in a proportion within the range
[40-60] g/1 and sodium chloride NaCl in a proportion

‘within the range [40-60] g/l. The bath is employed with

a current density higher than 1 A/dm? and a temperature
of more than 15°C. )

According to yet another embodiment of the
deposition of pure tin, the deposition bath contains
stannous tin and boric and fluoroboric acids.

For example, the bath contains stannous tin in a
proportion within the range [40-80] g/l1, fluorcboric acid
in a proportion within the range [40-200] g/l and boric
acid in a proportion within the range [10-30} g/l. The
bath is employed with a current density higher than
1 A/dm® and a temperature of more than 15°C.

The tin coating is of relatively low thickness.
In the examples described the tin coating deposited has
a thickness of 3 pum.

In other embodiments of the invention the
thickness of the tin layer may reach 30 gm.

In this state the sheet metal has a matt surface
appearance and forms a product which can be employed for
the manufacture of roofs of buildings.

The tin-coated stainless sheet metal is next
heated by known means, for example an induction oven, to
a temperature which is higher than or equal to the
melting temperature of tim (232°C).

In the examples described the temperature for
heating the tin-coated sheet metal is 250°C.

The purpose of the heat treatment is to form an

.intermetallic compound containing at least iron, tin and

chromium, at the interface of the stainless steel sheet
and of the tin layer, while preserving the matt surface
appearance of the tin layer.

i's



stainl ess steel or ferrosilicon all oy; the electrop&ﬂg h contalns
“stannous tin in a proportion in the range [20-40] g/ onlc
acid in a proportion in the range [20-40] g/l, the c H belng
-greater than 1 A/dnferr] and the tenperature of t he er than
1 5C, the electroplating bath contains phenld sul phoni c acid, stannous
chlorides and al kaline chlorides and fluorides: the electroplahin bhat h
contains stannous chl ori¥RkemsnEhgertin QHF@#PFO‘FIFP%%‘F opdta ok Fn%"l‘?\]é"qlhnge

[30-90] g/l, sodigeid) Udis Gouneds®d ds minimal. If the heat treatment is
stopped just after the melting of the tin with the aid of
rapid cooling, the surface appearance obtained is very

5 shiny. To avoid this shine and to obtain a coating of
matt appearance, the heat treatment is prolonged for a
sufficient time which depends especially on the thickness
of the tin layer. The intermetallic compound grows during
the heating period, developing mechanical stresses in the

10 tin layer which perturb the free surface of this layer
and result in the return of a matt appearance. The heat
treatment period must therefore be sufficiently long to
allow the coating not to have a shiny appearance after
cooling. .

15 The heat treatment also contributes to reinforc-
ing the adherence of the tin layer to the stainless sheet
metal through the intermediacy of the intermetallic
compound.

The presence of the intermetallic compound is

20 demonstrated, for example by dissoclving the tin layer at
constant intensity in a solution of hydrochloric acid at
a concentration of 1 mol/l.

Figure 3 shows the curve of change in the
dissolution potential of the tin layer as a function of

25 time. The time tl corresponds to the baring of the layer
of intermetallic Fe-Sn-Cr compound and to the end of the
dissolving of the layer of pure tin. The time t2
corresponds to the end of the dissolving of the layer of
intermetallic Fe-Sn-Cr compound and to the baring of the

30 stainless steel. The time t2-tl is proportional to the
thickness of the layer of intermetallic compound.

In the examples described the layer of inter-
metallic compound has a thickness of approximately 0.7
micrometer.

35 The elements constituting the intermetallic
compound are identified, for example, by means of an
electronic microprobe. The intermetallic compound may
contain other elements in addition to irom, tin and
chromium.



prq&s QHstm ack@nNge [40-60] g/l and sodiumchloride NaCl in a

pro range [40-60] g/l, the current density being greater than
Hmmﬁl e tenperature of the bath bei ng hi gher than 15C. The
under st ood by way of thﬁ follomnng,descrlptlon and the
I|n1t|ng exanpl es:

‘|nve
acconpanyi ng drawi ngs, all provided as no

The layer of intermetallic compound is bared
after several years in use when the sheet metal is
exposed to the open air and subjected to inclement
weather. The intermetallic compound which remains at the

5 surface of the stainless steel sheet is of a dark grey
color, resembling that of "old tin*.

The layer of intermetallic compound has a cor-
rosion resistance which is greatly superior to that of

. tin.
10 ‘This high corrosion resistance of the intermetal-
lic compound is illustrated in Figure 4, which shows the
plot of the curves of polarization of the intermetallic
compound layer and of the tin layer which are placed in
an aerated solution of sodium sulfate at a concentration
15 of 0.01 mole/l, at ambient temperature. It is found that
the current for dissolution of the intermetallic compound
changes little as a function of the potential, this being
characteristic of a high corrosion resistance. In con-

-

trast, tin, for which the dissolution current increases
20 as a function of the applied potential appears to be less
resistant to corrosion than the intermetallic compound.

The sheets comprising a layer of intermetallic
compound exhibit good solderability.

A soldering test on a coated sheet metal of the

25 type just described was carried out under the following
conditions:

After pickling with phosphoric acid of the areas
to be soldered, followed by overlapping over approxima-
tely 1 cm, the soldering was carried out using the iron

30 and a Pb/Sn (33 % Sn) rod. The soldering was tested by a
bending test at 180°C around a mandrel with a radius of
curvature of 10 mm. No tearing away of the solder was
found.

To form the layer of intermetallic compound the

35 layer of pure tin may be replaced with a layer of alloy
containing chiefly tin.

It is possible to employ an alloy of tin (Sn) and
of zinc (Zn) the weight composition of which is the
following:



the invention: - Figure 2 is a schenmatic sectional
sheet according to Figure 1, the netal coating |ayer,
‘tin, having been dissolved on contact with the air and

6 - Figure 1 is a schematic sectional view of a nmet Q ‘E@cﬁ% ﬂ%ag to

weat her conditions; - Figure 3 is a grdBh-showing the evol ution of the
di ssol ution potential, as a functiagn of tine, of the coating of a netal
sheet Sn > 60 %

Zn < 40 %.

It is also possible to employ an alloy of tin
(Sn) and nickel (Ni) the weight composition of which is
5 the following:
Sn > 80 %
Ni < 20 %.
As in the case of pure tin, the alloy is deposi~
ted electrolytically on the stainless steel sheet. The
10 alloy-coated sheet metal is then heated to a temperature
higher than or equal to the melting temperature of the
alloy, for a sufficient period for the alloy to retain
its matt appearance.
The temperature of treatment of the coated sheet
15 metal, after deposition of a layer of pure tin or of
alloyed tin, is preferably lower than 500°C in order to
avoid the formation of a tin oxide of yellowish color,
which is undesirable, at the surface of the coating.

The intermetallic compound which forms at the

20 interface of the stainless steel sheet and of the layer
of pure tin or of alloyed tin may contain compounds other
than iron, tin and chromium, depending on the type of
steel employed and of the type of alloy employed.

The coating of the sheet metal may be arranged at

25 will on only one face of the sheet metal or on both faces
of the sheet metal.

The invention incorporates numerous advantages.

The layer containing chiefly tin and deposited
electrolytically on a stainless steel sheet exhibits an

30 aesthetic matt appearance which is appreciable when the
sheet metal is installed on the roof of a building.

The intermetallic compound containing iron, tin
and chromium which appears at the surface of the sheet
metal when the tin-based layer has disappearéd has a matt

35 appearance resembling that of "old tin“ which is ap-
preciated in the roofing of buildings.

The layer of intermetallic compound adheres
strongly to the sheet metal and exhibits very good
corrosion resistance.



manuf actured according to the invention; - Figure 4 is a graph show ng
the pol arisation curve of a metal sheet coated with a layer of tin, and the
pol ari sation curve of a nmetal sheet coated with the intermetallic conpound
containing*iron, tin and chromum Figure 1 shows a cgated netal sheet
according to the invention, designated byighe gener al reference nuner al 10.
The nmetal sheet 10 conprises a substrate forned by a sheet 12 of stainless
steel containing nore fhen I&Hfebyofeiigiteralatalilie cmpaind hésswizskhs of

the sheet 12 der the influence of an acidic atmosphere or of a
maritime climate.
Further, the sheet metal comprising a layer of
5 intermetallic compound containing Fe, Sn and Cr exhibits
very good solderability.
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Ls provided with a layer 14 of internetallic conpound _c'bnt—éi_hi'ngméf | east
iron, tin and chrom um (Fe-Sn-Cr), and a netal coatlngThlsﬁﬁ

containing tin covers the layer 14 of internmetallic con'; vﬂ“m}uﬂmﬁlb
used for manufacturing the netal sheet 12 are of two t
corresponds to ferritic grades containing % chrom um

wi t hout nol ybdenum (M), classified accags 'ﬂgssto Anmeri can standard Al S|

430, AISI 434, AISI 439, AISI 444 and F tandard Z3CTNb18. A second

type correspondd-to ausPearess doxdctheomenifiapture of a coated sheet

metal employed especially for the manufacture of roofs of

buildings, characterized in that a layer {16) of metallic

5 coating of pure tin or of a tin alloy in which the

alloying element is chosen especially from zinc and

nickel is deposited electrolytically on at least one of

the faces of a stainless steel sheet (12) containing more

.than 16 % of chromium in its weight composition. :

10 2. Process according to claim 1, characterized in

that the coated sheet metal is heated to a temperature

higher than or equal to the melting temperature of the

tin-based coating layer in order, on the one hand, to

form a layer (14) of intermetallic compound between the

15 sheet metal {12) and the metallic coating (16) comprising

at least tin and an element forming part of the composi-

tion of the stainless steel sheet and, on the other hand,

to impart a matt appearance to the surface of the coating

(16).
20 3. Process according to claim 2, characterized in

that the heating temperature is lower than 500°C.

4. Process according to claim 1, characterized in

that the sheet metal is degreased before the deposition
of the coating layer.

25 5. Process according to claim 4, characterized in
that the sheet metal is degreased by a chemical route by
employing a bath containing organic solvents or else by
employing a bath containing alkaline mixtures.

6. Process according to claim 5, characterized in

30 that the bath contains an organic solvent chosen from
methylene chloride, 1,1,l-trichloroethane, perchloro-
ethylene and trichloroethylene.

7. Process according to claim 5, characterized in
that the bath contains an alkaline mixture comprising at

35 least one compound chosen from sodium hydroxide, sodium
carbonate, sodium metasilicate, phosphates and complexx.ng
agents.

8. Process according to claim 4, characterized in
that the sheet metal (12) is degreased electrolytically

N 0



7 1896chron1unﬂhﬂ&maﬂhbaasRe ickel (Ni), with or without nolybdenum

cl assified accor an standard Al SI 304 and AISI 316. The
corrosi on resist
of the alldying e enent

alnless steel s increases as the proportions
I n the exanpl es descri bed are speC|f|ed + 21 he tabl € bel ow.

and M increase. The grades of steel used

by employing an alkaline electrolyte and by alternating

or not alternating the polarities.

9. Process ,according to claim 8, characterized in

that the electrolyte comprises an alkaline compound in a
5 proportion of 0.5 to 20 mass%, the electrolyte being at

a temperature of between 20 and 95°C, the sheet metal

(12) being subjected to a current density of between 0.1

and 20 A/dm?* for a period longer than 0.1 s.

-10. Process according to claim 8, characterized in
10 that the electrolyte comprises an alkaline compound
1 chosen from sodium hydroxide and potassium hydroxide.

, 1l. Process according to claim 10, characterized in
that the electrolyte additionally comprises a compound
chogsen from calcium carbonate, sodium metasilicate,

15 phosphates, complexing agents and surface-active agents.
12. Process according to claim 1, characterized in
that the sheet metal (12) is subjected to a neutral
agueous rinsing after it has been degreased.

13. Process according to claim 4, characterized in
20 that the sheet metal is pickled after the degreasing.
14. Process according to claim 13, characterized in

that the sheet metal is pickled chemically by being
immersed in a bath containing an inorganic acid, the mass
proportion of the acid being in a range from 0.2 to 50 &.
25 15. Process according to claim 14, characterized in
that the inorganic acid is chosen from sulfuric acid and
hydrochloric acid.
16. Process according to claim 15, characterized in
that the bath contains 0.2 to 40 mass% of hydrochloric
30 acid and is at a temperature of between 20 and 95°C, the
immersion period of the sheet metal (12} in the bath
being longer than 0.1 s.
17. Process according to claim 13, characterized in
that the sheet metal is pickled electrolytically in an
35 electrolyte bath containing an inorganic acid, the mass
proportion of the acid being in a range from 0.2 to 50 %.
18. Process according to claim 17, characterized in
that the acid of the electrolyte bath is chosen from

sulfuric acid and hydrochloric acid.
AR A
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'8%2 ngb3é roc%%gsaccordéng to claim 18, characterlzed in
. 015 Ah3t GHé elkdtrolytelbath confaihs 1 to 50 mass$ of

- 015 gyifuric acid and is at a temperature of between 20 and
95°C, the sheet metal (12) being subjected to a current
5 density of between 0.1 and 50 A/dm?, the period of immer-
sion of the sheet metal (12) in the bath being longer
than 0.1 s.
20. Process according to claim 17, characterized in
.that, while being pickled, the sheet metal is subjected
10 either éo an alternately cathodic and anodic polariza-
tion, the treatment being completed with cathodic polari-
zation, or to a continuous cathodic polarization.
21. Process according to claim 13, characterized in
that the sheet metal is subjected to a rimsing after
15 being pickled.
22. Process according to claim 1, characterized in
that the sheet metal (12) is activated before the deposi-
tion of the layer of metallic coating.

