
Corrosion-resistant layered composite comprising a metal substrate and an
outer layer of a different material, in particular a noble material. The
invention relates to a Layered composite com- prising a metal substrate and
an outer layer of a diffe- rent material, in particular a noble material,
such as a precious metal (gold, platinum or the like), Chinese lac- 5
quer or the like.  The invention relates more particu- larly to a layered
composite of this type in which the substrate is capable of resisting
corrosion under diffi- cult and prolonged conditions. Such use conditions
apply, in particular, to 10  wristwatch cases, which remain in direct
contact with the skin for long periods and are consequently subjected to
the corrosive action of perspiration. It is therefore appropriate, when
making backs of watch cases, even for deluxe watches, to use so-called
"stainless" steel, be- 15  cause it is rendered stainless, under the normal
use con- ditions, by passivation of its outer surface, that is to say by
the formation of an impermeable film of oxides on this surface, which is
thereby protected. Of course, it is possible to make backs of watch 20
cases out of gold, since this metal is perfectly resis- tant to the usual
types of attack and corrosion. How- ever, the cost of such cases is such
that they cannot be used for just any type of watch, even a deluxe watch,
but can only be used for watches of very great value. 25           Attempts
have of course been made to gold-plate backs of watch cases, but all the
experiments carried out    -2 - in this direction have proved unsuccessful.



In fact, when a thin layer of metal is deposited on another metal or alloy
by an electrolytic or other me- thod, this layer always possesses
micropores or micro- 5  cracks, regardless of the care taken to produce it,
and the same applies when a metal is covered with a layer of varnish or the
like. If the substrate is not stainless, the micropores and microcracks
cause local oxidation, which ultimately 10  separate the outer layer from
the substrate. If in (sic) substrate of stainless steel alloy is used, this
presents the problem of the stability of-the passivating film in the
presence of the constituents of perspiration, in particular chlorides and
orga nic acids. 15            The passivating film, which consists of
oxides, can only form  in an oxygen-containing envi ronment and therefore
requires substantial aeration to re-form  in the event of attack. Now, if
traces of chlorides, for example, deposit in the micropores and
microcracks,. the 20  surface of the stainless steeL in contact with these
chlorides is inadequately aerated for the passivating film to re-form, with
the result that the steel corrodes locally, the long-term consequence of
which is detachment of the outer layer. 25            It has also been
proposed to replace the conven- tional stainless steel by special steels.
However, this came up against the same phenomena of local attack in the
regions of the micropores and microcracks in the outer layer.    -3- The
object of the present invention is to propose a layered composite in which
the metal substrate is ca- 



pable of resisting any attack by human perspiration, even in the regions of
micropores and microcracks in the outer 5. Layer. According to the
invention, this metal substrate consists of a nickel alloy containing, in %
by weight, a minimum of 45% of nickel, 7% of chromium and 7% of molyb-
denum, any additives present representing at most 15%. 10
Preferably, the amount of chromium will be ap- proximately equal to the
amount of molybdenum and will represent about a quarter of the amount of
nickel. More preferably, the substrate will comprise, in % by weight, about
54% of nickel, 16% of chromium and 16% of molybde- 15 num. The fact that
the composite according to the in- vention is perfectly resistant to
prolonged exposure to the action of human perspiration is all the more
surpri- sing because systematic experiments carried out before- 20 hand by
the Applicant Company with composites comprising substrates of materials
recognised for their corrosion resistance under normal conditions had shown
that these substrates corroded very rapidly in contact with perspi- ration.
25           These experiments had been conducted by bringing samples into
contact with an atmosphere of air at 40[err]C, saturated with a mixture of
chemical compounds capable of reproducing the effects of human
perspiration, and by no- ting the period of time after which either
corrosion of    -4- the substrate or in (sic) detachment of the outer layer
appeared on these samples. The composition of the mixture was that
recommen- 



ded by the German Institute Bundes Anstalt f[err]r Material- 5
pr[err]fung, namely, in grams per Litre of aqueous solu- tion: - sodium
chloride :               20.0 g, - ammonium chloride :             17.5 g,
- urea :                           5.0 g, 10           - acetic acid :
2.5 g, - pyravic (sic) acid:             2.5 g, - butyric acid :
5.0 g, - lactic acid :                  15.0 g, - sodium hydroxide : 15
amount required to bring the pH to 4.7. Using an atomiser, this mixture was
spread in the form of a fine mist over the whole surface of the samples
tested, and the samples were then suspended above the same mixture, in a
hermetically sealed container, placed 20  in an oven at 40[err]C. The
samples tested were in the shape of discs hav- ing a diameter of two
centimetres and a thickness of two to three millimetres.  They were coated
either with a 20 micron thick layer of gold or with Chinese lacquer. 25
As indicated above, the experiments were conduc- ted with samples of known
materials recognised for their corrosion resistance in the widest variety
of environ- ments such as those encountered in the chemical industry, the
food packing industry or the field of human or animal    prostheses.  The
results of these experiments are coLLated in the table which follows, in
which: - column 1 gives the name and composition of the alloy tested; 5
- column 2 indicates the number of days after 



which traces of corrosion were observed on the gold- plated samples; and -
column 3 indicates the number of days after which detachment of lacquer was
observed on the Lacquered 10  sampLes. TABLE 1
2         3 Brass (Cu:60.0% Zn:40.0%)                              1
4 "A" Nickel* (Ni:99.5% other elements: 0.5%)                        2
10 Inconel 600* (Ni:76.0% Cr:16.0% Fe: 7.0% other elemen'ts: 1.0%)
2        13 Stainless steel 18-10 (Fe:78.5% Cr:18.0% Ni:10.0% other
elements: 3.5%)             2        15 StainLess steel 18-10-3 (Fe:75.5%
Cr:18.0% Ni:10.0% rMo: 3.0% other elements: 3.5%)             3        12
"K" Monel* (Ni:66.0% Cu:29.0% Al: 3.0% other elements: 2.0%)
4        15 Hastelloy B* (Ni:62.0% Mo:28.0% other elements:10.0%
0.5      40 * Registered Trademark  



6 By way of comparison, the Applicant Company test- ed bare (that is to say
uncoated) pieces of these same alLoys under the same atmospheric
conditions, and the table which follows gives the classification of these 5
alloys in decreasing order of degree of corrosion: After 5 hours    After 8
hours    After 24 hours 1 Brass            1 Brass            I Brass 2
MoneL            2 Stainless        2 StainLess Steel SteeL 18-10
18-10 10   3 Stainless        3 Monel             3 Monel Steel 18-10 4
NickeL           4 NickeL           4 HasteLLoy B 5 HasteLLoy 8    5
InconeL            5 NickeL InconeL         6 HasteLLoy 8    6 StainLess
SteeL 15   6                                      18-10-3 Stainless       7
Stainless         7 Inconel Steel 18-10-3  SteeL 18-10-3 The tables above
show the deceptive aspect of the experiments carried out and the random
nature of the 20 results obtained. In fact, first of all, significant
differences in the stability of these alloys are ob- served, depending on
whether they are used by themselves or as substrates. In the cases where
nickeL aLLoys are used as sub- 25 strates, it will also be noted that
Inconel 600, con- taining 76X of nickel and 16X of chromium, proves infe-
rior to "K" MoneL, containing 66X of nickel and 29X of copper, and to
HasteLLoy B, containing 62% of nickel and 28% of molybdenum: such a result
seems surprising when   