23. Process according to claim 22, characterized in
20 that the sheet metal is activated by a chemical route.
24. Process according to claim 23, characterized in

that the sheet metal (12} is activated by being immersed
in a bath containing an acid chosen from sulfuric,
hydrochloric, hydrofluoric, boric, fluoroboric, phenol-
25 sulfonic and cresolsulfonic acids, the bath having a pH
lower than the pH for depassivation of the sheet metal
(12).
25. Process according to claim 24, characterized in
that the bath is at a temperature of more than 15°C and
30 the period of immersion of the sheet metal in the bath is
longer than 0.1 s.
26. Process according to claim 22, characterized in
that the sheet metal is activated electrolytically.
27. Process according to claim 26, characterized in
35 that the sheet metal is activated by employing an acidic
electrolyte bath containing an acid chosen from hydro-
chloric, phosphoric, sulfuric, hydrofluoric, boric,
fluoroboric, phenolsulfonic and cresclsulfonic acids, the

bath having a pH lower than 1.
A ) D




O her stainless steels may be used, provided theya®ai-aHa Baén Replagtt 16% by

‘mass chrom um For exanple, one can use a ferritic 2

conprising 17 to 25% by mass chromumand 0.2 to Ztﬂlmﬁm el . When
‘the netal sheet 10 is placed in the open gir and s ad weat her
conditions, the layer 16 may be dissol véd qfTer a prol onged period of use

bt a1 ned. the ¥t ed sERRER R AR AT B S TRECPEIEPE, nt

internetal |l i c eahoutlle electrolyte bath is at a temperature of more
than 15°C and the sheet metal is subjected to a cathodic
polarization, with a current density of between 0.1 to

5 50 A/dm?, the period of immersion of the sheet metal in

the bath being longer than 0.1 s.
29. Process according to claim 27, characterized in
that the electrolyte bath additionally comprises stannous
-ions in a concentration of between 0.1 and 3 mass%.

10 30. Process according to claim 1, characterized in
that a layer of coating comprising pure tin is deposited
on the sheet metal.

31. Process according to claim 30, characterized in
that the electrolytic deposition bath contains stannous
15 (8Sn2+) tin and phenolsulfonic acid.
32. Process according to claim 31, characterized in
that the electrolytic deposition bath contains stannous
tin in a proportion within the range [20-40] g/l and
phenolsulfonic acid in a proportion within the range
20 {20-403] g/1, the current density being higher than
1 A/dm®* and the temperature of the bath being higher than
15°C.
33. Process according to claim 30, characterized in
that the electrolytic deposition bath contains stannous
25 chlorides and alkali metal chlorides and fluorides.
34. Process according to claim 33, characterized in
that the electrolytic deposition bath contains stannous
chloride SnCl,-2H,0 in a proportion within the range
[30-90] g/1, sodium fluoride NaF in a proportion within
30 the range [40-60] g/1 and sodium chloride NaCl in a
proportion within the range [40-60] g/l1l, the current
density being higher than 1 A/dm?* and the temperature of
the bath being higher than 15°C.
35. Process according to claim 30, characterized in
35 that the electrolytic deposition bath contains stannous
tin and boric and fluorocboric acids.
36. Process according to claim 35, characterized in
that the electrolytic deposition bath contains stannous
tin in a proportion within the range [40-80)] g/1,

R ) R 10




' REPLACEMENT SHEET T&is tdal sheet 10 is manufactured by a process
“which will oe descr rst of all, the steps for treating the
surface of a stainl t 12, manufactured using a steel selected

 fromthe yrades specified in the table ab®4ey w.l|-be described, then the

deposition of a layer of pure tin ) L. .
fluorcboric acid in a proportion within the range

[40-200] g/1, and boric acid in a proportion within the
range [10-30] g/l, the current dehsity being higher than
1 A/dm* and the temperature of the bath being higher than
5 15°C.
37. Process according to claim 1, characterized in
that a layer of coating comprising an alloy of tin and
zinc the weight composition of which is the following:
Sn > 60 % . '
10 ' Zn < 40 %
or an alloy of tin and nickel the weight composition of
! which is the following:

o

: Sn > 80 %
Ni <20 %
15 is deposited on the sheet metal.
38. Coated sheet metal characterized in that it

comprises a substrate (12) made of stainless steel
containing more than 16 % of chromium in its weight
composition, covered on at least one of its faces with a
20 layer (16) of metallic coating of pure tin or of a tin
alloy in which the alloying element is chosen especially
from zinc and nickel.
39. Coated sheet metal according to claim 38, charac~
terized in that the layer (16) of metallic coating has a
25 thickness smaller than or equal to 30 gm, preferably
equal to 3 um.
40. Coated sheet metal according to claim 38, charac-
terized in that, between the substrate {(12) and the tin-
based coating layer (16), the sheet metal comprises a
30 layer (14) of intermetallic compound containing at least
iron, chromium and tin.
41. Coated sheet metal according to claim 38, charac-
terized in that the substrate (12) is made of ferritic
steel containing, on a mass basis, approximately 17 % of
35 chromium, less than 0.06 % of carbon and less than
0.015 % of sulfur, and capable of containing approximate-
ly 1.2 % of molybdenum.

42. Coated sheet metal according to claim 38, charac-
terized in that the substrate (12) is made of austenitic
e ot austenttic

AL R



on the stainless steel sheet. First, the surface of the stainless steel
‘sheet is degreased. The degreasing operation is advisable in order to
-ensure good adhesion of the tin coating. Indeed, if the surface of the
stainless steel is not degreased, greaqy:ﬁyq§tances¢and ot her non-renoved
surface pollutants are liable to reduce te adhesion of the tin depgsit and

produce a non SRPS| 0 i nc The
sheet can be ﬁgrea%xﬁ' chéem(\ac éyétyr}’%ﬁ%éc%?’%ﬂ%f‘%%lq%ly ‘r?‘he@en%?al
sheet can be aﬁgmmmuuw(ﬂnwﬁcbhag By plafcindgekel i Qﬁﬂn%hﬂn 0.07 % of

carbon and less than 0.015 % of sulfur and capable of
containing approximately 2.2 $ of molybdenum.

5 43. Coated sheet metal according to claim 38, charac-
terized in that the substrate (12) is made of ferritic
steel, containing, on a mass basis, from 17 to 25 % of
chromium and from 0.2 to 2 % of nickel.

t - .

Sheet Has Been Reﬁaced
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wi th a solution containing organi c hal ogenat ed sol vents such as net hyl ene
chloride, 1,1,1 -trichloroethane, perchloroethylene or trchloroethyl ene.
The,qSN?IS§heet can al so be degreased chemically by using a solution based
on afkaliAe nixtures containing, in particular, soda, sodium carbonate,92 /160
sodi.um net asi |l i cate, phospates, sequestering agents and surfactants.
Preferably, the degreasing operation is carried out electrolytically'in a
el ectrolytic bath or electrolyte conprising an aqueous sotution —--—- -
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9 containing alkaline mxtures simlar to those just nentioned, or calcium

caﬂa&ﬁt%or potash. In the exanples described, the electrolyte cont al‘gz 2'(80
© by da and has a tenperature of 90[err]C. The stainless steel t/

is inmersed in the electrolyte for 20 seconds. and subjected to a current

intensity of 10 A/dnferr]. According to a known process t he poI aritiés are

reversed during the course of electrolytic degreas This Sheet H
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degrea5| ng of the stainlessCsabed Sheet Metal An :
Manufacture Of This Sheet Metal

The present invention relates to a coated sheet
tetal and to a process for the manufacture of this sheet
metal.

It applies in particular to the manufacture of
roofs of buildings.

Stainless steel sheets coated with a lead-rich
alloy are already known in the state of the art. The
coating of a stainless steel sheet with lead is generally
carried out on lines for continuous treatment of reels by
immersion in a bath of molten lead-based alloy. The lead-
based alloy generally contains tin to facilitate the
wetting and adherence of the coating.

These coated sheets are applied for the roofing
of buildings because they incorporate many advantages. In
particular, they have good resistance to inclement
weather and good suitability for soft soldering. Also
needing to be mentioned is their light weight (approxi-
mately 3 kg/m’ at a sheet metal thickness of 0.4 mm},
good mechanical strength'and, in the case of sheets made
of ferritic stainless steel, a low coefficient of linear
expansion which makes it possible to obtain an elongation
of 1.06 mm/m with a change of 100°C, whereas in the case
of zinc sheets an elongation of 2.20 mm/m is obtained
with a change of 100°C.

A roof constructed in ferritic stainless steel
sheets containing 17 mass% of chromium and coated with a
layer of lead-~based alloy has an excellent resistance to
atmosphgric corrosion agents such as acidic rain and the
precipitation of fuel oil fumes.

In some particularly corrosive atmospheres, for
example at the seaside and/or near industries with
corrosive discharges, use is preferably made of sheet
metal coated with alloyed stainless steel containing
molybdenum in a mass concentration of 1 to 3 &.

In contact with the atmosphere lead-coated sheets
gradually become covered with a protective film whose
matt grey appearance resembles that of *old tin". How-
ever, this patina - valued by architects - develops

o . = = slowly. Its formation, which can take a number of months,

unm\ i T
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wat er (neutral nedium so as not to contam nate the treatnent baths to be
used subsequently. The step of degreasing the netal sheet 12 is preferably
followed by a step of pickling the surface of the netal sheet. The

stainl ess steel sheet is pickled chemcally or electrolytically. The netal
sheet can be pickled chemcally by inmmersing it in a bath containing a

m neral acid selected from sul phuric acid ah@ fydrochloric acid or other

07,7120 00 PLEBELED O 251350 RERRD B IO el 10
to inclement weather results in the appearance of un-
sightly lead corrosion products. During this transitional
stage rain water causes a partial solubilization of the
lead, which has the effect of spreading harmful lead-
based compounds into the environment.

The aim of the present invention is to provide
sheet metal which can be employed as roofing material
which does not have the harmful effects and the unsightly
aspects inherent in coatings containing lead, these
sheets having an aesthetic matt appearance and good
solderability and being protected against atmospheric
corrosion.

To this end, the subject of the invention is a
process for the manufacture of coated sheet metal
employed especially for the manufacture of roofs of
buildings, characterized in that a layer of metallic
coating of pure tin or of a tin alloy in which the
alloying element is chosen especially from zinc and
nickel is deposited electrolytically on at least one of
the faces of a stainless steel sheet containing more than
16 % of chromium in its weight composition.

In accordance with the characteristics of dif-
ferent embodiments of the invention:

- the coated sheet metal is heated to a tempera-
ture higher than or equal to the melting temperature of
the tin-based coating layer in order, on the one hand, to
form a layer of intermetallic compound between the sheet
metal and the metallic coating comprising at least tin
and an element forming part of the composition of the
stainless steel sheet and, on the other hand, to impart
a2 matt appearance to the surface of the coating;

-~ the heating temperature is lower than 500°C;

-~ the sheet metal is degreased before the deposi-
tion of the coating layer;

~ the sheet metal is degreased by a chemical
route by employing a bath containing organic solvents or
else by employing a bath containing alkaline mixtures;

~ the bath contains an organic solvent chosen
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REPLACEMENT SHEET the bath, the latter having a tenperature greater than or
equal to 20[err]C. Preferably the bath contains 0.2 to 40% by nass
hydrochl oric acid and has a tenperature between 20 and 50[err]C. The
concentration of the acid in the pickling bath is selected so that the bath
has a pH | ower than the depassivation pH of the stainless steel to

-3 -

from methylene chloride, 1,1,1-trichloroethane, per-
chloroethylene and trichloroethylene;

- the bath contains an alkaline mixture
comprising at least one compound chosen from. sodium
hydroxide, sodium carbonate, sodium metasilicate, phos-
phates and complexing agents,

- the sheet metal is degreased electrolytically
by employing an alkaline electrolyte and by alternating
or not alternating the polarities;

- the electrolyte comprises an alkaline compound
in a proportion of 0.5 to 20 mass%, the electrolyte being
at a temperature of between 20 and 95°C, the sheet metal
being subjected to a current density of between 0.1 and
20 A/dm* for a period lohger than 0.1 s;

~ the electrolyte comprises an alkaline compound
chosen from sodium hydroxide and potassium hydroxide;

- the electrolyte additionally comprises a

_compound chosen from calcium carbonate, sodium metasili-
cate, phosphates, complexing agents and surface-active
agents;

- the sheet metal is subjected to a neutral
agueous rinsing after it has been degreased;

- after the degreasing or the rinsing following
this degreasing the sheet metal is pickled;

- the sheet metal is pickled chemically by being
immersed in a bath containing an inorganic acid, the mass
proportion of the acid being in a range from 0.2 to 50 %;

- the inorganic acid is chosen from sulfuric acid
and hydrochloric acid;

~= the bath contains 0.2 to 40 mass% of hydrochlo-
ric acid and is at a temperature of between 20 and 95°C,
the immersion period of the sheet metal in the bath being
longer than 0.1 s;

- the sheet metal is pickled electrolytically in
an electrolyte bath containing an inorganic acid, the
mass propdrtion of the acid being in a range from 0.2 to
50 %;

-~ the acid of the electrolyte bath is chosen from
sulfuric acid and hydrochloric acid;
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be treated at the tenperature of the bath. Preferably, the pickling
operation is carried out electrolytically in an electrolytic bath or

el ectrol yte conprising an agueous sol ution containing a mneral acid

sel ected from sul phuric acid and hydrochloric acid or other m neral acids
in a proportion of 0.2 to 50% by mass. The concentration of the acid is
such that the pH of the solution is lower thag 4 at the tenperature of the
bath. Preferably, the netal sheet is inmrersed in an electrolyte containing

1 to 50% by mass sul phuric atitieantedtaplyge batdnsenphzine lote vtk maset o

sulfuric acid and is at a temperature of between 20 and
95°C, the sheet metal being subjected to a current
dgnsity of between 0.1 and 50 A/dm?, the period of immer-
sion of the sheet metal in the bath being longer than
0.1 s; . _

- while being pickled the sheet metal is sub-
jected either to an alternately cathodic and anodic
polarization, the treatment being completed with cathodic
polarization, or to a continuous cathodic polarization;

- the sheet metal is subjected to a rinsing after
being pickled; |

- the sheet metal is activated before the deposi-
tion of the layer of metallic coating;

- the sheet metal is activated by a chemical
route;

- the sheet metal is activated by being immersed
in a bath containing an acid chosen from sulfurie,
hydrochloric, hydrofluoriec, boric, fluoroboric, phénol—
sulfonic and cresolsulfonic acids, the bath having a pEH
lower than the pH for depassivation of the sheet metal;

- the bath is at a temperature of more than 15°C
and the immersion periocd of the sheet metal in the bath
is longer than 0.1 s;

= the sheet metal is activated electrolytically;

- the sheet metal is activated by employing an
acidic electrolyte bath containihg an acid chosen from
hydrochloric, phosphoric, sulfuric, hydrofluorie, boric,
fluorcboric, phenolsulfonic and cresolsulfonic acids, the

. bath having a pH lower than 1;

- the electrolyte bath is at a temperature of
more than 15°C and the sheet metal is subjected to a
cathodic polarization with a current density of between
0.1 to 50 A/dm?, the immersion period of the sheet metal
in the bath being longer than 0.1 s;

- the electrolyte bath additionally comprises
stannous ions in a concentration of between 0.1 and
3 mass%;

- a layer of coating comprising pure tin is
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95[err]C, the netal sheet being subjected to a current density between 0.1
and 50 Aldnferr], and the imersion period of the netal sheet in the

el ectrol yte being greater than 0.1 s. The polarities can be cathodic and
anodic alternately, the treatnment ending with cathodic polarisation, or
cathodic only. In the exanples described, the electrolyte contains 3% by
mass sul phuric acid and has a tenperature of- 40kerr]C and a current density

of 10 A/dnmerr], with successive cathodic, anodic and cathodic polarities.
deposited on the sheet metal,

- the electrolytic deposition bath contains
stannous tin and phenolsulfonic acid;

- the electrolytic deposition bath contains
stannous tin in a proportion within the range [20-40} g/1
and phenolsulfonic acid in a proportion within the range
{20-40] g/1, the current density being higher than
1 A/dw* and the temperature of the bath being higher than
15°C;

= the electrolytic deposition bath contains
stannous chlorides and alkali metal chlorides and fluor-
ides;

= the electrolytic deposition bath contalns
stannous chloride SnCl,-2H,0 in a proportion within the
range [30-90] g/1, sodium fluoride NaF in a proportion
within the range [40-60] g/l and sodium chloride NaCl in
a proportion within the range [40-60] g/1, the current
density being higher than 1 A/dm® and the temperature of
the bath being higher than 15°C;

- the electrolytic deposition bath contains
stannous tin and boric and fluorcboric acids;

- the electrolytic "deposition bath contains
stannous tin in a proportion within the range
[40-80] g/1, fluorcboric acid in a proportion within the
range [40-200] g/l, and boric acid in a proportion within
the range [10-30] g/1, the current density being higher
than 1 A/dw’ and the température of the bath being higher
than 15°C;

- a layer of coating comprising an alloy of tin
and zinc the weight composition of which is the follow-
ing:

Sn > 60 %

Zn < 40 %
or an alloy of tin and nlckel the weight composition of
which is the following:

Sn > 80 %

Ni< 20 %
is deposited on the sheet metal.