-7- chromium is known to protect against corrosion. The same comment can be
made as regards the stainless steels: the addition of 3% of molybdenum,
which is nevertheless very significant as regards the re- 5   sistance to
corrosion by organic acids, does not substan- tially modify the results of
the tests. If reference is now made to the uses of the aL- loys tested, it
is again impossible to establish, amongst the results obtained, a
correlation capable of directing 10  the search for a satisfactory
substrate. It is found, for example, that alloys such as "Inconel", "A"
nickel and "K" Monel, which are recommen- ded for their stability to
organic acids and their stabi- lity to chlorides, do not resist corrosion
when they are 15  used as substrates under the conditions defined above. It
is also found that the stainless steels used in the field of human and
animal prostheses do not resis- ting (sic) as a substrate in an environment
reproducing the physico-chemical characteristics of human perspira- 20
tion. It is therefore particularly surprising that the metal substrate of
the composite according to the inven- tion remains insensitive to the
effects of human perspi- ration when this composite stays in contact with
the hu- 25  man skin for long periods, whereas the corrosion resis- tance
of this substrate under normal use conditions is in every respect
comparable to that of the alloys mentioned in the above table. The
Applicant Company thus successfully tested    



-8- two types of substrate falling within the scope of the pre- sent
invention by subjecting them to the experimental con- ditions referred to
above. These two substrates are nickel aLloys marketed under the registered
trademark Hastelloy C. 5            The composition of the first substrate
was as foLLows, in % by weight: - Ni :               54.0% - Mo :
15.5% - Cr :               15.5% 10           - Others :           15% and
that of the second substrate was: - Ni :               62.0% - Mo :
16.0% - Cr :               16.0% 15           - Others :            6.0%
After an experiment Lasting more than 140 days without interruption, no
trace of oxidation had appeared on discs of these substrates coated with a
20 micron thick Layer of goLd. 20           Experiments continued for a
Longer period star- ting with the same substrate but this time coated with
Chinese lacquer made it possible to observe that no trace of detachment of
the Layer of Lacquer appeared after a period of 500 days. 25
Additional experiments carried out by the AppLi- cant Company enabled it to
establish who (sic) the nickeL content of an aLLoy capable of forming the
substrate of a composite according to the invention must represent at Least
45% by weight of this alloy, whereas the chromium    -9- 



and molybdenum contents must be respectively equal to at least 7% by
weight.  Moreover, the other constituents of the alloy, such as tungsten,
iron, cobaLt, manganese and silicon, taken together, must not exceed about
15% of the 5   total weight of the substrate, again in % by weight. Claims
1.       Corrosion-resistant Layered composite comprising a metaL substrate
and an outer Layer of a noble material, characterised in that the said
substrate consists of an 10  alloy comprising, in % by weight, at Least 45%
of nickel, at Least 7% of chromium and at least 7% of molybdenum, the other
constituents of the substrate together repre- senting at most 15% by weight
of the alloy. 2.      Layered composite according to CLaim 1, charac- 15
terised in that the chromium content is substantially equaL to the
molybdenum content and represents at most 25% of the nickel content. 3.
Layered composite according to Claim 1, charac- terised in that it
comprises, in % by weight, about 54% 20  of nickel, 16% of chromium and 16%
of molybdenum. 4.       Application of a Layered composite according to one
of Claims 1 to 3 to the production of articles re- quired to be in contact
with the human skin for Long pe- riods of time, in particular the backs of
watch cases. 25                       Claims (as printed) 1.      A
stratified corrosion-resistant complex compri- sing a metal substrate and
an external layer of a noble material, characterized in that said substrate
is formed by an alloy comprising, in % by weight, at least 40%    -9- and
molybdenum contents must be respectively equaL to at 