Another subject of the invention is a coated
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The pickling of the stainless steel sheet 12 is followed by rinsing in

wat er (neutral nedium so as not to contam nate the treatnent baths to be
"used subsequently. Stainless steel sheets containing nore than 16% chrom um
have an industrial surface quality - generated by their manufacturing
process conprising pickling, cold-rolling and annealing steps - which does
not require a finishing operation such as nechani cal or chem cal polishing.

sheet metal characterized in that it comprises a sub-
strate made of stainless steel containing more than 16 %
of chromium in its weight composition, covered on at
least one of its faces with a layer of metallic coating
of pure tin or of a tin alloy in which the alloying
element is chosen especially from zinc and nickel.

In accordance with the characteristics of various
embodiments of this sheet metal:

- the layer of metallic coating has a thickness
smaller than or equal to 30 pgm, preferably equal to 3 um;

- between the substrate and the tin-based coating
layer the sheet metal comprises a layer of intermetallic
compound containing at least iron, chromium and tin;

- the substrate is made of ferritic steel
containing, on a mass basis, approximately 17 % of
chromium, less than 0.06 % of carbon and less than
0.015 % of sulfur and being capable of containing ap-
proximately 1.2 % of molybdenum;

~ the substrate is made of austenitic steel
containing, on a mass basis, approximately 18 % of
chromium, more than 6 % of nickel, less than 0.07 % of
carbon and less than 0.015 % of sulfur and being capable
of containing approximately 2.2 % of molybdenum;

- the substrate is made of ferritic steel,
containing, on a mass basis, from 17 to 25 % of chromium
and from 0.2 to 2 % of nickel.

The description which follows and the attached
figures ~ the whole being given by way of nonlimiting
examples - will make the invention properly understood:

< Figure 1 is a diagrammatic sectional view of a
sheet metal according to the invention;

~ Pigure 2 is a diagrammatic sectional view of
the sheet metal of Figure 1, the metallic coating layer
containing chiefly tin having been dissolved in contact
with air and inclement weather;

- Piqure 3 is a diagram showing the change, as a
function of time, in the dissclution potential of the

coating of a sheet metal manufactured according to the
invention; '

—- ——
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The stainless steel sheet 12 is activated prior to the layer of tin or tin
al l oy being deposited on the netal sheet. Stainless steels have on their
surface a protective layer rich in oxides and chrom um hydroxi des, known as
a passive |ayer. The purpose of activation is to renove this passive |ayer
in order to achieve good adhesion of the coating, for exanple tin, wthout
for exanple
ni ckel - pl ati ng, being necessgary. Actjvatipn is c rrJed out,_ under ,conditions
R s 4

prenetal lisation of the surface of the netal? sheet,

adapted to the grade of st ai

tHeR SHAERET PRAYAS
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t he nore corrosi on- the polarization curve of a sheet metal coated with a

layer of tin and, on the other hand, the polarization
curve of a sheet metal coated with the intermetallic
compound containing iron, tin and chromium.

A coated sheet metal according to the invention,
indicated by the general reference 10 can be seen in
Figure 1. This sheet metal 10 comprises a substrate
consisting of a sheet 12 made of stainless steel contain-
ing more than 16 % of chromium in its weight composition.
On one of its faces this sheet 12 comprises a layer 14 of
intermetallic compound contéining at least iron, tin and
chromium (Fe-Sn-Cr) and a layer 16 of metallic coating,
containing chiefly tin, covering the layer 14 of inter-
metallic compound. .

The steels employed for the manufacture of the
sheet 12 are of two types. A first type corresponds to
ferritic grades which contain 17 & of chromium (Cr) with
or without molybdenum (Mo) referred to according to the
US Standard as AISI 430, AISI 434, AISI 439 and AISI 444,
and the French Standard as Z3CTNb18. A second type
corresponds to austenitic grades which contain 18 % of
chromium and at least 6 % of nickel (Ni) with or without
molybdenum, referred to according to the US Standard as
AISI 304 and AISI 316.

The corrosion resistance of stainless steels is
proportionately higher the higher the contents of alloy
elements Cr, Ni and Mo.

The steel grades employed in the examples descri-
bed are detailed in the table below.
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resistant the stainless steel is, the faster the formation of the pa55| ve -
| ayer in the air. This is partlcularly the case wth steefss sedtd jor.e
than 16% by wei ght chrom um which require the use of non- mﬁg
in order to be activated. Consequently, a nitric acid is n¥ mm e
stainl ess steel sheet is activated chemcally or electroly

nmetal sheet can be activated chemcally by Bmersion in a bath containing

one or nore reducing acids, such as hydrochloric acid,

Grade cr wi Mo i Nb c s

3 3 $ max ¢ | max & | max & | max %
AISI 430 17 0.06 | 0.015
AISI 434 17 1.2 0.06 | 0.01
AIST 439 17 0.5 0.02 | 0.005
AISI 444 18.5 2.1 | 0.6 0.5 0.025 | 0.015
Z3CTNb18 17.8 0.5 0.9 0.03 | 0.005
AISI 304 , 18 6.2 0.07 | 0.015
AIST 316 18 11 2.2 0.07 | 0.015

Other stainless steels can be employed, provided
that they contain at least 16 mass% of chromium. It is
possible, for example, to employ a ferritic steel sheet
12 containing, on a mass basis, from 17 to 25 & of
chromium and from 0.2 to 2 % of nickel.

When the sheet metal 10 is placed in the open air
and is subjected to inclement weather, the layer 16 can
be dissolved after a prolonged period of use over a
number of years. In this case a sheet metal 10 as shown
in Figure 2 is obtained, the coated face of which now
comprises only the layer 14 of intermetallic compound.

The coated sheet metal 10 is manufactured by a
process which will be described below. .

The stages of surface treatment of a stainless
sheet metal 12 manufactured with a steel from the grades
defined in the table above will be described first of
all, and then the deposition of a layer of pure tin on
this stainless sheet metal.

In a first step the surface of the stainless
steel sheet is degreased.

The degreasing operation is recommended to
guarantee a good adherence of the tin coating. In fact,
if the surface of the stainless steel is not deqreased,
the fatty substances and other surface contaminants which
are not removed are liable to reduce the adherence of the
tin deposit and to give rise to a nonhomogeneous deposit
comprising areas without coating.

The degreasing of the sheet metal can be per-
formed either chemically or electrolytically.

This is the replacement sheet
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12 phosphoric acid, sulphuric acid, hydrofluoric acid, boric acid,
fluoboric acid, as well as phenol sul phoni ¢ and cresol sul phoni c aci ds or

ot her organic acids. The stainless steel sheet is held for at least 0.1 s
in the bath, which has a tenperature greates 4+ han or equal to 15[ err]C The
concentration of the acid in the activation bath is selected so that the
bath has a pH | ower than Thiec shep&ssietali oanpHeoidegreasedi phenicalle| by

being placed in contact with a solution containing
halogenated organic solvents such as methylene chloride,
1,1,1-trichlorocethane, perchloroethylene or trichloro-
ethylene. The sheet metal can also be degreased chemical-
ly by employing a solution based on alkaline mixtures
containing especially sodium hydroxide, sodium carbonate,
sodium metasilicate, phosphates, complexing agents and
surface-active agents.

The degreasing operation is preferably performed
electrolytically in an electrolysis bath or electrolyte
consisting of an aqueous solution containing alkaline
mixtures similar to those just specified or else calcium
carbonate or potassium.hjdroxide.,In-the examples descri-
bed the electrolyte contains 2 mass$% of sodium hydroxide
and is at a temperature of 90°C. The stainless sheet
metal is immersed in the electrolyte for 20 seconds at an
intensity of 10 A/dm®. According to a known process the
polarities are reversed during electrolytic degreasing,
following the cycle cathodic polarity/anodic pol-
arity/cathodic polarity.

The operation of degreasing by an electrolytic
route can be performed under other conditions. The
electrolyte may contain an alkaline compound in a
proportion of 0.5 to 20 mass%. The temperature of the
electrolyte may be between 20 and 95°C. The sheet metal
may be subjected to a current density of between 0.1 and
20 A/dm* for a period longer than 0.1 s.

The degreasing of the stainless steel sheet 12 is
followed by a rinsing with water (neutral medium) in
order not to contaminate the treatment baths which will
be employed subsequently.

The stage of degreasing of the sheet metal 12 is
preferably followed by a stage of pickling of the surface
of the sheet metal.

The pickling of the stainless sheet metal is
carried out chemically or electrolytically.

The sheet metal can be pickled chemically by
being immersed in a bath containing an inorganic acid
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to be treated at the tenperature of the bath. The depﬁﬁsivation pH is-'
defined as being the limt pH of the bath, bel ow whic

lacod 1
covering the stainless steel is no |longer stable, the %
vul nerable to corrosion. In a first exanple, prior tot of a
| ayer of tin, a sheet of stainless steel of the AISI 430 type is chemcally
activated by imersing it in a bath contaib®ng, in particular, 9% by nass

hydrochloric acid. The bath is brought to a tenperature of 20[err]C and the
netal sheet is h&h@ser tfemposplingricpppdxhydrerhlanic acids or other

inorganic acids, the proportion of the acid on a mass
basis being within a range from 0.2 to 50 %. The stain-
less sheet metal is kept for at least 0.1 s in the bath,
which is at a temperature of more than or egual to 20°C.
The bath preferably contains 0.2 to 40 mass%¥ of hydro~-
chloric acid and is at temperature of between 20 and
50°C.

The concentration of the acid in the pickling
bath is defined so as to impose a bath pH which is lower
than the pH for depassivation of the stainless steel to
be treated at the temperature of the bath. |

The pickling operation is preferably performed
electrolytically in an electrolysis bath or electrolyte
consisting of an aqueous solution containing an inorganic
acid chosen from sulfuric and hydrochloric acids or other
inorganic acids, in a proportion of 0.2 to 50 mass%. The
acid is at a concentration such that the pH of the
solution is lower than 1 at the temperature of the bath.

The sheet metal is preferably immersed in an
electrolyte containing from 1 to 50 mass% of sulfuric
acid which is at a temperature of between 20 and 95°C,
the sheet metal being subjected to a current demsity of
between 0.1 and 50 A/dm?*, the period of immersion of the
sheet metal in the electrolyte being longer than 0.1 s.

The polarities may be alternately cathodic and
anodic, the treatment being completed with cathodic
poelarization, or solely cathodic.

In the examples described the electrolyte con-
tains 3 mass% of sulfuric acid and is at a temperature of
40°C with a current density of 10 A/dm®, with polarities
which are sixccessively cathodic, anodic and cathodic.

The pickling of the stainless steel sheet 12 is
followed by a rinsing with water (neutral medium} in
order not to contaminate the treatment baths which will
be employed subsequently.

Sheets made of stainless steel containing more
than 16 % of chromium are of industrial surface quality -
arising from their process of manufacture including
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The chem cal activation of the netal sheet can be carried out under other
conditions. The netal sheet can be imrersed in a bath containing 0.2 to 40%
by mass hydrochloric acid. The tenperature of the bath can be between 15
and 95C. Electrolytic activation can al so bdlcarried out by using an

el ectrolytic bath or el ectrol yte simlar to the bath used for chem cal

activation, i.e. cortdiiingy SRl E1dngcrad AMEBILRT 5 RIAS T ¥RIPh&O5for i c,
sul phuric, hydrof| ugst c,rdrmiire, Bhyobsinishipienasiushl pheni cfand example,

cresol sul phoni ¢ aci gachanical or chemical polishing.

Before the deposition of the layer of tin or tin
alloy on the stainless steel sheet 12 the sheet is
activated.

In fact, stainless steels have a protective layer
rich in chromium oxides and hydroxides, called a passive
layer, on their surface. The aim of the activation is to .
remove this passive layer in order to obtain good
adherence of the coating, for example of tin, without
requiring any premetalizing of the surface of the sheet
metal, such as nickel plating.

The activation is performed under conditions
which are adapted to the grade of the stainless steel to
be treated, it being known that the formation of the
passive layer in air is proportionally faster the more
resistant the stainless steel is to corrosion. This is
especially the case with steels containing more than 16 %
of chromium in their weight composition, which require
the use of nonpassivating acids to be activated.
Consequently, an acid of nitric type cannot be suitable.

The activation of the stainless sheet metal is
carried out chemically or electrolytically.

The sheet metal can be activated chemically by
immersion in a bath containing one or a number of redu-
cing acids such as hydrochloric acid, phosphoric acid,
sulfuric acid, hydrofluoric, boric or fluoroboric acid,
as well as phenolsulfonic and cresolsulfonic acids or
other organic acids.

The stainless sheet metal is kept for at least
0.1 s in the bath, which is at a temperature of more than
or equal to 15°C.

The concentration of the acid in the activating
bath is defined so as to impbse a bath pH which is lower
than the pH for depassivation of the stainless steel to
be treated at the temperature of the bath. The pH for
depassivation is defined as being the limiting pH of the
bath, below which the passive layer covering the stain-

i
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13 or other organic acids, but with an acid concentration such that the pH

of the bath is lower than 1. Wth electrolytic activation, the polarisation
‘of the bath is cathodic, or anodic and cathodic alternately, the

pol ari sati on al ways belng cathodic at the end of the activation process.

The current density used is greater thar d21 1A/ dnferr], preferably between

0.1 and 50 A/dni Egg : s-gl%lStJ‘?A nl’xgss.l.oﬁgggl stable, this steel becoming
vulnerable to corrosion.

In a first example an activation by a chemical
route is carried out on a .stainless steel sheet of
AISI 430 type, before the deposition of a layer of tin,
by immersing the sheet in a bath containing especially
9 mass$ of hydrochloric acid. This bath is taken to a
temperature of 20°C and the sheet is kept in the bath for
approximately 10 s.

The activation of the sheet metal by a chemical
route can be performed under other conditions. The sheet
metal may be immersed in a bath containing 0.2 to
40 mass% of hydrochloric acid. The temperature of the
bath may. be between 15 and 95°C.

An activation may also be performed by an elec-
trolytic route by employing an electrolysis bath or
electrolyte similar to the bath employed for the activa-
tion by a chemical route, that is to say containing an
acid chosen from hydrochloric, phosphoric, sulfuric,
hydrofluoric, boric and fluoroboric acids and phenolsul-
fonic, cresolsulfonic or other organic acids, but with an
acid concentration such that the pH of the bath is lower
than 1.

Using an electrolytic route, the polarization of
the bath is cathodic or else is altermately anodic and
cathodic, the polarization being always cathodic at the
end of activation. The current density employed is higher
than 0.1 A/dn’, preferably between 0.1 and 50 A/dm*. The
stainless sheet metal is kept for a'period longer than
0.1 s in the bath, this bath being at a temperature of
more than or equal to 15°C.

With alternating anodic/cathodic polarization it
is preferable to employ a bath containing an acid whose
anion is electrochemically inactive. Thus, sulfuric acid
is employed in preference to hydrochloric acid to avoid
any release of chlorine in an anodic phase. The treatment
is completed with cathodic polarization to prevent any
repassivation of the sheet metal capable of being in-
itiatg?_gz_gg_gnodic polarization.
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sheet is held in the bath for a period greater than 0.1 s, the bath'having
a tenperature greater than or equal to 15[err]C. Wt h istShéchBisBe laded /

cathodic polarisation, it is preferable to use a bath ¢ cid,
t he anion of which is electrochenically inactive. Thus is
used in preference to hydrochloric acid in order to avo : i on of
chlorine in the anodic phase. The treatment ;gnds with cathodic polarisation
to prevent any repassivation of the netal sheet, which could be initiated
by anodic pol arisation. Ehacaetiyition@an'albeNbé PerdcihielCelabt STy
using an acid 6|€K§£f¥yy%@'employing an acidic electrolyte chosen from the
acids referred to above, in a concentration such that the

pH of the bath is lower than 1, to which a quantity of

stannous ions may be added in a concentration of between
0.1 and 3 mass%. The temperature of the electrolyte is
higher than or equal to 15°C. The sheet metal is
subjected to a cathodic polarization with a current
-density of between 0.1 and 50 A/dm?. The period of
immersion of the sheet metal in the electrolyte is longer
than 0.1 s. '

In a second example, the activation of a reel of
stainless steel of AISI 430 type is carried out con-
tinuously by cathodic polarization at 10 A/dm?, for
0.8 s, in an electrolyte containing 17 mass% of phenol-
sulfonic acid at a temperature of 20°C. In this example
the anodes placed facing the strip are made of ferrosili-
con alloy. |

The activation of the reel of stainless steel of
AISI 430 type can also be carried out under the same
operating conditions as above, but with stainless steel
anodes, for example of AISI 316 type.

Under the operating conditions described in this
first example the reel of stainless steel may be of
AISI 439, AISI 434, AISI 304, AISI 444 or AISI 316 type
or of Z3CTNbl8 type.

In a third example an activation of stainless
steel shegts of the AISI 434, AISI 304, AISI 316 and
AISI 444 type is carried out electrolytically. In this
example the activation of the stainless steel sheet is
performed electrolytically by employing a bath containing
20 mass% of sulfuric acid. The sheet metal is kept for
20 s in the bath, the latter being at a temperature of
20°C. The current density is controlled at 10 A/dm?. The
polarities have been reversed during the electrolytic
activation in accordance with the cathodic pol-
arity/anodic polarity/cathodic polarity cycle.

In a fourth example the activation of a reel of
AIST 316 type is carried out continuously by an electro-
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selected fromthe aforenentioned acids and having a concentration such that
the pH of the bath is lower than 1, to which a quantity of stannous ions
can be added in a concentration between 0.1 and 3% by mass. The tenperature
of the electrolyte is greater than or equaligte 15[err]C. The netal sheet is
subj ected to cathodic polarisation wwth a current density between 0.1 and
50 Aldnferr]. Thelymﬁd(n¢u¢h«innersion of the netal sheet in the electrolyte

is greater than 0.1 s. S@E@@Qx@m@l GonthEn@CliVakke® At apﬁ@h&lof
stai nl ess steel of the AI SI *\SO t e |§ car ri edfoutt cont i nuousl ¥
cat hodi ¢ pol ari saS#EPR}C 18° of stannous ' tons; 2t a

temperature of 20°C. The cathode current density is
controlled at 10 A/dm’. The anodes are made of alloy of
ferrosilicon type and the immersion period is 0.8 s.

The operating conditions described in this
example are also applicable to the stainless grades
mentioned above.

When the stages of activation of the surface of
the stainless steel sheet are completed, a layer of pure
tin or of tin alloy is deposited electrolytically,
without intermediate rinsing, to avoid any repassivation
of the sheet metal.

Consequently care wzll be taken that the electro-
lyte employed for activating the sheet metal should be
compatible with the' electrolyte employed for depositing
the layer of tin or tin alloy on the sheet metal.

A number of embodiments of a deposition of pure
tin will be described below.

According to one embodiment of the deposition of
pure tin, the electrolyte contains stannous (Sn2+)} tin in
the presence of phenolsulfonic acid or of boric and
fluoroboric acid, or stannous chloride in the presence of
alkali metal chlorides or fluorides. The current density
applied to the sheet metal is higher than 1 A/dm? and the
temperature of the electrolyte is more than 15°C.

In the case of the examples described the elec-
trolyte contains a solution of stannous (Sn2¥) tin in
phenclsulfonic acid. The .stannous tin content is from
approximately 20 to 40 g/l and the phenolsulfonic acid
content is between 20 and 40 g/l.

Additives dre also added, such as fp-naphthol
(1 g/1) and gelatin (2 g/l). They make it possible to
provide the coating with fineness, compactness and
uniformity. The current density is between 10 and
35 A/dm?’, and the temperature of the bath between 25 and
40°¢C.

According to another embodiment of the deposition
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for 0.8 s in an electrolyte containing 17% by mass phenol sul phoni c acid
REPLACEMENT SHEET 14 at a tenperature of 20[err]C In this exanple, the

anodes arranged opposite the strip are made of ferrosilicon alloy. The Al S|
430 stainless steel coil can also be activated under the sane

- 15 =

of pure tin, the deposition bath contains stannous
chlorides and alkali metal chlorides and fluorides.

For example, the bath contains stannous chloride
SnCl, - 2H,0 in a proportion within the range {30-90] g/1,
sodium flucride NaF in a proportion within the range
[40-60] g/l and sodium chloride NaCl in a proportiom
within the range [40-60) g/1. The bath is employed with
a current density higher than 1 A/dm® and a temperature
of more than 15°C. _

According to yet another embodiment of the
deposition of pure tin, the depoéition bath contains
stannous tin and boric and fluoroboric acids.

For example, the bath contains stannous tin in a
proportion within the rai;ge [40~-80] g/1, fluoroboric acid
in a proportion within the range [40-200] g/l and boric
acid in a proportion within the range [10-30] g/l. The
bath is employed with a current density higher than
1 A/dm* and a temperature of more than 15°C.

The tin coating is of relatively low thickness.
In the examples described the tin coating deposited has
a thickness of 3 gm.

In other embodiments of the invention the
thickness of the tin layer may reach 30 um.

In this state the sheet metal has a matt surface
appearance and forms a product which can be employed for
the manufacture of roofs of buildings.

The tin-coated stainless sheet metal is next
heated by known means, for example an induction oven, to
a temperature which is higher than or egual to the
melting temperature of tin (232°C).

In the examples described the temperature for
heating the tin-coated sheet metal is 250°C.

The purpose of the heat treatment is to form an
intermetallic compound containing at least iron, tin and
chromium, at the interface of the stainless steel sheet
and of the tin layer, while preserving the matt surface
appearance of the tin layer.

When the tin coating changes into the molten
state, its roughness is minimal. If the heat treatment is

This Sheet Has Been Re,illalced This 16 the roplacement sheet
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operating conditions as above, but wth stainless steel anodes, for exanple
of the AISI 316 type. Under the operating conditions described in this
first exanple, the stainless steel coil can be of the follow ng types: AlSI
439, AISI 434, AISI 304, AISI 444, AISI 316 or Z3CTNbl1l8. In a third
exanpl e, sheets of stainless steel of the AISI 434, AISI 304, AISI 316 and
Al SI 444 types are electrolytically activatgg.-.In this exanple, the
activation of the stainless steel sheet is carrled out electrolytically

usi ng a bath cont aistioppedOjndty aftees tHd pmelting afi the Hie winthaths ek of s
: rapid cooling, the surface appearance obtained is very
shiny. To avoid this shine and to obtain a coating of
matt appearance, the heat treatment is prolonged for a
sufficient time which depends especially on the thickness
of the tin layer. The intermetallic compound grows during
the heating period, developing mechanical stresses in the
tin layer which perturb the free surface of this layer
and result in the return of a matt appearance. The heat
treatment period must therefore be sufficiently long to
allow the coating not to have a shiny appearance after
cooling.

The heat treatment also contributes to reinforc-
ing the adherence of the tin layer to the stainless sheet
metal through the intermediacy of the intermetallic
compound. '

The presence of the intermetallic compound is
demonstrated, for example by dissolving the tin layer at
constant intensity in a solution of hydrochloric acid at
a concentration of 1 mol/l.

Figure 3 shows the curve of change in the
dissolution potential of the tin layer as a function of
time. The time tl1 corresponds to the baring of the layer .
of intermetallic Fe-Sn-Cr compound and to the end of the
dissolving of the layer of pure tin. The time t2
corresponds to the end of the dissolving of the layer of
intermetallic Fe-Sn-Cr compound and to the baring of the
stainless steel. The time t2-tl is proportional to the
thicknes§ of the layer of intermetallic compound.

In the examples described the layer of inter-
metallic compound has a thickness of approximately 0.7 -
micrometer.

The elements constituting the intermetallic
compound are identified, for example, by means of an
electronic microprobe. The intermetallic compound may
contain other elements in addition to iron, tin and
chromium.

The layer of intermetallic compound is bared
after several vears in use when the sheet metal is

Sheet Has Been RT laced This is the replacement sheet
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held for 20 s in the bath, which has a tenperature of 20C. The current
density is set at 10 A/dnferr]. The polarities were reversed during
electrolytic activation according to the cycle: cathodic polarity / anodic
polarity / cathodic polarity. In a fourth exanple, an Al SI 316-type coil is
el ectrolytically activated continuously. Theg el ectrol yte contains 17% by
mass phenol sul phoni ¢ acid and 0.5% by nmass stannous ions at a tenperature

of 20[err]C. The expdest cteurtiant oga@nsidir i andetsubFetled dtd chihblemdret

anodes are nade O&eé%ﬁé?f(ﬁyé Eﬁggrﬂééé&&ic compound which remains at the
surface of the stainless steel sheet is of a dark grey
color, resembling that of "old tin".

The layer of intermetallic compound has a cor-
rosion resistance which is greatly superior to that of
tin.

This high corrosion resistance of the intermetal-
lic compound is illustrated in Figure 4, which shows the
plot of the curves of polarization of the intermetallic
compound layer and of the tin layer which are placed in
an aerated solution of sodium sulfate at a concentration
of 0.01 mole/l, at ambient temperature. It is found that
the current for dissolution of the intermetallic compound
changes little as a function of the potential, this being
characteristic of a high corrosion _esi::ance. In coa-
trast, tin, for which the dissolution current increases
as a function of the applied potential appeais : pe less
resistant to corrosion than the intermetallic compound.

The sheets comprising a layer of intermetallic
compound exhibit good solderability.

A soldering test on a coated sheet metal of the
type just described was carried out under the following
conditions:

After pidkling with phosphoric acid of the areas
to be soldered, followed by overlapping over approxima-
tely 1 cm, the soldering was carried out using the irom
and a Pb/Sn (33 % Sn) rod. The soldering was tested by a
bending test at 180°C around a mandrel with a radius of
curvature of 10 mm. No tearing away of the solder was
found.

To form the layer of intermetallic compound the
layer of pure tin may be replaced with a layer of alloy
containing chiefly tin.

It is possible to employ an alloy of tin (Sn) and
of zinc (2n) the weight composition of which is the

following:
Sn > 60 %
T Zn < 40 %.
Has Been Replaced
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and the imersion tinme is 0.8 s. 15 The operating conditions described
in this exanple are al so applicable to the aforenentioned stainless steel
grades. When the stages of activating the surface of the stainless steel
sheet are conplete, a layer of pure tin or tin alloy is electrolytically

deposi ted,
- 18 -~

It is also possible to employ an alloy of tin
(Sn) and nickel (Ni) the weight composition of which is
the following:

' Sn > 80 %
Ni < 20 s.

As in the case of pure tin, the alloy is deposi-
ted electrolytically on the stainless steel sheet. The
alloy-coated sheet metal is then heated to a temperature
higher than or equal to the melting temperature of the
alloy, for a sufficient period for the alloy to retain
its matt appearance.

The temperature of treatment of the coated sheet
metal, after deposition of a layer of pure tin or of
alloyed tin, is preferably lower than 500°C in order to
avoid the formation of a tin oxide of yellowish coler,
which is undesirable, at the surface of the coating.

The intermetallic compound which forms at the
interface of the stainless steel sheet and of the layer
of pure tin or of alloyed tin may contain compounds other
than iron, tin and chromium, depending on the type of
steel employed and of the type of alloy employed.