least 7% by weight.  Moreover, the other constituents of the alloy, such as
tungsten, iron, cobalt, manganese and silicon, taken together, must not
exceed about 15% of the 5   total weight of the substrate, again in % by
weight. CLaims 1.      Corrosion-resistant layered composite comprising a
metal substrate and an outer layer of a noble material, characterised in
that the said substrate consists of an 10  alloy comprising, in % by
weight, at least 45% of nickel, at least 7% of chromium and at Least 7% of
molybdenum, the other constituents of the substrate together repre- senting
at most 15% by weight of the alloy. 2.      Layered composite according to
Claim 1, charac- 15  terised in that the chromium content is substantially
equal to the molybdenum content and represents at most 25% of the nickel
content. 3.      Layered composite according to Claim 1, charac- terised in
that it comprises, in % by weight, about 54% 20  of nickel, 16% of chromium
and 16% of molybdenum. 4.      Application of a layered composite according
to one of Claims 1 to 3 to the production of articles re- quired to be in
contact with the human skin for long pe- riods of time, in particular the
backs of watch cases. 25                       CLaims (as printed) 1.
A stratified corrosion-resistant complex compri- sing a metal substrate and
an external layer of a noble material, characterized in that said substrate
is formed by an alloy comprising, in % by weight, at least 40%    -10- of
nickel, at Least 7% of chromium and at least 7% of molybdenum, the whole of
the other constituents of the 



substrate representing at most 16% by weight of the al- Loy. 5  2.      The
stratified complex according to claim 1, cha- racterized in that the
chromium content is substantially equaL to that of molybdenum and
represents at most 25% of that of the nickel. 3.      The stratified
complex as claimed in claim 1, 10  characterized in that it comprises, in %
by weight, about 50% nickel, 16% chromium and 16% molybdenum. 4.      The
application of a stratified complex according to one of claims 1 to 3 to
the construction of objects required to be in contact for Long periods of
time with 15  the human skin, particuLarLy the backs of watch cases.
Revendications 1.      CompLexe stratifie resistant a la corrosion com-
prenant un substrat metaLLique et une couche externe en un materiau nobLe,
caracterise en ce que Ledit substrat 20  est constitue par un aLLiage
comprenant, en % en poids, au moins 45% de nickeL,. au moins 7% de chrome
et au moins 7% de molybdene, lensemble des autres constituents du substrat
representant au plus 15% en poids de Valliage. 2.      CompLexe stratifie
seLon La revendication 1, ca- 25  racterise en ce que La teneur en chrome
est sensibLement egaLe a ceLLe du moLybdene et represente au pLus 25% de
celle du nickel. 3.      Complexe stratifie seLon la revendication 1, ca-
racterise en ce qu'il comprend, en % en poids, environ    541 de nickeL,
16X de chrome et 16X de moLybdene. 4.      AppLication d'un complexe
stratifie seLon 1'une des revendications 1 a 3 a La reaLisation d'objets
ap- -\A 



pele's a etre en contact pendant de longues durees avec La 5   peau
humaine, notamment des fonds de botiers de montres. Patentanspr'uche 1.
Korrosionsbestandiger Verbundwerkstoff, enthal- tend ein metalLisches
Substrat und eine Aussenschic.ht aus einem EdeLmetall, dadurch
gekennzeichnet, dass das Sub- 10   strat aus einer Legierung besteht, die
(in Gewichtspro- zent) mindestens 451 NickeL, mindestens 71 Chrom und min-
destens 7% MoLybdan enthalt, wobei aLLe anderen Bestand- teiLe des
Substrats hochstens 15 Gewichtsprozent der Legierung ausmachen. 15   2.
Verbundwerkstoff nach Anspruch 1, dadurch gekenn- zeichnet, dass die Menge
des Chroms praktisch gleich der des Molybdans ist und hochstens 25% der
Menge, des Nickels ausmacht. 3.      Verbundwerkstoff nach Anspruch 1,
dadurch gekenn- 20   zeichnet, dass er (in Gewichtsproz.ent) etwa 54%
Nickel, 161 Chrom und 16X MoLybdan enthaLt. 4.      Verwendung eines
Verbundwerkstoffs nach einem der Anspr'uche 1 bis 3 zur Herstellung von
Gegenstanden, die uber einen Langeren Zeitraum mit der menschLichen Haut.
in 25   BerUhrung stehen sollen, insbesondere von Bodenplatten fuir
Uhrengehause.    