The coating of the sheet metal may be arranged at
will on only one face of the sheet metal or on both faces.
of the sheet metal.

The invention incorporates numerous advantages.

The layer containing chiefly tin and deposited
electrolytically on a stainless steel sheet exhibits an
aesthetic matt appearance which is appreciable when the
sheet metal is installed on the roof of a building.

The intermetallic. compound containing iromn, tin
and chromium which appears at the surface of the sheet
metal when the tin-based layer has disappeared has a matt
appearance resembling that of "0ld tin® which is ap-
preciated in the roofing of buildings.

The layer of intermetallic compound adheres
strongly to the sheet metal and exhibits very good
corrosion resistance.

The layer of intermetallic compound is stable
under the influerice of an acidic atmosphere or of a

Sheet Has Been Reﬂlaced

““ll“ |I|Iu |m || Thee in ihe repiacement sheet

pae: € 0 DEC 9%



wi thout internediate rinsing, to prevent repassivation of the netal sheet.
Consequently, it nmust be ensured that the electrolyte used for activating
the metal sheet is conpatible with the electrolyte used for the deposition
of the layer of tin or tin alloy on the netal sheet. A plurality of
enbodi nents of the deposition of pure tin will be described bel ow.
According to one enbodi nent of the deposition of pure tin, the electrolyte
contains stannous tin (Sn2+) in the presend® of phenol sul phonic acid or
boric and fluoboric acjd, % st annous chlorlde in

maritime climate.

Further, the sheet metal comprising a layer of
intermetallic compound containing Fe, Sn and Cr exhibits

very good solderability.

nmn\ \‘iiitfﬁfi‘ \i‘ﬁ
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the presence of alkaline chlorides or fluorides. The current density
applied to the netal sheet is greater than 1 A/dnferr] and the tenperature
‘of the el ect r ol FhissSheesHis| r n 15[err] C. For the exanpl es described, the

el ectrol yte cont of stannous tin (Sn2+) in phenol sul phonic
acid. The stanno i s approxim@@ely 20 to 40 g/l and the
phenol sul phoni ¢ acid content

Is between 20 and 40 g/l. Additives such as
[err]-naphthol (1 g/l) and gelatin (2 g/ﬁ;ééﬁé al so added. They ensure that
t he coating has fineness,Pme#sactfices stheendmaniifaatmirey . of a coated sheet

metal employed especially for the manufacture of roofs of
buildings, characterized in that a layer (16) of metallic
coating of pure tin or of a tin alloy in which the
alloying element is chosen especially from zinc and
nickel is deposited electrolytically on at least one of
the faces of a stainless steel sheet (12) containing more
than 16 % of chromium in its weight composition.

2. Process according to claim 1, characterized in
that the coated sheet metal is heated to a temperature
higher than or egual to the melting temperature of the
tin-based coating layer in order, on the one hand, to
form a layer (14) of intermetallic compound between the
sheet metal (12) and the metallic coating (16) comprising
at least tin and an element forming part of the composi-
tion of the stainless steel sheet and, on the other hand,
to impart a matt appearance to the surface of the coating

(16} -

3. Process according to claim 2, characterized in
that the heating temperature is lower than 500°C.

4. Process according to any one of claims 1 to 3,

characterized in that the sheet metal is degreased before
the deposition of the coating layer.

5. Process according to claim 4, characterized in
that the sheet metal is degreased by a chemical route by
employing a bath containing organic solvents or else by
employing a bath containing alkaline mixtures.

6. Process according to claim S, characterized in
that the bath contains an organic solvent chosen from
methylene chloride, 1,1,l-trichloroethane, perchloro~
ethylene and trichloroethylene.

7. Process according to claim 5, characterized in
that the bath contains an alkaline mixture comprising at
least one compound chosen from sodium hydroxide, sodium
carbonate, sodium metasilicate, phosphates and complexing
agents.

8. Process according to claim 4, characterized in
that the sheet metal (12) is degreased electrolytically

-
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16 The current density is between 10 and 35 A/dn{err] and t he tenperature
of the bath is between 25 and 40[err] C. According toThnGMHﬂﬁmBah

laeent  of
“the deposition of pure tin, the plating bath contains |des
and al kal i ne chlorides and fluori des.
1 -

by employing an alkaline electrolyte and by alternating
or not alternating the polarities.

9. Process according to claim 8, characterized in
that the electrolyte comprises an alkaline compound in a
proportion of 0.5 to 20 mass%, the electrolyte being at
a temperature of between 20 and 95°C, the sheet metal
(12} being subjected to a current density of between 0.1
and 20 A/dm* for a period longer than 0.1 s.

10. Process according to claim 8 or 9, characterized
in that the electrolyte comprises an alkaline compound
chosen from sodium hydroxide and potassium hydroxide.
11. Process according to claim 10, characterized in
that the electrolyte additionally comprises a compound
chosen from calcium éarbonate, sodium metasilicate,
phosphates, complexing agents and surface-active agents.
12. Process according to any one of claims 1 to 11,
characterized in that the sheet metal (12) is subjected
to a neutral aqueous rinsing after it has been degreased.
13. Process according to any one of claims 4 to 12,
characterized in that the sheet metal is pickled after
the degreasing or the rinsing following this degreasing.
14. Process according to claim 13, characterized in
that the sheet metal is pickled chemically by being
immersed in a bath containing an inorganic acid, the mass
proportion of the acid being in a range from 0.2 to 50 %.
15. Process according to claim 14, characterized in
that the inorganic acid is chosen from sulfuric acid and
hydrochloric acid.

16. Process according to claim 15, characterized in
that the bath contains 0.2 to 40 mass$ of hydrochloric
acid and is at a temperature of between 20 and 95°C, the
immersion period of the sheet metal (12) in the bath
being longer than 0.1 s.

17. Process according to claim 13, characterized in
that the sheet metal is pickled electrolytically in an
electrolyte bath containing an inorganic acid, the mass
proportion of the acid being in a range from 0.2 to 50 %.
18. Process according to claim 17, characterized in
that the acid of the electrolyte bath is chosen from

e
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For exanple, the bath contains stannous chloride SnC[err], 2Herr]Oin a
proportion in the range [30-90] g/l, sodium fluoride NaFnhi Shes Hab BRARLIY i N

the range [40-60] g/l and sodiumchloride NaC in a prop ange
[40-60] g/l. The bath is used with a current density gre mgﬁu
Aldnferr] and a tenperature higher than i15¢2r+]C. Accordi r

embodi ment of the deposition of pure tin, the plating bath contains
stannous tin and swdfurigndcid vosbhiyirachdoricoreidanpl e, the bath contains

stannous tin in ggroporpighesd éélfofcﬁl?%e thoAR180h 98|, chhrabesdizeaciia in a

proportion in th%;hra%ngt?h 4813819401%/4«53 aﬂath contains 1 to 50 mass% of
sulfuric acid and is at a temperature of between 20 and
95°C, the sheet metal (12) being subjected to a current
density of between 0.1 and 50 Afdm*, the period of immer-
sion of the sheet metal (12} in the bath being longer
than 0.1 s.
20. Process according to any one of claims 17 to 19,
characterized in that, while being pickled, the sheet
metal is subjected either to an alternately cathodic and
anodic polarization, the treatment being completed with
cathodic polarization, or +to a continuous cathodic
polarization.
21. Process according to any one of claims 13 to 20,
characterized in that the sheet metal is subjected to a
rinsing after being pickled.
22, Process according to any one of claims 1 to 21,
characterized in that the sheet metal (12) is activated
before the deposition of the layer of metallic coating.

23. Process according to claim 22, characterized in
that the sheet metal is activated by a chemical route.
24. Process according to claim 23, characterized in .

that the sheet metal (12) is activated by being immersed
in a bath containing an acid chosen from sulfuric,
hydrochloric, hydrofluoric, boric, fluoroboric, phenol-
sulfonic and cresolsulfonic acids, the bath having a pH
lower than the pH for depassivation of the sheet metal
(12).

25. Process according.to claim 24, characterized in
that the bath is at a temperature of more than 15°C and
the period of immersion of the sheet metal in the bath is
longer than 0.1 s.

26. Process according to claim 22, characterized in
that the sheet metal is activated electrolytically.
27. Process according to claim 26, characterized in

that the sheet metal is activated by employing an acidic
electrolyte bath containing an acid chosen from hydro-
chloric, phesphoric, sulfurie, hydrofluoric, boric,

This is the replacement sheet
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boric acid in a proportion in the range [10-30] g/l. ,The-bath“réyﬁéed W th

a current density greater than 1 Aldnferr] and a tenperatur akdthan
15[err]C. The tin coating has a relatively |ow thi anpl es
described. the deposited tin |ayer has a thlckness o ot her
enbodi nents of the invention, the thickness of the t| tain 30
[err]m - 23 -

fluoroboric, phenolsulfonic and cresolsulfonic acids, the
bath having a pH lower than 1.

28. Process according to claim 27, characterized in
that the electrolyte bath is at a temperature of more
than 15°C and the sheet metal is subjected to a cathodic
polarization, with a current density of between 0.1 to
50 A/dm?, the period of immersion of the sheet metal in
the bath being longer than 0.1 s.

29. Process according to claim 27 or 28, charac-
terized in that the electrolyte bath additionally com~
prises stannous ions in a concentration of between 0.1
and 3 mass$.

30. Process according to any one of claims 1 to 29,
characterized in that a layer of coating comprising pure
tin is deposited on the sheet metal.

31. Process according to claim 30, characterized in
that the electrolytic deposition bath contains stannous
(Sn2+) tin and phenolsulfonic acid.

32. Process according to claim 31, characterized in
that the electrolytic deposition bath contains stannous
tin in a proportion within the range [20-40] g/1 and
phenolsulfonic acid in a proportion within the range
[20-40] g/1, the current density being higher than
1 A/dm® and the temperature of the bath being higher than
15°cC.

33. Process according to claim 30, characterized in
that the electrolytic deposition bath contains stannous
chlorides and alkali metal chlorides and fluorides.

34. Process according to eclaim 33, characterized in
that the electrolytic deposition bath contains stannous
chloride 8SnCl,-2K,0 in a propoftion within the range
(30-90] g/1, sodium fluoride NaF in a proportion within
the range {40-60] g/1 and sodium chloride NaCl in a
proportion within the range [40-60] g/l1, the current
density being higher than 1 A/dm® and the temperature of
the bath being higher than 15°C.
| 35. Process according to claim 30, characterized in
that the electrolytic deposition bath contains stannous
tin and boric and fluoroboric acids.
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REPLACEMENT SHEET 17 In this state, the netal sheet hasthia Sheat Has BeanfRaplecedind

constitutes a product usable for manufacturing coverings . The
tin-coated stainless steel sheet is then heated by known anpl e
in an induction furnace, up to a terrper_atzuirg greater than or equal 10 the

melting point of the tin (232[err]C). In“the exanpl es described, the
heating tenperaggre of ghpessNat@8t&thg to claim 35, characterized in
that the electrolytic deposition bath contains stannous
tin in a proportion within the range ([40-80] g/1,
fluorcboric acid in a proportion within the range
{40~-200] g/l, and boric acid in a proportion within the
range [10-30] g/1, the current density being higher than
1 A/dm* and the temperature of the bath being higher than
15°C.
37. Process according to any one of claims 1 to 29,
characterized in that a layer of coating comprising an
alloy of tin and zinc the weight composition of which is
the following:
Sn > 60 %
Zn < 40 &
or an alloy of tin and nickel the weight composition of
which is the following:

Sn > 80 %
Ni <20 %
is deposited on the sheet metal.
38. Coated sheet metal characterized in that it

comprises a substrate (12) made of stainless steel
containing more than 16 % of chromium in its weight
composition, covered on at least one of its faces with a
layer (16) of metallic coating of pure tin or of a tin
alloy in which the alloying element is chosen especially
from zinc and nickel.

39. Coated sheet metal according to claim 38, charac-
terized in that the layer (16) of metallic coating has a
thickness smaller than or equal to 30 pm, preferably
equal to 3 pm: .

40. Coated sheet metal according to claim 38 or 39,
characterized in that, between the substrate {12) and the
tin-based coating layer (16), the sheet metal comprises
a layer (14) of intermetallic compound containing at
least iron, chromium and tin.

41. Coated sheet metal according to any one of claims
38 to 40, characterized in that the substrate (12} is
made of ferritic steel containing, on a mass basis,
approximately 17 % of chromium, less than 0.06 % of

l ,"m! mly m"" "I’sl " llll . This, i the replacement sheet
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metal sheet is 250[err]C. The purpose of the thermal treatnent is to form
an internetallic conpound conprising at least iron, tin and chrom um at the
boundary between the stainless steel sheet and the layer of tin, while
preserving the matt appearance of the surface of the |ayer of tin. Wen the
tin coating passes into the nolten state, its roughness is mnimal. If the
thermal treatnment is termnated just after_the fusion of the tin by neans
of rapid cooling, the surface appearance’o%?aTned is very bright. To avoid

this brightness %'lq:bggt %'hﬁ 3 g/t tth%ﬁabi.BQ.s &hgftpgig?ll:, and capable of
containing approximately 1.2 % of molybdenum.
42. Coated sheet metal according to any one of claims
38 to 40, characterized in that the substrate (12) is
made of austenitic steel containing, on a mass basis,
approximately 18 % of chromium, more than 6 % of nickel,
less than 0.07 % of carbon and less than 0.015 % of
sulfur and capable of containing approximately 2.2 % of
molyhdenum. '
43. Coated sheet metal accardi‘ng' to any one of claims
37 to 40, characterized in that the substrate (12) is
made of ferritic steel, conté.ining, on a mass basis, from
17 to 25 % of chromium and from 0.2 to 2 % of nickel.

This Sheet Has Been Rzi
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treatnment is extended for a suitable period, which depends in particular on
the thickness of the layer of tin. The internetallic conmpound i ncreases

t hroughout the heating process, generating within the layer of tin
mechani cal stresses which disturb the free surface of this |ayer and cause
the recurrence of a matt appearance. Therefore, the duration of the thernal
treatnment nust be sufficiently long to ensure that the coating does not
have a bri ght appearance after cooling.

- 26 —

Coated sheet metal and process for the manufacture
of this sheet metal.

ABSTRACT

This sheet metal comprises a substrate (12) made
of stainless steel containing more than 16 % of chromium
in its weight composition, coated with a metal layer (16)
containing chiefly tin. Between the metal layer (16} and
the substrate (12) the sheet metal comprises a layer (14)
of an intermetallic compound containing at least iron,
chromium and tin. To manufacture this.sheet metal, a
layer {(16) of metallic coating containing chiefly tin is
deposited by an electrolytic route on a sheet (12) made
of stainless steel. The coated sheet metal is heated to
a temperature above the melting temperature of the
coating layer (16) to permit the formation of the
intermetallic compound. The heating is maintained for a
sufficient period for the surface of the coating'layer
(16) to have a matt appearance.

Fig. 1
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18 The thermal treatnent al so contributes towards increasing the adhesion

of the tin layer on the stainless steel sheet by neans of the internetallic
conpound. The presence of the intermetallic compound is reveal ed by, for
exanple, intentiostatic dissolution of the layer of tin in a solution of

hydrochloric acid in a concentration of 1 nole/l. Figure 3 shows the curve
of evolution of the dissolution potential of the

—1-—
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| ayer of tin as a function of tinme. The tine t1l corre@ponds to the exposure /)
Oof the layer of internetallic conmpound Fe-Sn-Cr and Qg t fe end .of the

'di ssol ution of the | ayer of pure tin. The time t2 corfesponds ‘to the end of‘w
the dissolution of the layer of internetallic conpound Fr-Sn-Cr and to the
exposure of the stainless steel. The tine t2-t1 is proportional to the

t hi ckness of the layer of internmetallic conpound. In the exanples

described, the layer of intermetallic conmpound has a thickness of
approximately 0.7 mcronmeter. The elenments formng the internetalli.c

compound are identified by -2~ . ‘
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means of an el ectronic mcroprobe, for exanple. The internetallic conpound

£an contai n other

el ements in addition to iron,

tin and RERLAGEMENT BHEETayer

of internetallic conpound is exposed after a few years of use when the

nmetal sheet is open to the air and subjected to
intermetal | i§ conpound subsisting on the surfac
sheet has a dark grey col our rem ni scent of the

4
—

~bad-weather_conditions. _The
e of REMACRMENT &$HiETSeel 5G
& Dsaeripsion™ Phged i.nto paged 2.
& Claim(s) : paged &..to paged ..
03 Drawing(s) : paged ..... to paged .....
[ Abstract  :paged..... to paged .....

COATED SHEET METAL AND PROCESS FOR THE MANUFACTURE OF THIS SHEET METAL

The present invention relates to a coated metal sheet and a process for
manufacturing said sheet.

it relates, in particular, to manufacturing coverings for buildings.
Sheets of stainless steel, coated with a lead-rich alloy, are already known

from the state of the art. The process of coating a stainless steel sheet

with lead is usually canmied out along the lines of the continuous

jreatment of coils by immersion in a bath of molten lead-based alioy.

The lead-based ailloy generally contains tin to facilitate wetting and
adhesion of the coating.

These coated metal sheets are used for covering buildings because they
have numerous advantages. In particular, they have good resistance to
bad weather conditions and a good propensity for soft soldering. One
should ailso mention their lightness {approximately 3 kg/m?2 for a sheet
thickness of 0.4 mm)}, good mechanical strength and, in the case of
femritic stainless steel sheets, their low co-efficient of linear expansion,
resulting in an elongation of 1.06 mm/m for a variation of 100°C, whereas
in the case of zinc sheets, an elongation of 2.20 mm/m is obtained for a
variation of 100°C.

This is the replacement sheet

Date: 186 0rv 1998



19 The lc/er of internetallic conpound is substantially nore corrosion-
.resistant than the tin. This high corrosion resistance ofRFPhACENMENT 8HEET | i C
conpound is illustrated in Figure 4, which shows the path of the

pol ari sation curves of the layer of internetallic conpound and the |ayer of
tin placed in a solution of sodium sul phate in a concentration of 0.01
nole/l, aerated and at

2
A covering manufactured from sheets of feritic stainless steel containing
17% by mass chromium, covered with a layer of a lead-based alloy, has
excellent resistance o comrosive atmospheric media such as acid rain

and debiris from fuel fumes.

In certain particularly aggressive atmospheres, for example at the
seashore and/or in the vicinity of industries producing comrosive waste, it is
preferable to use coated, alloyed stainless steel sheets containing

molybdenum in a concentration of 1 to 3% by mass.

In contact with the atmosphere, lead-coated sheets gradually become
covered with a protective film, the matt grey appearance of which is
reminiscent of “old tin®, However, this pating, valued by architects,
develops slowly. its formation, which may take several months, is
preceded by a fransitory phase, during which exposure to bad weather
leads to the manifestation of the unatiractive effects of lead cormrosion.
During this transitory phase, rainwater causes partial solubiiisation of the
lead, which has the effect of releasing harmfui, lead-based compounds

into the environment.

EP-A-0 080 971 describes a process for coating a stainless steel object, in
particular a casing for an oil well, wherein a layer of a metal coating
chiefly comprising fin is electrolytically deposited on a surface of the said

object.

US-A-1 776 603, JP-A-59 145 795, JP-A-62 1 896 and JP-A-29 7 695 each
describe a metal sheet comprising a stainless steel substrate covered on
at least one of its surfaces with a layer of a tin-based metal coating, the

coating having been eiectrolytically deposited.
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anbi ent tenperature. It can be seen that the dissolution pEPMENT SHRET
internmetal lic conpound scarcely evolves as a function of the potential,
which is characteristic of high corrosion resistance. In contrast, the tin,
t he dissolution current of which increases as a function of the potenti al
applied, is shown to be less resistant to corrosion than the internetallic
conpound. The netal sheets conprising a |layer of internetallic conpound
have a good propensity for soldering. A soldering test on a coated netal
sheet of the type just described was 3

More particularly, JP-A-62 1 896 describes & process for manufacturing a
coated melal sheet, of the type wherein a layer of a tin-based metal
coating is electrolytically deposited on at least one of the surfaces of a
sheet of stainless steel containing more than 16% by weight chromium,
the deposition of the tin-based coating being preceded by chemical or
electrolytic activation of the metal sheet by immersing it in an acid bath,

" The object of the present invention is fo provide metal sheets usable asa
covering material not having the harmful effects and the unattractive
appearance linked with coatings confcining lead, these metal sheets
having an aftractive matt appearance, a good propensity for soldering
and being protected against atmospheric comrosion.

To this end, the subject of the invention Is a process of the type

described in JP-A-62 1 896, characterised in that:

- the metal sheet is chemically or elecirolytically pickied by
immersing it in a mineral acid bath:

- the metal sheet is rinsed after it has been pickied;

- the metal sheet is chemically or electrolytically ccﬁvcféd by
immersing it in a bath containing at least phenolisuiphonic acid,
this bath having a pH lower than the depassivation pH of the
metal sheet, and

- a coating layer of pure tin is deposited on the metal sheet in an
electroplating bath containing stannous tin and phenolsuliphonic

acid.

According to features of various embodiments of the invention:

This is the repiacement sheet

1 £ 0CT 1998



carried out under the follow ng conditions. After pickl E&?’&Q?E@?@f?“ﬁ%%

+acid the areas to be soldered, then coating themover a

sol dering was carried out using an iron and a Pb/Sn rod (33% Sn). The

sol dered joint was tested in a bending test at 180[err]C round a pin with a
10 mmradius of curvature. No tearing of the soldered joint was detected.
To formthe layer of internetallic conpound, the |ayer of pure tin can be
repl aced by a layer of alloy chiefly containing tin.

4

. the coated metal sheet is heated to a temperature greater than
or equal to the meiting point of the fin-based coating layer, on the
one hand 5o as to form a layer of intermetaliic compound
between the metal sheet and the metal coating comprising at
least tin and an element from the combosiﬁon of the stainiess steel
sheet, and on the other hand so as to impart a matt appearance
to the surface of the coating;

- the heating temperature is lower than 500°C;

- the metal sheet is degreased prior to pickiing;

- the metal sheet is electrolytically degreased by using an alkaline
electrolyte and by alternating or not alternating the polarities;

- the elecirolyte comprises an alkaline compound in a proportion of
0.5 to 20% by mass, the electrolyte having a temperature between
20 and 95°C, and the metal sheet being subjected to a curent
density between 0.1 and 20 A/dm? for a period greater than 0.1's;

- the electrolyte comprises an alkaline compound selected from
soda and potash;

- the electrolyte additionally comprises a compound selected from
calcium carbonate, sodium metasilicate, phosphates,
sequestering agents and surfactants; |

- the metal sheet undergoes neutral aqueous rinsing after it has
been degreased; |

- the metal sheet is chemically pickled and the pickiing bath
contains 0.2 o 40% by mass hydrochloric acid and has a
temperature between 20 and 95°C, the immersion period of the
metal sheet in the bath being greater than 0.1 s;

- the metal sheet is electrolytically pickled and the pickling bath
contains 1 to 50% by mass sulphuric acid and has a temperature

between 20 and 95°C, the metal sheet being subjected to a
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REPLACEMENT SHEET 20 An alloy of tin (Sn) and zinc (Zn) Wit h
.the follow ng conposition by weight: Sn > 60% Zn < 40% Aﬁ§§W®W$HE§R Sn)
and nickel (Ni) can also be used, with the follow ng :

5
current density between 0.1 and 50 A/dm?, and the immersion
pericd of the metal sheet in the bath being greater than 0.1 s;

- during pickling, the metal sheet is subjected to alternate cathodic
and ancdic polarisation, the treatment ending with cathodic
polarisation, or o confinuous cathodic polarisation;

- the metal sheet is chemically activated and the activation bath is
at a temperature higher than 15°C and the immersion period of
the metal sheet in the bath is greater than 0.1 s;

- the metal sheet is electrolytically activated and the activation
bath is at a temperature higher than 15°C and the metal sheetis
subjected to cathodic polarisation with a curent density between
0.1 and 50 A/dm?2, the immersion period of the metal sheet in the
bath being greater than 0.1 s, and the anodes being made of
stainiess steel or ferrosilicon alioy:

- the electroplating bath contains stannous tin in a proportion in the
range {20-40} g/t and phenoisulphonic acid in a proportion in the
range [20-40) g/!. the cumrent density being greater than 1 A/dm?
and the temperature of the bath being higher than 15°C;

- the electroplating bath contains phenolsulphonic acid, stannous
chiorides and alkaline chlorides and fluorides:

- the electroplcﬁng bath contains stannous chioride SnClz, 2H20 in a
proportion in the range {30-90] g/l. sodium fluoride NaF in a
proportion in the range [40-60] g/l and sodium chicride NaClin a
proportion in the range {40-60] g/l. the current density being
greater than 1 A/dm?2 and the temperature of the bath being
higher than 15°C.

The invention will be understood by way of the following description and

the accompanying drawings, ail provided as non-limiting examples:
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conposition by weight: Sn > 80% NI <20% As in the case °f$§@{@gﬁ\'@$@%

.alloy is electrolytically deposited on the stainless stee

al | oy-coated netal sheet is then heated to a tenperature greater than or
equal to the nelting point of the alloy for a duration sufficient for the
alloy to preserve its matt appearance. After the deposition of a |ayer of
pure tin or alloyed tin, the treatnent tenperature of the coated netal
sheet is preferably |ower than 500C in

- Figure 1 is a schematic sectional view of a metal sheet according
to the invention;

- Figure 2 is a schematic sectional view of the metal sheet
according to Figure 1, the metal coating layer, chiefly containing
tin, having been dissolved on contact with the air and subjected
to bad weather conditions;

- Figure 3 is a graph showing the evoiution of the dissolution
potential, as a function of time, of the coating of a metal sheet

" manufactured according to the invention;

- Figure 4 is @ graph showing the polarisation curve of a metal sheet
coated with a layer of fin, and the polarisation curve of a metal
sheet coated with the intermetaliic compound containing iron, tin

and chromium.

Figure 1 shows a coated metal sheet according to the invention,
deSignc?ed by the generdl reference numeral 10. The metal sheet 10
comprises a substrate formed by a sheet 12 of stainless steel containing
more than 16% by weight chromium. One of the surfaces of the sheet 12
is provided with a layer 14 of intermetallic compound contaiﬁing at least
iron, tin and chromium {Fe-Sn-Cr). and a metal coating layer 16 chiefly

containing tin covers the layer 14 of inferméfc:ﬂic compound.

The steels used for manufacturing the metal sheet 12 are of two types. A
first type corresponds to feritic grades containing 17% chromium {Cr},
with or without molybdenum (Mo}, classified according to American
standard AlSI 430, AISI 434, AlSI 439, AlS| 444 and French standard

I3CTINb18. A second lype corresponds o austenitic grades containing

Ty S ceplacement sheet
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order to prevent the undesirable formation of a yellow sh tin oxide on t he
.surface of the coating. The internetallic conpound which forns at th
boundary between the stainl ess steel sheet and the IayerREﬂLAﬁEWMTlerEH
all oyed tin can contain conpounds other than iron, tin and chrom umas a
function of the type of steel used and the type of al | oy used.

7
18% chromium ard at least é% nickel {Ni}, with or without molybdenum,

classified according to American standard AlSi 304 and AlS] 316.

i

The cormrrosion resisiance of the stainiess steels increases as the

proportions of the alloying elements Cr, Ni and Mo increase.

The grades of steel used in the examples described are specified in the

table below.
Grade % 7 % % % % %
Cr Ni Mo TiMax NbMax | CMax SMax
AISI 430 17 0.06 0.015
AlSI 434 17 1.2 0.06 0.01
AlSt 439 17 0.5 0.02 0.005
AISI 444 18.5 21 0.6 0.5 0.025 0.015
I3CTND18 17.8 0.5 0.9 0.03 0.005
AlSt 304 18 4.2 0.07 0.015
AlSI 316 18 1 22 0.07 0.015

Other stainiess steels may be used, provided they contain at least 16% by
mass chromium. For exampie, one can use a feritic steel sheet 12

comprising 17 to 25% by mass chromium and 0.2 to 2% by mass nickel.

When the metal sheet 10 is placed in the open air and subjected to bad
weather conditions, the layer 16 may be dissolved after a prolonged
period of use of several years. In this case, a metal sheet 10 as shown in
Figure 2 is obtained, the coated surface of which now only comprises
the layer 14 of intermetallic compound.

This is the replacement sheet

Date: 1 8 UCT 1998



21 The coating of the metal sheet can be provided either orREPLACANIENT SHEFT
.surface of the netal sheet or on both surfaces of the nmetal sheet. The

i nventi on has nunmerous advantages. The layer chiefly containing tin,
electrolytically deposited on a stainless steel sheet, has an aesthetic
matt appearance, which is desirable when the netal sheet forns a covering
for a building. The internetallic conpound containing iron, tin and

chrom um which appears on the surface of the nmetal sheet when the
tin-based | ayer s

The coated metal sheet 10 is manutactured by a process which wil: oe
described below.

First of all, the steps for treating the surface of a stainless steei sheet 12,
manufactured using a steel selected from the grades specified in the
table above. will be described, then the deposition of a layer of pure tin
on the stainless steel sheet.

First, the surface of the stainless steet sheet is degreased.

The degreasing operation is advisable in order to ensure good adhesion
of the tin coating. Indeed, if the surface of the stainiess steel is not
degreased, greasy substances and other non-removed surface
pollutants are liable to reduce the adhesion of the tin deposit and

produce a non-homogeneous deposit comprising uncoated areas.
The metal sheet can be degreased either chemically or electrolytically.

Tﬁe metal sheet can be degreased chemically by placing it .in contact
with a solution containing organic halogenated solvents such as
methylene chioride, 1,1,1-trichloroethane, perchloroethylene or
trichloroethylene. The metal sheet can aiso be degreased chemically by
using a solution based on alkaline mixtures containing. in particular, soda,
sodium carbonate, sodium metasilicate, phospates, sequestering agents

and surfactants.

Preferably, the degreasing operation is camied out electrolytically in an

elecirolytic bath or electrolyte comprising an agueocus solution

This is the replacement sheet

pate: 16 OCT 1998



di sappears, has a matt appearance rem ni scent of that of E@bgAg'MENTSHEET
.desirable for the covering of buildings. The layer of internetallic
conpound adheres strongly to the nmetal sheet and has very good resistance
to corrosion. The layer of internetallic conpound is stable under the

I nfluence of an acid atnosphere or a sea climte. Furthernore, the netal
sheet conprising a layer of internetallic conpound containing Fe, Sn and Cr
has a very good propensity for sol dering.

9
containing alkaline mixtures similar to those just mentiored, or calcium
carbonate or potash. In the examples described, the electrolyte
contains 2% by mass soda and has a temperature of 90°C. The staintess
steel sheet is immersed in the electrolyte for 20 seconds and subjected
to a cumrent intensity of 10 A/dmz2, According to a known process, the
polarities are reversed during the course of electrolytic degreasing

according to the cycle: cathodic polarity / anodic polarity / cathodic
poiarity.

The electrolytic degreasing operation can be camied out under other
conditions. The elecirolyte can comprise an alkaline compound in a
proportion of 0.5 to 20% by mass. The temperature of the electrolyte can
be between 20 and 95°C. The metal sheet can be subjected to a
current density between 0.1 and 20 A/dm? for a period greater than
O.1s.

The degreasing of the stainless steel sheet 12 is followed by rinsing in
water (neutral medium) so as not to contaminate the freatment baths to

be used subsequently.

The step of degreasing the metal sheet 12 is preferably followed by a

siep of pickling the surface of the metal sheef.
The stainless steel sheet is pickled chemically or electrolytically.

The metal sheet can be pickled chemically by immersing it in a bath
containing a mineral acid selected from sulphuric acid and hydrochioric
acid or other mineral acids, the proportion of acid by mass being in o

range from 0.2 to 50%. The stainless steel sheet is held for at least 0.1 sin
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REPLACEMENT SHEET 22 Claims 1. A process for manufacturing a t
. sheet used, in particular, for manufacturing coverings for PL&E%&E&T%E@*
the type wherein a |ayer (16) of a tin-based netal coating is
electrolytically

10
the bath, the latter having a temperature greater than or equal to 20°C.
Preferably, the bath contains 0.2 to 40% by mass hydrochloric acid and

has a temperature between 20 and 50°C.

The concentration of the acid in the pickling bath is selected so that the
bath has a pH lower than the depassivation pH of the stainless steel to
be treated at the temperature of the bath.

Preferably, the pickling operation is canied out electrotytically in an
electrolytic bath or elecirolyte comprising an agqueous solution
containing a mineral acid selected from sulphuric acid and hydrochloric
acid or other mineral acids in a proportion of 0.2 to 50% by mass. The
concentiration of the acid is such that the pH of the solution is lower than

1 at the temperature of the bath.

Preferably, the metal sheet is immersed in an electrolyte containing | to
50% by mass suiphuric acid and having a temperature between 20 and
95°C. the metal sheet being subjecied to a cumrent density between 0.1
and 50 A/dm?2, and the immersion period of the metal sheet in the

electrolyte being greater than 0.1 s.

The polarities can be cathodic and anodic aiternately, the freatment

ending with cathodic polarisation, or cathodic only.

in the exampies described, the electrolyte contains 3% by mass sulphuric
acid and has a temperature of 40°C and a cunent density of 10 A/dm?,
with successive cathodic, anodic and cathodic polarities.
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deposited on at |east one of the surfaces of a sheet (12) o | SHEET
. Steel containing nore than 16% by wei ght chrom um the depo%ﬁ@f‘%%%@?he

ti n-based coating being preceded by chem cal or electrolytic activation of
the netal sheet by imersing it in an acid bath, characterised in that: -
the metal sheet is chemically or electrolytically pickled by inmersing it
in a mneral acid bath; - the nmetal sheet is rinsed after it has been

pi ckl ed; - the metal sheet (12) is chemically or electrolytically activated

1l
The 'pickling of the stainiess steel sheet 12 is followed by rinsing in water

{neutral medium) so as not to contaminate the freatment baths to be
used subsequently.

Stainless steel sheets containing more than 16% chromium have an
industrial surface quality - generated by their manufacturing process
comprising pickling, cold-roliing and annealing steps - which does not

require a finishing operation such as mechanical or chemical polishing.

The stainless steel sheet 12 is activated prior to the layer of tin or tin alloy

being deposited on the metal sheet.

Stainless steels have on their surface a protective layer rich in oxides and
chromium hydroxides, known as a passive layer. The purpose of
activation is to remove this passive layer in order to achieve good
adhesion of the coating, for example tin, without premetdilisation of the

surface of the metal sheet, for example nickel-plating, being necessary.

Activation is camied out under conditions adapted to the grade of
stainless steel to be treated, bearing in mind that the more corrosion-
resistant the stainless steel is, the faster the formation of the passive layer
in the air. This is particularly the case with steels containing more than
16% by weight chromium, which require the use of non-passivating acids

in order to be activated. Consequently, a nitric acid is not suitable.
The stainless steel sheet is activated chemically or electrolytically.

The metal sheet can be activated chemically by immersion in a bath

containing one or more reducing acids, such as hydrochloric acid,
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by immersing it in a bath containing at | east phenol sul phani.c i |
. bath having a pH Il ower than the depassivation pH of the nﬁEglLAgﬁMgm%tﬂgﬁ
and - a coating layer of pure tin is deposited on the netal sheet in an

el ectropl ati ng bath containing stannous tin (Sn2+) and phenol sul phoni c
acid. 2. A process according to claim1, characterised in that the coated
netal sheet is heated to a tenperature greater than or equal to the nelting
poi nt of the tin-based coating |ayer, on the one hand

i2
phosphoric acid, sulphuric acid, hydrofiuoric acid, boric acid, fluoboric
acid, as well as phenolsulphonic and cresolsulphonic acids or other

organic acids,

The stainless steel sheet is held for at least 0.1 s in the bath, which has a

temperature greater than or equal to 15°C.

The concentration of the acid in the activation bath is selected so that
the bath has a pH lower than the depassivation pH of the stainless steel
to be freated at the temperature of the bath. The depassivation pH is
defined as being the limit pH of the bath, below which the passive layer
covering the stainless steel is no longer stable, the steel becoming

vulnerable o corrosion.

In a first example, prior to the deposition of a layer of tin, a sheet of
stainiess steel of the AlSI 430 type is chemically activated by immersing it
in a bath coniaining, in particular, 9% by mass hydrochioric acid. The
bath is brought to a temperature of 20°C and the metal sheet is held in
the bath for approximately 10s.

The chemical activation of the metal sheet can be caried out under
other conditions. The metal sheet can be immersed in a bath containing
0.2 to 40% by mass hydrochloric acid. The temperature of the bath can
be between 15 and 95°C.

Electrolytic activation can also be camied out by using an electrolytic
bath or electrolyte similar to the bath used for chemical activation, i.e.
containing an acid selected from hydroéhloric, phosphoric, sulphuric,

hydrofluoric, boric, fluoboric, phenclsulphonic and cresolsulphonic acid
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so as to forma layer (14) of internetallic conpound bet V\BE?LAGEM%tsﬂEET
sheet (12) and the nmetal coating (16) conprising at least tin and an

el enent fromthe conposition of the stainless steel sheet, and on the other
hand so as to inpart a matt appearance to the surface of the coating (16).
REPLACEMENT SHEET

13

or other organic acids, but with an acid concentration such that the pH
of the bath is lower than 1,

with electrolytic activation, the polarisation of the bath is cathodic, or
anodic and cathodic alternately, the polarisation always being cathodic
at the end of the activation process. The current density used is greater
than 0.1 A/dm?, preferably between 0.1 and 50 A/dm2, The stainless steel
sheet is held in the bath for a period greater than 0.1 s, the bath having

a temperature greater than or equal o 15°C.

Wwith alternate anodic / cathodic polarisation, it is preferable to use a
bath containing an acid, the anion of which is electrochemically
inactive. Thus sulphuric acid is used in preference to hydrochicric acid in
order to avoid the liberation of chiorine in the anodic phase. The
treatment ends with cathodic polarisation to prevent any repassivation
of the metal sheet, which could be initiated by anodic polarisation.

Electrolytic activation can also be carried out using an acid electrolyte
selected from the aforementioned acids and having a concentration
such that the pH of the bath is lower than 1, to which a quantity of
stannous ions can be added in a concentration between 0.1 and 3% by
mass. The temperature of the electrolyte is greater than or equal fo
15°C. The metal sheet is subjected to cathodic polarisation with a cumrent
density between 0.1 and 50 A/dm2, The period of immersion of the metal
sheet in the electirolyte is greater than 0.1 s.

In a second example, the activation of a coil of stainless steel of the AlS]
430 type is canied out continuously by cathodic polarisation at 10 A/dm?

for 0.8 s in an electrolyte containing 17% by mass phenolsulphonic acid
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23 3. A process according to claim?2, characterised in thathﬁﬁﬁdgugNﬁﬁﬂEET
.tenperature is lower than 500[err]C 4. A process according to any one of
claims 1 to 3, characterised in that the nmetal sheet is degreased prior to
pi ckling. 5. A process according to claim4, characterised in that the
metal sheet (12) is electrolytically degreased by using an al kaline
electrolyte and by alternating or not alternating the polarities. 6. A
process according to claim5, characterised in that the

14

at a’temperature of 20°C. In this example, the anodes aranged

opposite the strip are made of ferrosilicon alloy.

The AISI 430 stainless steel coil can also be activated under the same
operating conditions as above, but with stainless steel anodes, for
example of the AlSI 316 type.

Under the operating conditions described in this first example, the
stainless steel coil can be of the foliowing types: AISI 439, AIS! 434,
AISE 304, AlSI 444, AlSI 316 or Z3CTND18.

in a third example, sheefts of stainless steel of the AlSI 434, AlSI 304,

AlSt 316 and AlS| 444 types are electrolytically activated. In this example,
the activation of the stainless steel sheet is carried out electrolytically
using a bath containing 20% by mass sulphuric acid. The metal sheet is
heid for 20 s in the bath, which has a temperature of 20°C. The current
density is set at 10 A/dmz2. The polarities were reversed during electrolytic
activation according to the cycle: cathodic polarity / anodic polarity /
cathodic polarity.

In a fourth example, an AlSI 314-type coil is electrolytically octivated

continuously.

The electrolyte contains 17% by mass phenolsulphonic acid and 0.5% by
mass stannous ions at a temperature of 20°C. The cathodic current
density is set to 10 A/dm?2. The anodes are made of a ferrosilicon alloy

and the immersion time is 0.8 s.
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el ectrol yte conprises an al kaline conmpound in a proporti ongg&ﬁg?ﬁﬂ&ﬂ%’by
. mass, the electrolyte having a tenperature between 20 and rr]C, and the

nmetal sheet (12) being subjected to a current density between 0.1 and 20

Aldnerr] for a period greater than 0.1 s. 7. A process according to
claim5 or 6, characterised in that the electrolyte conprises an al kaline
conpound sel ected from soda and potash. 8. A process according to claim

7, characterised in that the electrolyte additionally conprises a conpound

sel ected from
15

The operating conditions described in this example are also applicable

o the aforementioned stainless steel grades.

When the stages of activating the surface of the stainless steel sheet are
compilete, a layer of pure tin or tin alioy is electrolytically deposited,

without intermediate rinsing, to prevent repassivation of the metal sheet.

Consequently, it must be ensured that the electrolyte used for activating
the metal sheet is compatible with the electirolyte used for the

deposition of the layer of tin or fin alioy on the metal sheet.

A plurality of embodiments of the depaosition of pure tin will be descﬁbed

below.

According o one embodiment of the deposition of pure tin, the
electrolyte contains stannous tin {Sn2+} in the presence of
phenolsulphonic acid or boric and fluoboric acid, or stannous chioride in
the presence of alkaline chiorides or fluorides. The current density
applied to the metal sheet is greater than 1 A/dm?2 and the temperature
of the electrolyte is higher than 15°C. '

For the examples described, the elecirolyte contains a solution of
stannous tin (Sn2+} in phenolsulphonic acid. The stannous tin content is
approximately 20 to 40 g/l and the phenolsulphonic acid content is
between 20 and 40 g/l.

Additives such as g-naphthol {1 g/l) and gelatin {2 g/l} are also added.

They ensure that the coating has fineness, compactness and uniformity.
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cal ci um carbonate, sodium netasilicate, phosphates, sequﬁ%g@%ﬁg%@kﬁand

.surfactants. 9. A process according to any one of clai
characterised in that the nmetal sheet (12) undergoes neutral agueous
rinsing after it has been degreased. REPLACEMENT SHEET

16

The cumrent density is between 10 and 35 A/dm?, and the temperature of
the bath is between 25 and 40°C.

According to another embodiment of the deposition of pure tin, the
plating bath contains stannous chlorides and alkaline chlorides and

fluorides.

For exampie, the bath contains stannous chioride SnClz, 2H20 in a
proportion in the range [30-90] g/, sodium flucride NaF in a proportion in
the range [40-60] g/t and sodium chioride NaCl in a proportion in the
range [40-60] g/I. The bath is used with a cumrent density greater than

1 Afdm? and a temperature higher than 15°C.

According o a further embodiment of the deposition of pure tin, the
plating bath contains stannous tin and boric and fluoboric acids.

For example, the bath contains stannous tin in o’ proportion in the range
[40-80] g/i. fluoboric acid in a proportion in the range [40-200] g/l and
boric acid in a proportion in the range [10-30] g/l. The bath is used with @
curent density greater than 1 A/dm? and a temperature higher than
15°C.

The tin coating has a relatively low thickness. In the examples described,
the deposited tin layer has a thickness of 3 um.

In other embodiments of the invention, the thickness of the tin layer can

attain 30 um.
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24 10. A process according to any one of clainms 1 to 9, E:‘Wﬂ KGREETi N
. that the netal sheet is chemcally pickled and in that tﬁ]e ppg{gFﬂ]g bat h

contains 0.2 to 40% by nass hydrochl oric acid and has a tenperature between
20 and 95[err]C, the inmersion period of the netal sheet (12) in the bath
being greater than 0.1 s. 11. A process according to any one of clains 1
to 9, characterised in that the netal sheet is electrolytically pickled and
in that the pickling bath contains 1 to 50% by mass sul phuric acid and has
a

17
In this state, the metal sheet has a matt surface and constitutes a

product usable for manufacturing coverings for buildings.

The tin-coated stainiess steel sheet is then heated by known means, for
example in an induction furnace, up fo a temperature greater than or
equal fo the melting point of the fin (232°C].

in the examples described, the heating temperature of the tin-coated
metal sheet is 250°C.

The purpose of thé thermal treatment is to form an intermetailic
compound comprising at least iron, tin and chromium at the boundary
between the stainless steel sheet and the layer of tin, while preserving
the matt appearance of the surface of the layer of tin.

when the tin coating passes into the molten state, its roughness is
minimait. if the thermal treatment is terminated just after the fusion of the
tin by means of rapid cooling, the surface appearance obtained is very
bright. To avoid this brightness and obtain a matt coafing, the thermal
treatment is extended for a suitable period, which depends in particular
on the thickness of the layer of tin. The intermetaillic compound increases
throughout the heating process, generating within the layer of tin
mechanical stresses which disturb the free surface of this layer and
cause the recurrence of a matt appearance, Therefore, the duration of
the thermal freatment must be sufficiently long to ensure that the

coating does not have a bright appearance after cooling.

This is the replacement sheet
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tenperature between 20 and 95[err]C, the netal sheet (12) being subjected

. to acurrent density between 0.1 and 50 A/dnferr], and the Rgﬂg{ﬁﬂ@ﬂTﬁkﬁEﬁd
of the nmetal sheet (12) in the bath being greater than 0.1 s. 12.

process according to claim11l, characterised in that, during pICk|Ing, t he
metal sheet is subjected to alternate cathodic and anodi ¢ pol ari sation, the
treatnment ending with cathodic polarisation, or to continuous cathodic

pol arisation. 13. A process according to any one of clains 1 to 12,
characterised in

18
The thermai treatment aiso contributes fowards increasing the adhesion
of the tin layer on the stainiess steel sheet by means of the intermetallic

compound.

The presence of the intermetallic compound is revealed by, for
exampile, intentiostatic dissolution of the layer of tin in a solution of

hydrochloric acid in a concentration of 1 mole/i.

Figure 3 shows the curve of evolution of the dissolution potential of the
layer of fin as a function of time. The time t1 coresponds to the exposure
of the layer of intermetallic compound Fe-Sn-Cr and to the end of the
dissolution of the layer of pure tin. The time 12 comesponds to the end of
the dissolution of the layer of intermetallic compound Fr-Sn-Cr and to the
exposure of the stainless steel. The time 12-11 is proportional to the

thickness of the layer of intermetallic compound.

in the examples described, the layer o_f intermetallic compound has a

thickness of approximately 0.7 micrometer.

The elements forming the intermetallic compound are idenﬂﬁed by
means of an electronic microprobe, for exampie. The intermetallic
compound can contain other elements in addition to iron, tin and

chromium.

The layer of intermetatliic compound is exposed after a few years of use
when the metal sheet is open to the air and subjected to bad weather
conditions. The intermetallic compound subsisting on the surface of the
stainiess steel sheet has a dark grey colour reminiscent of the colour of

“old tin®".
This, 13 the replacement shest

WE HEN qz (ﬂ OCT 3993



that the metal sheet is chenically activated and in that tHEPLACEMENTISHEET
bath is at a tenperature higher than 1 5C and the i mersion period of the
netal sheet in the bath is greater than 0.1 s. 14. A process according to
any one of clains 1 to 12, characterised in that the netal sheet is
electrolytically activated and in that the activation bath is at a
tenperature higher than 15[ err]C and the

19

The lc ser of intermetallic compound is substantialty more corrosion-

resistant than the tin.

This high corrosion resistance of the intermetallic compound is illustrated
in Figure 4, which shows the path of the polarisation curves of the layer
of intermetallic compound and the layer of tin placed in a solution of
sodium sulphate in a concentration of 0.01 mole/l, aerated and at
ambient temperature, It can be seen that the dissolution current of the
infermetallic compound scarcely evolves as a function of the potential,
which is characteristic of high corrosion resistance. in confrast, the tin, the
dissolution cumrent of which increases as a function of the potentiai
applied, is shown to be less resistant to comrosion thon the intermetallic

compound.

The metal sheets comprising a layer of intermetallic compound have a
good propensity for soldering.

A soldering test on a coated metal sheet of the type just described was

camied out under the following conditions.

After pickling in phosphoric acid the areas to be soldered, then coating
them over approximately 1 cm, soldering was carried out using an iron
and a Pb/Sn rod {33% Sn). The soldered joint was tested in a bending test
at 180°C round a pin with @ 10 mm radius of curvature. No tearing of the

soldered joint was detected.

To form the layer of intermetallic compound, the layer of pure tin can be

replaced by a layer of alioy chiefly containing fin.
This is the replacement sheet
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25 netal sheet is subjected to cathodic polarisation with a current density
.between 0.1 and 50 A/dn{err], the inmmersion period of the nBEBLAGHEAMENT SHEET
the bath being greater than 0.1 s, and the anodes bei ng nade of stainless
steel or ferrosilicon alloy. 15. A process according to any one of clains
1 to 14, characterised in that the electroplating bath contains stannous
tinin a proportion in the range [20-40] g/l and phenol sul phonic acid in a
proportion

An alloy of fin {Sn} and zinc (Zn) can be used, with the follcwing

composition by weight:

Sn > 460%
in < 40%

An alioy of tin {Sn} and nickel {Ni} can also be used, with the following
composition by weight:

Sn > 80%
Ni < 20%

As in the case of pure tin, the dlioy is electrolytically deposited on the
staintess steel sheet. The dlioy-coated metal sheet is then heated o a
temperature greater than or equal to the melling point of the alloy for a

duration sufficient for the alloy to preserve its matt appeacrance.

After the deposiﬁén of a layer of pure tin or alloyed tin, the treatment
temperature of the coated metal sheet is preferably lower than 500°C in
order o prevent the undesirable formation of a yellowish tin oxide on the
surface of the coating.

The intermetallic compound which forms at the boundary between the
stainless steel sheet and the layer of pure tin or dlloyed tin can contain
compounds other than iron, tin and chromium as a function of the type

of steel used and the type of alloy used.

This is the replacement sheet
16 QCT 1998
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in the range [20-40] g/l, the current density being greater than 1
-Adnferr] and the tenperature of the bath being higher than rr

A process according to any one of clains 1 to 15, characteriﬁg%ﬁﬁﬁk§§§&%?ﬁgT
el ectropl ati ng bath contai ns phenol sul phoni ¢ acid, stannous chlori des and

al kaline chlorides and fluorides. 17. A process according to claim 16,
characterised in that the electroplating bath contains stannous chloride
SnCl[err], 2H err]Oin a proportion in the range [30-90] g/l, sodium
fluoride NaF in a proportion in the range [40-60] g/l and sodium chloride
NaCl in a !

The coating of the metal sheet can be provided either on a single

surface of the metal sheet or on both surfaces of the metal sheet.
The invention has numerous advantages.

The layer chiefly containing tin, electrolytically deposited on a stainless
steel sheet, has an aesthetic matt appearance, which is desirable when

the metal sheet forms a covering for a building.

The intermetallic compound containing iron, tin and chromium, which
appears on the surface of the metal sheet when the tin-based layer
disappears, has a matt appearance reminiscent of that of "old tin",
desirable for the covering of buildings.

The layer of intermetaliic compound adheres strongly to the metal sheet
and has very good resistance o comosion.

The layer of infermetallic compound is stable under the influence of an

acid atmosphere or a sea climate.

Furthermore, the metal sheet comprising a layer of intermetallic
compound containing Fe, Sn and Cr has a very good propensity for

soldering.

Thig is the replacement shaet
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proportion in the range [40-60] g/l, the current density bei ng greater t han
.1 A'’dnierr] and the tenperature of the both being hi ghemEPRAREMBENESHEET

Clgims

1. A process for manufacturing a coated metal sheet used, in
particular, for manufacturing coverings for buildings, of the type
wherein a layer {16} of a tin-based metal coating is elecirolytically
deposited on at least one of the surfaces of a sheet {12} of
stainless steel containing more than 16% by weight chromium, the
deposition of the tin-based coating being preceded by chemical
or electrolytic activation of the metal sheet by immersing it in an

" acid bath, characterised in that:

- the metdal sheet is chemically or electrolytically pickled by
immersing it in a mineral acid bath;

- the metal sheet is rinsed after it has been pickled;

- the metdal sheet (12} is chemically or electrolylically activated
by immersing it in a bath containing at least phenolsuiphonic
acid, this bath having a pH lower than the depassivation pH of
the metal sheet {12}, and

- acoating layer of pure tin is deposited on the metal sheet in
an electroplating bath containing stannous tin {Sn2+} and

phenolsulphonic acid.

2. A process according to claim 1, characterised in that the coated
metal sheet is heated 1o a temperature greater than or equai to
the melting point of the tin-based coating layer, on the one hand
so as to form a layer (14} of intermetallic compound between the
metai sheet {12} and the metal coating (16) comprising at least tin
and an element from the compaosition of the stainless steel sheet,
and on the other hand so as to impart a matt appearance to the

surface of the coating {16).

- This is the replacement sheet
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REPLAGEMENT SHEET

A process according to claim 2, characterised in that the heating

temperature is iower than S00°C.

A process according to any one of claims 1 fo 3. characterised in

that the metal sheet is degreased prior fo pickling.

A process according to claim 4, characterised in that the metal
sheet (12} is electrolytically degreased by using an alkagline
~ electrolyte and by alternating or not alternating the polarities.

A process according to claim 5, characterised in that the
electrolyte comprises an alkaline compound in a proportion of 0.5
to 20% by mass, the electrolyte having a temperature between 20
and 95°C, and the metal sheet {12} being subjected o a curent
density between 0.1 and 20 A/dm2 for a period greater than 0.1 s.

A process according to claim § or 4, characterised in that the
electrolyte comprises an alkaline compound selected from soda

and potash.

A process according to claim 7, characterised in that the
electrolyte additionally comprises a compound selected from
calcium carbonate, sodium metasilicate, phosphates,

sequestering agents and surfactants.

A process according to any one of claims 4 to 8, characterised in
that the metal sheet {12} undergoes neutral aqueous rinsing after it

has been degreased.

e

This is the replacement sheet
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10.

11.

12,

13.

14.

REPLACEMENT SHEET

24

A process according to any one of claims 1 to 9, characterised in
that the metal sheet is chemically pickled and in that the pickiing
bath contains 0.2 to 40% by mass hydrochioric acid and has a
temperature between 20 and 95°C, the immersion period of the
metal sheet {12] in the bath being greater than 0.1 s.

A process according to any one of ciaims 1 to 9, characterised in

that the metal sheet is elecirolytically pickled and in that the

- pickling bath contains 1 to 50% by mass sulphuric acid and has a

temperature between 20 and 95°C, the metal sheet (12) being
subjected o a cumrent density between 0.1 and 50 A/dm?, and the
immersion period of the metal sheet {12} in the bath being greater
than 0.1s.

A process according to claim 11, characterised in that, during
pickling, the metal sheet is subjected to alternate cathodic and
anodic polarisation, the freatment ending with cathodic

polarisation, or o continuous cathodic polarisation.

A process according to any one of claims 1 to 12, characterised in
that the metal sheet is chemically activated and in that the
activation bath is at a temperature higher than 15°C and the
immersion period of the metal sheet in the bath is greater than
O.1s.

A process according to any one of claims 1 to 12, characterised in
that the metal sheet is electrolytically activated and in that the

activation bath is at a temperature higher than 15°C and the

-

(M o e
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15.

16.

17.

REPLACEMENT SHEET

25

" metal sheet is subjected to cathodic polarisation with a curent

density between 0.1 and 50 A/dm?, the immaersion period of the
metal sheet in the bath being greater than 0.1 s, and the anodes
being made of stainless steel or ferrosilicon ailoy.

A process according to any one of claims 1 to 14, characterised in
that the electroplating bath contains stannous fin in a proportion
in the range [20-40] g/t and phenoisuiphonic acid in a proportion
in the range {20-40] g/I, the cumrent density being greater than

' 1 A/dm?2 and the temperature of the bath being higher than 15°C.

A process according to any one of claims 1 to 15, characterised in
that the electroplating bath contains phenoisuiphonic acid,
stannous chicrides and alkaline chiorides and fluorides.

A process according to claim 16, characterised in that the
electroplating bath contains stannous chioride SnClz, 2H20 in a
proportion in the range {30-90] g/, sodium fluoride NaF in a
proportion in the range {40-60] g/l and sodium chioride NaClina
proportion in the range [40-60] g/l. the cutrent density being
greater than 1 A/dmz2 and the temperature of the bath being
higher than 15°C. '

-
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K344 203

Coated sheet metal and process for the manufacture
of this sheet metal.

ABSTRACT

This sheet metal comprises a substrate (12) made
of stainless steel containing more than 16 % of chromium
in its weight composition, coated with a metal layer (16)
containing chiefly tin. Between the metal layer (16) and
the substrate (12} the sheet metal comprises a layer (14)
of an intermetallic compound containing at least iron,
chromium and tin. To manufacture this sheet metal, a
layer (16) of metallic coating containing chiefly tin is
deposited by an electrolytic route on a sheet (12) made
of stainless steel. The coated sheet metal is heated to
a temperature above the melting temperature of the
coating layer (16) to permit the formation of the
intermetallic dompound. The heating is maintained for a
sufficient period for the surface of the coating layer
{(16) to have a matt appearance. '

Fig. 1
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